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INTRODUCTION 

This Remedial Investigation (RI) report presents and summarizes the results of groundwater 

investigations conducted in Area B of the former Naval Air Warfare Center (NAWC) Warminster, 

Pennsylvania. Area B consists of the former disposal areas Site 5, Site 6, and Site 7. This report 

concentrates on the groundwater potentially impacted by these disposal sites. This work has 

been pursued as part of the Navy’s Installation Restoration (IR) Program under the 

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

The Navy’s IR Program investigates potential contamination of Navy and Marine Corps facilities 

resulting from past operations to institute corrective measures as needed. 

PURPOSE AND OBJECTIVES 

This report combines the relevant parts of all known previous studies and reports into one 

cohesive remedial investigation document and presents conclusions and recommendations 

based on known conditions and the results of the human health risk assessment update 

performed for this report. 

In addition, this report serves as the basis for making a decision regarding the final remedy 

selection for Area B groundwater. In 1993 the Navy and EPA issued a Record of Decision (R:OD) 

for an interim remedy to address low-tevel trichloroethene (TCE) contamination in shallow Area B 

groundwater (a portion of OU-1). The purpose of the interim remedy was to minimize migration of 

TCE from Area B. The ROD designated pump and treat as the remedy to be implemented and 

required that additional groundwater studies be performed to define the nature and extent of the 

contamination. Additional groundwater studies were initiated immediately after issuance of the 

interim ROD and have continued through 1998. Extraction wells were installed in December 

1994; however, groundwater sample results from the extraction wells indicated that contamination 

in the suspected plume area was below cleanup levels. Based on this finding and the results of 

the ongoing investigations which indicated that TCE contamination was not migrating within Area 

B, active remediation through pump and treat was not implemented. This report presents the 

results and findings of Area B groundwater investigations leading up to and conducted after the 

issuance of the interim ROD and supports the selection of a final remedy. 
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GENERAL BACKGROUND AND FACILITY HISTORY 
,- 

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

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

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

Unit was installed at the base to add design modifications to military aircraft produced at other 

locations. After World War II, activities at the base were altered; in 1949, the facility was designated 

the Naval Air Development Center (NADC), and its main mission, research, development, testing, 

and evaluation for Naval aircraft systems, was established. NADC Warminster also conducted 

studies in anti-submarine warfare systems and software development. The facility name was. 

changed from NADC to NAWC, Aircraft Division, on January 1, 1992. In 1996, NAWC Warminster 

was selected for realignment under the Base Realignment and Closure (BRAC) Program managed 

by the Department of Defense (DOD). This realignment, which is part of a DOD restructuring effort 

mandated by Congress, was implemented in September 1997. The restructuring resulted in the 

relocation of NAWC Warminster national defense activities to Naval Air Station (NAS) Patuxent 

River, Maryland. The base is now closed and is being redeveloped for non-military use by the 

Federal Lands Reuse Authority (FLRA). 

Historically, wastes were generated at the base 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. Waste materials were disposed on 

site at eight disposal sites. Area B has been designated at that area that contains three of these 

sites; Sites 5, 6, and 7. 

Site 5 reportedly consisted of up to eight trenches that were used for the disposal of demolition 

wastes, paint, solvents, scrap metal, aircrafi paints, cans, and asphalt. The trenches were 

reportedly operated from 1955,to 1970. Navy enlisted housing units have since been constructed 

within this area. Site 5 was investigated as part of the Phase III RI (Brown & Root Environmental, 

1996a) and is the subject of an ongoing focused RI being conducted by the Navy. 

Sites 6 and 7 are collocated north of Site 5. Site 6 consisted of pits where paint, solvents, 

demolition waste, oil, flammable waste, and grease trap waste were disposed, backfilled, and 

covered. The disposal reportedly took place from 1960 to mid-1980. Site 7 was reported as an 

area where one or two trenches were used for the disposal of approximately 700 cubic yards of 

industrial waste sludge cake generated at the on-base wastewater treatment facility. The 
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disposal reportedly took place between 1950 and 1955 Sites 6 and 7 have been extensively 

studied and the Navy is in the process of selecting a final Femedy for these sites (OU-7). 

AREA B STUDIES AND ACTIONS 

On October 4, 1989 NAWC Warminster was placed on the final National Priorities List (NPL). 

Since 1989, several remedial investigations (RI) and feasibility studies (FS) have been conducted 

at NAWC for the various areas of concern. This report summarizes those activities associated 

with Area B and focuses on Area B groundwater. 

The Phase I RI was conducted from 1989 to 1991 and included a cursory soil gas study and 

electromagnetic survey to better define the location of the site boundaries and the potential 

source areas. Limited test pitting was also conducted to delineate the disposal areas. Shallow 

and overburden wells were installed and sampled to characterize groundwater quality and to 

determine groundwater flow direction. The Phase II RI was conducted in 1992 and 1993. 

Activities included installing additional overburden and shallow bedrock monitoring wells, 

sampling and analyzing groundwater, surface water, sediment, and soils, and evaluating aquifer 

characteristics through water-level monitoring and a pumping test. Groundwater-related RI and FS 

reports for OU-1 were released in April 1993. Based on TCE levels slightly in excess of the MCL in 

three monitoring wells, the RI and FS reports projected the presence of a TCE contamination plume 

within Area B. 

In September 1993, the Navy and the EPA signed a ROD for OU-I that consists of contaminated 

overburden and shallow bedrock groundwater attributable to Area A and Area B at the base. ‘The 

ROD selected an interim clean-up plan to minimize the migration of contaminated groundwater 

while additional studies were to be performed to determine the full nature and extent of 

groundwater contamination. The clean-up plan called for actively pumping and treating 

groundwater from Area B (as well as from Area A) while additional groundwater studies were 

being performed. 

In December 1994 and January 1995, the Navy installed two extraction wells and six observation 

wells downgradient of Sites 5, 6, and 7 within the projected TCE plume. Yield tests, water-level 

measurements, and water quality sampling were conducted to evaluate aquifer characteristics in 

support of the OU-I ROD groundwater remedy. Analytical results indicated that no VOCs were 

detected in excess of MCLs within the projected downgradient plume area. TCE was identified 

in only one sample at levels close to the detection limit. 
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During this same time period additional hydrogeologic investigations were being conducted in 

Area B as required by the ROD. These investigations were conducted from 1993 through 1994. 

Activities included the installation and sampling of monitoring wells at multiple depths in and around 

Area B. Groundwater quality trends and hydrogeologic characteristics within the study area were 

evaluated to further define the nature and extent of the contamination and potential migration 

patterns. Water level studies and pumping tests were performed to better define the nature of the 

hydrogeologic setting. Based on this work, a draft hydrogeologic investigation report for Area B was 

released in April 1995. 

_-. 

After completion of the extraction well yield tests and the hydrogeologic investigation, the Navy, 

EPA, and PADEP evaluated current and historical groundwater data from Area B and specifically 

reviewed the data available for the projected TCE plume area. Contaminant trends over time were 

evaluated and it was concluded that TCE concentrations in the well that contained the highest 

levels of TCE (up to 13 ug/l) appeared to be stable while TCE levels were either not detected or 

were present at levels consistently below the MCL in downgradient monitoring wells. Considering 

this contaminant trend along with the results from the extraction well results, a consensus decision 

was reached to discontinue the plan to actively pump groundwater from Area B but to continue 

monitoring and additional investigations. It was also agreed that this decision was consistent with 

the objectives stated in the interim ROD which was to minimize migration of contaminants within 

Area B groundwater. 

A Phase III RI was conducted in 1995. The objective of the Phase III RI was to characterize 

sources of contamination, primarily soils and wastes at known and potential waste disposal sites. 

RI work within Area B consisted of soil gas and electromagnetic studies to define potential source 

and/or disposal areas, surface and subsurface soil sampling, and sampling of area streams and 

sediments. The Phase III RI did not address groundwater. A draft Phase III RI reportwas issued in 

October 1996. A focused RI and FS was conducted at Sites 5 and 6 from 1996 through 1999. Like 

the Phase III RI this effort did not address groundwater but addressed potential sources of 

groundwater contamination and other media of concern within Area B. Based on the initial findings 

of the OU-7 remedial investigation, the Navy conducted a removal action within Sites 6 and 7 in 

1997. Contaminated soils and wastes that were identified as possible source areas for 

groundwater contamination were excavated from three areas and disposed of offsite. The 

excavations extended in depth to the bedrock surface and laterally to the point where sample 

analysis confirmed the lack of contamination above action levels. Final RI and FS reports have 

been issued for OU-7 and the final remedy selection process for media other than groundwater for 

this area is ongoing. 
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During this same time period, 1994 through 1999, additional hydrogeologic investigations were 

conducted throughout Area B. Additional monitoring well installation, water level studies, and 

groundwater quality investigations were conducted as part of area wide and focused studies. The 

Navy implemented a perimeter monitoring program in 1994 that includes the periodic collectioin and 

analysis of groundwater samples from selected monitoring wells around the entire former Ibase, 

including some in the vicinity of Area B. This effort is ongoing. In addition to these sampling 

events, a comprehensive area-wide water level measurement and groundwater sampling program 

was conducted in June and July 1998. This study included all available Area B wells in addition to 

wells located in the general area outside of Area B. 

This RI report uses Area B historical RI findings of investigation, perimeter monitoring results, and 

the results of the June/July 1998 comprehensive round to evaluate current status and potential 

human health or environmental risk from Area B groundwater. The risk assessment was 

conducted using the June/July 1998 Area B data because this is the most current comprehensive 

data set available for the area. 

HYDROGEOLOGY 

The geology of Area B consists of a thin veneer of residual soils overlying sedimentary bedrock of 

the Stockton Formation. The soils consist primarily of silt and clay, with some sand, and extend 

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

competent bedrock occurs gradually over a distance of about 5 to 10 feet typically, due to the 

effects of weathering on the bedrock surface. The bedrock surface within Area B slopes gently to 

the south and southeast mimicking ground topography. 

The bedrock of the Stockton Formation consists of alternating sequences of fine- and coarse- 

grained, gently dipping rock units. Lithologic units vary in thickness from less than a foot 1:o a 

maximum observed thickness of about 60 feet within Area B. Locally, bedding within the Stockton 

Formation strikes approximately north 71 degrees east and dips approximately 5 degrees to 8 

degrees to the northwest. This dip of the rock units is approximately opposite to the overall 

topographic slope of the ground surface within Area B. Beds encountered at shallow (< 100 to 

150 feet) depths within northern portion of the study area crop out to the south, near the southern 

boundary of NAWC. 

Fractures were encountered at varying depths of the well borings drilled in and around Area B. 

Based on geophysical and boring log information, the fractures included both bedding-plane 

fractures and cross-formation joints. Fractures were observed within both the sandstone and 
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mudstone units, with the fractures in the sandstones more likely to yield significant quantities of 

water. 

The fractured bedrock of the Stockton Formation is the major source of groundwater in the vicinity 

of NAWC Warminster. The middle arkose member of the Stockton Formation is considered to be 

the most productive bedrock aquifer in Bucks County. The Stockton Formation in the vicinity of 

NAWC Warminster forms a complex, multi-aquifer system. The individual water-bearing zones of 

the Stockton Formation may belong to one of three different aquifer types which, in descending 

subsurface order, include; Overburden (weathered bedrock) aquifer; Shallow bedrock aquifer; 

Deeper bedrock aquifer. The shallow bedrock aquifer may extend to depths of about 75 to 120 feet 

below the ground surface. The shallow bedrock aquifer is recharged by vertical percolation through 

the overburden and is the primary reservoir for groundwater storage in the Stockton Formation. 

The overall direction of groundwater flow across Area B is to the south. Potentiometric surface 

measurements show groundwater gradients at increasing depths within the Stockton Formation, in 

and around Area B. Shallow groundwater (less than 60 feet deep) flow across Area B is generally 

to the south. Intermediate-depth (60 to 110 feet) groundwater flow across Area B is to the south 

and is similar to the shallow groundwater flow pattern. The horizontal flow gradient varies from 

north to south: it is slightly steeper to the north and lower to the south, which is consistent with the 

change in ground surface slope across the area. As with the shallow and intermediate-depth 

groundwater, deep (greater than 110 feet deep) groundwater flow across Area B is generally to 

the south at an approximate overall horizontal gradient. 

Based on groundwater-level measurements made in wells completed at different depths within well 

cluster locations, the overall vertical groundwater flow gradient is downward. Hydraulic heads 

within the shallow bedrock wells were generally higher than the water levels in the deeper wells, 

with a few exceptions. This pattern of vertical flow was expected and reflects that the source of 

water to the deeper groundwater flow zones within the bedrock is primarily leakage from overlying 

flow zones. 

The migration of contaminants in groundwater across Area B is influenced by several factors. 

Groundwater primarily moves through interconnected networks of fractures within the bedrock. 

Lateral groundwater (and contaminant) migration directions are to the south across Area B and are 

controlled by topography and by the presence of the tributary of Southampton Creek south of Area 

8. Groundwater flow follows the slope of the ground surface topography across Area B, flowing 

against the dip direction of the bedrock units. It is expected that groundwater from Area B will 

eventually discharge to streams within the Southampton Creek drainage. 
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NATURE AND EXTENT OF CONTAMINATION 

Three separate groundwater investigations were conducted in Area B prior to the issuance of the 

interim ROD in 1993. These investigations were the Pre-Remedial and Phase I and Phase II Rls. 

The investigations focused on the overburden and shallow bedrock groundwater zones. The 

analytical results detected the presence of low levels of TCE in several monitoring wells located in 

the central portion the study area. 

TCE was the only VOC identified in excess of the MCL (5 ugll). TCE was detected at levels above 

the MCL in three wells at concentrations ranging from 6 ug/l to 13 ug/l. Other monitoring <wells 

adjacent to and downgradient of these wells contained TCE levels ranging from non detect to 4 ugll. 

Monitoring wells located at the far downgradient portion of Area B did not contain any TCE. 

In addition to TCE, these investigations identified the presence of several metals in Area B 

groundwater. Further study and evaluation of the analytical results and the results of upgradient 

and base-wide background levels indicated that the concentrations detected within Area B were 

consistent with regional levels. 

Based on the presenceof TCE levels above the MCL in three wells the Phase II RI concluded that 

shallow groundwater associated with Area B presented an unacceptable risk to human health. 

Based on available TCE data and inferred groundwater flow directions, it was projected or 

hypothesized that a TCE contaminant plume existed within Area B. These findings and conclusions 

lead to the issuance of the interim ROD for Area B groundwater. 

As required by the interim ROD additional hydrogeologic investigations were conducted in Area B 

from 1993 through 1994. These investigations included the installation of additional monitoring 

wells and the sampling and analysis of Area B groundwater as well as the performance of pumlping 

tests and an evaluation of analytical results over time. TCE was again identified as the major 

contaminant of concern for Area B groundwater. Analytical results were consistent for TCE levels in 

the central portion of the projected TCE plume area; however, only two wells contained TCE over 

the MCL. Levels in the two wells that previously contained the highest levels of TCE (8 ugll and 13 

ugll) remained at similar levels (7 ug/l and 12 ug/l). TCE in the third well, which had previously 

been detected at 6 ug/l, was detected at 4 ug/l. TCE levels in the other Area B wells remained 

below the MCL including those immediately downgradient of the projected TCE plume area. In 

addition, newly installed wells within the projected TCE plume area contained TCE below MCLs. 
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As part of the hydrogeologic investigation a 72-hour pumping test was conducted using a 

monitoring well within the downgradient portion of the projected TCE plume. The pumping test 

was performed to collect additional contamination data as well as to support the installation of 

extraction wells as required by the interim ROD. Analytical results from samples taken during the 

pumping test detected TCE at levels below the MCL throughout the test. TCE was detected at 4 

ug/l during the initial stages of the test and at 3 ug/l during the latter part and conclusion of the test. 

In 1995 the Navy installed two extraction wells in the downgradient portion of the projected TCE 

plume. Samples were collected from these wells during 12-hour yield tests and a 72-hour pumping 

test conducted in preparation for the full implementation of a groundwater extraction and treatment 

system. TCE was detected at 1.5 ug/l (well below the MCL) in only one sample collected during this 

testing. 

After completion of the extraction well tests, the historical data for Area B groundwater was 

evaluated and reviewed with EPA and PADEP. Based on the results of an historical trend analysis 

and the findings and results of the hydrogeologic investigation and extraction well testing, it was 

concluded that TCE, levels were stable in the area of the one well that consistently contained 

concentrations above the MCL. It was further concluded that TCE was not migrating downgradient 

of this location and that the projected plume may be decreasing in size and in concentration. Based 

on this evaluation it was determined that active pumping of Area B groundwater was not required to 

minimize TCE migration. 

As required by the interim ROD the Navy continued to monitor and study Area B groundwater. The 

Navy implemented a perimeter monitoring program in 1994 and this program is ongoing. The 

program consists of the periodic sampling and analysis of groundwater throughout the base area. 

Monitoring wells in and around Area B are included in this perimeter monitoring program. In 

addition to this program, the Navy installed additional monitoring wells within Area B to better 

characterize groundwater quality and flow patterns during the period from 1995 to 1998. Samples 

were collected from these wells as they were installed and during a comprehensive round of 

sampling conducted in 1998. 

Fifty-three Area B monitoring wells were sampled during the 1998 comprehensive groundwater 

monitoring event. TCE was detected at concentrations slightly above the MCL in only one well. 

This one well contained 7 ug/l of TCE. Six other wells contained TCE at levels ranging from 1 ug/l 

to 4 ugll. The distribution or extent of the TCE contamination is similar to that identified in previous 

investigations but the concentrations are significantly lower. No other Area B contaminant was 

identified above an MCL. 

UDOCUMENTS/NAW/7606/13660/ES ES-8 



Twelve rounds of perimeter monitoring have been conducted in Area B from September 1994 

through June 1999. Four wells located in the downgradient portion of Area B have been 

consistently sampled throughout this period. TCE levels have consistently been reported as non- 

detect to estimated trace-levels in these wells. TCE was detected once at the detection limit 

(I ug/l) in one sample in 1994 but has not been detected above that level since that time. 

A historical review of TCE levels over time for wells within Area B indicates that the TCE plume 

projected to exist in 1993 does-not currently exist and indicates that TCE is present in only low-ievel 

concentrations. TCE within the projected plume area has decreased in concentration and extent 

over time. Of the three wells that contained TCE levels (6 ug/l to 13 ug/l) above the MCL in II992 

and were used to project the presence of a contaminant plume, only one well was found to contain 

TCE (7 ug/l) slightly above the MCL during the 1998 sampling event. One of the other wells 

contained TCE at 4 ug/l,and TCE was not detected in the third well. Additional monitoring wells 

installed and sampled within and downgradient of the plume area have detected TCE at only 

sporadic low-levels at or near the detection limit. 

BASELINE RISK ASSESSMENT 

A base-line risk assessment using analytical results from the 1998 comprehensive round of 

sampling was performed assuming that Area B groundwater would be used for residential 

purposes. The risk assessment evaluated potential child and adult exposure scenarios and 

calculated the potential risk associated with lifetime residential exposure. It should be noted ,that 

Area B groundwater is not currently used for residential purposes and that public water is 

available to residents in the near-by communities. 

The risk assessment was performed according the most recent EPA guidance. Estimated 

potential risks were calculated for the reasonable maximum exposure (RME) scenario and for the 

central tendency exposure (CTE) scenario if the RME exceeded acceptable ranges. The RME 

represents the conservative, upper end or most reasonably assumed maximum potential 

exposure to contamination. The CTE represents the central or average potential exposure 

reasonably expected to occur under the use scenario. 

EPA has defined the cancer risk range of 10e4 to IO” as the “target range” for most hazardous 

waste facilities evaluated. Cumulative cancer risks greater than IO4 generally will indicate that 

some degree of remediation is required, and cancer risks below IO” normally will not result in 
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remedial efforts. When the calculated risk falls between IO4 to 10s6, decisions are typically made 

on a case by case basis. 

The estimated RME lifetime cancer risk associated with the potential residential use of Area B 

groundwater is 1.8x1 OS6 (child 4.0x1 Ow7 and adult 1 .4x10m6). This estimated risk is at the lower end 

of the EPA target range. This calculated risk may be interpreted as, representing one to two 

additional cases of cancer in a population of one million people using the Area B groundwater for 

residential purposes. No CTE was calculated as this estimated risk is within the EPA target risk 

range and is comparable to the EPA acceptable risk of one additional case of cancer for one 

million people. 

Noncancer risks were evaluated using a Hazard Index (HI) system. EPA has established this 

system to evaluate the potential for noncarcinogenic health effects of contamination. An HI of 1 .O 

or less is not expected to result in health effects. The HI for an exposure scenario and for specific 

target organs are both evaluated under this system. In general, if the total HI exceeds 1.0 than 

the specific target organs expected to be effected by the contaminants is further evaluated to 

determine the HI for that organ. The HI value is not a numeric indication of risk. Rather, an HI 

‘that exceeds 1 .O indicates that noncancer health effects can not be ruled out. 

The estimated RME HI for a resident child and resident adult using Area B groundwater is 4.1 

and 1.8, respectively. The estimated CTE HI calculated as 0.52 for the child and 0.16 for the 

adult resident. An evaluation of the contaminants and the potential risks presented by each, 

indicated that manganese is the only contaminant that presents a potential risk greater than 1 .O. 

Because the RME HI for both the child and adult exceed the target HI of 1.0, further evaluation 

the data set for manganese, the only contaminant that exceeded the target, was performed. This 

review identified that the maximum total (unfiltered) manganese concentration found in Area B 

groundwater was used in calculating the RME HI. This was done in accordance with EPA 

guidance for the evaluation of the RME. However, an examination of the metals data set 

indicates that the manganese concentrations that result in an HI of 1.0 or greater are present in 

only one well cluster. In addition, a review of historical Area B and base-wide regional 

groundwater data indicates that this manganese level is consistent with background levels for 

total or unfiltered groundwater samples. The estimated risk associated with this manganese level 

is overestimated and is not specific to contamination attributable to Area B and is considered to 

be consistent with background risks. 
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RECOMMENDATIONS 

Considering the historical and current data available, it is recommended that no further remedial 

action be taken for Area I3 groundwater. 
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1 .O INTRODUCTION ,..---. 

In response to Contract Task Order (CTO) No. 291 under Contract N62472-90-D-1298, Tetra Tech NUS, 

Incorporated (TtNUS) was assigned by the Naval Facilities Engineering Command (NAVFAC) INorthern 

Division (NORTHDIV), as part of continuing investigations at the former Naval Air Warfare Center (NAWC) 

Warminster, Pennsylvania, to perform a comprehensive groundwater evaluation for Area B at the base. 

Area B consists of the former disposal areas Site 5, Site 6, and Site 7 at the former NAWC Warminster. 

This work has been pursued as part of the Navy’s Installation Restoration (IR) Program under the 

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

Navy’s IR Program investigates potential contamihation of Navy and Marine Corps facilities resull:ing from 

past operations to institute corrective measures as needed. 

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

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

investigation/feasibilitystudy (RI/FS), which is intended to characterize physical and chemical parameters 

and risks associated with the facility. The last phase consists of remedial actions designed to cointrol and 

mitigate contamination. This report is prepared as part of Phase III IRP activities. 

1.1 PURPOSE 

This report addresses groundwater issues arising from past practices at Area B and makes 

recommendations for further action. The report presents and discusses the site history, characteristics, 

hydrogeology, and general background information used to support the conclusions and 

recommendations, presented in Section 7. 

Groundwater quality issues associated with Sites 5, 6, and 7 (Area B Groundwater) have been studied 

extensively and reported previously by the Navy in a series of investigation reports. Area B groundwater 

has been designated as part of Operable Unit 1 (Area B OU-1) by the Navy for administrative purposes 

under the EPA CERCLA program. The Navy issued an interim Record of Decision (ROD) for OU-I in 

1993 and initiated interim remedial actions for Area B OU-I in 1994 and 1995. As part of the interim 

remedial action the Navy installed groundwater extraction wells and initiated pumping activities. During 

the initial phases of the pumping, contaminant levels in newly installed Area B extraction wells were found 

to be at concentrations below action levels. The Navy also, as part of the interim remedy, continued to 

conduct additional investigations and hydrogeologic studies in the area. 

This report combines the relevant parts of previous studies and reports into one cohesive remedial 

investigation document. The findings presented in this report are to be used to support the selection of a final 
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remedy for Area B OU-I groundwater. 

1.2 NAWC WARMINSTERBACKGROUNDAND HISTORY 

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

history. 

1.2.1 Facilitv Description 

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

be found on the USGS Hatboro 7.5minute topographicquadrangle map, a portion of which is reproduced as 

Figure I-l. The total area of NAWC Warminster is approximately 734 acres. The facility lies in a populated 

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

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

area, mowed fields, and a small wooded area. 

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

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

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

Neshaminy Creek. The remaining portion drains into unnamed tributariesof PennypackCreek. 

‘- 

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

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

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

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

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

l One fire training area (Site 8). 

l A series of eight unlined impoundments(ImpoundmentArea). 

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

based on their proximity to one another, similarities regarding source and waste characteristics, and their 

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

2). The general areas are 
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l Area A, which is located in the northwestern corner of the base (Sites I, 2, and 3). 

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

l Area C, which is located north of the main runway (Sites 4 and 8). 

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

Historically, wastes were generated at the base during aircraft maintenance and repair, pest control, 

firefighting training, machine and plating shop operations, spray painting, and various materials research and 

testing activities in laboratories. These wastes included paints, solvents, sludges from industrial wastewater 

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

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

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

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

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

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

personnel housing area. The residents living at the enlisted personnel housing area are the nearest 

population center. The closest off-base home is about 200 feet away. 

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

100,000 people within the area. Local surface water bodies are used for recreation and industrial purposes. 

1.2.2 Facility History 

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

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

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

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

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

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

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

January I, 1992. In 1996, NAWC Warminsterwas selected for realignment under the Base Realignment and 

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

a DOD restructuring effort mandated by Congress, was implemented in September 1997. The restructuring 
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resulted in the relocation of NAWC Warminster national defense activities to Naval Air Station (NAS) 

Patuxent River, Maryland. The base is now closed and is being redeveloped for non-military use by the 

Federal Lands Reuse Authority (FLRA). 

I-. 

1.2.3 Environmental Investhations 

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

possibly needing investigation in September 1979. Since 1979, NAWC Warminster, regulatory agencies, 

and others have been involved in various regional environmental response actions for the study are% 

In November 1979, EPA completed a PA. In 1980, the Department of the Navy began its environmental 

investigative work at NAWC Warminster. The first study, known as the Clay/Law Report, inventoried 

disposal activities at each of the eight sites. A variety of environmental investigations have been performed 

at these sites since that time under the direction of the Navy. 

The Navy’s first investigations were performed under the Navy Assessment and Control Installation 

Pollutants (NACIP) program in 1980 to assess the potential for VOCs to emanate from the NAWC 

Warminster facility. In 1980, the Navy performed soil boring investigations at NAWC Warminster and 

found trichloroethylene (TCE) at a maximum concentration of 78 ug/kg near the wastewater treatment 

plant in Area A (SMC Martin, May 28, 1980). A groundwater investigation conducted by the Navy at 

NAWC Warminster in the same year encountered TCE at a maximum concentration of 130 ug/l in the 

shallow groundwater and 7 ug/l in the deeper groundwater in Area A. The groundwater report concluded 

- 

that leakage from the wastewater sludge lagoons could have contributed to the regional TCE 

contamination (SMC Martin December IO, 1980). 

In 1983, the Navy completed a hydrogelogical investigation at NAWC Warminster consisting of a records 

search to identify potential former disposal sites, installation of 14 monitoring wells, and groundwater 

sampling and analysis at the eight suspected sites (JRB Associates, March 17, 1983). Analytical results 

confirmed VOC concentrations in groundwater at levels generally below typical regional concentrations. 

In 1984, a second round of groundwater samples from the eight sites and an evaluation of potential 

migration of contaminants from NAWC sites to groundwater was performed (Walter B. Satterthwaite 

Associates, May 1984). 

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

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

used the HRS to assess the relative threat from releases of hazardous substances from the eight NAWC 
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Warminster sites to surrounding groundwater and surface water. The facility score was based on the 

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

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

contamination at the sites. 

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

draft Interagency Agreement to the Navy to formalize and schedule remedial activities. The contents of this 

agreement were negotiated in 1990. 

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

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

was performed between October 1989 and April 1991 by SMC Environmental Services Group (SMC 

Martin, 1991). Phase II was performed between May 1992 and April 1993 (HNUS, 1992,1993a). In April 

1993, the Navy released a focused FS for groundwater contamination attributable to Areas A and B 

(HNUS 1993). In addition, the Navy initiated additional hydrogeologic studies and investigations for Area 

B in 1993 and issued an Area B Hydrogeologic Report in April 1995 (HNUS, 1995). Phase III, which 

addresses potential source areas and their impacts to soils, surface waters, and sediments, began in 

January 1995 and is ongoing (Brown & Root Environmental, 1996a). Source area RI/FS investigations 

and reports have been completed for Sites 6 and 7, and are underway for Site 5. A source area removal 

action was performed by the Navy for Sites 6 and 7 in 1997. A final RI and FS for these sites were issued 

in November and December 1999 (TtNUS 1999) and the Navy is in the process of selecting a final remedy 

for implementation. The Navy has also performed additional groundwater investigations in and around 

Area B since the issuance of the 1995 hydrogeologic report and has been conducting facility perimeter 

monitoring since 1994. This report summarizes the results and findings presented in these and other 

reports. 

A Technical Review Committee [now the Restoration Advisory Board (RAB)] has been assisting in the 

planning and review of environmental investigation, remedial alternative evaluation, and remediation 

activities, along with future land use planning. The RAB consists of representatives of the Navy, IEPA, the 

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

the Northampton Township Municipal Authority, the Warminster Township Municipal Authority, lvyland 

Borough, and Upper Southampton Township, as well as members of the community and concerned 

environmental organizations. 

The results and findings of all previous investigationsare maintained in two local information repositories that 

contain the AdministrativeRecord for NAWC Warminster. One repository is located at the base; the second 

can be found at the Bucks County Library, Doylestown Branch. 
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1.3 AREA 6 HISTORY AND DESCRIPTION 

This section provides a brief background of Area B and a summary of the investigations and actions 

related to this study area. More detailed information can be found in the Phase II Remedial Investigation 

Report for Operable Unit 1, NAWC Warminster, Pennsylvania (Halliburton NUS, 1993a), the Draft Area B 

Hydrogeologic Report, NAWC Warminster, Pennsylvania (Halliburton NUS, 1995), the Summary Report for 

Area B Groundwater Monitoring, NAWC Warminster (Tetra Tech NUS, October 1998) the Remedial 

Investigation Report for Operable Unit 7, Soils and Waste at Sites 6 and 7 (TtNUS, 1999), and the Feasibility 

Study for Operable Unit 7, Soils and Waste at Sites 6 and 7 (TtNUS, 1999). 

1.3.1 Area B Historv 

Area B includes Sites 5, 6, and 7 (see Figure I-3) which were reportedly used for disposal of wastes 

potentially containing CERCLA hazardous substances. Site 5 was initially reported in the Navy Shore 

Facility Fact Form (1980) to have been used for waste disposal purposes. Site 5 reportedly consisted of 

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

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

materials disposed was reported as unknown. The trenches were reportedly operated from 1955 to 1970, 

were approximately 12 feet by 70 feet by 8 feet in dimension, and were covered with 2 feet of fill and 

graded and seeded. Navy enlisted housing units have since been constructed within this area. Site 5 was 

investigated as part of the Phase III RI (Brown & Root Environmental, 1996a) and is the subject of an 

ongoing focused RI being conducted by the Navy. 

Sites 6 and 7 are collocated north of Site 5 and the patrol road. The Navy initially reported disposal of waste 

at Sites 6 and 7 in the Navy Shore Activity Disposal Fact Form (1980), which indicated that Site 6 consisted 

of pits where paint, solvents, demolition waste, oil, flammable waste, and grease trap waste were disposed, 

backfilled, and covered. The disposal reportedly took place from 1960 to mid-1980. No information was 

provided regarding dimensions of the pits or the quantity of waste disposed. 

Site 7 was reported as an area where one or two trenches were used for the disposal of approximately 700 

cubic yards of industrial waste sludge cake generated at the on-base wastewater treatment facility. The 

disposal reportedly took place between 1950 and 1955 in one or two trenches that were 12 feet by 100 feet 

by 8 feet deep. After disposal, the trenches were reportedly covered with 2 feet of soil, graded, and seeded. 

Sites 6 and 7 have been extensively studied and the Navy is in the process of selecting a final remedy for 
.- 

these sites. 
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The groundwater in and around Area B has been studied by the Navy and others (EPA, PADEP, and local 

municipalities) since the early 1980’s. These studies have also included investigations of areas outside of 

Area B and outside of NAWC Warminster. The findings presented in these studies have helped define the 

hydrogeologicconditionsand groundwaterflow patterns in the area. Portions of these studies, as they relate 

to groundwater flow conditions, are included and referenced in this report. Groundwater quality data 

collected as part of these other studies that are not related to Area B are not discussed or evaluated in this 

final RI for Area B OU-1 groundwater. 

The following presents a summary of the major investigations and actions associated with Area B. 

Subsequent sections of this report discuss these investigationsand present the findings associated with Area 

B groundwater. 

lnvestiqations 

. Pre-Remedial Investigations (1982): Shallow overburden groundwater was investigated as part of an 

initial hydrogeologic investigation. ‘Shallow overburden wells were installed and sampled (JRB 

Associates, 1983). 

l Phase I RI (1989 - 1991): Activities included a cursory soil gas study and electromagnetic survey to 

locate approximate site boundaries and potential source areas. Limited test pitting was also conducted 

to better define the extent of the disposal areas. Shallow bedrock and overburden wells were installed 

and sampled to characterizegroundwaterquality and flow direction, (SMC Martin, 1991). 

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

contamination, evaluate shallow groundwaterflow and add to the hydrogeologicdatabase, and ascertain 

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

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

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

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

Navy and EPA selected an interim remedy for OU-I based on the findings presented in these reports. 

l Area B Hydrogeologic Investigations (1993 - 1994 ): Groundwater conditions in and around Area B were 

investigated. Activities included the installation and sampling of monitoring wells at multiple depths in 

and around Area B. Groundwater quality trends and hydrogeologiccharacteristicswithin the study area 

were evaluated to further define the nature and extent of the contamination and potential migration 

patterns. Water level studies,and pumping tests were performed to better define the nature of the 
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hydrogeologic setting. Based on this work, a draft hydrogeologic investigation report for Area B was 

released in April 1995 (HNUS, 1995b) 

l Phase III RI (1995 - ): The Phase III RI objective was to characterizesources of contamination, primarily 

soils and wastes at known and potentialwaste disposal sites. RI work within Area B consisted of soil gas 

and electromagenticstudies to define potential source and/or disposal areas, surface and subsurface soil 

sampling, and sampling of area streams and sediments. The Phase III RI did not address groundwater. I 
A draft Phase III RI reportwas issued in October 1996 (Brown & Root Environmental 1996). 

. Sites 6 and 7 (OU-7) RVFS (1996 - 1999): Investigations and evaluations focused on media other than 

groundwater. Studies were performed to locate and investigate disposal areas within Sites 6 and 7. 

Activities included evaluating data from past investigations, conducting additional electromagnetic 

surveys, advancing subsurface borings to bedrock, excavating numerous test pits, and collecting and 

analyzing samples of soils and wastes. Initial investigation findings were used by the Navy to direct 

removal actions in 1997. Following the removal actions at Sites 6 and 7, RI and FS reports were 

finalized in 1999 (TtNUS 1999). The findings of the remedial investigation indicated that residual 

contamination at Sites 6 and 7 did not present a threat to groundwater. The Navy is currently in the 

process of selecting a final remedy for OU-7. 

l Additional Hydrogeologic Investigations (1994 - 1999): Additional monitoring well installation, water level 

studies, and groundwater quality investigations were conducted as part of area wide and focused 

studies. The Navy implemented a perimeter monitoring program in 1994 that includes the periodic 

collection and analysis of groundwater samples from selected monitoring wells around the entire former 

base, including some in the vicinity of Area B. This effort is ongoing. The latest round of data available is 

presented in the Summary Report for the Twelfth Round of Perimeter Monitoring (TtNUS, 1999). In April 

1998, additional monitoring wells were installed in the Navy enlisted housing area to better define 

groundwater elevations and flow patterns in this area. These wells were also sampled to investigate the 

presence of contamination. Well installation details and analytical results were presented in a letter 

report issued in July 1,998 (Letter Report, Navy Enlisted Housing Well Installation and Sampling, TtNUS 

1998). In addition to these sampling events, a comprehensive area-wide water level measurement and 

groundwatersampling program was conducted in June and July 1998. This study included all available 

Area B wells in addition to wells located in the general area outside of Area B. The results of this study 

were presented in the Summary Report for Area B Groundwater Monitoring, issued in October 1998 

(TtNUS1998). 

Response Actions /- 

l OU-I: In 1993, due to the detection of low-levels of TCE (slightly above the Maximum Contaminant 
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Level (MCL) of 5 ug/l) in three shallow monitoring wells, the presence of a low-concentration TCE 

plume was projected. In September 1993, the Navy and EPA signed a Record of Decision (ROD) that 

selected an interim remedy for shallow groundwater in Area 6. The interim remedy consisted of the 

installation and operation of a groundwater extraction system and treatment system to minimize 

migration of contamination and the performance of additional groundwater studies and monitoring to 

determine the nature and extent of contamination and to monitor the effectiveness of the extraction 

system. In December 1994 and January 1995, the Navy installed two extraction wells (EW-12 and 

EW-14) and six observation wells (OB-5 through OB-10) in Area B. During the initial operation of the 

extraction wells, detected groundwater contaminant concentrations were consistently at trace levels at 

or below quantitation limits, well below the MCL.. (OHM Remediation Services Corporation, 1995). 

Therefore, after consultation with the EPA and PA DEP, the Navy discontinued construction of the 

Area B groundwater remedy and did not connect the two extraction wells (EW-12 and EW-14) to a 

groundwater treatment plant constructed onsite to treat groundwater extracted from other areas of the 

base. Additional groundwater studies and monitoring have been conducted and are ongoing, as 

required by the ROD, to assess groundwater conditions and to confirm the lack of contamination 

within Area B groundwater. 

l OU-7: Based on the initial findings of the OU-7 remedial investigation, the Navy conducted a removal 

action within Sites 6 and 7 in 1997. Contaminated soils and wastes that were identified as possible 

source areas for groundwater contamination were excavated from three areas and disposed of offsite. 

The excavations extended in depth to the bedrock surface and laterally to the point where sample 

analysis confirmed the lack of contamination above action levels. Final RI and FS reports have been 

issued for OU-7 and the final remedy selection process for media other than groundwaterfor this area is 

ongoing. 

1.4 CURRENT STATUS 

As mentioned previously, numerous investigations and rounds of groundwater sampling and analysis have 

been completed in the vicinity of Area B as part of the phased RI and implementation of the interim 

remedy. Groundwater investigations have included pumping/aquifer testing, comprehensive groundwater 

sampling and analysis, water-level studies, and evaluation of the hydrogeological data collected. This RI 

report presents and evaluates the status of Area B groundwater, considering available data from previous 

studies. Hydrogeologic and groundwater level data generated by studies in areas adjacent to or around 

Area B are also referenced where appropriate. Analytical data generated for areas outside of and not 

associated with Area B are not presented and evaluated. The results and findings presented in this report 

will support the selection of a final remedy for Area B OU-I (groundwater associated with Sites 5, 6, and 

7). 
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1.5 REPORT ORGANIZATION _-. 

This section provides the background and historical information needed to support the technical discussion 

and evaluations found in the following sections. Section 2 presents the scope of the hydrogeologic and 

groundwater quality studies that have been performed. Section 3 discusses the regional and detailed local 

geology and hydrogeology that govern how contaminants exist and travel within the study area. Section 4 

presents an evaluation of the data collected, describing the nature and extent of groundwatercontaminants in 

the study area. Section 5 discusses the typical or potential site-specific chemical toxicity and mobility. 

Section 6 presents the results, conclusions, and limitations of the human health risk assessment performed 

for Area B groundwater. Section 7 provides a summary of conclusions. 
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2.0 AREA 6 HYDROGEOLOGIC INVESTIGATION 

2.1 SCOPE OF INVESTIGATION 

Area B groundwater (Area B OU-I) is defined as that groundwater potentially impacted by contamination 

attributable to Sites 5, 6, and 7 at the former NAWC Warminster. Each site and the collective groundwater 

associated with the area have been studied extensively during the phased remedial investigations in the 

vicinity of Area B. In 1993, due to several low-level detections of Trichloroethene (TCE) within Area B 

groundwater identified during the Phase II RI, an interim remedial action was selected and an interim ROD 

was issued. 

The interim remedial action selected included groundwater extraction and treatment to rninimize 

contaminant migration and continued monitoring and studies to better define the nature and extent of 

groundwater contamination within Area B. The Navy installed extraction wells in December I!394 and 

January 1995 and initiated additional studies to assess hydrogeologic conditions and the nature and 

extent of the contamination as required by the interim reniedy. During the initial operation of the extraction 

wells only trace levels of contaminants were detected at concentrations below regulatory limits. The target 

contaminants identified in the studies leading up to the implementation of the remedy were not identified in 

samples collected from the extraction wells after 72 hours of operation. Because of the lack of 

contamination, the EPA, the Pennsylvania Department of Environmental Protection (PADEP), and the 

Navy agreed to delay further extraction and treatment of groundwater. It was also agreed that further 

monitoring and investigations of Area B groundwater would be performed to assess the hydrogeologic 

conditions and to confirm the lack of, or define the nature and extent of, contamination. 

A series of groundwater investigations have been performed in and around Area B since 1993 to augment 

the investigations that occurred before the interim remedy was selected. This section of the RI report 

presents the scope of those investigations, the investigations that were conducted leading ulp to the 

issuance of the ROD for an interim action, and the scope of the initial actions taken in implementing that 

remedy: Some of the investigations conducted were area-wide investigations that included groundwater 

sampling and analysis outside of Area B. These investigations are discussed and referenced in this 

section and in Section 3 to the extent that they provide information and hydrogeologic data that pertains to 

groundwater flow and occurrence in the study area. Presentation and discussion of analytical results from 

monitoring wells outside of Area B are not presented in this report as they do not pertain to groundwater 

conditions attributable to Sites 5,6, and 7. 
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2.2 MONITORING WELL INSTALLATION .*-- 

A total of 88 wells, including monitoring wells, extraction wells, and observation wells, have been installed in 

and around Area B since investigations first began in 1982. The well construction details are summarized in 

Table 2-1, the well locations are shown in Figure 2-1, and a chronological summary of well installation is 

included in Table 2-2. Borehole drilling logs and well construction diagrams, if available, are included in 

Appendix A. The well installation details are summarized in the following sections. 

2.2.1 Pre-Remedial InvestinatiokWell Installation Information 

Five shallow overburden monitoring wells were installed during a pre-remedial investigation conducted in 

Area B during 1982. The wells were installed to characterize groundwater quality and flow direction at 

sites 5, 6 and 7. All of the wells were installed in July 1982 as 2-inch diameter, screened completions 

ranging from 10 to 16 feet deep within the overburden deposits immediately overlying consolidated 

bedrock. The borehole drilling and monitoring well installation procedures are described in the 

Hydrogeological Investigation of the Naval Air Development Center Waste Disposal Sites (JRB 

Associates, 1983). 

2.2.2 Phase I Remedial lnvestination Well Installation Information 

Seven shallow bedrock monitoring wells and one shallow overburden monitoring well were installed during 

the Phase I Remedial Investigationconducted in Area B during 1990 (Table 2-2, Figure 2-l). The wells were 

installed to characterize groundwater quality and flow direction within the shallow bedrock aquifer in addition 

to the overburden aquifer at sites 5, 6 and 7. All of the wells were installed in November 1990 as 6-inch 

diameter, open borehole completionswithin the shallow bedrock or as 4-inch diameter screened completions 

within the overburden deposits immediately overlying consolidated bedrock. The borehole drilling and 

monitoring well installation procedures are described in the Rough Draft RI Report for the Naval Air 

DevelopmentCenter (SMC EnvironmentalServicesGroup, 1991). 

2.2.3 Phase II Remedial Investigation Well Installation Information 

~Two shallow bedrock and two shallow overburden monitoring wells were installed during the Phase II 

Remedial Investigation conducted in Area B during 1992 (Table 2-2, Figure 2-l). The wells were installed 
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TABLE 2-1 
REMEDIAL INVESTIGATION REPORT FOR AREA B GROUNDWATER 

WELL CONSTRUCTION DETAILS 
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TABLE 2-1 
REMEDIAL INVESTIGATION REPORT FOR AREA B GROUNDWATER 

WELL CONSTRUCTION DETAILS 

WELL 

151-176 

MONITORED 
HN-38l/HN-38 

43-64 

97-119 
HN-39X/MW-09 

90-l 04 

2-7 
HN-39S/MW-06 18-50 
HN-39D/HN-39 125-150 

HN-40S 55-69 
HN40l 88-l 14 

HN-40D 120-148 
HN-41S 41-54 
HN-411 72-93 
HN-41D 
HN-43S 
HN-431 

Deep 

WELL 

Shallow 
Intermediate 

Intermediate 
Overburden 

Shallow 
Deep 

Shallow 
Intermediate 

Deep 
Shallow 

Intermediate 

HN-43D 
H N-49s 
HN-491 
HN-49D 
HN-61 S 
HN-61 I 
HN-62s 

117-135 Deep 
36-51 Shallow 
55-75 Intermediate 

118-135 DeeD 

HN-621 

81-95.5 

70.5-85.5 
HN-63X/BG-01 

11 O-1 24.5 

7-15.9 
HN-63s 

35-50 

27-46 
HN-64s 29-50 
HN-641 82-l 04 
HN-84S 36-51 
HN-841 107-I 20 
HN-85s 19-34 

lntermebiate 

Intermediate 

Deep 

Overburden 

Shallow 

Shallow 
Shallow 

Intermediate 
Shallow 

Deep 
Shallow 
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REMEDIAL INVESTIGATION FOR AREA B GROUNDWATER 
HISTORICAL SUMMARY OF MONITORING WELL II 

Phase I 
RI 

Phase II 
RI 

NSTALLATION 

Well Installation Period 
Area B Hydrogeologic Interim 

Investigation Remedy 
Present 

Well 
Former Pre- 

Well Remedial 
Additional 

Investigations 
Number Designation July 1982 Oct. - Nov. June 1992 ~~Oct. - Dec. May - Aug. Oct. - Nov. Dec. 1994 - Dec. 1995 April 1996 April 1998 

1990 1993 1994 1994 Jan. 1995 
HN-OIS BG-7 X 
HN-01 I X 
HN-01 D ,X 
HN-02X DG-27 X _* 
HN-02s DG-21 X 
HN-021 X 
HN-02D X 
HN-03X DG-8 X 
HN-03s DG-20 X 
HN-031 X 
HN-03D 

I 
X 

HN-04s X 
HN-041 X 
HN-04D X 
HN-05S X 
HN-O5I I I I I I x I I I I I I . - - 
HN-05D X 
HN-06s X 
HN-061 X 
HN-06D X 
HN-O-/S X 
HN-071 X 
HN-07D X 
HN-08s X 
HN-081 X 
HN-08D X 
HN-09s X 
HN-091 X 
HN-09D X 
HN-1 OS X 
HN-101 X 
HN-i OD x I-----~ I I I 

HN-35s X 
HN-351 X 
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TABLE 2-2 
REMEDIAL INVESTIGATION FOR AREA B GROUNDWATER 

HISTORICAL SUMMARY OF MONITORING WELL INSTALLATION 

Present Former Pre- 
Well Installation Period 

Phase I Phase II 
Well Well Remedial 

Area B Hydrogeologic Interim 
RI RI 

Additional 

Number 
Investigation Remedy Investigations Designation July 1982 Oct. - Nov. June 1992 Oct. - Dec. May - Aug. Oct. - Nov. Dec. 1994 - Dec. 1995 April 1996 April 1998 

1990 1993 1994 
HN-35D 

1994 Jan. 1995 

HN-36X nc-a 
X 

v . --, . w--u A 

HN-36s DG-18 X 
HN-3611 
HN-3612 
HN-36D 
HN-37X DG-7 X 
HN-37s DG-25 X 
HN-371 
HN-37D 
HN-38X MW-08 
HN-38s MW-05 
HN-381 HN-38D 
HN-39X MW-09 
HN-39s MW-06 
HN-39D HN-39 
HN40S 
HN-401 
HN4OD 
HN-41s 
HN-41 I 
HN-41 D 
HN-43s 
Illrl AC), 
i-IN-4.31 

HN-43D I x 1 
I 

Y 
I\ 

I f 
HN-49S 
HN-491 3 

X 

HN-49D 
X 

* . . . ^.^ 
HN-61 S 

X 

HN-61 I 
HN-62s 
HN-631 

X I 
x I II 

I II “-““I\ , uv-“I A 
HN-63s 1 I 

I I I I I I 
X 

‘i 
Tphle 2-2.~1~ 

1 
Page 2 



REMEDIAL INVESTIGATION FOR AREA B GROUNDWATER 
HISTORICAL SUMMARY OF MONITORING WELL INSTALLATION 

Well Installation Period 
Pre- 1 Phase I 1 Phase II I Area B Hydrogeologic I Interim I Present Former Additional 

Well Well Remedial RI RI Investigation Remedy Investigations 
Number Designation July 1982 Oct. - Nov. June 1992 Oct. - Dec. May - Aug. Oct. - Nov. Dec. 1994 - Dec. 1995 April 1996 April 1998 

1990 1993 1994 1994 Jan. 1995 

HN-64s X 
HN-641 X 
HN-84s X 
HN-841 X 
HN-85s X 
HN-851 X 
HN-86s X 
HN-861 I I I I I 

HN-87s x . . 
DG-10 X I 

3-17 X 
3-19 X 
w-12 

VI ” I I ,\ I 

OB-9 X 
OB-10 

Total Number of Wells 5 8 4 27 IE 
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to further characterize groundwater quality and flow direction within the shallow bedrock and overburden 

aquifers downgradient of sites 5, 6 and 7 and downgradient of the existing monitoring well network. 

Specifically, two overburden and shallow bedrock well clusters were placed within the facility boundary, 

downgradient of wells where low levels of chlorinated VOCs were detected during the Phase I RI. All of 

the wells were installed in June 1992 as 6-inch diameter, open borehole completions within the shallow 

bedrock and as 4-inch diameter screened completions within the overburden deposits immediately 

overlying consolidated bedrock. The borehole drilling and monitoring well installation procedures are 

described in the Phase II RI Report for Operable Unit 1, NAWC Warminster (Halliburton NUS Corporation, 

1993a). 

2.2.4 Area B Hydrogeologic Investigation Well Installation Information 

Monitoring wells were installed during Area B groundwater investigations to quantify the hydrogeologic 

conditions throughout the area and to further delineate the nature and extent of groundwater 

contamination. A total of 49 monitoring wells were installed during the Area B hydrogeologic investigation 

(Table 2-2, Figure 2-l). The monitoring wells were generally installed in clusters, to define both vertical 

and lateral trends in groundwater conditions. The well clusters consisted of shallow, intermediate, and 

deep bedrock wells at most locations and of shallow and intermediate well pairs or as individual shallow 

wells at some locations. The number and depth of wells installed at a given location were dependent on 

the presence of any pre-existing wells at the location and on the data gaps identified during the scoping of 

the investigation. 

In general, the target intervals for the well installation were from the top of bedrock to a subsurface depth of 

50 feet for the shallow bedrock wells, from a subsurface depth of 50 to 100 feet for the intermediate wells, 

and from a subsurface depth of 100 to 150 feet for the deep wells. These target intervals were established 

based on observations from both the current and previous investigationsat NAWC Warminster that indicated 

that the Stockton Formation beneath the site generally consists of highly fractured bedrock to a subsurface 

depth of approximately 50 to 60 feet and a less fractured, more competent bedrock below this depth. The 

target intervals were based upon the goal of obtaining discrete samples in order to determine the vertical 

distribution of the hydraulic head and to define the vertical extent of contamination. These target intervals, 

however, were used only as general guidelines. The actual depth of each monitoring well was based upon 

the depths that significantwater-bearing zones were encountered. 

The boreholes for each monitoring well were drilled, using air hammer methods, until a significant 

water-bearing zone within the appropriate target interval was encountered. Geophysical tools were run in 

most boreholes to determine subsurface conditions, including lithology, fractured intervals, water entry or exit 
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zones, and vertical direction of groundwater flow. The geophysical logs generated included caliper, natural 

gamma, single-point resistivity, fluid temperature, and fluid resistivity logs. Brine tracing logs and a dlownhole 

video camera were also run in selected boreholes. Specific borehole drilling, monitoring well construction 

and well development details are described in the Draft Area B Hydrogeologic Report (Halliburton NUS 

Corporation, 1995). 

Seven shallow bedrock, IO intermediate bedrock and 10 deep bedrock monitoring wells were installed 

during the first phase of well installation of the Area B hydrogeologic investigation conducted during 1993. 

The well clusters were installed upgradient and downgradient of sites 5, 6 and 7 to further evaluate the 

impact of these sites on the local groundwater quality, including the intermediate and deep bedrock 

aquifers. Additional well clusters were installed along the NAWC boundary to the east of Area B to obtain 

hydrogeologic and analytical data to fully define groundwater conditions in this area. All of the wells were 

installed in October through December, 1993 as 4-inch diameter, screened completions within the 

shallow, intermediate and deep bedrock aquifers. Detailed borehole drilling and monitoring well installation 

procedures are described in the Area B Hydrogeologic Report for Naval Air Warfare Center, Warminster 

Pennsylvania (Halliburton NUS Corporation, 1995). 

Four shallow bedrock, 8 intermediate bedrock and 7 deep bedrock monitoring wells were installed during 

the second phase of well installation of the Area B hydrogeologic investigation conducted during 1994. 

Ten wells were installed downgradient of sites 5, 6 and 7 to provide hydraulic head data from selected 

stratigraphic intervals during the Area B pumping test. Three additional shallow, intermediate and deep 

well clusters were installed along the NAWC boundary to the west of Area B to obtain hydrogeologic and 

analytical data as part of the perimeter monitoring program in this area. All of the wells were installed in 

May through August, 1994 as 2-inch diameter, screened completions within the shallow, intermediate and 

deep bedrock aquifers. Detailed borehole drilling and monitoring well installation procedures are 

described in the Draft Area B Hydrogeologic Report (Halliburton NUS Corporation, 1995). 

One shallow, intermediate and deep bedrock monitoring well cluster was installed during a third phase of 

well installation of the Area B hydrogeologic investigation conducted during 1994. This well cluster was 

installed to provide additional groundwater quality data along the NAWC boundary to the east of Area B 

between two existing perimeter well clusters. All three wells were installed in October and November, 

1994 as 2-inch diameter, screened completions within the shallow, intermediate and deep bedrock 

aquifers. Detailed borehole drilling and monitoring well installation procedures are described in the Draft 

Area B Hydrogeologic Report (Halliburton NUS Corporation, 1995). 
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2.2.5 OU-1 Interim Remedy Well installation Information 

Two extraction wells and six observation wells were installed as part of a groundwaterpump and treat interim 

remedy for OU-I by OHM Remedial Services Corporation in December 1994 through January 1995 (Table 

2-2, Figure 2-l). Extraction wells EW-12 and EW-14 were completed as lo-inch-diameter open bedrock 

boreholes from depths of 20 to 100 feet and IO to 100 feet respectively, and observation wells 08-5 through 

OB-10 were completed as 6-inch-diameter open bedrock boreholes from approximate depths of 26 to 100 

feet. The well drilling and installation procedures are described in the Extraction Well EW-12 and Extraction 

Well EW-14 Final Yield Test Reports for Pump and Treat System for Interim Remedial Action, NAWC 

Warminster (OHM 1995,1995a and 1995b). 

2.2.6 Additional Hvdroqeoloqic lnvestiqation Well Installation Information 

Two shallow and intermediate bedrock monitoring well clusters were installed during additional 

investigations conducted near Area B during 1995 (Table 2-2, Figure 2-l). These well clusters were 

installed to further characterize groundwater quality data and groundwater flow direction near the NAWC 

boundary to the east of Area B. All four wells were installed in December, 1995 as 2-inch diameter, 

screened completions within the shallow, intermediate and deep bedrock aquifers. The borehole drilling 

and monitoring well installation procedures are the same as those described in the Draft Area B 

Hydrogeologic Report (Halliburton NUS Corporation, 1995). 

-. 

One shallow bedrock monitoring well and one shallow and intermediate bedrock monitoring well cluster 

were installed during additional investigations conducted at Area B sites 6 and 7 during 1996 (Table 2-2, 

Figure 2-l). These wells were installed to refine inferred groundwater flow directions in this area and to 

help characterize the extent of shallow and intermediate bedrock groundwater contamination immediately 

downgradient of these sites. All three wells were installed in April, 1996 as 2-inch diameter, screened 

completions within the shallow and intermediate bedrock aquifers. The borehole drilling and monitoring 

well installation procedures are the same as those described in the Draft Area B Hydrogeologic Report 

(Halliburton NUS Corporation, 1995). 

One shallow bedrock monitoring well and three shallow and intermediate bedrock monitoring well clusters 

were installed in the Shenandoah Woods housing area to the east of sites 5, 6 and 7 during additional 

investigations conducted near Area B during 1998 (Table 2-2, Figure 2-l). These wells were installed to 

help characterize groundwater flow directions and groundwater quality conditions in this area. All seven 

wells were installed in April and May, 1998 as 2-inch diameter, screened completions within the shallow 
__^- 
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.-\ and intermediate bedrock aquifers. The rationale and technical approach for the installation of these wells 

is presented in the Technical Memorandum for Groundwater Investigation in the Navy Enlisted Housing 

Area (Tetra Tech NUS, 1998a). The borehole drilling and monitoring well installation procedures, are the 

same as those described in the Draft Area B Hydrogeologic Report (Halliburton NUS Corporation, 1995). 

2.3 GROUNDWATERSAMPLING 

Sampling and analysis of groundwaterwas conducted during multiple investigationsover a period of 16 years 

to determine groundwater quality conditions in the vicinity of Area B sites 5, 6, and 7, and in areas near the 

base boundary to the east and west of Area B. All available shallow bedrock and overburden monitoring 

wells were sampled during the Pre-Remedial and Phase I and II Remedial Investigations. All available 

shallow, intermediateand deep bedrock monitoring wells and selected extraction and observation wells were 

sampled during the Hydrogeologic Investigation and subsequent additional investigations. Some of the 

sampling rounds were comprehensive relative to the number and distribution of wells present at the time of 

sampling while others focused on specific wells or groups of wells. A summary of the wells sampled during 

each round, except for during the pumping tests which are discussed separately, is provided in Table 2-3. 

.f--- 2.3.1 Pre-Remedial lnvestination Groundwater Samplinq 

Groundwater samples were obtained from the existing monitoring wells during two sampling events 

conducted for the Pre-Remedial Investigation in Area B. The first sampling event took place in July, 1982 

and the second occurred in September, 1982. All of the overburden monitoring wells were sampled during 

each round except for BG-1 which was dry. During the first sampling event, each well was purged dry three 

times with a centrifugal pump, allowed to recover for 12 to 24 hours, then sampled with a decontaminated 

Teflon bailer. Samples from this round were analyzed for volatile organic compounds (VOCs), sernivolatile 

organic compounds (SVOCs), Total Metals and Cyanide. During the second sampling event, each well was 

purged dry once with a centrifugal pump, allowed to recover for 12 to 24 hours, then sampled with a 

decontaminated Teflon bailer. Samples from this round were analyzed for VOCs only. Field measurements 

of pH, temperatureand conductivitywere obtained from each round. The groundwater sampling procedures 

and results are contained in the Hydrogeological Investigation of the Naval Air Development Center Waste 

Disposal Sites (JRB Associates, 1983) and are discussed in Section 4 of this report. 

2.3.2 Phase I Remedial InvesticlationGroundwaterSampling 

Groundwater samples were obtained from the new and existing monitoring wells during one sampliing event 

conducted in December 1990 for the Phase I Remedial Investigation in Area B. All of the overburden and 
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shallow bedrock monitoring wells were sampled during this round except for BG-1 which was dry. Prior to .I 
sampling, each well was purged of three well volumes or until dry with a submersibleor centrifugal pump and 

the water level was allowed to recover. The wells were sampled with a dedicated polyvinyl-chloride (PVC) 

bailers. All samples were analyzed for TCL VOCs, SVOCs, Pesticides and PCBs and TAL Metals. Field 

measurements were obtained for pH, temperature, Eh and specific conductivity. The groundwater sampling 

procedures and results are contained in the Rough Draft RI Report for the Naval Air Development Center 

(SMC Environmental Services Group, 1991) and are discussed in Section 4 of this report. 

2.3.3 Phase II Remedial Investhaation GroundwaterSampling 

Groundwater samples were obtained from the new and existing monitoring wells during one sampling event 

conducted in June and July 1992 for the Phase II Remedial Investigation in Area B. All of the overburden 

and shallow bedrock monitoring wells were sampled during this round except for BG-I and MW-08 which 

were dry and DG-7 which was filled or obstructed with debris. Prior to sampling, each well was purged of 

three well volumes or until dry with a submersible pump, centrifugal pump or bailer and the water level was 

allowed to recover. The wells were sampled with decontaminated stainless steel, bottom loading bailers. All 

samples were analyzed for TCL VOCs and TAL Total Metals, Dissolved Metals and Cyanide. Selected 

samples were analyzed for TCL SVOCs, Pesticides and PCBs. Selected samples were also analyzed for 

several engineering parameters including alkalinity, total organic carbon, total dissolved solids, total 

suspended solids, biological oxygen demand, ammonia, sulfates, chlorides, nitrates and chemical oxygen 

demand. Field measurements were obtained for pH, temperature and specific conductivity. The 

groundwater sampling procedures and results are contained in the Phase II RI Report for Operable Unit I, 

NAWC Warminster (Halliburton NUS Corporation, 1993) and are discussed in Section 4 of this report. 

/--- 

2.3.4 Area B Hvdroaeolonic lnvestiaation Groundwater Sampling 

Sampling and analysis of groundwater was conducted during the Hydrogeologic Investigation to determine 

groundwater quality conditions in the vicinity of Area B and the portion of the base between Area B and the 

eastern facility boundary. All bedrock monitoring wells were sampled. The primary groundwater sampling 

program was conducted during January 1994. A total of 36 monitoring wells were sampled, including the 

27 newly installed screened wells at clusters HN-1 through HN-10 (7 shallow bedrock, IO intermediate 

bedrock, and IO deep bedrock), and 9 pre-existing shallow, open-borehole bedrock wells. Sampling of an 

additional 15 monitoring wells occurred during August, September, and December, 1994 and in January and 

February of 1995 as well clusters HN-35 through HN-40 and HN-49 were installed. 

The groundwater sampling and analysis program and sampling procedures are described in the Work Plan 
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Addendum (Halliburton NUS, 1993b) and the Quality Assurance Project Plan (Halliburton NUS, 1993~) for 

Area B Hydrogeologiclnvestigation. All wells were purged prior to sampling. Wells with yields of 1 gallon per 

minute or greater were purged of a minimum of three well volumes of groundwater and until the monitored 

parameters (pH, temperature, conductivity)of three consecutivesamples of purge water fell within 10 percent 

of one another. The pumping rate was monitored to assure that the wells were not purged at a higher rate 

than the natural yield of the formation. Wells with yields of less than 1 gallon per minute were purged dry and 

allowed to recover overnight to the pre-pumping static water level prior to sampling. All wells were sampled 

with decontaminated, stainless-steel, bottom-loading bailers. 

During the 1994 sampling events, all groundwater samples were analyzed for low-concentration volatile 

organics. Selected samples were analyzed for Target Analyte List (TAL) metals (total and dissolved phases) 

and Target Compound List (TCL) semivolatile organics and PCBs/pesticides. Field measurements collected 

during sampling included pH, temperature, and conductivity. 

The January and February 1995 sampling events included monitoring wells in cluster HN-36 (both events), 

cluster HN-37 (January only), and for monitoring wells HN-021, HN-02D, DG-18, and DG-21 and extraction 

wells EW-12 and EW-14 (for February only). These groundwater samples were analyzed for TCL volatile 

organics and for arsenic during the February 1995 event. 

In addition to these monitoring events, groundwater samples were collected during the 1994 pumping test. 

Time series samples of the groundwater from pumping well HN-021 were collected at intervals of 

approximately 10, 100, 1000, and 4300 minutes into the pumping test during August 1994, and were 

analyzed for TCL volatiles. 

The analytical results from these groundwater sampling events are discussed in Section 4 of this report. A 

detailed presentation of the data is contained in the Draft Area B Hydrogeologic Report (Halliburton NUS 

Corporation, 1995). The results are also summarized in the Technical Memorandum - Compiilation of 

Sampling Data for the Area B Plume (Hallibutton NUS Corporation, 1995a). Appendix C of the Draft Area B 

Hydrogeologic Report contains the complete analytical results for the groundwater sampling performed 

during the Area B Hydrogeologiclnvestigation. 

2.3.5 OU-1 Interim Remedy GroundwaterSampling 

One VOC sample was collected during the EW-12 12-hour yield test on January 4, 1995 from the sampling 

port in the pump effluent line prior to GAC treatment approximately 8 hours and 10 minutes after pumping 

began. One VOC sample was collected during the EW-14 12-hour yield test on January 12, 1995 from the 
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sampling port in the pump effluent line prior to GAC treatment approximately 10 hours and 25 minutes after 

pumping began. Time series VOC samples were obtained from EW-12 during the 72-hour pumping test on 

January 18, 19 and 20 1995 at elapsed times of 24,48 and 72 hours from the start of pumping. Samples 

obtained after 24 hours were collected from a sampling port in the pump effluent line prior to GAC treatment 

and directly from the well using a Teflon bailer. Samples obtained after 48 and 72 hours were collected only 

from the sampling port in the pump effluent line prior to GAC treatment. All samples obtained during each of 

the three yield tests were analyzed for TCL VOCs by EPA Method 601. 

The analytical results of this sampling are summarized in Section 4 of this report and discussed in the in the 

Final Yield Test Reports for Extraction Wells EW-12, EW-12 (72-Hour) and EW-14 (OHM, 1995, 1995a and 

1995b). These results are also included in the Technical Memorandum - Compilation of Sampling Data for 

the Area B Plume (Halliburton NUS Corporation, 1995a). 

2.3.6 Additional Investigation Groundwater Sampling 

The Navy initiated a perimeter groundwater monitoring program for the former NAWC Warminster in 1994. 

Twelve rounds of perimeter groundwater sampling were conducted from September 1994 through June 

1999, each including approximately 16 to 23 wells in and around Area B per sample round. The perimeter 

sampling rounds generally sampled many of the same wells during each round and were confined mainly to 

well clusters located along the NAWC Warminster property boundary. The methodology and results of these 

sampling events are included in the Summary Report for Twelfth Round of Perimeter Monitoring (Tetra Tech 

NUS, 1999). Analytical results for wells associated with or located within Area B are presented and 

discussed in Section 4 of this report. 

In addition to the perimeter monitoring program, two additional sampling events have been conducted in and 

around Area B. In June 1998, the seven monitoring wells installed in the Navy enlisted housing area in April 

1998 (clusters HN-84 through HN-87) were sampled and analyzed for low-concentration TCL-VOCs. Wells 

100 feet or less in depth were sampled using low-flow (500 ml/min. to 1,000 ml/min.) sampling techniques. 

Wells greater than 100 feet in depth were sampled after purging three to five volumes of standing water from 

the well. Recorded well yields, field parameters, and water level monitoring were used to direct the purge 

rate and volume. 

An area-wide sampling and analysis of groundwater in the vicinity of Area B and the portion of the base 

between Area B and the eastern facility boundary was performed during June and July 1998. All available 

bedrock and overburden monitoring wells and selected extraction and observation wells were sampled. This 

is the most ComprehensiveArea B groundwatersampling program conducted to date. Samples for analysis 
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were obtained from 70 monitoring wells (3 overburden, 27 shallow bedrock, 22 intermediate bedrock, and 

18 deep bedrock), two open-borehole bedrock observation wells, and two open-borehole bedrock 

extraction wells. 

All groundwater samples were analyzed for Target Compound List (TCL) VOCs using a low-concentration 

detection limit. In addition, 13 samples were analyzed for Target Analyte List (TAL) metals and cyanide, 

three samples were analyzed for semivolatile organic compounds (SVOCs), pesticides, and PCBs, and 

one sample was analyzed for dissolved TAL metals and cyanide. Appropriate quality assurancle/quality 

control (QAIQC) samples (e.g., field blanks, trip blanks, rinsate blanks, duplicates, and matrix spik:e/matrix 

spike duplicates) were collected and analyzed. A summary of the wells sampled and the analyses 

performed is provided in Table 24. All samples were collected and analyzed according to the scope of 

work for Area B groundwater monitoring (B&R Environmental, 1998a). Within Area B, Well HN-63X (BG- 

01) was not sampled due to dry conditions. Wells HN-03X (DG-8) HN-37X (DG-7), and OB-9 were filled or 

obstructed with debris and were also not sampled. Wells HN-36X (DG-9) and DG-10 could not be located in 

the field and were presumed to be buried. All of these wells, with the exception of OB-9, were overburden 

wells that were either dry or contained only trace levels of VOCs during the preremedial and Phase I and 

Phase II RI sampling events. These wells were not sampled in any subsequent investigations. Well OB-9 

was an observation boring drilled during the interim, remedy implementation and had never been sampled. 

Although samples from south base boundary Wells HN-40S and HN-41 D were collected and shipped to the 

laboratory, the laboratory was unable to analyze these samples within the appropriate holding time for VOCs. 

Samples were not re-collected from these wells. Wells HN-04S, HN-041 and HN-04D were not sampled but 

were used for water-level measurement only. Wells 08-5, OB-6 and 08-7 were not sampled or used for 

water-level measurements. 

The majority of monitoring wells were sampled using EPA QA directives for low-flow purging and sampling of 

groundwatermonitoring wells (EPA Region III QA Directives, Bulletin QAD023, August 8, 1994). Wells with 

yields of 1 gallon per minute (gpm) or greater were purged in accordance with the Work Plan Addendum 

(Halliburton NUS, 199313) and the Quality Assurance Project Plan (Hallibutton NUS, 1993c) for Area B 

Hydrogeologic Investigation. These wells were purged a minimum of three well volumes and until the 

monitored parameters (pH, temperature, conductivity, and turbidity) of three consecutive samples of purge 

water fell within 10 percent of one another. The pumping rate was monitored to assure that the wells were not 

purged at a higher rate than the natural yield of the formation. The analytical results of the groundwater 

sampling are discussed in Section 4 of this report. 
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TABLE 24 
REMEDIAL INVESTIGATION FOR AREA B GROUNDWATER 

‘LING EVENT 
JNED WATER 

I Dissolved LEVEL 
COMMENTS 

.._ -....--.-.- I. 

Deep X 
Overburden X *X 

Shallow 
Not used for flow 

X 
14 I 

X 
Intermediate X X 

l-ken x ., 

SUMMARY OF JUNE 1998 AREA-WIDE SAMI 

-..-..-.. I\ 

ltermediate X 
Deep X X 

Shallow X 
err-78 I 

X 
x ., 

, I\ A 
ltermediate ( x 1 

I I I I I 

I x I 
X 

I I I I Y I 

-..,.lOw 1 x 
I I I 

ii 
I 

rtermediate 1 x 
I ” I n--- I X 

-- .- 
HN-101 80-101 . . 
HN-IOD 225-245 ---I- , I. 
HN-35s 35-48 Shallow I x I 

I I I I n I 
x 

HN-351 87-l 05 In1 

1 x 1 I 
I I 

I x I 
I x I x I 

I 
I 

1 Not used for flow 
I X I 

,. 
HN39D/HN-39 1 125-150 I 

I * 
Deen I x I 

I I ” I . . 
H N-40s 55-69 1 

I I 
Shallow I 

I I 
x^ 

I 

HN40l 88-114 1 Intermediate I 
I 

x I I I I 
I Holding time exceeded 

I ” I 

HN-40D 120-I 48 
HN-41 S 

. . 
i 1 

ii&i 1 
Deep 1 x 1 

I I I I 
x^ 

I 

Shallow I x I I I I I I 
HN-41 I 
HN-41D 
HN-43s 
HN-431 
HN-43D 
HN-49s 
HN-491 55-75 

HN-49D 118-135 
HN-61s 81-95.5 
HN-611 110-124.: 

72-93 Intermediate X 
151-176 Deep 
43-64 Shallow X 

Holding time exceeded 

go-104 Intermediate X 
117-135 Deep X 
36-51 s ;hallow X X X X X 

Intermediate X X X 
Deep X X 

Intermediate X X 
5 Deep X X 
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TABLE 2-4 
REMEDIAL INVESTIGATION FOR AREA B GROUNDWATER 
SUMMARY OF JUNE 1998 AREA-WIDE SAMPLING EVENT 

II 

NUMBER INTERVAL 
(feet1 I 1 sVoA 

11 WELL lMONlTOREDl WELL GROUNDWATER SAMPLES OBTAINED WATER 
PCB/Pest Total Dissolved LEVEL 

Metals Metals MEASURED 

I x I X 
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2.4 WATER-LEVEL MEASUREMENTS 

One round of water level measurements was performed during pre-remedial investigation of Area B on 

July 27, 1982. Water level measurements were obtained from all available wells present at this time, 

including five permanent overburden monitoring wells and four temporary overburden observation points. 

One monitoring well (BG-1) and two observation points were dry during this round of measurements. The 

groundwater elevation data are presented in the Hydrogeological Investigation of the Naval Air 

Development Center Waste Disposal Sites (JRB Associates, 1983). 

Two rounds of water’level measurements were performed during the Phase I Remedial Investigation of Area 

B on December 13, 1990 and January 22, 1991. Water level measurements were obtained from all available 

wells present at this time, including six overburden monitoring wells and seven shallow bedrock monitoring 

wells. Monitoring well BG-I was dry during the January round of measurements. The groundwaterelevation 

data are presented in the Rough Draft RI Report for the Naval Air Development Center (SMC 

Environmental Services Group, 1991). 

Two rounds of water level measurementswere performed during the Phase II Remedial Investigationof Area 

B on July 7, 1992 and August 13, 1992. Water level measurements were obtained from all available wells 

present at this time, including seven overburden monitoring wells (well DG-7 was filled-in or obstructed and 

was not available for measurements) and nine shallow bedrock monitoring wells. Monitoring well BG-1 was 

dry during the July round of measurements and monitoring wells BG-I, MW-08 and MW-09 were dry during 

the August round of measurements. The groundwater elevation data are presented in the Phase II RI 

Report for Operable Unit 1, NAWC Warminster (Halliburton NUS Corporation, 1993). 

.,- 

A short-term (l-month) groundwater-level monitoring program was conducted in selected Area B wells during 

the Hydrogeologic Investigation to investigate the duration and magnitude of water-level fluctuations, to 

determine the response of the aquifer to precipitation events, to determine the effects of nearby pumping 

wells on groundwaterlevels, and to provide data to be used for the design of an Area B aquifer pumping test. 

Water-level recording instruments equipped with pressure transducers were installed in the shallow, 

intermediate, and deep monitoring wells at clusters HN-03, HN-05, and HN-07 and in the deep monitoring 

well at cluster HN-09 (see Figure 2-l). These instruments recorded the static water levels at 15minute 

intervals from March 28 or March 31, 1994 to April 27, 1994. The water-level data obtained during the 

long-term monitoring program are discussed in Section 3 and presented in graphic form in Appendix C. 

Three comprehensive rounds of water level measurements were obtained from monitoring wells within and 

near Area B during the Hydrogeologic Investigation on April 27, August 17, and December 13, 1994. Water 
_.. 
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level measurements were obtained from all available shallow, intermediate and deep bedrock wells present 

during each round. Measurements were not obtained or evaluated for the overburden wells. During April 27, 

measurements were obtained from a total of 37 wells, including the existing Area B shallow bedrock wells 

and newly installed well clusters HN-01 through HN-10. During August 17, measurements were obtained 

from a total of 50 wells, including the same wells plus newly installed well clusters HN-35 through HN-40. 

During December 13, measurements were obtained from a total of 53 wells, including the same wells plus 

newly installed well clusters HN-35 through HN-40 and HN-49. Several of the wells included in these 

measurement rounds are located near the facility boundary to the east and west of Area B sites 5,6 and 7. 

These data are presented and interpreted in the Draft Area B Hydrogeologic Investigation Report (HNUS, 

1995) and are discussed in Section 3 of this report. 

One comprehensive round of water-level measurements was obtained from monitoring wells wiithin and 

near Area B during additional investigations on June 3, 1998. Water level measurements were obtained 

from all available shallow, intermediate and deep bedrock wells present during this round. Measurements 

were obtained from a total of 66 wells. Several of the wells included in this measurement round are located 

near the facility boundary to the east and west of Area B sites 5, 6 and 7. These data are preselnted and 

interpreted in the Summary Report for Area B Groundwater Monitoring (TTNUS, 1998). 

Water level measurements were obtained using a calibrated tape and electronic indicator, marked to 

1000th of a foot, and were referenced to marked points on top of each well casing. The rounds of 

measurements were generally collected within a time period of approximately 6 hours in order to minimize 

the effects of short-term water-level fluctuations. Appendix - contains the complete set of data (obtained 

during the June 1998 round of water levels. 

2.5 AQUIFER PUMPING TESTS 

2.5.1 Area B Hydrogeologic Investigation Pumping Test 

A 72-hour pumping test was conducted in Area B during the Hydrogeologic Investigation in August 1994 to 

provide information regarding the transmissivity, storativity, and cross-formational (vertical) and intra- 

formational (parallel to strike and dip) anisotropy of the shallow portion of the Stockton Formation. The test 

results were used to define the local hydrogeologicconditions and to evaluate groundwater and contaminant 

migration rates within and from Area B. The various components of this pumping test included 

l The performance of a step-drawdown test in pumping well HN-021 to determine the optimum pumping 

rate to be used for the long-term test. Monitoring of the pumping well and approximately 16 primary. 
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observation wells during the step drawdown test and evaluation of the test results. .-. 

l Collection of trend water-level data for the pumping well and primary observation wells during an 

approximately 72-hour period prior to the long-term test to determine if any baseline corrections should 

be made to the measured groundwaterlevels collected during the pumping test. 

. Preparation of all equipment required to perform the long-term pumping test including, but not limited to, 

the submersible pump and discharge piping, electric power connections, a discharge flow meter, a 

sampling port, activated carbon treatment drums, and pressure transducersand data loggers. 

l Performance of the long-term (72-hour) pumping test including periodic verification and recording of the 

pumping rate using both the flow meter and timed volume measurements. Water-level measurements 

were obtained and recorded from the pumping well, 16 primary observation wells, and 12 secondary 

observation wells using manual water-level indicator readings or automatic data logger and pressure 

transducer readings. 

l Collection of recovery water-level measurements from the pumping well and all observation wells that 

showed significant pumping-induced drawdown during an approximately 12-hour period immediately _-_ 

upon completion of the test. In addition, rounds of water levels were collected from the pumping well and 

all observation wells approximately24 and 48 hours after the conclusion of the pumping test. 

l Measuring atmospheric pressure and precipitation during the trend data interval, the long-term pumping 

test, and the recovery data interval to investigateany atmosphericeffectson groundwaterlevels. 

The Final Technical Memorandum - Area B Pumping Test Plan (Halliburton NUS, 1994) provides a detailed 

description of the pumping test technical approach and procedures. The pumping test results are described 

in the Draft Area B Hydrogeologic Investigation Report (HNUS, 1995) and in Section 3 of this report. 

Drawdown graphs and calculationsare presented in Appendix C. 

2.5.2 Interim Remedial Action Pumping Tests 

Twelve hour yield tests were conducted in each of the two extraction wells, EW-12 and EW-14, installed 

during the interim Remedial Action in order to establish optimum placement of the next well as required by 

the remedial system design specifications. A 72-hour yield test was performed in well EW-12 subsequent to 

the 12-hour yield tests in order to provide additional information regarding long term effects of storage on well 

yield, and to induce greater drawdown in the pumping and observation wells for a more reliable aquifer 
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evaluation. In addition, the 72-hour test was performed to collect a more representativegroundwatersample 

after pumping for an extended time. Yield test procedures, data evaluation and reporting requirementswere 

detailed in the Work Plan and Work Plan Addendum for Yield Testing Procedure for Pump and Treat System 

for Interim Remedial Action (OHM, 1994). 

The yield tests were performed in 1995. The EW-12 12-hour yield test ran for a duration of 12 hours and 

included three separate steps or pumping rates of 7 gallons per minute (GPM) for 1 hour, 15.5 GPM for the 

following 2 hours, and 30 GPM for the remaining 9 hours. The EW-14 12-hour yield test ran for a duration of 

12 hours and included two separate steps or pumping rates of 8.5 GPM for 2 hours and 13.5 GPM for the 

remaining 9 hours. The EW-12 72-hour yield test was performed from January 17 to 20, 1995. The test ran 

for a duration of 73 hours and included two separate pumping rates of 55 GPM for 48 hours and 15 (GPM for 

the remaining 25 hours. 

During each pumping test, water level data were collected from the pumping well, from the other extraction 

well, if present, from observation wells 08-5 through OB-10 and from nearby monitoring wells. Static water 

levels were measured before each pumping test, water level drawdowns were measured at prescribed 

intervals during each test and water level recovery data was measured upon completion of each test. Water 

N--Y level data were recorded automatically using pressure transducers and data loggers in some wells and were / 
measured manually with water level indicators from the remaining wells. 

Yield test data evaluation included calculation of aquifer transmissivity by a variety of methods, estimates of 

sustainable yield for the pumping wells and calculation of lateral capture zones using a range of pumping 

rates and transmissivities. The yield test methods and results are detailed in the Final Yield Test Reports for 

Extraction Wells EW-12, EW-12 (72-Hour) and EW-14 (OHM, 1995, 1995a and 1995b) and are discussed in 

Section 3 of this report. 
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3.0 PHYSICAL CHARACTERISTICS 

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

years. A number of these studies, including those by JRB Associates (1981 and 1983), Sloto and Davis 

(1983), Satterthwaite (1984), Earth Technology Corporation (1985), and Sloto, Macchiaroli and Towle 

(1996), have provided information on local surface features, soils, meteorology, surface water hydrology, 

demography and land use, and hydrogeology. 

A description of the physical characteristics of NAWC Warminster has been prepared on the basis of 

published information, reports of previous site studies, and information obtained and interpreted during the 

course of the Area B Hydrogeologic Investigation (HNUS, 1995), implementation of the interim remedy 

(OHM 1995, 1995a, and 1995b), and additional investigations conducted to support this RI. Section 3.0 

provides a brief, general overview of the overall physical characteristics of the facility, as well as the specific 

physical characteristics for Area B based on the findings of the RI. 

3.1 METEOROLOGY 

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

between an average of 76’F (24.4’C) in July and 32’F (O’C) in January. The average daily temperature for 

the NAWC location is 53.3’F (11.8’C). Precipitation averages 42.5 inches per year (106.25 cm per year), 

and snowfall averages 22 inches per year (55 cm per year). The distribution of precipitation is falirly even 

throughout the year. The relative humidity for the site averages 70 percent. The mean wind speed for this 

area is 9.6 mph with a prevailing direction of west-southwest (NAWC Warminster Emergency Response 

Plan, August 13, 1990). 

3.2 SURFACE WATER HYDROLOGY AND TOPOGRAPHY 

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

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

percent of the facility (including Areas A and C) drains toward the north through several swales and storm 

sewers into small unnamed tributaries of Little Neshaminy Creek. The southern 35 percent of the facility 

(including Area B) drains toward the south to the headwaters of Southampton Creek, a tributary of 

Pennypack Creek. Both local drainage basins lie within the regional drainage basin of the Delaware River. 

Various studies conducted on the site have revealed that no areas within NAWC Warminster are included in 

the loo-year or 500-year floodplain. 
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NAWC Warminster is located on a local topographic high. The crest of the hilltop trends east-west within 

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

generally slopes away from the main runway to the south, precluding surface water flow onto Sites 5, 6 and 

7 from surrounding properties. Surface water flow onto Navy property from surrounding properties is 

possible along the southeastern boundary adjacent to the Casey Village area. Slopes range from nearly 

level to eight percent and average three to five percent. The surface elevations throughout Area B range 

from a high of approximately 370 feet mean sea level (msl) to low of approximately 320 feet msl. 

Much of the natural drainage pattern of Area B has been altered by development, and drainage within the 

developed portions of Area B 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. 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-foot reach before entering a small and shallow privately owned pond, 

which overflows into a second small pond, which in turn flows into Southampton Creek. 

Southampton Creek flows north to south, directly away from NAWC Warminster. The base flow was 

measured in an area where the creek is contained within a cement culvert at 98 gpm during the Phase I RI 

(SMC Martin, 1991). Springs and seeps contributing to surface water flow were reported or observed near 

the facility boundary of Area B during the preremedial and Phase I RI investigations (JRB Associates, 1981 

and SMC Martin, 1991). 

3.3 SOILS 

According to the Soil Survey of Bucks and Philadelphia Counties, Pennsylvania (United States Department 

of Agriculture, Soil Conservation Service, 1975) Area B is underlain primarily by three native soil types. 

These are Doylestown silt loam, zero to three percent slopes, Duncannon silt loam, zero to three and three 

to eight percent slopes and Lawrenceville silt loam, zero to three and three to eight percent slopes. 

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 lOA cm/set. The depth to bedrock is typically 4 to 7 feet 

below the surface, and a seasonal high water table is at or near the surface in wet seasons. 
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Duncannon soils are deep, well drained, and nearly level to gently sloping. They occur on the upper 

elevations of low relief upland areas and formed in silty, wind-deposited sediment overlying shale and 

sandstone bedrock. The soils consist primarily of grayish-brown, yellowish-brown, dark brown, and dark 

reddish-brown silt loam and shaly silt loam. These soils have moderate permeability ranging from 4.4 x lOa 

to 1.4 x 10m3 cm/set. The depth to bedrock and seasonal high water table are both typically greater than 4 

feet below the surface. 

Lawrenceville soils are deep, moderately well drained,‘and nearly level to gently sloping. They occur on the 

middle and lower elevations of low relief upland areas and formed in silty, wind-blown deposits [underlain 

mainly by material weathered from shale and sandstone. The soils consist primarily of dark brown, 

yellowish-brown, and brown silt loam with some sandy loam in the substratum. These soils have 

moderately slow permeability ranging from 1.4 x IO” to 4.4 x lOA cm/set. The depth to bedrock is typically 

from 4 to 8 feet below the surface, and the seasonal high water table may be within 18 to 36 inches of the 

surface in wet seasons. 

Significant portions of Area B including, but not limited to, the Enlisted Men’s Housing Area, Sites 5, 6 and 7, 

and the Inertial Guidance Facility are more accurately described as Urban Land. This classification occurs 

in areas where urban structures and works cover so much of the land that identification of the soils is not 

practical. Most areas have been graded, and the original soil material has been disturbed, filled over, or 

otherwise altered prior to construction. As a consequence of these activities, the soil and foundation 

materials may be highly variable. Also included in Urban Land are areas consisting of various types of fill 

material. 

Soil thicknesses observed during the Phase I RI subsurface investigations at Area B were between 4 and 

14 feet and were generally uniform across the sites, with only local areas of variation. Detailed descriptions 

of the soil and fill composition and thicknesses at Sites 5, 6 and 7 are included in the Remedial Investigation 

Operable Unit 7 (OU-7) Soil and Waste at Sites 6 and 7 (Tetra Tech NUS, 1999). 

3.4 GEOLOGY 

3.4.1 Renional Geolorry 

NAWC Warminster is located in the Triassic Lowlands Section of the Piedmont Physiographic Province of 

southeastern Pennsylvania. The province is extensive and gently undulating and generally slopes to the 

southeast. The land forms have been modified by erosion to form moderate slopes and gently rounded hills 

with a dendritic drainage pattern. 
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The bedrock underlying NAWC Warminster belongs to the late Triassic age Stockton Formation. The 

Stockton Formation is unconformably underlain by basement rocks of Ordovician to Precambrian age that 

crop out approximately 2 miles south of the facility. The Stockton Formation is conformably overlain by the 

shale- and argillite-rich Lockatong Formation, also of late Triassic age, that crops out approximately 2.5 

miles north of the facility. 

,-’ 

Within the general area surrounding NAWC Warminster, the beds of the Stockton are reported to strike to 

the northeast and dip from 7 to 16 degrees to the northwest, with an average regional dip of about 12 

degrees (Rima, et al., 1962). Based on its outcrop width and this regional dip, the Stockton Formation is 

estimated to be approximately 2,200 feet thick beneath NAWC Warminster. 

The Stockton Formation is extensively faulted by small displacement normal faults and is cut by well- 

developed joint systems. The joint sets occur in a discernible and predictable pattern. The most frequently 

occurring joint sets trend perpendicular and parallel to the strike of the bedding. Another commonly 

occurring joint set trends to the northwest at an angle of about 50 degrees from strike (Rima, et al., 1962). 

The Stockton Formation is composed of fine- to coarse-grained arkosic sandstone and conglomerate 

interbedded with shale and siltstone. These rocks are interpreted to have been deposited by coalescing 

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

Throughout the Stockton Formation, units of varying lithology are irregularly interbedded, with coarse- 

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

with overlying or underlying beds over lateral distances greater than several .hundred feet (Rima, et al., 

1962). 

- 

The Stockton Formation is divided into the lower arkose, middle arkose, and upper shale members. 

Detailed geologic mapping of these three members is not available within Bucks County. However, 

projections from geologic maps for the area 1 mile west of the NAWC Warminster indicate that the facility is 

underlain by the middle arkose member of the Stockton Formation (Rima, et al., 1962). 

The middle arkose member of the Stockton Formation consists of beds of fine- and medium-grained arkosic 

sandstone with interbedded red shale, siltstone, and very fine-grained red sandstone and a few beds of 

coarse-grained arkose. Beds of shale and siltstone are more common in the upper portion of the member, 

and coarser-grained units are more common in the lower portion. Many of the beds in the middle arkose 

member are well sorted and weakly cemented, which creates a relatively high porosity compared to the 

lower and upper members (Rima, et al., 1962). The thickness of the middle arkose member beneath 
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NAWC Warminster is unknown but is estimated to range from approximately 500 feet thick near the 

southeastern boundary of the facility to about 1,500 to 2,000 feet thick near the northwestern boundary. 

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

to crop out approximately 2,000 feet or more southeast of the base. The lower arkose member is 

dominated by coarse-grained arkosic sandstone and conglomerate. Beds of medium-grained arkosic, 

sandstone are common, though less abundant than the coarser-grained units, The lower arkose member is 

estimated to be approximately 1,700 to 1,800 feet thick in the vicinity of NAWC Warminster (Rima, et al., 

1962). 

The upper shale member of the Stockton Formation is not present in the vicinity of the base, but it overlies 

the middle arkose member several miles northwest of the faciiity. The upper shale member consists of 

shale, siltstone, and fine-grained arkosic sandstone. The sandstone is most common in the lower portion of 

this member. 

3.4.2 Area B Geology 

The geology of Area B consists of a thin veneer of residual soils overlying sedimentary bedrock of the 

H--Y Stockton Formation. The soils consist primarily of silt and clay, with some sand, and extend to an average 

depth of about 10 feet below ground surface. The transition from soils to competent bedrock occurs 

gradually over a distance of about 5 to IO feet typically, due to the effects of weathering on the bedrock 

surface. The bedrock surface within Area B slopes gently to the south and southeast as shown in 

Figure 3-1, mimicking ground topography. Farther to the east of Area B near well cluster HN-05 the bedrock 

surface slopes to the southwest. 

The bedrock of the Stockton Formation consists of alternating sequences of fine- and coarse-grained, gently 

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

of about 60 feet within Area B. The fine-grained lithologies are described as mudstones and consist 

primarily of reddish-brown siltstones and shales. Coarser-grained rock units include fine- to coarse-grained 

arkosic sandstones that range in color from reddish to brown to gray-green. Well-defined, gradational 

fining-upward sequences were encountered in some areas; in other areas, fairly sharp transitions between 

sandstones and mudstones were identified. 

Locally, bedding within the Stockton Formation strikes approximately north 71 degrees east and dips 

approximately 5 degrees to 8 degrees to the northwest. This dip of the rock units is approximately 

/- 

opposite to the overall topographic slope of the ground surface within Area B. Beds encountered at 

shallow to intermediate (< 100 to 150 feet) depths within Sites 5 and 6 crop out to the south, near the 
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southern boundary of NAWC. Figure 3-2 shows the locations for two geologic cross sections developed for 

Area B. The cross sections are shown in Figures 3-3, and 3-4. These cross sections are generalized 

interpretations of subsurface conditions and are based on boring log and geophysical log information. The 

interpretations in some cases combine several individual beds of minor thickness into larger lithologic units, 

based on the overall dominant characteristicsof a given sequence. 

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

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

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

relationship between bedding thickness and areal extent can be seen in all three cross sections. Finer 

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

beds may form laterally (and vertically) extensive packages of coarse-grained rock units. This pattern of 

bedding is consistentwith the depositional environment of the Stockton Formation (alluvial fan). 

Fractures were encountered at varying depths of the well borings drilled in and around Area B. 13ased on 

geophysical and boring log information, the fractures included both bedding-plane fractures and cross- 

formation joints. Fractures were observed within both the sandstone and mudstone units, with the fractures 

in the sandstones more likely to yield significant quantities of water. There are no outcrops in the vicinity of 

Area B at which to measure fracture orientations; however, according to Rima, et al. (1962) the most 

frequently occurring joint sets within the Stockton Formation trend parallel and perpendicularto strilke, with a 

subordinate set trending approximately 50 degrees from strike. 

3.5 HYDROGEOLOGY 

3.5.1 Hydroneoloay Regional 

The fractured bedrock of the Stockton Formation is the major source of groundwater in the vicinity of NAWC 

Warminster. The middle arkose member of the Stockton Formation is considered to be the most productive 

bedrock aquifer in Bucks County. 

Within the water-bearing zones in the fine- and medium-grained sandstones of the Stockton Formation, 

groundwater is transmitted chiefly through fractures, joints, and bedding planes (secondary permeability and 

porosity). Primary porosity is generally minimal in these rock units. The shale and siltstone beds are 

commonly too fine grained to transmit large amounts of groundwater through primary porosity, and the 

fractures are typically not as well developed compared to the coarser-grained units. Consequently, the 

shale and siltstone beds often act as confining layers to groundwater. The bulk of the groundwater is 

transmitted through the fractures and, to a much lesser extent, the primary porosity of the sandstones. 
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The Stockton Formation in the vicinity of NAWC Warminster forms a complex, multi-aquifer system. The 

individual water-bearing zones of the Stockton Formation may belong to one of three different aquifer types 

which, in descending subsurface order, include 

. Overburden (weathered bedrock) aquifer 

. Shallow bedrock aquifer 

. Deeper bedrock aquifer 

The overburden aquifer consists of soil and saprolite (weathered bedrock) derived from the erosion of the 

truncated edges of the inclined bedrock layers. The overburden aquifer (where present) generally extends 

to an average depth of about 20 feet. 

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

shallow bedrock aquifer is recharged by vertical percolation through the overburden and is the primary 

reservoir for groundwater storage in the Stockton Formation. The shallow bedrock aquifer occurs within the 

weathered and unweathered shallow bedrock and is generally under water-table or unconfined conditions. 

The shallow bedrock aquifer may consist of numerous discrete water-bearing fracture zones. Horizontal 

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

pumping) is significant in the shallow bedrock aquifer. 

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

about 75 to 120 feet below the ground surface. Water within the deeper bedrock occurs under semi- 

confined or confined conditions. Leakage from one water-bearing unit to another occurs when there is a 

difference in the hydraulic head between the units. Groundwater flow is from the unit with a higher hydraulic 

head to the unit with a lower hydraulic head and can be either upward or downward. Pumping effects may 

either amplify or reduce the leakage rate, depending on whether the pumping increases or decreases the 

difference in hydraulic head. 

Groundwater flow directions within the Stockton Formation are variable and are controlled by topography, 

bedrock structure, and the locations of groundwater discharge points such as streams and wells. 

3.5.2 Area B Hvdromoloqy 

3.5.2.1 General Conditions 

Groundwater within Area B is primarily encountered within the Stockton Formation, which was the 

hydrogeologic unit of focus for the remedial investigation. The overlying residual soils do in places contain 
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minor amounts of water; however, the saturated thickness is generally limited to a few feet or less and, due 

to the low permeability of the soils, the volumetric groundwater flow rate within the soils is minor. 

Groundwater within the Stockton Formation is primarily encountered within and moves through 

interconnected networks of fractures that on a local scale form discrete flow zones related to lithology but on 

a larger scale are part of a complex, hydraulically interconnected, groundwater flow system. Primary 

permeabilities of the rock units that comprise the Stockton Formation are considered neglligible in 

comparison to the secondary (fracture) permeability. In some of the coarse sandstone units, the primary 

porosity may be well enough developed to contribute some minor flow to a well, but it is insignificant in 

comparison to the fracture flow contribution. In the finer-grained mudstone units, the primary 

porosity/permeability is even less developed than in the sandstones. 

The coarser-grained rock units within the Stockton Formation act as preferential flow zones for groundwater, 

and the finer-grained mudstone units generally act as semiconfining layers to groundwater flow. In all 

lithologies, however, significant water-yielding fractures were encountered during the Area B field 

investigation activities. 

No differentiation of lithostratigraphic units into distinct, separate aquifers was observed in Area 81, and no 

areally extensive confining layers were identified. The transition from unconfined water-table conditions 

through partially or semi-confined conditions occurs gradually with increasing depth in the bedrock of the 

Stockton Formation. Overall groundwaterflow direction appears to be controlled primarily by hydraulic head 

differences throughout Area B rather than by geologic structure or stratigraphy. Therefore, wells were 

grouped by relative depth within bedrock in order to define a three-dimensional interpretation of groundwater 

flow direction and contaminant distribution within Area B groundwater. 

3.5.2.2 Groundwater Flow Directions 

The overall direction of groundwater flow across Area B is to the south. Potentiometric surface maps 

(Figures 3-5, 3-6, and 3-7) show groundwater gradients at increasing depths within the Stockton Formation, 

in and around Area B. The groundwater flow maps were generated using data from the most 

comprehensive round of water level measurements available for Area B and the surrounding area, collected 

during additional investigations on June 3, 1998. These. groundwater elevation data are included in 

Appendix A and in the Summary for Area B Groundwater Monitoring report (Tetra Tech NUS,, 1998). 

Groundwater flow patterns identified using these data are consistent with the flow patterns observed using 

earlier, more limited rounds of water levels. 
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Shallow (c 60 feet) groundwater flow across Area B (Sites 5, 6, and 7) is generally to the south, as shown 

in Figure 3-5, with a horizontal flow gradient of approximately 0.012. The potentiometric comours are 

dashed where inferred. Groundwater flowing to the southwest from the area near the eastern base 

boundary converges with groundwater flowing to the southeast from the base interior (Area B) near the 

southern edge of Area B. 

Intermediate-depth (60 -110 feet) groundwater flow across Area B is to the south (Figure 3-6) and is 

similar to the shallow groundwater flow pattern. The horizontal flow gradient varies from north to south: it 

is slightly steeper to the north and lower to the south, which is consistent with the change in ground 

surface slope across the area. Overall, there is a horizontal flow gradient of approximately 0.02 to the 

south across Area B. Groundwater flowing to the southwest from the eastern base boundary converges 

with groundwater flowing to the southeast from Area B. 

As with the shallow and intermediate-depth groundwater, deep (110 - 160 feet) groundwater flow across 

Area B is generally to the south at an approximate overall horizontal gradient of 0.02 (Figure 3-7). 

Groundwater flowing to the southwest from the area near the eastern base boundary converges with 

groundwater flowing to the southeast from Area B within the southern part of the study area. 

The stream trace of one of the headwaters of Southampton Creek appears to exert some control over 

groundwater flow directions, as shown by the convergence of flow along the southern boundary of Area B 

and the accompanying change in flow direction parallel to the stream trace to the southwest. In general, 

groundwater flow directions within the upper portions of the Stockton Formation were observed to mimic the 

ground surface topography and are expected to be controlled by topography and the locations of streams in 

the area. Conversely, the flow direction across Area B is opposite the dip direction of the bedrock units. 

This flow direction of groundwater opposite the dip direction of the bedrock is confirmed by water-level data 

from wells screened within the same lithologic units. Wells HN36D, HN02D, and HN03l are screened 

across the same sandstone unit (cross section A-A, Figure 3-3). Well HN36D is the farthest well downdip, 

and the topographically highest, and also has the highest hydraulic head. HN03l is the farthest updip of the 

three wells, is located in the area of lowest topography of the three wells, and also has the lowest hydraulic 

head. This pattern of hydraulic heads indicates that groundwater moves with topography and against the 

dip of the rock in Area B. The same pattern of flow against the dip of the rock units can be seen by 

comparing water levels from shallow wells DG21 (HN-02s) and DG20 (HN-03s); and from wells HN3612, 

HN021, and MW05 (HN-38s). 

Lateral groundwater flow gradients are generally steepest along the flank of the east-west-trendiing ridge 

upon which the runway is situated, along the northern edge of Area B. This is also the area of steepest 
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topographic relief within Area B. Across the ball field that is located adjacent to Site 5 and directly 

downgradient of Site 6, the groundwater flow gradient flattens out, as does the topography. Based on the 

intermediate groundwater flow map (Figure 3-6) the average flow gradient along the hillslope area is 

approximately 0.037. In the downgradient portion of Area B, the gradient flattens out to an average of 

approximately 0.02. Gradients in the shallow bedrock are slightly lower in the hillslope area and slightly 

higher in the downgradient area (Figure 3-5) than in the intermediate bedrock. In the deep bedrock 

(Figure 3-7) there is a gradual increase in flow gradient from the hillslope area to the downgradient area. 

Based on groundwater-level measurements made in wells completed at different depths within well cluster 

locations, the overall vertical groundwater flow gradient is downward. Hydraulic heads within the shallow 

bedrock wells were generally higher than the water levels in the deeper wells, with a few exceptions. This 

pattern of vertical flow was expected and reflects that the source of water to the deeper groundwater flow 

zones within the bedrock is primarily leakage from overlying flow zones. The lowest groundwater elevations 

observed within Area B was at well HN-IOD, where the June 3, 1998 water level of elevation 

294.65 feet msl is similar to .the base level of the tributary to Southampton Creek in the vicinity of this well 

cluster (based on USGS topographic map information). This further suggests that groundwater flow 

directions within the upper portion of the Stockton Formation in the vicinity of Area B are controlled by 

topography and stream locations. 

3.5.2.3. Groundwater Elevation Trend Monitoring 

A one-month groundwater-level monitoring program was conducted in selected Area B wells to investigate 

the duration and magnitude of short-term versus long-term water-level fluctuations, to determine the 

response of the aquifer to precipitation events, to determine the effects of nearby pumping wells on 

groundwater levels, and to provide data to be used for the design of the Area B pumping test. A detailed 

description of the program methods and evaluation of the results are presented in the Area B Hydrogeologic 

Report (Halliburton NUS Corporation, 1995). The water level data and daily precipitation records are 

presented in Appendix A of the same report. 

All wells showed a marked response to precipitation. The individual well responses to the rainfall events 

appear to vary more by cluster location than by well depth within individual clusters. This is probably due 

to the marked lateral heterogeneity of the Stockton Formation, as described in many reports and studies. 

Some wells responded rapidly to the precipitation events, and the individual peaks in the water-level 

curves can be correlated to the individual precipitation events. Other wells exhibited a broader or more 

“averaged” response to the two main precipitation events that occurred during the program. 
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All wells exhibited a generally declining water-level trend over the 1 month period of investigation. After 

rising relatively sharply in response to a precipitation event, the water level in each well appears to decrease 

at a slower rate that is generally similar to the rate of decline (as measured by the slope of tlhe curve) 

exhibited by the aquifer prior to the precipitation. Sloto and Schreffler (1994) noted that groundwater levels 

generally decline during the late spring when groundwater evapotranspiration and soil-moisture 

evapotranspiration are at a maximum and recharge is at a minimum. 

The daily water-level fluctuations also vary by well cluster location from as little as 0.1 foot or less, to as 

much as 0.5 foot. The daily water-level fluctuations in some confined aquifer wells appear to be affected by 

earth tides. Earth tides are caused by the force of gravity exerted on the earth’s crust by the moon (and to a 

lesser extent, the sun) and are characterized as semi-diurnal fluctuations that correspond to the moon’s 

transit at upper and lower culmination (Slot0 and Schreffler, 1994; Todd, 1980). The results of the study 

also indicated that the effects of off-base well pumping were negligible during the investigation. 

3.5.2.4 Bedrock Aquifer Hydraulic Characteristics 

The hydraulic characteristics of the shallow portion of the Stockton Formation in Area B were investigated 

through a 72-hour pumping test, performed as part of the Area B Hydrogeologic Investigation. Thle results 

of the pumping test are presented in this report to provide a comprehensivedescription of the hydrogeologic 

conditions within and around Area B. Interim Remedy extraction well installation included performance and 

analysis of 12-hour yield tests to establish the optimum placement of the next well. Following the extraction 

well installation, a 72-hour pumping test was performed to provide additional information regarding long term 

effects of storage on well yield, to induce greater drawdown in pumping and observation wells for more 

reliable aquifer evaluation, and to collect more representative groundwater samples after pumping for an 

extended period of time. 

Area B Hvdroneolonic Investigation Pumping Test 

The Area B pumping test was performed during the week of August 7,1994. For the long term pumping 

test, well HN-021 was pumped at a constant rate of 9 gpm (with ~5 percent variation) for a period of 

72 hours, beginning on August 8 and ending on August 11. Prior to the start-up of the test, trend 

measurements were obtained, starting on August 5 and ending immediately prior to starting the Ipumping 

test on August 8. After the completion of pumping activities, recovery measurements were made in the 

pumping and observation wells for a minimum of 12 hours and up to 72 hours for selected wells. The 

Area B Pumping Test Plan (Hatliburton NUS, 1994) describes in detail the technical approach followed and 

the procedures used. There were no notable deviations from the planned approach. 
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The pumped well is screened primarily within a sandstone unit located at a depth of 80 to 110 feet below 

ground at the pumping well location. The unit is bounded on top and bottom by mudstones. Observation 

wells were screened within, above, and below the geologic unit pumped by HN-021, as shown in geologic 

cross sections A-A’ and B-B’ (Figures 3-3 and 3-4). 

--- 

Significant drawdowns were observed in wells located up to 580 feet from the pumping well. Drawdown 

data from observation wells HN-031, HN-351, HN-3611, HN-3612, HN-371, HN-38, and MW-06 showed 

sufficient responses for pumping test evaluation purposes. Based on trend water-level data, background 

fluctuations in water levels were insignificant during the test and the drawdown data did not require any 

corrections. 

The water-level data were evaluated using several analysis techniques. Log-log plots of the time-drawdown 

data were evaluated using manual type curve matching techniques, using type curves developed by 

Hantush (1960) for leaky aquifers with storage in the confining layer. This analysis technique likely provides 

the best true estimate of the aquifer transmissivity because leakage effects are filtered out of the 

transmissivity determination. Storativity was also determined using the log-log data plots. 

A second analysis method employed for the time-drawdown data was a semilog inflection point analysis 

technique developed by Hantush (1956) for semiconfined aquifers. This method assumes no change in 

storage in the confining layer(s) and was employed as a supplement to the curve matching results. 

Finally, a semilog distance-drawdown analysis was performed (Cooper-Jacob, 1946) using drawdown data 

from all the wells showing a drawdown response during the test. This method was-developed for confined 

aquifers; thus, it ignores the leakage effects that occur in a semiconfined aquifer. It was considered, 

however, to be useful as an evaluation tool to evaluate directional-dependent trends in drawdowns and for 

an approximate transmissivity determination that employs all the well responses in one analysis. 

Drawdowns from each well at t = 4,000 minutes into the test were plotted along with the radial distance of 

each well from the pumping well. In theory, for an aquifer with an equivalent porous medium (EPM) 

response to pumping, the data points should all fall along a straight line; however, the data plot showed 

some scatter of the points plotted. It appears that two parallel lines can be extrapolated through the points 

present, as shown in Figure 3-10 of the Area B Hydrogeologic Report. No obvious directional, depth- 

related, or yield-related trends were identified within the distance-drawdown data subsets; i.e., there were 

no obvious features within each drawdown set that appeared consistent within the sets and unique to the 

sets. The distance-drawdown line slope, which was the same for both, lines, was used to estimate 

transmissivity. 
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An analysis technique was also applied to the drawdown data from wells installed within, above, and below 

the strata being pumped, to evaluate the vertical permeability of the confining layers (Neulman and 

Witherspoon, 1972). 

The results of the data analysis are presented in Table 3-1. From the leaky confined test evaluation 

methods, & average transmissivity of 139 ft2/day was obtained. This value for T is considered ,to be the 

most accurate of the estimates generated. The semilog distance-drawdown estimation of transmissivity 

was 106 ft2/day. Assuming an average thickness of the sandstone unit being pumped of about 25 feet, this 

yields an average bulk hydraulic conductivity (K) value of about 5 to 6 feet per day. In reality, most of the 

groundwater flow is through discrete fractures that typically occur at a frequency of two to four fractures per 

borehole; thus, the true K of these fractures is much higher than the bulk K value and the K of the rock 

matrix is much less. An average storativity in the 10m5 range was calculated. eased on the Neuman- 

Witherspoon analysis, an average vertical hydraulic conductivity for the underlying and overlying aquitards 

of 0.003 ft/day was obtained. Drawdown graphs and calculations are presented in Appendix A. 

Drawdown responses in the observation wells indicated that pumping effects are projected laterally, along 

bedding, out much more so than vertically, across bedding. For the observation well clusters surrounding 

the pumping well, drawdowns in the wells screened across the same lithologic interval as the pumping well 

M--.. had much higher drawdowns than wells screened above and below the interval being pumped. This effect 

was most pronounced in wells located near the pumping well, with the effects being dampened farther out in 

the updip and strike-parallel directions. Downdip, few or no drawdowns were observed in the shallow wells 

at any distance, due to the increased vertical separation between the shallow bedrock wells and the 

stratigraphic interval being pumped. There was no apparent preferential drawdown observed along bedrock 

strike versus in the dip direction, within the strata being pumped. 

Within the test area, the fine-grained mudstone units appeared to function as aquitards, as expected. A 

three-order-of-magnitudedifference between the bulk K of the unit being pumped and the bulk vertical K of 

the adjacent aquitards is indicative of the relative resistance to flow through the finer-grained rock units 

(although some flow does undoubtedly occur through them). 
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TABLE 3-1 
‘REMEDIAL INVESTIGATION FOR AREA B GROUNDWATER 

AREA B PUMPING TEST SUMMARY OF RESULTS 
NAWC WARMINSTER, PENNSYLVANIA 

Distance from 
Pumping Well 

(feet) 

Transmissivity Storativity Vertical Hydraulic 
Conductivity, K’ 

(ft/day) 

Curve Semilog 
Matching 
(ft2/day) 

Analysis 
(f’fW) 

Curve 

Matching 
Semilog 
Analysis 

32.5 106 104 6.0 x IO” 2.8 x 1O-5 7.2 x IO” 

122 131 148 2.0 x IO” 2.4 x IO” 2.3 x IO” 

122 115 - 2.1 x 1o-5 -- - 

250 144 193 1.3 x 1o-5 1.0 x IO5 4.0 x IO4 

317 98 198 1.9 x IO” 1.3 x IO-“ -_- 

520 134 135 1.1 x IO4 1.1 x IO” -I 

480 144 - 1.0 x 1o-5 -- -- 

Average T, Time-Drawdown Analysis - 139 @/day (Average of each average T per cluster). 
Average S, Time-Drawdown Analysis - 2.7 x 1 Om5. 
T, Distance-Drawdown Analysis - 106 f&day. 

I 
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Interim Remedial Action Pumpino Tests 

In addition to the pumping test described above, 12-hour yield tests were performed on extraction wells EW- 

12 and EW-14 and a 72-hour pumping test was performed on extraction well EW-12 in January 1995 by 

OHM Remediation Corporation, Inc. as part of the interim remedial action for Area 6 groundwater. The 

procedures, data, analyses, and results of the yield tests and the pumping test for the Area B extraction 

wells are included in the Final Yield Test Reports for wells EW-12 and EW-14 (OHM, 1995, 1995a, and 

1995b). 

The EW-12 12-hour yield test was performed on January 4, 1995. The test ran for a duration of 12 hours 

and included three separate steps or pumping rates of 7 gallons per minute (GPM) for 1 hour, 15.5 GPM for 

the following 2 hours, and 30 GPM for the remaining 9 hours. The EW-14 12-hour yield test was performed 

on January 12, 1995. The test ran for a duration of 12 hours and included two separate steps or pumping 

rates of 8.5 GPM for 2 hours and 13.5 GPM for the remaining 9 hours. The EW-12 72-hour yield test was 

performed from January 17 to 20, 1995. The test ran for a duration of 73 hours and included two separate 

pumping rates of 55 GPM for 48 hours and 15 GPM for the remaining 25 hours. 

During each pumping test, water level data were collected from the pumping well, from the other extraction 

well, if present, from observation wells 08-5 through OB-10 and from 11 surrounding monitoring wells in 

clusters HN-02, HN-03, HN-37 and HN-38. Static water levels were measured before each pumping test, 

water level drawdowns were measured at prescribed intervals during each test and water level recovery 

data was measured upon completion of each test. Water level data were recorded automatically using 

pressure transducers and data loggers in some wells and were measured manually with water level 

indicators from the remaining wells. 

The data collection and pumping test procedures from the interim -remedy aquifer testing differed in several 

respects from those of the Area B Hydrogeologic Investigation. Water level trend measurements during the 

12-hour yield tests were limited to one round of measurements the day before the test, however, these 

water level conditions were considered to be potentially unstable due to well development pumping the day 

before the test. Water level trend measurements were not obtained prior to the 72-hour test. The interim 

remedy 72-hour pumping test only provided 48 hours of constant rate pumping data for analysis due to 

reduction of the pumping rate partway through the test. Water level recovery data form the interim remedy 

72-hour test are of poor quality due to the decreased pumping rate during the latter portion of the test and 

poor execution of the test shutdown’and recovery measurements due to inclement weather. Recovery data 

were not recorded following the 12-hour yield tests. 
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Both extraction wells EW-12 and EW-14 are open over depth intervals (20 to 100 feet and 10 to 100 feet, 

respectively) that are much larger and which include multiple water-yielding sandstone units.compared to 

the more restricted open interval of HN-021 (85 to 104 feet). Therefore, the discrepancy in transmissivity 

values obtained in the interim remedy tests versus the Hydrogeologic Investigation test are probably a 

function of the vertical extent of the aquifer pumped rather than local variations in hydraulic characteristics. 

The pumped extraction wells, EW-12 and EW-14, are completed as IO-inch diameter, open boreholes 

within the alternating sandstone and mudstone units of the Stockton Formation at Area B. EW-12 is open 

from subsurface depths of 20 to 100 feet and EW-14 is open from subsurface depths of 10 to 100 feet. 

Approximate stratigraphic correlation between EW-12, EW-14 and the surrounding Area B monitoring wells 

and geologic cross sections indicate that each extraction well includes the screened sandstone unit of the 

Hydrogeologic investigation pumping well HN-021 and one or more of the overlying and underlying 

mudstone and sandstone units. 

Significant drawdowns were observed in most of the observation wells monitored during the pumping tests, 

particularly during the 72-hour test. Drawdowns were observed at distances up to 350 feet from pumping 

well EW-12, however, the maximum areal extent of the induced drawdown is unknown due to the limited 

number and distribution of monitored wells. Background fluctuations in water levels and the need for any 

drawdown data corrections are unknown due to the lack of trend water level data for these tests. 

Transmissivity values for all of the pumping tests were calculated using the Cooper-Jacob time/drawdown 

and distance/drawdown solutions and the Walton specific capacity solution. The Geraghty & Miller 

AQTESOLV program was also used to estimate transmissivity using the Moench and Hantush solutions for 

leaky-confined aquifers for the 72-hour test in EW-12 and the 12-hour test in EW-14. These results are 

shown in Table 3-2. Values of aquifer storativity and vertical hydraulic conductivity were not calculated for 

these test results. 

Data from the EW-12 12-hour yield test show a projected drawdown of 14 feet after 30 days of pumping at 

30 GPM and suggest that a sustained yield of over 50 GPM could be achieved. More conservative pumping 

rates of 10 and 30 GPM were used for preliminary capture zone calculations. Data from the EW-14 12-hour 

yield test indicate that the pumping rate of 13.5 GPM should be sustainable over time based on the 

observed drawdown trend and this rate was used for preliminary capture zone calculations. During the EW- 

12 72-hour yield test, pumping levels in EW-12 did not stabilize at 55 GPM during 48 hours of pumping. 

The observed trend data show a projected drawdown of 39.5 feet (43 percent of available drawdown) after 

30 days of pumping at 55 GPM and suggest that this rate is too high for design purposes. Therefore, a 

more conservative pumping rate of 30 GPM was used for capture zone calculations. The capture zone 

calculation results are shown in Table 3-3. 
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TABLE 3-2 

REMEDIAL INVESTIGATION FOR AREA B GROUNDWATER 

AREA B INTERIM REMEDY YIELD TESTS 

SUMMARY OF TRANSMISSIVITYCALCULATIONS 

NAWC WARMINSTER, PENNSYLVANIA 

Pumping Test 

EW-12,12-Hour 

EW-14, 12-Hour 

EW-12,72 Hour 

Avg. Transmissivity Avg. Transmissivity Est. Transmissivity Avg. 

Cooper-Jacob Cooper-Jacob Walton specific AQTESOLV 

time/drawdown distance/drawdown capacity Moench & Hantush 

(f+W’) @W) @day) 

309 1294 500 

342 162 259 

178 1190 644 
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TABLE 3-3 

REMEDIAL INVESTIGATION FOR AREA B GROUNDWATER 
.-. 

AREA B INTERIM REMEDY YIELD TESTS 

LATERAL CAPTURE ZONE RADIUS ESTIMATES 

NAWC WARMINSTER, PENNSYLVANIA 

Extraction Well Extraction Well Transmissivity Lateral Capture 

Pumping Test Pumping Rate @day) Zone Radius 

(gallons per minute) (feet) 

EW-12, IZHour 10 309 1036 

10 1294 248 

30 309 3112 

30 1294 743 

EW-14,12-Hour 13.5 162 2673 

13.5 499 868 

EW-12,72-Hour 30 178 5404 

30 1190 807 

30 406 2370 
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Drawdown responses in the observation wells during the interim remedy pumping tests were similar to 
F=- those observed during the Hydrogeologic Investigation pumping test for well.HN-021. Pumping effects are 

projected laterally, along bedding, out much more so than vertically, across bedding. Observatjon wells 

screened across one of the same lithologic intervals that comprise the open borehole in the pumping wells 

had much higher drawdowns than wells screened above the intervals being pumped. Only one of the 

monitored observation wells was completed in an interval below those that were pumped and it showed 

drawdowns similar to those of the pumped intervals. Downdip, only very small drawdowns were observed 

in the shallow wells, due to the increased vertical separation between the shallow bedrock wells and the 

stratigraphic intervals being pumped. There was no apparent preferential drawdown observed along 

bedrock strike versus in the dip direction, within the strata being pumped. 

GEOLOGIC CONTROLS ON CONTAMINANT MIGRATION 

f@‘-. 

Ttie migration of contaminants in groundwater across Area B is influenced by several factors. Groundwater 

primarily moves through interconnected networks of fractures within the bedrock. Lateral groundwater (and 

contaminant) migration directions are to the south across Area B and are controlled by topography and by 

the presence of the tributary of Southampton Creek south of Area B. Groundwater flow follows the slope of 

the ground surface topography across Area B, flowing against the dip direction of the bedrock uniits. It is 

expected that groundwater from Area B will eventually discharge to streams within the Southampton Creek 

drainage. 

Fine-grained mudstone beds act as semiconfining layers to groundwater flow, restricting but not preventing 

the vertical movement of groundwater across bedding. The hydraulic heads within the bedrock generally 

were observed to decrease with increasing depth, indicating that vertical flow potential is downward. Based 

on sampling results, however, contamination appears to be limited to the top 100 to 150 feet of the bedrock 

aquifer. 

No known groundwater users influence groundwater flow directions within Area B. Historic domestic well 

usage in the residential area to the east may have flattened groundwater flow gradients along the southeast 

boundaryof the base in the past; however, these wells are no longer in operation. Based on the results of 

the long-term water-level study, the historic usage of these wells did not significantly impact on-base 

groundwater levels. The Northampton municipal wells located along Bristol Road also do not appear to 

have a significant effect on on-base groundwater levels, based on the long-term water-level study. 
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3.7 GROUNDWATER USE ,_-. 

Residents near Area B rely entirely on groundwater sources for their water supply. The majority of these 

people are served by the Warminster Township or Northampton Township municipal water authorities, and 

the remainder depend on private domestic wells. The nearest residential supply wells are located 

approximately l/2 mile southwest of Area B. These wells are not considered to be receptors of groundwater 

from Area B because they are not located downgradient from the area. The nearest active municipal supply 

wells are located over l/2 mile south, southeast and east of Area B and are also not considered to be 

receptors of groundwater from Area B. None of these municipal wells are located directly downgradient 

from Area B and groundwater flow from Area B is expected to follow, or discharge to tributaries of 

Southampton Creek before migrating this distance from the site. Also, the results of the long-term water 

level monitoring program indicate that groundwater migration from Area B is not being caused by the 

drawdown of nearby pumping wells. 
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4.0 NATURE AND EXTENT OF CONTAMINATION 

This section of the RI report discusses the nature and extent of contamination for Area B 

groundwater. As described in Section 2 of this report, Area B groundwater has been extensively 

studied over a sixteen year period from 1982 through 1998. The groundwater investigations in the 

area have primarily focused on the potential source areas, Sites 5, 6, and 7. In addition to these 

focused investigations the Navy has conducted area-wide comprehensive sampling and analysis 

programs that included the sampling of wells within and adjacent to Area B. The early investigations, 

prior to 1993, identified’the presence of low-level groundwater contamination within Area B and the 

Navy and EPA, based on that data, selected an interim remedial action to address that 

contamination. As part of that interim remedy, the Navy installed extraction wells within Area Ei and 

conducted additional groundwaterstudies. 

This section of the RI presents the analytical results and findings of the groundwater 

investigations conducted since 1982 and discusses the nature and extent of the contamination 

identified in Area B groundwater. The discussion is presented in five major subheadings 

segregated by time period followed by a presentation of contaminant trend data for wells within 

Area B. The five major subdivisions, based on time period, are; Pre-Interim ROD Investigations; 

Area B Hydrogeologic Investigation; Interim Remedial Action; Additional Groundwater 

Investigations; and Perimeter Monitoring Program. As presented in Sections 2 and 3 of this 

report, the investigations consisted of installing and sampling monitoring wells that targeted 

specific depth ranges. The ranges consisted of; Shallow - overburden and bedrock wells less 

than 60 feet deep; Intermediate - bedrock wells ranging from 60 to 110 feet deep; and Deep - 

bedrock wells greater than 110 feet deep. The initial studies conducted in Area B focused on the 

shallow groundwater and as investigations proceeded the deeper water-bearing zones were 

investigated. Contaminant detections have primarily occurred within the shallow monitoring 

zones. For consistency and to provide a focus on contaminant distribution, the nature and extent 

of contamination discussion is presented according to these depth ranges where appropriate to a 

specific investigation. 

All analytical data, unless noted otherwise, were subjected to validation. The data validation was 

performed in accordance with the functional guidelines established by the U.S. EPA as modified 

for use in U.S. EPA Region Ill. Data that were noted to be compromised because of analytical or 

matrix considerations were qualified as prescribed by the guidance documents. 
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4.1 PRE-INTERIM ROD INVESTIGATIONS 
.- 

Three separate major groundwater sampling investigations were conducted in Area B from 1982 

through 1992. These investigations have been identified as the Pre-Remedial Investigation, the 

Phase I RI, and the Phase II RI. Based on the findings from these investigations, it was determined 

that an interim remedial action was warranted for Area B groundwater. 

4.1.1 Pre-Remedial lnvestiaation Sampling and Analvsis 

Samples were collected from 4 shallow overburden monitoring wells (DG-8/HN-03X, DG-9/HN- 

36X, DG-7/HN-37X, and DG-10) located within Area B during July and September 1982. The fifth 

well drilled during this investigation (BG-01) was completed as a dry well. Samples collected 

during the July sampling effort were analyzed for full range Target Compound List (TCL) organics 

and Target Analyte List (TAL) inorganics. Filtered samples were not collected. The analytical 

results were not subjected to a full data validation but were evaluated by reviewing the results of 

blank analysis and specific method requirements. The evaluation of the analytical results 

determined that the Volatile Organic Compound (VOC) analytical results were not valid and the 

wells were resampled in September 1982. The September samples were analyzed for VOCs 

only. 

No VOCs were identified in Area B wells. The only contaminants that were reported as positively 

identified were copper, chromium, nickel, and zinc (JRB Associates, 1983). Concentrations were 

below EPA Maximum Concentration Limits (MCLs) for drinking water. The Pre-Remedial 

investigation compared the analytical results to a single overburden well background sample 

collected from NAWC Warminster and concluded that although elevated metals concentrations 

were not consistent among wells and the levels of contamination did not present a threat to 

human health or the environment, further study was needed to determine if the levels were related 

to disposal activities. 

4.1.2 Phase I Remedial lnvestination Sampling and Analvsis 

The Phase I remedial investigation included collecting samples from 12 Area B monitoring wells. 

.-. 
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All samples were analyzed for full TCL organics and TAL inorganics (unfiltered). Figure 4-l 

depicts the wells that were sampled and presents the analytical results for contaminants that were 

identified at concentrations in excess of MCLs, (SMC Environmental Services Inc., 1991). 

Trichloroethene (TCE) was the only organic compound identified at concentrations in excess of 

the MCL (5 ug/l for TCE). TCE was identified at 6 ug/l and 8 ug/l in monitoring wells DG-2O/HN- 

03s and DG-I 8/HN-36S, respectively. Both of these wells are shallow wells that monitor the 

upper portion of the bedrock. TCE was also identified in shallow wells DG-19 and DG-21/HNI-02s 

at estimated trace-levels below the quantitation limit. Few other organic compounds were 

identified in any of the monitoring wells and where present, the concentrations were at trace- to 

low-levels, well below MCLs. 

Inorganic analysis of the monitoring well samples identified the presence of two metals at 

concentrations in excess of Secondary MCLs (SMCLs). SMCLs are non-enforceable standards 

established for drinking water quality “based on taste, odor, color, and certain other non-aesthetic 

effects”. Manganese was identified in all wells, including background wells, at levels in excess of 

the SMCL (50 ug/l) with the exception of wells DG-10 and DG-25 /HN-37s. Similarly, iron was 

found at levels in excess of the SMCL (300 ug/l) in all wells. Because iron is a common element 

in the environment and is not considered a significant in evaluating human health risks, individual 

sample results are not shown on Figure 4-1. Sample results are presented in the Phase I RI 

Report (SMC Environmental Services Inc., 1991). It was noted in the phase I RI that manganese 

and iron concentrations may be related to natural levels occurring in Area B groundwater and 

weathered bedrock. It was also noted that the concentrations identified in the samples may be in 

influenced by the presence of suspended solids in the unfiltered groundwater samples. 

4.1.3 Phase II Remedial lnvestiqation Sampling and Analvsis 

The Phase II remedial investigation included collecting samples from 14 Area B monitoring wells. 

All samples were analyzed for full TCL organics and TAL inorganics. In addition, one set of 

samples were also field filtered and analyzed for dissolved metals. Analytical results are included 

in Volume III Appendix K of the Phase II RI Report (HNUS, 1993). 

TCE was the only organic compound identified at concentrations in excess of the MCL. TCE ‘was 

identified at 6 ug/l in well DG-25/HN-37S, 8 ug/l in well DG-20/HN-03S, and at 13 ug/l in well IDG- 

18/HN-36s. TCE was identified in DG-21/HN-02s and DG-19 at 1 ug/l and 4 ug/l, respectively. 

Figure 4-2 depicts the wells that were sampled and shows the TCE concentrations that exceed 
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the MCL (5 ug/l). Few other organic compounds were identified above the analytical quantitation 

limits. Positive detections included carbon tetrachloride, cis-1,2-dichloroethene (cis-1,2-[ICE), 

tetrachloroethene (PCE), chloroform and toluene. These low-level detections were scattered 

throughout the area and not indicative any contaminant pattern. 

Inorganic analysis of the unfiltered samples (total metals) identified the presence of numerous 

elements. A comparison to background results and health-based screening criteria was 

conducted and arsenic, cadmium, barium, and manganese levels were identified as potential 

contaminants of concern for Area B groundwater. Manganese concentrations were noted to be 

particularly high in all but one well. It was also noted in the Phase II RI Report that significant 

amounts of suspended materials in the samples may result in overestimation of the metals 

contamination present in Area B groundwater. Further review and comparison of filtered 

(dissolved) groundwater sample results was conducted. This comparison and evaluation of the 

filtered or dissolved concentrations found that arsenic and cadmium were not detected in- filtered 

samples and that barium and manganese levels were significantly lower in the filtered samples. In 

fact the levels present were similar to or below the levels identified in filtered background or 

upgradient samples. As part of the Phase II RI, fifteen background wells located upgradient of 

NAWC study areas and sites were sampled to establish regional or base-wide background metals 

concentrations. Total manganese levels detected in these wells ranged from 80 ug/l to 4,830 ug/l 

and the representative concentration was 2,200 ug/l. Filtered or dissolved manganese levels in 

these same wells ranged from 4 ug/l to 4,220 ug/l with the representative concentration for 

dissolved manganese of 420 ugll. Figure 4-2 shows the unfiltered (total) and filtered (dissolved) 

concentrations of manganese identified in Area B wells. 

A human health risk assessment was performed as part of the Phase II RI. The risk assessment 

for Area B groundwater was conducted using the analytical results from both the Phase I and 

Phase II investigations. Potential risks were calculated for future residents assuming that Area B 

groundwater would be used for household water supplies. The risk assessment estimated a 

future potential lifetime resident carcinogenic risk of I X IO4 (adult plus child risks) and a 

noncarcinogenic risk (Hazard Index or HI) of 12 for an adult and 28 for a child’(HNUS, 1993). 

Arsenic, PCE, and carbon tetrachloride were identified as the major contributors to the 

carcinogenic risks and arsenic, barium, cadmium, and manganese as major contributors to the 

noncarcinogenic risks. 

These risks were estimated based on total metals (unfiltered) analytical results. The Phase II RI 

report indicated that although filtered or dissolved metal concentrations were more likely to be 

representative of actual groundwater conditions, these results were not used for the base-line 
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assessment. The potential future residential risks based on dissolved metal concentrations were 

estimated as 1 X10” for the lifetime cancer risk and 0.6 and 1.6 for the adult and child 

noncarcinogenic risks, respectively. Arsenic, barium, cadmium, and manganese were not 

identified as significant contributors to, these risks. PCE and carbon tetrachloride were the main 

contributors to the carcinogenic risks. These compounds were identified during the Phase II 

sampling to be present in only one sample each (PCE - 3 ug/l in DG-20/HN-03s and carbon 

tetrachloride - 2 ug/l in DG-19). Thallium, which was identified in only one filtered sample (2 ug/l 

in DG-8/HN-03X) and in no unfiltered samples, was identified as the main contributor to the 

noncarcinogenic risks. 

_- 

Based on the risk assessment and the presence of TCE at levels above the MCL in three wells, 

the Phase II RI concluded that shallow groundwater associated with Area B presented an 

unacceptable risk to human health and the environment. Based on available TCE data it was 

projected or hypothesized that a TCE contaminant plume may exist in Area B. Figure 4-3 depicts 

the TCE plume projected to exist in the shallow bedrock at the time of the Phase II RI. The 

projected TCE plume is consistent with inferred groundwater flow direction within Area B. These 

findings and conclusions lead to the issuance of the interim ROD for Area B groundwater. 

_- 
4.2 HYDROGEOLOGIC INVESTIGATION 

As required by the interim ROD for OU-1, the Navy conducted additional investigations in Area B 

during 1994 and into 1995. These investigations included the installation and sampling of additional 

monitoring wells. New and existing monitoring wells were sampled during an initial sampling effort in 

January 1994 and supplemented with additional sampling rounds conducted as new wells were 

installed from August 1994 through January 1995. These sampling efforts included some wells 

outside of Area B and not associated with the study area. The data from these wells are not 

presented or discussed in this RI report. The complete set of analytical results is presented in the 

Area B Hydrogeologic Report issued in April 1995 (HNUS, 1995). In addition to these monitoring 

events, samples were also collected and analyzed during a 1994 72-hour pumping test. The 

sampling and analysis events conducted under the hydrogeologic investigation are presented and 

discussed below according to the following sampling events; 1994 Sampling and Analysis; 1995 

Sampling and Analysis; and 1994 72-Hour Pumping Test Sampling and Analysis. 
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42.1 1994 Samplina and Analysis 

The 1994 sampling and analysis event included collecting samples from 36 monitoring wells in and 

around Area B. All samples were analyzed for low-concentration volatile organic compounds 

(VOCs). Six of the samples were analyzed for TCL semi-volatilecompounds, pesticides, and IPCBS 

and 15 samples were collected for total and dissolved TAL inorganic analysis. 

No semi-volatile or pesticide/PCB compounds were positively identified in any of the Area B wells 

above background and/or detection limits. Several VOCs were identified in the Area B wells. TCE 

was the only organic contaminant identified at levels above an MCL (TCE - 5 ug/l). TCE was 

identified at 12 ug/l in well HN-36S/DG-18 and at 7 ug/l in well HN-03S/DG-20. Eight other well 

samples contained low levels of TCE, see Figure 4-4. These TCE results are similar to those found 

during the Phase II RI and are consistentwith the TCE plume projected to exist in 1993. 

,.R=- 

Other organic contaminants identified included cis-I ,2-DCE, PCE, toluene, chloroform, and carbon 

tetrachloride. These were all identified at low to trace-levels below MCLs and did not present any 

significant pattern of contamination. Toluene was detected in 6 of the 36 wells sampled and was 

present in only intermediateand deep wells (HN-OID, HN-021, HN-03D, HN-051 and D, and HN-101). 

Concentrations ranged from 3 ug/l to 8 ug/l, well below the MCL of 1,000 ug/l. The upgradient 

background well (HN-01 D) contained toluene at 4 ug/l. 

Cis-1,2-DCE was id,entified in only 4 wells (HN-021, HN36S/DG-18, HN-03S/DG-20, and HN- 

37S/DG-25) at concentrationsranging from 1 ug/l to 6 ug/l (the MCL for DCE is 70 ug/l). These wells 

are all located in the central portion of Area B but no other wells in and around these wells contalined 

Cis-1,2-DCE. PCE was identified at trace levels (1 ug/l to 2 ug/l) in 4 wells (HN-021, HN-031, HN- 

39D, and HN-03S/DG-20). These wells are scattered across the study area. The sporadic nature 

and low-level detection of this compound during this sampling event does not suggest a pattern of 

contamination associated with Area B. Carbon tetrachloride was identified in only 2 wells (HN-OSD 

and DG-19) and chloroform in only a single well (DG-19). Concentrationswere at trace-levels(1 ug/l 

and 2 ug/l) for these compounds. 

Inorganic analysis of unfiltered (total metals) and filtered (dissolved metals) samples revealed the 

presence of metals in all samples but no significant pattern of contamination was noted. At least one 

metal in either the dissolved or total sample analysis from Area B wells exceeded background 
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concentrations. However, the exceedances were not consistent for individual wells, well clusters, or 

grouping of wells. The analytical results are presented in the Area B Hydrogeologic Report (HNUS, 

1995). It was concluded in the hydrogeologic report that the metals identified were indicative or 

characteristic of the normal levels and variation in metals result expected in groundwater for the 

area. The average manganese concentration reported for site samples, 223 ug/l total and 146 ug/l 

dissolved, was less than the average Area B background concentration, 322 ug/l total and 160 ug/l 

dissolved. 

4.2.2 1995 Samplinca and Analysis 

Two sampling events were conducted in January and February 1995 for monitoring wells in cluster 

HN-36 (both events), cluster HN-37 (January only), and for monitoring wells HN-021, HN-102D, 

HN36S/DG-18, and HN-02S/DG-21 and extraction wells EW-12 and EW-14 (for February only). 

These groundwater samples were analyzed for TCL volatile organics (low concentration) and 

arsenic. The analytical results were not subjected to data validation. Common laboratory 

,- 

contaminants methylene chloride and acetone were identified in most samples and in quality control, 

laboratory, and field blanks. Positive detections of these compounds in monitoring well samples are 

assumed to be artifacts and are not presented or discussed in this RI report. 

TCE and benzene concentrations were identified at levels above their respective MCLs (5 uglrl for 

each). This was the first time benzene was positively detected in Area B groundwater. It was 

present in only well cluster HN-36 but was positively identified in both the January and February 

sampling events. Concentrationsexceeded the MCL,only in the deep bedrock well, see Figure 4-5. 

Only trace levels were identified in the intermediate depth (80 to 115 feet) wells. Benzene was not 

detected in the shallow well in this cluster or in any other Area B well. 

TCE exceeded the MCL in only well HN-36S/DG-18, see Figure 4-5. TCE was detected in 4 other 

Area B wells at low to trace-levels similar to previous sampling results. TCE was reported at an 

estimated concentration of 1 ug/l in HN-36D during the February sampling event but was not 

detected in this well in the January sample. 

Other organic compounds identified included toluene, 1,2-DCE (total), and carbon disulfide. Toluene 

was present in only well (HN-36D) in one sampling event and was reported as present at the 

detection limit (1 ug/l). Similarly, 1,2-DCE (total) was reported at an estimated concentration in well 
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HN-021(1 ug/l) and HN-36S/DG-18 (5 ug/l). Carbon disulfide was detected in the February sampling 

of HN-3611 and HN-36S/DG-18at 1 ug/l and 46 ug/l respectively. This compound was also reported 

present in the trip blank for this sampling event. 

Arsenic, an analytical parameter in the February 1995 sampling, was not detected in any of the 

monitoring wells. Analysis for this metal was not performed in the January 1995 sampling event. 

4.2.3 1994 72-Hour Pumping Test Sampling and Analysis 

A 72-hour pumping test was conducted in Area B in August 1994 (HNUS 1995). Monitoring well 

HN02l was used as the pumping well. This well is located near the center of the TCE plume 

projected to exist in 1993. Samples were collected from a sampling port in the pump discharge 

piping at approximately IO, 100, 1,000, and 4,300 minutes into the test. Samples were analyzed 

for TCL VOCs. 

TCE and PCE were the only compounds detected in the samples. Concentrations of both of 

these compounds were below their respective MCLs (5 ug/l for each) in all samples. TCE was 

detected at 4 ug/l in the 10 and 100 minute samples and at 3 ug/l in the 1,000 and 4,300 minute 

samples. PCE was detected at 1 ug/l, 1 ug/l, 2 ug/l, and 1 ug/l in the IO, 100, 1,000, and 4,300 

minute samples respectively. 

4.3 OHM EXTRACTION WELL SAMPLING RESULTS 

As presented in Sections 2 and 3 of this report, the Navy installed two extraction wells (EW-12 and 

EW-14) in the downgradient portion of the projected TCE plume identified in the Phase II RI. 

Extraction wells EW-12 and EW-14 were sampled in January 1995 while pumping tests of varying 

duration were performed to measure aquifer characteristics. Analysis was limited to low 

concentration TCL VOCs and was not subjected to data validation. No contamination above the 

MCL was identified in either extraction well after several hours of pump operation. Methylene 

chloride was reported in samples as well as in the blank. This is a common laboratory contaminant 

and such the sample results for this compound are not presented or discussed in this report. All 

sample results are presented in the OHM Remedial Services yield test reports (OHM 1995, 1995a, 

and 1995b). 

Samples were collected during initial yield tests performed for each extraction well and during a 72- 

hour yield test performed on EW-12. Field analysis, using a headspace technique, was performed 
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on samples collected throughout the tests. This field analysis did not detect the presence of any 

VOC contamination. One laboratory sample was collected during each of the initial la-hour yield 

tests and 4 samples were collected for laboratory analysis during the 72-hour test performed on EW- 

12. 

The sample collected and analyzed during the 12-hour yield test for EW-12 was collected about 7 

hours into the 12 hour test. The only compound detected in the sample was dibromomethane (1.4 

ug/l). This compound had not been previous identified in Area B groundwaterand no MCL has been 

established for this compound. The reported detection is at the analytical method detection limit. 

The sample collected and analyzed during the 12-hour yield test for EW-14 was collected about 10.5 

hours into the 12 hour test. Two compounds were detected in the sample. TCE was detected close 

to the detection limit at 1.5 ug/l, well below the MCL of 5 ug/l. Trichlorofluoromethanewas also 

detected at 3.1 ug/l. No MCL has been established for this compound and it was not detected in 

previous analysis of Area B groundwater. 

Four samples were collected from EW-12 during a 72-hour yield test performed in 1995. The only 

compound detected during this test was 1,2-dichloropropane. The MCL for this compound is 5 ug/l. 

Two samples were collected 24 hours into the test, one from a sampling port (tap) on the pump 

piping and one using a bailer. The tap sample did not contain any VOCs while the bailer sample 

contained 1,2-dichloropropaneat 2 ug/l. Additional samples were collected from the sampling port at 

48 and 72 hours into the test. These samples contained 1,2-dichloropropane at estimated 

concentrations below the detection limit of 0.9 ug/l and 0.7 ug/l, respectively. 1,2dichloropropane 

had not been previously detected in Area B groundwater. 

After completion of the extraction well yield tests, the Navy, EPA, PADEP evaluated current and 

historical groundwaterdata from Area B and specifically reviewed the data available for the projected 

TCE plume area. Contaminant trends over time were evaluated and it was concluded that TCE 

concentrations in HN36S/DG-18 appeared to be stable while TCE levels were either not detected or 

were present at levels consistently below the MCL in downgradient monitoring wells (HNUS 1995a). 

Considering this contaminant trend along with the results from the extraction well results, a 

consensus decision was reached to discontinue the plan to actively pump groundwater from Area B. 

It was also agreed that this decision was consistent with the objectives stated in the interim ROD 

which was to minimize migration of contaminants within Area B groundwater. Contaminant trend 

data is further discussed in Section 4.6 of this report. 
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4.4 ADDITIONALGROUNDWATER INVESTIGATIONS 

<’ 

Two additional groundwater sampling events have been performed in and around Area B. One 

sampling effort was a focused sampling effort that concentrated on obtaining water quality data 

specific to the Navy enlisted housing area to the east of Area B. The second study included a 

comprehensive round of water levels and sampling of all available monitoring wells in the general 

area. This sampling effort included all Area B monitoring wells. 

4.4.1 Navy Enlisted Housing Area Sampling and Analysis 

Seven newly installed monitoring wells in the Navy enlisted housing area were sampled in 1998. 

The samples were analyzed for low detection TCL VOCs but the results were not subjected to data 

validation. The wells sampled included HN-87S, HN-86s and I, HN-85s and I, and HN-84s and I. 

Several of these wells are outside of Area B, see Figure 4-5 for well locations. The only compound 

detected during this sampling effort was carbon disulfide. There is no MCL established for carbon 

disulfide but EPA Region 3 has established a risk-based screening level of 1,000 ug/l for drinking 

water. Carbon disulfide was detected at low levels in four of the wells including two of the Area B 

wells (HN-87s 8 ug/l, HN-86s 2 ug/l, HN-8512 ug/l, and HN-84s 0.7 ug/l). As indicated above, these 

levels are well below the health-based screening criteria. 

4.4.2 1998 Area B Groundwater Monitoring Sampling and Analysis 

During June and July 1998 samples were collected from all available monitoring wells within and 

around Area B. The sampling effort and analytical results, which includes monitoring wells be:yond 

Area B, are presented in the Summary Report for Area B Monitoring (TtNUS, 1998). The analytical 

results for monitoring wells within and around Area B are discussed and presented in this reporrt. A 

total of 53 bedrock monitoring, extraction, and observation wells were sampled. All samples were 

analyzed for TCL low concentrationVOCs, 10 were analyzed for TAL total metals, one was analyzed 

for TAL dissolved metals, and two were analyzed for TCL semi-volatiles, pesticides and PCBs. The 

analytical results were subjected to a full data validation. 

;- 

VOC analysis identified the presence of six compounds in Area B groundwater. TCE was the only 

contaminant detected above MCLs. Well HN-03s contained TCE at 7 ug/l. No other well contained 

TCE at concentrations greater than the MCL. TCE was detected at low-levels in six other wells 

within Area B; DG-19 at 2 ug/l, HN-37S/DG25 at 1 ug/l, HN-371 at 1 ug/l, OB-08 at 4 ug/l, HN-35s at 

3 ug/l, and HN-641 at 1 ug/l. Figure 4-6 shows the TCE concentrationsdetected during this sampling 
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event. The distribution of TCE is similar to that identified in previous sampling events, including the 

Phase II RI; however, the levels of contamination are lower than identified in those investigations. 

Other VOCs detected were Cis-1,2-DCE, benzene, carbon disulfide, chloroform, and PCE. Cis-1,2- 

DCE was detected at low to trace-levels, well below the MCL of 70 ug/l, in five monitoring wells; 

HN03S at 2 ug/l, HN-3% at 1 ug/l, HN-64S at 5 ug/l, HN-36s at 2 ug/l, and HN-641 at 3 ug/l. Carbon 

disulfidewas found at similar levels in five differentwells. Concentrationsranged from 2 ug/l to 3 ug/l 

(HN-05l- 2 ug/l, HN-05D - 2 ug/l, HN-35D - 3 ug/l, HN-36l- 2 ug/l, and HN-87s - 2 ug/l) which is 

well below the Region 3 screening criteria of 1,000 ug/l. PCE was detected at levels below the IMCL 

in three wells (HN-03s - 2 ug/l, HN-35s - 3 ug/l, and 08-08 - 2 ug/l). Benzene and chloroform were 

each detected in a single well at estimated concentrations at or below the detection limit. Benzene 

was detected at 0.9 ug/l in well HN-361 and chloroform was detected at 1 ug/l in DG-19. This low- 

level benzene detection, along with the lack of benzene detections in previous well sampling events, 

indicates that the 1995 benzene levels were an isolated occurrence and may be an anomaly. 

No semi-volatileor pesticide/PCBcontaminationwas detected in any well within Area B. 

Ten samples were analyzed for total metals and only one sample was analyzed for dissolved metals. 

Maximum site detections for samples from wells within Area B were compared to upgradient levels 

and Region 3 health-based bench marks (see Section 6 for details). This comparison indicated that 

barium and manganese levels in Area B groundwater may be elevated. Analytical results for barium 

and manganese are shown on Figure 4-7. As indicated above, these results are for total metals and 

may be effected the presence of suspended solids in the well samples. Similar levels were found in 

unfiltered samples during the previous investigations but filtered or dissolved metals concentrations 

were found to be significantly lower (see 4.1 and 4.2). Metals results for individual wells have not 

shown a strong consistency of results. HN-01 S, the Area B upgardient well, has shown manganese 

levels ranging from 21.4 ug/l (July 1998) to 1,680 ug/l (1992). Dissolved manganese analysis during 

this same 1992 sampling event for HNOIS detected only 8 ug/l. Metals concentrations in the wells 

appears to be related to suspended particleswhich can be related to sampling techniques. 

Table 4-l presents the occurrence and distribution statistics for compounds and elements identified 

in the 1998 Area B groundwater sampling round. The table provides a listing of all substances 

Figure 4-6 identified, the frequency and range of detection, the mean concentration, and the location 

of the maximum result. Because this data set is the most complete and recent set of analytical 

results for Area B groundwater, this data is used for assessing potential risks associated with Area B 

groundwaterin Section 6 of this report. 
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REMEDIAL INVESTIGATION REP&T FOR AREA 6 GROUNDWATER 
OCCURANCE AND DISTRIBUTION OF ANALYTICAL RESULTS 

1998 COMPREHENIVE SAMPLING ROUND 

I Cobalt \ 0.44 - 10.7 1.3 1 W-HN-649DUP 

Iron 1 ?I11 I 23.5 L - 696 1 223 1 W-HN-67s 

- Lead I Ml 2.1 - 16.6 I 3.51 I W-HN67S 

Magnesium 

Manganese 

Nickel 

Potassium 

Selenium 

ll/ll 

6111 

0111 

10111 

l/l1 

1460 - 24600 11500 W-HN640-DUP 

5.6 - 132Q 216 W-HN-640~DUP 

0.6 - 9.2 2.68 W-HN640-DUP 

799 J - 2660 1310 W-HN-39X 

1.6J - 1.6 J 1.05 W-HN-640~DUP 

Sodium 11111 6300 - 32300 13700- W-HN-39X 

1,2-Dichloroethene (cis) 5153 1 - 5 0.67 W-HN640-DUP 

Benzene 1153 0.9 J - 0.9 J 0.506 W-HN-3611 

Carbon Disulfide 5153 2 - 3 0.66 W-HN-35D 

Chloroform 1153 1 - 1 0.509 W-DG-19 

Tetrachloroethene 3153 2 - 3 0.604 W-HN35S 

Ttichlomethene 7153 1 - 7 0.656 W.HN-OJS 

Notes: 
NA = Not Applicable. 

Units are ugiL. 

Number of samples may very based on the number of usable results, Rejected or blank-qualified results were not considered valid samples. Duplicates are consolidated into one result. 

Mean of all data indudes positive detections and non-detected results. Detectton limits are divided by two for nondetected results. 

Frequency of detection refers to number of times substance was detected among all samples versus total number of samples (minus number of unusable results). 



4.5 PERIMETER MONITORING SAMPLING RESULTS 

Twelve rounds of perimeter well sampling were conducted in Area B during the period from 

September 1994 through June 1999. Perimeter well clusters HN-10, HN-38 and HN-40 were 

sampled during most rounds and additional perimeter well cluster HN-39 was sampled during 

several rounds. Analytical results for the perimeter monitoring program are presented in the 

Summary Report for the Twelfth Round of Perimeter Monitoring (TtNUS, 1999). No VOC 

contamination above any MCL was detected in these wells during that 15 year period. 

TCE was not detected in any of the twelve rounds of sampling at well cluster HN-10. It was 

detected on a sporadic intermittent bases in 5 samples from well cluster HN-38 at estimated 

concentrations ranging from 0.6 ug/l to 0.8 ug/l. TCE was detected at 1 ug/l in one sample 

collected in 1994 from well cluster HN-40. It has not been detected in this well cluster since that 

time. Well cluster HN-39 has been sampled five times during the twelve year perimeter 

monitoring program and TCE has not been detected in any of those sampling rounds. 

Several wells at Area B interior locations HN-36, HN-37, HN-64, and DG-19 were sampled on one 

or more occasion. These wells have not been sampled on regular bases as part of the perimeter 

monitoring program. The analytical results from this periodic sampling are discussed in the 

.-. 

following section addressing contaminant trends for specific Area B wells. 

4.6 CONTAMINANT TRENDS OVER TIME 

TCE is the major contaminant of interest for Area B groundwater. TCE is the only contaminant that 

consistently was found at concentrations above MCLs throughout the 17 years of groundwater 

investigations. MCL exceedances have largely been limited to low-level detections within the 

shallow groundwater (HN03S/DG-20, HN36S/DG-18, and HN37S/DG25). TCE contamination does 

not appear to have migrated at significant levels beyond these wells and the TCE concentration 

appears to be stable or decreasing over time. Table 4-2 presents historical TCE concentrations for 

the three wells that have repeatedly contained TCE concentrationsin excess of the MCL. Data from 

these three wells was used in projecting the TCB plume in 1993. 

TCE concentrations in HN36S, which historically contained the highest levels reported for Area B 

groundwater, have decreased over time. The levels in downgradient wells appear to be either 
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TABLE 4-2 

REMEDIAL INVESTIGATION FOR AREA B GROUNDWATER 
HISTORICAL TCE CONCENTRATIONS IN MONITORING WELLS 

HN03S/DG20, HN36S/GD-18, AND HN37S/DG-25 

HN03S/DG-20 
Date 1990 1992 1994 1998 1999 

TCE us/l 6 8 7 7 8.4 

HN36SIDG-18 
Date 1990 1992 1994 1995 1998 

TCE ug/l. 8 13 12 12 ND 

HN37S/DG-25 
Date 1990 1992 1994 1997 1998 

TCE ug/l ND 6 4 4 1 

Bolded results exceed the MCL for TCE (5 ug/l). 
ND - not detected in analysis. 
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remaining constant or also decreasing. Concentrations in HN03S, located downgradient and 

within the plume area projected in 1993, have remained slightly over the MCL. A decreasing trend 

in TCE concentrations is seen in monitoring well HN37S. This well, also located downgradient of 

HN36S, contained TCE at levels slightly above the MCL in 1992 (6 ug/l) and has shown a 

consistent decrease in levels since that time. TCE concentrations in these three wells, which 

have historically been used to define the plume area, appear to be approaching or are at levels 

below the MCL. 

Other monitoring wells located within or downgradient of the projected plume area have not 

contained TCE levels above the MCL at anytime. Concentrations of TCE detected in these wells 

indicate that contamination noted in 1993 within Area B has not migrated and that a concentrated 

source of TCE within Area B groundwater is not likely to exist. Table 4-3 presents TCE 

concentrations over time for monitoring wells located within or downgradient of the historical area 

of concern. 

Monitoring well HN02S, located between HN36S and HN03S and upgradient of HN37S, has 

shown only trace levels (estimated concentrations of 1 ug/l to 3 ug/l) of TCE between 1990 and 

1998. The most recent sampling did not detect TCE in this well. TCE concentrations in DG-19, 

projected to be within the TCE plume area in 1993, have remained at concentrations below the 

MCL and close to the detection limit (estimated concentration of 2 ug/l to 4 ug/l). Monitoring wells 

HN38S and HN39S, both located at the downgradient edge of the are of concern, have never 

contained TCE concentrations above the analytical quantitation limit of 1 ug/l. 

Well cluster HN64 was installed immediately within and/or downgradient of the suspected TCE 

source area in 1996. The well location was selected based on the projected TCE plume identified 

in the 1993 interim ROD and based on the detection of low levels of VOCs in the soil and soil gas 

during the Phase III RI (RI report for OU-7, TtNUS 1999). It should be noted that in 1997, the 

Navy conducted a removal action of the suspected source area immediately upgradient of well 

cluster HN64. The removal action consisted of the excavation and offsite disposal of soils down 

to bedrock. TCE concentrations in the shallow well (HN64S) have consistently been below the 

MCL. The intermediate depth well at this location (HN641) has consistently contained TCE levels 

at or below the analytical quantitation limit. Concentrations have ranged from 0.6 ug/l to 1.6 ug/l 

(TtNUS1999). 

As indicated in earlier sections, TCE contamination has largely been limited to the shallow 

bedrock. Intermediate depth wells have not shown TCE contamination related to the levels 
-. 
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TABLE 4-3 

REMEDIAL INVESTIGATION FOR AREA B GROUNDWATER 
HISTORICAL TCE CONCENTRATIONS IN MONITORING WELLS 

WITHIN AND DOWNGRADIENT OF AREA OF CONCERN 

HN02SIDG-21 
Date 1990 1992 1994 1995 1998 

TCE ug/l IJ 1 3 IJ ND 

DG-19 
Date 1990 1992 1994 1998 1999 

TCE ug/l 2J 4 4 2 3 

HN38S/MW-05 
Date 9192 2194 12194 4195 7195 9195 II96 3i97 9197 6198 12/98 

TCEug/l ND ND ND ND 0.7J ND ND 0.6J 0.8J ND 0.7J 

HN39SIMW-06 
Date 6192 9192 2194 12194 4195 7195 

ICE ug/l ND ND ND ND ND ND 

HN64S 
Date 1996 1997 1998 1999 

TCE ug/l 2.8 5 ND 3.8 

J - Indicates estimated concentration at or below detection limit. 
ND - not detected in analysis. 
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identified in the shallow bedrock zone. Intermediate depth bedrock wells in the same well clusters 

that contained TCE at levels that lead to the interim remedial action have not contained TCE at 

levels of concern. Monitoring wells HN3611 and HN3612 did not contain any TCE when they were 

sampled in 1995 and 1998. TCE was detected at an estimated concentration of 2 ug/l in HN02l in 

1994 and 1995 but was not detected in 1998. Similarly, HN03l contained 3 ug/l of TCE in 1994 

but none was detected during the 1998 sampling of this well. Downgradient well HN38l was 

sampled eleven times from 1994 to 1999. TCE was not detected in any of these sampling rounds 

(TtNUS 1999). 

During the most recent comprehensive round of groundwater sampling conducted in Area B, TCE 

levels in excess of the MCL were identified in only one well, HN03S at 7 ugll. As indicated above, 

TCE levels and the area of contamination appeared to be stable in 1993. Data collected since that 

time indicates that the concentration and extent of TCE has decreased and TCE has not migrated 

from the original area of concern. In addition, the data indicates that the overall concentration of 

TCE in Area B groundwater is at low-levels at or below the MCL. The current data indicates that a 

TCE contaminant plume does not exist within Area B. 
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5.0 CONTAMINANT FATE AND TRANSPORT 

The fate of chemicals in the environment is determined by observable physical, chemical, and biological 

factors. However, observing the transformation of chemical contamination in the environment is often 

difficult, if not impossible, due to the inaccessibility, heterogeneity, or sheer size of the reaction site. 

Chemical and biologically-mediated transformation processes in any environmental matrix are controlled by 

factors such as availability of dissolved oxygen, light intensity, temperature, media surface bonding effects, 

pH, and a host of other location-specific conditions. The role that physical properties, such as specific 

gravity, solubility, and vapor pressure, play in determining what processes take place for a particular 

chemical is often variable and can vary considerably from location to location (due to the heterogeneous 

conditions), even within the same contaminant regime. 

This section of the report provides a summary of the physical and chemical transport properties for the 

chemicals detected in Area B groundwater at NAWC Warminster. No distinction of location or magnitude of 

chemicals will be made in this section. The information presented in the second subsection will1 discuss 

chemical persistence and transport phenomena for the general classes of compounds detected in the 

groundwater at Area B. Finally, the last section will address probable contaminant migration routes and 

qualitatively identify the likely routes of human exposure. 

5.1 PHYSICAL AND CHEMICAL PROPERTIES 

Various physical and chemical properties of the detected chemicals are presented and discussed in this 

section. These properties are used to estimate the environmental behavior of site chemicals. Typical 

values for specific gravity, vapor pressure, solubility, octanol/water partition coefficient (K,,,,,), organic carbon 

partition coefficient (K& soil-water partitioning coefficient, and Henry’s Law constant are presented from 

scientific literature sources. Calculated values for these properties are presented if scientific literature 

values are not available. A discussion of the environmental significance of each of these parameters 

follows. 

A summary of the physical and chemical transport properties for positively detected organic chemicals is 

provided in Table 5-I. Partitioning coefficient ranges for detected metals are presented in Table 5-2. These 

data are used to evaluate chemical migration and assess exposures in the risk assessment 
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TABLE 5-l 

SUMMARY OF PHYSICAL AND CHEMICAL PROPERTIES FOR DETECTED ORGANIC CHEMICALS 
AREA B GROUNDWATER 

NAWC WARMINSTEk, PENNSYLVANlA 

Chemical 

Chloroform 

Molecular Specific Solubility Vapor Henry’s Law 
Weight Gravity OwW Pressure Constant 
(NW (mmHg) (atmUmol) 

50.49 0.92 6.4x1 O3 3.8x103 8.8xKs3 

Carbon disulfide 

cis-I ,P-Dichloroethene 

76.13 1.26 2.9x103 3.0x1 o2 1 .9x1o-2 

96.94 1.3 8x10’ 2.0x1 0’ 4.1xm3 

1 I I I I 

Trichloroethene 131.39 1.5 1.1x103 7.7x1 0’ 1 .2x1o-2 

Tetrachloroethene 165.83 1.6 1 .5x102 19x10 2.7~10” 

Benzene 78.11 0.88 1.8~10~ 95x10’ 5.6x1 0” 

Loci Knu 

9.1ox10-' 

2.16~10’ 

NA 

2.53x1 0’ 

2.53~10’ 

2.13~10’ 

Bioconcentratio 

& - Octanol-Water Partitioning Coefficient 
K, - Organic Carbon Partitioning Coefficient .- 
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TABLE 5-2 

ENVIRONMENTAL FATE AND TRANSPORT PARAMETERS 
FOR SELECTED INORGANIC CHEMICALS 

AREA B GROUNDWATER 
NAWC WARMINSTER, PENNSYLVANlA 

Analyte Molecular Weight Soil/Water Distribution Bioconcentratiorn 
(g/mole) Coefficient (&) Factor(*) 

Range(‘)(L/kg) V-W) 

Aluminum 26.98 NR NA - 

Arsenic (III) 74.92 1 .O-8.3 44 - 

Barium 137.34 NR NA - 

Beryllium 9.01 NR 19 - 

Cadmium 112.40 1.3-27 64 - 

Chromium (Ill) 51.99 470-l 50,000 16 - 

Chromium (VI) 51.99 1.2-I ,800 16 - 

Copper 63.54 I .4-333 36 - 

Lead 207.19 4.5-7,640 NA - 

Manganese 54.94 0.2-l 0,000 NA - 

Nickel 58.71 NR 47 - 

- 
NA Not available. 
NR Not reported. 
& Distribution Coefficient 
9 gram 

8 
kilogram 
Dragun, 1988. 

(2) U.S. EPA, 1991. Draft Guidance on BCFs, Assessment and Control of 
Bioconcentratable Contaminants in Surface Water, Office of Water. 
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5.1 .I Specific Gravity 

Specific gravity is the ratio of the weight of a given volume of pure liquid chemical, at a specified 

temperature, to the weight of the same volume of water at the same temperature. Specific gravity is used to 

determine whether a chemical will have a tendency to float or sink in water if it is present as a pure 

compound or at very high concentrations. Chemicals with a specific gravity less than 1 tend to float, 

whereas chemicals with a specific gravity greater than 1 tend to sink. At NAWC Warminster Area B, 

benzene and chloroform have specific gravities less than 1. 

5.1.2 Vapor Pressure 

Vapor pressure provides an indication of the rate at which a chemical volatilizes from both soil and water. It 

is of primary significance at environmental interfaces, such as surface soil/air and surface water/air. 

Volatilization is not as important when evaluating contaminated groundwater. Chemicals with high vapor 

pressures (e.g., volatile organic compounds) are expected to enter the atmosphere more readily than 

chemicals with low vapor pressures. _-.. 

5.1.3 Solubilitv 

The rate at which a chemical is leached from a waste deposit by infiltrating precipitation is directly 

proportional to its solubility in water. Several of the volatile organic compounds detected at Area B have 

relatively high water solubility’s (e.g., chloroform, and benzene). 

Organic chemicals detected in groundwater at concentrations that exceed one percent of their solubility are 

considered to have the potential to be present as a non-aqueous phase liquid (NAPL). None of the organic 

chemical positive detections in Area B groundwater were at concentrations of 1 percent or higher of their 

respective solubility limits. 

The solubility of inorganic chemicals is strongly influenced by their electronic valence (ionic state) and the 

form they take in combination with other chemicals (e.g., ‘hydroxides, oxides, carbonates, etc.). The 

solubility is also strongly dependent on pH, Eh, and the presence of other ionic species in solution (the 

Debye-Htickel theory). Solubility products reported in the literature vary with the type of complex formed. 
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5.1.4 Octanol-Water Partitioning Coefficient fL] - 

The octanol/water coefficient is a measure of the equilibrium partitioning of chemicals between the pure 

organic chemical octanol, and pure water. A linear relationship between the & and the uptake of 

chemicals by fatty tissues of animal and human receptors (the bioconcentration factor) has been determined 

(Lyman et al., 1990). The I+&,, is useful in characterizing the sorption of compounds by organic soils where 

experimental values are not available. Relatively simple organic chemical molecules have low & values. 

5.1.5 Organic Carbon Partitioning Coefficient (K& 

,-. 

The soil/sediment partition (organic carbon partition) coefficient indicates the tendency of a chemical to bind 

to soil particles containing organic carbon. Chemicals with high Q generally have low water solubilities 

and vice versa. This parameter may be used to infer the relative rates at which more mobile chemlicals are 

transported in groundwater. Complex organic chemicals are often relatively immobile and are preferentially 

bound to the soil phase. Complex organic chemical compounds are generally not subject to rapid 

groundwater transport. However, immobile chemicals adhered to soil are easily transported by erosional 

processes when they are present in surface soils. 

5.1.6 Distribution Coefficient (K,& 

The soil-water partitioning (distribution) coefficient is a measure of the equilibrium distribution of a chemical 

or ion in soil/water systems. The distribution of organic chemicals is a function of both the & and the 

amount of organic carbon in the soil. 

5.1.7 Henry’s Law Constant [H) 

Both vapor pressure and water solubility are of use in determining volatilization rates from surface water 

bodies and groundwater. The ratio of these two parameters (the Henry’s Law constant) is used to calculate 

the equilibrium contaminant concentrations in the vapor versus the liquid phases for dilute solutions. In 

general, chemicals with a Henry’s Law constant less than 5e-6 atm-m3/mole should volatilize very little and 

be present only in minute amounts in the atmosphere or in soil gas. Henry’s Law constants are used to 

calculate the equilibrium soil gas vapor concentration for volatile organic compounds. 
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5.1.8 Bioconcentration Factor (BCF) 

The Bioconcentration Factor (BCF) provides a measure of the accumulation tendency for chemicals in 

biological and ecological systems. BCFs represent the ratio of aquatic animal tissue concentration to the 

water concentration of a chemical. The ratio is both contaminant- and species-specific. When site-specific 

values are not measured, literature values are used or, the BCF is derived from the octanol/water partition 

coefficient. All of the chemicals detected during the RI are bioaccumulative to some extent. 

5.1.9 Summary 

Tables 5-I and 5-2 present a summary of the fate and transport data that are used in discussions of the 

contaminant fate and transport, and in the baseline risk assessment sections. 

5.2 CONTAMINANT PERSISTENCE 

The persistence of the classes of organic contaminants is discussed in this section. The text addresses 

general classes of the detected chemicals because the fate of chemicals in the environment is usually 

similar for chemicals within a particular chemical family. 

52.1 Chlorinated Aliphatics 

Research shows that aerobic bacteria predominantly degrade organic compounds containing zero, one, or 

two halogens, whereas anaerobic bacteria predominate when more halogens are present. As a result, 

highly chlorinated aliphatic hydrocarbons, such as tetrachloroethene, are subject to reductive 

dehalogenation via the action of anaerobic bacteria. It does not appear that appreciable degradation of 

highly halogenated aliphatics occurs in aerobic aquatic systems or unsaturated soils (Lyman et al., 1990). 

The transformation pathways for chlorinated aliphatic hydrocarbons in soil systems have been documented 

by Dragun et al. (1988). Tetrachloroethene and trichloroethene are transformed via reductive dechlorination 

to 1 ,ldichloroethene and 1,2-dichloroethene isomers. The terminal product of the transformation series is 

vinyl chloride, the chlorinated ethene with highest toxicity. 
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5.2.3 Monocvclic Aromatic Hvdrocarbons 

Monocyclic aromatic compounds, such as benzene, toluene, ethylbenzene, and xylenes, are not considered 

to be persistent environmental contaminants in comparison to PAHs, phthalate esters, and metals. 

Monocyclic aromatics are subject to degradation in both soil and water via the action of microorganisms. 

The biodegradation of these compounds in the soil matrix is dependent on the abundance of microflora, 

macronutrient availability, soil reaction (pH), temperature, oxygen, etc. 

Although these compounds are amenable to microbial degradation, the rate of degradation cannot be 

predicted without information of the availability of nutrients and the type of bacteria present. If these 

.contaminants discharge to a surface water body, volatilization and biodegradation may occur relatively 

rapidly. For example, a reported first-order biodegradation rate constant for benzene is 0.11 day-’ in aquatic 

systems (Lyman et al., 1990). This corresponds to an aquatic half-life of approximately 6 days. Other 

monocyclic aromatics are subject to similar degradation processes in aquatic environmen& (EPA, 

December 1982). 

Additional degradation processes, such as hydrolysis and photolysis, are considered to be insignificant fate 

mechanisms for monocyclic aromatics (EPA, December 1982). However, some monocyclic aromatic 

compounds, such as benzene and toluene, have been shown to undergo clay-, mineral-, and soil-catalyzed 

oxidation (Dragun, 1988). 

5.2.4 Metals 

The transport and fate of metals in the environment are primarily controlled by sorption to soil/sediment 

material. The metal-organic relationships, both in soil and water, increase in importance as the organic 

carbon. content increases. Some metals, such as arsenic, are extremely soluble and mobile in the 

environment. Many other metals, such as nickel, selenium, zinc, and copper, have an affinity for hydrous 

iron and manganese oxides, as well as for organic materials, and are therefore preferentially adsorbed to 

soil. The mobility of most metals increases as the soil pH decreases. 
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5.3 CONTAMINANT MIGRATION ROUTES 

Based on the positively detected chemicals and associated analytical results for Area B, general statements 

can be made with respect to contaminant fate and transport and the possible exposure endpoints. 

Groundwater chemical contaminants can migrate from the original source of the release. The most 

common transport mechanism is water infiltration through a contaminated zone, where partitioning from 

solid to aqueous phase can occur. The potential amount of chemical dissolving into infiltrating water is 

j determined by a number of factors, including residence time, solubility, partitioning factor, and pH of the 

water. The dissolved chemicals continue downward migration and are able to interact with stationary (soil) 

particles in the saturated and/or unsaturated zones. 

After percolation through the capillary zone, dissolved contaminants are then able to enter groundwater, 

where transport can occur in bulk (advection). The chemical concentrations in groundwater increase 

significantly shortly after initial groundwater impact to a maximum level. The longer-term effects at the 

source are a gradual decrease in the concentrations over time as chemical removal from the source area 

occurs. Short-term variations in release rate and impact to groundwater can occur, but long-term trends of 

decreased levels are usually observed. Chemical diffusion and dispersion throughout the groundwater flow 

regime occurs as the groundwater flows. 

As materials are transported by the groundwater, a number of processes can reduce the concentration of 

the chemicals. Diffusion and attenuation effects are nontransformational mechanisms that result in a direct 

decrease in chemical concentration. Chemical and biological reactions with dissolved chemicals can also 

result in decreases in chemical concentration. Products of chemical transformation may have significantly 

different chemical, transport, and toxicological properties from the parent compounds. 

Groundwater chemical contamination can vary over periods of time as climatic and meteorological 

conditions change. Also, as materials from the release (source) area are depleted, lower concentrations of 

contaminant are released into the groundwater. Eventually, the source area impacts to groundwater cease, 

and residual chemicals are subjected to dilution and to degradation via natural mechanisms. 

Potential exposure endpoints for Area B groundwater include downgradient residential, municipal, and 

commercial water supply wells. 
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6.0 HUMAN HEALTH RISK ASSESSMENT 
Y--- 

This section provides a description of the risk assessment methods employed for Warminster Area B, as 

well as a summary of the risk assessment results. The general objectives of the risk assessment were to 

estimate the actual or potential risks to human health resulting from the presence of contamination in 

groundwater. 

6.1 INTRODUCTION 

The specific objectives of the risk assessment were as follows: 

l To estimate the actual or potential risks to human health resulting from the presence of contaimination 

in groundwater. 

l To provide a basis for attainment of concentrations that are protective of potential human receptors 

under residential exposure scenarios. 

l To determine the need for remedial measures (if applicable) for these media. 

m 

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

(I) contaminants with toxic characteristics must be found in environmental media and must be [released 

by either natural processes or by human action; (2) potential exposure points must exist either at the 

source or via migration pathways if exposure occurs at a remote location other than the source; and (3) 

human or environmental receptors must be present at the point of exposure. Risk is a function of both 

toxicity and exposure; without any one of the three factors listed above, there is no risk. 

In order to estimate the potential for human health risk attributable to groundwater, information regarding 

the toxicity of the compounds detected in the various media, the distribution of contamination, potential 

migration pathways, and a site-specific estimate of chemical intake via assumed exposure routes were 

combined. The risk assessment processes were performed in accordance with current EPA risk 

assessment guidance. 

The baseline risk assessment (BLRA) for Warminster Area B groundwater consists of five sections: Data 

Evaluation, Exposure Assessment, Toxicity Assessment, Risk Characterization, and Uncertainty Analysis. 

Each section is briefly discussed below. 

P- Data Evaluation (Section 6.1) is primarily concerned with data quality assessment, identification of 

chemicals of potential concern (COPCs), distributional analysis of the data, and calculation of exposure 
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point concentrations. The media/area-specific data are analyzed and COPCs are selected that are 

representative of the type expected for potential human health exposure. Distributional analysis of the 

data is the basis for calculating an exposure point concentration, which provides the chemical input into 

-- 

each of the exposure pathways. 

Exposure Assessment (Section 6.2) identifies potential human health exposure, including a 

characterization of the site setting, selection of potential receptors, selection of exposure routes by 

medium, a presentation of a site-conceptual model, derivation of exposure estimates for each pathway, 

and a special explanation of the blood-lead modeling. This section identifies potential pathways of COPC 

migration, selected potential receptors, and the estimated intakes of COPCs for the identified receptors. 

Toxicitv Assessment (Section 6.3) presents available reference doses, cancer slope factors, EPA weight 

of evidence and adjustment of the dose-response parameters. Quantitative toxicity indices, where 

available, are presented in this section, including any applicable regulatory standards and criteria. 

Risk Characterization (Section 6.4) presents the approaches for determining carcinogenic risks, 

noncarcinogenic risks, and lead risks. The risk characterization evaluates the potential for adverse health 

effects from exposure to COPC concentrations in environmental media by integrating information 

developed during the toxicity and exposure assessments. 
_.- 

Uncertain& Analysis (Section 6.5) is a discussion of the general and site-specific uncertainties associated 

with the BLRA. 

6.2 DATA EVALUATION 

This section presents the approaches for data quality assessment, identification of contaminants of 

potential concern (COPCs), background comparison tests, distributional analysis of the data, and 

exposure point concentrations. Groundwater is the only environmental medium considered in this risk 

assessment for Warminster Area B. 

6.2.1 Data Quality Assessment 

Data quality is assessed using a data usability spreadsheet (Appendix E, Part 1) that summarizes 

important data quality issues and potential impacts on the quantitative BLRA. Data usability issues are 

summarized below and consist of impacts from rejected data, blank-affected results that were treated as 

non-detects, and the comparison of detection limits to risk-based screening values: 
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l Rejected results occurred for acetone, 2-butanone, and 2-hexanone. Omission of thlese data 

points are not expected to impact the risk assessment because previous rounds of groundwater 

sampling in Area B have not revealed these substances to be present at levels significant from a 

risk-based screening perspective. 

l The treatment of blank-affected results as non-detects is also not expected to impact the risk 

assessment. This is because the maximum positive sample result was much greater than the 

maximum blank-affected result for substances that were confidently detected and, in other cases, 

the maximum blank-affected result was normally of a magnitude less than risk-based screening 

levels. For arsenic, this was not strictly true, but this substance was only confidently detected in 

one sample and blank-qualified in one other sample, and it was eliminated as a COPC because it 

was not present at concentrations above background. 

w The comparison of detection limits to risk-based screening levels did not reveal problems with 

data usability. In general, detection limits were below Region 3 EPA risk based screening 

concentrations (RBCs - EPA, 1999a) except in’ a handful of cases where the analytical 

methodology h’as method quantitation limits above the RBC and no or very few positives occurred 

for the substance of concern. In particular, arsenic has a detection limit of 2.1 ug/L, which is 

above the RBC of 0.045 ug/L. Also, certain carcinogenic semivolatile compounds, such as 

benzo(a)pyrene, have detection limits of IO ug/L, which is above the RBC. However, only three 

semivolatile samples were collected for the comprehensive sampling round used in the data set 

and historical sampling of Area B groundwater has shown that semivolatiles are generally not 

prevalent in groundwater. 

6.2.2 Special Note Concerninfl Filtered Groundwater Samples 

Most monitoring well samples were collected using low-flow pumps to minimize the occurrence of 

suspended solids associated with conventional purging’ and sampling techniques (see section 21.3). A 

filtered sample was collected from monitoring well W-HN-38X, according to the decision criteria and 

procedures described in the work plan. Metals data for the filtered and unfiltered aliquots were compared 

using EPA technical guidance to pick the most representative data to use for risk assessment. Elevated 

aluminum, iron, and manganese levels in the unfiltered sample relative to the filtered sample were 

considered evidence that filtered results are more representative of dissolved groundwater conditions and 

were the basis for the decision to select the filtered metals data from well W-HN-38X for use in the risk 

assessment. For other wells, only unfiltered results were available for use in the risk assessment. 
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6.2.3 Identification of COPCs 

The selection of contaminants of potential concern (COP&) was based on chemical-specific 

concentrations, comparison to background for metals, occurrence, distribution, and toxicity. COPC 

selection was based on comparing the maximum detected concentration for each substance to the 

applicable risk based screening criterion, consisting of the EPA Region 3 residential tap water RBC 

screening criteria &et at cancer risk levels of 1 x 10s6 and Hazard Quotients of 0.1. Substances that are 

degradation products of COPCs were also retained and metals were eliminated from consideration if 

concentrations were not above background, based on statistical tests. Data presentation tables showing 

the occurrence and distribution of inorganic and/or organic constituents detected in groundwater were 

presented in Section 4. Results of selection of COPCs for Warminster Area B groundwater are presented 

in Table 6-l (RAGS D Table 2). 

6.2.3.1 Background Comparison Tests 

To determine if results of samples for metals were elevated relative to background sample results, an 

array of statistical tests were performed in accordance with current Navy and EPA guidance (U.S. Navy, 

1999, 1998; U.S. EPA, 7989b, 1992b, 1996c). The name of each test, the statistical question answered 

by the test, the assumptions required to run the test, and the criterion used by’each test to judge whether 

site data are greater than background are delineated in the headings and footnotes to the background 

comparison presented in Table 6-2. These statistical procedures include three quantitative tests that look 

for overall differences between the entire populations of site and background data values; four 

quantitative tests that essentially look for hot spots; and two qualitative tests that examine only the 

frequency of detection (proportion of detected versus non-detected values in site versus background) but 

not the magnitude of values. 

Each statistical test was run using a decision-making probability level (P-level) of 0.05, which means that, 

in situations where the test conclusion states that site-related results are greater than background, the 

chance of the test yielding a false conclusion caused by random variations in the data set is five percent 

or less. The overall conclusion (whether site results are greater than background) was assumed to be 

“yes” if any one of the quantitative tests concluded that site data are elevated above background. If no 

conclusion could be reached for any of the quantitative tests (e.g., if the assumptions necessary to run 

each of the various tests were not valid), then the overall decision was based on the conclusions of the 

qualitative tests alone. Further information regarding each statistical test is presented below: 

UDOCUMENTSINAWl7606I13660/SEC6 6-4 



TABLE 51 (RAGS D TABLE 2) 
OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

WARMINSTER AREA B GROUNDWATER 

(1) (1) 
CAS Chemical Minimum Mlnimum Maximum Detection Range of Concentration Background 

Number Concentration Qualifier Concantration :: U”ik ;izin Frequency Da@%; or=-. 

r429-90-5 Aluminum 340 K 502 w- W-HN-87s 4111 13-209 502 588OCO N 3700 N - MCL N BKG 

7440-38-2 Arsenic 2.4 2.4 Ug/L W-DG-19 1111 2.1-2.6 2.4 N/A N 0.045 c 50 MCL N BKG 

7440-39-3 Barium 4.6 591 uglL W-HN-641 11111 N/A 591 345 Y 260 N 7.004 MCL Y ASL 

7440-41-7 Beryllium 0.21 0.21 ug/L W-HN39X I/II 0.2-0.2 0.21 N/A N 7.3 N 4 MCL N BKG 

7440-43-9 Cadmium 0.55 0.55 w. W-HN-67S l/II 0.3-0.3 0.55 N/A N 1.8 N 5 MCL N BKG 

7440-70-2 Calcium 3750 78200 UslL W-HN-641 11111 N/A 78200 27300 Y MCL N NUT 

7440-47-3 Chromium 1 6.7 ug(L W-HNB40-DUP 1OllI 0.8-0.8 6.7 N/A NA 11 N 100. MCL N BKG 

7440-48-l Cobalt 0.44 10.7, ugiL W-HNS40-DUP 5111 0.4-0.4 10.7 N/A N 220 N - MCL N BKG 

7439896 Iron 23.5 L 696 ug/L W-HN-67S 7111 12.5-93.3 696 8680 N 1100 N - MCL N BKG 

7439-92-l Lead 2.1 16.6 ug/L W-HN57S 5111 1.7-1.7 16.6 76.9 N 15 c 15 MCL N BKG 

7439-954 Magnesium 1460 246OtI ug/L W-HN-640~DUP II/11 N/A 24600 21OaY Y MCL N NUT 

7439-95-5 Manganese 5.6 1320 ug/L W-HN-640~DUP 011 I l-2.9 1320 725 Y 73N - MCL Y ASL 

7440-02-O Nickel 0.8 9.2 ugR W-HNS40-DUP 0lll 1.6-2.3 9.2 N/A NA 73 N 100 MCL N BKG 

7440-09-7 Potassium 799 J 2660 uglL W-HN-39X 10111 708-708 2660 3540 N MCL N NUT 

7762-49-2 Selenium 1.6 J 1.6 ‘J uglL W-HN+lO-DUP 1111 1.6-2.2 I.6 NIA N 18N 50 MCL N BKG 

7440-23-5 Sodium 6300 32300 ug/L W-HN39X 11111 N/A 32300 18200 Y MCL N NUT 

156-59-l 1.2-Dichloroethene (ci i 1 5 ug!L W-HN-640-DUP 5153 14 5 N/A NA 6.1 N 70 MCL Y DEG 

71-43-2 Benzene 0.9 J 0.9 J u@L W-HN-3611 l/53 1-l 0.9 N/A NA 0.36 C 5 MCL Y ASL 

75-15-O Carbon DisuKide 2 3 ug/L W-HN-350 5153 I-I 3 N/A NA 100N - MCL N BSL 

67-65-3 Chloroform 1 1 4 W-DG-19 1153 l-l 1 N/A NA 0.15 c loo MCL Y ASL 

127-164 Tetrachloroethene 2 3 t&i/L W-HN35S 3153 l-l 3 N/A NA 1.1 c 5 MCL Y ASL 

79-01-6 Trichloroethene 1 7 ug/L W-HN-OBS 7153 I-5 7 N/A NA 1.6 C 5 MCL Y ASL 

(1) Minimum/maximum detected concentration. 

(2) N/A - Refer to supporting infom-ration for background discussion. 

Background values derived from statistical analysis, Follow Regional guidance and provide supporting information. 

(3) Pmvide reference for screening toxicity valus. 

(4) Rationale Codes Selection Reason: Infrequent Detection but Associated Historically (HIST) 

Frequent Detection (FD) 

Deletion Reason: 

Toxicity Information Available (TX) 

Above Screening Levels (ASL) 

Infrequent Detection (IFD) 

Background Levels (BKG) 

NO Toxicity lnfonnation (NTX) 

Essential Nutrient (NUT) 

Below Screening Level (BSL) 

N/A = Not Applicable 

SQL = Sample Quantitation Limit 

COPC = Chemical of Potential Concern 

ARAWTBC = Applicable or Relevant and Appropriate Requirement/To Be Considered 

MCL = Federal Maximum Contaminant Level 

SMCL q Secondary Maximum Contaminant Level 

J = Estimated Value 

C = Carcinogenic 

N = Non-Carcinogenic 
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Table 6-2 
Background Comparison Tests for Metals - Groundwater Area B (Shallow, Intermediate, and Deep Monitoring Wells) 

NAWC, Warminster, PA 

I Assumptions Valid: 
-I.,a*“,v--- -“m 

#ND & Pos.>=5 or use Fisher 
I 

Back. lognorrn. or nom. If not, #b>l8for Quantile Test 1 “_““” #We (s) in Top r 
-ll^<~-N~~~~~~a~~~ ,... ̂ . .“~-, -,“~“-~~,_x ,..,-- 

#>2,#b>2.>=85% Pas; both nom/log I--- -*- #s>2,#b>2, site 8 back both normal or 

2.3534 N 

2.3534 L 

2.3534 L 

2.3534 N 

K 2.3534 L 

2.3534 N 

76.9 16.8 

21000 24800 

725 1320 

9.2 

2660 

1.6 

32300 

N 0.9685 Gehan Test 

N 0.7861 Gahan Test 

223 2850 1 

2.0158 I .7959 Y nomal normal 4030 28900 7.4303 3.8852 N 

NA NA 

NA nonpar. nonpar. NA 

=I 1.0876 

Notes: Units are ug/L. 

A statistical significance level (P value) of 0.05 is used for all tests that directly compare site to background. A two-sided significance level of 0.1 is used for Bartlett’s test for equal variance. 

UTL is the expected value for the upper 95 % quantile of the background population; there is an equal chance of the population’s true 95 % quantile being either below or above this estimate. 
For each test, a YES or NO decision is presented only if all assumptions are met. The overall decision (is site > background) for each chemical appears at the left and is based on four criteria: 

(1) Overall decision is YES if any one of the UTL, Mann-WhitneylGehan, Upper Ranks Test, or T-Test is YES, regardless of other test results. 
(2) Overall decision is NO if at least one of UTL, Mann-Whitney/Gehan, Upper Ranks Test, or T-Test is NO, and none of the aforementioned tests are YES. 
(3) Overall decision is YES/NO if Z/Fisher Test is YES/NO, respectively, and other tests are NA. Z-test is treated as lowest priority since it relies on detection frequency, not magnitude of results. 
(4) Overall decision is NA if all tests are NA. (Chemicals assigned NA are still included in human health risk-based screening and/or risk assessment.) 

Abbreviations: # NDs or # Pos. Number of non-detected (ND) or positive (Pos.) results in data set, not including rejected data or blank-qualified data. 
#sor#b Number of site (s) or background (b) samples, not including rejected data or blank-qualified data. 
s=b Standard deviation of site results must not be different from the standard deviation of background results. 
P value Probability or significance level is defined as the chance of a false positive. If P <= 0.05 then test determines site > background with 95 % confidence. 

L, N, orQ UTL is based on 95 % upper limit (using t-value) when data are lognormal (L) or normal (N). Otherwise, an upper 95 % quantile (Q) is used if there are > 18 back. points. 

% ND Mann-Whitney test used if < 40% of data Non-Detected and detect. limits uniformly below the range of positive values. If not, the Gehan Test is used. 

Q Mean and standard deviations are shown of log-transformed data when distributions are of this type; ie., if an (L) code appears for the UTL test 
or if site and background distributions both match lognormal, and both T-test and Bartlett’s test are applicable. (Arithmetic mean and 
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Table 6-2 
Background Comparison Tests for Metals - Groundwater Area B (Shallow, Intermediate, and Deep Monitoring Wells) 

NAWC, Warminster, PA 

I Assumptions Valid: #ND & Pow=5 or use Fisher Back. lognorm. or norm. If not, #b>lB for Quantile Test # Site (s) in Top r ~40% ND or use Gehan I #s>2,#b>2,>=85% Pos; both normflog I #s>2,#b>2, site &back both normal or both lognorm. 

r,k 

normal standard deviation are shown only for illustration in the event that these tests are NA.) 
The upper ranks test calculates the probability that k or more samples from the top r ranks of the combined site and background data set 

are comprised of site data if both populations are in fact equal. 
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l The means of the two data sets were compared if both site and background matched the same type 

of distribution (normal or lognormal). If the site and background data exhibited equal standard 

deviations (based upon Bartlett’s test for equal variances), then the student’s t-test was applied; 

otherwise, Satterthwaite’s t-test was performed to see if the site mean is greater than the background 

mean. The t-test is valid only if at least 85 percent of site data and 85 percent of background data are 

positive detects, there are at least three sampling points in each data set, and the pooled standard 

deviation is not zero. 

. Nonparametric statistical tests, which do not require underlying assumptions regarding equal data 

distributions, were also applied in each case. The Mann-Whitney U-test was used to determine 

whether the site and background data are from populations with identical medians and rank 

distributions. The Mann-Whitney test involves combining the two data sets, ranking results from 

smallest to largest, and evaluating whether the two sites have a similar distribution of data within the 

range of low to high ranks. If more than 40 percent nondetected results are present in either the site 

or the background data set or when multiple levels of detection limits are present, a different 

statistically valid test, Gehan’s test, was substituted because recent guidance (EPA, 1992b) indicates 

that the Mann- Whitney test is not valid in the aforementioned situations. (Gehan’s test is statistically 

equivalent to the Mann-Whitney Test if all results are positive.) For either of these tests to work, not 

all data points can be tied and there must be at least two background data points. The Mann-Whitney 

U test and the Gehan test statistics were computed using appropriate score adjustments for tied 

values and a normal approximation when sufficient data points were available; whereas, an exact 

computation of probabilities was used in the situations where there were very few (for example, less 

than eight) data points. 

l A 95 percent upper tolerance limit (UTL) test was applied to determine whether the maximum 

concentration detected in an area of interest was a hot spot of a magnitude exceeding 95 percent of 

the background population. The 95 percent UTL is defined as the calculated upper limit that, on the 

average, is expected to include 95 percent of the background population. If the background data 

were determined to match the shape of a normal or lognormal population, then the limit was 

calculated using the t-distribution and the appropriate normal or log-transformed mean and standard 

deviation from the background data set. For this test to be valid, the background data set was 

required to be comprised of at least 85 percent detects and at least three data points. 

l A substitute procedure for the 95 percent UTL, called the 95 percent quantile test, was employed to 

test for hot spots if the background data were not in the shape of a lognormal or a normal population. 

For the quantile test to be valid, at least 19 background data points were required, no detection limit 
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could be greater than the UTL, and at least 10 percent of the data points must be detects in the 

background data set. 

l The upper ranks test (EPA, 1992b, 1996c) is another hot spot test. This test combines the site and 

background data into one set and determines whether the major portion of a subset of the largest 

detected results is comprised chiefly of site data rather than an equal mixture of site and background. 

In this procedure, the probability is calculated that k or more samples from the largest r data points in 

the combined data set are comprised of site data, assuming that the site and background populations 

are equal. In the event that there is less than a five percent chance that this could happen if the 

populations are indeed the same, then the test concludes that there is a hot spot comprised of k 

samples from the area of interest. 

l If none of the above quantitative statistical tests yielded a definite “yes” or “no” decision, #a test of 

proportions is available to determine if the percentage of positively detected results was greater in the 

site data versus the background data. When only a very small portion of results are detected (less 

than IO percent), this test is recommended (EPA, 1996c 1989b). The test is routinely applied using 

a normal distribution approximation to the probability that site is above background but is not 

considered valid when fewer than five samples are detected in either site or background. 

l As recommended (EPA, 1996c, 199213, 1989b), quantitative statistical tests were preceded by data 

analysis to evaluate the distributional shape for both positive and nondetected data, of which quantile 

plots or tables are one recommended (and efficient) approach. This data analysis is required 

because multiple detection limits bias or invalidate the conclusions of common statistical tests. For 

each chemical in each risk group, a quantile (percentile) range evaluation was required to compare 

the number and magnitude of site and background nondetects. In particular, some of the above tests 

do not tolerate any non-detects above a certain magnitude or portion of the total. In the case of the 

Mann-Whitney test, careful quantitative evaluation was used to determine if the site and background 

populations exhibited the same distributional spread of non-detected results and whether to instead 

use the more robust Gehan test. For the Gehan test to be valid, the only requirement was that the 

method of data censoring could not be significantly different for site versus background, a condition 

that rendered somewhat unreliable the usability of background tests for combined routine and low 

detection limits mercury data comparisons due to different proportions of low detection limit data 

among the site and background populations. 

6.2.3.2 Inorganic Substances Selected as COPCs 

As shown in Table 6-1, the metals barium and manganese were the only inorganic substances detected 

at levels above RBCs and also above background concentrations. These metals were detected in the 
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majority or all groundwater samples and exhibited maximum detected concentrations and also Exposure 

Point Concentrations (EPCs) that exceeded their associated RBCs. The arithmetic mean also exceeded 

the RBC for manganese. Concentrations of barium and manganese in Area B groundwater were noted to 

be greater than background levels based on their maximum detected concentrations exceeding the 95 

percent Upper Tolerance Limits (UTL) of the background data. UTLs and background comparison 

statistics for all metals are presented in Table 6-2. 

-- 

6.2.3.3 Organic Substances Selected as COPCs 

As shown in Table 6-1, benzene and chloroform were rarely detected (in only I out of 53 samples) and 

exhibited maximum detected concentrations, EPCs, and arithmetic mean concentrations that exceeded 

their respective RBCs. Tetrachloroethene (PCE) and trichloroethene (TCE) were detected at low 

frequencies (3 out of 53 and 7 out of 53 samples, respectively) and exhibited maximum detected 

concentrations and EPCs that exceeded their respective RBCs. Background comparisons were not 

utilized in the elimination of organic COPCs because organic analytes are not naturally occurring. 1,2- 

dichloroethene was selected as a COPC because it is a degradation product of both TCE and PCE, 

although it should be noted that the maximum detected concentration was slightly below the RBC. 

6.2.4 Distributional Analysis of the Data 

This section presents the approaches taken for distributional analysis of the Warminster Area B 

groundwater analytical data. Distributional analysis of the sampling data is important in determining the 

exposure point concentration (EPC) used to quantitatively estimate risks at the site. Statistical analyses 

discussed in this section adhere to the guidance referenced in several EPA and related publications (EPA, 

1989a, 1989b, 1992b, 1992c, and 1996c). Before EPCs were estimated for each COPC, the underlying 

statistical distribution of data was determined for each COPC. The Shapiro-Wtlk W test or the Shapiro- 

Francis Test (EPA, 1992a) were performed to determine if the data set of chemical concentrations matched 

the shape of a normal or lognormal distribution. [The latter test is required if there are greater than 50 

samples (EPA, 1992a, 1996a).] Normally distributed data exhibit a characteristic “bell-shape” curve that is 

symmetrical, whereas lognormal data have a skewed shape with a longer tail at the high-concentration end. 

For each COPC, the W test was performed once using the original data and once after data were converted 

to their logarithms. A 5% level of significance was used to determine if the data deviated from either 

hypothesized distribution. If the W test indicated a normal distribution, then the estimation of the reasonable 

maximum exposure point concentration (using the upper 95th percentile confidence limit on the mean, as 

discussed in the next section) was based upon a normal distribution and standard deviation. If taking the 

natural logarithms (base e) of the data provided a better match than a normal distribution, a lognormal 

transformation of data was performed before the upper 95th percentile confidence limit on the mean 
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;“ls, 
concentrations was computed. If neither distribution matched the data set of interest, the distribution having 

the better apparent fit was selected. 

The distributional analysis results for COPCs in groundwater are shown in Appendix E (Part 2). 

6.2.5 Exposure Point Concentrations 

In this BLRA, an exposure point concentration (EPC) represents an estimated chemical concentration to 

which a receptor is assumed to be continuously exposed while in contact with an environmental medium. 

Using all of the analytical results for related samples, an EPC was calculated for each COPC identified at 

NAWC Area B. The EPC was calculated using the latest risk assessment guidance from EPA (1985, 

1989a, 1991a, 1991b, 1997a) and Gilbert (1987). 

6.251 Reasonable Maximum and Central Tendency Exposure EPCs 

Two types of EPCs are possible for use in this risk assessment\ reasonable maximum exposure (RME) 

EPCs and central tendency exposure (CTE) EPCs. RME is the exposure that is expected to represent a 

high end, but not worst case, exposure in a given media of concern. RME EPCs are selected from the 

maximum value, 95% upper confidence limit on the mean of normally distributed data (95% UCL-N), or 

the 95% upper confidence limit on log transformed data (95% UCL-T), that is, a conservative estimate of 

the mean. CTE is the exposure that is expected to represent an average exposure in a given medium of 

concern. CTE EPCs are selected from the mean of normally distributed data (Mean-N or arithmetic 

mean) or log-transformed data (Mean-T or minimum variance unbiased estimate of the mean for a 

lognormal distribution), that is, a best estimate of the mean (It should be noted that many risk assessors 

believe the UCL should be used for both RME and CTE analysis. This viewpoint considers that the 

uncertainty of the mean estimate is best reflected in the UCL, albeit the UCL is a conservative estimate of 

the average). CTE analysis not only involves a modified EPC, but also involves changes to input 

parameters for each exposure pathway. 

6.2.5.2 Treatment of Data in EPC Calculations 

Validated laboratory data were used to calculate EPCs. Estimated values (J qualified) and biased values 

(L and K qualified) were used as the reported value. Blank-contamination (B qualified) values were 

considered as non-detected results having detection limits equal to the reported value. Rejected results 

(R qualified) were eliminated from further consideration. 

For chemicals with at least one positive detection in each data set, a value of one-half the sample 

quantitation limit was assumed for non-detect (U qualified) results when calculating EPCs. 
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Duplicate samples were averaged together and considered as one result. For duplicates, where one 

result was positive and the other result was a non-detect, the problem of calculating an average result 

arises whenever half the detection limit exceeded the positive result. In these situations, the positive 

result was used to represent the non-detect. 

..- 

6.2.5.3 RME EPC Calculation 

The calculation of an RME EPC involves two steps. First, the distribution of the data was determined as 

discussed in the preceding section. Then, based on the distribution of the data, an EPC was either 

calculated or selected. 

Several important assumptions were used to evaluate the distribution of the data: 

. The distribution of a data set was determined using a Shapiro-Wilk test. 

. The distributionswere classified as lognormal, normal, or unknown. 

. If the data were not determined to be either a lognormal or normal distribution, they were 

classified as the distribution having the better apparent fit. _-. 

If the data were considered to be lognormally distributed, then the standard deviation of the log- 

transformed sample set was determined, as follows: 

where: 

s = Standard deviation of the log-transformed data 

Xi = Individual sample value (log-transformed) 

P = Arithmetic mean of the log-transformed n samples 

n = Number of samples 

The one-sided upper 95 percent confidence limit (UCL,,) was then calculated as follows: 

ucL 
LOG=e 

[ ~+OJ~‘+ed] 
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where: 

e = constant (base of the natural log, equal to 2.718) 

P = Arithmetic mean of the log-transformed data 

H = H-statistic (e.g., from table published in Gilbert, 1987) 

s, = Standard deviation of ttie log-transformed data 

n = Number of samples 

The associated RME EPC was then selected as the lesser value of the one-sided 95 percent UCL and 

the maximum positive value in the data set. 

If the data were determined to be normally distributed, then the standard deviation of the sample set was 

used to calculate the one-sided 95 percent UCL, as follows: 

First, the standard deviation of the sample set was determined: 

where: 

s = Standard deviation of the data 

Xi = ‘Individual sample value 

P = Arithmetic mean of the n samples 

n = Number of samples 

The one-sided upper 95 percent confidence limit (UCL,,,) was calculated as follows: 

0*x? UCL,,, = p + - 
Jz 

where: 

s = Standard deviation of the data 

t = One-sided t distribution factor 

P = Arithmetic mean of the n samples 
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n = Number of samples 

The associated RME EPC was then selected as the lesser value of the one-sided 95 percent UCL and 

the maximum positive value in the data set. 

For small sample sets or sample sets in which all positive results equal less than one-half the detection limit, 

the UCL can sometimes exceed the maximum detected concentration. In these cases, the maximum 

concentration was selected as the EPC. 

6.2.5.4 CTE EPC Calculation 

CTE EPCs are selected from the mean of normally distributed data (Mean-N or arithmetic mean) or log- 

transformed data (Mean-T or minimum variance unbiased estimate of the true mean). If the underlying 

distribution of the COPC is normal, the CTE EPC is selected as the arithmetic mean (Mean-N). If the 

underlying distribution of the COPC is lognormal, the CTE EPC is selected as the minimum variance 

unbiased estimate of the true mean (Mean-T). 

The minimum variance unbiased estimate of the true mean (Mean-T) is calculated using an infinite series 

according to Gilbert, 1987: 
_-. 

Mean-T = exp{uL}Yn(sy2/2) 

Where: uL = arithmetic mean of log-transformed data 

sy = standard deviation of log-transformed data 

y”(t), with t = ~,~/2, is the infinite series: 

Flu) = 1 + (n-1)ffn + (n-l)3t2/(2!n2(n+l)) + (n-l j5t3/(3!n3(n+l)(n+3)) + 

(n-l)‘t4/(4!n4(n+l)(n+3)(n+5)) + . . . 

6.2.5.5 EPCs for Area B Groundwater 

Groundwater RME and CTE EPCs are shown on Table 6-3. Barium and manganese were determined to 

be lognormally distributed, while the organic COPCs did not meet the criteria for a lognormal distribution, 

but were assumed to be lognormally distributed based on better goodness of fit than a normal distribution. 

The RME EPCs for barium and manganese were estimated as the maximum detected concentration 

because this statistic was smaller than the 95 % Upper Confidence Limit for a log-transformed distribution 

(UCL-T). The EPCs for organic COPCs were estimated as the 95 % UCL-T. CTE EPCs were estimated 

as the minimum variance unbiased estimate of the mean for a lognormal distribution (Mean-T). 
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TABLE 6-3 (RAGS D TABLE 3) 
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY 

WARMINSTER AREA 6 GROUNDWATER 

Medium: Groundwater 
Exposure Medium: Groundwater 
Exposure Point: Tap Water 

Chemical 

of 

Potential 

Concern 

1,2-Dichloroethene @is) 

hloroform 

Units Arithmetic 

Mean 

35% UCLol 

Normal 

Data 

Maximum 

Detected 

Concentration 

U9’L 146 YIY “UI 

uglL 218 67600 1320 
ug/L 0.67 0.709 5 
uglL 0.508 0.517 0.9 
uglL 0.509 0.52 1 
uglL 0.604 0.635 3 
ualL 0.858 0.905 7 

Maximum EPC 

Qualifier Units 

U9’L 
uglL 
uglL 

J ugll 
uglL 
uglL 
uglL 

Reasonable Maximum Exposure Central Tendency 

Medium 

EPC 

Medium 

EPC 

Medium 

EPC 

Medium 

EPC 

Medium 

EPC 

Medium 

EPC 

Value 
SYI 

1320 
0.709 
0.517 
0.52 

0.635 
0.905 

Statistic Rationale 

Wt >Wlg>=Wno 

Value Statistic 
1 IV Mean- 1 
220 Mean-T 

0.631 Mean-T 
0.507 Mean-T 
0.509 Mean-T 
0.58 Mean-T 

0.765 Mean-T 

Rationale 

li I t uses LQAV 

CTE uses LgAV 
CTE uses LgAV 
CTE uses LgAV 
CTE uses LgAV 
CTE uses LgAV 
CTE uses LaAV 

Statistics: Maximum Detected Value (Max); 95% UCL of Normal Data (95% UCL-N); 95% UCL of Log-transformed Data (95% UCL-T); Mean of Log-transformed Data (Mean-T); 
Mean of Normal Data (Mean-N). 
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6.3 EXPOSURE ASSESSMENT 

The exposure assessment evaluates the potential for human exposure to the chemicals detected in Area 

B Groundwater. This section presents a characterization of the exposure setting, characterizes the 

exposed populations, identifies actual or potential exposure routes, and summarizes the methods used to 

generate exposure estimates. The nature and extent of contamination upon which exposures were 

based was presented in Section 4.0. 

6.3.1 Potential Receptors 

The potential receptors chosen for Warminster Area B groundwater are presented in this section. The 

on/off-site receptors were selected based on several criteria (i.e., current and anticipated future land use, 

hypothetical future land use, accessibility to the site, and media of concern sampled) and are listed as 

follows: 

. Future Residential Child - This receptor is a child (age 1 - 6) who resides within or near Area B. 

This receptor is potentially exposed to COPCs in groundwater via ingestion of tap water and 

dermal absorption of COPCs while bathing. 

. Future Residential Adult - This receptor is an adult (24 years exposure duration) who resides ..-. 

within or near Area B. This receptor is potentially exposed to COPCs in groundwater via ingestion 

of tap water, dermal absorption of COPCs while showering, and inhalation (volatile organic 

vapors during showering). 

l Future Lifetime Resident - This receptor is a residential child (age 1 - 6) and a residential adult 

(24 years exposure duration) who resides within or near Area B. This receptor is potentially 

exposed to COPCs in groundwater via ingestion of tap water, dermal absorption of COPCs while 

bathing or showering, and inhalation (volatile organic vapors during showering - adult exposure 

duration only). [This additive residential exposure scenario is included to estimate the lifetime 

cancer risk under a residential land use scenario. The lifetime cancer risk is estimated by adding 

the cancer risk under a 24-year adult exposure to the cancer risk under a 6-year child exposure.]. 

6.3.2 Exposure Estimates 

The estimation routes, methods, and models presented in this section are consistent with current EPA 

risk assessment guidance (EPA, 1989a, 1991 b, 199613, and 1999a). The exposure scenario incorporates 

RME and CTE EPCs in the estimation of intakes. 
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Noncarcinogenic risks were estimated using the concept of an average annual exposure. The intake 

incorporates terms describing the exposure time and/or frequency that represent the number of hours per 

day and the number of days per year that exposure occurs. This is used along with the “averaging time,” 

which converts the daily exposure frequency and duration to an annual exposure by dividing by 365 days 

per year of exposure. Noncarcinogenic risks for some exposure routes were generally greater for 

children than for adults because of differences in body weight and intake. Carcinogenic risks, on the 

other hand, were estimated as an incremental lifetime risk and, therefore, incorporate terms to average 

the exposure duration (years) over the course of a lifetime (70 years). 

Exposures via incidental groundwater ingestion, dermal contact, and inhalation of volatile organic vapors 

are estimated using the following equations (EPA, 1989a; EPA, 1992e; Foster and Chrostowski, 1987): 

Ingestion: 

INTAKE INGESTION crng ’ kg) ’ day = 
cw * ~R*roundwarer * CF, * EF * ED 

BW * AT * 365 days 
/ year 

Dermal Contact: 

INTAKE,-, (mg / kg) / day = DAe~‘enf * sA * EF * ED * Ev (Adults) 
BW* AT*365days 

/ year 

I~=%Ei?mL = 
w-vent “EV*EF * n SA,*ED, 

AT * 365 dqs 
/ 

c i=m By. 
(Children, accounts for varying SA and BW) 

year 

D4?ven~ = fCe?nl *CW*CF, *CF, 

For lnorganics (Steady State Approach): 

For Organics (Non-steady State Approach): 

w?wlI = wwu “CW”Cl( *CF, 
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where fevent < t’ (for the specific organic chemical) 

Case 2: %mt = PLlt *CW*Cl(*CF2 

Kwlt = Kpw-o*g * devew$ + B)) + 2’c * ((’ + 3 ‘xl + B)> 

where fevent > t* (for the specific organic chemical) 

Inhalation of COPCs in Volatile Organic Vapors: 

INTAKE,,,,,,,, (mg 1 kg) 1 day = 
D”EF*ED 

AT * 365 days year / 

Where: 

D= 
IR,, * S 

BW*Ra*CF, *Q 

s Cwd*Fr = 
sv 

KaL = 
ICL 

where: 

AND 

AND 

AND 

AND 

Cwd = cw * (1 _ e-KaL*t~*6~d*CF,*CFI) AND 

AND 

cw 
1 &mndwater 
CFI 

CF2 

EF 
ED 
EV 
AT 
SA 
BW 
D&vent 

Concentration of contaminant in groundwater @g/L) 
Groundwater ingestion raie (L/day) 
Conversion factor (mg/l,O u$) 
Conversion factor (L/l 0 cm ) 
Exposure frequency (days/year) 
Exposure duration (years) 
Event frequency (events/day) 
Averaging time (years) 
Surface area (cm2) 
Body weight (kg) 
Dose absorbed per unit area per event [mg/(event-cm2)] 

._. 
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pcevent 
Kpw-inorg 
L vent 

K w-w 

:* 
B 
SAi 
EDi 
BWi 
D 
CF3 

Q 
IRat 
S 
Ra 
Ds 
Dt 
Cwd 
Fr 
sv 
KaL 
ts 
6/d 
-4 
CFs 
d 
KL 
J-1 
Ts 
I4 
IJS 
R 
T 
H 
kg 
kl 
kH 
kC 
MWH 
MWC 
MW 

Diffusion depth per event (cm/event) 
Permeability coefficient from water (cm/hr) 
Duration of event (hr/event) 
Permeability coefficient from water (cm/hr) 
Lag time (hr) 
Time to reach steady state (hr) 
Octanol water partition coefficient divided by 1 O4 (dimensionless) 
Surface area exposed at age i (cm2) 
Exposure duration at age i (years) 
Body weight at age i (kg) 
Inhalation dose (mg/k#shower) 
Conversion factor: IO ug x L / (mg x m3) 
Function of air exchange rate and time in shower and shower room (min) 
Inhalation rate (Umin) 
Indoor VOC generation rate (ug/m3/min) 
Rate of air exchange (min-‘) 
Duration of shower (min) 
Total time in shower room (min) 
Concentration leaving water droplet (ug/L) 
Shower flow rate (Umin) 
Shower room air volume (m3) 
Adjusted overall mass transfer coefficient (cm/hr) 
Shower droplet time (set) 
Specific inter-facial area (l/mm) 
Conversion factor (1 hr/3600 set) 
Conversion Factor (IO mm/cm) 
Shower droplet diameter (mm) 
Mass transfer coefficient (cm/hr) 
Calibration water temperature of KL (‘K) 
Shower water temperature (“K) 
Water viscosity at Tl (centipoise) 
Water viscosity at Ts (centipoise) 
Ideal gas law constant [atm-m3/( mole-OK)] 
Absolute temperature (“K) 
Henry’s Law constant (atm-m3/mole) 
Gas-film mass transfer coefficient (cm/hr) 
Liquid-film mass transfer coefficient (cm/hr) 
kg for water (cm/hr) 
kl for carbon dioxide (cm/hr) 
Molecular weight of water (g/mole) 
Molecular weight of carbon dioxide (g/mole) 
Molecularweight of the chemical (g/mole) 

A sampl’e calculation for dermal contact with groundwater is provided in Appendix E, Part 4. The input 

parameters for this exposure route, along with the rationale for the selection of each value, are presented in 

Tables 6-4 and 6-5. The potential receptors for this scenario were current and future adult (showering) and 

child (bathing) residential receptors. EPA or conventional values were used for most input parameters. The 

approach for dermal contact with groundwater is based on the assumption that water contaminants are 

present in dilute solution and that percutaneous absorption is controlled by the flux of water. Adult alnd child 

residents were assumed to take daily showers and baths, respectively, and therefore their total body surface 

areas were used. K,, B, T, and t* were chemical-specific values obtained from EPA (1992e, 1998) or 
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TABLE 6-4 (RAGS D TABLE 4) 

VALUES USED FOR DAILY INTAKE CALCULATIONS - CHILD RESIDENT TAP WATER CONTACT WITH GROUNDWATER 

WARMINSTER AREA B RI 

Scenario Timeframe: Future 

Medium: Groundwater 

Exposure Medium: Groundwater 

Exposure Point: Tap Water Contact with Groundwater 

Receptor Population: Resident 

Receptor Age: Child Ages O-6 

cposure Route Parameter 

Code 

Parameter Definition Units RME 

Value 

RME 

Rationale/ 

Reference 

CT 

Value 

CT 

Rationale/ 

Reference 

Intake Equation/ 

Model Name 

Ingestion 

Denal 

cw . Chemical Concentration in Groundwater UN See Table 3 : See Table 3 See Table 3 See Table 3 Intake (mg/kg-day) = 

IR-W * Ingestion Rate of Groundwater literslday 1 EPA, 1997 1 EPA, 1997 CW8 x IR-W x EF x ED x CFl x lI(BW x AT) 

EF Exposure Frequency days&ear 350 EPA, 1994 234 EPA, 1994 

ED Exposure Duration years 6 EPA, 1997 2 EPA, 1997 

CFI Conversion Factor 1 mglug 0.001 0.001 

BW Body Weight kg 15 EPA, 1997 15 EPA, 1997 

AT-C Averaging Time (Cancer) days 25550 EPA, 1989 25550 EPA, 1989 

AT-N Averaging Time (Non-Cancer) days 2190 EPA, 1989 730 EPA, 1989 

cw Chemical Concentration in Groundwater w See Table 3 SeeTable a See Table 3 See Table 3 Dermel Absorbed Dose (mgIk9-day) = 

SA-ADJ Age-Adjusted Skin Surface Arealsody \M. Ratic cm2-years/kg 2682 EPA 2682 EPA Cw x SA-ADJ x KP x Function(ET) x EV x EF x CFI x 

KP Permeability Constant (Dermal for Liquids) cnwhr Chemical-SpeciRc EPA, 1992 Chemical-Specific EPA, 1992 CF2 x l/AT 

ET Exposure Time hrlevent 0.25 EPA, 1997 0.167 EPA, 1997 mere: Function(ET) = ET for inorganics, or 

EV Event Frequency events/day 1 EPA, 1997 1 EPA, 1997 (24 x Tau x ET I PipO.5 for organic5 where ET c T’. or 

EF Exposure Frequency days/year 350 EPA, 1994 234 EPA, 1994 [ET/(i+B)] + Tau x (2+6B)/(l+B) for orgsnics. ET > 7. 

ED Exposure Duration years 8 EPA, 1997 2 EPA, 1997 See EPA.1992 for chemical-specific constants Tau, B. r 

CFI Conversion Factor 1 w/w 0.001 0.001 

CF2 Conversion Factor 2 l/cm3 0.001 0.001 

AT-C Averaging Time (Cancer) days 25550 EPA, 1989 25550 EPA, 1989 

AT-N Averaging Time (Non-Cancer) days 2190 EPA, 1989 730 EPA, 1989 
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derived from the molecular weight and Kow as demonstrated therein. Values of Kpw for organic chemicals 

were generally selected as the estimated as opposed to empirical values. (In the case of chloroform, 

tetrachloroethene, and trichloroethene, empirical values are more than 5fold greater than estimated values, 

but may be biased high because EPA (1992e) noted that in-vivo studies of Guinea Pig skin yields greater 

permeabilities and tends to overpredict human Kpw values.) As recommended by the guidance, default Kpw- 

in- values of 1 E-3 cm/hr were used for metals for which experimental values had not been obtained (EPA, 

1992e). The age-adjusted, body weight-normalized surface areas exposed while bathing for a resident 

child is 2728 cm2-year/kg. 

For bathing and showering, the dermal exposure point concentrations were based on the representative 

concentrations estimated for the source (tap) water. This is a protective approach that may slightly 

overestimate bathing or showering dermal exposures due to the continuous evaporation of VOCs from 

water during bathing/showering. 

A sample calculation for inhalation of volatile COPCs during showering is provided in Appendix E, Part 4. 

The input parameters for this exposure route, along with the rationale for the selection of each value, are 

presented in Table 6-5. The potential receptors for this scenario were current and future adult (showering) 

residential receptors. EPA or conventional values were used for most input parameters. Inhalation 

exposure to groundwater (during showering) was calculated for adult residents only using the equations 

established by EPA (1989a) and Foster and Chrostowski (1987). 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 contaminant-specific mass transfer coefficients, Henry’s Law constants, droplet drop 

time, viscosity, temperature, etc. Specific details regarding the application of the mass transfer model can 

be found in the source document (Foster and Chrostowski, 1987). 

_-- 

6.4 TOXICITY ASSESSMENT 

Toxicity Assessment identifies the potential health hazards associated with exposure to each of the 

COPCs. A toxicological evaluation characterizes the inherent toxicity of a compound. The literature 

indicates that the COPCs have the potential to cause carcinogenic and/or noncarcinogenic health effects 

in humans. Although the COPCs may cause adverse health effects, dose-response relationships and the 

potential for exposure must be evaluated before the risks to receptors can be determined. Dose- 

response relationships correlate the magnitude of the intake with the probability of toxic effects, as 

discussed below. Toxicity information for the COPCs in Warminster Area B groundwater are presented in 

Tables 6-6 through 6-9 and Appendix E, Part 5 in the form of toxicological profiles. 

An important component of the risk assessment process is the relationship between the intake of a ,- 

compound (the amount of a chemical that is absorbed by a receptor) and the potential for adverse health 
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Chemical 

of Potential 

Concern 

(cis) 

Chronic/ 

Subchronic 

Chronic 

N/A 

Chronic 

N/A 

TABLE 6-7 (RAGS D TABLE 5.2) 

NON-CANCER TOXICITY DATA -- INHALATION 

WARMINSTER AREA B GROUNDWATER 

-- ___ 1.43E-04 

- -- 1.43G05 

- -_- NIA 

--- -- 1.70E-03 

-- -__ 8.6OE-05 

--- -_- 1.40E-01 

--- -_ N/A. 

-- I -__ I 8.6OE-05 

--- -_- 1.40E-01 

--- I -_ I N/A. 

N/A = Not Applicable 

(1) Provide equation used for derivation in text. 

(2) For IRIS values, provide the date IRIS was searched. 

For HEAST values, provide the date of HEAST. 

For NCEA values, provide the date of the article provided by NCEA. 

Units 

mglkg-day 

mglkg-day 

N/A. 

mglkg-day 

mgikg-day 

mglkg-day 

N/A 

Primary Combined 

Target Uncertainty/Modifying 

Organ Factors 

Sources of 

RfC:RfD: 

Target Organ 

Fetotoxicity 1000 

CNS 1000 

N/A N/A 

Blood 1000 

Respiratory 1000 

Liver/Kidney 300 

N/A N/A 

HEAST Alternative 

IRIS 

N/A 

EPA-NCEA 

EPA-NCEA 

EPA-NCEA 

N/A 

Dates (2) 

(MMIDDPIY) 

12/08/99 

i 2108199 

. NIA 

712196 

1211197 

6120197 

N/A 

12/16/99 



TABLE 6-8 (RAGS D TABLE 6.1) 

CANCER TOXICITY DATA - ORAUDERMAL 

WARMINSTER AREA B GROUNDWATER 

Chemical 

of Potential 

II Concern 

etrachloroethene 

Oral Cancer Slope Factor Oral to Dermal 

Adjustment 

N/A 

N/A 

N/A 

2.90E-02 

6.10E-03 

520E-02 

l.lOE-02 

N/A 

N/A 

N/A 

1 .OOE+OO 

1 .OOE+OO 

1 .OOE+OO 

1 .OOE+OO 

Adjusted Dermal 

Cancer Slope Factor (1) 

Units Weight of Evidence/ 

Cancer Guideline 

Description 

Target Organ 

N/A N/A D N/A 

N/A N/A D N/A 

N/A : N/A D N/A 

2.9OE-02 l/(mg/kg-day) A IRIS 

6.10E-03 l/(mg/kgday) B2 IRIS 

5.20E-02 l/(mg/kg-day) C EPA-NCEA 

l.lOE-02 l/(mg/kg-day) I C EPA-NCEA 

IRIS = Integrated Risk Information System 

HEAST= Health Effects Assessment Summary Tables 

EPA Group: 

A - Human carcinogen 

Bl - Probable human carcinogen - indicates that limited human data are available 

82 - Probable human carcinogen - indicates sufficient evidence in animals and 

inadequate or no evidence in humans 

C - Possible human carcinogen 

(1) Provide equation for derivation in text. 

D - Not classifiable as a human carcinogen 

E - Evidence of noncarcinogenicity 

Weight of Evidence: 

Known/Likely 

Cannot be Determined 

Not Likeiy 

(2) For IRIS values, provide the date IRIS was searched. 

For HEAST values, provide the date of HEAST. 

Date (2) 

(MMIDDPIY) 

N/A 

N/A 

: N/A 

12/08/99 

12/08/99 

31868 

32690 
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TABLE 6-9 (RAGS D TABLE 6.2) 

CANCER TOXICITY DATA - INHALATION 

WARMINSTER AREA B GROUNDWATER 

Chemical 

of Potential 

Concern 

Barium 

Manganese 

1,2-Dichloroethene @is) 

Benzene 

Chloroform 

Tetrachloroethene 

Trichloroethene 

Unit Risk 

- 
- 
- 
- 
- 
- 

IRIS = Integrated Risk Information System 

HEAST= Health Effects Assessment Summary Tables 

Weight of Evidence: 

Known/Likely 

Cannot be Determined 

Not Likely 

(1) For IRIS values, provide the date IRIS was searched. 

For HEAST values, provide the date of HEAST. 

For NCEA values, provide the date of the article provided by NCEA. 

Units 

- 
- 

- 
- 
- 
- 

Inhalation Cancer 

Slope Factor 

N/A 

N/A 

N/A 

2.90502 

8.10E-02 ’ 

2.03&03 

6.00503 

Units 

N/A 

N/A 

N/A 

l/(mglkg-day) 

il(mglkg-day) 

l/(mg/kg-day) 

Weight of Evidence/ 

Cancer Guideline 

Description 

D 

D 

D 

A 

82 

B2-C 

l/(mg/kg-day) 1 B2-C I 

Source 

N/A 

N/A 

N/A 

IRIS 

IRIS 

EPA-NCEA 

EPA-NCEA 

EPA Group: 

A - Human carcinogen 

81 - Probable human carcinogen - indicates that limited human data are available 

82 - Probable human carcinogen - indicates sufficient evidence in animals and 

inadequate or no evidence in humans 

C - Possible human carcinogen 

D - Not classifiable as a human carcinogen 

E - Evidence of noncarcinogenicity 

Date (1) 

(MMIDDNY) 

N/A 

N/A 

N/A 

12/08/99 

12/08/99 

4ma7 

7/l/89 

12116/99 

I 



effects resulting from exposure to that dose. Dose-response relationships provide a means by which 

potential public health impacts can be quantified. The published information of doses and responses is 

used in conjunction with information on the nature and magnitude of human exposure to develop an 

estimate of potential health risks. 

Dose-response values [reference doses (RfDs) and slope factors (SFs)] have been developed by EPA 

and other sources for many organics and inorganics. This section provides a brief description! of these 

parameters. 

6.4.1 Reference Doses 

,-. 

The RfD is developed by EPA for chronic and/or subchronic human exposure to hazardous chemicals 

and is based solely on the noncarcinogenic effects of chemical substances. Subchronic RfDs are 

specifically developed to be protective for a portion of a lifetime exposure to a compound (as a Super-fund 

program guideline, short term). Chronic RfDs are specifically developed to be protective for long-term 

exposure to a compound (as a Super-fund program guideline, long term). 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. 

Uncertainty factors are generally applied as multiples of 10 to represent specific areas of uncertainty in 

the available data. A factor of 10 is used to account for variations in the general population (to protect 

sensitive subpopulations), when test results from animals are extrapolated to humans (to account for 

interspecies variability), when a NOAEL derived from a subchronic study (instead of a chronic study) is 

used to develop the RfD, and when a LOAEL is used instead of a NOAEL. In addition, EPA reserves the 

use of a modifying factor of up to IO for professional judgment of uncertainties in the data base not 

already accounted for. The default value of the modifying factor is 1. 

The RfD incorporates the surety of the evidence for chronic human health effects. Even if applicable 

human data exist, the RfD (as diminished by the uncertainty factor) still maintains a margin of safety so 

that chronic human health effects are not underestimated. Thus, the RfD is an acceptable guideline for 

evaluation of noncarcinogenic risk, although the associated uncertainties preclude its use for precise risk 

quantitation. Oral and dermal RfDs, primary target organs, uncertainty/modifying factors, and sources for 

selected COPCs in groundwater are provided in Table 6-6. Inhalation RfDs, primary target organs, 

uncertainty/modifying factors, and sources for selected COPCs in groundwater are provided inTable 6-7. 

Inhalation RfDs (mg/kg/day) were derived from inhalation reference concentrations (RfCs) (mg/m3) by 
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dividing by 70 kg (an assumed human body weight), multiplying by 20 m3/day (an assumed human 

inhalation rate), and adjusting by an appropriate absorption factor (EPA, 1997a). _-. 

Target organ data have been extracted from the Integrated Risk Information System (IRIS; EPA, 1999b), 

Health Effect Assessment Summary Tables (HEAST; EPA, 1997b), or other applicable sources. Only the 

target organs that are affected in the applicable study in which the RfD was derived have been included in 

Tables 6-6 and 6-7. 

6.4.2 Cancer Slope Factors (SFs) 

SFs are applicable for estimating the lifetime probability (assumed 70-year lifespan) of human receptors 

developing cancer as a result of exposure to known or potential carcinogens. This factor is generally 

reported in units of 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. 

Oral and dermal SFs, weight of evidence, and sources for selected COPCs in groundwater are provided 

in Table 6-8. Inhalation SFs, weight of evidence, and sources for selected COPCs in groundwater are 

provided in Table 6-9. Inhalation SFs (mg/kg/day)-’ were derived from inhalation unit risks (ug/m3)=’ by 

multiplying by 70 kg (an assumed human body weight), dividing by 20 m3/day (an assumed human 

inhalation rate), and multiplying by the appropriate conversion factor (1000 ug/mg) (EPA, 1997b). 

6.4.3 EPA Weight of Evidence 

The weight-of-evidence designations indicate the preponderance of evidence regarding carcinogenic 

effects in humans and animals. The categories are defined as follows (EPA, 1992d): 

WEIGHT OF EVIDENCE CATEGORY DEFINITION 
A Known human carcinogen 
Bj Probably human carcinogen, limited human data are available 
82 Probable human carcinogen, sufficient animal data are 

available but inadequate human data are available 
C Possible human carcinogen 
D Not classifiable as to human carcinogenicity 
E Evidence of noncarcinogenicity in humans 

6.4.4 Adiustment of Dose-Response Parameters for Dermal Exposure 

Risks associated with dermal exposures were evaluated using toxicity values that are specific to 

absorbed dermal doses. Most oral toxicity values are based on administered doses rather than absorbed 

doses. Therefore, in accordance with EPA Region III (1995) and EPA (1989a, Appendix A) guidance, the 
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toxicity values based on administered doses were adjusted before they were used for evaluating 

absorbed doses. 

Dermal RfDs and SFs were obtained from oral RfDs and SFs via the following relationships: 

where: 

Glorai = Gastrointestinal (GI) Absorption Efficiency (EPA, 1995) 

RfDorai = Oral Reference Dose (EPA, 1999a; EPA, 1999b; EPA, 1997a; or EPA-NCEA) 

SFora~ = Oral Slope Factor (EPA, 1999a; EPA, 1999b; EPA, 1997a; or EPA-NCEA) 

Dermally adjusted RfDs and SFs for COPCs are presented in Tables 6-6 and 6-8, respectively. 

6.5 RISK CHARACTERIZATION 

/r- 
Potential human health risks resulting from the exposures outlined in the preceding sections are 

characterized on a quantitative and qualitative basis in this section. Quantitative risk estimates were 

generated based on risk assessment methods outlined in current EPA guidance (EPA, 1989a). 

Noncarcinogenic risk estimates were presented in the form of HQs and HIS that are determined through 

comparison of estimated intakes with published RfDs. Incremental cancer risk estimates were provided in 

the form of dimensionless probabilities based on SFs. 

Estimated human intakes were developed for each of the specific exposure routes discussed in the 

preceding sections. Both noncarcinogenic and carcinogenic risks were summarized for each exposure 

route on a series of tables in this section. 

6.5.1 Noncarcinocrenic Risks 

Noncarcinogenic risk was assessed using the concept of HQs and HIS. The HQ is defined as the ratio of 

the estimated intake and the RfD for a selected chemical of concern, as follows: 

Intake 
HQ=- 

Rfo 

UDOCUMENTSINAVY/7606/13660/SEC6 6-28 



HIS were generated by summing the individual HQs for the COPCs. If the value of the HI exceeds unity 

(l.O), the potential for noncarcinogenic health risks associated with exposure to that particular chemical 

mixture cannot be ruled out (EPA, 1986b). In that case, particular attention should be paid to the target 

organ(s) affected by each chemical because these are generally the organ(s) associated with RfD- 

derived effects, and results (HIS) for different organs are not truly additive. The HI is not defined as a 

mathematical prediction of the severity of toxic effects; it is simply a numerical indicator of exceedence of 

the acceptable threshold for noncarcinogenic effects. Above an HI of I, toxic effects would not 

necessarily occur, but can longer be ruled out. 

6.5.2 Carcinogenic Risks 

Incremental cancer risk estimates were generated for each of the exposure pathways using the estimated 

intakes and published SFs, as follows: 

Risk = Intake * SF 

If the above equation results in a risk greater than 0.01, the following equation was used: 

Risk = 1 _ e-(l”fk*SF) 

The risk determined using these equations is defined as a unitless expression of an individual’s increased 

likelihood of developing cancer as a result of exposure to carcinogenic chemicals. An incremental cancer 

risk of IE-06 indicates that the exposed receptor has a one in a million chance of developing cancer 

under the defined exposure scenario. Alternatively, such a risk may be interpreted as representing one 

additional case of cancer in an exposed population of one million persons. The calculated cancer risks 

should be recognized as upper-limit estimates. SFs are defined as the upper 95 percent confidence limit 

of a dose-response curve generally derived from animal studies. Actual human risk, while not identifiable, 

is not expected to exceed the upper limit based on the SFs and may, in fact, be lower. 

EPA has generally defined risks in the range of 1 OS4 to 1 OV6 as being acceptable for most hazardous waste 

facilities addressed under CERCLA. For CERCLA activities, residual risks on the order of IO” are the 

primary goal but are often modified by such regulatory requirements as MCLs or chemical-specific clean- 

up goals. 
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6.5.3 Comparison of Quantitative Risk Estimates to Benchmark Criteria 

In order to interpret the quantitative risks and to aid risk managers in determining the need for 

remediation at a site, quantitative risk estimates are compared to typical benchmarks. 

An HI exceeding unity (1) indicates that there may be potential noncarcinogenic health risks associated 

with exposure. If an HI exceeds unity, target organ effects from individual COPCs contributing to the risk 

are considered. Only those chemicals that impact the same target organ(s) or exhibit similar critical 

effect(s) will be regarded as truly additive. Thus, COPCs contributing to an HI greater than 1 on the basis 

of a single target organ/effect are considered to be COCs. 

EPA has defined the range of IO4 to lOa as the incremental cancer risk (ICR) “target range” for most 

hazardous waste facilities evaluated. Cumulative ICRs greater than 10m4 generally will indicate t,hat some 

degree of remediation is required, and ICRs below IO” normally will not result in remedial efforts. 

Whenever ICRs fall between IO4 to 10m6, decisions for remediation will be made on a case-specific basis. 

Individual chemicals contributing significantly to risks above the target range are considered to be 

chemicals of concern (COCs). 

Potential RME hazard indices and RME cancer risks were estimated for current and future potential 

receptors using the methodologies presented in Sections 6.2 and 6.3. The following sections present a 

summary of the results of the estimation of risk for exposure to Area B groundwater. 

Receptor risks are presented for each receptor in the form of tables and summary text. It should be noted 

that, in each risk summary table where HQs are reported as “N/A”, the HQs were not calculable because 

no RfD has been established. Usually in such cases, carcinogenicity is considered to be more important, 

since carcinogenicity will generally be seen at lower doses than noncarcinogenic effects. Cancer risks 

that are reported as “N/A” generally indicate that the chemical is not carcinogenic or that a SF has not yet 

been developed. 

6.5.4 Site-Specific Noncarcinoqenic Risks 

Site specific noncarcinogenic risks were estimated for potential receptors exposed to Area B 

groundwater. These risks are discussed below and presented on Tables 6-10 through 6-14 (RAGS D 

Table 7’s). 

The estimated RME HI for a child resident exposed to Area B groundwater is 4.1 (Table 6-IO), based on 

exposure pathways from ingestion and dermal absorption, which exceeds unity (1.0). The major 

contributors to the HI are manganese (target organ CNS, HQ = 3.5) and barium (target organs 
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TABLE 6-10 (RAGS D TABLE 7) 
CALCULATION OF NON-CANCER HAZARDS - CHILD‘RES~DENT TAP WATER CONTACT WITH GROUNDWATER 

REASONABLE MAXIMUM EXPOSURE 
WARMINSTER AREA B RI 

Exposure 

Route 

Chemical Medium 

of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

Route 

EPC 

Value 

Route 

EPC 

Units 

EPC Intake Intake Reference Reference Reference Reference Hazard 

Selected (Non-Cancer) (Non-Cancer) Dose Dose Units Concentration Concentration Quotient 

for Hazard Units Units 

Calculatton (1) : 

Ingestion Barium 5.9lE+OZ w 591E+02 

Manganese 1.32E+03 w 1.32E+03 

1,2-Dichloroethene (cis) 7.09E-01 ugn 7.09E-01 

Benzene 517E-01 ugn 5.17E-01 

Chloroform 5.20E-01 ugn 5.2OE-01 

Tetrachloroethene 6.35&01 ugn 6.35E-01 

Trichlorcethene 9.05E-01 ugn 9.05E-01 

(Total) 

Dermal Barium 5.91 E+02 ugfl 5.9lE+02 

Manganese 1.32E+03 ugn 1.32E+03 

1.2-Dichloroethene @is) 7.09E-01 ugfl 7.09E-01 

Benzene 5.17E-01 ugn 5.17E-01 

Chloroform 5.2OE-01 ugn 5.2OE-01 

Tetrachtoroethene 6.35E-01 ugfl 6.35E01 

frichloroethene 9.05E-01 ugn Q.O5E-01 

(Total) 

(1) Specify Medium-Specific(M) or Route-Specific(R) EPC selected for hazard calculation. 

ugn 

ugn 

ugn 

ugn 

ugfl 

ugfi 

ugfl 

ugn 

ugn 

ugn 

ugn 

ugn 

ugn 

ugn 

M 3.78E-02 mgncg-day 7.OOE-02 mg/kg-day N/A NIA 54OE-01 

M 8.44E-02 mg/kg-day 2.40E-02 mgntg-day N/A N/A 352E+OO 

M 4.53E-05 mglkg-day 1 .OOE-02 mgkg-day N/A N/A 4.53E-03 

M 3.31 E-05 mglkg-day 3.OOE-03 mglkg-day N/A N/A l.lOE-02 

M 3.32E-05 msRw.W 1 .OOE-02 mglkg-day NIA NIA 3.32E-03 

M 4.06&05 mglkg-day l.OOE-02 mgkg-day N/A N/A 4.06E-03 

M 5.79&05 mglkg-day 6.OOE-03 mgnCg-day N/A NIA 9.64E-03 

4.09E+OO 

M 6.33E-05 mc!kNaY 7.OOE-02 mgikg-day N/A NIA 9.05E-94 

M 1.41 E-04 mglkg-day 2.40E-02 mgikg-day N/A NIA 5.89E-03 

M 2.02E-06 mgikg-day 1 .OOE-02 w/kg-day N/A NIA 2.02E-04 

M 3.28E-06 mwWJay 3.OOE-03 wWday N/A NIA 1 .OQE-O3 

M 1.88E-06 mglkg-day 1 .oOE-02 mg/kg-day N/A NIA l .EEE-04 

M 1 .OEE-05 mgtkg-day 1 .OOE-02 mglkg-day NIA N/A 1 .OBE-03 

M 4.45E-06 mgikg-day 6.OOE-03 mfa-day NIA N/A 7.42E-04 

1 .Ol E-02 

Total of Routes 4.10E+OO 
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TABLE 6-l 2 (RAGS D TABLE 7) 
CALCULATION OF NON-CANCER HAZARDS -ADULT RESIDENT TAP WATER CONTACT WITH GROUNDWATER 

REASONABLE MAXIMUM EXPOSURE 
WARMINSTER AREA B RI 

Scenario Timeframe: Future 

Medium: Groundwater 

Exposure Medium: Groundwater 

Exposure Point: Tap Water Contact with Groundwater 

Receptor Population: Resident 

Receptor Age: Adult 

Exposure Chemical 

Route of Potential 

Concern 

Ingestion Barium 

Manganese 

1,ZDichloroethene (cis) 

Benzene 

Chloroform 

Tetrachloroethene 

Trichloro&hene 

flow 

Dermal Barium 

Manganese 

1 ,tDichloroethene (cis) 

Benzene 

Chloroform 

Tetrachloroethene 

Trichloroethene 

(Total) 

Medium Medium 

EPC EPC 

Value Units 

5.91 E+OZ u9n 

1.32E+03 “9n 

7.09E-01 “en 

5.17E-01 “S-JA 

5.2OE-01 w3n 

6.35E01 u9n 

9.05E-01 u9n 

591E+O2 u9n 

1.32E+03 “94 

7.09E01 u9n 

5.17E-01 ugn 
5.2OE-01 “M 

6.35E-01 u9n 

9.05E-01 “94 

5.91 E+02 

1.32E+03 

7.09E-01 

5.17E-01 

5.2OE-01 

6.35E-01 

9.05E-01 

5.9lE+02 

1.32E+03 

7.09E-01 

5.17E-01 

5.2OE-01 

6.35E01 

9.05E-01 

Dose Units Concentration Concentration ;: %?E%?z2,) ;,.-.. 

u9n M 1.62E-02 mgkg-day 7.00E-02 mglkg-day NIA NIA 2.3lE-01 

u9n M 3.62E-02 mglkg-day 2.4OE-02 mglkg-day N/A NIA 1.51E+oo 

m M 1.94E-05 maWJaY 1 .OOE-02 wh-dw NIA NIA 1.94E-03 

u9n M 1.42E-05 mgikg-day 3.OOE-03 wW-W NIA NIA 4.72E-03 

u9n M 1.42E-05 mcUkg-daY 1 .OOE-02 mV%t-day NIA NIA 1.42E-03 

u9n M 1.74E-05 mgkg-day I .OOE-02 m94-W N/A NIA I .74&03 

u9n M 2.46E-05 mglkg-day 6.09E-03 mglk9daY N/A NIA 4.13E-03 

I .75E+OO 

u9n M 3.67E-05 mt$Ndw 7.OOE02 mgkg-day N/A NIA 5.25E-04 

u9n M 6.2OE-05 mglkg-day 2.40E-02 w~g-day N/A N/A 3.42E-03 

u9n M 6.59E-07 mcvkgdw 1 .OOE-02 mgikg-day N/A NIA 6.59G05 

w M 9.97E-07 mgrkg-day 3.OOE-03 mg~gday NIA NIA 3.32&04 

ugn M 6.52E-07 rngkg-day 1 .OOE-02 mgkg-day NIA NIA 6.52G05 

w M 3.91G06 mgkg-day 1 .OOE-02 mgikg-day NIA NIA 3.9lE-04 

u9n M 1.56E-06 mgkg-day 6.00E03 mgilrg-day N/A NIA 2.59E-04 

5.06E-03 

II 
Total of Routes 1 76E+OO 

(I) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for hazard calculation 
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TABLE 6-l 3 (RAGS D TABLE 7) 
CALCULATION OF NON-CANCER HAZARDS - ADULT RESIDENT INHALATION OF GROUNDWATER VAPORS DURING SHOWERING 

REASONABLE MAXIMUM EXPOSURE 
WARMINSTER AREA B RI 

Exposure 

Route 

Chemical Medium 

of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

Route 

EPC 

Value 

Route 

EPC 

Units 

EPC Intake Intake Reference Reference Reference Reference Hazard 

Selected (Non-Cancer) (Non-Cancer) Dose Dose Units Concentration Concentratton Quotient 

for Hazard Units Units 

Calculatton (1) . 

Inhalation 1 .Z-Dichloroethene (cis) 7.09E-01 USn 7.09E-01 ugn M 2.37E-05 mgkgday - wkg-day - 

Benzene 5.17E-01 ugn 5.17E-01 47fi M 1.88E-05 mglkgday - I .7OE-O3 wvkg-day l.llE-02 

Chloroform 5.2OE-01 ugll 520E-01 uan M 1.80&05 maka-day 8.80E-05 mglkg-day 1.86E-01 

Tetrachloroethene 6.35E-01 ugn 6.35E-01 ugn M I .78E-O5 mg/kgday - 1.40E-01 wW-dw 1.27E-04 

Tdchloroethene Q.O!iE-01 USn 9.05E-01 W M 2.75E-05 fw%tdaY - mg/kg-day _ 

crow 1.97E-01 

-rnt4 Lh-reP.4 ,“,I,%” b,.rn~.J AI, Cm.-...ws D..,.‘,...lDIH..,“.,.. II 4 cT7E nr 

(1) Specify Medium-Specific(M) or Route-Specific(R) EPC selected for hazard calculation. 
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TABLE 6-14 (RAGS D TABLE 7) 
CALCULATION OF NON-CANCER HAZARDS -ADULT RESIDENT TAP WATER CONTACT WITH GROUNDWATER 

CENTRAL TENDENCY EXPOSURE 
WARMINSTER AREA B RI 

Exposure Point: Tap Water Contact with Gmundwater 

Receptor Population: Resident 

Exposure Chemical Medium Medium 

Route of Potential EPC EPC 

Concern Value Units 

Ingestion Barium 1.70E+02 uk3n 1.70E+02 

Manganese 2.20E+02 m 2.20E+02 

1.2-Dlchlomethene (u’s) 6.3lE-01 w 6.31E-01 

Benzene 5.07E-01 ugn 5.07E-01 

Chloroform 5.OQE-01 ugn 5.8QE-01 

Tetrachloroethene 5.8OE-01 ugn 5.80E-01 

Tdchloroethene 7.85E-01 ugn 7.65E-01 

(Total) 

Dermal Barium 1.70E+02 ugn 1.70E+02 

Manganese 2.20E+02 ugn 2.20Et02 

1.2~Dichloroethene (cts) 8.31 E-01 ugn 8.31 E-01 

Benzene 5.07E-01 m 5.07E-01 

Chloroform 5.OQE-01 ugn 5.0QE-01 

Tetrachtoroethene 5.80E-01 ugn 5.8OE-01 

Tdchloroethene 7.65E-01 ugn 7.85E-01 

crow 

(1) Specify Medium-Specific(M) or Route-Specific(R) EPC selected for hazard calculation. 

Dose Units Concentration Concentration ;; c;;;il) ._. 

w M 2.18E-03 mgikg-day 7.OQE-02 ma%-dw 
NIA _-. NIA 3.llE-02 

w M 2.82E-03 mglkg-day 2.40E-02 w%tdaY N/A N/A l.l8E-01 

ugn M 8.OQE-08 wWJw l .IIOE-02 mglkg-day N/A N/A 8.09E-04 

ugn M 8.5OE-06 mMw-daY 3.00E-03 mglkg-day NIA N/A 2.17E-03 

w M 6.53E-06 mgkg-day l.OOE-02 mgikg-day NIA NIA 6.53E-04 

w3n M 7.44E-06 mgiltg-day 1 .OOE-02 mglkg-day N/A NIA 744E-04 

ugn M 9.81E-06 msk3-~Y B.OOE-03 wkw-JaY N/A NIA 1.83E-03 

155E-01 

ugn M 4.72E-86 ~w%-W 7.OOE-02 mgkg-day NIA NIA 6.74E-05 

ugn M 6.11 E-08 mMw-day 2.4OE-02 mgikg-day N/A NIA 2.54E-04 

w M 3.20E-07 mgkg-day 1 .OOE-02 mtmday NIA NIA 3.2OE-05 

ugn M 5.34E-07 rwWW 3.oOE-03 mgikg-day NIA NIA I .78E-04 

UQn M 3.49E-07 mglkg-day 1 QOE-02 mgkwJw NIA NIA 3.49E-05 

ugn M l.Q5E-06 mgkg-day 1 .OOE-O2 mgkg-day N/A NIA l.Q5E-04 

ugn M 7.18E-07 mgkgday 8.08E-03 mgkg-day N/A N/A 1.20E-04 

8.82&04 

MofRoutesl 
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cardiovascular system and kidney, HQ = 0.5). Adverse effects cannot be ruled out when the HI exceeds 

I .O for a particular target organ. 

The estimated CTE HI for a child resident exposed to Area B groundwater is 0.52 (Table 6-II), based on 

exposure pathways from ingestion and dermal absorption, which is less than 1.0, the cutoff level below 

which adverse effects are not expected. 

The estimated RME HI for an adult resident exposed to Area B groundwater is 1.8 [Table 6-12 

(Ingestion/Dermal) and Table 6-13 (Inhalation)], based on principal contributions to risk from ingestion 

and dermal absorption, which exceeds 1.0. The major contributors to the HI are manganese (target organ 

CNS, HQ = 1.5) and barium (target organs cardiovascular system and kidney, HQ = 0.2). 

The estimated CTE HI for an adult resident exposed to Area B groundwater is 0.16 (Table 6-14) based 

on exposure pathways from ingestion and dermal absorption, which is less than 1.0, the cutoff level below 

which adverse effects are not expected. 

6.5.5 Site-Specific Carcinogenic Risks 

Site specific carcinogenic risks were estimated for potential receptors exposed to Area B groundwater. 

These risks are discussed below and presented on Tables 6-l 5 through 6-19 (RAGS D Table 8’s). 

The estimated RME incremental cancer risk (ICR) for a child resident exposed to Area B groundwater is 

4.0x10q7, based on a principal contribution to risk from ingestion, which is below EPA’s target risk range of 

1 o-4 to 1 o-8. 

The estimated RME ICR for an adult resident exposed to Area B groundwater is 1.4x10-‘, based on 

principal contributions to risk from ingestion and inhalation during showering, which is at the lower end of 

EPA’s target risk range of IO4 to 10s6. 

The estimated RME ICR for a lifetime resident (summation of child and adult residential exposure) 

exposed to Area B groundwater is I.~xIO-~, based on principal contributions to risk from ingestion and 

inhalation during showering, which is near the lower end of EPA’s target risk range of IO4 to 10‘“. 

Chloroform (lifetime cancer risk 4.4x1 OS7 via inhalation), tetrachloroethene (lifetime cancer risk 4.9x10m7 via 

ingestion), and benzene (lifetime cancer risk 4.1~10~~ via ingestion and inhalation) are the principal 

contributors to risk. 
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TABLE 6-l 5 (RAGS D TABLE 8) 
CALCULATION OF CANCER RISKS - CHILD RESIDENT TAP WATER CONTACT WITH GROUNDWATER 

REASONABLE MAXIMUM EXPOSURE 
WARMINSTER AREA B RI 

Scenario Timeframe: Future 

Medium: Groundwater 

Exposure Medium: Groundwater 

Exposure Point: Tap Water Contact with Groundwater 

Receptor Population: Resident 

Receptor Age: Child Ages O-8 

Exposhre Chemical Medium Medium 

Route of Potential EPC EPC 

Concern Value Units 

Ingestion Barium 5.91E+02 ugn 5.9lE+02 ugn M 3.24E-03 mglkg-day -_ l/(mg/kgday) - 

Manganese 1.32E+03 wn 1.32E+03 ugll M 7.23E-03 w$Way __ l/(mglkg-day) - 

1 ,BDichloroethene (cis) 7.09E-01 ugn 7.09E-01 ugn M 3.88E-08 Wk?W _- l/(mglkg-day) - 

Benzene 5.17E-01 ugn 5.17E-01 ugll M 2.83E-08 mgikg-day 2.90E-02 l/(mg/kg-day) 8.22G08 

Chlorofomt 520E-01 ugn 5.20E-01 ugn M 2.85E-08 mglkg-day 8.lOE-03 l/(mglkg-day) 1.74E-08 

Tetrachloroethene 8.35E-01 USn 8.35E-01 ugll M 3.48E-08 w$Way 5.2OE-02 l/(mglkgday) 1.81 E-07 

Trichloroethene 9.05E-01 ugn 9.05E-01 ugll M 4.98E-08 mglkgday 1.1 OE-02 l/(mg/kgday) 545E-08 

(Total) 3.35E-07 

Dermal Barium 5.9lE+02 ugfl 5.91 E+02 ugn M 5.43E-08 mglkg-day -_ l/(mglkg-day) - 

Manganese 1.32E+03 ugn 1.32E+03 ugll M 1.21 E-05 MkwW l/(mglkg-day) -- 

l ,2-Dichloroethene (cis) 7.09E-01 w 7.09E-01 ugn M 1.73E-07 mglkg-day -- l/(mg/kg-day) -- 

Benzene 5.17E-01 ugll 517E-01 ugll M 2.8lE-07 mglkg-day 2.90E-02 l/(mglkg-day) 8.15E-09 

Chloroform 520E-01 ugll 5.20E-01 ugll M 1.81 E-07 WkwW 8.lOE-03 l/(mglkg-day) 9.83E-10 

Tetrachloroethene 8.35E-01 ugn 8.35E-01 ugn M 9.12E-07 mglkg-day 5.20E-02 l/(mglkg-day) 4.74E-08 

Trichloroethene 9.05E-01 ugn 9.05E-01 ugll M 3.82E-07 mglkg-day 1.1 OE-02 l/(mglkg-day) 4.20E-09 

(Total) 8.08E-08 

4pizq Total of Routes 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk catcuiation. 



TABLE 6-l 6 (RAGS D TABLE 8) 
CALCULATION OF CANCER RISKS - ADULT RESIDENT TAP WATER CONTACT WITH GROUNDWATER 

REASONABLE MAXIMUM EXPOSURE 
WARMINSTER AREA B RI 

Scenario Timeframe: Future II 
Medium: Groundwater 

Exposure Medium: Groundwater 

Exposure Point: Tap Water Contact with Groundwater 

Receptor Population: Resident 

Recentor Aae: Adult 

Exposure 

Route 

Chemical Medium 

of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

ingestion Barium 5.91E+02 ugn 591E+02 

Manganese 1.32E+03 ugll 1.32E+03 

1.2-Dichloroethene (cis) 7.09E-01 w 7.09E-01 

Benzene 5.17E-01 ugn 5.17E-01 

Chloroform 520E-01 w 520E-01 

Tetrachloroethene 8.35E-01 ugll 8.35E-01 

Trichloroethene 9.05E-01 ugn 9.05E-01 

(Total) 

Dermal Barium 5.91 E+02 ugll 5.9lE+02 

Manganese I .32E+03 w 1.32E+03 

1 ,P-Dichloroethene (cis) 7.09E-01 ugn 7.09E-01 

Benzene 5.17E-01 w 5.17E-01 

Chloroform 5.20E-01 ugll 5.20E-01 

Tetrachloroethene 8.35E-01 ugll 8.35E-01 

Trtchtoroethene 9.05E-01 ugn 9.05E-01 

(Total) 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

ugll M 

w M 

ugn M 

ugn M 

ugll M 

ugn M 

ugn M 

ugn M 

ugll M 

ugll M 

ugll M 

ugn M 

ugn M 

ugn M 

5.55E-03 WQ-day me ll(mg/kg-day) - 

1.24E-02 mglkgday l/(mg/kg-day) -- 

8*88E-08 mglkgday ll(mg/kg-day) -- 

4.88E-08 w~g-day 2.90E-02 WWwJay) 1.41E-07 

4.88E-08 mglkg-day 8.lOE-03 l/(mglkg-day) 2.98E-08 

5.98E-08 mciNW 5.20E-02 ll(mg/kg-day) 3.lOE-07 

8.50E-08 mgikg-day l.lOE-02 ll(mg/kg-day) 9.35G08 

5.74E-07 

1.28E-05 wNwfay __ l/(mglkg-day) - 

2.81E-05 mgikg-day _- ll(mg/kg-day) -- 

2.28&07 mglkg-day l/(mg/kgday) - 

3.42E-07 wkHv 2.90E-02 ll(mg/kg-day) 9.91 E-09 

2.23E-07 mglkg-day 8.1 OE-03 ll(mg/kgday) 1.38E-09 

1.34E-08 mglkgday 5.20E-02 ll(mglkg-day) 8.98E-08 

5.33E-07 ~~kMay l.lOE-02 Il(mglkg-day) 5.87E-89 

8.89E-08 

Total of Routes 



TABLE 6-17 (RAGS D TABLE 8) 
CALCULATION OF CANCER RISKS -ADULT RESIDENT INHALATION OF GROUNDWATER VAPORS DURING SHOWERING 

REASONABLE MAXIMUM EXPOSURE 
WARMINSTER AREA B RI 

Scenario Timeframe: Future 

Medium: Groundwater 

Exposure Medium: Air 

Exposure Point: Inhalation of Groundwater Vapors During Showering 

Receptor Population: Resident 

Receptor Age: Adult 

Exposure 

Route 

Chemical Medium 

of Potential EPC 

Concern Value 

Medium 

EPC 

Units 

Inhalation 1,2Dichloroethene (cis) 

Benzene 

Chloroform 

Tetrachloroethene 

Trichloroethene 

(Total) 

7.09E-01 

5.17E-01 

5.20E-01 

6.35E-01 

9.05E-01 

ugll 

ugn 

ug/l 

ugfl 

w 

7.09E-01 

517E-01 

5.20E-01 

6.35E-01 

9.05E-01 

ugll 

ugll 

ugll 

ugn 

ugn 

M 8.12E-06 mglkg-day -- l/(mg/kg-day) -- 

M 6.45E-06 mglkg-day 2.90E-02 l/(mglkgday) 1.87E-07 

M 5.48E-06 mglkg-day 8.10E-02 l/(mg/kgday) 4.44E-07 

M 6.1 OE-06 mglkg-day 2.03E-03 WwkwW 1.24E-08 

M 9.43E-06 mglkg-day 6.00E-03 l/(mglkg-day) 566E-08 

7.00E-07 

Total Risk Across All Exposure Routes/Pathways Ix 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 



TABLE 6-18 (RAGS D TABLE 8) 
CALCULATION OF CANCER RISKS - LIFETIME RESIDENT TAP WATER CONTACT WITH GROUNDWATER 

REASONABLE MAXIMUM EXPOSURE 
WARMINSTER AREA B RI 

Scenario Timeframe: Future 

Medium: Groundwater 

Exposure Medium: Groundwater 

Exposure Point: Tap Water Contact with Groundwater 

Receptor Population: Resident 

Receptor Age: Child/Adult 

Exposure 

Route 

Che&al 

of Potential 

Concern 

ingestion Barium 

Manganese 

1 ,2-Dichloroethene (cis) 

Benzene 

Chloroform 

Tetrachloroethene 

Trichtorcethene 

(Total) 

Dermal Barium 

Manganese 

1,2-Dichloroethene (cis) 

Benzene 

Chloroform 

Tetrachloroethene 

Trichloroethene 

(Total) 

Medium Medium 

EPC EPC 

Value Units 

5.91 E+02 

1.32E+03 

7.09E-01 

5.17E-01 

5.20'S01 

6.35E-01 

9.05E-01 

w 

ugll 

ugn 

wn 
ugll 

ugll 

ugll 

5.91 E+02 

1.32E+03 

7.09E-01 

517E-01 

520E-01 

6.35E-01 

9.05E-01 

WI 

ugll 

wn 

ug/l 

ugll 

ugn 

ugll 

Route 

EPC 

Value 

5.9lE+02 

1.32E+03 

7.09E-01 

5.17E-01 

5.2OE-01 

6.35&01 

9.05G01 

5.9lE+02 

1.32E+03 

7.09E-01 

5.17E-01 

5.20E-01 

6.35E-01 

9.05E-01 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 

Route 

EPC 

Units 

ugn 

ugn 

ugn 

ugn 

w 

ugll 

ugn 

USn 

ugn 

ugll 

ugn 

wn 

w 

wn 

EPC Siectec 

for Risk 

:alculation (1: 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

Intake 

(Cancer) 

5.55&03 

1.24E-02 

6.66E-06 

7.69E-06 

7.73E-06 

9.44E-06 

1.35E-05 

1.26E-05 

2.81E-05 

2.26E-07 

6.23E-07 

3.85E-07 

2.25E-06 

9.15E-07 

Intake 

(Cancer) 

Units 

mglkg-day 

mglkg-day 

mglkg-day 

mglkgday 

w&w@ 

mglkgday 

~~~g-W 

Wb-day 

mglkgday 

mglkg-day 

mglkg-day 

mg/kg-day 

mglkgday 

wlkgdy 

Cancer Slope 

Factor 

__ 

__ 

2.90E-02 

6.1OE-03 

5.20E-02 

l.lOE-02 

- 

-- 

__ 

2.90E-02 

&lOE-03 

5.20E-02 

l.lOE-02 

Cancer Slope 

Factor Units 

l/(mg/kg-day) 

WwWW 

Wn-vdWJaY~ 

l/(mg/kgday) 

l/(mg/kg-day) 

l/(mg/kg-day) 

MWkidaY) 

l/(mg/kgday) 

l/(mg/kg-day) 

I/(mg/kg-day) 

l/(mg/kg-day) 

l/(mg/kg-day) 

l/(mg/kg-day) 

I/(mg/kg-day) 

Totai of Routes 

Can& 

Risk 

2.23E-07 

4.72E-00 

4.9iE-07 

1.48E-07 

9.09E-07 
_- 

__ 

1.8lE-08 

2.35E-09 

l.l7E-07 

l.OlE-08 

1.48E-07 

l.O6E-06 



TABLE 6-19 (RAGS D TABLE 8) 
CALCULATION OF CANCER RISKS - LIFETIME RESIDENT INHALATION OF GROUNDWATER VAPORS DURING SHOWERING 

REASONABLE MAXIMUM EXPOSURE 
WARMINSTER AREA B RI 

Scenario Timeframe: Future 

Medium: Groundwater 

Exposure Medium: Air 

Exposure Point: Inhalation of Groundwater Vapors During Showering 

Receptor Population: Resident 

Receptor Age: Child/Adult 

Exposure 

Route 

Chemical 

of Potential 

Concern 

Inhalation I,%-Dichloroethene (cis) 

Benzene 

Chloroform 

Tetrachloroethene 

Trichloroethene ’ 

Medium 

EPC 

Value 

7.09E-01 

5.17E-01 

5.20E-01 

6.35G01 

9.05E-01 

ugll 7.09E-01 ugn M 

ugn 5.17E-01 ugll M 

ugll 5.20E-01 ugn M 

ugn 635E-01 ugn M 

ugn g.O5E-01 ugn M 

Intake Intake 

(Cancer) (Cancer) 

Cancer Slope 

Factor 

Cancer Slope 

Factor Units 

Cancer 

Risk I Units 
\ I 

8.12E-06 mglkg-day - ll(mg/kg-day) -- 

6.45E-06 mglkg-day 2.90E-02 ll(mglkg-day) 1.87E-07 

5.48E-06 mglkg-day 8.lOE-02 l/(mglkg-day) 4.44E-07 

6.1 OE-06 mglkg-day 2.03E-03 ll(mg/kg-day) I .24E-08 

9.43G06 mglkgday 6.00E-03 ll(mg/kg-day) 5.66E-08 

7.00E-07 

Total Risk Across All Exposure Routes/Pathways I- 

(1) Specify Medium-Specific (M) or Route-Specific (R) EPC selected for risk calculation. 



6.6 UNCERTAINTY ANALYSIS 

The goal of the uncertainty analysis is to identify important uncertainties and limitations associated with 

the BHRA. Uncertainties are related to each component of the assessment (i.e., data 

collection/evaluation, exposure assessment, toxicity assessment, and risk characterization). The effect of 

a particular uncertainty on the outcome of the assessment (i.e., risk estimates) is also indicated, where 

possible. 

As discussed in EPA (1989a), the risk measures used in Superfund site risk assessments are not fully 

probabilistic estimates of risk but rather are conditional estimates based on a considerable number of 

assumptions about exposure and toxicity. There are uncertainties associated with each aspect of risk 

assessment, from environmental data collection through risk characterization. To support decision- 

making processes, significant uncertainties in the risk assessment for Warminster Area B groundwater 

are noted in the following sections. 

6.6.1 Uncertainties Associated with Data Collection/Evaluation 

The time period of groundwater monitoring and areal extent of sampling points (including the number, 

location, and depth of wells) can add uncertainties to a risk assessment and impact the 

representativeness of the data. At Warminster Area B, over a decade of groundwater monitoring has 

been performed, and long-term characterization has indicated that concentrations of the principal 

substances of concern (chlorinated VOCs) are in the low micrograms per liter range and have not been 

observed to increase or decrease rapidly over numerous quarters of groundwater monitoring. In iaddition, 

a total of 53 wells were included in the June 1998 sampling round that was exclusively used for this risk 

assessment. For these reasons, the degree of uncertainty related to estimation of future groundwater risk 

using this Area B groundwater data set is minor. 

6.6.1 .I Uncertainties Regarding the Selection of the EPC 

Uncertainties exist regarding selection of a concentration for input into the quantitative risk assessment. 

The use of the exposure point concentration to estimate risk is generally regarded as a conservative 

estimate since this entails using either the upper 95 percent confidence limit on the arithmetic mean 

(based on normal or log-transformed data distribution) or the maximum concentration. The choice of the 

exposure point concentration as the value for input into the risk assessment generally lowers the c:hances 

of under estimation of the actual risk present in a pathway at a particular area of interest to a potential 

receptor. However, the use of the exposure point concentration may overestimate the actual risk present 

in an exposure pathway at a particular area of interest. To help avoid this problem, the maximurn value 

was used in place of the upper 95 percent confidence limit when the latter was higher. 
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The ability (power) of the W test to be able to correctly identify genuine differences between the shape of 

a sample population versus a reference normal or lognormal population is reduced when too few samples 

are collected. If an incorrect distributional assumption is made based on this test, this could lead to an 

over- or underestimate of the upper 95 percent concentration, which in turn would create some additional 

uncertainty as to whether the calculated risk is a reasonable approximation of high end exposure. To 

help avoid potentially overestimating risk, the maximum value was used in place of the upper 95 percent 

limit when the latter was higher. 

.-- 

6.6.1.2 Uncertainties in Manganese EPC 

For manganese, the primary contributor to risk in this assessment,,the EPC used in the risk calculation 

was based on the maximum value. However, close examination of the metals data set indicates that the 

manganese HI for individual wells exceeds 1.0 only in one well cluster, represented by samples HN-64s 

(shallow) and HN-641 (intermediate). The remaining positive manganese results in the data set would not 

contribute to an HI greater than 1.0, so the human health risks attributable to manganese in Area B 

groundwater are estimated appropriately only for groundwater usage at this one geographic well cluster 

and not in general across the rest of Area B wells. Therefore, the estimated risks from manganese 

exposures are overly conservative since manganese levels above the health-based benchmark (HI 1.0) 

were found in only one well cluster. 

In addition, the manganese concentrations reported for well cluster HN64 are total not dissolved 

manganese levels. As indicated in Section 4 of this report, total metals results for Area B groundwater 

have varied significantly from one sampling round to another and are impacted by suspended solids in 

the samples which may be naturally occurring and may be a function of the sampling techniques 

employed. The maximum manganese level identified in the 1998 sampling results for well cluster HN64 

(1,320 ug/l) is less than the site-specific total manganese background sample result (HNOIS at 1,680 

ug/l) identified in the Phase II RI (HNUS 1993). The HN64 well cluster results are also consistent with the 

regional or base-wide background manganese levels established in 1992, background range of 80 ug/l to 

4,830 ug/l and a representative background concentration of 2,200 ug/l. This regional background level 

for total manganese was established by sampling fifteen area wells upgradient of NAWC study areas 

(HNUS 1993). 

The presence of suspended solids in samples from well cluster HN64 add further uncertainty regarding 

the nature of the risk estimates calculated using the total manganese results. The field sampling records 

for this well cluster indicate that although low-flow purging was used, HN64l was purged dry after 

removing less than two well volumes. The sample was obtained after the water level in the well 

recovered but the turbidity readings in the well were 22 NTU as opposed to 8 NTU in well HNOI. 
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Considering base-wide background levels, the variability of total metals results from sample round to 

sample round and the presence of suspended solids, it does not appear that total manganese levels 

identified in the 1998 comprehensive sampling round are site related. The estimated risks from 

manganese exposures calculated for Area B groundwater are indicative of background risks and are 

associated with suspended solids in the groundwater samples. 

6.6.1.3 Uncertainties in Analytical Database Usability 

The results of the data usability evaluation for groundwater shows that data quality assessment problems 

are not generally associated with substances of concern in Area B groundwater. Two data usability 

issues for the quantitative BLRA are listed below: 

1. Quantitation and/or method detection limits for several chemicals were elevated above alpplicable 

screening levels. However, the inclusion of these data in the quantitative BLRA were deter/mined to 

have little to no impact on estimated risks. 

2. Rejected results occurred for three chemicals that are not historically present above risk-based 

screening levels. 

3. The treatment of blank-affected results as non-detects is also not expected to impact the risk 

assessment. This is because the maximum positive sample result was much greater than the 

maximum blank-affected result for substances that were confidently detected and, in other cases, the 

maximum blank-affected result was normally of a magnitude less than risk-based screening levels. 

6.6.1.4 Uncertainties in Risk-Based Screening Levels 

The use of single-route (ingestion) risk-based screening concentrations may lead to the underestimation 

of risks since these values do not account for the additive effects across various exposure pathways. 

However, the resultant effects on risks is not expected to be significant because conservative values, 

derived from a target Hazard Index of 0.1 for noncarcinogens and a target risk of 1 x IO-6 for 

carcinogens, were employed. 

6.6.2 Uncertainties Associated with Exposure Assessment 

Major uncertainties associated with Exposure Assessment are listed below. 
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6.6.2.1 Exposure Scenarios 

The likelihood of the occurrence of the defined exposure scenarios is not always known. Identified land 

use and activity patterns at a site are limited to the observations made during the field investigation and 

known land uses in the surrounding area. The future anticipated land use at Warminster Area B is 

expected to be recreational or residential, since the surrounding area is already residential. The more 

conservative approach was taken to assume only residential exposures. Therefore, the uncertainty 

associated with the selection of exposure scenarios and potential receptors is not expected to be 

significant. 

6.6.2.2 Exposure Equations 

There are limitations to using various models and/or equations to estimate exposure doses or 

contaminant concentrations. 

For estimation of dermal exposures to groundwater, prediction of absorption rates for lipophilic 

compounds is difficult due to, among other reasons, the possibility of a second absorption pathway that 

depends on the lipid content of the stratum corneum at the application site. Experimental determination 

of absorption rates indicates that interspecies differences are considerable, which, along with other 

variability’s related to condition and age of skin, differences in lag time, and site of application effects, 

yields appreciable uncertainty in estimated dermal exposures by using published chemical-specific 

permeation functions. In addition, literature data indicate a variation by as much as a factor of 300 in 

chemical absorption rates for skin in different anatomical areas of the body. It should also be noted that 

children generally have greater absorption rates than adults. 

Uncertainties exist in the exposure model for the inhalation of volatiles during showering such as 

chemical-specific rates of volatilization, droplet size, and droplet residence time in the shower. The 

chemical-specific parameters such as vapor pressure and solubility were not always obtainable at the 

desired temperature. Most of the inputs into the models were considered conservative; therefore, the 

output may overestimate the exposure for this route. 

Uncertainties associated with the use of a single round of groundwater sampling include the assumption 

that current conditions are indicative of future concentrations of contaminants. However, many rounds of 

quarterly monitoring data have shown that contaminants are not increasing (due to migration, sediment 

loading, or chemical transformation) and one at steady-state or decreasing (due to migration or 

transformation) over time. 
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Exposure assumptions can add uncertainty into the risk assessment process based on input values 

selected for each exposure route. For example, not all people weigh 70 kilograms, drink 2 liters of water 

per day, and live at the same residence for 30 years. The rationale for each assumption was provided in 

each table of input parameters. Receptor characteristics, such as age and body weight, were based on 

published values. Conservative values (based on reasonable maximum exposure data or professional 

judgment) were used in combination with average values. 

In general, the underestimation of risks was prevented using conservafive exposure assumptions and 

exposure concentrations. Although maximum concentrations are not a reasonable estimate of the 

concentration expected to be experienced by a receptor over time, the use of these values does iprovide a 

highly conservative estimate of risk to potential receptors. For highly skewed distributions, the rnaximum 

.concentration could be less than the upper 95 percent confidence limit on the mean. In these cases, the 

maximum would be considered a reasonable estimate of the concentration expected to be experienced 

by the receptor over time because of the uncertainty associated with the highly skewed data set. 

6.6.3 Uncertainties Associated With Toxicity Assessment 

6.6.3.1 RfDs and SFs 

There is uncertainty associated with the RfDs and SFs. The uncertainty results from the extrapolation of 

animal data to humans, the extrapolation of carcinogenic effects from the laboratory high-dose to the 

environmental low-dose scenarios, and interspecies and intraspecies variations in toxicological endpoints 

caused by chemical exposure. The use of EPA RfD values is generally considered to be conservative 

because the doses are based on no-effect or lowest-observed-effect levels and then further reduced with 

uncertainty factors to increase the margin of safety by a factor in the neighborhood of 10 to 1 ,OOO-fold. 

There are uncertainties regarding nonthreshold (carcinogenic) effects extrapolation from the high doses 

administered to laboratory animals to the low doses received under more common human exposure 

scenarios. Uncertainties due to short-time toxicological study predictions of long-term effects are also 

present. Additionally, there is considerable interspecies variation in toxicological endpoints used in 

characterizing potential health effects resulting from exposure to a chemical, and there is considerable 

variability in sensitivity among individuals of any particular species. 

The RfDs and SFs of some chemicals have not been established, and therefore toxicity could not be 

quantitatively assessed. In most cases, where RfDs were unavailable for carcinogens, the carcinogenic 

risk is considered to be much more significant since carcinogenic effects usually occur at much lower 

doses. 
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The uncertainty associated with the dermal exposure is high because of the derivation of the dermal 

slope factor and reference dose. The dermal toxicity factors are based on default oral absorption factors. 

This can result in an overestimation of the toxicity factors. In general, dermal exposures at Crater 

Resources did not drive the carcinogenic or noncarcinogenic risks, therefore, the effects of this 

uncertainty are expected to be minimal. 

.+-^ 

As discussed in Section 6.4.2, established RfDs have an inherent amount of uncertainty. Uncertainty 

factors for RfDs used in this BHRA are presented on Table 6-6 and Table 6-7. In addition, available data 

do not indicate the speciation of manganese, which is a primary risk driver for Area B groundwater. 

However, divalent manganese (2+) is about 2.5 to 3 times more toxic than is manganese (3*) and it has 

been shown that the anion of a manganese salt influences the overall manganese toxicity (Venugopal 

and Luckey, 1978). 

6.6.4 Uncertainties Associated with Risk Characterization 

Major uncertainties associated with Risk Characterization are listed below. 

ICRs and HIS are summed for all potential COPCs and for all applicable routes of exposure. Summing 

the risks implies that no antagonistic or synergistic effects exist between chemicals that are not otherwise 

documented to affect the same target organ(s). It also assumes that similar mechanisms of action and 

metabolism are prevalent. Therefore, the use of this approach may either underestimate or overestimate 

the risks, depending on the chemical-specific interactions, which cannot be predicted. The direction of 

the uncertainty cannot be defined, but the methodology used is based on current EPA guidance. 

.--- 

Risks to any individual may also be overestimated by summing multiple assumed exposure pathway risks 

for any single receptor. Although every effort was made to develop reasonable scenarios, not all 

individual receptors may be exposed via all pathways considered (for example, inhalation risks may not 

be applicable for some individuals). 
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7.0 SUMMARY AND CONCLUSIONS 

7.1 GROUNDWATERFLOW 

Groundwaterflow direction in the shallow, intermediateand deep aquifers identified in the vicinity of 

Area B sites 5, 6 and 7 is to the south and southeast. The overall vertical gradient is downward. 

The lowest groundwater elevation observed within Area B is similar to the base level of the closest 

tributary to Southampton Creek. Groundwater flow in the upper Stockton units is controlled by 

topography and stream locations. 

7.2 GROUNDWATERUSE 

.- 

Residents near Area B rely entirely on groundwater sources for their water supply. The nearest 

residential supply wells, located approximately l/2 mile southwest of Area B, are not considered to 

be potential receptors of groundwaterfrom Area B because they are not downgradient. The nealrest 

active municipal supply wells are located over l/2 mile south and east of Area 6 and are also not 

considered to be receptors of groundwater from Area B. None of these supply wells are directly 

downgradient of Area B and groundwater flow from Area B is expected to follow and/or discharge to 

tributaries to Southampton Creek located between Area B and these wells. In addition, long-term 

water level monitoring indicates that the pumping of these wells has no effect on Area B groundwater 

levels. 

7.3 GROUNDWATERQUALITY 

Low-level VOC contamination has been identified in Area B groundwater. The VOC contamination 

has been extensively studied and. monitoring over the last sixteen years. The most recent 

comprehensive sampling of Area B groundwater identified TCE levels above the MCL in one single 

well. No otherVOC was detected above any MCL in any well. 

/- 

A TCE contamination plume was projected in’ 1993 based on MCL exceedances in three wells, 

HNOBS, HN36S and HN37S. Sampling and analysis performed during a 72-hour pumping test 

conducted in 1994 in the central portion of the projected plume did not detect any VOC above 

MCLs. Initial implementation of an interim remedy pump and treatment system in the 

downgradient portion of the projected plume did not detect any significant contamination. TCE 

was found in one sample only at levels approaching the analytical detection limits. Subsequent 

sampling results from wells within the projected plume area do not indicate that a TCE plume 

UDOCUMENTSINAWl7606I13660/SEC7 7-l 



exists. In addition, results from long-term monitoring of wells immediately downgradient of the 

area indicate that TCE has not migrated from the area. 

7-4 HUMAN HEALTH RISK SUMMARY 

Area B groundwater does not pose an unacceptable risk due to site related contamination. 

The estimated RME lifetime cancer risk associated with the potential residential use of Area B 

groundwater is 1.8~10” (child 4.0x10-’ and adult 1.4~10”). This estimated risk is at the lower end 

of the EPA target range (1 X 1 Od to 1 X 1 O*). 

The estimated RME HI for a resident child using Area B groundwater is 4.1. The estimated adult 

RME HI was calculated as 1.8. An evaluation of the contaminants, and the potential risks 

presented by each, indicates that manganese is the only contaminant that presents a potential 

risk greater than 1 .O. 

Manganese concentrations responsible for the estimated noncancer risks are typical of regional 

and base-wide background levels. The estimated elevated risks are based on total manganese 

results from one well cluster.. The groundwater sample collected from this well contained 

suspended particles that were related to the sampling technique used during the investigation. 

Similar and higher levels of manganese have been detected in site-specific and base-wide 

background samples. The estimated risk associated with manganese concentrations in Area B 

groundwater is considered to be a background risk for the area and not associated with Area B 

contamination. 

7.5 CONCLUSIONSAND RECOMMENDATIONS 

Area B groundwater does not pose a significant risk to human health or the environment. It is 

recommended that no further action be taken in regard to Area B groundwater. 
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JQOJECT. VUJpWP7EJL 30RINC NO #” -4 / 

JQOJECT NO.: w= . 3ATE: 
ELEVATION: 

3RILLER: 62rw-a ,_ - 

FIELD CE0L0CiS’i 
\NArER LEVEL OATA. L ‘ 

. 

(O*,m.rc.l <OIL I I 

21 3t*%ln 
COMSI\?tNCV 5CRI111fO OR nocr COLOR 

:*rlRvAL *&ROW%% 
I 

LbA23lCILA 11% 

I H I l-4 

t t 
! f 

I 

I 
1 

I 
I I I I f 

I I 



I I 

PROJECT: 
\ NA-WC Wflk-Lntw+ & BORING 

PROJECT NO..: 1912 DATE: T /gy DRILLER 

ELEVATION: FIELD GEOLOGIST: 97 tihdeh : j L .~.~,~~‘,~~~~‘~..~~.... 

WATER LEVEL. DATA : ,. J,. &y.-..z I y 1. _ A>.,‘; 

(Date, Time & Condttlons) 
1 I 

SAMPLE 

NO. 

&l-et 

m 

I 
OE?nl 

vr.1 

O& 

Rut-4 
NO. 

0 

SLOWS 

e- on 

a00 

t-4 

SAMPLE 

stCOvtrv 

WMPCL 

LCNGTN 

BORING 

l See Legeno on 8ack 

bb+ w 
PAGE-OF 



WATER LEVEL DATA : 

(Date, Time & Condttlons) 

I MATERIAL DESCRIPTION’ 

lYOLOCY SOIL 
CHANGE OENSIN~ 

De0fll.N.l 
CONSISTENC’ 

OR ROCK 
MARONlSS 

I MATERIAL 
COLOR 

ClASSiFlC+TiON 

I I I 

I.’ : I I 
. 

. _. 

c 

t 

+ 

I L 
. 

.J 

l 

SAMPLE 

NO. 

e rfPC 

OEPIW 

(h) 

OU 

RUM 
NO. 

REMARKS 
EORING 

* See Legend on hck 
PAGE’ OF 

_ 



I I 
(Date, Time & Conditions) . . . 5. : ..; “, &y> : 

I 

. 

. 

I 
I 

SAMOLL 

NO. 

k rfcc 

Of?Tn 

cm 

OR 

RUr3 
NO. 

+- 

w 

+ 
64 

eiows 

6’ OR 

a00 

l’il 

- 

SAMClf 

SLCOVEW 

SAMPCt 

LENCTN 

REMARKS 
4 BORING 

l See Legend on Back 



ELEVATION: 

WATER LEVEL DATA : 

(Date, Time & Conditronr) 

FIELD GEOLOGIST: 
. 

SAMPLE 

NO. 

1 rVPt 

OtCTW 

Ik.l 

ou 

RW 
NO. 

BLOWS 

6’ OR 

a00 

(“.I 

- 

- 

- 

REMARKS 
BORING 

l See Legend on 8ack 

, 

PAGE -OF! 



. BORING LOG WtUIBURTONNUS 
, 

PROJECT: 

PROJECTNQ.: 1’4 (2 ’ DATE: 

6ORlNG NO.: j-i+ cfl -ZfZ’- 
rf;37 -. DRILLER: .*,&.‘ _I- -. 

ELEVATION: FIELD GEOLOGIST: 
WATER LEVEL DATA : 

(Date, Time &Conditions) 
L 

MATERIAL DESCRIPTION’ mcu 
BLOWS 5AMmLf 6s 

. 

5AMPl.f 0terW f’ on Stcovtlv L’t)(oLoGv 5OIL 

NO. mJ 
ol( 

kTv?F OR 
300 SAMDCC CHANGE OCNSIW: 

Ioqofn k, CONSiSl?%CV MATERIAL 

RUN ‘*’ 
LfNGTH OR nocx COLOI USES REMARKS. 

WARDNISI CLASSIFICATION 
. . ‘. 

NO. 

J 
1%~ \o\ ’ Cb\ ~~cf.J‘ 

- 

REMARKS 
BORING 

l SeeLegenOonBack 
PAGE’ OF -- 



., . . j .+z.+: 

.w : . 
1 

. 

WILLIBURTONNUS 

PROJECT: ly &we ~6vYt*sc& BORING NO.: 

PROJECT NQ.: tc( (‘;7 
ELEVATION: 

WATER LEVEL DATA : 
(Date, Time & ConditIonsI- 

LAMPLE 
NO. 

h rf?F 

309 

PLOWS 

6’ OI 

900 
I%) 

- 

IAMPLL 

axOVPw 

SAMPCI 

LtNGTM 

c 
TWOLOGV (OIL 
CHANGE OFNIIW: 

D.Pt*.N.l 
CONSiSltNC~ 

on ROCK 
‘HARONESS 

l See Legeno on Back 
PAGE’OF- 

.i 



*- 
‘. ., 

.. ‘,.’ 
.- 

I i.. .‘. 
: ; ,. : 

-. -_ 

i . BORING LOG .HULlBc;/RTOAf NUS 

PROJECT: 
. ‘. : ‘&RING NO.: 

/ CI 

#)(f&& 0 ‘. ‘-““.-;& 

PROJECTNO..: DATE: 

’ %ELD GEOLOG:S: 

,,R,L‘ER: ‘-’ 5uj:... \. : .‘rr’...*~p a. 

ELEVATION: _.. . . .A -.. 

WATER LEVEL DATA : 
(Date, Time &Conditions) 

~.,.._ : 
. ..__ 

9lowc SAMIlL 

i-OR. Qtcp4tav 

a00 SAMPLE 4 1-4 LLNGTN 

- 

MATERIAL. 

I -4 
I I 
I I 

: 
. 

‘. 

.,. 

R&lA’RKS, 
:.. I. ._ : 

BORING 
REMARKS 

, 

l See Legend on Back 



OEPrW 
+ows 

i- OR 
ift.J 

54 .‘, 
?OO 

Rub4 I”*) 

. . 

.‘ ‘. 

. 

Fbcf ’ 

REMARKS 
&RING 

,PAG E -OF- 
’ See Leqeno on arck . 



PROJECf: 
PROJECT NO.; 

ELEVATION: 

WATE3 LE’fEt 2ATA ” 

(Date, Tl.?-e & Corrditlonrl 

DATE: 

F!ELD GEOLOGIST: 

1 1 nows. 1 iAMblE 

I 

4.l” I b,.I-L -e-w..., ..-.- 
0a : 

,VtP” LlTkOLOGY 
;’ 

SOIL 
XNllW MATERIAL 

06 
” 

,.“. e CilANGE 

CLASSiFICATlON 
SSCS REMidiCi 

.:_ 

I j&p -c-7 

. .,: . 

REMARKS 
BORING 

l See Leqena on am PAGE -OF- 



3EPN 

;ft.1 

O& 

I I, 

I Ii 

I H 
I H 

I 
.IrMOCOGY SOIL 

:ii*?y XNSIW 

lO*ON!.R.I 
CONWSTENCV 

, OR nocx 
YARONESS 

MATERIAL DESCRIPTlON’ . I 
r- :. 

.* -.‘:-::-yL..-f 

MATERIAL 
.; :’ _\: 

COLOl CLASSiFlCATiON . vscs ,REM’iRkk .; : 
:.;r>. :, : : ..‘.‘~p(iJ-, . 

REMARKS 
BORING 

* Seeceqenconawr PAGE -OF- 



BORING LOG HALLISURT~$/ NUS 

PROJECT: 

PROJECT NO..: 

ELEVATION: 

WATER LEVEL 3ATA : 
(Date. Time & CondrtlOW) 

DATE: rh’y 

FIELD GEOLOGIST: 

gORING NO.: 4&& t.j I -J7 ‘- 

DRILLER: : ,./ .: *.,.A. 

0. LllL kc, 
. . . . . . 

.-- 

IAMPLE 3trrW 

UO. ;tt.t 

6VPE Ort 

RUM 
NO. 

Eiows. 

i- OR 

400 

(.‘.I 

iAMPLE c MATERIAL DESCRIPT1ON* 
1 1 

StCOVEq” “r”oLoGV SOIL 
JENSIW 

SAMPLE 
:iANGE 

looo~tn.k., CONSISTENCV 

aa 

MATERIAL 
LENGTH OR nocx COLOR 

CLASSlFiCATlON 
USCS 

WAIONESS 
!.?$fMARKS 

I I 1 

.-- 

REMARKS 
BORING 

PACE:OF- 
* See Legena on amt 



. .MATERlAL DESCRIPTION’ . . 
<AMPLE 

?ECOVEhV 

WMPCE 

.cENGTH 

.tTMOLOG’ 

CIANGE 

ro*orn.n.l 
. . 

5OIL . ,’ 
JEWSIW 

CON%lSTENCV ” 
: 

OR *oclc I COLOR 
MATERtAt. 

MAlONEIS _ CLASSlFlcAnON 

iAMPLE 

YO. 

6 rrve 

--I.: :. .I’ . . . . 
.) 

‘a 
_ -’ 

., ..’ 

r . 
. . . . . . . , 4 -q-q?-- 

I 
: . 

0 _ 

. 

.- 

,. 
. : . . . _‘; I* -I I 

..-.., . . 
-.; i*, ,.,, i’.. 

.._ 

. 

. -- 

46: 

BORING 
REMARKS 

PAGE -OF- * See ceqena on sac* 



dORlNG LOG WlLLfBURT~At NUS 

PROJECT: 
PROJECT NO.: 

ELEVACON: 

WATER LEVEL 2ATA : 

(Date, Tlve & Condlt!ons) 

gORING NO.: 

DATE: DRILLER: : _ ̂ , .-7 . . . . .,. , .,Q>T.<” .*-. 

FIELD GEOLOGIST: ::. 

I Ruti 
NO. 

MATERIAL DESCRIPTION’ 

I I I 1 1 

I 

_-^ 

REMARKS 
BORING 

* See Leqcna on arcr PAGE -OF- 



BORING (+4-43s 

PAGEL - - z 



1 SORING LOG 

E3/AflON: 
. 3ATE: 7&q 

30RING NO. _ 

DRILLER: R& 

FiEl.0 GEOLOGlST pd 
‘WATER LEVEL OATA 

I H 

I H 





I SORING LOG Qbtrton .NUS _..I L a1 

JQOJECT. wfrn~ St-w 30RING NO. 
$QOJECT NO.: r41z . 3ATE: ?[t(q 03RILLER: 
ELEVATION: FIELD GEOLOGiST 
qPJATER LEVEL DATA 

P.l\r. __ 

5011 
2twtrn 

CJII5OlfYCI MATERIAL 
01 KOCK c21oa 

:*IfWAl *&aONRO CLASSiFICATlON 

3EMARKS 
BORING - 



i SORING LOG 

p”l 
Hallibttrtonm 

JQOJECT. vu 4.uflrzs.Tre 3ORING NO I-/u -YXT 
JQOJECTNO.: lq[z 3RILLER: 
ELEVATION: 

Et/w3 

,PJArEa CEVEL DATA 
flfl~+Nr 

: 
, (Date. fime & Conaitlonsl 





REMARKS 
BORING 

pAN/sa 

7 3 -., PAGE-- - - 



3ORING LOG 

JQOJEC?. WNNW 
2QOJECT NO.: btr’e 

ELEVATION: 

WArZR LEVEL OATA. 

(Date. Time & Conomons) 

: 3ATE: +[pl( 

30RINGNO. /-/d-43> : 

--. DRILLER: IQa :, ,:- ; 
FIELD GEOLOGiST f-?IJ@MR 



1 . BORlNG LOG -uRToNNus 





XOJECT; 

PROJECT NO.: 
ELEVATION: 

WA13 LE’lt,: 2A:A ’ 
(Date. TifT?* do Ccna~conr~ 

BORING NO.: I+& rqz. 

3ATE: _ ORILLEfl: 
-. . 

FfEtD GEOLOGIST: 
. a--- 

1 H 

m 
0 
I 

EEEI 5 

I I . . ..e c 

SEMARKS 
BORING 

iSr\lrss 

2 OF 2 ’ 388 ce9OnO On aJCC PAGE- - 





; BORING LOG 

PROJECT; 

PROJECT NO.; 
. 

ELEVATION: 
WATER LEVEL DA% 

(Date. Time 8 Ccno:t:onr) 

3ORlNG NO.: i%W Yf9 b 

OATE: . . _ DRILLER: - ------ 

. F;EtD GEOLOGIST: ..d* c .& &- 

: : 

BORING sft\r-ys 

PAGE zOF 3 -- 



?ROIEC; 

PROJECT NO.: 
ELEVATION. 

WATER LEVEL ZATA 

(Date. Time 44 Ccna:t:onr) 

3ORlNG NO.: !-ftrc, ‘f9 h 

3ATE: DRILLER: 

FiELD GEOLOGIS?: 

I I MATERIAL DESCRIPTION’ m 
WOWI. rrurrt I 1 I ea 

La.‘3 IJ 

t \37H 

BORING t+NY 



WATER LEVEL DATA 
(DATE,TIME & CONDITIONS) 



PROJECT ti Awe tia-m;*rE+ 
4v BORINGNO. &f&c/ S 

PROJECT NO. Isc 15: DATE (;7-?9r DRILLER fcQci d 

ELEVATION FIELD GEOLOGIST 9, h&f (Pm - 

WATER LEVEL DATA 

(DATE.TIME & CONDITIONS) 

.MAlERlAL OESCRIPTION. _. 

mm MATERIAL CLASSIFICATION LGLs REMARKS 

f6p satids+cn e,aerc os;c dry rchsty 

REMARKS 
BORING - 

PAGE -0 



PROJECT 
PROJECT NO. J4\Yz 

ELEVATION 
WATER LEVEL DATA 

(DATE.TIME & CONDITIONS) 

BORING NO. +/-Al 6fS 
DATE lZ- 5-9r KRs, 0 - 

FIELD GEOLOGIST 
DRILL; 

l7, \n/hdI 

* 

i BORING LOG 

REMARKS 
BORING - 



- - 

ELEVATION FIELD GEOLOGIST 
WATER LEVEL DATA .-. 

(DATE.TIME & CONDITIONS) 

SlATERlAL OESCHIP~ON* _. 
/ 

sAMRE DEm m WPIE UJtUlGGY 

Ho. FL g CWR MATERIAL ClASSlFlCATlON uses REMARKS 



- - 

PROJECT 
PROJECT 

AI Au, c- ~~,w.~-=++tc~-- BORING NO. , 

NO. IV/Z DATE /&d/l/ 7 DRILLER A AAR 
ELEVATION FIELD GEOLOGIST i=-“. &Ljt cz< 
WATER LEVEL DATA 2 

(DATE,TlME & CONDITIONS) 

.WATERIAL OESCHIPTION* . . 

SAW OEPM KOWS 

ICI. FT. s all.DR MATERIAL CLASSlFtCATlON LGcs REMARKS 



i GORING LOG HALUBURTCN / 
b 

PROJECT : hrfiw 6 \rLp,<~‘~ *,+(r- BORING NO. 

PROJECT NO. Jc)l a DATE )fr.- T- “7 c DRILLER lk $I R-l? 

ELEVATION FIELD GEOLOGIST D Lc3 t..+ Y / cr, Y 
WATER LEVEL DATA ,.-- 

(DATE.TIME & CONtiITIONSI - 

gEMARKS 



PROJECT NO. 

WATER LEVEL DATA 

(DATE,TIME & CONDI 

REMARKS 

,- REMARKS 

8oR’N;a- 
l 5cr~eq*noonaru PAGE -OF- 



r ffj-&c urlr jvb&JOpJ*, 

DATE is<+ 

FlEiD GEOLO( 
WATER LEVEL DATA 

I / 

:DATE,TIME & CONDITIONS) 

REMARKS .-. 
BORING 

.Y 1 ;;Ff, 



1 tWKlNti LWki HALLJBURTGNNU: 
. 4 

PROJECT 4@x- t-2 tT1A.L d&r / BORING NO. 
DATE 

t 
PROJECT NO. <- DRILLER 

ELEVATION 
/ 

FIELD GEOLOGIST ‘u’, v&-L-/ , -. 
WATER LEVEL DATA / 

(DATE,TIME & CONDITIONS) 

.WATERIAL DESCRIPTION* ! ’ 

SNRLE UJHOLOGY 
swplE OErnH Bu)Iys REcth%f# C,#,&E SOIL 

Ho. FT. s E@J,, , DEllTY COKIR MATERIAL CLASSIFICATION m REMARKS 
HARDNESS 

I I H 



ELEVATION FIELD GEOLOGIST 
WATER LEVEL DATA 

:DATE.TIME & CONDITIONS) 

62. 

SAMPLE tlJlULOGY 
OEm B”lws @8,Ei! CHANGE 

SOIL 

FT. s mJH 
r 

DEMITY 
KWNESS 

WATERIAL OESCHIPT1ON. 
! I 

am MATERIAL CLASSIFICATION m REMARKS 

4 + 3) I 

8ORlNC - 



- - 

PROJECT . .N fkIr/( w~W..a’yl step BORING NO. # fl- &JJ- 

PROJECT NO. [Y I7 DATE 12777-s DRILLER _ Raa 4 
ELEVATION FIELD GEOLOGIST . Pa w&ale,, 
WATER LEVEL DATA 

(DATE,TIME & CONDITIONS1 

.WATERfAl. OESCRIPnON- I ‘. 

m ow m - “WIDGY 

Ho. FT. 6- 
yjgf =.. ..m m MATERIAL CLASSIFICATION rscs RpIARb 

I H 



BORING LOG HAUlBUKTUAiNL 

PROJECT avwitis+Pp I 
PROJECT NO. A F;L;GE;$;,;T-, T= 
ELEVATION 
WATER LEVEL DATA 

BORING NO. ti-627= 
yLLER +==L ,--- 

Pk 
. 

PAGEsLaW. 



(DATE,TIME & CONDITIONS) 

QlAfERfAL OESCRIPRON’ I 
Mf’tE UTHOlDGY 

OEm m miffi! ME SOIL 

FT. r LEffiTH ’ lmTv COutR MATERIAL CLASSIFICATION LGcs REMARKS 

t 
w---- 

WATER LEVEL DATA 

f 
I 

1 aa I dvy, d v-y 
I 

3EMARKf 
BORING - 



ELEVATION 
WATER LEVEL DATA 

:DATE.TIME 81 CONDITIONS1 

FIELD GEOLOGIST ‘- 5 , 
D wka!teh 

REMAUKS. 
BORING - 



1 
ASSOCIATES. INC. 

PROFILE DESCRIPTION 

WELL- LOG 

DRILLING STARTED 
0-G CoI(Pm 

STATIC DEPTH TO WATER &MY /vrusdil- 

DATe ME%.SURED 7/a i/f?& // 7/lf!!sTa 

PUMPING DEPTH TO WATER - 

T&ST DURATION ' 
- / 

PUMPING RATE , 

TEST DATE 
C 

i 
TEST TYPE - 

I 
PUNP SETTING 

- I 
I 

SPECIPX CAPACITY i 



PROJECT N #WC ifJnvbn:ks teu 

PROJECT NO. -8 OATE ‘f-q-46 

ELEVATION 
-.. ._ FIELD GEOLOGIST 

WATER LEVEL DATA 

BORING NO. 
DRILLER 

0, h&tieh 

hear 56-j H#-63 

_.-_ 

.- 

i (DATE.TIME & CONDITIONS) , 
MATERIAL OESCRIPnON’ .* 

. 

$WlE DEPTH i!l& MME UMUXiY SOIL _ ..,.I_ -s*. - ” \.,,. “.,. 

Ho. FT. r 
MATERIAL CLASSIFICATION m REMARKS 

: I _. ; ,l;. 

\I?-7 16.0 i 
, 

Tf Ceet. 
l fci ceqrna on drcl 

PAGE -OF- 



+- BORING LOG 1. 4 -- .:a ._. _ _ _,. _,. , MUBURTON NU: _ ._1 . ___. x_. 

PROJECT t\JAMc Wd~m~ms+t+ BORING NO. # N -f: 3.6 

PROJECT NO. I Li.ca Lf-Lj-Ss DATE DRILLER 

ELEVATION FIELD GEOLOGIST 0, Wha I Cn 

WATER LEVEL DATA 

-. (DATE.TIME & CONDITIONS) 

PAGE -OF- 



BORING LOG WULIBURTON NU 

PROJECT NAidC LSam H4;Lns+el+ BORING NO. 
I) /+I nm4 qj5!4L DRILLER 

l-l-N t;Y 
PROJECT NO. rq \2 DATE 

ELEVATION FIELD GEOL6GIST 
IZaa ; 

b. wh&n -- 

WATER LEVEL DATA 

(DATE,TIME & CONDITIONS) 

MATERIAL CLASSIFICATION REMARKS 

PACE.-* ’ OF1 



BORING LOG WUUBURTON NC, 

PROJECT 
PROJECT NO. 14 I2 

ELEVATION 
WATER LEVEL DATA 

BORING NO. /Efroav 
DATE c) /r/c16 DRILLER f2a 4 b 

FIELD GEOLOGIST D tdhctk . 

(DATE,TIME 8, CONDITIONS) 

I 
!‘.lATERlAL DESCRIPTION- . . 

SAW tlTHolOGY !WtE OEKH em5 mm CHCHGE SOIL 

m. FT. g LBGTH I DEBTv coLoR MATERIAL CLASSIFICATION 16cs REMARKS 

firnf 

- _- c 
0923 53.0 , 

I I F:oR. : lo-rzgtm 

PAGE 2 -0F.z 



PROJECT 
PROJECT NO. Pm 

ELEVATION 
WATER LEVEL DATA 

(DATE,TIME & CONDITIONS) 

DATE q- F- 46 
FIELD GEOLOGIST 

BORING NO. MN-Of 
DRILLER ha 6 

:- 

SAW DEPTH ilOWS Ew 

la FT. r IBGTH 

I H 

REMARKS 
-8OlWUG kid 



m 
BORING LOG TETRA TECH NlIs,INC. 

PROJECT jU?w C Warn,,,.... 

PROJECT NO. 3606 

ELEVATION - 

WATER LEVEL DATA - 

(DATE. TIME & CONDITIONS) 

BORING NO. hc1L, -g’# 

DATE 4-3g-5Y 
DRiLLER $0 e SAfc 

FIELD GEOLOGIST 

REMARKS BORING NO. 



BORING LOG TETRA TECH NUS,‘INC. 

PROJECT PfbC wac~l’&=- ’ EOfflNG NO. #J -ass 

PROJECTNO. 364% DATE +-;ra-% 

ELEVATION - DRILLER J-2aesA-K.. - 

WATER LEVEL DATA - FIELD GEOLOGIST &;e shdebm 

(DATE. TlME B CONDlTfONSl 

. . ..-. 

. . , 



BORING LOG TE-im TECH NUS, INC. 

PROJECT PO6 BORING NO. tiN - rq= 

PROJECT NO. DAfE 4-&i-3- 
ELEVATION DRIiER Ji c&k 

WATER LEVEL DATA FiEt 

(DATE. TlME 8 CONDITIONS) 

~DQ)w-- .mo. 
No In.1 c WC. - 

warn’ 

0 

\ 

I 
5 

I 6R Cl&\ 
I 

I 
I 

I 
.I 1 - 

-sH I I 

BORING NO. 



-J-~M TECH NUS,‘J@~ 

PROJECT h%k d2h’w&- 

PROJECT NO. ‘3606 . 

ELEVATION - 

WATER LEVEL DATA - 

(DATE. TIME B CONDITIONSI 

BORING NO. fiti -g41: 
DATE 4 -ET -9% 

OR&R $oe sf2-k 

F’ELD GEoLoG’ST ~/&ntSh,;L?&-* 

REMARKS BORING NO. 

PAGE a OF 



- 
BORING LOG 

+/Ah 84I: TETRA TECH NUS,’ INC. 

PROJECT Fb C Wm& ta- BORING NO. /f/J- 84s 

PROJECT NO. 76 06 DATE 4-b?- 723 

ELEVATION _ DRILLER jr=e s&L 

WATER LEYEL DATA - FIELD GEOLOGiST 

@ATE. TiME 8 CONDITIONS) 
(/f+,z/ShrCiL(om 

SRnns cmm m.uhIsams Jtm. u4v8aucEscmmw u 
No IW.! c REC. 3wn8 m 

s 
cclpm. 

DEE 
CDLDll ulmu C 

-naN 8 

‘I 

REMARKS BORING NO. 

PAGE 3 OF 



BORING LOG 
/-/N-81-13: TETRA TECH NUS; INC. 

PROJECT 

PROJECT NO. 

ELEVATION 

WATER LEVEL DATA 

(OAT5 TIME & CONDIT1ONSl 

BORING NO. 

DATE 

DRILLER 

FIELD GEOLOGiST 

m 

REMARKS BORING NO. 

PAGE L OF 



BORING LOG #P-g% IXTRA -JECH NUS, INC. 

PROJECT PmC ~~~-‘+hsSZ-C. 

PROJECTNO. 7606 

ELEVATION - 

WATER LM-J DATA - 

(DATE. TIME B CONblTfONSl 

REMARKS BORING NO. 

PAQE s 01: 



BORING LOG 
Hu- gss 

TETRA TECH NUi, INC. 

BORING NO. )+ti- $55 

PROJECT NO. ‘jF606 ‘DATE 4-27 -78 



BORING LOG j-/h) - 853 TETRA TECH NUS; INC. 

PROJECT #W c c;~~N\i~~- 

PROJECT NO. %0&s 

ELE\IATION - 

WATER LEVEL DATA - 

(DATE. TIME B CONOlTiONS\ 

sMln8Dm?IBumwII Jmo. 
No I.) c WC. 1u#l 

Leant . 

H-4 I. 

6ORlNG NO. #b--85s 

DATE +Y?-5B 

DRiLLER .*-- -0, p.+AL. 

FIELD GEOLdGlST ~~Shdwa 

4 L 

I 

REMARKS BORING NO. 

PAGE 2 OF 



Tmu TECH NUS, JNC, 

PROJECT p+bC L&CM&C- BORING NO. &+85~ 

PROJECT NO. 7606 DATE +a?? -59 
ELEVATION - DRILLER cl---c CL1 L 

WATER LEVEL DATA - FIELD GEOLO& 

(DATE. TIME 8 CONDiTlONSl 

‘REMARKS BORING 140. 

PAGE/ OF 



TfTRA TECH NUS; INC. 

PROJECT @&cc, C bbm&&- 

PROJECT NO. 3906 
ELEVATION - 

WATER LEVEL DATA - 

(DATE. 7?ME B CONOITIONS~ 

--.--.I- KtfUWKK3 BORING IJO. 

PAGE 2 w 



BORING LOG Hti - 85s: -l-ETRA TECH N Us; INC. 

PROJECT EJf+Uc U>rnk&- 

PROJECT NO. so6 

ELEVATION 

WATER LEVEL DATA 

(DATE. TIME B CONDlTlONSl 

RBMARKS BORING NO. 

PAGE3 OF 



BORING LOG 
TETRA TECI-I NUS, INC. 

PROJECT pwc bhrAt rr3+ BORING NO. H&) - 85z 

PROJECTNO. sod DATE +,3-F-~< 

ELEVATION - ORiLLER so= s&L 

WATER LEVEL DATA - 

(DATE. TIME B CONDITION9 
- 
YJ 

REMARKS BORING NO. 

PAGE4 OF 



BORING LOG 
jth)-865 TETRA TECH NUS; INC. 

BORING NO. /+N -865 . 

PROJECT NO. 7406 . . DATE 4-30 -78 
ELEVATION - DRiLLER so= Qu p&d- 

WATER LEVELDATA - FIELD GEOLdGlST 

(DATE. TIME B CONDlTIONSl 
d&c &ckmj 

cumncnnon 

-. 

PAGE I OF 



BORING LOG 
iw8U TmPA TECH NlIS,’ JNC 

PROJECT &V%aC U=d”ahs fc- 

PROJECT NO. 76Mi ‘. 

ELEVATION - 

WATER LEVEL DATA t 

(DATE. TIME 8 CONDITIONS~ 

?ORiNG NO. )slo- Srg S .. 
iATE 4-30 -yg 
DRLLER 

REi,ll GEOLOGIST 

REMARKS 80RIt40 ~0. 
PAGE a. OF 



BORING LOG TETRA TECH NUS; INC. 

PROJECT )3’bC da&&~- 

PROJECT NO. ?%a6 ._ 
ELEVATION - 
WATER LEVEL DATA - 

REMARKS BORING NO. 

MGE / OP 
: 



BORING LOG 
w-$?a TflRA TECH NCJS, JNC. 

PROJECT bmc ~a&&~- BORING NO. fiti -WI 

PROJECT NO. 7&t& .-,DATE 4’-3tqg ” ‘. _*: 

ELEVATION - DRuJ-= Fed 

WATERLEVELDATA’- PI&D GEOtiGlST 

I pa 9 Ull” 

(DATE. TiME B CONDITIONS) 
.‘.., ~&&Lkr f+ 

~amcrwsuma mto. uARmuoL?scamow U 

No. m.1 c REC. ouw 
Lopm soa cawn c’ 

. . DQllll aum?uanon 8 
‘- ‘m. 

BORING NO. 

PAc3Ed OF: 



BORING LOG /#,j - s&r 

PROJECT p fbc ~f-fi&j=,- 

PROJECT NO. x06 -. 

ELEVATiON - 

WATER LEVEL DATA - 

(DATE. TIME 8 CONDITIONS) 

TETRA TECH NUS; INC. 
.I 

BORING NO. /+u-@Z : 

iATE 4-30 xis 
:< 

DRiLER rot 43‘ p a., g+le 

FiELD GEOLOGIST 
(j,,,srcKorq 

REMARKS BORING NO. 

PAGE3 OF m- 



BORING LOG /-We 861 TETRG TECH NUS;‘INC. 

PROJECT 

PROJECT NO. 

BORING NO. 
_ . . ._ .- 

WE 
_ . . 

. 

ELEVATION DRiLER 

WATER LEVEL DATA FEID GEOLO&ST . 

(DATE. TIME 8 CONDITIONS) 
I I I I I 1 1 

*RKS BORING NO. 

PAGE OF 



BORING LOG 
Hti-875 . TETRA TECH NUS, INC. 

PROJECT NbL w&&b- 

PROJECT NO. 3606 

ELEVATION - 

WATER LEVEL DATA - 

(DATE. TIME 8 CONDITIONER 



BORiNO /w-B35 J-ET&d -J-~-J NM, INC. 

PROJECT NW &r&&-- 

PROJECTNO. a& ._ 

ELEVATION - 

WATER LEVEL DATA - 

(~ATET~ME ac0~Om0m 

I H ‘I 



BORING LOG 
/+#J -85 

TE’mi TECH N US; ‘INC. 

PROJECT b&dC ~-‘~&‘- 

PROJECT NO. 3606 l 

ELEYATION 

WATER LEVEL RATA 

(DATE. TiME B CONOITIONS~ 

REMARKS BORING NO. 

PAGE3 bp‘ 



PROF ILS DBBCRIPTION 

WELL- LOG 

PUMP TEST DATA 



PROJECT 

3 

h SURFACE UN. / WT. LEV.: INIT. 37,f 

DESCftIPYlON / SClL CUSStflCAflON bkS.C.5.) 
(COLOR. iMNRL S7RUCTURES. 

UDlsrV~ OVA READING) 



PROJfCT Amc OWER fsJm MAP _- meit- PrinwibY- 
I 

wcmm 9+e 6 . W.O. NUUBER 93ia-400, 

DESCSIPTIDN / SC& CUSSlRCATlON (U..S.C.S> 
@oLoR. 7ExlulK SRWCTURES. 

MOBlURE, OVA READlNG) 





BORiNG LOG MLUBURTON NUS i 

MATERIAL 
CLASSIFlCAlION 

REMARKS 
BORING L%‘- ‘2 

l 50 wqena on arc& 
PAGE 2 OF 2 -- 



BORING LOG HALLIBURTON NUS. 

I I I I I I 1 I I 

! ! t I I I I I I 

I I I t I -- I I t 

I I I 
&=o sici-s?vu~ 

I I 
__I. 

REMARKS 6’ &&-#04~ S’3.s ’ iv /L’o 8 
BORING &‘Q- ” 

l See Leqena on aacr 
PACE- OF- 



I I JSCS REMARKS 

* See Leqena an 3acx 
PAGE- - / OF 2 



: BORlNG LOG HALL/BURTON NlJS 
1 

REMARKS 
BORING &‘-/r 

l See Leqena on 3acx 



30RING NO.: I 

I H 
I I b 

-- 

lRlAL OESCRlPnON’ 

MATERIAL 
CLASSIFICATION 

’ lee ceqena on 3acx 

PAGE./,OFI 



I--- BORING LOG 

CONIISXNC~ MATERIAL 
CUSSiFICATlON 

REMARKS 
BORING *& -r 

l See ceqena on 3acx 
PAGEAOFL 



1 BORING LOG 

(Date. Tire 8 Csnaconsj 

I I 
KCWS. 

IAMPLE :E’m i- :a 
uo. at?.1 

I I 

a00 
a i-w 04 ,..*) 

quI-4 
NO. 

l Tee Leqerra an dacx PAGE / OF 2 -- 



REMARKS 
BORING nR-’ 

PAGE 2 OF 2 ’ See Leqena an 3acx 



l See ceqcna on ailcr PAGE 1 0F.A. 



l 5ee Leqena on 3acr 



ELEVAT:ON: 7Dc 330.97 

WATER LE’IEL XTA : 7.60 

(Date. Time & &nc~r:ons~ 

I XQWI iAMR1 

I I H 

MATERIAL DESCRIPTION’ 

.drYOLOGv SOIL 
CIIANGI mwl-f’ # 

!o*om.h.l CONSISXNCV’ MATERIAL 
or ROCK COLOI 

CLASSIFICATION 
JSCS REMARKS 

MAIONIHS 



BORING LOG WUUBURTUN NUS [ 

F 

BORING m -6 

l See Leqena on am 
PAGE.-, ’ OFA 



l 5ee ceqena on 3acr 

PAGE- - / OF 2 



I I I 

?lAL DESCRIPTION’ 

MATERIAL 
CLASSIFICATION 

JSCS REMARKS 



BORlNC LOG WULIBlJRTOV NUS 

BORING NO.: 
JROJECT NO.: _’ ‘ZS6, c:.: I’0 y ORILLER: c-oZ . .nflK,r ,3r/cL,c.?i, 

l/36 970 t I I I I 

l SerLegenaonarc* 



I i 

I 

//3F 
! ! 

. 

! ! 

I I 

I I 
. 

BORING LOG HALL/BURTON NUS 

l Seeceqenaonaacr 
PAGE- - 2 OF z 



NAWC WARMINSTER AREA B 

MONITORING WELL CONSTRUCTION DETAILS 



BORING NO.:. 4-w08 3 

A Hallibuncm Company 
MONITORING WELLSHEET -+$,$t; 

WELL INSTALLED IN BEDROCK .+g#G:. 

PROJECT ~‘m’nm LOCATION 
ORUER ,a- 

PROJECT NO. 0ORINC w- o 8 s 
DRILLING 

ELEVATION DATE 1219‘! q3 
METHOD ldS& 

FiELD GEOLOGIST D* WiuaJh $ggy!& ?d&P 

GROUND 
tLtVA I 

ELEVATION OFTOPOF SURFACE CASING: - 

STICK UP OF CASING ABOVE GROUND :: 

SURFACE: - 

ELEVATION TOP OF RISER: I - 
TYPE OF SURFACE SEAL: :. : 

: . 

I.D. OF SURFACE CASING: 
@I 

DIAMETER OF HOLE: . lzq 

a * 11 
I RISER PIPE I.D.: .q 

PIPE OF RISER PlPEi sc5ldm 40 vc 
TYPE OF BACKFILL: F%enTan l-re 

:. _ . : .- 
i-i, 

. 

ELEVATION / DEPTH TOP OF SEAL: 
ELEVATION / DEPTH TOP OF EEDROCK: 

TYPE OF SEAL: &kx.l n i-r 

R 

ELEVATION I DEPTH TOP OF SAND: 

ELEVATION I DEPTH TOP OF SCREEN: 

I TYPE OF SCREEN: Sd4.D 40 fw 

SLOT SIZE x LENGTH: (%020 
tl 

x 1 
-I 

5 

I.D. SCREEN: 
4 II 

TYPE OF SAND PACK: 2eMw - - 
DIAMETER OF HOLE IN BEDROCK: 

8 
jl 

CORE / REAM: 

i 
ELEVATION/DEPTH BOTTOM SCREEN: 



InTlnll uq . BORING NO.: +h -0 i 73:: 

BEDROCK 
MONlTORllUG WELL SHEET ‘-‘-’ 

ELEVATION OF TOP OF SURFACE CASING: 

ELEVATION TOP OF RISER: 
TYPE OF SURFACE SEAL: 

-- 
II 

I.D. OF SURFACE CASING: 

DIAMETER OF HOLE: 

RISER PIPE I.D.: 
1 TYPE OFRISERPIPE: _ 

TYPE OF BACKFILL: 

ELEVATION I DEPTH TOP OF SEAL: 
ELEVATION I DEPTH TOP OF BEDROCK: 

TYPE OF SEAS: ‘&.,TTz v,-,~e 

1.0. SCREEN: 

ELEVATION / DEPTH TOP OF SAND: 

ELEVATION I DEPTH TOP OF SCREEN: 
v4.s 

TYPE OF SCREEN: Sc2he.n 40 ?Vc 

SLOT SIZE x LENGTH: 0~ 020 ” % 15’ 

Lf”i ; TYPE OF SAND PACK: 

DIAMETER OF HOLE IN BEDROCK: $ ” 

CORE i REAM: 

-559.5 
ELEVATION I DEPTH BOTTOM SCREEN: 

t hlJ 



mNUS BEDROCK 
BORING NO.: ,jhd -0 1 D 

0 
MONITORING WELL SHEET . . . .: .. 

A HaIIiburton Cmpany 
_.. 

WELL INSTALLED IN BiDROCK 
-. 

PROJECT fdmc @@I - (“SrWLOCATiON 
PROJECT NO. PROJECT NO. BORING H-lrJ- O’ D 
ELEVATION ELEVATION 

EIORING~ a 1-m 
DATE It! lo! 93 

FIELD GEOLOGIST FIELD GEOLOGISTd ‘D- mhd w ’ ’ ’ 

DRILLER *it? 
DRILLING 
METHOD b’k &=iy 
DEVELOPMENT 
METHOD a SM. 

- ELEVATION OF TOP OF SURFACE CASING: - 

- STICK UP OF C&NC ABOVE GROUND 
SURFACE: 

. 
- 

- ELEVATION TOP OF RISER: 
- TYPE OF SURFACE SEAL: 

- 1.0. OF SURFACE CASING: 

- DIAMETER OF HOLE: .12” 

- RISER PIPE 1.0.: 
TYPE OF RISER PIPE: 

- ELEVATION I DEPTH TOP OF SEAL: 
c ELEVATION I DEPTH TOP OF EEDROC$ IL 

- TYPE OF SEAL: fmTi9fl ire 

- ELEVATION I DEPTH TOP OF SAND: 

-,ELEVATlON I DEPTH TOP OF SCREEN: 

W8l5 
II3 . 

tiPE OFSCREEN: %hcD 4 0 3% 

SLOT SIZE x LENGTH: 0.0 ‘Lo ” x 10 
1 

11 
I.D. SCREEN: 

- TYPE OF SAND PACK: 

a. 2 /hale e&uiNr. 
- DIAMETER OF HOLE IN BEDROCK: $ ” 

CORE / REAM: ’ 

- ELEVATION/DEPTH BOTTOM SCREEN: I23 s 



-w.. 
m Nus BoRiNC No-: ‘+““Z”< .___ BEDROCK 

ml 

Q 
MOf!ijITORING WELL SHEET 

A HaLburtm tipany WELL lWVUED IN BEDROCK -1. 

F F 
E 

I 
F 

= 

‘ROJECT @kac khdz S=LOCATION 
‘ROJECT NO. BORING t-th) - Ozz 
iLEVATION DATE tz/Lujq3 

:IELD GEOLOGIST D, tial.01 

DRILLER 
DRILLING - 
METHODt- eTtiJ 

ELEVATION OF TOP OF SURFACE CASING: 
-+ 

STICK UP OF CASING ABOVE GROUND 

VATION TOP OF RISER: 

DIAMETER OF HOLE: 

RISER PIPE I.D.: 
TYPE OF RISER PIPE: 

sidw7 40 PC . . 

TYPE OF BACKFILL: &mm 0 t7-e 

ELEVATION I DEPTH TOP OF SEAL: ’ 
ELEVATION I DEPTH TOP OF BEDROCK: 

TYPE OF SEAL: eyqTi5l IrIk 

ELEVATION / DEPTH TOP OF SAND: 85 

ELEVATION / DEPTH TOP OF SCREEN: 81 

TYPE OF SCREEN: Sichm 40 ?vc 

SLOTSIZE x LENGTH: 010 20 ” x 1 o ’ 

TYPE OF SAND PACK: .--.. . .- 

DIAMETER OF HOLE IN BEDROCK: 4 “’ 

CORE / REAM: 

ELEVbillON I DEPTH BOITOM SCREEN: 
. -I I 



BEDROCK 
BORING NO.:. j?-fweD 

Q A HaIbb~~rtm cmxq 
MONITORING WELL SHEET . 

.z:,..-:‘ 
, WELL INSTALLED IN BEDROCK 

: -. --:I4 Y., ‘L;T. ‘m 

PROJECT IV- d*i~smRc~~flO~ 
PROJECT NO. BORING Hhl-qeD 
ELEVATION 12/g 1 q-3 
FIELD GEOLOGIST I 07 

GROUND 
E 

- ELEVATION OF TOP OF SURFACE CASING: g - 

- STICK UP OF CASING ABOVE GROUND 
SURFACE: 

- EtEVATlON TOP OF RISER: . 
- TYPE F SURFACE SEAL: 

&M -a-&hzr . 
81 

- I.D. OF SURFACE CASING: 

- DIAMETER OF HOLE: I2 ” 

- RISER PIPE 1.D.: 
.4” 

TYPE OF RISER PIPE: 

SckeD i-lo WC 

- *TYPE OF BACKFILL: BeVrrOQ i7C 

- EtEVATJON I DEPTH TOP OF SEAL: 
I- ELEVATION / DEPTH TOP OF BEDROCK: 

- s 

- +PE OF SEAL: dtimrl L-m 

- ELEVATION I DEPTH TOP OF SAND: AL, 
- ELEVATION / DEPTH TOP OF SCREEN: 12 3 

TYPE OF SCREEN: s4e.D 40 ?c - 

SLOTSIZE x LENGTH: 0s 0 2c ” x \ 0 ’ 

I.D. SCREEN: 

- TYPE OF SAND PACK: 

No, 3 /qoc\e 4rouw 

- DIAMETER OF HOLE IN BEDROCK: 8 ” 

CORE / REAM: 

- ELEVATION f DEPTH BOTTOM SCREEN:. 133 

ELEVATION/DEPTH BOllOM OF HOLE: r53 I 
$CKf-dl w/ bfh3t~ 17% m ,2L, 

I 



F 
L’ 
7 

8’ 

CHECKLIST 

Land Surface Elevation 332.9 

Casing Height Above L-S-32 

Total Depth /a' 

Borehole Diameter 6*&D. 

Casing Diameter t”t.17. 

Casing Lengths 51-21 

Screen Data 

Material Szfl;~~ 
Otameter 2"r.D. 
Slot Openings KISW/q 
Settings Tw-Gk 

Grout Type Po~fl#O 

Gravel Pack SkliA. 

Rig Type Rob/iP d-5& 

Driller URIQY C~LFR- .SCZ 



--- 
BEDROCK 

BORING NO.: t-h+0 3x. -.’ 

0 

MONjTORlNG WELL SHEET .- 
A tialtiburtm Company WELL INSTALLED IN BEDROCK 

pRO,E&fkd!. ~&&;n~~” ’ A 
PROJECT NO. I I ” l a 

ELEVATION 
=UK’NC3‘ x I IL k / - --- cz4 

FIELD GEOLOCW’~ ” ’ 

=L e!?!“Yb t h 375 

DRILLER R- 
DRILLJNG 

_I. .‘. 
*- 

DATE IL./L/f -Ii’ 
METHOD &t&m 

I H JnwaJ e Y-7 
DEVELOPMENT 
METHOD asuR.d.. 

ELEVATION OF TOP OF SURFACE CASING: II,‘--Jqs”RFAcE~ STICK UP OF CASING ABOVE GROUND 

- 

I IF-L- ELEVATION TOP OF RISER: - 
TYPE OF SURFACE SEAL: 

I.D. OF SURFACE CASING: 
. . 

. DIAMETER OF HOLE: \ 2” 

RISER PIPE I.D.: 4 ‘t 
TYPE OF RISER PIPE: 

TYPE OF BACKFILL: 

ELEVATION I DEPTH TOP OF SEAL: 
ELEVATlON I DEPTH TOP OF BEDROCK: z3 

TYPE OF SEAL: 

ELEVATION I DEPTH TOP OF SAND: 81 - 
ELEVATION/DEPTH TOP OF SCREEN: P3 

TYPE OF SCREEN: ScheD YO P\rc, - 

I SLOT SUE x LENGTH: o,o: 

I.D. SCREEN: 

TYPE OF SAND PACK: 

I 
DIAMETER OF HOLE IN BEDROCK: 8 ” 

CORE I REAM: 

ELEVATION! DEPTH BOTTOM SCREEN: 
95 

- 
in/) 



MN&g s 
BORING ND.: 

BEDROCK 
ul\l-03 D 

Q 
MONtTORING WELL SHEET . . . 

A Hatti~rtm Company WELL INSTALLED ,N BEDROCK . . ..‘-I. . . . ,- :“l:_i. 
, 

PROJECd~ M)ARM’,~S%&~CATION 
PROJECT NO. BORING b-i 
.ELEVATtON DATE la. 

D. WhKLi FIELD GEOLOGIST efi 

DRILLER A-M 

DEVELOPMENT 
METHOD gd* fb’@ 

- ELEVATION OF TOP OF SURFACE CAilNG: 
. . 

- STICK UP OF CASING ABOVE GROUND 
SURFACE: 

- ELEVATION TOP OF RISER: 
- TYPE OF SURFACE SEAL: 

. 

&~~u=r 

- I.D. OF SURFACE CASING: 
8 .‘I 

y- DIAMETER OF HOLE: . 12” 

- RISER PfPE I.D.: 
TYPE OF RISER PIPE: 

Y ” 

SCk.eD 40 WC 

- TYPE OF BACKFILL: i%+“i-i% n ; -rpe 

- ELEVATION / DEPTH TOP OF SEAL: 
t ELEVATION /DEPTH TOP OF BEDROCK: 

- TYPE OF SEAL: -i3&nTGfe 

3 

- ELEVATION/DEPTH TOP OF SAND: I5 4 
- f LEVATION /DEPTH TOP OF SCREEN: 130 

TYPE OF SCREEN: ~~ckD 40 PVC 

SLOT SIZE x LENGTH: 0,020 ” x 5 ’ 
I.D. SCREEN: 

- TYPE OF SAND PACK: - 
No. 2 MDfL'e a!ui~* I 

- DIAMETER OF HOLE IN BEDROCK: $?, ” i 
i 

CORE / REAM: 

- ELEVATION I DEPTH BOITOM SCREEN: 

ELEVATION I DEPTH BOFOM OF HOLE: \d2 



BEQROCK 
BORING NO.: _ gifw+ 5 

Q 
MONITORING WELL SHEET 

A HaMtwm Cowany 
‘~+$; 

WELL INSTALLED IN BEDROCK 
.- .-: -.i . & . 

-_---_. 1 DRILLER-&%!+ 
PROJEdfl’= wanM~ns~tf?- LOCATION 
PROJECT NO. BORING l-b-W! s 

DRILLING 

ELEVATlON DATE 12.1 1’71 93 
METHOD flk &My 

FIELD GEOLOGIST D. tic&Lee DEVELOPMENT 
METHOD &mfh!& 

1 

1 
ELEVATION OF TOPOF SURFACE CASING: - . _. ’ 

I.D. OFSURFACE CASING: 
-1 

. 

DIAMETER OF HOLE: . 12” 

RISER PIPE I.D.: 4” . 
TYPE OF RISER PIPE: 

, I 
I I TYPE OF BACKFILL: 13cti-mn 1-r-L 

p%y ; ELEVATION / DEPTH TOP OF SEAL: 
i-z:+ ELEVATION / DEPTH TOP OF BEDROCK: Zb 

ELEVATION I DEPTH TOP OF SAND: 20 

L+- ELEVATION/ DEPTH TOP OF,SCREEN: 

TYPE OF SCREEN: St&D% ?\rc 

II SLOTSlZExLENGTH: O,OW “x \ 0 ’ 

I.D. SCREEN: 4 " 

TYPE OF SAND.PACK: 

I# 1 IS]4 i DIAMETER OF HOLE IN BEDROCK: 
s” 

ELEVATION I DEPTH BOTTOM SCREEN: 

‘25 



BORING NO.: tfti-OYZ- 
BEDROCK 

MONITORING WELL SHEET _ .: .- .- . . _.~_ ._ _. ‘I-. 

WELL INSTALLED IN BEDROCK 
.._ .:.v.- 

lqqo,~fljiwt- uhf+&= LdCATlON 
‘ROJECT NO. BORING ~~-04= 
:LEVATlON DATE ~2!=,b3 
‘IELD GEOLOGIST -9. IdhcLLefl 

DRILLER e* 
DRILLING 
METHOD fi k m-q 

- ELEVATION OF TOP OF SURFACE CA&NC: 

- STICK UP OF CAStNG ABOVE GROUND 
SURFACE: 

- ELEVATION TOP OF RlSER: . 
- TYPE OF SURFACE SEAL: 

h&Lwcr cwuu 

- I.D. OF SURFACE CASING: g 
‘I 

- DIAMETER OF idOLE: 
. 12” 

- RISER PIPE 1.0.: 
TYPE OF RISER PIPE: 

Sck.D w i>vr 

- TYPE OF BACKFILL: pf!,nTi * ‘?-e: 

- ELEVATION I DEPTH TOP OF SEAL: 
t ELEVATION I DEPTH TOP Of BEDROCK: 

- 
- TYPEOFSEAL: ‘13m 100 3-e 

- ELEVATION I DEPTH TOP OF SAND: 

- ELEVATION/DEPTH TOP OF SCREEN: 60 

TYPE OF SCREEN: S&D YO WC 

SLOT SIZE x LENGTH: 0320 ” x 10 ’ 

I.D. SCREEN: 4 ” 

- TYPE OF SAND PACK: 

- DIAMETER OF HOLE IN BEDROCK: & ” 

CORE I REAM: 

- ELEVATION /DEPTH BOTTOM SCREEN: Lz&L 

EtEVATlON I DEPTH BOTTOM OF HOLE: 
Rfm~.c.II 1,rl Lo.ylfmh.l--e -IT\ ha 



MONlTOR~NG WEu SHEET 

A Haitiburtm Company WELL INSTALLED IN BEDROCK 
----..-.-- . 

P -A *r- hta.llrp Il~aaAl~Crpl 

PROJECTNO. 
ELEVATfON 

BORING, - --- 

FIELD GEOLOGIST -73, ii DEVELOPME-NT_ cp, + 
METHOD .! ,5u33, YUMY 

GROUND 

ELEVATION OF TOP OF SURFACE CASING: - 
.a.. 

STICK UP OF CASING ABOVE GROUND 
SURFACE: 

1.0. OF SURFACE CASING: 

DIAMETER OF HOLE: 

RISER PJPE I.D.: 
TYPE OF RISER 

Ft TYPE OF BACKFILL: .A 

ELEVATION / DEPTH TOP OF SEAL: 
ELEVATION / DEPTH TOP OF BEDROCK: 

TYPE OF SEAL: ~-lZnJX 

ELEVATION / DEPTH TOP OF SAND: 

1,-j- ELEVATION / DEPTH TOP OF SCREEN: 

TYPE OF SCREEN: s&D qil 3vc 

0 ,020” x IO 
I 

SLOT SIZE x LENGTH: 

I.D. SCREEN: 
yn 

- TYPE OF SAND PACK: 

No. 2 lvleR\‘e e6’LLiv. 

DIAMETER OF HOLE IN BEDROCK: 
8 

n 

CORE I REAM: 

ELEVATION I DEPTH BOTTOM SCREEN: I ‘\ 53 

1Iha 



BEDROCK 
MONITORING WEU SiiEET .._. 
WELL INSTALLED IN BEDROCK - _ 7 __. .,.I 

PROJECT I\rftNc td-;d s-=f? 
PROJECT NO. N- 05s 
UEVATION DATE / 4-2 
REID GEOLOGIST v. u3tiGLehl . 

BORING NO.: JIN ‘03G 

I 

--ELEVATION TOP OF RISER: -- 
* 

. i>..’ . . 

--‘PIPE OF SURFACE SEAL: cisu&T 

---TYPE OF PRDIECTIVE CASING: 
I.D. OF PROTECTIVE. CASINO 

-0IAMElER OF H&t 
,i---“” 

-RISER PIPE I.D.: 
4 1’ 

TYPE OF RISER PIPE: 
ScklseT, Yb PVC 

--TYPE OF BACKFILL: ah-n;= 

-ELEVARON/DEP7H TOP OF SEAL 
. 

-ELEVATION/DEP 7H TOP OF BEDROCK: -!L- 

-EEVATION/DEPTH TOP OF SAND: 36 
-ELEVATION/OEPlH TOP OF SCREEN YI 

TYPE OF SCREEN: s_cr+e_h m 7 
SLOT SIZE x FG 
I.D. SCREEN: 

:,& 

-?YPE :OF SAND PACK: 
idv. 2 Ploftit EQUiv. 

-DIAME-iER OF HOLE IN EEDROCK: s” 

- ELEVARON/DEJ=lH BOTTOM SCREEN: 
ELEVATION/DEPTH BOlTOM HOLE: 

ACAD. C; S:F.DWC 06/14/94 m 



gk Halliburtdn NUS 
.+F CORPORATION 

PROJECTNW khib’thf~~~ 
PROJECT NO. 
ELEVATION 
FIELD GEOLOGIST 

GROUND ELEVATION 
ELEVATION TOP OF RISER: 

TYPE OF SURFACE ‘SEAL 

TYPE OF PRO-IECTIVE CASING: 
1.0, OF PROTECTIVE CASING: 

DIAMETER OF HOLE: 

RISER PIPE I.D.: 

TYPE OF BACKFILL 

ELEVATION/DEPTH TOP OF BEDROCK: 

lYPE OF SEAL: l!&ii-on -1 re 

ELEVATION/DEPM TOP OF SAND: 

., . . 

DIAMETER OF HOLE IN BEDROCK: 

ELEVATION/DEPTH BOllOM SCREEN: 
ELEVAllON/OE@TH BOTTOM HOLE: 

42’ C. Lii.DWt e6/14/94 TD 



*kHalliburton. NUS 
Y”.....” I.“.. * -. 

BEDROCK 

cl\F CORPORATION 
MONiTORING WELL SiiEET 
HIEU. INSTALLED IN BEDROCK ^ ~ . 

. . ..- I ..:.. -. 

I 

/ 
ELEVAllON TOP OF RISER: .- . 

. . 

TYPE OF SURFACE SEAL: 

TYPE OF PRO’IECTIVE CASING: 
I.D. OF PROTECTIVE CASINGt 

DIAMETER OF HOLE: 

ELEVAllON/DEPM TOP OF BEDROM 

EEWJION/DWI5H TOP OF SAND: 

EEVAlTON/DEPlH T;Wi’F SCREEN 183 I 

..- WC . . TYPE 6F SCREEN: fs YO . . . . .‘.’ - . . 
.* - - *:: . . SLOT SIZE x LENGTH . . . . - . . . . . . . . ..- . . . 1.0. SCREEN: I . . . . . . ..- . . . 
::. w ::. 
::. - ::. 
::_ - ::. :_ 
::. - ::. 
::. - ::. 

;F SAND. PACK: 
a p PloYzie fs?uid. I 

. . _ . . . . . . . . . . e . . . . . . . . . w . . 
::_ w ‘:: DIAMETER OF HOLE IN BEDROCK: -32 
::. w .;: 
;:. w . . ..- I 
. . . ,.. . . - . . 

ELEVATION/DEPM BOTTOM SCREEN: 
. . . . . . . . . _A . ELEVATION/DEPTH BOli-OM HOLEz 

I _-- 

ACAD: C: SfF.OWC 96/14/O* TO 



RORINC NO.: l-WO&S 

BEDROCK ’ 
- 

MONllORINGWEi.LSHEET 
f ; 'q&-i ;I - ._*-.y-_. -- -: _. ': 

. y.?,'; 
__ . 2.:: L. i q.. 

WELL INSTALLED IN BEDROCK 3 .-I 
‘--y-:- :.y. ..+;,. . 

PROJECT Nw - LOCATION 
PROlECT NO. BORING l-w-ObS 
ELEVATION DATE \2j=!/q3 
FlELD GEOLOGIST D- a+td* 

DRILLER ,& 

DEVELOPMENT 
METHOD d&. .b’@ 

ELEVATION OF TOP OF SURFACE CASING: 

STICK UP OF CASING ABOVE GROUND 

I IL&L ELEVATION TOP OF RISER: 

DIAMETER OF HOLE: 
‘,0p .’ 

I I 1’ 
RISER PIPE I.D.: L1 
TYPE OF RISER PIPE: 

e+ TYPE OF BACKFILL: \rrefiJon, 1 tT, 

ELEVATION / DEPTH TOP OF SEAL: 
ELEVATION I DEPTH TOP OF BEDROCK: zs 

TYPE OF SEAL: Ben-l% n ;-Fe 

ELEVATION/DEPTH TOP OF SAND: 

ELEVATION/DEPTH TOP-OF SCREEN: 

n 31 -I 316 
TYPE OF SCREEN: 5de.9 YO ?lfc 

SLOT SIZE x LENGTH: 8, 020 ” x 1 Ad ’ 
1 gyr I.D. SCREEN: Y ” 

TYPE OF SAND PACK: 

fitOr 2 f\(rokic FQuid 

DIAMETER OF HOLE IN BEDROCK: 8 ” 

CORE I REAM: 

:..cz 
- 

-.? 

; .z 
. 

. . . 

-_ 

..- <.. 

-I :, 

.‘_ 

T -z 

ELEVATION/DEPTH BOlTOM SCREEN: 51 
7% 



BORING NO.: 

BEDROCK 
w -d2ss: 

0 
MONITORING WELL SHEET' 

A Halliburttm bmmy 
:+$;:..- 

WELL INSTALLED IN BEDROCK 
-. .._. :‘. i.&._ _ ._..:: ‘. - - 

PRO,Ed~-\ISQ(xc;e% LOCATION 
DRILLER 

‘- 

DRlLLlNG 
PROJECT NO. BORING g’+o(;“= 
ELEVATION DATE 12/9/93 

METHOD fi k a-y 

FIELD GEOLOGISTS ;:g”& &u? 

ELEVATtON OF TOP OF SURFACE CASING: 

STICK UP OF CASING ABOVE GROUND 

ELEVATION 

I.D. OF SURFACE CAStNG: 

DtAMETER OF HOLE: 

RISER PtPE t.D.: 

ELEVAltON / DEPTH TOP OF SEAL: 

TYPE OF SEAL: 

ELEVATtON I DEPTH TOP OF SAND: $0 

ELEVATtON / DEPTH TOP OF SCREEN: 

.TYPE OFSCREEN: -q&D 90 m 

TYPE OF SAND PACK: 

No, 2 MO& +%w;ti- 

CORE / REAM: 

ELEVATION / DEPTH BO7lOM SCREEN: 



0 A Hdliburton &VWIY . 

BORING NO.: 
BEDROCK 

MONITORINGWELLSHEET 

WELL INSTALLED IN BEDROCK 

PROJECTN---M;fir’te 
PROJECT NO. 
ELEVATJON truK’Nbt,r -*VP 
FIELD CEOLOCISTd 

ELEVATION OF TOP OF SURFACE CASING: 

STICK UP OF CASJNG ABOVE GROUND 

- 

- 
GROUND 

DIAMETER OF HOLE: ’ 12 
P 

RISER PIPE t.D.: 4 ” 
TYPE OF RtSER PtPE: 

sd4D YO PC 

TYPE OF BACKFtLL: *A;TDn;X 

ELEVATION / DEPTH TOP OF SEAL: 
ELEVATION/DEPTH TOP OF BEDROCK: xr 

TYPE .OF SEAL: w#&TzmL-Te 

B’> ! 
ELEVATtON / DEPTH TOP OF SAND: 

b-+-- kLEVATION / DEPTH TOP OF SCREEN: 

TYPE OF SCREEN: sGl47 Yo PC 

SLOTStZEx LENGTH: 01 020” x 6 ’ 

I.D. SCREEN: tl ” 

TYPE OF SAND PACK: 

/& 2 M.f3fL+4 eauhf. a 

DIAMETER OF HOLE IN BEDROCK: 
s 

” 

CORE I REAM: 

. 

ELEVATION/DEPTH BOTTOM SCREEN: \ 5 .1 

_ /.- 



BORtNG NO.: tlfu-07 s ._ 
BEDROCK 

c. ‘-- 

0 
MONITORING WELL SHEET 

A Haflibuttm Company 
:, >r. 

WELL INSTALLED IN BEDROCK 
- :;; ,I 32i. 

J Y q-- 

\z’k 43 
METHOD Wt & #L&y,l3W’ 

LEVATION DEVELOPMENT 
:ELD GEOLOGIST METHOD fluA f+Jap 

GROUND 
ELEVATION 

T 
T 
T 

- ELEVATtON OF TOP OF SURFACE GiitNG: 
-a 

- STICK UP OF CASING ABOVE GROUND 
SURFACE: 

- ELEVATtON TOP OF RISER: . 
- TYPE dF SURFACE SEAL: 

-Gl-=r 
b’ 

- I.D. OF SURFACE CASING: 

- DIAMETER OF HOLE: . 12” 

- RtSER PtPE 1.0.: 
TYPE OF RISER PIPE: 

-* TYPE OF BACKFILL: 

- ELEVATION I DEPTH TOP OF SEAL: 
c ELEVAflON I DEPTH TOP OF BEDROCK: 

- TYPE OF SEAL: m ;‘ro. 

- ELEVATtON I DEPTH TOP OF SAND: 

- ELEVATION I DEPTH TOP OF SCREEN: 

TYPE OF SCREEN: sLl43 L-IO -PC 

SLOT SIZE x LENGTH: 8,02t?” x \* ’ 

I.D. SCREEN: 

- TYPE OF SAND PACK: 

f\fo. 2 !4tm’e fgjluw. 

- DtAMETER OF HOLE IN BEDROCK: S ” 
CORE I REAM: 

- ELEVAftON I DEPTH BOlTOM SCREEN: ys 



BEDROCK 
BORING NO.: a&+o% 

- - .‘... -.. 

PROJECT NO. 
ELEVATiON 
FIELD GEOLOGIST 

LOCATION 
I 

;.);g &k &TM9 

DEVELOPMENT 
METHOD d&h- 

- ELEVATtON OF TOP OF SURFACE CASING: 

- STtCK UP OF CAStNG ABOVE GROUND . 
SURFACE: 

- 

- ELEVATtON TOP OF RISER: 
: TYPE OF SURFACE SEAL: 

- I.D. OF SURFACE CASING: s ” 
11 

- DIAMETER OF HOLE: ’ 1 2 

- RISER PIPE LD.: Y ” 
TYPE OF RtSER PIPE: 

SCLD Yo WC 

i TYPE OF BACKFILL: +mfi t= 

- ELEVATION I DEPTH TOP OF SEAL: 
c ELEVATION/DEPTH TOP OF BEDROCK: ZZ 

- TYPE OFSEAL: ahm l”re . 

- ELEVAftON I DEPTH TOP OF SAND: 

- ELEVATION I DEPTH TOP OF SCREEN: 

TYPE OF SCREEN: 

SLOTSIZExLENGTH:~~~2C) ‘t .x 10 ’ 

I.D. SCREEN: L-l ” 

- TYPE OF SAND PACK: 

ML 2 hkwle awi~* -- 
- DIAMETER OF HOLE IN BEDROCK: s” 

CORE / REAM: 

- ELEVATION / DEPTH BOTTOM SCREEN: Ln- 
. : - 



PROJECTmhf~tiam~~+ep LOCATION 
DRILLER - 

PROJECT NO. BORING W+0’7= F;;;;Ernk f?2imcy 
ELEVATION D,nTE 3,f =! 94 
FIELD GEOLOGIST l7<wkcLta DEVELOPM NT 

METHOD &3w 

- . . 
ELEVATION OF TOP OF SURFACE CASING: 

STICK UP OF’CASING ABOVE GROUND 

ELEVATION TOP OF RISER: 
-. 

F SURFACE SEA 
‘. 

i 

. . 

RISER PIPE I.D.: 

TYPE OF BACKFILL: 

ELEVATION / DEPTH TOP OF SAND: IW 

ELEVATION I DEPTH TOP O@ SCREEN: Irq 

TYPE OF SCREEN: SC&P %I ?K# 

St0fSltE~ LENGTH: 04020 ” x 10’ 

CORE / REAM: 

ELEVATION I DEPTH BOTTOM SCREEN: 



mN&E’ . BEDROCK 
BORING NO.:, l-h-081 

MONITORING WELL SHEET --l 

A Halliburt~ -WY WELL INSTALLED IN BEDROCK 

‘ROJECT NO. BORING- 
:LEVATlON - 

I’ 

:IEtD GEOLOuta I- 

LOCATION 
--a.-.- pfu-os-s 

I . T 

- ELEVATION OF TOP OF SURFACE CASING: - 

- STICK UP OF CASING ABOVE GROUND 
SURFACE: 

- ELEVATION TOP OF RISER: . 
- TYPE OF SURFACE SEAL: 

&--cr ti6 

- I.D. OF SURFACE CASING: 

- DIAMETER OF HOLE: 
.\2.‘) . 

I\ 
- RISER PIPE I.D.: 

TYPE OF RISER PIPE: 

SduLD YD ?vt 

- TYPE OF BACKFILL: BGxm ix 

- ELEVATION I DEPTH TOP OF SEAL: 
I- ELEVATION / DEPTH TOP OF BEDROCK: 

- TYPE OF SEAL: -!34sxlfJ xe 

- ELEVATION I DEPTH TOP OF SAND: bo 

- ELEVATION / DEPTH TOP OF SCREEN: 

TYPE OF SCREEN: s&D Lclu 3c 

SLOT SIZE x LENGTH: 0,020” x \ 0 ’ 

I.D. SCREEN: 

- TYPE OF SAN-C PACK: 1 - . 

- DIAMETER OF HOLE IN BEDROCK: 
8 

” 

CORE I REAM:~ 

- ELEVATION / DEPTH BOITOM SCREEN: 

ELEVATION/DEPTH BOTTOM OF HOLE: 95 e 



BORING NO.: 
BEDROCK 

NN-oSp 

Q 

MONITORING WELL SHEET 

A Halliburtm bmpany WELL INSTALLED 1N BEDROCK 

PROJECT NO. BORING- 
ELEVATION 

- ---- ’ FIELD GEOLOGIST 

DRILLER ,- 
DRILLING 
METHOD fik m-y 

ELEVATION OF TOP OF SURFACE CASING: 

GROUND 
-_ -. . - -.A-. 

STICK UP OF CASING ABOVE GROUND . . .i 

SURFACE: 
c _.; 

ELEVATION TOP OF RISER: 
11;-41 

. 
TYPE OF SURFACE SEAL: -.-.~ 

EtfVArWN 
~--.- 

I.D. OF SURFACE CASING: 
n I 

DJAMETER OF HOLE: .lZ” . 

RISER PIPE I.D.: J-P 
TYPE OF RISER PIPE: 

0 ?JC 

1 TYPE OF BACKFILL: =a fi.lw: 

ELEV-ATION I DEPTH TOP OF SEAL: 
ELEVATION / DEPTH TOP OF BEDROCK: ki 

TYPE OF SEAL: ‘RecmniTe 

K-L . ELEVATION / DEPTH TOP OF SAND: 

gj,-+- ELEVATION/DEPTH TOP OF SCREEN: 

TYPE OF SCREEN: c 

SLOT SIZE x LENGTH: 

I.D. SCREEN: 
yti 

I TYPE OF SAND PACK: 

NO, 2 .W~e e(Sux. 

DIAMETER OF HOLE IN BEDROCK: 
8 

” 

CORE I REAM: . 

ELEVATION I DEPTH BOTTOM SCREEN: 177 

IWO 



liiv-09s BORING NO.: 

BEDROCK 
MONITORING WELL SHEET .;:: .-:sc; _. <,1; .-:;-.. 

WELL INSTALLED IN BEDROCK 
:,....qe. 

ROJECT~Mu~M1fl* LOCATION 
ROJECT NO. BORING ad-O9 3 
LEVATlON E l’L!‘=!- 
:ELD GEOLOGIST 

DRILLER .-a 

DEVELOPMENT 
METHODS@ fh’~ 

I 
ELEVATION OF TOP OF SURFACE CASING: _ 

4 STICK UP OF CASING ABOVE GROUND . - SURFACE: 

GROUND I 
ELEVATION .A 

ELEVATION TOP OF RISER: . 
LIJ TYPE OF SURFACE SEAL: 

I.D. OF SURFACE CASING: 

TYPE OF RISER PIPE: 

TYPE OF BACKFILL: 

Iqzr, : ELEVATION I DEPTH TOP OF SEAL: 
c ELEVATION/DEPTH TOP OPEEDROCK: 

TY.PE OF SEAL: 3 hmfl L* 

ELEVATION / DEPTH TOP OF SAND: 

_ 8 

-29’ 

ELEVATION / DEPTH TOP OF SCREEN: 

TYPE OF SCREEN: sb. 40 pdc 

-3d 

SLOTSlZExLENGTH: &oz~” x 1s ’ 

OIAMETER OF HOLE IN BEDROCK: 73 ” 

ELEVATION I DEPTH BOTTOM SCREEN: 

ELEVATION / DEPTH BOTTOM Oi HOLE: 52 - 



fj# Nft,l~~ 
BORING NO.: J-hwmz 

BEDROCK .wmv . b-. 

Q 

MONITORING WELL StfEm ‘+s. 

A Hallibunm tim)’ 
_- ,:. i .‘?- \ I 

WELL INSTALLED IN BEDROCK $’ 

‘ROJECT flh* umhrte\ LOCATION 
‘ROJECT NO. BORING +kh) -oq= 
ZLEVATION DATE G2mr/q3 

YELD GEOLOGIST b- da&m 

GROUND 
ELEVATION 

ELEVATION OF TOP OF SURFACE CASING: 

STICK UP OF CASING ABOVE GROUND 

ELEVATION TOP OF RISER: 

DIAMETER OF HOLE: 

RISER PIPE I.D.: 
TYPE OF RISER PIPE: 

SckD 40 PVC 
TYPE OF BACKFILL: B+CDw're. 

vi& ! ELEVATION / DEPTH TOP OF SEAL: 
ELEVATION / OEPTH TOP OF BEDROCK\ 

TYPE OF SEAL: .j&i.ma 1-m 

x 

ELEVATION I DEPTH TOP OF SAND: 

H /+ ELEVATION / DEPTH TOP OF SCREEN: 

TYPE OF SCREEN: scl-eb.40 kc- 

SLOT SIZE x LENGTH: 01020 ” x 1s ’ 

I.D. SCREEN: 

TYPE OF SAND PACK: 

rJ@ - 2 k4flr\;e_ e1qux * 
j DIAMETER OF HOLE IN BEDROCK: 9” 

CORE I REAM: 

ELEVATION / OEPTH BOTTOM SCREEN: 



8EDkoCK 
BORING NO.: w- 09 D 

3 
MONITORING WELL SHEET 

A Hailiburton CJXVWI~ 
. .’ ‘._ . . . 

WELL INSTALLED IN BEDROCK 

PROJECTNMC u-d* LOCATION 
PROJECT NO. BORING kh+09D 
ELEVATION 
FIELD GEOLOGIST 

GROUND 

DRILLER - 
DRILLING 
METHOD khwy 

- ELEtiATlON OF TOP OF SURFACE CASING: 1 

- STICK UP-OF CASING ABOVE GROUND 
SURFACE: 

- ELEVATION TOP OF RISER: 
- TYPE OF SURFACE SEAL: 

- I.D. OF SURFACE CASING: 

- DIAMETER OF HOLE: * 12” 

- RISER PIPE I.D.: G1 ” 
TYPE OF RISER PIPE: 

Sh2D Yv ?-Jr 

- TYPE OF BACKFILL: tLei,Iv 17-e 

- ELEVATION I DEPTH TOP OF SEAL: 
t ELEVATION I DEPTH TOP OF BEDROCK: 

- TYPE 0.F SEAL: 

- ELEVATION/DEPTH TOP OF SAND: .I ‘3% 

- ELEVATION/DEPTH TOP OF SCREEN: -743 
TYPE CiF SCREEN: 0 ?a- 

SLOTSlZEx LENGTH: f% 020” % t 5 ’ 
‘I 

I.D. SCREEN: 

- TYPE OF SAND PACK: 

ftj(). 2 N-me_ e@uw: 

- DIAMETER OF HOLE IN BEDROCK: 
8 

‘\ 

CORE / REAM; 

- ELEVATION I OEPTH EOTlOM SCREEN: Is? w 

ELEVATION / DEPTH 3OTTOM OF HOLE: 
E%kK-fif) UJ/RGTZMLXLTJ lb\' 

202 



6EbROCK 
BORING NO.: l-h-IO3 

- .., L ‘me. -“,,2-;;: :+-- 
MONITORING WELL SHEET 

- - 'W-F .&i&t*? 4 --C'. 

0 A Halburton &pany WELL INSTALLED IN BEDROCK 
.-;. ;3!&. -,- _ - .-‘.. * -?q& 

. 

‘ROJECT /+&ulfl 
sw ‘ROJ ECT NO. 

ILEVATION 
:lELD GEOLOGIST D&JkdeY\ 

DRILLER WA+3 

II I . 
GROUND ..;. STICK UP OF CASING ABOVE 

i-l k-t- SURFACE: 

I 
I 

ELEVATION OF TOP dF SURFACE CASING: . . - 

1 

A 

- r. -. _ i _. . 
GROUND 

..: 
ELEVATION TOP OF RISER: . 

ELEVATION A ‘a TYPE OF SURFACE SEAL: 
. .-;” 2 

-- 

-Y &&vu&rwusT . 

s 

I.D. OF SURFACE CASING: 
. ,$I 

11 

‘. 
DIAMETER OF HOLE: 

RISER PIPE I.D.: 

TO. F 

,111, 

TYPE OF BACKFILL: 

. 
y/d y ’ ELEVATION I DEPTH TOP OF SEAL: 
,mz&- ELEVATtON I DEPTH TOP OF BEDROCK: y&l 

t I 
!.!I! I 

TYPE OF SEA&: 

ELEVATION I DEPTH TOP OF SAND: 

ELEVATION / DEPTH TOP OF SCREEN: 

TYPE OF SCRE‘EN: 9 40 ?a 

SLOTSIZEx LENGTH: 08 020 ” 3 lo ’ 

NON 2 MOtLlL e6uw. 
DIAMETER OF HOLE IN BEDROCK: g ” 

CORE / REAM: 

ELEVATION I DEPTH BOITOM SCREEN: 38 
Fl I 



BORING NO.: fhhl-10% 

BEDROCK 
MONITORINGWELLSHEET 

: :. :-. 
,l,, .y-y, +s.r>;s: 

A Halliburt~ Company 
,‘. .___ _ ‘..- & +% *-,j ‘. 

WELL INSTALLED IN BEDROCK 
- _. - .i *-;rL”-., _ . .__.. ~..~‘~.;~... ..-_ , 1 .i ,. -.. .. 

iLEVATlON 
:IELD GEOLOGIST 

GROUND 
E 

- ELEVATION OF TOP OF SURFACE &NC: 
._ 

m 

- STICK UP OF CASING ABOVE GROUND 
SURFACE: 

- ELEVATION TOP OF RISER: s 
- TYPE OF SURFACE SEAL: -.. 

c!sLwwaT &e-dr 
g. 1’ 

..‘I -: ._ 
- I.D. OF SURFACE CASING: 

- DIAMETER OF HOLE: .IZ” 

- RISER PIPE I.D.: 
TYPE OF RISER PIPE: 

a4.D 40 WC 

- TYPE OF BACKFILL: -f3aiqm;x . 

- ELEVATION / DEPTH TOP OF SEAL: 
c ELEVATION I DEPTH TOP OF BEDROCK: 

- TYPE OF SEAL: &dh PIE 

- ELEVATION I DEPTH TOP OF SAND: 

- ELEVATION / DEPTH TOP’OF SCREEN: is2 

TYPE OF SCREEN: 

SLOT SIZE x LENGTH: o,o& x 15 ’ 

I.D. SCREEN: 

- TYPE OF SAND PACK: 

r\ro , 3 Mm'e Muir. 
- DIAMETER OF HOLE IN 6EDROCK: g I’ 

CORE I REAM: 

- ELEVATION / DEPTH BOTTOM SCREEN: 97 

ELEVATION / DEPTH BOTTOM OF HOLE: 
i%aW-~\ &,I hedh;Tp, 70 101’ 

\12 _- 



A Halliburtm Company 
MONITORING WELL SHEET - my. 

WELL INSTALLED IN BEDROCK 
-j_ ., . r. . . 

‘ROJECT fh=um;n= LOCATION 
‘ROJECT NO. BORING H*-” D 
iLEVATlON DATE 121 20/q3 
:IELD GEOLOGIST 

DRILLER - 
DRILLING 
METHOD p-tk bwy 
DEVELOPMENT 
METfiOD - mfi 

I 
ELEVATION OF TOP OF SURFACE CASING: 

: 

I4 I 

,. : 

STICK UP OF CASING ABOVE GROUND 
-- 

: - .: 
11 fi j, 1 SURFACE: 

I ILY-L ELEVATION TOP OF RISER: 

RISER PIPE I.D.: 
TYPE OF RISER PIPE: 

ELEVATION / DEPTH TOP OF SEAL: 
ELEVATION / DEPTH TOP OF BEDROCK: 

TYPE OF SEAL: 

ELEVATION / DEPTH TOP OF SAND: 

H ,-+- ELEVATION / DEPTH TOP OF SCREEN: 229 
TYPE OF SCREEN: 5chnYo PC * 

SLOT SIZE x LENGTH: 06020 ’ x 10 ’ 

I.D. SCREEN: 4 ” 

i TypEOFSA,,,,,pACK: 

i DIAMETER OF HOLE IN BEDROCK: 8 ” 

CORE I REAM: 

ELEVATION I DEPTH BOlTOM SCREEN: 
/\ /D I 



BORING NO.: Hj 
BEDROCK 

MONITORING WELL SH 
WELL INSTALLED IN 

GROUND ELEVATION 

- II II :: - :; :: - ,‘.‘, ..*. - . . . _ . . . . . . . - . . .:. & ‘...I ‘... s .:: _.. ‘_.. - ‘. : 

1s 

. . . . . . - . . .:. - :: ‘...’ - ‘,.,. . - . . . . .._“’ . . . . . . . . . tz 
’ 

. . . :. . :::_ I- 
. . . . . . . . . . . . . . . . 

?d 

Ill 

, 

II --- 
--- 
R F I Y 

-ELEVATION TOP OF RISER: - 

-TYPE OF SURFACE SW ck&c 
-lYPE OF PROTECTIVE CASING: 

I.D. OF PROTECTIVE. CASING: (0 
1) SW- 

. 
-DIAMEIER OF HOLE: ro 

u 

a 
-RISER PIPE I.D.: 

TYPE OF RISER PIPE: 
CCem Yo PVC 

-lYPE OF BACKFILL: Bwmfi lTt.-> 
. 

-EEb’ARON/OEPR-l TOP OF SEAL 

-EEVARON/DEPlH TOP OF BEDROCK: 

-lYPEOFSEAk 

--ELNATION/DEPTH TOP OF SAND: 

-E’W/ARON/LXPlH TOP OF SCREEN 
TYPE OF SCREEN: ~~~I7 q” ?J’c 
SLOT SIZE x LENGM: 0; @243 ” x lo- 
I.D. SCREEN: 

-TYPE OF SAND PACK: 
Peq. GR19JeL ‘- 

-DIAMETER OF HOLE IN BEDROCK: lo)’ 



@k Halliburtch NUS 
.GIs CORPORATION 

BEDROCK 
MONITORING WEU, ski 
.HIuL INSTALlED IN 

PRgJECl~h= um&@teP, LOCATION 
PROJECT NO. BORING l+dQ- 3-‘F’G 
ELEVATION DATE 
R EL0 GEOLV! Q/r\ 

:ROUND ELEVATIC 

w 

7JJSH MDUNT 

ELEVATION TOP OF RISER: 

3JRFACE CASING 
MT?i LOCK 

T-0-R. 

TYPE OF PROlECllVE CASING: g -<+SfeCl 
I.D. OF PROIZTIVECASTNG: b 

*.< -. .- _-, 

DIAMETER OF HOLEz 

RISER PIPE I.D.: 

EEVAlTON/DEPlH TOP OF BEDROCK: 

ElEVATION/DfflH TOP OF SAND: 

DIAMETER OF HOLE IN BEDROCK: 

ELEVATION/DEPTH BOTTOM SCREEN: 
ELEVATION/DEPTH BOTTOM HOLE: 



E% Halliburton NUS 
BORING NO.: )tf4 -35 0 

BEDROCK 

m~~CORPORATION MONITORING WELL SHEET '.I,. "' 
- INSTAllED IN BEDRocK ~g&T$.Y.. - 

I 
ELEVARDN TOP OF RISER: .- *. . 

TYPE OF BACKFILL I 

ti//f ,~EEVARON/DEPW TOP OF SEAk . 

ELEVATION/DEPT!i TOP OF BEDROCK: 

TYPE OF SEAL Bmtbli‘re 

ELEVARON/DEPTH TOP OF SAND:. 

. . . . & 
. . . . 

. . 

I 

- 
. . . .._... _ 

. . 
. . ::. - 

ll4 

. . 

m- 

w- 

I 

II 

-7 

-EELEVATIONjDEPM TOP OF SCREEN 120’ 

TYPE ‘OF SCREEN: sckeb ?= 
SLOT SIZE x LENGTH: 0. CWO” x 

1 
10 -, 

I.D. SCREEN: 2 ” 

-lYPE OF SAND P& 
NC, 2 P\P emuiv. 

-DIAMETER OF HOLE IN ‘BEDROCK: ,-, 

- ELEVAl’ION/DEPM BOlTOM SCREEN: 
ELEVATION/D~M BOTTOM HOLE: 

a: c. II’T.OWG 96/l 4/94 ID 



‘ING 

CHECKLIST 

Land Surface Elevation35'2.~ 

Casing Height Above L-S-.72' 

Total Depth /sS' 

Borehole Diameter 6'0.0. 

Casing Diameter Z"I.D. 

Casing Lengths ~23' 

Screen Data 

Material 4rrr;wa 
Diameter z"r.0. 
Slot Openings ,'oSMJ"n 
Settings /s~2~10.9rfl 

Grout Type ~%~u+MJ 

Gravel Pack SiLdfi. 

-' 

Rig Type mob/ig a-s6 

Driller LARRY &jr,c~- s&Z 

Supewisory 

roa,mn In;, . . 

--_ 

.-__ 



BORING NO.: 
BEDROCK 

#itmtL~,~. 
_ . . r-z -- 

MONITORING WELL SHEET 
2-T -: ; :.q& 

;.&g&. 

WELL INSTALLED IN BEDROCK .-.;;-I, $&tj&: 

PROJECTED *“;fi-t 
PROIECT NO. 
ELEVATlON 
FIELD GEOLOGIST 

GROUND 
c, CI,.~IA.I 

I 
ELEVATION OFTOPOF SURFACE CASING: ’ - * . - 

STICK UP OF CASING A8OVE GROUND 
SURFACE: 

ELEVATION TOP OF RISER: . 
TYPE OF SURFACE SEAL: 

. * . . . 

I.D. OF SURFACE CASING: b ” 

. IO” DtAMETER OF HOLE: 

* ._ ,.i 
-. l 

. 

- ‘- r-Y __i 

. 

RISER PIPE 1.0.: z ” 

TYPE OF RISER PIPE: 

S&D L)n ptic 

TYPE OF BACKFILL: 

/ DEPTH TOP OF BEDROCK: ES 

TYPE OF SEAL: - TTp 

ELEVATION / DEPTH TOP OF SAND: 82 

glj,-j- _ ELEVATION / DEPTH TOP OF SCREEN: 

I TYPE OF SCREEN: ScReo 40 ?C 

SLOTSIZE x LENGTH: 0 6 o= 
‘t 

x 10 ’ 
e II 

DIAMETER OF HOLE IN BEDROCK: (0 ” 
~~_~~i CORE,REAM: 

ELEVATION/DEPTH BOTTOM SCREEN: “rd 

!I e m 



0 ‘A HaItiburton cc%npmy 

BEDROCK 
BORING NO.: i+# -‘3(oT2 

tb-3ioz2 Q wQ31pD 
MONlTORlNCWELLSHEE~~~~~~~~- 

WELL INSTALLED IN BEDROCK 

?ROJE+h=~f”‘-t LOCATION 
DRILLER kct +& 

-3ccssz DRILLING 
?ROJECT NO. BORING i-w 

DATE b/1’)1 qq 
METHOD bK bwL: 

ELEVATION 
FIELD GEOLOGIST p- di Adm 

DEVELOPMENT 
METHOD s’fi pdM 

ELEVATION OF TOP OF SURFACE CASING: 

STICK UP OF CASING ABOVE GROUND 

GROUND 
ELEVATION TOP OF RISER: 
TYPE OF SURFACE SEAL: 

DIAMETER OF HOLE: 

RISER PIPE I.D.: 
TYPE OF RISER PIPE: 

scaw yo ?C 

TYPE OF BACKFILL: TbLCTDn ,‘rfZ 

ELEVATION I DEPTH TOP OF SEAL: 
c ELEVATION I DEPTH TOP OF BEDROCI<: 

ELEVATlON I DEPTH TOP OF SAND: 

ELEVATION I DEPTH TOP OF SCREEN: 

SLOT SIZE x LENGTH: 

TYPE OF SAND PACK: 

NO - 2 &+fY+ e.ww l - 

CORE I REAM: 

- IN ELEVATION/DEPTH BO7TOM SCREEN: 

.I^ _ 



BEDROCK 

Q 
MONITORING WELL 

A HaIliburton Company WELL INSTALLED IN BEDROCK 
I 

_ .-- 
fL!gm!% 

I FIELD GEOLOGIST P. NitWu~t 
I 

PROJEdAm hf”&* LOCATiON 
PROJECT NO. BORING gti - sb = - 
EtEVATlON . _ DATE CQI I31 4Y 

DRILLER .w?%& 
DRILLING 
METHOD & 

ELEVATION OF TOP OF SURFACE CASING: 

STICK UP OF CASING ABOVE GROUND 

- 

GROUND ii I ELEVATION TOP OF RISER: 
TYPE OF SURFACE SEAL: 

c---f-- I.D. OF SURFACE CASING: (-0 ” 

DIAMETEROF HOLE: ’ 10 
I\ 

RISER PIPE 1.0.: 3 ” 
TYPE OF RISER PIPE: 

3d-w 90 =wc 

TYPE OF BACKFILL: 

ELEVATION / DEPTH TOP OF SEAL: 133 
ELEVATION I DEPTH TOP OF BEDROCK: zs 

TYPE OF SEAL: w% ze 

ELEVATION I DEPTH TOP OF SAND: 133 
ELEVATION / DEPTH TOP OF SCREEN: . -\ 3s 

TYPE OF SCREEN: w ?c 

SLOTSIZExLENGTH: Ot 820 ” x 10 ’ 

I.D. SCREEN: 2 " 
TYPE OF SAND PACK: 

DIAMETER OF HOLE IN BEDROCK: b ” 

CORE I REAM: 

III ELEVATION/DEPTH BOTTOM SCREEN: PI5 - 
IC I 
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LT DRAWING 

= 

= 

= 
= 
= 

=e 

= 

= 
= 
= 

z 

L tz* 

Prepared By: EO %,&-#sIc/' @,&f?z 

Scale: AS 5hoWH 

CHECKLIST 

Land Surface Elevation s8-6 

Casing Height Above L-S -.% 

Total' Depth fis* 

borehole Diameter 6*0.0. 

Casing Diameter Z~LD. 

Casing Lengths /o-'? 

Screen Data 

Material 5rmi~~S 
Diameter z"r.~. 
Slot Openings 10 SW 
Settings/c.~s-;Q ?e 

Grout Type CbarcRNo 

Gravel Pack SiGA. 

Rig Type Mt?f3 fits d-56 

Driller U&X’Y C/k,!&- ScZ _ 

Supervisory 



BORINGNO.: tt+37 s. 

-- 
,F-T 0 A Haiiburtm cammy WELL INSTALLED IN BEDROCK 

PROJECTH’@tU)C WAC-- @‘&I LOCATION 
PROJECT NO. BORING - -3’Ts 
ELEVATION L/l~/94 
FIELD GEOLOGIST Q# FJihEZ 

- ELEVATION OF TOP OF SURFACE C&NC: 

7 STICK UP OF CASING ABOVE GROUND 
SURFACE: 

- ELEVATION TOP OF RISER: 
- TYPE.OF SURFACE SEAL: 

jRwn0 ire4 

- I.D. OF SURFACE CASING: 

- DIAMETER OF HOLE: . 10” 

‘_ 

- RlSER PIPE I.D.: 2 ” 
TYPE OF RISER PIPE: 

SclkD qo wt 

- TYPE OF BACKFILL: ‘is Q+‘iifi ) x 

- ELEVATION / DEPTH TOP OF SEAL: 
c ELEVATION I DEPTH TOP OF BEDROCK: 

- TYPE OF SEAL: 

- ELEVATION I DEPTH TOP OF SAND: 

- ELEVATION / DEPTH TOP OF SCREEN: 

TYPE OF SCREEN: _ S&D. 40 ?c 

I.D. SCREEN: 
‘7 ‘I 

- TYPE OF SAND PACK: 

Nfl 2 Mmre a9uw- 

- DIAMETiR OF HOLE IN BEDROCK: 6 ” 

CORE I REAM: 

- ELEVATION I DEPTH BOTTOM SCREEN: \m 

ELEVATION I DEPTH BOTTOM OF HOLE: 
%uD QhcK +3i%b5 Y?J 103’ 



A Haltibi~rton Cmpany WELL INSTALLED IN BEDROCK 

DROJEfl N4K,c & LOCATION . . _ 
‘ROJECT NO. BORINC~ 

, _ 3 

ELEVATION DATE 194 
=IELD GEOLOGIST p. f3 imM- 

GROUND 

. 

MET”00 fhk ii%=] 
DRILUNG 

DEVELOPMENT 

METHOD &id 

A “--$? 
0 WMY 

- ELEVATION OF TOP OF SURFACE CASING: 

- STICK UP OF CASING ABOVE GROUND 
SURFACE: . 

- ELEVATION TOP OF RISER: 
- TYPE OF SURFACE SEAL: 

- DIAMETEROF HOLE: ’ 1 D 

2 ” - RISER PIPE !.D.: 
NPE OF RISER PIPE: 

s&w 40 wr 

- TYPE OF BACKFILL: f?n ‘i= 

. 

- ELEVATION I DEPTH TOP OF SEAL: 
c ELEVATION I DEPTH TOP OF BEDROCK: 

- TYPE OF SEAL: 

- ELEVATION I DEPTH TOP OF SAND: L 

- ELEVATION/DEPTH TOP OF SCREEN: 119 

TYPE OF SCREEN: S&D 40 ?dC 

SLOT SIZE x LENGTH: f%o’Lo ” x 15 ’ 

I.D. SCREEN: 
2 .\I 

- TYPE OF SAND PACK: 

iw. 2. Jwm?!,. sa?df. 

- DIAMETER OF HOLE IN BEDROCK: 

CORE I REAM: 

- ELEVATtON I DEPTH BOTTOM SCREEN: w 

IGl 



iIN&= BEDROCK 
BORING NO.:. 

-R 

0 

MONITORING WELLSHEET 
A HaIIiburton Company WELL INSTALLED IN BEDROCK _. 

PROJECTMM dwu@k LOCATION 
PROJECT NO. BORING tk+Bg 
ELEVATION DATE la! lb ? 44 
FIELD GEOLOGIST n - Ldidh 

STICK Uti OF CASING ABOVE GROUNb 

GROUND 
ELEVATION 

I.D. OF SURFACE CASING: 

. DIAMETER OF HOLE: 

RISER PIPE I.D.: 
TYPE OF RISER PIPE: 

sd4D 40 WC * . 

TY.PE OF BACKFILL: 

ELEyATlON/DEPTH TOP OF SEAL: 
ELEVATION I DEPTH TOP OF BEDROCK;, 

TYPE OF SEAL: 

ELEVATION / DEPTH TOP OF SAND: 

ELEVATION I DEPTH TOP OF SCREEN: 

SLOTSlZExLENGTH: OtOZo” g 

TYPE OF SAND PACK: 

DIAMETER OF HOLE IN BEDROCK: (g ’ 

CORE / REAM: 

ELEVATION I DEPTH 80TlOM SCREEN: -1 

ELEVATION/DEPTH BOTTOM OF HOLE: -119 



WELL INSTALLED IN BEDROCK . 

I LOCATION 
DRILLER- 
DRlLLlNG 

PROJECT NO. BORING f+d - 3q 
ELEVATION DATE bbi77q4 

METHOD *A. G-Y 

FIELD GEOLOGIST’ I=* hJiAcm 
~VEL~;M& Ald 

’ 
. 

ELEVATION OF TOP OF SURFACE CASING: . * 

GROUND 
ELEVATION 

STICK U-P OF CASING AlOVE GROUND 
SURFACE: 

ELEVATfON TOP OF RISER: . 
TYPE OF SURFACE SEAL! __ . _. - -- ___.. --_- -. --...-/..-..%A- 

w-t*, 
l lb 

I.D. OF SURFACE CASING: (0 -- 

DIAMETER OF HOLE: * Id 
___ . -_ -.. - 

I_ @ 3-D YO 
n TYPE OF BACKFILL: - -- i7-e - 

y~&y-- ELEVATiON / DEPTH TOP OF SEAL: 
c ELEVATION / OEPTH TOP OF BEDROCK: 53 

wPE 0F MEAL: jje;x . 

ELEVATION / DEPTH TOP OF SAND: 4 25 

ELEVATION / DEPTH TOP OF SCREEN: IW 

TYPE OF SCREEN: SC& 1-10 ?vc 

SLOTSlZExLENGTH: 0,020 ” x 20 ’ 

I.D. SCREEN: z ” 

TYPE OF SAND PACK: 

No- 2 tiClit. fQdti - 

DIAMETER OF HOLE IN BEDROCK: (p ‘I 

CORE I REAM: 

111 ELEVATION / DEPTH BOTTOM SCREEN: \yq 
- lfh 

-. 

--. 



BEDROCK 
BORINGNO.: j-k40s 

MONITORINGWELLSHEET -. 
A Hallibumn comany 

-... -.cw.? 
WELL lNsTA&) IN BEDROCK ’ -‘.j? 

- 

PROJECT hfmcdurlz* LOCATION 
DRILLER - 

?ROJECT NO. 
ELEVATION 
FIELD GEOLOGIST 

;y* ;~KtEMff!E( 

D- wustex MfTHOD - Me 

f LfVAflON OF TOP OF SURFACE C&lNG: - 

. 
. .._ i 

. - 

I.D. OF SURFACE CASING: 

DIAMETER OF HOLE: 

RISER PIPE I.D.: 
NPE OF RISER PIPE: 

sbbi3 qo WC 

TYPE OF BACKFILL: 

ELfVAtlON/DfPfH TOP OF SEAL: 
c ELEVATION / DEPTH TOP OF BE DROCjC: IX 

TYPE OF SEAL: -i?hmn xe 

ELEVATION I DEPTH TOP OF SAND: AS5 

ELEVATION I DEPTH TOP OF SCRE f N: APi- 

TYPEOFSCREEN: s&L. 40 yc 

TYPE OF SAND PACK: 

DIAMETER OF HOLE IN BEDROCK: 6” 

CORE I REAM: 

f Lf VATION I DEPTH BOTTOM SCRE f N: 

ELfVATtON / DEPTH BOITOM OF HOLE: 



. m NULJ!! 8oRlNG N”;y; _-.I_ BEDROCK 
MONITORING WELL SHEET -2. 

0 A Hallibunm Company 
.* /2,.::&? _ - 

WELL INSTALLED IN BEDROCK 
ygyc * $p 

PROJEC+~---* LOCATION 
PROJECT NO. BORING - -4n-C 
ELEVATlON \ DATE 

Aarz FIELD GEOLOGIST F4 * k 

DRILLER 
DRILLING. 
METHOD 
DEVELOPMENT 
METHOD 

b 

ELEVATION OF TOP OF SURFACE CASING: 

GROUND 

4 STICK UP OF CASING ABOVE GROUND ‘, 
- . 

; 

SURFACE: 

ELEVATION TOP OF RISER: . 
AA TVOL nF <lIIIFACE SEAL: 

a& I.D. OF SURFACE CASING: v 
DlAMfTfROF HOLE: * 1 b I 

RISER PIPE I.D.: 2” 
TYPf OF RISER PIPE: 

s&L. 40 ?W. 

H TYPE OF BACKFILL: ne*t7Bn 

ELEVATION I DEPTH TOP OF SEAL: 
ELEVATION I DEPTH TOP OF BEDROCK: 9 

TYPE OF SEAL: FkAcm?GTe 

ELEVATION / DEPTH TOP OF SAND: 

ELEVATION / DEPTH TOP OF SCREEN: 

88 

VI 

h 
. 
. .._ - ..1_ 

7 III 

TYPEOFSCREEN: %b qo Tdc 

SLOT SIZE x LENGTH: 

I.D. SCREEN: 
2, II 

- TYPE OF SAND PACK: 

- DIAMETER OF HOLE IN BEDROCK: .(p” 

CORE/ REAM: 

- ELEVATION I DEPTH EOTTOM SCRE f N: 

,- 



BEDROCK 
BORING NO.: )-b -% t> 

0 
MONITORING WELL SHEET 

. 

r”“l 
A Hdliburton bwany WELL INSTALLED IN BEDROCK 

PROJECTNW Wmvl~ DRILLER - 
LOCATION 

PROJECT NO. BORING i+--‘-fo b p;;;gj+bri mY 
ELEVATION DATE 
FIELD GEOLOGIST f=- f9 iukm :ggEB *a? 

ELfVATiON OF TOP OF SURFACE CASING: ’ 

STICK UP OF CASING ABOVE GROUND 

GROUND 

I.D. OF SURFACE CASING: 

DlAMfTf R OF HOLE: 

RISER PIPE I.D.: 
TYPE OF RISER PIPE: 

ELEVATION I DEPTH TOP OF SEAL: 
c ELEVATION I DEPTH TOP OF BEDROCK: 

ELEVATION I DEPTH TOP OF SAND: -L 

ELEVATION / DEPTH TOP OF SCRE f N: 11x 

TYPE OF SCRE f N: %&D qo ?dc 

CORE / REAM: 

ELEVATION I DEPTH BOTTOM SCREEN: 



r/Lki HALLIBURTON NUS 
‘lt:,’ Environmental Corpornn’on 

MONlTORlNGWiEUSHEET 

ROJECT NAwc LJcv4fls+b LOCATION 
ROJECT NO. L BORING ufl-q\s 

LEVATION DATE .-/a 
‘ELD GEOLOGIST 13% db-mf Qn 

DRILLER I’& L 
DRILLING 

..-.. 

METHOD 4’ ” f&z, w, 

OEVELOPMENT 1 
METHOD r;ud m,Pb-x; c /t $i.;h 

GROUND 
ELEVATION A 

ELEVATION OF TOP OF SURFACE CASING : 
ELEVATION OF TOP OF RISER PIPE: 

STICK - UP TOP OF SURFACE CASING: 
STICK - UP RISER PIPE : 

TYPE OF SURFACE SEAL: 

I.D. OF SURFACE CASING: 4 “ 
TYPE OF ;URFACE CASING:. . 

?fth.f4 
, 

RISER PIPE I.D. a 8 
TYPE OF RISER PIPE: /cl, &b/t ‘40 p’k- 

I 

BOREHOLE DIAMETER: 

TYPE OF BACKFILL: bednn; +e 

ELEVATION f DEPTH TOP OF SEAh: 

TYPE OF SEAL: k cn+d, +e 

DEPTH TOP OF SAND PACK: 

ELEVATION f DEPTH TOP OF SCREEN: ---a 

TYPE OF SCREEN: d&Ll4 w WC 

SLOTSIZE x LENGTH: O&2” )c 10 
I 

I 

I.0 OF SCREEN: 2 ” 

TYPE OF SAND PACK: i? 0 a 2 

ELEVATION / DEPTH SOTTOM OF SCREEN; 
--_ 

ELEVATION I DEPTH BOTTOM OF SAND PACK: 5 
TYPE OF BACKFILL BE LOW OBSERVATION c 

ELEVATION / DEPTH OF HOLE: _ 



WELL NO.:, Idd -‘?I= 

BEDROCK 
MONITORING WELL SHEET 

WELL INSTALLED IN BEDROCK 
LOCAlION: F+bu ‘i= ” DRILLER:- 

Deptn/Elavatlon 
Static Water Level 
(Apvox.) 

I . . 
. . 
r: 

. . 

..: 

*.. 4 

. . : 

.- 
:j , 

-t - f .. - . . - .*f - ?. - . . 
‘b 
- .:. t I .-. ii.; ’ *: 

t 

ELEVAllON OF TOP OF SURFACE CASING: 1.9’ / 

ELEVATION fOP OF RISER: zr / 

-STICK UP Of CASING ABOVE GROUND SURFFE: , &4’ 
-TYPE OF SURFACE SEAL: hJ%mfi 19 

-TYPE OF PROTECTIVE CASING: %.@l 

i.0. OF PROTECTIVE CASING: 6’ $ 

-DIAMETER OF HOLE: 10” 9 ‘k a’ f-0 I?’ 

RISER PiPE I.D.: 

-TYPE OF BACKflLL/SEAk &&wt~ f- ?$’ 

-DEPTH/ELEVATION TOP OF BEDROCK: . J’ / 

-DEPTH~~VATI~N TOP OF SAND: 

-DEPlH/ELEVA~ON TOP OF SCREEti: 

7Y% OF SCREEIU’: cjd. yd PJC 

SLOT SlZE x LENGTH: o&72 gr r5 k 

-MF?E OF SAND PACK: fz Etwp 

-DIAMETER OF HOLE IN BEDROCK: Cd gl& 19’fo h’ 

-DEPIH/ELEVATlON BOlTOM OF SCREEN: -43’ / 

DEPTH/ELEVATlON BOTTOM OF SAND: -93‘ ‘/ 

-DEPTH/ELEVATION BOl7OM OF HOLE: &?I t / 

BACKFILL MATERIAL BELOW SAND: 6fdtiitr 43’ tc 101 



WELL NO.: p- 4’D I 

BEDROCK 
MONITORING WELL SHEET 

WELL INSTAUED IN BEDROCK 
_a 

LOCATION: lfp* “c * DRILLER: &‘fg I 

PROJECT NO.: \YlZ 

ELEVATION: 

FIELD GEOLOGIST: hb@WZ 

Top of 

bcpth/Eievotlon 
Static Woter Level 
hwox.) 

-ELEVATION OF TOP OF SURFACE CASING 
-ELEVATION TOP OF RISER: l-6 ’ 

-STICK UP OF CASING ABOM GROUND SURFACE: 2.3’ 
-7YPE OF SURFACE SEAL: soJkNgTt 3’io 19’ 

-TYPE OF PROlEC??VE CASING: =ttL elllJ‘ 

i-0. OF PROTECTS CASING: &“ fl +w’+v 19’ 

-DIAMETER OF HOLE: lo” 9 0’ to rq’ 

-?YPE OF RISER PIPE: sdl. Jfo PVC t Lib’ tp /6r’ 

RISER PiPE I.D.: 2” p 

-DEPTH/ELEVAlION TOP OF BEDROCK: Ti / 

-0EPTHfiLEVAllON TOP OF SAND: IS/-( , 

-DEPM/ELEVA?ION TOP OF SCREEN: 

IYPE OF SCREEN: a. 40 PVC 

SLOT SIZE x LENGTH: o,u2 I( rrft 

-l-Y’FE DF SAN3 PACK: %? S#td~ 

-0:AMETER OF HOLE IN BEDROCK: Cd /9’ fp tu’ 

-DEPTH/ELEVATION BOTTOM OF SCREEN: Ia’ / 

DEPTH/ELEVATION BOTTOM OF SAND: n6’ / 

-DEPTH/ELEVATION BO7lOM OF HOLE: 

BACKFILL MATERIAL BELOW SAND: AlOG 



&I.iRi HALLIBURTON NUS 
ml~~~ Environmental Corporation MONITORING WELL SHEET 

- 

c 

1 

I 
I 
f 

BROjECT td A WC %m&,& LOCATION *-d- Cafae/f -eq DRILLER 

‘ROJECT NO. rq\=2 BORING /-Mb- ‘ijs 
DRILLING 

ELEVATION DATE ‘7!/4!=f4 
METHOD - a;Y hfib+wQP 

:IELD GEOLOGIST D, WhaIPn DEVELOPMENT 
METHOD ,drnerr; &t/P kb 

I 

GROUND 
ELEVATiON A 

--T 

- ELEVATION OF TOP OF SURFACE CASING : 
- ELEVATION OF TOP OF RISER PIPE: 

- STICK - UP TOP OF SURFACE CASING: 
- STICK - UP RISER PIPE : 

- TYPEOFSURFACESEAL: h fh+8hh* 

- I.D. OF SURFACE CASING: 6” 
TYPE OF SURFACE CASING. f+eei 

- RISER PIPE I.D. a ” 

TYPE OF RISER PIPE: 

- BOREHOLE DIAMETER: 

- TYPE OF BACKFILL: 

- ELEVATION / DEPTH TOP OF SEAL: 

b4htbh;-ke - TYPE OF SEAL: 

- DEPTH TOP OF SAND PACK: 

- ELEVATION / DEPTH TOP OF SCREEN: 

- TYPE OF SCREEN: deo(. Yo CC 

SLOT SIZE x LENGTH: 0.02 ” ‘1( f s 
I 

I.D. OF SCREEN: 

- 

- TYPE OF SAND PACK: h 0. 2 
c 

- ELEVATION / DEPTH BOTTOM OF SCREEN;. 
5i &ii 

- ELEVATION 1 DEPTH 60ITOM OF SAND PACK: 
TYPE OF BACKFILL BELOW OBSERVATION 
WELL: ’ IJh- 

‘; 

- ELEVATION / DEPTH OF HOLE: 



1 r/Lk HALLIBURTON NUS 
‘~~~~’ En vironmentai Coqortrh’on MONITORING WELL SHEET 

4 
I 
IJ 
t -- _. 
1- 
1 

- 

3 -- 

- +- 3 ._ 
I 

-- 

a - - _ - i 3 
b 
1 
I 

I 

: 

I 
I 
I 

CROUNO 
ELEVATION A 

’ ELEVATION OF TOP OF SURFACE CASING : 
ELEVATION OF TOP OF,RISER PIPE: 

’ STICK - UP TOP OF SURFACE CASING: 
. STICK - UP RISER PIPE : 

TYPE OF SURFACE SEAL: hi en-+Gb,; +f~ 

l 1.0. OF SURFACE CASING: 6 ” 
TYPE OF SURFACE CASING. t-reel 

- RISER PIPE I.D. a” 

TYPE OF RISER PIPE: sch&AltJf ‘40 Pvr 

- BOREHOLE OIAMETER: 
& /’ 

-. 

- TYPE OF BACKFILL: ben&;+e 

- ELEVATION / OEPTH TOP OF SEAL: 

- TYPE OF SEAL: b en-kc WI;+4 

- OEPTH TOP OF SAND PACK: 

- ELEVATION / OEPTH TOP OF SCREEN: 

- TYPE OF SCREEN: 5&7LIQ YO w 

I 
SLOT SIZE x LENGTH: n,oa” x (0 

1.0. OF SCREEN: 
-J ‘I 

- 

- TYPE OF SAND PACK: hi. 2 

- ELEVATION / DEPTH ROTTOM OF SCREEN; )UL’-” _ 

- ELEVATION / OEPTH EO7TOM OF SAN0 PACK: ’ 0 q ’ 
TYPE OF BACKFILL BELOW OBSERVATION 
WELL: ’ U/h- 

- ELEVATION I DEPTH OF HOLE: 



r/ck HALLIBURTON NUS 
‘!!:Ffw Environmental Corporaljon 

MONITORING WELLSHEET 
il 

- .  

. _ .  

L -  

PROJECT h./&wL wb+n~~~+~v PROJECT hJ& WL wh.h r+ev LOCATION ke- :;z 
PROJECT NO PROJECT NO . ! d\2 .vb 

LOCATION ~-&- (-cdaek ctvt’n 
BORING- ” .’ BORING 4-i N- 43 &’ 

ELEVATION ELEVATION DATE - DATE 7 /rs/ 44 I 
FfELD GEOLOGIST FfELD GEOLOGIST 

I 
- ELEVATION OF TOP OF SURFACE CASING : 
- ELEVATION OF TOP OF RISER PIPE: 

ORlLLER - 6 
ORILLING , 
METHODdv bmr*hPv 

DEVELOPMENT 
‘I 

METHo0 &~.&J;f /? F&d 
r FM 

GROUND 
ELEVATION A 

- STICK - UP TOP OF SURFACE CASING: 
- STICK - UP RISER PIPE : 

. TYPE OF SURFACE SEAL: ~~~-c~+~ - 

- I. 0. OF SURFACE CASING : 6 ” 
TYPE OF SURFACE CASING:. ,.Mvt = 

- RlSER PIPE I.D. 
TYPE OF RISER PIPE: 

- 
- BOREHOLE OIAMETER: 

- TYPE OF BACKFILL: beQ4d -4-f - 

- ELEVATION / DEPTH TOP OF SEAL: 

- TYPE OF SEAL: LP&n;+e - 

- OEPTH TOP OF SAND PACK: 

- ELEVATION / OEPTH TOP OF SCREEN: !I4 iB 

- TYPE OF SCREEN: 5dd 14 YO v 9 k - 

SLOT SIZE x LENGTH: OAd’ x (01 - E 

1.0. OF SCREEN: - 

- TYPE OF SAND PACK: Inb. a - 
6 - 

- ELEVATION / DEPTH BOTTOM OF SCREEN:. ,a4 

- ELEVATION / DEPTH BOl7OM OF SAND PACK: 
TYPE OF BACKFILL BELOW OESERVATiON 
WELL: l 

\ 

en-J an,-+P 

-. 

- ELEVATlON / DEPTH OF HOLE: 



PROJECTNW tilrr;udG LO~J-lON 

PROJECT NO. BORING l-i+) -yq s 
ELEVATfON DATE 
FlELD GEOLOGIST \W 

ORlUER rQ/s-H 
DRlLLlNG - 
METHOOmh hwy 
OEVELOi’MiNt 
METHOO a fiMg ’ - 

I 
ELEVATION OF TOP 0; SURFACE CASING: 

. 

STICK UP OF CASING ABOVE GROUND . 
- ._‘. 

SURFACE: 

GROUND 
iLEVATlON TOP OF RISER: 
paor nc CI 1mcnrr CCAI . 

gy5uLmmL1 x 

1.0. OF SURFACE CASING: L 

DIAMETER OF HOLE: * IO” 

RISER PIPE I.D.: 
.p ‘. 

pD% nC DICCD OIOC. 

1 B+--TYPE 0F BACKFILL: .,B&dB2X 

ELEVATION/DEPTH TOP OF SEAL: 
TOP OF BEDROCK: ia 

TYPE OF SEAL: &gmnx 

ELEVATION /DEPTH TOP OF SAND: .3b 

b+ ELEVATION / DEPTH TOP OF SCREEN: 

TYPE OFSCREEN: %kb Yo fgc 

SLOTSlZExLENCTA:dr=O” x 10’ 

I.D. SCREEN: 2” 

TYPE OF SAND PACK: 

~\Jo. 2 *te eww 

DIAMETER OF HOLE IN BEDROCK: (Q ” - CORE I REAM: 

ELEVATION I DEPTH BOnOM SCREEN: 
-_ 



mNJ= BORING NO.:, .- BEDROCK 
.->, 

0 
MONITORINGWELLSHEET - : 

A Haliibunan Company 
.: 

WELL INSTALLED IN BEDROCK 
-5:. .: 

,P--. 

*. : 

. 

PROJECTf\j*~~~Ifls~ LOCATlON 
PROJECT NO. BORING H-N-+q= 
ELEVATION DATE . 
FIELD GEOLOGIST b* hhd-- , 

/ DRILLER *m 

DEVELOPMENT 
METHOD- p dap 

ELEVATION OF TOP OF SURFACE iASINC: 

STICK UP OF tiSlNC ABOVE GROUND 
SURFACE: 

I ILU ELEVATION TOP OF RISER: 
.-L. 

. 
TYPE OF SURFACE SEAL: 

T%x%th?-rp 
.a-.; .?‘<.G 

‘. 
.:... 

1.0. OF SURFACE CASING: 
11 

DIAMETER OF HOLE: . 10 
11 

RISER PIPE I.D.: 
TYPE OF RISER PIPE: 

SW 40 PC 

- TYPE OF BACKFILL: &#ctTmcFe 

ELEVATION 1 DEPTH TOP OF SEAL: 
ELEVATION I DEPTH TOP OF BEDROCK: 

TYPE OF SEAi: -f$axtm;x 

ELEVATION I DEPTH TOP OF SAND: 

ELEVATION I DEPTH TOP OF SCREEN: 
e I - . _ 

TYPE OFSCREEN: *b qo y vc 

SLOTSIZE x LENGTH: & 039’ x 10 ” 

DIAMETER OF HOLE IN BEDROCK: 6 ” 

-55 

I hn 
I 

ELEVATION I DEPTH BO7TOM SCREEN: - ‘W 

til=,lll ELEVATJON / DEPTH BOTTO_h?_F HOLS- , -loo fi*- .a--.. i L, k. 



? LOCATION 
BORING w -?, 

r 
mm.. . mm 

hDll I INr: 

- _ DATE 
PROJECT NO. 
ELEVATION 

* . 

ELEVATION OF TOP OF SURFACe CASING: 

STICK UP OF tASlNC ABOVE GROUND 
SURFACE: 

:- -. . 

GROUND 
-. -_._-_--_ 
EtEVATION 

ELEVATJON TOP OF RISER: 
TYPE OF SURFACE SEAL: 

BaiTe, 
. 

I.D. OF SURFACE CASING: 
cpq 

. 

SLOT SIZE x LENGTH: 13 @ D-CC, x IL’ 

I.D. SCREEN: 

TYPE OF SAND PACK: 

DIAMETER OF HOLE: * mu 

d-t 
TYPE OF BACKFILL: R Q M 77)n tm 

ELEVATION I DEPTH TOP OF SEAL: 
ELEVATION I DEPTH TOP OF BEDROCK: 

TYPE OF SEAL: BGIDnI, 

1 a. 

Im= I 

ILL ELEVATION I DEPTH TOP OF SAND: 

I,+ ELEVATION I DEPTH TOP Of SCREEN: 

TYPE OF SCREEN: %ldD q.0 i-c 

A -- 1’ _ - m. 1 

DIAMETER OF HOLE IN BEDROCK: 
iD I’ 

:!~~ 
ELEVATION/DEPTH EOllOM SCREEN: 



OCT 22 ‘99 03:D$iPp TETRFl TECH,NUS INC 
P.3 

r’cth HALLlSlJKl ON NU3 BORINGNO ,- 
l ,Jfja En virannwa td Cotporcui’On 

MONITORING’WELL SHEET , . 

GROUNO 

i; 

ELEVATION 0: TOP OF SURfACE CASING : 
ECEVAtfON Of TdP OC RISER PIPE; 

STICK. Ufi TOP OF SURFACL C&~I~G: 
STICK. UP RISER PIPE : 

TY Pf Of SURFACE SEAL: 

, 

f.0, Of SURfACt CaSlNC: 
rYPg OF SURFACE CASINr-. 

RISER PIPE LO. 
TYPE OF RISER 

8OREHOLE DIAMETER: 

WPE OP BACKFU:. 

ELEVATION / QEPTW TOP Of SEAL: 

TYPE Of SEAL: 

OEPtW TOP Of SAN0 PAC%: 81 ’ 

ELEVATION I OEPTH TOP Of SCREEN: T9 ’ 

tvP0 OF SCREEN: d+‘fwk qo fdc. p 

SLOT SIZE x LENGTH: O.Oi’” ro’ * 

I 0, OF SCREEN: 
2 Ii 0 

t 

TY Ptt OF SAN0 PACK; ha, 2 
i* 

ZtEYATION I DEPTH BOTTOM OF SCREEN: -a 44’ ,, 
-- 

tLEVAtlON / OEPtbi 8QnOM OF SAN0 PAC%: 4 r. r ‘, a 
TYPt OF BACK LL BELOW OlaSCRVAtlON s 
WCLL: ’ Cd-e,,‘1 P 

ttRVAti?N I OEPk OB HOt& 



OCT 22 ‘99 03: Q89M TETRA TECH. NUS INC P.2 

;is‘r H&J,lMJW UN N U3 80AINO NO. .- 
l ap Environmental COryOrcuion MONITORINC’tiELL SHEET . 

GROUND 

ELEVATION OF TOP OF SURFACE CASrNG : 
+ 
I 1 

ELEVATION OF T6P OF RlSfR PIPE: 

STICK - UP TOP OF SURFACt CASING: 
STICK l UP RISER PM : 

TYPEOFSURFACESEAL: ,.bPti+-:4& 

t. 0. OF SURFACE UIINC; 
TYPE OF SURFACE CASIN s 

RISER PIPE I.D. d 
If 

TYPE OF RISER PIPE: ahe&k Yo Pw I 

6OREHOLL DIAMETER: , 
._--- 

rYPf OF BACKFILL: 6 ~wkc-s~;cP 

f LEVATtON t DEPTH TOP OF SEAL: 6’ 

TYPE OF SEAL: L en+0,: 4-B 

OfPtH TOP OF SAND PACK: 

ELfVATlON t DEPTH TOP OF SCRffN: 

TYPE OF SCREEN: c:c h&AC 40 PVC 

SLOT SIZE x LENGTH: &O$‘Y lb ’ 

1.0. OF SCRfhN: 

TYPE OF SAN0 PACK; k d- 2 

.- . . -. 

‘- . 

‘7 
fcf.VAt~ON / DEPTH BOTTOM OF SCREEN:’ .-- l ’ ’ 2’ ’ .-----.- 

f Lf VATION I Of PTH BOTtOM OF SANO’PACK: d’: 
tV’PO.OF CIACJCFILL BELOW OBSERVAtlON~ 
ww; ’ l++a,:+@ 

,_mfLEVArlqN / DEPTH OF HOLE: 



OCT 22 ‘99 ‘a3:10PM TETRA TECH,NUS INC P.7 

;Si tb%LlBURTlJN N US BORING NO 

8,tyJ8 En vironmnttd CofpOrMbn MONITORINC’WELL SHEET . 
p- -\ 

LOCATION 
ORILLER .,Rall 

BORING b++&25 ORlLLlNC 

I ELEVATION QATE 
MEW00 4;* bhw Cl+ 

FIELD GEOLOGIST 
OEVELOPMENT 

- A lUlLTWO fuhbl:b I# -s& 

r*” 

GROUND 
ELEVATION 

I 

1, 

:, . 

f LEVATION OF TOP OF SURFACE CASING : 
f LEVATION OF TCjP Of RISER PlPf: 

STICK - UP TOP OF SURFACE CASING: 
STICK l UP RlSER PlPE : 

TYPE Of SURfACE SEAL; - b hh; + e. 

1.0. Of SURFACE CaSiNG. 
TYPE OF SURFACE CASIN 

.&+-. 
. . 

m’ 

RISER PlPf 1.0. 
TYPE.OF RISER 

1m 

8OREHOLE DIAMETER: 
If 

.TYPE OF BACKFILL: LA+on; 44 I). 

ELEVATION / OEPTH TOP OF SfAL: d 

TYPE OF SEAL: 

OEFTH TOP Of SAND PACK: 3 9-l 

EtEVATtON t OtPTH TOP OF SCREEN: 373 ’ 

.TYPE Of SCREEN: ,&&&--,. 

SLOT WE I LENGTbl: Old’X IO’ -, . 

ID. OF SCREEN: 
)I 

TYPE.OF SAN0 PACK; vi*- 2 

.-. 

-EtEVATION j DEPTH 6OTTOM OF SCREEN: .-- . -a 

ELEVATION I DEPTH BOmOM OF SAN0 PACK: FO ’ 
TYPt 06 6ACKFlt.L 0 

-. 
--. . 

GLfVATI~N! OEPTH OF HO&E; 



. . 
OCT 22 ‘99 03:lBPM TETRFl TECY NUS INC P.8 

;iL‘r UU,IBURTON N U3 BORING NO. ,-, 
\I:!! ~rzvironmentd Cutportion MONITOFUNG-WELL SHEET , 

\ 
ROJECT NA L ~hmH(+ 
ROJECT NO.:& 

LOCATION 
BORING : ft++=- 

LEVATtON DATE \a larIss 

IELD GEOLO’GCIST v, Sh ic kPY9 
.‘i*It. I . 

GROUNO 
ELEVATION 

- : 

ELEVAtrON OF TOP OF SURFACE CASING : 
ELEVATION OF TdP OF RtSER’ PIPE: . 

STICK l UP TOP Of SURFACE CASING; 
SICK. UP RISER PIPE : 

TYPE OF SURFACE SEAL: 
. 

!.O. OF SURFACE CASl’NG: 
TYPE OF SURFACE CMtN .’ 

RISER PIPE I.D. 
TYPE OF RISER PIPE: 

BOREHOLE DIAMETER: 
& II 

. 
.* 

TYPE OF BACKFILL: . btn+sn: $6 
. . 

.ELEVATION / DEPTH TOP OF SEAL; 6’ 

TYPE OF SEAL: 

O;TH TOP OF SAN0 PACK: 70,5’ 

ELEVATION / DEPTH TOP OF SCREEN: 73’ 

TYPE OF SCREEN: de Lit Ye PVC. c 

SLOT SIZE x LENGTH: 042” bc lb 
I 

I 0. OF SCREEN: 2” 
. 
. 

TYPE OF SAN0 PACK; vra; 2 

. I- I 

EtEVAtlON I DEPTH 60TTOM Of SCREEN: - 73’ I 
--- 

ELEVATION I DEPTH BOTTOM OF SAN0 PAa: 
TYPE OF BACKFILL 
WELL; ’ $ + k,rLP 

j&ObW OBIERVAnON . 



AS-BUILT DRAWING . 

CHECKLIST 

Land Surface Elevation 3czS' 

Casing Height Above L-S -,I?' 

Tot& Depth OOQCMW~!!+$J~~ 

Borehole Diameter G"oO 

Casing Diameter 2"rb 

Casing Thickness ti/fi 

Casing Lengths 8-y' 

Screen Data 

Material ~+JJL+~J 
Diameter 2"ro 
Slot Openings ,@M@* 
Settings ;I.G*- rrz9*dct 

5 Centralizers rloue. 

Grout Type SO~-A: 

Gravel Pack L' :..; 

K-Fittings uo*r, 

Packers 'Jo* 

Cenent Basketsveb- 

Well No. AC-/ (H/u63 4) 

ufwno. OF 4 . 36. rT& 

Date U@i/loO 7/r7/t2 # . 



OCT 22 ‘99 83:1,@l7l TETRA TECH,NUS INC 
P.6 

;Sib tiALLIBllK1 UN N U3 GORING NO _ 
8,JF,g En whmmentd Cotporm’on MONITORINC’WEtL SHEET 

ORrlLLR fL*A ' _-._ 

ORllllNG 
MEW00 
OEVEtoPMLN~ ._ 

GROUND 
ELEVArlON 

ELEVATION OF TOP OF StiRFACt CASING : 
ELEVATION OF T6P OF RiSER PIPE: 

STICK. UP TOP OF SURFACE c&SING: 
STICK w UP RISER PIPE : 

TYPE OF SURFACE SEAL; 

!. 0. OF SURFACE USING:, 4 I’ 
TYPE OF SURFACE USING, -,s_eil 

RISER PIPE LO. 
TV PE OF RISER PIPE: 

8OREHOLE DIAMETER: 
c /I 

.- .1_ 

WPE OF BACKFlLL: bed-,,;tc 

ELEVATION I DEPTH TOP OF SEAL: r’ 

TYPE OF SEAL: 6thhr(:‘Ce 
- 

OtEPlH TOP OF SAND PACK: Ri ’ 

ELEVATION I O&4 TOP Of SCREEN: at’ 

TYPE OF SCREEN: SC Lti,k Yo PVC. 

SLOT SIZE x LENGTH: 0,0$‘7;& 

I 0. OF SCREEN: 
2 (1 

TYPE OF SAND PACK; ho. 2 
, 

EtEYATlON / DEPTH BOTTOM OF SCREEN: .- l-i 1’ -_ 
-.. 

ELEVATION I DEPTH BOTTOM OF SAND PAC= 
TYPE OF 6ACKFIlL %ECOW OBSERVATION. 
WELL: ’ Ihsak,l/ L 

.ic,tVATl~W DEPTH OF MOLE; pf’ 



OCT 22 ‘99 ’ 83 : 89PM TETRQ TECH, NUS INC 
P.4 

;%\ #i&l,lEWRTlJN N US BORINGNO ,- 
‘!qfJ En vironmentd CWW~0n .MONITORlNG-WELL SHEET 

QROUND 

. 

’ ELEVATlOIi Of TOP OF SURFACE CASING : . .- 
CtiVAtlON OF TOP OF RISER PIPE; 

STICK - UP TOP OF SURfACt CASING: -. 
STlCK l UP RlSER PIPE : 

TYPE Of SURFACE SEAL: I 

!.D, OF SURPACE CASING, 
TYPE OF SURFACE CASIN 

..4” 

. 

RISER PIPE I.D. . 
TYPE OF RISER 1 

eOREHOLE DIAMETER: 6” I# 

TYPe OF BACKFILL; bb+,n;+e ~ 

- .:. 

ELEVATION/DEPTH TOP OF SEAL: 

TYPE OF SEAL: he9 n d&e . 

OEPTH TOP OF SAND PACK: A 

ELIVATION I OEPTH TqP OF SCREEN: 33’ 

WPE OF SCREEN: J&~Yl~ Yo P!tL .i 

SLOT SIZE I LENGTH: 3 - 02 “X 10 ’ . . 

I 0. OF SCREEN: 
-J 1’ 

. 

TYPE OF SAN0 PACX: hb.2. c 

. -. 

ItEVA~lON / OIPTH BOI7OM OF SCREEN: -a w’, 

ELlVATlON I DEPTH OOTdM OF SAN0 PACK: 5-b ’ 

TYPE OF BACKFIL %LOW O&SERVATtON 
. . 



P.5 

60Alhi4 Nb 

MONITORING-WELL SHEET 

VOIECT&& Wkrdvic+er 
WO1ECT NO. IV13 

ELEVATION 
:iELD GEOLOCJST 

GROUND 

ORILLER fC,,A 
.I 

ORILLING 
METMOo a;- I-\--h& 

OEVELOPMENT 

w ELEVATION OF TOP OF SURFACE CASING ; 
l 

0 
I 

ELEVATION OF T6P OF RISER PIPE; 

, STICK. UP TOP OF SURFACE C&SING: 
STICK - UP RWR PIP0 : 

TYPE OF SURFACE SEAL: 

t 0. OF SURFACE CASING: 
TYPE Of SURFACE CASING* 

RISER PIP8 1.0. 
TYPE OF RISER 

9OREHcSLb DIAMETER: 

TYPE OF BACKFILL; 

ELEVATION/ DU’TH TOP OF SEAL: 

7YPE OF SEAL: 

d 

OEPTH TOP OF SAND PACK: x2’ 

ELEVATION I OtPfH TqP Of SCREE.N: 84’ . 

WPE OF SCREEN: SC hdwle w Pa 

SLOT SIZE x LENGTH: 0,6W~ on 

I 

I 6. OF SCREEN: 

TYPE OF SAND PACIC: ho,2 

ELEVATION / OfPTH 8OfTOM OF SCREEN: 
--, 44’ -_ 

&EVAtlON I OEPTW %OnOM.bF SAND PACK: 
lf’J4;’ 

TYP9 OF BACKFILL BELOW 08SE,RVAtlON 
WELL: * U/A ), 

ELEVATION I OEPTH DF HbLI* L IO4 



BROWN L ROOT ENVIRONMENTAL 

MONiTORiNG WELL SHEET 
, 

‘ROJECT b.far~iwH33ev LOCATION I DRILLER PaaJ 

‘ROJECT NO. 7X06 BORING +/Al ??4 s ! DRILLING 

itEVATlON Sr/z%+f9X METHOO -A 

:lELD GEOLOGIST 
pOATE 

D,dh,l :*tl DEVELOPMENT 
METHOO J&4dCk ptJlq 9 

ELEVATION OFTOP OF ?ERM. CASING : 

CROUNO 
EtEVATlON 

ELEVATION OF TOP OF RISER PIPE: -- 

TYPE OF SURFACE SEAL: bewbse 
1.0. OF PERM. CASING: 
TYPE OF SURFACE C4SlNG: 

RISER PIPE I.D. 
TYPE OF RISER 

BOREHOLE DIAMETER: 10 N 

PERM. CASING I.D. 6” 
TYPE OF CASING & BACKFILL: s+ e e/ / b e,.,Ad+e 

ELEVATION I OEPTH TOP OF SEAL: _ 
TYPE OF SEAL: th+d,qj+e 

;7( 

OEPTH TOP OF SAND PACK: 

ELEVATION/DEPTH TOP OF SCREEN: 
TYPEOFSCREEN: srhpddb’ YO fqC 

U~od”~h+ >;te 
TYPE OF SAN0 PACK: 0 0.2 

36’ -- 
34” 

-- 

BOREHOLE OIA. BELOW CASING: 6 ” 

ELEVATION 1 DEPTH BOTTOM OF SCREEN: 4s’ 

ELEVATION 1 OEPTH BOITOM OF SAND PACK: . 3.1) 

TYPE OF HACKFILL BELOW OBSERVATION 
--- 

WELL: Id ,A- 

ELEVATION / DEPTH OF HOLE: Sl ’ 



BROWN 8 ROOT ENVIRONMENTAL 

--_ 
:;..,.rG 8i.i.. 

#ROJE~~ ‘dav-Ad+P~ LOCATION 
‘ROJECT NO. 7ds 6 6ORlNG~~xuz 
LEVATlON DATE ++q 
IELD GEOLOClST n d&h 

MONlTORlNCWELLSHEET 
’ DRILLER Ptw~ 

ORILLING 
ME?HOO aik kdkut,dr 

OEVELOPMENT 

GROUNO 
E 

- ELEVATION OF TOP OF ERM. CASING : 
- EtEVATlON OF TOP OF RISER PIPE: 

, TYPE OF SURfACE SEAL: B b&,;+e 

/ 1.0. OF PERM. CASING; 6 ‘I 
TYPE OF SURFACE USING; s-i-tr I 

RISER PIPE LO. 
II 

- TYPE OF RISER PIPE: F.Lh,eAu/P ‘to #WC 

- 80REHOLE OlAMET!fR: 
(I 

- PERM. CASING 1.0. b r’ s-f PPI 
TYPE OF CASING & BACKFILL: & By+ow,.+ e 

- ELEVATfON / OEPTH TOP 0; SE$L: 
_ TYPE OF SEAL: q w;.+e 

- OEPTH TOP OF SAND PACK: ,073’ 

/ ELEVATION/DEPTH TOP 0 
TYPE OF SCREEN: ;ic c, 

- TYPE OF SAN0 PACK: ho.2 

- BOREHOLE DIA. BELOW CASING: 6 ” 

, ELEVATION/ OEPTH BOlTOM OF SCREEN: lao’ 

, ELEVATION I OEPTH 5hOM OF SAND PACK: i 2 0 
I 

* 
TYPE OF BACKFILL BELOW OBSERVATION 
WELL: y/A- 1 ,” 

- ELEVATION I DEPTH OF HOLE: ido’ 

,+-. 

,- 



- -... 
:‘L..l.4G ., AS.,.. 

BROWN 8 ROOT ENVIRONMENTAL 

MONiTORlNGWELLSHEET 

GROUNO 

- f3.EVATION OF TOP OF XRM. CASING ; 
- ELEVATlON OF TOP OF RISER PIPE: 

, TYPE OF SURFACE SEAL: j+l44+@ 

/ I.D. OF PERM. CASING: 6 ” 
TYPE OF SURFACE CASING: 34-L cj 

- RlSER PIPE I.D. 2” 
TYPE OF RISER PIPE: s&?&/e Ire WC. 

- BOREHOLE OIAMETER: 

- PERM. CASING 1.0. 47 (I sted 
TYPE OF CASING & BACKFILL; b ep,‘rb,, ; js e 

- ELEVATION / OEPTH TOP OF SEAL: 
- TYPEOFSEAL: bew,& ;4e 

2’ 

* DEPTH TOP OF SAND PACK: 

H ELEVATION/DEPTH TOPOF C EN: 
13h TYPE OF SCREEN: ,‘c e (, b PC 

fOZ” i/OS size 

- TYPE OF SAND PACK: b n 2 

1 Q,F 

- BOREHOLE DIA. BELOW CASING: 6 ” 

/ ELEVATION / DEPTH BOl7OM OF SCREEN: 2 9. ir ’ -- 

, ELEVATION / OEPTH f3&OM OF SAND PACK: * 
TYPE OF BACKFILL BELOW OBSERVATION 

? ‘f ’ 

WELL: bhdm,;se 

- ELEVATION / DEPTH OF HOLE: 



BROWN & ROOT ENVIRONMENTAL 

MONITORING WELLSSHEET 

PROJECT LSdb+& s-t et- LOCATION 1 ORILLER lmsb 

PROJECTNO. 7x06 BORING ly77 Fr 

ELEVATTON DATE -!%?dw I I 
FIELD GEOLOGIST V, WM b 

ELEVATION OF TOP OF XHM. CASING ; 
ELEVATION OF TOP OF RISER PIPE: 

TYPE OF SURFACE SEAL: MlAM;+e 

GROUNO 

TYPE OF SURFACE CASiNG; 

RISER PIPE I.D. 
TYPE OF RISER PIPE: 

B,OREHOLE OIAMETER: 

ELEVATION / DEPTH TOP OF SEAL: 
TYPE OF SEAL: idkh.4. e 

OEPTH TOP OF SAND PACK: 

ELEVATIQNI DEPTH 8OlTOM OF SCREEN: “a%Jr 

ELEVATION t DEPTH OF HOLE: 4y’ 



BROWN 8 ROOT ENVIRONMENTAL 

MONiTORlNGWELLSHEET -.. 

ELEVATION OF TOP OF XRM. CASING : 
ELEVATION OF TOP OF RISER PIPE: 

TYPE OF SURFACE SEAL: k?u\hM;+e 

I.D. OF PERM. CASING: 6 ” 
TYPE OF SURFACE CASING: 

RISER PIPE 1.D. 
I TYPE OF RiSER PIPE: 

80REHOLE OIAMETER: f0 ff 

PERM. CASING 1.0. 6 ” see I 
TYPE OF CASING & BACKFILL: 1, eM’CRvlr -ke \ 

ELEVATION / DEPTH TO 
TYPE OF SEAL: 

DEPTH TOP OF SAND PACK: 

EtEVATlONIOEPTH 
TYPE OF SCREEN: 

TYPE OF SAND PACK: IlD. 2 

- f&d BOREHOLE DIA. BELOW CASING: 4 ” 

“.- - 

/ ELEVATIQN / DEPTH BOTTOM OF SCREEN: y y, > 

, ELEVATION / OEPTH EbnOM OF SAND PACK: * ET 
TYPE OF BACKFILL BELOW SERVATION -- 
WELL: 

ELEVATION / DEPTH OF HOLE: 5dl 



BROWN & ROOT ENVIRONMENTAL 

MONITORING WELL SHEET ,- -_. 
I 

‘ROJECT iJ&w: blr+er LOCATION 1 DRILLER *ell, 

‘ROJECT NO. 760 6 BORING FJ ‘86.T ! ORILLING , 

E LEVATlON DATE .’ F/a~/~f METHOD Alr Ld&- 

:lELD GEOLOCiST a tihci’en 
I OEVELOPPAENT 

METHOO -TL, bbl Ad/l/ j+i 

ELEVATION OF TOP OF ?ERF;II. CASING : 
ELEVATION OF TOP OF RISER PIPE: 

TYPE OF SURFACE SEAL: 6t?w&,: 4-e 

CROUNO 1.0. OF PERM. CASING: , N 
TYPE OF SURFACE CASING: S-f-et, 

RlSER PIPE LO. 
TYPE OF RISER 

BOREHOLE DIAMETER: 

PERM. CASiNG LO. & If +erf 
TYPE OF CASiNG & BACKFILL; bhh~+e 

ELEVATION / OEPTH TOP OF SEAL: 
TYPE OF SEAL: kdhk,;4e 

a’ 

DEPTH TOP OF SAND PACK: 7;7! 

ELEVATION/DEPTH TOPcohFpS vREEN: 
TYPE OFSCREEN: s‘ - ,F,c U& p vc 

‘76 

oco2” 5/d s;2e 

NPE OF SAN0 PACK: ho. a 

BOREHOLE DIA. BELOW CASING: 

ELEVATION I DEPTH BOnOM OF SCREEN: 75 

ELEVATION / OEPTH l3hOM OF SAND PACK: * 7 4 
TYPE OF BACKFILL BELOW OBSERVATION 
WELL: k rvl hd e 

ELEVATION I DEPTH OF HOLE: lo2 



BROWN 8 ROOT ENVIRONMENTAL 

MONITORING WELLSHEET J==- <,- T  

%OJECT uarwk+e~ LOCATION I ORUER ,d- 

‘ROJECT NO. ‘7&s BORING F-l 87s _ ! ORlLLiNC 

ILEVATION DATE C/26/q)? METHOD &- ~avd?+ 

:IELD GEOL0ClS-r ?7,Vh I-3-l cl OEVELOPME T 
Nb MEwOo 2~ b?ewstbk tyq 

ELEVATION OF TOP OF :ERM. CASING : -m 
ELEVATION OF TOP OF RISER PIPE: 

TYPE OF SURFACE SEAL: 

ZISER PIPE I.D. 
rYPE OF RISER PIPE: 

80REHOLE DIAMETER: 

PERM. CASING 1.D. 6 ” r+eel 
TYPE OF CASING & BACKFILL: b evl-lc h,;4 e 

ELEVATION / OEPTH TOP OF SEAL: 
TYPE OF SEAL: 

OEPTH TOP OF SAND PACK: 

TYPE OF SCREEN: 

NPE OF SAN0 PACK: 

BOREHOLE DIA. BELOW CASING: .j$ ” 

ELEVATION/ OEPTH SOndM OF SCREEN: 5-9 i 

ELEVATION 1 OEPTH 8&OM OF SAND PACK: 6’2 ’ 

ELEVATION / OEPTH OF HOLE: c’ 



. 
- wwoc1Aoc/Tzs?3= 

(c /- i-3') - 

CHECKLIST 

Land Surface Elevation3Sl 

Casing Height Above L-S.36 

Total Depth &IGJ 

Borehole Diameter 6'0.0- 

Casing Diameter f"ko. 

Screen Data 

Material Srfiiwms 
Diameter z"r.0. 
Slot Openings 10 SWh@ 
Settings /5'-/0.7' 

Grout Type Fb~~~O 

Gravel Pack Sic&. 

. 

-f7 
I 

-/9 I 

,2#’ 

L 
-2: 

-22’ 



. . 

APPENDIX B 

SUMMARY OF ANALYTICAL RESULTS 



APPENDIX B.1 

SUMiVlARY OF SHALLOW ZONE ANALYTICAL RESULTS 

.’ i 

?, 

.A. 





ANALYTICAL DATABASE 
SHALLOW WELLS 

W-HN-020-DUP 



ANALYTIC. TABASE 
SHALLOW &ELLS 

Sample ID: 
Sample Date: 
Duplicate: 
Screen: 

W-DG-17 W-DG-19 
06/I 1 I98 06/I 8198 

16.5-38 21.75-47 

W-HN-01 S 
06/I O/98 

18.5-37 

W-HN-020 
06/I 5198 

W-HN-020-DUP 
6.2-13.2 

W-HN-020-DUP 
06/I 5198 

W-HN-020 
6.2-13.2 

W-HN-02s 
06/I 2198 

W-HN-OZS-DUP 
15-33 

W-HN-02S-DUP 
06/I 2198 

W-HN-02s 
15-33 

I I I I I I I 
SEMIVOLATILES I I I 

Carbazole 
Chrysene 
Di-n-butylphthalate 
Di-n-octylphthalate 
Dibenzla.h)anthracene 
Dibenzbfkk’ 

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 

. . 

date 

I . . . 
I 
I 

NA . _. . I 
I 

NA . . . . I 
I 

NA’ 1 . ., , I 
NA .., . I 

I 
NA .-. . I 

I 
NA .I . ., . I 

NA I., . I 
I NA I NA I NA I NA I NA I NA I NA a Diethylphthe -..- 

Dimethylphthalate Ni 
. . . ., . I 

NA NA ii NA NA NA 
Fluoranthene NA NA NA NA NA NA NA 
Fluorene NA NA NA NA NA NA NA 
Hexachlorobenzene I NA . . . . I NA . . . . I NA . _. . I NA . . . I NA . . 1 NA . . . . I NA ._, . 

Hexachlorobutadiei ne I NA I NA I NA I NA I NA I NA I NA 1 
Hexachlorocyclop*ntadiP-na -. ..-_.-. .- I 

I 
NA ._. . I 

I 
NA . _. . I 

I 
NA . . . . I 

I 
NA . _. . I 

I 
NA . . . . I 

I 
NA . . . . I 

I 
NA . ., . I 

Hexachloroethane I NA I NA 
iA 

I NA I NA I NA I NA I NA 1 

Incieno(l,2,4-dnvrnna ,w v..,p#J.-..- 
I 
I 

NA ._~. I 
I 

. . . . I 
I 

NA ._. . I 
I 

NA ._. . I 
I 

NA . . . . I 
I 

NA . . . . I 
I 

NA I., . I 
lsophorone I NA I NA I NA I NA 

Ni 
I NA I NA I NA . I 

N-Nitrosodi-n-~rnn~lam;n~ I NA I NA I NA I I NA I NA I NA I 
N-Nitrasadiohel 

IV “pc, .-. I . . . a- 

. . _ . ..----. r..- nylamine (1) 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 

lPhenal 

. _. . . . . . .-. . 
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 

I NA I NA I NA I NA I NA I NA I NA I -. . - 
Pyrene 

. . 

I NA I NA I NA I NA I NA I NA I NA 1 



ANALYTICAL DATABASE 
SHALLOW WELLS 

Sample ID: 
Sample Date: 

Duplicate: 
Screen: 

W-DG-I 7 W-DG-19 
08/I II98 06/I 8198 

16.5-38 21.75-47 

W-HN-01 S 
0611 O/98 

18.5-37 

W-HN-020 
06/15/98 

W-HN-020-DUP 
6.2-l 3.2 

W-HN-OPO-DUP 
06/l 5198 

W-HN-020 
6.2-13.2 

W-HN-02s 
06/I 2198 

W-HN-02S-DUP 
15-33 

W-HN-02S-DUP 
06/l 2198 

W-HN-02s 
15-33 

IU 
IU 

z 

IU 
IU 
IU 
IU 

IU 
IU 
IU 

El IU 
IU 
IU 
IU 



ANALYTIC, TABASE 
SHALLOW \ivELLS 

Sample ID: 
Sample Date: 
Duplicate: 
Screen: 

VOLATILES 
cis-1 ,3-Dichloropropene 
Dibromochloromethane 
Ethylbenzene 
Methylene Chloride 
Styrene 
Tetrachloroethene 
‘Toluene 
trans-1,3-Dichloropropene 
#Trichloroethene 
Vinyl Chloride 
Xylene (Total) 

,PESTICIDES/PCBS’ 
14,4’-DDD 
4,4-DDE 
14,4’-DDT 
Aldrin 
Alpha-BHC 
Alpha-Chlordane 
Aroclor-1016 
Aroclor-1221 
,Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 
Beta-BHC 
Delta-BHC 
Dieldrin 
Endosulfan I 
Endosulfan II 

W-DG-17 
06/11 I98 

16.538 

IU 
IU 
IU 
2u 
IU 
IU 
IU 
IU 
IU 
IU 
IU 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

W-DG-19 
06/I 8198 

21.7547 

IU 
IU 
IU 
2u 
IU 
IU 
IU 
1u 
2 
IU 
IU 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

W-HN-01 S 
06/I O/98 

18.5-37 

lU 
IU 
IU 
2u 
IU 
IU 
IU 
IU 
IU 
IU 
IU 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

W-HN-020 
06/15/98 

W-HN-020-DUP 
6.2-13.2 

IU 
IU 
IU 
2u 
IU 
IU 
IU 
IU 
IU 
1u 
IU 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

W-HN-020-DUP 
06/I 5198 

W-HN-020 
6.2-13.2 

IU 
IU 
IU 
2u 
IU 
IU 
IU 
IU 
IU 
IU 
IU 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

W-HN-02s 
06/I 2198 

W-HN-OZS-DUP 
15-33 

IU 
IU 
IU 
2u 
IU 
IU 
IU 
IU 
1u 
IU 
IU 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

W-HN-02S-DUP 
06/I 2198 

W-HN-02s 
15-33 

IU 
IU 
IU 
2u 
IU 
IU 
IU 
IU 
IU 
IU 
IU 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



ANALYTICAL DATABASE 
SHALLOW WELLS 

Sample ID: 
Sample Date: 
Duplicate: 
Screen: 

PESTlClDESlPCBS 
Endosulfan Sulfate 
Endrin 

W-DG-17 W-DG-19 
06/l II98 06/I 8198 

16.538 21.75-47 

NA NA 
NA NA 

W-HN-01 S 
06/I 0198 

18.5-37 

NA 
NA 

W-HN-020 
06/I 5198 

W-HN-OPO-DUP 
6.2-13.2 

NA 
NA 

W-HN-020-DUP 
06/I 5198 

W-HN-020 
6.2-13.2 

NA 
NA 

W-HN-02s ~ 
06/I 2198 

W-HN-OSS-DUP 
15-33 

NA 
NA 

W-HN-OPS-DUP 
06/I 2198 

W-HN-02s 
15-33 

NA 
NA 



INORGANICS 
NA Aluminum 

-----------, 

Arsenic 
Antimonv 

Barium 
Bervllium 
Cadmium 
Calcium 
Chromium 

1 
I . ., . Ni 

I NA 

I NA 
NA 
NA 
NA 
NA 

I NA 
NA 

Cyanide 
Iron .._.. 

1 Lead 
Magnesium 
Manganese 

I NA 
NA 

I . . . 

I NA 

I NA 
NA 

W-HN-05s W-HN-IOS 
06/l 0198 06123198 

36-55 26-40 

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 

W-HN-290 
06124198 

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 NA 
NA NA 

NA NA 
NA I NA 

NA 0.3 u 
NA 41300 
NA 2.4 
NA 2 
NA 1.1 B 
NA 10 UL 
NA 210 ;~ 
NA 2.4 J 
NA 14300 
NA 69.8 
NA 0.1 UL 
NA 7.1 
NA 2290 J 
NA 1.6 UJ 
NA 0.7 u 
NA 20700 
NA 3.1 UL 
NA 0.6 U 
NA I 48 



ANALYTICAL DATABASE 
SHALLOW WELLS 



ANALYTIC TABASE 
SHALLOW WELLS 



ANALYTICAL DATABASE 
SHALLOW WELLS 

Sample ID: 
Sample Date: 

Duplicate: 
Screen: 

W-HN-03s W-HN-0% W-HN-1 OS W-HN-290 W-HN-29s W-HN-29X W-HN-35s W-HN-36S 
06/l 6198 06/I O/98 06123198 06/24/98 iI 06123198 06/l 5198 06/I 1198 

17.6-32 36-55 26-40 ? ? 35-48 22-27 

I 



ANALYTIC TABASE 
SHALLOW’WELLS 



ANALYTICAL DATABASE 
SHALLOW WELLS 

Sample ID: 
Sample Date: 

Duplicate: 
Screen: 

W-HN-03s W-HN-05s W-HN-1 OS W-HN-290 W-HN-29s W-HN-29X W-HN-35s W-HN-36s 
06/I 6198 06/I 0198 06123198 06124198 06123198 06123198 06115198 06/I II98 

17.6-32 36-55 26-40 ? ? 35-48 22-27 

NA NA NA NA NA 
NA I NA I NA I NA I NA NA NA NA 

I I I I 
NA NA NA 

PESTICIDESIPCBS 
Endosulfan Sulfate 
Enrlrin 



__ 

ANALYTIC. TABASE 
SHALLOW WELLS 



ANALYTICAL DATABASE 
SHALLOW WELLS 

C......-.lr In. I IALUN-27C I IAILUN-?nC I W-l-IN-?W I W-HN3RX-F 1 W-HN3SS i W-HN-39X 1 W-HN-IIS 1 W-HN-43S 
~alq.n~ I”. 

Sample Date: 
Duplicate: 
Screen: 

.“-I Il.-VI” ..-a II.-Y”” . . . mm. “Il. . . . . . . ---. . _ _ . . . - - - . _ _. 

06/I 6198 06/I 6198 I 06/18/98 06/I 8198 06/I 9198 06122198 06122198 06122198 

21-41 25-35 2-7 2-7 18-50 2-7 41-54 43-64 

NA NA 
I 

NA 
I.r\ 

I 

NA 
I .r\ 

I 
NA 
I., I 

I 
NA .-, . 

I 
NA . . . . 

I 
NA . 

NA NA NA ..-. I NA . . . . NA . . . . I NA I I NA I NA I 
NA NA NA NA NA NA 

I., I 
I 
I 

NA 
.., . 

I 
i 

NA .., . I 

NA NA NA NA NA NA . . . . I I NA . _. I I NA I 
NA NA NA NA NA NA I NA I NA 
NA I NA r NA I NA . NA , NA 1 NA i NA , 

I 
I., \ I 

..I. I . ., . 
I 

.-. . I 
. . . . I 

. 

I NA NA I NA I NA I NA I NA 

SEMIVOLATILES 
2,2’-Oxybis(l-chloropropane) 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dichlorophenol 
2,CDimethylphenol 

17 P-l3initrnnhanol 

I I I I., \ ..I I . -, . I . . . . 

I NA I NA I NA I NA I NA I NA 

t 

I., \ I 
. 1, . I 

. . . . 

NA I NA I NA 
NA NA NA 

I ,., \ I .., . ..~., . I . . . 

NA NA I NA I NA I NA I 

I 
I., . I . ., . I . ., , 

NA I NA I NA I 

1 
I ., \ I . I .., . 

NA I NA NA 
NA I NA 

I . ., . I . . . 

NA NA I NA I 
I I . . . . 

NA I NA I NA I 

i 

I.,. I 
I .I . I 

.., . 

NA I NA I NA I 
I I I., . I ._. . . . . . I 

NA NA I NA I NA NA 1 -NA I NA I NA 





ANALYTICAL DATABASE 
SHALLOW WELLS 

Sample ID: 
Sample Date: 
Duplicate: 
Screen: 

W-HN-37s W-HN-38s W-HN-38X W-HN-38X-F W-HN-39s W-HN-39X W-HN-41 S W-HN-43S 
06/16/98 06/I 6198 06/I 8198 06/I 8198 06/I 9198 06122198 06122198 06122198 

21-41 25-35 2-7 2-7 18-50 2-7 41-54 43-64 

2-Butanone 
I I 

j;R I 
. - . - . _. . 

I . - . . 
I 5UR I 5UR I NA I 5UR I 5UR I 5LJR I 5 IIR 

t 

-- .., . 
I 

vv  , 1”s. , 

5u I NA I 5Ll I Fill I 

_..- -..- 

Pomochloromethane 
I I . - . - . _. . 

I . - - . - . w 
I ii I IU I IU I NA I IU I IU I 1u I IU 

t 

. - * ., . 
I 

..e , . .s I . I " 

IU I NA I IU I IU I IU I 1 II 

xide 
I I I I . . . 

I I I . - . - 

I 1; I ii I 1; I NA I ;ci I ii I IU I IU I 
. .--. .- 

hane 
I - . - . - ._. . I - - - . - 

IU I IU I IU I NA IU I IU I IU I IU I 

I 



ANALYTIC TABASE 
SHALLOW WELLS 

Sample ID: 
Sample Date: 
Duplicate: 
Screen: 

W-HN-37s W-HN-38s W-HN-38X W-HN-38X-F W-HN-39s W-HN-39X W-HN-41 S W-HN-43S 
06/I 6198 06/I 6198 06/I 8198 06/I 8198 06/l 9198 06122198 06122198 06122198 

21-41 25-35 2-7 2-7 18-50 2-7 41-54 43-64 

Alpha-BHC 
Alpha-Chlordane 
Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-17~ .-., . 

Aroclor _--- -1260 
RntsmRt-lf! 

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 

NA . . . . I 
I 

NA . . . . I 
I 

NA . . . . I 
I 

NA . ., . I 
I 

NA . . . . I 
I 

NA . ., . I 
I 

NA .., . I 
I 

NA .., . I 
I NA NA I NA I NA I NA I NA I NA I NA 
I NA I NA I NA I NA I NA I NA I NA I NA I “IL” I. .V I 

..*. I . . . . 
I 

. _, . 
I . ., . 

I 
. . . . I 

. ., . 
I ..-. I . . . . 

t%dta-RHC I NA I NA I NA I NA I NA I NA I NA I NA I 
Dieldrin NA NA NA NA NA NA NA NA 
Endosulfan I NA NA NA NA NA NA NA NA 
Endosulfan II NA NA NA NA NA NA NA NA 



ANALYTICAL DATABASE 
SHALLOW WELLS 

Sample ID: 
Sample Date: 
Duplicate: 
Screen: 

W-HN-37s W-HN-38s W-HN-38X W-HN-38X-F W-HN-39s W-HN-39X W-HN41 S W-HN-43S 
06/I 6198 06/I 6198 06/l 8198 06/I 8198 06/I 9198 06122198 06122198 06122198 

21-41 25-35 2-7 2-7 18-50 2-7 41-54 43-64 

PESTlClDESlPCBS 
Endosulfan Sulfate 
Endrin 

NA 
NA I NA I NA I 

I I I 
NA NA I NA NA NA NA NA 

NA I NA NA MA NA 

Endrin Aldehyde 
Endrin Ketone 
Gamma-BHC (Lindane) 
Gamma-Chlordane 

I . . . I _. . I . -. . I . . . . I . . . . I .., . 
I I 

I a., . I 0.r. 
NA NA I NA I NA I NA NA NA I NA 
NA NA NA NA NA I NA I NA NA I 

Heptachlor 
Heptachlor Epoxide 
Methoxvchlor 

. _. . . . . . . ., . .., . 
NA NA NA NA . . . . I 
NA NA NA NA NA 

NA I NA NA NA 
NA NA NA 

NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA ’ NA 
NA NA NA NA NA NA NA NA -~ --~a -~---- 

Toxaphene 
I . . I . . . . I . _. . I . . . . I . .I . I .., . 
I 

I I.,. 
NA I NA I 

I 
NA I NA I NA I NA NA NA 



ANALYTk ABASE 
SHALL0 LLS 

W-HN-640-DUP 



2]4;6-Trichlorophenol 
2.4-DichloroDhenol 
2,CDimethylphenol 
2.4-Dinitronhenol 
2,CDinitrotoluene 
2,6-Dinitrotoluene 

12Xhloronaohthalene 
P-Chlorophkol 
2-Methvlnaohthalene 
2-Methylphenol 
2-Nitroaniline 

Benz(a)anthracene 
Benzo(a)pyrene 

ANALYTICAL DATABASE 
SHALLOW WELLS 

W-HN-63s 
06/l 9198 

27-46 

W-HN-640 W-HN-640-DUP 
06/I 1198 06/l 1 I98 

W-HN-640-DUP W-HN-640 
29-50 29-50 

W-HN-8% W-HN-86s W-HN-87s W-MW-HNI 5S 
06/l 8198 06/l 9/98 06/I 9198 08/I 9198 

TBD TBD TBD ? 

I I I 
A NA NA NA 10 u 10 u N. I I . I NA 

NA 24 U 24 U NA. NA I NA I NA 
NA 10 u 10 u NA I NA NA NA - 

ii i 
. . . .., . .., . I.- 

NA 10 u NA NA NA NA 
NA 10 u 10 u NA NA NA NA 
NA 24 U 24 U NA NA NA NA . . . . ., . 
NA 10 u 10 u NA NA NA NA 
NA 10 u 10 u NA NA NA NA 
NA 10 u 10 u NA NA NA NA 
NA 10 u 10 u - I 

iii; I 
NA 

I 
I 

NA . . . . 
I 

NA . -, . 
I 

NA I ., . 
NA IOU I NA I NA I NA I NA . 
NA I IOU I 

I 
IOU I NA I NA I NA I NA 

.- - . _. . . . . . . . ., . 
NA 10 u NA NA NA NA 
NA 10 u 10 u NA NA NA NA 
NA 10 u 10 u NA NA NA NA 



ANALYTIC TABASE 
SHALLOW WELLS 

W-HN-640-DUP 



ANALYTICAL DATABASE 
SHALLOW WELLS 





ANALYTICAL DATABASE 
SHALLOW WELLS 

ISample ID: 

I Sample Date: 
nlInii,dn. 

1 W-HN-63s 1 W-HN-640 1 W-HN-640-DUP 1 W-HN-8% 1 W-HN-86s 

I 
‘“~‘.“.A.W’ 
Screen: 

I 
06/l 9198 

I 
06/I II98 06/I II98 06/l 8198 06/I 9198 

W-HN-640-DUP W-HN-640 
29-50 29-50 TBD TBD 27-46 

I 

-.--. -- . ., . I .., . 

0.094 UL I NA I NA 

. . . . ._. . 

0.047 UL I NA I NA 
-.- -- . _. . I .., . 

0.047 UL I NA NA 
_.- . . -- . . . . I . ., . 

0.47 UL I NA I NA 

W-HN-87s W-MW-HNI 5s 
06/I 9198 08/l 9/98 

TBD ? 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 



ANALYTIC 
SHALLOW 

Data Qualifiers: 
B - Positive result is considered to be an artifactof blank contamination, and should not be considered present. 
J- Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Quantitation Limit (CRQL) 
K- Positive result is considered biased high due to exceedance of technical quality control criteria. 
L -_ Positive result is considered biased low due to exceedance of technical quality control criteria. 
U - Value is a non-detected result as reported by the laboratory. 
UJ - Non-detected result is considered estimated due to exceedance of technical quality control criteria. 
UL - Nondetected result is considered biased low due to exoeedanoe of technical quality control criteria. 
UR - Non-detected result is considered unusable due to exceedance of technical quality control criteria. 
NA -- No result is available/applicable for this parameter in this sample. 



. . 

APPENDIX B.2 

SUMMARY OF INTERMEDIATE ZONE ANALYTICAL RESULTS 



ANAYLTIC. TABASE 
INTERMEDIATE GROUNDWATER 



ANAYLTICAL DATABASE 
INTERMEDIATE GROUNDWATER 



ANAYLTIC TABASE 
INTERMEDIATE GROUNDWATER 

ISample ID: I I W tW 12DUP I - a- W-tW -14 I W-HN-011 I W-HN-021 I W HN 031 - - i 
Sample Date: I 06/l 7198 I 
Duolicate: 1 W-EW-12-DllP I 

06/I 7198 
w-EW-12 

1 06/16/98 1 06/10/98 1 06/10/98 I 06/17198 
I I I I 

I 

_. -. . 

._ 

- 

_. 

I ._ _._ .- 1 I I I 

I 20-I 00 I .20-l 00 I 20-I 00 I 68-92 I 85-104 1 81-102 1 Screen: 

SEMIVOLATILES 
Butylbenzvlohthalate 

Cad oazole 
khrvsene 
Di-n-butylphthalate 
Di-n-octylphthalate 
Dibenz(a.h)anthracene 
Dibenzbfuran 
Diethylphthalate 
Dimeth 

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 NA I NA I NA I NA I NA I NA I 
NA NA NA NA 

r..-.-.--- 

vlohthalate 
ane 

I I 
NA NA 

I NA I NA I NA I NA NA NA 
NA NA NA NA NA NA 

I 
. -. . 

I 
.-. , 

I 
..<. 

I 
..-. 

I 
.., . 

I 
I., * 

I NA I NA I NA I NA I NA I NA 
NA NA NA NA NA NA Fluoranthc 

Fluorene 
Hexachlorobenzene : 
Hexachlorobutadien - 

I I I I . . . 

I NA I NA I NA I NA I NA I NA 
NA NA NA NA NA NA 

.~~ le 

Hexachlorocyclopentadiene 
Hexachloroethane 
Indennfl 7 3-m-llnvrene 

._. . . . . . . ., . . _, . .., . v-s. 

NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA .--..-\ .,-(_ --,r =.-..- 

roohorone 
trosodi-n-oroovlamine 

Is-,. 
N-Ni. .~~ 
N-Nitrosodiphekry&nke (1) 
Naphthalene 
Nitrohnwnnn 

1 .-. . I ..~. 
I 

. ., . 
I 

._~. 
I 

.., . 
I ..I. 

I NA I NA I NA I NA I NA I NA 
NA NA NA NA NA NA 

.--. .--. .- 

~achlarnahenal 

NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 

I . . . . 
I 

. . . . 
I 

. . . . 
I 

._. . I . . . . I ._. . 
I NA I NA I NA I NA I NA I NA 1 Perk- .._. -p. ._. ._ 

Phenanthrene 
I I I I I I 
I NA I NA I NA I NA I NA I NA 1 



ANAYLTICAL DATABASE 
INTERMEDIATE GROUNDWATER ‘.. 



ANAYLTIC TABASE 
INTERMEDIATE GROUNDWATER 

ISample ID: I I WtW12DUP I - -- W-tW -14 I W-HN-011 I W HN 021 - - I W HN 031 _ - 

Sample Date: 
Duolicate: 

I 06/l 7198 I 
I W-EW-IZDUP I 

06/I 7198 
W-EW-12 

1 06/16/98 1 06/10/98 I 06/I 0198 I 06/17/98 
I I I I I 

Screen: 
I 

-._ .- 
I I I I 

I 20-I 00 I 20-I 00 20-I 00 I 68-92 1 85-104 I al-102 
I I I 

PESTlClDESlPCBS 
4,4’-DDD 
4$-DDE 
4,4’-DDT 
Aldrin 
IAlpha-BHC 
Alpha-Chlordane 
Aroclor-I 016 
Aroclor-1221 
Aroclor-I 232 
Aroclor-1242 
Aroclor-I 246 
Aroclor-I 254 
Amclor-I 260 

a-BHC 

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 . . . . I . . . . 

I NA I NA I NA I NA I NA I NA I . . . 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 
NA NA NA NA NA NA 

. ..- 
Bet, -..- 
Delta-BHC 
Dieldrin 
Endostdfsln 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 _..I.. . I 
. . . . 

I 
. . . . I .-. . 

I 
. . . . 

I 
. . 

I 
. 

.tdfan II I NA I NA I NA I NA I NA I NA I 

I . _. . I ._. . I . . . . I . _. . I . . . . I . . . . 

I NA I NA I NA I NA I NA I NA I 

IToxaphene I NA I NA I NA I NA I NA I NA I 



ANAYLTICAL DATABASE 
INTERMEDIATE GROUNDWATER 



ANAYLTIC, TABASE 
INTERMEDIATE GROUNDWATER 

Sample ID: 
Sample Date: 
Duplicate: 
Screen: 

W-HN-051 
06/I 1198 

70-88 

06/08/98 

80-i 03 

06/09/98 

64-85 

06/05/98 

60-78 

06/08198 

75-I 03 

W-HN-101 
06123198 

80-i 01 

06124198 

? 

W-HN351 
06/I 5198 

87-i 05 

SFMl\/nl ATII FS 
b..I# 1 WY . . m-b., 

2,- - ..,-. -\. 7’-nwbisll-chloropropane) 
2.4.5Trichlar -..- -- ophenol 

!2.4.6-Trichloroohenol 

NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA 

2,4-Dichlorophenol NA NA NA NA NA NA NA NA 
2,4-Dimethylphenol NA NA NA NA NA NA NA NA 
2,CDinitrophenol NA NA NA NA NA NA NA NA 
2.CDinitrotoluene NA NA NA NA NA NA NA NA 
2;6-Dinitrotoluene NA I NA I NA I NA I NA I NA I NA I NA 

NA NA NA NA NA NA NA NA I 

-,..xrol 
hvlnaohthalene 2-Met , 

2-Methylphenol 
2-Nitroapiline 

. 
I 

. -. . 
I 

. . . . 
I 

._. . 
I 

. . . . 
I 

. . . . 
I 

. . . . , . . . . 

NA I NA I NA I NA I NA I NA I NA I NA 
NA NA NA NA NA NA NA NA 

. . . .- 

ienal 

NA I NA I NA I NA I NA I NA I NA I NA : 
NA NA NA NA NA NA NA NA . . . . 

I 
._. . 

I 
. . . . 

I 
. . . . 

I 
. . . . 

I 
._. . 

I 
._. . 

I 
._. . 

NA I NA I NA I NA I NA I NA I NA I NA I 2-Nitropl . _ _ 
3.3’-Dichlorobenzidine NA 

I I I I I I 
I NA I NA I NA I NA I NA I NA I NA I 

3-Nitroaniline 
4,6-Dinitro-2-methylphenor -. .-. 

4-Bromophenyl Phenyl -_.._. I Ether 

4-Chloro-3-methylphenol 
4-Chloroaniline 

t 
4-ChloroDhepvl Phnnvl Fthnr 

4-Methylpher.,. 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benz(a)anthracene 
Benza(a)avrene 

._. . 
I 

. . . . 
I 

._. . 
I 

._. . 
I 

. . . . I 
. 

I . . . . I . . . 
NA I NA I NA I NA I NA I NA I NA I NA I 

NA I NA I NA I NA I NA I NA I NA I NA 
NA NA NA NA NA NA NA NA 

I I I I I 
NA NA NA I NA I NA I NA I NA I NA 
NA NA NP NA NA NA NA NA 

NA NA NA 
I 

. ., . 
I 

..<. 
I 

.., . 
I 

. . . . 
I 

. . . . 

,,a. .““J. _.I,“. ._, . 
I 

..~. 
I 

. . . L I NA I NA I NA I NA I NA 
tnl NA I NA I NA NA NA NA NA NA I ._. . . _. . . . . . . I I I I 

NA NA NA NA I NA I NA I NA I NA 
NA NA NA NA NA NA NA NA 1 
NA NA NA NA 

I 
..s. 

I 
. . . . 

I 
._. . 

I 
.., . 

m., . 
I 

..I. 
I 

.., . 
I 

. ., . I NA I NA I NA I NA 
NA I NA I NA I NA NA NA NA NA I . .~ . . . . . .-. . . I 
NA NA NA NA I NA I NA I NA I NA 
NA NA NA NA NA NA NA NA 

NA NA NA NA 
I .., . I ..<. I . . . . I .-. . 

I., . I .., . I ..*. I . . . . I NA NA I NA I NA 
NA I NA I NA I NA NA I NA NA NA . . . . I . . . . I . . . . I .-. . I . I I 
NA I NA I NA I NA I NA I NA I NA I NA 
NA NA NA NA NA NA NA NA 

NA I NA I NA I NA 
I .., . I .., . I ..-. I .., . 

I ._. . I NA I NA I NA I NA 
h I NA NA NA NA NA I 

_#enzo(b)fluoranthene 
Benzo(g,h,i)perylene 

Iene Benzo(k)fiuorantt.-..- 
Bis(2-chloroethoxy)methane 
Bis(2-chloroethyl)ether 
Bis(2-ethylhexyl)phthalate 

NA I NA I NP. I ._. . I . I I I 
NA NA NA I NA I NA I NA I NA I NA 



ANAYLTICAL DATABASE 
INTERMEDIATE GROUNDWATER 



3 

3 



ANAYLTICAL DATABASE 
INTERMEDIATE GROUNDWATER 

ISample ID: 
Sample Date: 
Duplicate: 

Screen: 

- _ I W HN 061 - _ I W-HN -071 I W HN 081 - - I W HN 091 - - I W-HN -101 I W-HN-291 I W-HN-351 t 
06/I II98 

I 
06/08/98 06/09/98 06/05/98 06lO8l98 06123198 06124198 06115l98 

70-88 80-l 03 64-85 60-78 75-l 03 80-I 01 7 87-l 05 

-- . ..___ 

.yrene 
ITetrachloroethene 

VOl ATH FS 

St 
I I I I I 

Ill 1 
I I 

IU 1 IU 1 IU 1 IU 1 IU IU 1 IU 
IU I IU I IU I IU I Ill I 1 II I III I 1 II 

Toluene 
trans-1 ,bDichloropropene 
Trichloroethene 
Vinvl Chloride 

IV 
. - 

IU IU ii ii 1; ii IU 
IU IU IU IU IU IU IU IU 
IU IU QB IU IU IU IU IU 
IU IU IU 1 II 1.u 1 II 1 II 1 II Xylene (Total) ;u 1 iu I 1 ;u I 1 1; 1 1 i; I 1 Gi I . - 

! IU 1 iii 
I 

PESTICI”‘^‘“n”- umwbm 

4.4’-DDE 1 
I I I I I I I 

NA NA NA NA NA NA * 1 NA NA I 

I I I I I I I 

4&DDE 
4,4’-DDT 
Aldrin 
Alpha-BHC 
Aloha-Chlordane 
Aroclor-1016 
Aroclor-1221 
Armlnr-1737 

. . . . . . . 
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 . . 

t Al 
--.-. .--- 

.oclor-1242 
a&r-1 248 AI--.-. .- .- 

Aroclor-1254 
Arm-h-1 7tW 

Bt 
Dl 

. _. . I . ., . I ._. . I . . . . I .., . I . . . I .., . I . . . . 
NA I NA I NA I NA I NA I NA I NA I NA 
NA NA NA NA NA NA NA NA 

““1.s. .&“I 

sta-BHC 
slta-BHC 
ieldrin 

I I # 
NA I NA I NA I NA I NA I NA I NA I NA 
NA NA NA NA NA NA NA NA 
..-. .., . . ., . . . . . . ., . .., . .-. . ,., . 
NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA Di _._. . . . 

Endosulfan I 
Endosulfan II 
pu-lnclllfln .sIllfatP .*.““““..s.. v.“..-.- 

%. +rdrin 
EI ______ ..--.., -- Idrin Aldehvde 

Endrin Ketone 
Gamma-BHC (Lindane) 
Gapma-Chlnrdans 

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 
. . . . 

I 
. . . . I 

-. . 
I 

..~. 
I 

. . . . 

NA I NA I NA I NA I NA I NA I NA I NA 
NA NA NA NA NA NA NA NA 

. ...,.. -.,.w........- 

. .->tachlor 
Heptachlor Epoxide 
Methoxvchlor 

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 
. . . . -. . . . . . . . . . . ., . . . . . 

NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA 

IiG 

Toxaphene NA I NA I NA I NA I NA I NA I NA I NA I 



ANAYLTIC TABASE 
INTERMEDIATE GROUNDWATER 

II I W-HN-3612 I W-HN-371 I _ _ _. . --.- . _ _ W HN 381 I W-HN l-401 W-HN-41 I W-HN-430 W-HN430-DUP 
06/10/98 1 06/15/98 1 06/19/98 1 06/15198 1 06123198 06122198 06122198 06122198 

I I I I W-HN-430-DUP W-HN-430 
Sample Date: 
n. . ..li...d~. “upbartz. 

Screen: 

INORGANICS 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
C3rlmitm7 “““.III”III 

Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
Irr.. 
II”,, 

Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 

82-100 101-115 75-l 03 97-119 88-114 72-93 90-l 04 90-I 04 

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 
NA . . . . I 

NA NA NA NA 
NA NA NP I 

I 
NA 
I.- 

I 
I 

NA I .r\ I 
I 

NA .., . I 
I 

NA .., . I 
I 

NA . ., . I 
NA NA NP i I NA I NA I NA I NA I NA 
NA NA NP. L NA ,., . NA . . . . NA . . . NA _.. NA 1 
NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA 
NA . NA MA NA NA NA NA NA I.#-% . I.,, a., . ..I. . .* . . . . . . 

NA NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA NA 
NA NA NP NA NA NA NA NA 

; 

I IV-3 I a.- I I., . I ,.-. I .-. . 

I NA I NA I NA I NA I NA 
L NA NA NA NA NA 

NA NA Nf 
NA NA NE. I . . . . I . ., * I . . . . I 
NA NA NP I NA I N* I NA I NA I NA I 
NA NA NE 
NA ,NA NF 

_.. 
Sodium 
Thallium 
Vanadium 
Zinc 

; 

1.n I.” I.- ,., . . . . . 

NA NA NA NA NA 
4 NA NA NA NA NA 
L NA NA NA NA NA NA NA Ni. I .., . I . . . . I . . . . I 

NA NA NA I NA I NA I NA I NA I NA 

NA NA NP 1 I 
Nb I.r\ I 

NA I.- I 
NA . ., I I 

NA .., . I 
NA . . . . I 

NA NA NI 1 
-. 

I 
I 

NA 
I.- 

I 
I 

NA I., . I 
I 

NA .., . I 
I 

NA . . . . I 
I 

NA 1 
1 

I I I I I I 



h ANAYLTICAL DATABASE 
INTERMEDIATE GROUNDWATER 

‘Sample ID: 

Sample Date: 
Duplicate: 
Screen: 

W-HN-3611 W-HN-3612 W-HN-371 
06/I 0198 06/I 5198 06/I 9198 

82-l 00 101-115 75-l 03 

06/15/98 

97-119 

W-HN-401 
06123198 

88-114 

W-HN-411 
06122198 

72-93 

W-HN-430 W-HN-430-DUP ’ 
06122198 06122198 

W-HN-430-DUP W-HN-430 
90-104 90-I I-IA 

SEMIVOLATILES 
2,2’-Oxybis(l-chloropropane) 
2,4,5-Trichlorophenol 
!2,4,6-Trichlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,CDinitrophenol 
‘2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronaphthalene 
2Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3’-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-BromoDhenvl Phenvl Ether 

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 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 NA NA NA NA 
NA NA NA NA NA NA NA MA I~ .a , 

!4-Chloro-3-methvlohenol NA Ni 
I I _. , . I . . . . I . -, . I .., . 

I I NA I NA I NA I NA I NA I NA 1 < . 
4-Chloroaniline 
4-Chlorophenyl Phenyl Ether 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
Acenaohthene 

._. . 
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 NA I NA I NA I NA I NA I NA I NA 
NA NA NA - NA NA NA NA MA . . . . . . . . --I..- 

Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Bis(2-chloroethoxy)methane 
Bis(Bchloroethyl)ether 
Bis(2ethylhexyl)phthalate 

. . . . . _. . 
I 

. . . . . . . . . __ . 
I 

.-. . ..*. V.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 I NA NA NA I NA NA NA NA 
NA I NA NA NA I NA NA NA NA 



ANAYLTIC. TABASE 
INTERMEDIATE GROUNDWATER 

Sample ID: 
Sample Date: 
Duplicate: 
Screen: 

- _ 

06/I 0198 

82-100 

_ - 

06/I 5198 

101-115 

W-HN-371 
06119198 

75-l 03 

06/I 5198 

97-1 IQ 

W-HN-401 W-HN-41 I 
66123198 06122198 

88-l 14 72-93 

W-HN-430 
06122198 

W-HN-430-DUP 
90-l 04 

W-HN-430-DUP 
06122198 

W-HN-430 
90-l 04 

SEMIVOLATILES 
Butylbenzylphthalate i 
Carbazole 
Chrysene 
Di-n-butylphthalate 
Di-n-octylphthalate 
Dibenz(a,h)anthracene 
Dibenzofuran 
Diethylphthalate 
Dimethylphthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 

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 . 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 

. .._.._......_.. - 
Dhnnnl NA I NA I NA I NA I NA I NA I NA I NA I I., . I I., . I 

m., . 
I 

..I. I 
, ., . 

I 
.., . 

I 
,.-. 

I 
. .- . 

NA I NA NA NA I NA I NA I NA I NA 



ANAYLTICAL DATABASE 
INTERMEDIATE GROUNDWATER 



ANAYLTIC. TABASE 
INTERMEDIATE uROUNDWATER 

fSamole ID: I W HN 3612 _ - I W HN 371 _ - I W HN 381 - - I W-HN -401 l W-HN-411 l W-HN-430 I W-HN-430-DUP 1 

Sample Date: 
Duplicate: 
Screen: 

06l10/98 06l15l98 

82-100 101-115 

06119198 06l15l98 06123198 06122198 

75-103 97-l 19 88-114 72-93 

06122198 06122198 
W-HN-430-DUP W-HN-430 

90-104 go-104 

VOLATILES 
Styrene 
Tetrachloroethene 
Toluene 
trans-1 ,bDichloropropene 
Trichloroethene 
Vinyl Chloride 
Xvlene (Total) 

IU IU IU IU IU IU IU 1u 
IU IU IU IU IU IU IU IU 
IU IU IU IU IU IU IU IU 
IU IU IU IU IU IU IU IU 
IB IU 1 IU IU IU IU IU 
IU IU IU IU IU IU IU IU 
IU IU IU IU IU IU IU IU 

PESTICIDESIPCBS 
4,4’-DDD 
4$-DDE 
4,4’-DDT : 
Aldrin 
Aloha-BHC 

-I-..- -. - 

Alpha-Chlordane 
Aroclor-1016 
Arnrlnr-1331 
, ,, ““a”* . we . 

Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-I 260 
Beta-BHC 
Delta-BHC 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan Sulfate 
Endrin 
Endrin Aldehyde 
Endrin Ketone 
Gamma-BHC (Lindane) 
Gamma-Chlordane 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 

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 
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 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 NA 

NA NA NA NA NA NA NA NA 

NA NA 
. . -._ . . . . . . .‘1 

NA NA NH IYI4 

NA NA NA NA zi NA Liz NA 

NA NA NA NA NA NA NA NA 





ANAYLTIC. 
INTERMEDIATE G ER 

Sample ID: 
Sample Date: 
Duplicate: 
Screen: 

SEMIVOLATILES 
2,2’-Oicybis(l-chloropropane) 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 

17 A-IXrhlnrrmhnnnl 
&,7 ““‘m*“,“f..*.“..“. 

2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 

W-HN-491 W HN-621 - - - W-HN-641 W-HN-841 W-HN-851 W-HN-8%DUP 

06lO8l98 06llOl98 06116198 06118198 06/19l98 06l19l98 06/19/98 06/18/98 
W-HNdSI-DUP W-HN-851 W-HNdGI-DUP 

55-75 110-124. 70.5-85. 82-104 TBD TBD ? TBD 

NA NA NA 9u NA NA NA NA 

NA NA NA 47 u NA NA NA NA 
NA NA NA QU NA NA NA NA 
NA I NA I NA I 9u I NA I NA I NA I NA I 

2,6-Dinitrotoluene 
2Chloronaphthalene 
2-Chlorc-h~--r +J” ,=a I”, 

2-Methy,,,,,,,,,,,,,,,, rlncw.hthmlans 

3-bddhvlnhnnnl 

. . . . . . . . . . . 
I I 

NA NA NA I 9; 1 NA I NA I NA I NA 
NA NA NA A711 I MA NA NA NA 

NA NA NA 

7, Y ..I. . . . . . . . . . . . 

I., . a., . 9u NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA I 

a II “V I NA I., \ I 
NA a ., . I 

NA ._, . I NA . _. . 

NA l.r\ I 
NA I.- I 

NA I., . I 9u 1 NA I NA I NA I NA 
NA I., . I 

I 
NA *., . I 

i 
NA ,., . I 

PII I -- NA . _. . I NA . I NA NA 
NA I NA I NA I 911 I NA I NA I NA I : NA I 1-s.,“.. ‘J ,y, 1”1 .“I . .- . 

I 
. . . . I 

_. . 
I 

- - 

I)-Nitmsnilin~ NA I NA I NA I A711 I NA I NA I NA I NA I 
- . . ..I 1”. .*... .- 

2-Nitrophenol 
3,3’-Dichlorobenzidi 
3-Nitroaniline 
A G-ninit~n-2-methyiphenol 

envl Phanvl Fther 

I 
7,” 1 ..I. I I .I . I .., . I . . 

9u 1 NA NA I NA I NA 
I IBII I NA I NA NA NA I 

._. . 
I 

NA .I NA 
I 

I NA 

NA NA NA I 47 UJ 1 NA I NA I NA I NA 

NA NA NA A711 1 NA NA NA NA 

NA NA NA 
I 

-r,” 1 ,.I \ I 
..*. 

I 
.., . I 

. 

I 9u 1 NA I NA I NA 1’ NA 
1911 I NA NA NA I NA 

-.. .-. _. 
I 

II NA I NA ! NA 1 .1 - . . . . I I .._ _._ ..- I _ 
4-ChloroaniF 
4Chlorophc,,,, . ..-..,. k.I.Y. 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthe”” :,I= 
Acer-h’h,, 

- 
tavl ,,, ,jlene 
,rat.ama 

NA I NA I NA I 19u I NA I NA I NA I NH I m., . 
I 

._, . 
I 

._. . 
I 

.- - 

NA I NA I NA I QII I NA I NA I NA I NA 1 .., . . . . . . I I 

NA NA NA I ii 1 
I., . I ..~. I . . . . I 

NA I NA I NA I NA 

NA NA NA NA I A711 I . . - NA ._. . I NA I NA I I 
NA NA NA I 47u 1 NA I NA I NA I NA 
NA NA NA 9u I NA NA NA NA 

NA 
a., 1 I ,., . I ._. . I - - 

NA NA I NA I all I NA I NA I NA I 

NA I NA NA 
I I 

ii;; 1 
I., . I ..-. I . . . I 

I NA I NA I NA NA 
911 I NA NA NA I NA I 

..I. . I 
NA NA I NA I -- . _. . I 
NA NA NA I 911 I NA I NA I NA I NA 
NA NA 

I ..-. I -- _.. I i 
I NA I all I NA I NA I NA I NA 

NA I NA I NA 
*,I\ Nb NA 

ii; 

I.- a.*. . . . . _.. 

NA NA NA NA 

Iv-3 I ,-n-n I I.- QU ,NA NA NA NA 
Nb NA I NA Q II NA NA NA NA 

Anth, 51-1 ,= 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthern 
P.w.~rr,~ h i\nsn.lnn 

z 
Bis(i-r;nlulue:rl ~wy,l~~=n~a~w 
Bis(2-chloroethyl)ether 
Bis(2-ethylhexyl)phthalate 

1.n I., . m., . . . 

NA NA NA 9; NA NA NA I NA 

NA 
.._ _._ 
NA NA 28 NA .,A .,a 

IV-I NH I NA 



ANAYLTKAL DATABASE 
INTERMEDIATE GROUNDWATER 

Sample ID: 
Sample Date: 
Duplicate: 
Screen: 

W-HN-491 
06lO8198 

55-75 

- _ 

06/I 0198 

110-124. 

- - 

06/l 6198 

70.585. 

W-HN-641 W-HN-841 
06/I 8198 06/19/98 

82-l 04 TBD 

W-HN-851 W-HN-8%DUC, 
06/l 9198 06/I 9198 

W-HNdSI-DUP W-HN-851 
TBD 7 

- - 

06/I 8198 
W-HNdGI-DUP 

TBD 

SEMIVOLATILES 
Butylbenzylphthalate 
Carbazole 
Chrysene 
,Di-n-butylphthalate 
Di-n-octylphthalate 
Dibenz(a,h)anthracene 
IDibenzofuran 
IDiethylphthalate 
Dimethylphthalate 
Fluoranthene 
, Fluorene 
‘Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(l,2,3-cd)pyrene 
lsophorone 
IN-Nitroso-di-n-propylamine 
N-Nitrosodiphenylamine (1) 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 

NA NA NA 9u NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA IB NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA : NA 9u NA NA : NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA 47 u NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA 9u NA NA NA NA 
NA NA NA 9u NA NA NA NA 



ANAYLTIC TABASE 
INTERMEDIATE GROUNDWATER 

kamole ID: _-.... r-- --- 
Sample Date: 
IIdirat~ 

W-HN-491 I W-HN-611 I W HN 621 - - I W-HN -641 I W-HN-841 I w /+lN-&jl W-HN&jlJJJ~ _ - 

06/08/98 1 06/10198 1 06/16/98 1 06/I 8198 1 06119l98 1 06/l 9198 06/I 9198 06/I 8198 
I I I I 1 W-HN-8%DUP W-HN-851 W-HN-86I-DUP 

“v.*-....-. I I I I 

Screen: 55-75 1 110-124. 1 70.5-85. 1 82-104 I TBD I TBD I ? I TBD I 
I I I 

VOLATILES 
1 1 I-Trirhlnrn~than~ 

I I I 
III I III I III I 111 I Iii .,.,. . ..-......--...-..- 

1 ,I ,2,2-Tetrachloroethane 
1 ,I ,2-Trichloroetha~~_ 
1 .I-Dichloroethane 

%-I-- L 

1 -ii- 
I 

u I 1 

1 I IU I 1 u I 1 u I 1u 1 IU 1 IU 
I 1 II I I II III I . - III I . - III I 

I 

4; 1 

III I 
I 

ii 1 

III I 
I 

iii 1 
1 II 

I 
. - 

IU 1 IU I ii 1 IU 1 iii 
IU I I IU I 1u I 1u I IU I IU .I IU I IU 

IU I IU I Ii I IU I IU I IU 1 IU I IU 
I III I 1u IU IU IU IU IU IU 

IU IU IU IU IU IU ii ii 
IU IU IU IU IU 1u IU IU 

: 30 IU IU 3 IU IU IU 1 u: 
IU IU IU IU IU IU IU IU 
IU IU ?U IU IU IU IU IU 
IU IU IU IU IU IU 10 IU 
IU IU IU IU IU IU IU 1u 
5 UR 5 UR 5 UR 5 UR 5 UR 5 UR 5 UR 5 UR 

5u 5u 5 UR 5u 5u 5u 5u 5u 
5 II 5lJ !iU 5U 5U 5u 5u 5u 

II I-nichlnrnathenn 
. , . I,“...“. ““I. 6-n I- 

1 7 I-Trichlnmhnrtzene . , -, . . . -. . . -. - - -. 

1 ,2,4-Trimethylbe. _--_ _- nzene 
1.2-Dibromo-3-chloroorooane .- 
1,2-Dibromoethane 

’ 1 ,ZDichlorobenzene 
1 ,ZDichloroethane 
1 ,P-Dichloroethene (cis) 

1 ,P-Dichloroethene (trans) 
1,2-Dichloropropane 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2-Butanone 

P-Hexanone 
4~MdwM-nentanntw . . ..- . . . . . - r-. ..-..-..- -- - - _ - 

Arstnnc? 5UR I 5UR I 5UR I 5UR I 5UR i 5UR 1 5UR 1 5 UR 
I I 1u I IU IU IU IU IU IU IU 

IU IU IU IU IU IU iii IU 

IU IU IU IU IU IU IU IU 

IU IU IU IU IU IU IU 1u 

1u IU IU IU IU IU IU IU 
1 II A 1 II 1 II 1U IU IU IU 

. - . - . - I 
III I III I IU I iii I IU I IU I IU 1 IU 

I IU 

. .--.-..- 
Benzene 
Bromochloromethane 
Bromodichloromethane 
Bromoform 
Rmmnmethatw 

,3 -z I” , I . - . - I I 

dnrirln III I III I III I IU I iii I IU I IU I IU 1 

-,“...-...-...-..- 

Carbon Disulfid 
Carbon Tetrack, IuI 
I?hlnmhnrwana 
VIII”I”YIIIL”IIY 

i r.hlnmdhsna 
w...“1”1...“..- 

Chloroform 

r 

. - 
I 

IU I ii I ii I IU I IU I IU I IU 
I 

I 

ii 1 IU 1 IU 1 IU 1 IU 1 IU I IU 1 IU 
. . _ . . 

Chloromethane 
+-I ,3-Dichloropropene 

wnmnchlnrnmdhane 
“lcl 

DiL. _,, ,-_. .._. _. . ._.. ._. ._ 
Ethylbenzene 

I 

IU IU IU IU IU 1U IU IU 

IU IU IU IU IU IU IU IU 

IU IU IU IU IU IU IU IU I I 
ii 1 IU 1 IU 1 IU 1 IU 1 IU 1 IU 1 IU 

. I I I I I I I 



ANAYLTICAL DATABASE 
INTERMEDIATE GROUNDWATER 

Sample ID: 
Sample Date: 
Duplicate: 
Screen: 

VOLATILES 
Styrene 
Tetrachloroethene 
Toluene 
trans-1,3-Dichloropropene 
Trichloroethene 
Vinyl Chloride 
Xylene (Total) 

PESTlClDESlPCBS 
4,4’-DDD 
4,4-DDE 
4,4’-DDT : 
Aldrin 
Alpha-BHC 
Alpha-Chlordane 
Aroclor-1016 
Aroclor-1221 

W-HN-491 
06/08/98 

55-75 

IU 
IU 
IU 
IU 

IU 
IU 

NA 

NA 
NA 
NA 
NA 
NA 

- - 

06/I 0198 

11 O-l 24. 

IU 
IU 
IU 
IU 

IU 
IU 

NA 

NA 
NA 
NA 
NA 
NA 

- - W-HN-641 W-HN-841 W-HN-851 W-HN651-DUP - - 
06/l 6198 06/I 8198 06/I 9198 06/I 9198 06/19/98 06/l 8198 

W-HN-85l-DUP W-HN-851 W-HNdGI-DUP 
70.5-85. 82-l 04 TBD TBD ? TBD 

IU IU IU IU IU lU 
IU IU IU IU IU IU 
IU IU IU IU IU IU 
IU IU IU IU IU IU 

IU IU 1u IU 
IU IU IU IU IU IU 
IU IU IU 1u IU IU 

NA 0.094 u NA NA NA NA 

NA 0.047 u NA NA NA NA 
NA 0.047 u NA NA 
NA 

NA NA 
0.047 u NA NA NA NA 

NA 0.94 u NA NA NA NA 
NA 1.9 u NA NA NA NA 

Aroclor-1248 
Aroclor-1254 
Aroclor-1260 
Beta-BHC 
Delta-BHC 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan Sulfate 
Endrin 
En&in Aldehyde 
Endrin Ketone 
Gamma-BHC (Lindane) 
Gamma-Chlordane 
Heptachlor 
Heptachlor Epoxide 
Methoxychlor 
Toxaphene 

NA NA NA 0.94 u NA NA NA 
NA 

NA 
NA NA 0.94 u NA NA NA 

NA 
NA 

NA NA 0.94 u NA NA NA 
NA 

NA 
NA NA 0.047 u NA NA NA NA 

NA NA NA 0.047 u NA NA NA NA 
NA NA NA 0.094 u NA NA NA NA 
NA NA NA 0.047 u NA NA NA NA 
NA NA NA 0.094 u NA NA NA NA 
NA NA NA 0.094 u NA NA NA NA 
NA NA NA 0.094 u NA NA NA NA 
NA NA NA 0.094 u NA NA NA NA 
NA NA NA 0.094 u NA NA NA NA 
NA NA NA 0.047 u NA NA NA NA 
NA NA NA 0.047 u NA NA NA NA 
NA NA NA 0.047 u NA NA NA NA 
NA NA NA 0.047 u NA NA NA NA 
NA NA NA 0.47.u NA NA NA NA 
NA NA NA 4.7 u NA NA NA NA 



./ 

ANAYLTIC TABASE 
INTERMEDIATE GROUNDWATER 

I 

INORGANICS I 
I 

Aluminum NA NA NA NA 
Antimony NA I NA NA NA 
Arconir NA NA NA NA , .I “1. II” .__ . 

I 
._. . 

I I 

Raril Im NA I NA I NA I NA I --. .“... 

Beryllium 
Cadmium 
Calcium 
C.hrnmitIm ,,,, “....I... L 
c :nhalt ---.. 
Copper 
PvcwGka 

. . 
t 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA . . . 

I I 

NA I NA I NA I NA I 
NA I NA I NA I NA 
NA NA NA NA “,~‘ll”l . . . . 

I 
. _. . I I 

lrnn NA I NA I NA NA 1 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 

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 

Sodium NA NA NA NA 

Thallium NA NA NA NA 

Vanadium NA NA NA NA 
z.... NA NA NA NA 



ANAYLTICAL DATABASE 
INTERMEDIATE GROUNDWATER 

I I I 
SEMIVOLATILES I I 
2,2’-Oxybis(l-chloropropane) NA NA NA NA 
2,4,5-Trichlorophenol NA NA NA NA 
2,4,STrichlorophenol NA NA NA NA 
2,4-Dichlorophenol NA NA NA NA 
2,CDimethylphenol NA NA NA NA 
2,4-Dinitrophenol NA NA NA NA 
2,QDinitrotoluene NA NA NA NA 
2,6-Dinitrotoluene NA NA NA NA 
2-Chloronaphthalene NA NA NA NA 
2Chloroohenol NA NA NA NA 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitroohenol 
3.3’-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl Phenyl Ether 
4-Chloro-3-methylphenol 
4Chloroaniline 
4-Chlorophenyl Phenyl Ether 
4-Methylphenol 
4-Nitroaniline 
4-Nitroohenol 

NA NA NA NA 
NA NA NA NA 
NA NA -NA NA 
NA NA NA NA 

I I I 

NA I NA I NA I NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

&enaDhthene NA I NA I NA I NA I 
Acenaphthylene 
Anthracene 
Benz(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Bis(2-chloroethoxy)methane 
Bis(P-chloroethyl)ether 
,Bis(2-ethvlhexvhohthalate 

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 



ANAYLTIC 
INTERMEDIATE u ER 





ANAYLTIC, TABASE 
INTERMEDIATE GROUNDWATER 

I I 

PESTICIDEWPCBS 
,. “I nr\n 
+,4 -uulJ 

MA 
,.I7 I 

I NA NA 
“11 nnc Y,Y -““L NA l.” I I NA I.- I NA LIA I .., . I l”rn 
A NA NA I NA: I MA I 

Aldrin 
Alpha-BHC 
Alpha-Chlordane 
Aroclor-1016 

Aroclor-1232 
Aroclor-1242 
Aroclor-I 248 
Aroclor-1254 
Aroclor-I 260 

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 4 .._ 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 

. . 



ANAYLTICAL DATABASE 
INTERMEDIATE GROUNDWATER 

Data Qualifiers: 
B - Positive result is considered to be an artifact of blank contamination, and should not be considered present. 
J- Value is considered estimated due to exceedance of technical quality control criteria or because result is less than the Contract Required Quantitation Limit (CRQL). 
U -- Value is a non-detected result as reported by the laboratory. 
UJ - Non-detected result is considered estimated due to exceedance of technical quality control criteria. 
UL - Non-detected result is considered biased low due to exceedance of technical quality control criteria. 
UR -- Non-detected result is considered unusable due to exceedance of technical quality control criteria. 
NA -- No result is available/applicable for this parameter in this sample. 

Database source file: C:\WAGW_DBF\GREGS_GW_TABLES\WABlGW2.DBF data retrieved on: 12/15/99 



APPENDIX B.3 

SUMMARY OF DEEP ZONE ANALYTICAL RESULTS 



ANALYTIC BASE 
DEEP W 



ANALYTICAL DATABASE 
DEEP WELLS 



ANALYTIC BASE 
DEEP WELLS 

Data Qualifiers: 
U -- Value is a non-detected result as reported by the laboratory. 
UR -- Non-detected result is considered unusable due to exceedance of technical quality control criteria. 



APPENDIX C 

GROUNDWATER ELEVATION MEASUREMENTS 



Area B Water-Level Study 
Daily Precipitation 
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-4,5El 

Depth to Water 

hne <HH:MM:SS> Date <HM-DD-YYYd 

“,i _I enatme _. WAR-BS3 . PRD 1 i Display Type 
-- -‘. -. ._, J -.. _-: ,’ 



-ifin50- 

Min Y fIxis 

Depth to Water 

Fi Rename IWflR-BIB.PRD 1 

Time (HH:MM:eFi> Date CJIM-DD-YYYV? J . > .‘I : . .I , ! 
Dlsplay Typ I1 Data . I 



-17.0Q IMax Y RXIS 

-17; 00. 
Depth to Water 

Min Y fixis [BB:37] 



._ 

-Max Y fixis 
H?vi-05s 

Depth to Water 

Min Y fkis 
(IPieo:oo) tt39:20:2nl ia7:30:43i 

F 1 I ename IWCIR-ES3. PRD 1 



Depth to Water 

Min Y fhcis fijimsq ~ll:l!5rlll lBSm.l:2il 107=45:321 

? 
f ‘lename 

I 

WfbR-E13. PRD ‘i Display Type 
a-. :-_ A- - I n B m - - - 



Depth to Water 

Min Y fIxis 
jut358Gcg71 -pzEzi7-:28:571. 

Time <HH:HIl:SEi> Date UIH-DD-YYYW 
.I. 

Fi lenama WflR-ED3.PRD Display T* II Data I. I 



-a.oe] MaxY Axis’ 

-8.75 

Depth to Water 

tlin Y fhxis [lP’] i12:OQ:37i h2:80:371 

Time ~HH:NIl:S8> Date UWI-DD-YYYY .‘( ,‘:‘., , 

Fi p jame fiR=EDB.PRD i Display T 
- w 

Data .); - - 



., -. 

-16.61b Max Y Axis 

4si a0- 
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-l&00- 
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4x00- 

Y #Wis 
l-21 .,QO 

Depth to Water 

i@it:30:48i ii 5 iSS~481 

I 
IQ3-31-11 pjz=iwm. .[~l* lw-2”1994J 

. 
Time CHH:flll:SIS? Date CMPI-DD-YYYW 

i..... ::: 
Fi leneune WlftR-GSB.PRD DispIhy Typ CIl 1 Data .., ,:;.‘+,, 
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Depth to Water 

Fi lename 

Time ~HH:Plll:SW Date ~Mll-DD-YYYW 

Display Tyiz~ ata . 



-19.QQ )Max Y fbds 
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-24.00 

Depth to Water 

Tine CHH:flN:SEi2 Date WIFE-DDiYYYW , 

AR-XDB.PRD a- .- 
Display Type IRll Da” 
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AREA B MONITORING WELL CONSTRUCTION DETAILS 
FORMER NAWC WARMINSTER 

December 16,1999 

ELEVATION BOREHOLE MONITORED 
(F’EET) DEPTH INTERVAL WELL COMMENTS 

GROUND /TOC PET) WETI YIELD 1 



AREA B MONITORING WELL CONSTRUCTION DETAILS 
FORMER NAWC WARMINSTER 

December 16,lPPP 

WELL ELEVATION BOREHOLE MONITORED 

(FEET) DEPTH INTERVAL WELL COMMENTS 
GROUND /TOC (FEET) WI-W YIELD 

HN-3 7S NA, I 338.17 I 41 21-41 I 1 I DG-25 _ ._- ---_-. 
I 

HN37I 336.98 1 338.90 1 159 
1 

I 75-103 
I 

I 2 I 
HN-37D 116-141 I 3 I 
UNmZRX NA 

-1- -  - -  I 328.30 7 2-7 I MM’-08 _-_. ---- _ .-- I 
HN--38S 1 NA 328.53 35 25-35 >7 Mw-05 1 
--_. 

_ -- , 
UN-2QT i 127.57 1 329.16 1 119 I 97-119 5 I HN38D 1 IY .--“A .,- * .-- --_.-- 

HN-39X NA 327.81 
HN-39S NA 331.84 

--_ 

7 
50 

2-7 co.5 Mw-09 
18-50 >5 MM’-06 --.. -_- 

I I 

UN-?on 1 926.28 1 326.71 1 150 I 125-150 I Cl HN-39 I aAL .-*.v ---_-- ----. - -- - 

m-40s 353.53 354.74 69 55-69 3 
-401 353.53 355.12 133 88-114 cl 



AREA B MONITORING WELL CONSTRUCTION DETAILS 
FORMER NAWC WARMINSTER 

December 16,1999 

WELL ELEVATION BOREHOLE MONITORED 

PETI DEPTH INTERVAL 
GROUND ITOC WET) (FEET) 

OB-8 330.97 100 20-100 
OB-9 333.03 100 20-100 

0%10 330.20 100 20-l 00 

Well numbers in italics show wells that have been renumbered. 

WELL 
YIELD 

l-2 
>20 

COMMENTS 

Area B 
Area B 
Area B 

,-. 

3 



-APPENDIX E 

HUMAN HEALTH RISK ASSESSMENT APPENDICES 

,A--. 



NAWC WARMINSTER AREA B 

TOXICOLOGICAL PROFILES 



E.l Barium 

Toxibological Profiles 

E. 1.1 Non-carcinoqenic Toxicity 

Barium is a naturally occurring alkaline earth metal that comprises approximately 0.04 percent of the 

earth’s crust (Reeves 1986). Acute oral toxicity was manifested by GI upset, altered cardiac 

performance, and transient hypertension, convulsions, and muscular paralysis. Repeated oral exposures 

were associated with hypertension. Occupational exposure to insoluble barium sulfate induced benign 

pneumoconiosis (ACGIH 1991). EPA (1999b) published an oral RfD of 7.00E-02 mg/kg/day, based on an 

NOAEL of 0.21 mg/kg/day in a ten-week study in humans exposed to barium in drinking water. An 

uncertainty factor of 3 is assigned to the oral RfD to account for a lack of potential differences between 

adults and children. The critical effects seen were hypertension and the data’suggested possible renal 

effects in animal and human studies. EPA (1997) published a inhalation RfD of 1.43E-04 mg/kg/day 

based on a fetotoxicity study in rats. An uncertainty/modifying factor of 1000 is assigned to the inhalation 

RfD. Fetotoxicity appears to be the principal target organ for inhalation exposure to barium. 

E. 1.2 Carcinooenicity 

EPA (1999b) considers barium as not likely to be a human carcinogen, however, the lack of adequate 

inhalation studies preclude EPA from classifying barium as a cancer weight-of-evidence Group D substance 

(not classifiable as to carcinogenic@ in humans). 

E.2 Benzene 

E.2.1 Non-carcinogenic Toxici& 

In humans, short-term inhalation exposure to benzene induced CNS effects such as drowsiness, dizziness, 

and headaches; long-term exposure induced anemia (ACGIH 1991). Oral dosing in animals induced 

hematopoietic effects (ATSDR 1995a). EPA (1999a) presented an oral RfD of 3.00E-03 mg/kg/day (NCEA- 

07/02/96). An uncertainty/modifying factor of 3000 is assigned to the oral RfD. The target organs for oral . . 
benzene exposure include the immune and hematopoietic systems. EPA (1999a) presented an inhalation 

RfD of 1.70E-03 mg/kg/day (NCEA-07/02/96). An uncertainty/modifying factor of 1000 is assigned toi the 

inhalation RfD. The target organs for oral benzene exposure include the hematopoietic system. 

E.2.2 Carcinoqenicitv 



EPA (1999b) classifies benzene in cancer weight-of-evidence Group A (human carcinogen) based on 

several studies of increased risk of non-lymphocytic leukemia associated with occupational exposure, 

supported by an increased incidence of neoplasia in rats and mice exposed by inhalation and gavage. An 

oral SF of 2.90E-02 per mg/kg/day (EPA 1999b) and an inhalation SF of 2.90E-02 per mg/kg/day are based 

on the increased incidence of leukemia in several occupational (inhalation exposure) studies. 

E.3 Chloroform 

E.3.1 Non-carcinogenic Toxicitv . . 

Oral or inhalation exposure of animals to chloroform was associated with liver and kidney damage (ACGIH 

1991; EPA 1999b). In humans, acute inhalation exposure to high levels induced narcosis, ventricular 

fibrillation, and death (ACGIH 1991). Limited occupational data associated chronic exposure to chloroform 

with CNS depression, digestive disturbances, and enlarged livers. EPA (1999b) published an oral RfD of 

1 .OOE-02 mg/kg/day based on an LOAEL of 15 mglkglday for fatty cyst formation in the livers of dogs 

treated orally for 7.5 years. An uncertainty factor of 1000 is assigned to the oral RfD; 10 was applied to 

account for interspecies conversion, 10 was applied to account for protection of sensitive human 

subpopulations, and 10 was applied to account for the basis of the RfD on a LOAEL rather than a NOEL. 

EPA (1999a) presented an inhalation RfD of 8.60E-05 mg/kg/day (NCEA-12/01/97). An 

uncertainty/modifying factor of 1000 is assigned to the inhalation RfD. Target organs for the toxicity of 

chloroform include the liver and kidney for oral and inhalation exposure, and the respiratory system for 

inhalation exposure. 

E.3.2 Carcinoqenicitv 

Chloroform is classified as a cancer weight-of-evidence Group B2 compound (probable human carcinogen), 

based on increased incidence of several tumor types in rats and liver tumors in mice (EPA 1999b). Human 

carcinogenic&y data are inadequate. An oral SF of 6.10E-03 per mg/kg/day (EPA 1999b) was derived from 

the incidence of kidney tumors in rats treated with chloroform in drinking water for two years. An inhalation 

unit risk of 2.3E-05 per ug/m3, equivalent to an inhalation SF of 6.30E+OO per mg/kg/day, was based on the 

incidence of hepatocellular carcinomas in mice treated by gavage for 78 weeks (EPA 1999b). 

E.4 cis-1,2-Dichloroethene 

E.4.1 Non-carcinonenic Toxicitv 

Repeated oral exposure of rats to cis-1,2-dichloroethene (cis-1 ,ZDCE) was associated with signs of anemia 

(decreased hematocrit and hemoglobin) (EPA 1999b). Inhalation exposure to isomeric mixtures of 1,2-DCE 

induced narcosis, and mixed isomers of 1 ,ZDCE were used as an anesthetic gas (ACGIH 1991). EPA 



(1999a) presented a provisional oral RfD of ‘1 .OE-02 mg/kg/day for cis-I ,2-DCE based on an NOAEL. for 

signs of anemia in rats. An uncertainty factor of 3000 is assigned to the oral RfD. Target organs appear to 

be the erythrocyte for cis-1 ,ZDCE oral exposure. An inhalation RfD was not presented for cis-1,2-DCE 

(EPA, 1999a). 

E.4.2 Carcinonenicity 

EPA (1999b) classifies cis-1,2-DCE as a cancer weight-of-evidence Group D compound (not classifiable as 

to carcinogenic@ to humans), based on an absence of human or animal cancer data. 

ES Manganese 

E.5.1 Non-carcinogenic Toxicity 

Manganese is nutritionally required in humans for normal growth and health (EPA 1999b). The elderly 

appeared to be more sensitive than children. Oral treatment of laboratory rodents induced biochemical 

changes in the brain, but rodents did not exhibit the neurological signs exhibited by humans. Occupational 

exposure to high concentrations in air induced a generally typical spectrum of neurological effects, and 

increased incidence of pneumonia (ACGIH 1986). EPA (1999b) published an RfD for manganese of 2.4E- 

02 mg/kg/day based on drinking water study. An modifying factor of 3 is assigned to the oral RfD when 

assessing exposure to manganese from drinking water. There are four reasons for this recommendation. 

First, while the data suggest that there is no significant difference between absorption of manganese as a 

function of the form in which it is ingested (i.e., food versus water), there is some degree of increased 

uptake of manganese from water in fasted individuals. Second, the study by Kondakis et al. (1989) raises 

some concern for possible adverse health effects associated with a lifetime consumption of drinking water 

containing about 2 mg/L of manganese. Third, although toxicity has not been demonstrated, there is 

concern for infants fed formula that typically has a much higher concentration of manganese than does 

human milk. If powdered formula is made with drinking water, the manganese in the water would represent 

an additional source of intake. Finally, there is some evidence that neonates absorb more manganese from 

the gastrointestinal tract, that neonates are less able to excrete absorbed manganese, and that in the 

neonate the absorbed manganese more easily passes the blood-brain barrier. EPA (1999b) published an 

inhalation RfC based on a LOAEL for impairment of neurobehavioral function in occupationally exposed 

humans. The inhalation RfC is equivalent to 1.43E-05 mg/kg/day, assuming humans inhale 20 m3 of 

air/day and weigh 70 kg. An uncertainty factor of 1000 is assigned to the inhalation RfD; 10 was applied 

to account for protection of sensitive human subpopulations, 10 was applied to account for use of a 

LOAEL, and IO was applied to account for database timitations reflecting both the less-than-chronic 

periods of exposure and the lack of developmental data, as well as potential but unquantified differences 

in the toxicity of different forms of manganese. The central nervous system is the target organ for oral and 

inhalation exposure to manganese. 



E.5.2 Carcinooenicitv 

EPA (1999b) classifies manganese in cancer weight-of-evidence Group D (not classifiable as to 

carcinogenicity to humans). 

E.6 Tetrachloroethene (PCE) 

E.6.1 Non-carcinoqenic Toxic& 

Occupational (inhalation and dermal) exposure to tetrachloroethene (PCE) was associated with neuralgic 

effects, beginning with incoordination and progressing to dizziness, headache, vertigo, and 

unconsciousness (ACGIH, 1986). EPA (1999b) published an oral RfD for PCE of 1 .OOE-02 mg/kg/day 

based on an NOAEL for liver toxicity in mice in a subchronic gavage study, and on a NOEL for depressed 

body weight gain in rats in a subchronic drinking water study. An uncertainty factor of 1000 is assigned to 

the oral RfD; 10 was applied to account for intraspecies variability, 10 was applied to account for 

interspecies variability, and 10 was applied to account for extrapolation of a subchronic effect level to its 

chronic equivalent. The liver is the principal target organ for oral exposure to PCE. EPA (1999a) presented 

an inhalation RfD of 1.40E-01 mg/kg/day (NCEA-06/20/97). An uncertainty/modifying factor of 300 is 

assigned to the inhalation RfD. The liver and kidney are the principal target organs for inhalation exposure 

to PCE. 

E.6.2 Carcinonenicity 

Inhalation exposure to tetrachloroethene induced mononuclear cell leukemia in rats, and inhalation or oral 

exposure induced hepatocellular carcinomas in mice (ATSDR 1995b). EPA (1999a) presented an oral SF 

of 5.20E-02 per mg/kg/day and an inhalation SF of 2.03E-03 per mglkglday for PCE (NCEA Other- 

04/01/87). 

E.7 Trichloroethene (TCE) 

E.7.1 Non-carcinooenic Toxicity 

Little is known about the toxicity of prolonged oral exposure to TCE. Acute inhalation exposure to high 

levels of TCE induced anesthesia, tachypnea, and ventricular arrhythmias (ACGIH, 1986). Occupational 

exposure to TCE was associated with headache, dizziness, lassitude, and other CNS effects. Prolonged 

inhalation exposure of animals to TCE affected the liver and kidneys. EPA (1999a) presented an.oral RfD of 

6.00E-03 mg/kg/day (NCEA-03/05/92). An’uncertainty/modifying factor of 3000 is assigned’to the oral RfD. 

The liver and kidney are the principal target organs for oral exposure to TCE. An inhalation RfD was not 

presented for cis-I ,ZDCE (EPA, 1999a). 



/-, E.7.2 Carcinooenicity 

Carcinogenicity studies in laboratory animals showed increased incidence of hepatocellular carcinomas 

(gavage exposure) and malignant lymphomas (inhalation exposure) in mice and increased incidence of 

renal adenocarcinomas in male rats (Savage) (ATSDR, 1995c). Cancer studies in humans were 

inadequate. Interpretation of the data regarding the carcinogenic@ of trichloroethene is controversial, and 

EPA (1999b) has not adopted a final position on a cancer weight-of-evidence classification. Currently, EPA 

believes the weight-of-evidence to be on the B2-C continuum (possible-probable human carcinogen). EPA 

(1999a) presents an oral SF of 1.1 OE-02 per mg/kg/day and an inhalation SF of 6.00E-03 per mg/kg/day for 

inhalation exposure (NCEA-07/01/89). 
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NAWC WARMINSTER AREA B 

DATA USABILITY WORKSHEET 



Compound 
aluminum 
antimony 
arsenic 
barium 
beryllium 
cadmium 
calcium 
chromium 
cobalt 

wwr 
cyanide 
iron 
lead 
magnesium 
manganese 
mercury 
nickel 
potassium 
selenium 
silver 
sodium 
thallium 
vanadium 
zinc 
2,2’-oxybis(l-chkxopropane) 
2,4,5trichlorophenol 
2,4,6-trichlorophenol 
2,4dichlorophenol 
2.4dimethylphenol 
2&dinttrophenol 
2,4-dinitrotoluene 
2,6-dinttrotoluene 
2-chlomnaphthalene 

Data Usability Summary 
Warminster Area B 
Groundwater Data 

NO. Of No. of Minimum Maximum No. of Results Minimum Sample Maximum Sample 
Rejected Positive Poslive Poskive QualBed by Value Qualified by Value Qualified by 
Results Resutts Resutt Resun Blank Blank Blank 

5 116 502 8 13 203 

- 
? I 0 

3 i 2k-kG-i 

_. .- 
3 9 IO 
3 9 10 
3 9 IO 

~ 

3 9 10 
3 9 10 
3 El 10 
3 9 10 

3 9 10 
3 9 10 
3 9 10 
3 9 10 
3 9 10 

-:: 

3 9 10 
3 0 10 
2 10 10 
3 0 10 
3 9 10 
3 9 10 



Data Usability Summary 
Warminster Area B 
Groundwater Data 

I Compound 

exachlorobenzene 

No. of No. of Minimum Maximum No. of Results Minimum Sample Maximum Sample No. of Minimum Maximum 
Rejected Poskive Positive Positive Qualified by Value Qualified by Value Qualified by Nondetect Detection Detection 
Results Results Result Result Blank Blank Blank Results Limit Limit 

3 9 10 
ih exachlorobutadiie 3 9 10 

3 9 10 
3 9 IO 
3 P ,n 

pyrene 
I ,l,l-trichloroethane 
, ,I ,2,2-tetrachloroethane 
1, t 7frirhloronthane 

1 
1 

Y -I” 
1 1 

79 1 1 
79 

I4.4’-DDD .., .-. .- \ .___., I I I I , I I I IJ 3 ( 1 0.094 I ( 1 0.096 I 

, 

rdane 
‘-1016 
‘-1221 

“.W, “. 
3 0.047 0. 
3 0.94 0 
3 19 



Data Usability Summary 
Waninster Area B 
Groundwater Data 

I Comoound 

rin aldehyde 
endrin ketone 
aamma-BHC flindane) 
~ammachlorriane ’ 
heptachlor 
heptachlor epoxide 
methoxychlor 
toxaphene 

. . 
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NAWC WARMINSTER AREA B 

DISTRIBUTIONAL ANALYSIS RESULTS 



Representative Concentration and Statistical Distribution of COPCs - Warminster Area B Groundwater 

Notes: 

Units are ug/L. 
Number of sample results exciudes rejected data. Duplicates are consolidated into one result. Non-detected results are treated as present at one-half the detection limit in all calculations. 
Statistical distribution of data is determined using Shapiro-Wilk test for n <= 50, Shapiro-Francis test for n > 50. Statistical significance level is 0.05. 
A normal distribution is assumed #the test statistic W-norm. is >= than the reference value (W-table), and W-norm. * W-lognorm. 
A lognormal distribution is assumed if the test statistic Wlognorm. is >= the reference value (W-table), and W-lognorm. a= W-norm. The best ftting distribution is assumed if neither distribution passes Shapiro test. 
H-values and standard deviations of log-transformed data are used to calculate the UCL if data are assumed to be lognormally distributed. Student’s T-values and standard deviations are used for normally distributed data. 
Arithmetic mean includes positive detections and nondetected results (detection limits are divided by two). 
The representative concentration is selected as the lower of the 95 % UCL on the mean and the maximum positive site concentration. 

Page 1 12/16/99 lo:51 AM 



NAWC WARMINSTER AREA B 

CHEMICAL SPECIFIC PARAMETERS FOR DERMAL CONTACT 



Dermal Permeability Coefficients for Aqueous Sdutions 
Warminster Area B RI 

r Substance Kp t* TAU B 
Barium 0.001 NA NA NA 
Manganese 0.001 NA NA NA 
1,2-Dichloroethene (cis) 0.0079 NA NA NA 
Benzene 0.021 NA NA NA 
Chloroform 0.0089 NA NA NA 
Tetrachloroethene , . 0.03 NA NA NA 
Trichloroethene 0.011 NA NA NA 

Source: 
EPA, 1998. RAGS, Volume I. Supplemental Guidance, 

Dermal Risk Assessment. Interim Guidance. November. 

warminster-dermal-constants.xls 12/16/99 



NAWC WARMINSTER AREA B 

EXAMPLE CALCULATIONS 



RlsK ASSESS’iUlENT EXAMPLE CALCULATIONS 

The example calculations listed in this appendix are presented in order, to verify the 
approaches taken and calculations used to estimate groundwater risk at Warminster Area 
5. 

The example calculations are all based on RME exposure. Example calculations based on 
CTE exposure would be estimated following the same pattern as RME exposure examples 
listed here; however several input parameter values are different for each exposure 
equation. For receptor-specific differences, see the Risk Input Tables. 

Three potential exposure routes are associated with direct exposure to groundwater at 
Warminster Area 5. These exposure routes are ingestion, dermal absorption, and 
inhalation of vapors during showering (Future Adult Resident Only). 

E.1 Ingestion of Groundwater: 

E.1 .I Future Adult Resident 

Ingestion of tetrachloroethene (PCE) in groundwater at Warminster Area B for a future adult resident 
under an RME scenario was evaluated using the following equation (EPA 1989a): 

CWY IRGW *FI*CF*EF*ED 
IngestionDose(mg / kg / day) = 

BW*AT 

Where: 

Cart-Ingestion Dose = 5.96E-6 
Noncarc-Ingestion Dose = 1.74E-5 

= Carcinogenic Ingestion exposure dose (mg/kg/day) 
= Noncarcinogenic Ingestion exposure dose (mg/kg/day) 

cw 
CF 
hw 
FI 
EF 
ED 
BW 
ATC 
ATN 

= 0.635 q/L 
=Img/lO ug 
= 2 L/day 
= 100% 
= 350 dayslyr 
= 24 yr 
= 70 kg 
= 25550 days 
= 8760 days 

= PCE concentration in groundwater 
= conversion factor 
= Ingestion rate 
= Fraction Ingested 
= Exposure frequency 
= Exposure duration 
= Body weight 
= Averaging time for carcinogens (365 d/yr x 70 yrs) 
= Averaging time for noncarcinogens (365 d/yr x 24 yrs) 

The RME cancer risk for a future adult resident from ingestion of PCE in groundwater at Warminster 
Area B is estimated as follows: 

CA = Ingestion Dose x SF 

CA = 3.1 OE-7 . . = Incremental cancer risk 
SF = 5.2E-2 (mg/kg/day)-’ = Oral slope factor 
Cart-Ingestion Dose = 5.96E-6 = Carcinogenic Ingestion exposure dose (mg/kg/day) 

The RME noncarcinogenic risk a future asult resident from ingestion of PCE in groundwater at 
Warminster Area B is estimated as follows: 

NC = Ingestion Dose/RfD 



NC = 1.74E-3 = Noncarcinogenic risk 
‘RfD = 1 .OE-2 (mg/kg/day) 
Noncarc-Ingestion Dose = 1.74E-5 

= Oral refererb dose 
= Noncarcinogenic Ingestion exposure dose (mg/kg/day) 

E.1.2 Future Child Resident 

Ingestion of tetrachloroethene (PCE) in groundwater at Warminster Area B for a future child resident 
under an RME scenario was evaluated using the following equation (EPA 1989a): 

*FI*CF*EF*ED 
IngestionDose(mg I kg I day) = 

CW IRGW 

BW*AT 

Where: 

Cart-Ingestion Dose = 3.48E-6 
Noncarc-Ingestion Dose = 4.06E-5 

= Carcinogenic Ingestion exposure dose (mg/kg/day) 
= Noncarcinogenic Ingestion exposure dose (mg/kg/day) 

cw 
CF 
IRGW 
FI 
EF 
ED 
BW 
ATC 
ATN 

= 0.635 ugj/L 
=Img/lO ug 
= 1 L/day 
= 100% 
= 350 dayslyr 
= 6 yr 
= 15 kg 
= 25550 days 
= 2190 days 

= PCE concentration in groundwater 
= conversion factor 
= Ingestion rate 
= Fraction Ingested 
= Exposure frequency 
= Exposure duration 
= Body weight 
= Averaging time for carcinogens (365 d/yr x 70 yrs) 
= Averaging time for noncarcinogens (365 d/yr x 6 yrs) 

The RME cancer risk for a future child resident from.ingestion of PCE in’ groundwater at Warminster 
Area B is estimated as follows: 

CA = Ingestion Dose x SF 

CA = 1.81E-7 = Incremental cancer risk 
SF = 5.2E-2 (mg/kg/day)-’ ” = Oral slope factor 
Cart-Ingestion Dose = 3.48E-6 = Carcinogenic Ingestion exposure dose (mg/kg/day) 

The RME noncarcinogenic risk a future asult resident from ingestion of PCE in groundwater at 
Warminster Area B is estimated as follows: 

NC = Ingestion Dose/RfD 

NC = 4.06E-3 
RfD = 1 .OE-2 (mg/kg/day) 
Noncarc-Ingestion Dose = 4.06E-5 

= Noncarcinogenic risk 
= Oral reference dose 
= Noncarcinogenic Ingestion exposure dose (mg/kg/day) 



E.2 Dermal Absorption of Groundwater: . . 

If inhalation of groundwater is also estimated for exposure to groundwater, the concentration of PCE 
leaving water as a vapor must be estimated and subtracted from the water concentration in order to 
determine the proper concentration left for dermal contact. 

Cv = Co-CWD 

Where: 

cv = 0.402 ug/L = PCE concentration in water after vaporization 
co = 0.635 ug/L = original concentration of PCE in groundwater 
Cwd = 0.233 ug/L = concentration of PCE leaving the water droplet in vapors 

The concentration leaving the water droplet (Cwd; see derivation below) is 0.233 ug/L, therefore, the 
available concentration for dermal contact is equal to 0.635 ug/L - 0.233 ug/L = 0.402 ug/L, this value is 
input into Cv in the dermal equation above. 

Cwd = 0.233 ug/L 
. . 

= Concentration leaving water droplet after time ts 
cw = 0.635 ug/L = Concentration in water 
KaL = 13.69 cm/hr = Adjusted overall mass transfer coefficient 
ts = 2 set = Shower droplet time 
d =lmm = Shower droplet diameter 
CF4 = l/3600 hrkec = Conversion factor 
CF5 = 10 mm/cm = Conversion Factor 

KL 
KaL = ,-..--- 

i 

T1 *% 

Ts *9 

KaL 
KL 
TI 

TS 
CL1 

PS 

= 13.69 cmlhr = Adjusted overall mass transfer coefficient 
= 10.14 cm/hr = Mass transfer coefficient 
= 293 OK 
= 318 OK 

= Calibration water temperature of KL 
= Shower water temperature 

= 1.002 centipoise 
= 0.596 centipoise 

= Water viscosity at TI 
= Water viscosity at Ts 



KL = 10.14 cm/hr = Mass transfer coefficient 
R = 8.21 E-5 atm m3/molPK = Ideal gas law constant 
T = 293 OK = Absolute temperature 
H = 0.0153 atm m3/mole = Henry’s Law constant 

kg = 988.38 cmlhr i = Gas-film mass transfer coefficient 
kl = 10.30 cm/hr = Liquid-film mass transfer coefficient 

. . 

kg = 988.38 cmlhr 
kl = 10.30 cmlhr 

= Gas-film mass transfer coefficient 
= Liquid-film mass transfer coefficient 

kH = 3000 crn/hr = kg for water 
kC = 20 crn/hr = kl for carbon dioxide 
MWH = 18 g/mole = Molecular weight of water 
MWC = 44 g/mole = Molecular weight of carbon dioxide 
MW = 165.83 g/mole = Molecular weight of PCE 

E.2.1 Future Adult Resident 

Dermal absorption of of tetrachloroethene (PCE) in groundwater at Warminster Area B for a future adult 
resident under an RME scenario was evaluated using the following equations (EPA 1989a; EPA 1995): 

(CV) *fi? *CFl *CF2 *SA *Func(ET)* EF * ED 

DermalDose(mg I kg I day) = 
BW AT 

Where: 

Cart-Dermal Dose = 1.34E-6 = Carcinogenic Dermal exposure dose (mg/kg/day) 
Noncarc- Dermal Dose = 3.91 E-6 = Noncarcinogenic Dermal exposure dose (mg/kg/day) 

cv = 0.402 ug/L 
KP = 0.03 cm/hr 
SA 
CFI 

= 18,150 :rn* 

CF2 

=Img/lO ug 
= 1 L/103cm 

FuncET= 1.304 hr/day 

EF =350 days/yr 
ED = 24 yr 
BW = 70 kg 
ATC =25550days 
ATN = 8760 days 

= PCE concentration in water after vaporization 
= permeability coefficient from water 
= Skin surface area available for contact 
= Conversion Factor 
= Conversion Factor 
= For Organics: where t*PcE (2.14hr)BET (0.25hr) 

Func(ET)=SQRT([(24)*(tau (0.89hr)*(ET (0.25hr)]/pi) 
= Exposure frequency 
= Exposure duration 
= Body weight 
= Averaging time for carcinogens (365 d/yr x 70 yrs) 
= Averaging time for noncarcinogens (365 d/yr x 24 yrs) 



The RME cancer risk for a future adult resident from dermal absorption of PCE in groundwater at 
Warminster Area B is estimated as follows: 

CA = Dermal Dose x SF 

CA = 6.98E-8 = Incremental cancer risk 
SF = 5.2E-2 (mg/kg/day)’ = Oral slope factor 
Cart-Dermal Dose = 1.34E-6 = Carcinogenic Dermal exposure dose (mg/kg/day) 

The RME noncarcinogenic risk a future adult resident from dermal absorption of of PCE in groundwater 
at Warminster Area B is estimated as follows: 

NC = Dermal Dose/RfD 

NC = 3.91 E-4 
RfD = l . OE-2 (mg/kg/day) 
Noncarc- Dermal Dose = 3.91 E-6 

E.2.2 Future Child Resident 

= Noncarcinogenic risk 
= Dermal reference dose = (RfD,,?GI Factor; [l .OE-2*1 .O]) 
= Noncarcinogenic Dermal exposure dose (mglkglday) 

Dermal absorption of of tetrachloroethene (PCE) in groundwater at Warminster Area B for a future child 
resident under an RME scenario was evaluated using the following equations (EPA 1989a; EPA ,1995): 

CW*KP *CFl *CF2*Func(ET) *EF*AgeAdj 

DermalDose(mg I kg I day) = 
AT 

n SAi*ED. 
AgeAdj = c 

I 

i=m BWi 

Where: 

. . 

Cart-Dermal Dose = 9.12E-7 
Noncarc- Dermal Dose = l.O6E-5 

= Carcinogenic Dermal exposure dose (mg/kg/day) 
= Noncarcinogenic Dermal exposure dose (mg/kg/day) 

cw = 0.635 ug/L 
KP = 0.03 cm/hr 
AgeAdj = 2682 cm*-yrlkg 
W = Varying (cm*) 
EQ = 1 yr Increments 
BW 
-I 

= Varying $kg) 

CF2 

=Img/lO u9 
= 1 L/103cm 

FuncET= 1.304 hr/day 

EF =350 days/yr 
ATC =25550days 
ATN = 2190 days 

= PCE concentration in groundwater 
= permeability coefficient from water 
= Age adjusted surface area 
= Surface area varies with age 
= One year increments 
= Body weight varies with age 
= Conversion Factor 
= Conversion Factor 
= For Organics: where t*pcE (2.14hr)>ET (0.25hr) 

Func(ET)=SQRT([(24)*(tau (0.89hr)*(ET (0.25hr)]/pi)l 
= Exposure frequency 
= Averaging time for carcinogens (365 d/yr x 70 yrs) 
= Averaging time for noncarcinogens (365 d/yr x 6 yrs) 

The RME cancer risk for a future ch.ijd resident from dermal absorption of PCE in groundwater at 
Warminster Area B is estimated as follows: 

CA 

CA 

= Dermal Dose x SF 

= 4.74E-8 = Incremental cancer risk 



SF = 52E-2 (mg/kg/day)’ 
Cart-Dermal Dose = 9.12E-7 

= Oral slope factor 
= Carcinogenic Dermal exposure dose (mg/kg/day) 

,-- 

The RME noncarcinogenic risk a future child resident from dermal absorption of of PCE in groundwater 
at Warminster Area B is estimated as follows: 

NC = Dermal Dose/RfD 

NC = l.O6E-3 = Noncarcinogenic risk 
RfD = 1 .OE-2 (mg/kg/day) = Dermal reference dose = (RfD,,?GI Factor; [I .OE-2*1 .O]) 
Noncarc- Dermal Dose = l.O6E-5 = Noncarcinogenic Dermal exposure dose (mg/kg/day) 

E.3 Inhalation of Vapors (During’showering): 

Inhalation of PCE (vapor phase during showering) in groundwater at Warminster Area B for a future 
adult resident under an RME scenario was evaluated using the following equation (EPA 1989a; Foster 
and Chrostowski 1987): 

D*ED*EF*CF2 
InhalationDose(mg I kg I day) = AT 

D= IR *S 
BW *Ra*CFI *Q 

&wd*Fr 

SV 

The concentration leaving the water droplet (Cwd; 0.233 ug/L) was derived in the dermal equation 
- in Section 6. I .2. 

Where: 

Cart-Inhalation Dose = 6.10E-6 = Carcinogenic Inhalation exposure dose (mg/kg/day) 
Noncarc-Inhalation Dose= 1.78E-5 = Noncarcinogenic Inhalation exposure dose (mg/kg/day) 

D 
EF 
ED 
ATC 
ATN 
IRat 
S 
BW 
Ra 
CFI 
-1 
Q 
Ds 
Dt 
Cwd 

= 1.86E-2 ug/kg/day 
= 350 dayslyr 
= 24 yr 
= 25550 days 
= 8760 days 
= 10 Umin 
= 2.79 ug/m3/min 
= 70 kg 
= 1.667E-2 min-’ 
= 1000 Urn3 
= 1 mg/103 ug 
= 2.79 min 
= 15 min 
= 20 min 
= 0.233 ug/L 

= Dose absorbed per unit area per day 
= Exposure frequency 
= Exposure duration 
= Averaging time for carcinogens (365 d/yr x 70 yrs) 
= Averaging time for noncarcinogens (365 d/yr x 24 yrs) 
= Inhalation rate 
= Indoor VOC generation rate 
= Body weight 
= Rate of air exchange 
= Conversion factor 
= Conversion Factor 
= Function of air exchange rate & time in shower/room 
= Duration of shower 
= Total time in shower room 
= Concentration leaving water droplet after time ts 



Fr = 20 Umin 
SV = 6 m3 

= Shower flow rate 
= Shower room air volume 

The,RME carcinogenic risk a future adult resident from inhalation of PCE vapors in groundwater during 
showering at Warminster Area B is estimated as follows: 

CA = Inhalation Dose x SF 

CA = 1.24E-8 
SF = 2.03E3 (mg/kg/day)-’ 
Cart-Inhalation Dose = 6.10E-6 

= Incremental cancer risk 
= Inhalation slope factor 
= Carcinogenic Inhalation exposure dose (mg/kg/day) 

The RME noncarcinogenic risk a future adult resident from inhalation of PCE vapors in groundwater 
during showering at Warminster Area B is estimated as follows: 

NC = Dermal Dose/RfD 

NC = 1,.27E-4 
RfC = 1.4E-1 (mg/kg/day) 
Noncarc-Inhalation Dose= 1.78E-5 

= Noncarcinogenic risk 
= Inhalation Reference Concentration 
= Noncarcinogenic Inhalation exposure dose (mg/kg/day) 

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 contaminant- 
specific mass transfer coefficients, Henry’s Law constants, droplet drop time, viscosity, 
temperature, etc. Specific details regarding the application of the mass transfer model can be 
found in the source documents (Foster and Chrostowski 1987). 
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