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EXECUTIVE SUMMARY

The former Fire Training Area (FTA) is located on the Main Base of the National Aeronautics and Space
Administration (NASA) Goddard Space Flight Center (GSFC) Wallops Flight Facility (WFF) in Accomack
County, Virginia. Based on a Preliminary Assessment (PA) and a Site Inspection (SI) Report prepared by
Ebasco Services, Inc., in 1988 and 1990, and a revised SI in 1992 by Metcalf & Eddy, Inc., the former
FTA was identified as an area of concern at WFF. The SI indicated evidence of contamination in surface
soils and groundwater. Four potential sources of contamination were identified at the site: the former fire

training pit area, a former drum storage area, the sludge pile, and the construction debris disposal area.

In 1986, approximately 20 truckloads of soil contaminated with a mixture of jet fuel and crankcase oil
were removed from the fire training pit area. Drums of unknown contents were stored near the pit area
for an undetermined amount of time. The sludge pile was used for the disposal of sludge from the WFF
Wastewater Treatment Facility. The dates of disposal are unknown. The construction debris disposal area
was primarily used for storage of clean fill, but over the years became the unauthorized disposal area for

construction debris such as concrete and metal.

As a part of this Remedial Investigation (RI), a field investigation was conducted to determine the physical
characteristics of the site and the nature and extent of contamination. The field activities were conducted
in December 1993 and January 1994. The field investigation consisted of a soil gas survey; soil borings;
monitoring well installation; sample collection, analysis, and data validation; and a site survey. The soil
gas survey was performed to determine potential contaminant migration since the 1990 SI Report, and to

provide guidance for the selection of locations for monitoring wells and sampling locations.

Surface and subsurface soil samples were collected in the vicinity of the FTA training pit, former tank
location, former drum storage area, sludge pile, and the construction debris disposal area. A total of 10
surface soil and 46 subsurface soil samples were collected. The groundwater investigation included the
installation of 10 monitoring wells to determine the extent of contamination in the shallow aquifer.
Fourteen wells, including four previously installed wells were sampled. In addition, four surface water
and sediment samples were taken from bodies of ponded water near the FTA. Each sample was analyzed

for concentrations of volatiles, semivolatiles, pesticides/polychlorinated biphenyls (PCBs), and metals.
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The analysis and verification of data was performed as required under the Contract Laboratory Program
(CLP). The data were further validated following U.S. Environmental Protection Agency (EPA) Region

III data validation guidelines.

A human health risk assessment was conducted to characterize current and potential threats to human
health that may be posed by the contaminants found at the site and migrating off-site. Conservative
assumptions were used to estimate potential carcinogenic risks and noncarcinogenic hazards. Current land
use was judged to be industrial with usage limited by the proximity of the active runway. Future land use,
at the request of EPA Region III, was assessed as being residential. The analytical data were screened to
focus the risk assessment on the chemicals expected to present the greatest risk at the site. The resulting
chemicals of concern included several volatiles, semivolatiles, pesticides, and metals. The volatile
chemicals of concern were 1, 1-dichloroethene, cis-1,2-dichloroethene, methylene chloride, chloroform,
benzene, tetrachloroethene, toluene, trimethylbenzene, and tetramethylbenzene. The semivolatiles
included: 2-methylnaphthalene, naphthalene, phenanthrene, benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, dibenz(a,h)anthracene, and benzo(g,h,i) perylene. The pesticides were alpha-BHC,
heptachlor epoxide, and gamma-chlordane. The metals of concern were arsenic and lead. An exposure
assessment and risk characterization were then conducted. Under the current land use scenario, the two
chemicals which pose the greatest noncarcinogenic risk are arsenic and lead. The U.S. EPA Biokinetic
Uptake Model was used to evaluate potential health impacts from the lead concentrations found at the site.
The model results indicated that the site concentrations detected do not result in blood lead levels in excess
of the EPA minimum action criterion of 10 micrograms (ng) lead/deciliter (dl) blood. Exposure to arsenic
and several other chemicals such as 1,1-dichloroethene, methylene chloride, chloroform, benzene,

tetrachloroethene, alpha-BHC, heptachlor epoxide, and gamma-chlordane may pose a carcinogenic risk.

An ecological risk assessment was also conducted. Observations were made of the flora and fauna present
at the site as well as any potential exposure routes through which site-related contaminants could affect
ecological receptors. After identitfying the potential receptors and complete ecological pathways, the
chemicals of ecolegical concern were determined. The semivolatile chemicals of concern included: di-n-
butylphthalate, toxaphene, benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo(a)pyrene, indeno(1,2,3-cd)pyrene, benzo(g,h,i)perylene, bis(2-ethylhexyl)phthalate, di-n-
octylphthalate, dibenz(a,h)anthracene, and diethylphthalate. The pesticides of ecological concern included:

delta-BHC, endosulfan I, endosulfan sulfate, endrin aldehyde, endrin ketone, and 4,4-DDT. Finally, the
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metals of concern included: aluminum, arsenic, barium, cadmium, calcium, copper, iron, lead,
magnesium, manganese, mercury, potassium, sodium, and vanadium. An ecological risk was determined,
using a worst case scenario for soil and sediment, by calculating maximum hazard quotients. The total
hazard quotient was 0.72, which is less than the risk comparison value of one. Based upon the results of
this assessment, it is unlikely that chemicals in environmental media at the former FTA present an

ecological risk.

The primary source for groundwater and residual soil contamination is the former pit area. The estimated
area and volume of contaminated groundwater in the water table (Pleistocene) aquifer is 40,272 square feet
and 587,971 cubic feet. The estimated area and volume of contaminated soil is 22,240 square feet and
324,704 cubic feet. The direction of groundwater flow in the shallow aquifer is northeast toward Little
Mosquito Creek. The contaminant plume extends approximately 400 feet northeast of the former pit area,

while the creek is located 2500 feet northeast.

The results of the baseline risk assessment indicate that no remedial action is warranted for current land
use conditions. For future residential land use, a scenario requested by the U.S. EPA Region III, risk to
human health could result from use of contaminated groundwater as a potable water source. Since the
residual soil contamination may serve as a continuing source to groundwater contamination, remedial

alternatives for both media should be evaluated.

A Feasibility Study (FS) is recommended to evaluate remedial alternatives, including no action. Additional
alternatives include institutional controls, such as a deed restriction, and remedial action alternatives to
address groundwater contamination, using methods such as pump-and-treat, and soil contamination,

encompassing in situ or ex situ treatment.
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1.0 INTRODUCTION

1.1 REMEDIAL INVESTIGATION OBJECTIVES

The objectives of the Remedial Investigation (RI) are to provide the database and technical understanding
needed to complete a Feasibility Study (FS) and, ultimately, to allow the selection of a cost-effective
remedy which adequately protects human health and the environment. As a part of the RI process, a risk
assessment is performed to evaluate the potential risks to human health and the environment associated
with contamination detected at the former Fire Training Area (FTA) at the National Aeronautics and Space
Administration (NASA) Wallops Flight Facility (WFF), and to provide the basis for remedial action

decision-making.

The objectives of this RI are to:

. Characterize the nature, magnitude, and extent of contamination in soil, sediment, surface
water, and groundwater, and the potential impacts contaminant migration may have on the

environment and potential receptors; and

o Evaluate the potential risks to public health and the environment posed by contamination at

the site.

Based upon the conclusions derived from performing these tasks, an evaluation of the necessity for, and
extent of, remedial action at the site will be conducted as part of the FS. The FS will be submitted under

separate cover and will consist of:

. Determination of need for source control actions;
L] Determination of need for migration control actions;
. Identification of source and migration control actions appropriate to the site conditions,

particularly those actions that would otfer a permanent solution or reduction in waste

mobility, toxicity, or volume; and
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L Development and evaluation of appropriate migration and source control actions as well as

the no action alternative.
1.2 SITE BACKGROUND
1.2.1 Site Description

WFF is located in Accomack County, Virginia, on the Atlantic Coast of the Delmarva Peninsula (Figure 1-
1), approximately [60 miles southeast of Washington, D. C. The nearest private home is approximately
1000 feet west of the Main Gate of the WFF Main Base. Farms and residences are located north across
Little Mosquito Creek, approximately 3500 feet from the former FTA. A closed Accomack County
landfill is located south of State Route 798, approximately 4500 feet southwest of the former FTA, and
1000 teet west of the WFF Main Gate (Figure 1-2). The nearest commercial business (a small store) is
located 8000 feet southwest of the site, at the intersection of State Routes 175 and 679. Little Mosquito
Creek forms the northern boundary of the WFF Main Base. Jenneys Gut, Little Simoneaston Creek, and

Simoneaston Bay form the eastern boundary.

Three separate land areas comprise WFF: the Main Base, Mainland, and Wallops Island. The Main Base
of WFF includes the WFF headquarters, administrative offices, tracking facilities, a range control center,
launch support facilities and shops, housing units, and an active research airport. The former FTA is

focated on the Main Base in the vicinity of the airfield, north of Runway 10-28 and a former taxiway.

The FTA was designated as M-30 by NASA, which served as a location identifier. For ease of reference,
the location of a tank used to simulate an airplane fuselage during training exercises is designated as Tank
M-30 in this document. The site encompasses approximately one acre, and is located approximately 2200
feet south of Little Mosquito Creek. According to WFF personnel, the FTA was in operation from 1965

to 1987. The WFF Fire Department used the facility twice a week for training purposes.

The FTA is cleared land with grassy vegetation. The land slopes gently to the north (at 1.5 to 2 percent)
from the tormer Tank M-30 location at the edge of the old taxiway for a distance of 300 feet. The slope
then increases at less than 1 percent for a distance of about 60 feet before rising sharply at approximately

12 percent across an earthen berm which, in part, separates the FTA from the magazine area located to the
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north. The berm is located at the southern edge of a treeline (Figure 1-3), and is six feet high directly
north of the FTA.

The forested area extends 450 feet north from the earthen berm. At the northern edge of the forested area
is a barbed wire fence which surrounds the magazine area, and immediately north of the fence is Kneeland
Road. Further to the north, between Kneeland Road and Little Mosquito Creek, are several wooded areas,

Blough Road (in the magazine area), and Building M-15.

In general, surface runoff from the FTA occurs by overland flow, and accumulates in low-lying areas
between the FTA and the earthen berm. The site does not contain or immediately border surface water

bodies, other than intermittent ponded areas.
1.2.2 History of Land Use

The original facilities at WFF Main Base were constructed from 1941 through 1958 for use by the U.S.
Navy as a base for tlight operations, and ordnance and weapons testing. In 1959, the Navy closed the

station, and NASA acquired the Main Base facility.

NASA personnel originated use of the FTA site for fire fighting training in 1965. Combustible waste
substances were discharged onto the ground or into an unlined pit located an estimated 100 feet north of
Tank M-30. The waste substances were then ignited and extinguished as part of the training exercise.
NASA later used an open tank (Tank M-30) to simulate an airplane fuselage. Flames were allowed to
engulf the tank, and were then extinguished. A protective berm was constructed around the tank to reduce
runotf, and a 500-galion tank was installed to collect surface runoff during training exercises. The tank

was removed intact in August 1990.

The Training Pit was estimated to be two to three feet deep from photographs taken in 1986 prior to a
cleanup effort at the site (NASA, 1986). NASA personnel did not maintain specific records of the
substances burned during the fire fighting training exercises. NASA records of correspondence from the
Virginia State Water Control Board (now part of the Department of Environmental Quality) following a
1986 site inspection indicate that the pit contained a mixture of jet fuel and crankcase oil (Commonwealth

of Virginia, 1986). Substances that may have been used include gasoline, jet fuel, waste oils, waste
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solvents, and debris. Following a removal order from the Virginia Department of Waste Management,
approximately 20 truckloads (about 120 cubic yards) of potentially contaminated soil were removed from
the pit area in November 1986. The work crew excavated until no visual signs of oil contamination were

apparent. The area was not surveyed, and analytical samples were not collected.

The Sludge Pile is a mound of material disposed from the WFF wastewater treatment plant. Details
regarding the dates of sludge disposal are unknown. The estimated areal extent of the Sludge Pile is 4800
square feet. The volume is estimated to be 38,400 cubic feet, based on an estimated average height of
eight feet.

The Construction Debris Disposal Area encompasses several soil piles, ranging from about three to eight
feet in height, containing concrete and metal debris. Two of the piles are primarily from land clearing,
containing tree stumps and other debris. In particular, the land clearing debris pile located east of MW-
59S is composed of material resulting from line-of-sight land clearing for the research airport activities and
is unrelated to the FTA. The combined areal extent of the stockpiles is approximately 8,700 square feet.
The volume is roughly estimated to be 37,000 cubic feet. The disposal area was used until about 1991,
with the soil piles originally serving as stockpiles for construction fill.

The former Drum Storage Area is located approximately 200 feet west of the former FTA and was
detected during previous investigations from historical aerial photographs which are no longer available.
More than 50 drums of unknown contents were stored at the site. The date of drum removal is unknown,

as are data concerning the contents and the integrity of the drums.

1.2.3 Previous Investigations

The former Fire Training Area was investigated previously by Ebasco Services, Inc., (October, 1990) and
further reviewed by Metcalf & Eddy, Inc., (M&E) under Delivery Order 11, in support of NASA
Contract NAS5-35042 in March 1993. As a result, a Work Plan and Field Operations Plan (FOP) were
developed. The Work Plan proposed a staged remedial investigation, and the FOP specified the field
investigation procedures and included the Health and Safety Plan (HASP).




The following documents provide a summary of previous investigations and the basis for development of |

the RI process.

° Supplemental Site Characterization/Collective Action Work Plan for WFF, Wallops
Island, VA. Prepared by Ebasco Services, Inc. November, 1989.

] Final Report of Site Investigation for Wallops Flight Facility. National Aeronautics
and Space Administration, Goddard Space Flight Center, Wallops Flight Facility, Wallops
Island, VA. Prepared by Ebasco Services, Inc. January 1990.

L] Final Soil Gas Report. National Aeronautics and Space Administration, Goddard Space
Flight Center, Wallops Flight Facility, Wallops Island, VA. Prepared by Ebasco
Services, Inc. September 1990.

L4 Revision of Site Investigation for Wallops Flight Facility, Wallops Island, Virgina.
National Aeronautics and Space Administration, Goddard Space Flight Center, Wallops
Flight Facility, Wallops Island, VA. Prepared by Metcalf & Eddy, Inc. August 1992.

Results from the Soil Gas Study (NASA, September 1990) and the Site Investigation (SI) Report (NASA,
January 1990), both conducted by Ebasco Services, Inc., were presented in the Work Plan. Overall, the
Soil Gas Study concluded that significant soil contamination exists, and groundwater contamination may
exist. The data indicate the presence of trichloroethene (TCE), toluene, tetrachloroethene (PCE), and
unknown volatile hydrocarbons in the soil gases. PCE was the most widely detected compound; the

highest detection was 3,900 parts per billion (ppb) by volume.

Headspace analysis was performed on samples from the three monitoring wells in the FTA vicinity (MW-
01, 45-55 feet deep; MW-02S, 10-30 feet deep; and MW-02D, 45-55 feet deep). The analysis indicated
the presence of TCE and PCE contamination in well MW-02S, at levels of 16 and 33 ppb, respectively.

Overall, surface soil and groundwater samples showed indications of contamination. Surface soil samples
collected as part of the SI showed high semi-volatile organic concentrations, which are probably reflective

of high molecular weight hydrocarbons. Groundwater contaminants include the pesticide delta-BHC (0.02
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mi¢rograms per liter (ug/l ) in well MW-02D), 1,2-dichloroethene (10 pg/t in well MW-02S), carbon
tetrachloride (6 pg/l in well MW-02S), and 1,1, 1-trichloroethane (52 pg/l and 6 pg/! in wells MW-02S

and MW-02D, respectively). Of these, carbon tetrachloride was present in well MW-02S at a
concentration which slightly exceeded the EPA Maximum Contaminant Level (MCL) for drinking water.

Based upon the data collected, the FTA had a preliminary Hazard Ranking System (HRS) score of 40.1,
which is above the 28.5 criteria for National Priorities List (NPL) consideration. Therefore, the site may
be a candidate for the NPL.

Since continued use of the FTA under current operating conditions would exacerbate existing
environmental contamination, the SI Report (January 1990) recommended use of the FTA be discontinued
until an engineered facility could be developed. In addition, an environmental investigation was
recommended. Preparation of the RI/FS Work Plan and FOP followed that recommendation. The

documents were completed in 1993,

1.2.4 Preliminary Identification of Contamination

The data collected during the SI led to the generation of the following list of suspected contaminants at the
FTA. The suspected volatiles included: PCE, toluene, TCE, 2,4-trinitrotoluene, 1,2-dichloroethene,
carbon tetrachloride, trichlorotrifluoroethane, 1,1,1-trichloroethane, and chlorobenzene. The semivolatiles
included: di-n-octylphthalate and 4-nitrophenol. The pesticides suspected at the site included: 4,4-DDT,
4,4-DDE, and 4,4-DDD.

1.3 REPORT ORGANIZATION

Section 2.0 is a description of the RI field investigation methodologies, environmental sampling, analytical
data validation and review, and site surveying. Section 3.0 discusses the site characteristics including
geographic setting, geology, hydrogeology, and ecological setting. Section 4.0 is a description of the
nature and extent of contamination at the site, consisting of a discussion of contaminant sources,

contamination distribution and trends, and the significance of the findings. Section 5.0 discusses




contaminant fate and transport including the physical and chemical properties of site contaminants and the

contaminant migration trends.

Section 6.0 is the Human Health Assessment. This section characterizes potential risk from exposure to
chemicals of concern to human health for current and future land use scenarios. Included are a data
summary, evaluation, characterization of exposure setting, identification of exposure pathways,
quantification of potential exposure, toxicity assessment, risk characterization, lead biokinetic uptake

model results, risk assessment results, and uncertainties and limitations.

Section 7.0 is the Ecological Risk Assessment, in which observations were made of the flora and fauna
present, as well as any potential exposure routes through which site-related contaminants could affect the
ecological receptors. This risk assessment, along with the human health risk assessment, comprise the
baseline risk assessment for the site. Section 8.0 discusses the remedial investigation summary,

conclusions, and recommendations.
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2.0 REMEDIAL INVESTIGATION
2.1 FIELD INVESTIGATION OVERVIEW AND TECHNICAL APPROACH

M&E completed a field investigation as part of the RI of the former FTA. The field investigation activities
were completed in December 1993 and January 1994.

The field investigation was designed to collect the data required to determine the nature and extent of
contamination, and provide the basis for an evaluation of remedial action alternatives as part of the FS.

The specific objectives were:

L Evaluate potential migration since the 1990 SI.

L] Determine the nature and extent of contamination in the surface soil, subsurface soil,
groundwater, surface water, and sediment which may be related to former FTA
operations.

o Determine the nature and extent of any contamination potentially related to the former
drum storage area, sludge pile, and construction debris disposal area.

o Gather data to support the human health and ecological risk evaluations.

L] Gather sufficient data to evaluate potential remedial action alternatives and technologies.

Scope of Field Investigation

The field investigation included a soil gas survey; soil borings; monitoring well installation; sample
collection, analysis, and validation; and a site survey. The soil gas survey was conducted to evaluate
potential contaminant migration since the 1990 SI, and to provide guidance for selection of locations for

monitoring wells and sample collection.

Surface and subsurface soil samples were collected in the vicinity of the FTA training pit, tank location,
the former drum storage area, the sludge pile, and the construction debris disposal area. These data were
used to evaluate the nature and extent of soil contamination in these areas. Table 2-1 provides a summary

of samples collected during the RI field activities.
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TABLE 2-1

SAMPLE SUMMARY
NUMBER OF SAMPLES
NUMBER OF Surface
LOCATION BORINGS Subsurface Soil Surface Soil Groundwater Water/Sediment
Upgradient 1 3 - 3 -
Training Pit and 7 21 10 el -
Downgradient
Drum Storage Area 1 3 - - -
Construction Debris Disposal 3 11 - - -
Area and Downgradient
Sludge Pile 2 8 - - -
Drainage Areas/ - - - - 4/4
Intermittent Ponds
TOTAL 14 46 10 14 4/4
Notes

1. All borings were completed to the groundwater table with three samples recovered per boring. Two
additional samples were collected from both the Sludge Pile and the Construction Debris Disposal Area.

2. The groundwater samples from existing wells included sampling one existing background well and
the three wells located in the FTA vicinity. Filtered and unfiltered samples were collected from each

well for TAL analysis.

3. QA/QC samples were collected, at a minimum, as follows:
- One duplicate for every 20 environmental samples.
- One field blank per medium for each day of sampling.
- One equipment blank for each sampling process.
- One trip blank shipped in each cooler storing samples for volatile analyses.
The numbers of QA/QC samples are not reflected in this table.




The initial site reconnaissance results indicated that the former FTA is a non-point source area for surface
runoff. The site has no direct discharges to surface water bodies including Little Mosquito Creek and its
tributaries. Surface water and sediment samples were collected from ponded areas downgradient of the
former FTA training pit area to assess the nature of contamination in the runoff. Some recharge to
groundwater of the ponded surface water and runoff may occur, but no direct connection between the two

media exists at the site.

Air monitoring was performed during on-site activities as part of the general health and safety program
and prior to any intrusive work. Equipment used for air monitoring consisted of a photoionization detector
(PID) or organic vapor analyzer (OVA). Calibration of equipment was performed according to the

manufacturer's instructions.
2.2 FIELD METHODOLOGIES

The field investigation was conducted in accordance with the Work Plan and the FOP. Field activities
consisted of a soil gas survey; soil borings and subsurface soil sample collection; monitoring well
installation and development; collection of surface water, sediment, surface soil, and groundwater

samples; and a topographic site survey.
2.2.1 Soil Gas Survey

A soil gas survey was completed to update site information from the 1990 survey (NASA, September
1990). The soil gas survey provided estimated contamination levels, probable limits of the contaminated
groundwater plume location, and data to assist in the selection of the monitoring well and soil boring
locations. General methodology guidance was provided in the Metcalf & Eddy Standard Operating
Procedure for subsurface soil gas sampling and analytical procedures.

The procedure for the soil gas survey was outlined in the Site Screening Report prepared by TARGET
Environmental Services, Inc. Initially, a hydraulic probe was used to drive a 1-inch diameter threaded
steel casing into the ground to the desired sampling depth. By raising the casing, a disposable drive point
was released and the casing bottom was opened. Then a teflon line with a perforated hollow stainless steel




probe end was inserted into the casing to the bottom of the hole. An inflatable packer was used to isolate
the line perforations at the bottom of the hole from the up-hole annulus. Two soil gas samples were
withdrawn through the probe, one to purge the system and the second one for chemical analysis. The
second sample was collected in a self-sealing vial at two atmospheres of pressure. The vial was then
detached from the system, packaged, labeled, and stored for laboratory analysis. After sampling, the
holes were backfilled with bentonite and the surface was repaired with like material. The soil gas sample
locations are presented in Figure 2-1. The samples were analyzed using an on-site, mobile laboratory. A
gas chromatograph and flame ionization detector (GC/FID) were used to analyzed the soil gas samples for
selected volatile organic compounds (VOCs). The soil gas survey results are shown in Table 2-2.

2.2.2 Soil Boring and Monitoring Well Installation

Fourteen soil borings were conducted to provide sampling data for the evaluation of subsurface
contamination downgradient of the FTA pit area, and to evaluate potential contamination resulting from
other sources. The soil boring logs are presented in Appendix A. A total of ten groundwater monitoring
wells were installed and one round of groundwater samples was collected from each of the wells, including

both filtered and unfiltered samples for Target Analyte List (TAL) analysis.

2.2.2.1 Rationale for Well Locations and Construction

The primary purpose of the wells was to determine the extent of contamination in the Pleistocene age
surficial aquifer. The well locations are shown in Figure 2-2 and the well completion diagrams are
presented in Appendix A. Screened intervals were determined during well installation based on the
hydrogeologic conditions encountered. According to the Virginia State Water Control Board (SWCB),
now part of the Virginia Department of Environmental Quality (DEQ), the groundwater table occurs at
depths of S to 60 feet below the ground surface on the Eastern Shore of Virginia. In the FTA, the
groundwater table occurs at depths of approximately 14 to 20 feet, based on field measurements from the

previously installed monitoring wells.

Wells were installed both upgradient and downgradient of the site, at the leading edge of the plume, and
laterally to determine the extent of contamination. Ten additional wells were installed and three existing

wells were redeveloped. The additional wells were completed in the shallow (Pleistocene) aquifer, with
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TABLE 2-2
SOIL GAS SURVEY RESULTS

SUBSTANCE (ugfl)
(Detection Limit)
SOILGAS | BEN TOL ETH XYL [ FiD™ 11DCE | t12DCE | 11DCA | c12DCE | 1117CA TCE ~ PCE
SAMPLE** | (1.0 (1.0) (1.0) (1.0) (10) (1.0) (1.0) (1.0) (1.0) (1.0) (1.0) (1.0)
SG-1 <1.0 65 <1.0 <1.0 259 209 3.2 11 12 439 2.8 31
SG-2 <1.0 <1.0 <1.0 <1.0 <10 6 <1.0 <1.0 <1.0 9.2 <1.0 2
SG-3 <1.0 <1.0 <1.0 <1.0 23 30 <1.0 <1.0 7 114 3.9 42
SG-4 <1.0 <1.0 <1.0 <1.0 <10 2 <1.0 <1.0 <1.0 3.2 <1.0 <1.0
SG-5 <1.0 <1.0 <1.0 <1.0 <10 12 <1.0 <1.0 <1.0 6.5 <1.0 1.7
SG-6 <1.0 <1.0 <1.0 <1.0 <10 1.1 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
SG-8 <1.0 <1.0 <1.0 <1.0 <10 3.4 <1.0 <1.0 <1.0 1.1 <1.0 <1.0
S$G-9-6 <1.0 <1.0 <1.0 <1.0 <10 24 <1.0 <1.0 <1.0 11 <1.0 1.6
SG-9-6R <1.0 <1.0 <1.0 <1.0 <10 23 <1.0 <1.0 <1.0 11 <1.0 1.5
S$G-9-12 <1.0 <1.0 <1.0 <1.0 <10 30 <1.0 <1.0 <1.0 14 <1.0 2.2
SG-10 <1.0 26 <1.0 <1.0 321 129 <1.0 22 148 866 14 87
SG-11 <1.0 <1.0 <1.0 <1.0 <10 16 <1.0 <1.0 6.2 74 2.1 8.6
SG-12 - <1.0 <1.0 <1.0 <1.0 <10 11 <1.0 <1.0 <1.0 12 <1.0 1.6
SG-13 <1.0 4.5 <1.0 <1.0 38 97 <1.0 12 <1.0 176 <1.0 2.6
SG-14 11 707 25 74 7,184 209 <1.0 18 243 144 <1.0 1.6
SG-15 <1.0 <1.0 <1.0 <1.0 <10 43 <1.0 <1.0 <1.0 7.3 <1.0 1.2
SG-16 <1.0 <1.0 <1.0 <1.0 <10 6.6 <1.0 <1.0 <1.0 1 <1.0 <1.0
SG-17 <1.0 <1.0 <1.0 <1.0 <10 1.6 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
SG-18 <1.0 <1.0 <1.0 <1.0 <10 7.5 3.4 <1.0 <1.0 <1.0 <1.0 <1.0
SG-19 <1.0 <1.0 <1.0 <1.0 <10 21 <1.0 <1.0 <1.0 5.6 <1.0 <1.0
SG-20 <1.0 <1.0 <1.0 <1.0 <10 11 3.7 <1.0 <1.0 4 <1.0 <1.0
SG-21 <1.0 <1.0 <1.0 <1.0 <10 4.5 <1.0 <1.0 <1.0 1.3 <1.0 <1.0
$G-22 <1.0 <1.0 <1.0 <1.0 <10 4.8 <1.0 - <1.0 <1.0 3.7 <1.0 <1.0
SG-22R <1.0 <1.0 <1.0 <1.0 <10 4.9 . <1.0 <1.0 <1.0 3.8 <1.0 <1.0
. [8G-23 <1.0 <1.0 <1.0 <1.0 <10 2.6 <1.0 <1.0 <1.0 27 <1.0 <1.0
SG-25 <1.0 <1.0 <1.0 <1.0 <10 4.3 <1.0 <1.0 <1.0 1.4 <1.0 <1.0
KEY: BEN=Benzene XYL=Xylenes t120CE=trans-1,2-dichloroethene 111TCA=1,1,1-trichloroethane
TOL=Toluene FiID=Total FID Volatiles 11DCA=1,1-dichloroethane TCEs=trichloroethene
ETH=Ethylbenzene 11DCE=1,1-dichloroethene ¢12DCE=cis-1,2-dichloroethene PCE=tetrachloroethene

*Actual concentration may be higher than reported.

**Calculated using the sum of the areas of all integraied chromatogram peaks and the instrument response factor for toluene.
***Only samples with at least one (1) detection were included.
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TABLE 2-2 cont
SOIL GAS SURVEY RESULTS

SUBSTANCE (ug/l)
(Detection Limit) .
SOIL GAS BEN TOL ETH XYL FID™ | 11DCE | t120CE | 11DCA | c12DCE | 111TCA TCE PCE
SAMPLE*** (1.0) {1.0) (1.0) (1.0) (10) (1.0) {(1.0) (1.0) (1.0 (1.0) (1.0) (1.0)
SG-27 <1.0 <1.0 <1.0 <1.0 <10 1.4 <1.0 <1.0 <1.0 1.5 <1.0 <1.0
SG-29 <1.0 <1.0 <1.0 <1.0 <10 2.3 <1.0 <1.0 <1.0 4.8 <1.0 1.1
$G-30 <1.0 <1.0 <1.0 <1.0 <10 3.7 <1.0 <1.0 <1.0 4.9 <1.0 <1.0
SG-38 <1.0 <1.0 . <1.0 <1.0 <10 2.5 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
SG-41 <1.0 <1.0 <1.0 <1.0 <10 <1.0 14 <1.0 <1.0 <1.0 <1.0 <1.0
SG-44 <1.0 <10 <1.0 <1.0 <10 <1.0 13 <1.0 <1.0 <1,0 <1.0 <1.0
$G-46 <1.0 <1.0 <1.0 <1.0 <10 <1.0 4.9 <1.0 <1.0 <1.0 <1.0 <1.0
SG-47 <1.0 <1.0 <1.0 <1.0 <10 <1.0 2.7 <1.0 <1.0 <1.0 <1.0 <1.0
$G-49-6 <1.0 <1.0 <1.0 <1.0 <10 45 11 <1.0 <1.0 5.4 <1.0 <1.0
8G-49-12 <1.0 <1.0 <1.0 <1.0 <10 68 <1.0 <1.0 <1.0 10 <1.0 2.2
$G-50-6 <1.0 <1.0 <1.0 <1.0 12 85 38 2.6 4.7 75 <1.0 4
S$G-50-12 <1.0 <1.0 <1.0 <1.0 <10 18 <1.0 <1.0 1.6 9.2 <1.0 1.1
SG-50-12R <1.0 <1.0 <1.0 <1.0 <10 21 <1.0 <1.0 1.9 11 <1.0 1.2
SG-51-6 <1.0 <1.0 <1.0 <1.0 15 33 <1.0 1.3 8.3 61 <1.0 2.2
SG-51-12 <1.0 5 <1.0 <1.0 45 56 <1.0 3.3 18 107 <1.0 2.6
SG-52-6 <1.0 3.8 <1.0 <1.0 20 2.4 <1.0 <1.0 <1.0 2.3 <1.0 <1.0
SG-52-12 <1.0 1.3 <1.0 <1.0 <10 10 <1.0 <1.0 <1.0 5.5 <1.0 <1.0
SG-54 <1.0 <1.0 <1.0 <1.0 <10 <1.0 1.9 <1.0 <1.0 <1.0 <1.0 <1.0
SG-55 <1.0 2.2 <1.0 <1.0 33 <1.0 4.2 <1.0 <1.0 <1.0 <1.0 <1.0
S$G-56 <1.0 <1.0 <1.0 <1.0 <10 <1.0 4.8 <1.0 <1.0 <1.0 <1.0 <1.0
SG-57 <1.0 <1.0 <1.0 <1.0 <10 <1.0 12 <1.0 <1.0 <1.0 <1.0 <1.0
SG-568 <1.0 <1.0 <1.0 <1.0 <10 <1.0 3.7 <1.0 <1.0 <1.0 <1.0 <1.0
W-11 17 613 35 74 1,144 41 <1.0 34 634 639 4.1 8.2
W-15 <1.0 <1.0 <1.0 <1.0 <10 2.5 <1.0 <1.0 <1.0 4.1 <1.0 <1.0
W-19 <1.0 <1.0 <1.0 <1.0 <10 3.2 <1.0 <1.0 <1.0 5.9 <1.0 <1.0
W-51 17 1,774 134 375 11,330 139 3 39 371 120* 12 38*
KEY; BEN=Benzene XYL=Xylenes t12DCE=trans-1,2-dichloroethene 111TCA=1,1,1-trichloroethane
TOL=Toluene FID=Total FID Volatiles 11DCA=1,1-dichloroethane TCE=trichloroethene
ETH=Ethylbenzene 11DCE=1,1-dichioroethene ¢120CE=cis-1,2-dichloroethene PCE=tetrachloroethene

*Actual concentration may be higher than reported.
*Calculated using the sum of the areas of all integrated chromatogram peaks and the instrument response factor for toluene.
*+Only samples with at least one (1) detection were included.
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shallow, intermediate, and deep (base of shallow aquifer) screened intervals. All wells were constructed
of 2-inch diameter Schedule 40 polyvinyl chloride (PVC) with 15-foot screened sections. Well MW-55,
located approximately in the center of the Training Pit, was used as a cluster well with two completions in
the Pleistocene age aquifer. An existing well (MW-01D) located cross-gradient from the former FTA site
was used for background comparisons. One other existing well (MW-34S) and one newly constructed well

(MW-53S) are located upgradient of the former FTA and provide data for background evaluations.

2.2.2.2 Soil Borings Installation and Sampling

Soil boring locations were dictated by the locations selected for installation of monitoring wells to define
the extent of the groundwater plume. During the installation of the monitoring wells, split-spoon samples
were collected from the deepest boring or monitoring well at each location. The soil borings were
completed using hollow-stem auger techniques. The split-spoon samples were collected using a 3-inch
outside diameter (O.D.) stainless-steel split-spoon sampler. Split-spoon samples were collected every five
feet, unless a zone of concern was encountered. The interval was then reduced to two feet. A zone of
concern was defined by visible apparent contamination and/or elevated PID readings. At the discretion of
the site geologist, selected split-spoon samples were sent to the laboratory and analyzed for full Target
Compound List (TCL)/TAL compounds. At least three samples per boring were collected.

The split-spoons were driven using a 140-pound drive hammer dropped approximately 30 inches. The
split-spoon samples were classified using a combination of the Burmister Classification System and Unified

Soils Classification System (USCS).

A total of 46 subsurface soil samples were collected from 14 borings to evaluate soil contamination. One
of the borings was upgradient of the former FTA and provided background data for screening purposes.
Two borings were completed immediately downgradient of the sludge pile, and two samples were collected
in the sludge pile, to evaluate any contribution to contamination found at the former FTA. Two borings
were also completed immediately downgradient of the construction debris piles, and two samples were
collected from the piles, to provide an evaluation of contribution to site contamination. The nine

remaining borings were completed at the locations selected for monitoring well installations.

All of the samples collected for chemical analysis were labeled, preserved, packaged, and shipped in
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accordance with EPA requirements and the applicable Standard Operating Procedures (SOPs) included in
the Work Plan and FOP. Drill cuttings were monitored for VOC contamination using the PID. Any
cuttings with readings elevated above background were placed in Department of Transportation (DOT)
specification 17E drums for disposal by NASA. The remaining cuttings were scattered at the site in a
manner which would not result in erosion. All down-hole drilling and sampling equipment was
decontaminated, in accordance with the SOPs, between borebole locations to prevent cross-contamination.
The split-spoon sampler was decontaminated between sample collections. Boreholes not completed as

monitoring wells were backfilled with clean drill cuttings (based on PID readings) or bentonite.
2.2.2.3 Monitoring Well Installation Procedures

The 10 shallow aquifer wells were installed using hollow-stem auger techniques. Soil borings were drilled
to the target depth. Decontaminated (steam-cleaned) PVC casings and 15-foot screens were placed into the
soill borings. The annulus was backfilled with sand to a level two feet above the top of the screened
interval. A two-foot layer of bentonite pellets was placed above the sand pack and hydrated. Following
hydration, the boring was grouted with a cement/bentonite mixture (4:1) to the ground surface. Surface
completions were flush-mount "road boxes" or steel protective casings, as appropriate. A 1/4-inch
diameter "weep drain” was drilled near the bottom of each protective casing. The well completion

diagrams are included in Appendix A.
2.2.2.4 Monitoring Well Development

The three existing groundwater wells, MW-01D, MW-02S, and MW-02D, were evaluated and
redeveloped in accordance with the SOP for Evaluation of Existing Monitoring Wells. These wells were
redeveloped to ensure that representative samples could be collected. The newly installed monitoring wells
were developed using a submersible pump. The wells were pumped until the development water was
visibly free of fine material, and the pH, conductivity, and temperature had stabilized within 10 percent for
three consecutive readings. Development fluids were collected in DOT 17E drums, labeled, and staged at
the site for disposal by NASA. Development equipment was decontaminated between wells in accordance

with the SOPs to prevent cross-contamination.
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2.2.3 Groundwater Elevation Measurements

Groundwater depth measurements were collected at the time of well development and during the sampling
event in January 1994, The measurements were collected from a marked measurement point at the top of
the PVC casings using a Solinst water level indicator accurate to 0.01 foot. Readings were recorded in the
field logbook. Following the field topographic survey, the depth data were converted to groundwater

elevations for use in developing contour maps.

2.2.4 Groundwater Sampling Protocol

The objective of the groundwater sampling program was to determine the nature and extent of groundwater
contamination in the Pleistocene age aquifer. The data provide the basis for evaluation of potential health

hazards and the feasibility of potential remedial alternatives.

Groundwater samples were collected from the three existing FTA wells, the previously instailled
background well (MW-34S), and the 10 wells installed during the field program. A minimum of one week
elapsed between well development and sample collection. Headspace in each of the wells was monitored
upon initial opening using a PID. Readings were recorded on the well purging worksheets. The deep
wells were monitored for the presence of dense non-aqueous phase liquids (DNAPLs) by lowering an
interface probe to the bottom. The probe was decontaminated after each well. Although the presence of
DNAPLSs was not indicated by the probe, DNAPL samples were collected, prior to purging, from four
wells MW-02D, MW-55D, MW-56D, and MW-61I). The DNAPL samples were collected by lowering a
dedicated, disposable, bottom-loading bailer to the bottom of the screened interval. The extracted sample
volume was transferred to a 40-ml Volatile Organics Analysis (VOA) vial with the minimum disturbance

possible.

Each well was purged of three to five well volumes to remove stagnant water which may have accumulated
in the well. Groundwater temperature, pH, and conductivity were measured for each well volume
removed during purging. Purging continued until stabilization within 10 percent of the field parameters
was recorded for three consecutive readings or five well volumes had been removed. Sampling occurred
within twenty-four hours of purging, and was performed with disposable, dedicated bailers and suspension

lines. Sampling was performed in accordance the SOP for Groundwater Sample Acquisition.
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Groundwater Sampling Procedure

1. Wear appropriate health and safety equipment as outlined in the HASP. Samplers will
change disposable gloves between wells. Place clean plastic sheeting on ground around
each wellhead location. Preserve and label laboratory-supplied sample containers using a

waterproof marker. Secure labels to bottles using a full wrap of water-resistant clear tape.

2. Unlock well cap. Lift PVC cap slightly and insert PID probe tip to monitor headspace.
Record reading.

3. Measure the static water level in the well using a Solinst or equivalent water level meter

reading to +/- 0.01 foot. Record reading.

4, Use interface probe to determine presence of DNAPLs. If indicated, sample the DNAPLs
by gently lowering a bottom-loading bailer for sample collection. Remove the bailer from
the well slowly and place the sample in a preserved 40-ml vial. Cap tightly and tilt to
ensure that no air bubbles are present in the sample. If air bubbles are present, recollect the

sample.

5. Calculate the volume of water in the well as follows:
Volume (gallons) = 0.163 x T x r2
Where T = well depth (feet) - static water level (feet)

r = radius (inches)

6. Purge three to five volumes of water from the well, using decontaminated or disposable

dedicated equipment as follows:

Use bailer, or submersible or centrifugal pump. Hose for the submersible or centrifugal
pump will be made of polyethylene. Set intake line or pump at the surface level of the
groundwater and start pump; continue to lower the intake line or the pump through the well
to just above screen depth, ensuring that all standing water in the well is purged.
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1.

12.

13.

14.

15.

16.

17.

18.

Measure and record temperature, pH, and specific conductance while purging. The well
will be considered properly purged when the indicator parameters are observed to vary less

than 10 percent over the removal of three to five well volumes.

After purging, remove pump or suction line from well and allow static water level to

recover approximately to the original level.

Obtain sample from the well with a dedicated disposable bailer suspended on a dedicated,
disposable polyethylene line. The maximum time between purging and sampling will be
twenty-four hours.

Remove first sample for TCL VOA, followed by additional organic and inorganic samples,
directly from bailers. Place samples in laboratory-supplied, pre-preserved, and pre-labeled
sample containers. Collect additional sample aliquots to be filtered for TAL analyses.
Filter aliquot for dissolved TAL analysis directly into preserved and labeled sample
containers using a dedicated disposible 0.45 micron filter, dedicated, disposable tubing, and
a MasterFlex peristaltic pump.

Cap all sample bottles tightly and store on ice in a cooler.

Decontaminate submersible pump and cable by scrubbing with Alconox detergent solution.

Pump approximately 20 gallons of potable water through pump.

Discard dedicated suction line used for purging wells.

Replace PVC well cap and re-lock steel well cap.

Dispose of dedicated bailer and sampling line, by the methods described in the SOP.
Keep samples cool (to 4°C) on ice.

Fill out field notebook, sample log sheet, and Chain-of-Custody forms.
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2.2.5 Surface Water and Sediment Sampling Procedures

Surface Water Sampling

Four surface water samples were collected from the ponded areas found at the site. Background sampling
locations were not available in the vicinity of the former FTA. Background surface water data from a
sample collected in Jenneys Gut during a previous investigation was used for screening surface water data.
Surface Water Sampling Procedure

1. Wear protective equipment as specified in the HASP.

2. Label sample bottles using waterproof marker. Secure labels to bottles by applying a full
wrap of water-resistant label tape.

3. Lower sample container or, if necessary, decontaminated stainless steel bucket into surface

water, avoiding stirring of soil/sediment. Remove container from surface water.

4. Cap the container tightly, or fill the sample container from the bucket, as appropriate, and
cap tightly.

5. Take a temperature and pH reading of the aliquot remaining in the bucket or collect an

additional aliquot to measure these parameters.

6. Preserve inorganic samples to pH 2 or less by adding concentrated nitric acid. Preserve
VOA samples to pH 2 or less using hydrochloric acid. Check pH with broad range pH
paper to ensure samples are less than pH 2. Preserve cyanide samples to pH greater than

12 using sodium hydroxide.

8. Keep samples cool (to 4°C) on ice.

9. Complete field notebook entry, sample log sheet, and Chain-of-Custody forms.
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Sediment Sampling

The locations of sediment samples are shown in Figure 2-1. The sediment samples were collected at
surface water sampling locations following collection of those samples. Data collected during previous

investigations at WFF provides facility background levels for chemical detections in sediment samples.

Sediment sampling was performed in accordance with the general procedure outlined in the SOP for Soil
and Rock Sample Acquisition. Sediment was gathered with a dedicated stainless steel scoop, placed in an
appropriate sample jar, labeled,and preserved on ice (to 4°C) for shipment to the laboratory. Chain-of-
Custody forms, sample log sheets, and field notebook entries were completed following collection and

preservation of the samples.
Surface Soil Sampling

Ten surface soil samples were collected from areas in and downgradient of the former FTA. Data
collected during previous investigations at WFF provides facility background concentrations for chemicals
detected at the FTA. The soil samples were collected using dedicated stainless steel trowels. Surface
debris and grasses were scraped away to expose the surface soil. The collected soil was packed into
laboratory-supplied sample containers. The containers were tightly capped, labeled with waterproof
marker and tape, and chilled on ice to 4°C. The samples were delivered to the laboratory in ice-filled

coolers via overnight express service accompanied by chain-of-custody documentation.

2.3 CHEMICAL ANALYSIS

Surface soil, subsurface soil, groundwater, surface water, and sediment samples were collected and
forwarded to the analytical laboratory for chemical analysis. The sample analyses were performed by a

laboratory utilizing EPA Contract Laboratory Program (CLP) protocols and procedures. A summary of

chemical analyses and methods is shown in Table 2-3.
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TABLE 2-3
SUMMARY OF CHEMICAL ANALYSES AND METHODS

SAMPLE TYPE
Surface

LOCATION Subsurface Soil Surface Soil Groundwater Water/Sediment
Full TCL/TAL X X X X
-OLMO 1.9, ILMO 3.0
- Filtered TAL (ILMO 3.0) X
Lower Detection Limit VOAs _ X
- EPA Superfund Analytical Method 10/92
TPH X X

- EPA Method 418.1

TCLP X
- Federal Register
55 FR 11798 (3/29/90)

Grain Size Distribution X
- ASTM Method E-422

Heating Value X
- ASTM Method D-2382

Porosity X
- Shelby Tube via Merlin, Grant,

Splangler
Bulk Density X

- ASTM Method D-4531

NOTES:

OLMO 1.8 = Organic Analysis Multi-Media, Multi-Concentration, Revision 1.9 (CLP Method for Organic
Compounds, All Matrices.)

ILMO 3.0 = Inorganic Analysis Multi-Media, Multi-Concentration, Revision 3.0 (CLP Method for Incrganic
Compounds, All Matrices.)
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2.3.1 Soil Analysis

Fifty-six soil samples (46 soil boring samples and 10 surface soil samples) sent to the laboratory were
analyzed for Total Petroleum Hydrocarbons (TPH) and full TCL and TAL analyses. The same analyses
were performed on QA/QC samples, consisting of field blanks, field duplicates, and equipment blanks.

The trip blanks were analyzed for TCL volatile organics only. Three composite samples, and one

duplicate were collected from the drum containing the drill cuttings. These samples were analyzed using
the EPA Toxicity Characteristic Leaching Procedure (TCLP) to provide soil disposal parameters.

Three samples (from borings SB-4, SB-7, and SB-10) were analyzed for grain size distribution, heating

value, porosity, and moisture content. The results are shown in Table 2-4 and the grain size distribution

curves are presented in Appendix A. These analyses provide data on physical soil characteristics for the

risk assessment and feasibility study.

TABLE 24

SUMMARY OF GEOTECHNICAL SOILS TESTS

HEATING DRY UNIT} MOISTURE
SAMPLE | SAMPLE VALUE SPECIFIC | WEIGHT | CONTENT
NO. DATE SOIL DESCRIPTION (BTU/Ib) | POROSITY | GRAVITY (pcf) {%)
SB-4 | 12/3/93 { Tan moist fine sand with trace 45.0 0.39 2.69 102.7 14.6
silt
SB-7 |12/2/93 | Brown silty fine sand 52.0 0.46 2.69 90.4 22.3
SB-10 | 12/8/93 | Brown silty moist sand with 66.0 0.48 2.69 85.0 38.0
trace clay




2.3.2 Groundwater Analysis

All 14 groundwater wells, including the existing background well MW-34S, the three existing FTA wells,
and the 10 additional wells, were sampled once. Unfiltered samples and filtered samples from each well
were analyzed for TAL parameters. Samples from the wells were analyzed for the full TCL using low-
detection limit methods for drinking water criteria. QA/QC samples collected, consisting of a field
duplicate, field blanks, and an equipment blank, were analyzed for the full TCL and TAL (both total and
dissolved constituents). Trip blanks were analyzed for the full TCL using the low-detection limit methods.

2.3.3 Surface Water & Sediment Analysis

Surface water and sediment samples were collected from the ponded areas on site. A total of four surface
water and four sediment samples were collected and analyzed for full TCL/TAL, in accordance with EPA
CLP protocols and procedures. Surface water samples were not filtered for TAL analysis.

2.4 ANALYTICAL DATA VALIDATION AND REVIEW

Data validation was completed by an independent, third-party validation subcontractor in accordance with
EPA Region III procedures and guidelines. Based on the QA/QC data provided by the laboratory and
from field evaluations, the data were considered acceptable, estimated, or rejected. Data were acceptable
if the reviewer identified no significant problems with field or laboratory blank contamination, spike or
surrogate recoveries, and replicate analyses. Data were flagged as estimated if spike recovery, surrogate

recovery, replicate results, or blank results were outside acceptable EPA criteria.

A value which fell below the contract required quanitation limit (CRQL) but above the instrument detection
limit (IDL) was also considered estimated and flagged accordingly. Estimated data were flagged with a
"J* following the analytical results.

Data were rejected when the results of surrogates, spikes, duplicates, or blanks indicated that the
reliablility of the reported data was questionable. No data were rejected under the data validation
guidelines. Other flags used included "U" for values below the IDL, and "B" for compounds detected in
the laboratory blanks.
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2.5 SITE SURVEY

Upon completion of field operations, the topographic survey of the FTA site was completed by a
subcontracted surveyor licensed in the Commonwealth of Virginia. Final sampling locations, monitoring
well locations, well casing elevations, and site topography were established by the surveying subcontractor.
A topographic site map complete with sample locations and elevations was prepared and is shown in

Figure 2- 1.

2-19



3.0 SITE CHARACTERISTICS
3.1 GEOGRAPHIC SETTING
3.1.1 Demographics

WFEFF is located in a rural area where year-round population densities are relatively low for neighboring
areas. Chincoteague Island, which lies approximately five miles from the Main Base area of the facility, is
the largest, most densely populated area near WFF. It has a resident population of approximately 3600
people. Area populations are seasonal and can vastly fluctuate. During the summer months, the
population expands due to tourists and vacationers visiting the nature reserves and beaches of Assateague
Island. Daily populations can reach up to 15,000 in the summer months. During special events like the
carnival and the pony roundup, sponsored by the Chincoteague Volunteer Fire Department each July, the
daily summer population doubles. As a result, businesses in the Chincoteague area are generally targeted

to the seasonal tourist industry, with the exception of fishing.
3.1.2 Land Use

The WFF Main Base contains offices, tracking facilities, range control center, rocket and fuel storage
depot, shops, housing, and an airfield. Off-site, the nearest private home is approximately 1000 feet west
of the Main Gate. Farms and residences are located north across Little Mosquito Creek, approximately
3500 feet from the FTA. The Accomack County landfill (now closed) is located south of State Route 798,
approximately 4500 feet southwest of the FTA and 1000 feet west of the Main Gate. Figure 1-2 shows the
relative locations of the landfill, the Main Gate, and the FTA. The nearest commercial business (a small
store) is located 8000 feet southwest of the site, at the intersection of State Routes 175 and 679. Little
Mosquito Creek forms the northern boundary and Simoneaston Bay, Little Simoneaston Creek, and

Jenneys Gut form the eastern boundary of the Main Base.
The FTA is no longer active for tire fighter training. The taxiway located immediately south of the site is

now used only for vehicle traffic to access areas north ot runway 10-28, which continues to be active for

airfield research and transport activities.
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3.1.3 Drinking Water Resources

Groundwater is the principal source of potable water for WFF and the general vicinity. No major streams
or other fresh surface water supplies are available as alternative sources of water for human consumption.
A groundwater management planning program has been established by the Virginia DEQ, for the Eastern

Shore of Virginia to ensure an optimal balance between groundwater withdrawal and recharge rates. This
balance helps to minimize the problems of water quality due to salt water intrusion, aquifer dewatering,

and well interference in the general area.

Groundwater appropriation within WFF and its immediate vicinity can be categorized into agricultural,

. private, public, and industrial uses. Agricultural uses include crop irrigation and poultry. Based on
reported 1990 water usage data in the Commonwealth of Virginia, Accomack County withdrew a total of
more than 936 million gallons of water for crop irrigation (SWCB, 1991, Bulletin 85). In addition, based
* on an estimate of 0.09 gallons of water per day (gpd) per chicken (SWCB, 1983), an estimated 234,000
gpd were used in 1990 for poultry production in the Eastern Shore area (HWH, 1991).

SWCB permits are required for industrial and public water users withdrawing at least 10,000 gpd. WFF is
presently limited to approximately 8.2 million gallons per month (1991 SWCB Permit ES 0038900). No
record of total annual withdrawal is available for WFF. The Town of Chincoteague (TOC) is also
supplied with water from wells. The 1991 water usage data from the TOC Department of Public Works
indicates a total annual withdrawal of approximately 193.3 million gallons from eight wells located within

WFF property.

Extensive pumping of the upper and lower aquifers is associated with the Town of Chincoteague and WFF
well fields. The Town of Chincoteague well fields are located on the eastern portion of the Main Base,
with wells screened in both the Pleistocene and Miocene age aquifers. The WFF wells are located in
various areas of the facility; however, most of the WFF Main Base supply wells are located in the central
portion of the facility. NASA has recently converted all shallow supply wells to inactive status. Potable
water is now supplied to WFF operations and facilities from five deep wells installed in the Miocene age
aquifers. The well locations and descriptions are presented in Figures 3-1 and Table 3-1. The water table

elevations are presented in Figures 3-2 and 3-3.



TABLE 3-1. WELL DESCRIPTIONS - WALLOPS FLIGHT FACILITY

DATE ELEVATION OF
OF SCREENED TOP OF CASING
INSTAL- DIAMETER DEPTH  INTERVAL CASING (FEET ABOVE WELL
ID OWNER LATION  (INCHES) (FEET) (FEET) TYPE 1929 MSL) TYPE

PLEISTOCENE AGE AQUIFER

MWO0l NASA 1989 2 57 45-55 PVC 34.35 Monitoring Well
MWO02S NASA 1989 2 30 10-30 PVC 33.01 Monitoring Well
MWQ02D NASA 1989 2 57 45-55 pPVC 33.35 Monitoring Well
MWO03 NASA 1989 2 30 10-30 PVC 34.01 Monitoring Well
MWwW04 NASA 1989 2 23 3-23 PVC 10.75 Monitoring Well
MWO5S NASA 1989 2 30 10-30 PVC 38.87 Monitoring Well
MWO05SD NASA 1989 2 45 35-45 PVC 37.712 Monitoring Well
MW06 NASA 1989 2 35 15-35 PVC 36.34 Monitoring Well
MW07 NASA 1989 2 34 24-34 PVC 38.70 Monitoring Well
MWO08 NASA 1989 2 29 19-29 PVC 32.97 Monitoring Well
MWO09 NASA 1989 2 28.9 18.8-28.8 PVC 32.36 Monitoring Well
MWI10 NASA 1989 2 26.5 6-26 pPVC 34.50 Monitoring Well
MW11 NASA 1990 2 26 16-26 PVC 34.66 Monitoring Well
MWI12 NASA 1990 2 30 18-28 PVC 38.01 Monitoring Well
MWI3 NASA 1990 2 25 15-25 PVC 33.53 Monitoring Well
MWI14 NASA 1990 2 62 52-62 PVC 34.55 Monitoring Well
MW15 NASA 1990 2 29 18-28 PVC 37.23 Monitoring Well
MW16 NASA 1990 2 26 16-26 PVC 34.57 Monitoring Well
MW17 NASA 1990 2 35 17-27 PVC 36.92 Monitoring Well
MwW20 NASA 1991 2 62 45-60 PVC 17.64 Monitoring Well
MWZ1A NASA 1991 2 62 45-60 PVC 14.03 Monitoring Well
Mw?22 NASA 1991 2 37 22-37 PVC 9.02 Monitoring Well
MWw23 NASA 1991 2 31 14-29 PVC 1.97 Monitoring Well
MWw24 NASA 1991 2 20 5-20 pvC 11.65  Monitoring Well (Destroyed)
MW25 NASA 1991 2 30 15-30 PVC 34.85 Monitoring Well
MW26S NASA 1991 2 30 15-30 pvC 35.37 Monitoring Well
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TABLE 3.1. WELL DESCRIPTIONS - WALLOPS FLIGHT FACILITY (Continued)

DATE ELEVATION OF
OF SCREENED TOP OF CASING
INSTAL- DIAMETER DEPTH  INTERVAL CASING (FEET ABOVE WELL
ID OWNER LATION (INCHES)  (FEET) (FEET) TYPE 1929 MSL) TYPE

PLEISTOCENE AGE AQUIFER (Continued)

MW26D NASA 1991 2 61 45-60 PVC 34.98 Monitoring Well
MwW27 NASA 1991 2 30 15-30 PVC 36.48 Monitoring Well
MWw28 NASA 1991 2 27 12-27 PVC 33.50 Monitoring Well
MW29 NASA 1991 2 45 30-45 PVC 32.18 Monitoring Well
MW30 NASA 1991 2 30 15-30 PVC 38.16 Monitoring Well
MW3l1 NASA 1992 2 26 16-26 PVC Unknown Monitoring Well
MWw32 NASA 1992 2 26 16-26 PVC Unknown Monitoring Well
Mw33 NASA 1992 2 25 15-25 PVC Unknown Monitoring Well
MW34 NASA 1992 2 27 17-27 PVC Unknown Monitoring Well
MW35 NASA 1992 2 13 3-13 PVC Unknown Monitoring Well
MW36 NASA 1992 2 13 3-13 PVC Unknown Monitoring Well
MW37 NASA 1992 2 14 4-14 PVC Unknown Monitoring Well
MW38 NASA 1992 2 18.5 8.5-18.5 pPVC Unknown Monitoring Well
MW39 NASA 1992 2 19 9-19 PVC Unknown Monitoring Well
Ow-1(D-39) NASA 1991 2 42 17-42 PVC 33.32 Observation Well
OW-2 (D-39) NASA 1991 2 50 20-50 pPVC 34.08 Observation Well
MW40 NASA 1992 2 23 8-23 PVC Unknown Monitoring Well
MW41 NASA 1992 2 335 23.5-33.5 PVC Unknown Monitoring Well
MW42 NASA 1992 2 33.5 18.5-33.5 pPVC Unknown Monitoring Well
Mw43 NASA 1992 2 25 15-25 PVC Unknown Monitoring Well
Mw44 NASA 1992 2 30 15-30 PVC Unknown Monitoring Well
H-114 NASA  Unknown Unknown  Unknown Unknown Unknown Unknown  Retired Drinking Water
H-23 NASA 1948 8 67 40-45,48-53  Unknown 37.0 Retired Drinking Water
F-30 NASA 1948 8 69 49-59 Unknown 37.0 Retired Drinking Water
F-189 NASA  Unknown Unknown  Unknown Unknown Unknown Unknown  Retired Drinking Water
D-36 NASA  Unknown Unknown  Unknown Unknown Unknown Unknown Retired Drinking Water
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TABLE 3.1. WELL DESCRIPTIONS - WALLOPS FLIGHT FACILITY (Continued)

DATE ELEVATION OF
OF SCREENED TOP OF CASING
INSTAL- DIAMETER DEPTH  INTERVAL CASING (FEET ABOVE WELL
iD OWNER LATION (INCHES)  (FEET) (FEET) TYPE 1929 MSL) TYPE
PLEISTOCENE AGE AQUIFER (Continued)
D-37 NASA  Unknown Unknown  Unknown Unknown Unknown Unknown Retired Drinking Water
D-38 NASA  Unknown Unknown  Unknown Unknown Unknown Unknown  Retired Drinking Water
A-40 NASA 1947 8 60 50-60 Unknown 35.0 Retired Drinking Water
B-49 NASA  Unknown Unknown 6 Unknown Unknown 30.0 Retired Drinking Water
A-131 NASA 1963 Unknown  Unknown Unknown Unknown Unknown  Retired Drinking Water
D-39 NASA 1947 8 45 28-33,35-40 Steel 37.0 Retired Drinking Water
D-40 NASA 1947 8 50 28-33,40-45  Unknown 30.0 Retired Drinking Water
F-31 NASA 1948 8 59 49-59 Unknown 33.0 Retired Drinking Water
TOC 3-1 TOC 1975 4 50 40-50  Steel w/SS Screen Unknown  Retired Drinking Water
TOC 3-2 TOC 1975 4 50 40-50  Steel w/SS Screen Unknown  Retired Drinking Water
TOC 3-3 TOC 1975 4 50 40-50 Steel w/SS Screen Unknown  Retired Drinking Water
TOC 3-4 TOC 1975 4 50 40-50 Steel w/SS Screen  Unknown Retired Drinking Water
TOC 3-5 TOC 1975 4 50 40-50 Steel w/SS Screen Unknown Retired Drinking Water
TOC 3-6 TOC 1975 4 50 40-50  Steel w/SS Screen Unknown  Retired Drinking Water
TOC 3-7 TOC 1975 4 S0 40-50 Steel w/SS Screen Unknown  Retired Drinking Water
TOC 3-8 TOC 1975 4 50 40-50 Steel w/SS Screen Unknown  Retired Drinking Water
TOC 39 TOC 1975 4 50 40-50 Steel w/SS Screen Unknown  Retired Drinking Water
TOC-3A TOC 1989 6 55 40-55 Steel w/SS Screen  Unknown Active Drinking Water
TOC-3B TOC 1989 6 60 45-60  Steel w/SS Screen  Unknown Active Drinking Water
TOC-3C TOC 1989 6 60 45-60  Steel w/SS Screen  Unknown Active Drinking Water
MIOCENE AGE AQUIFER
NOAA NASA 1966 8 260 151-? Unknown 35.0 Active Drinking Water
F-113 NASA 1953 8 241 220-230 Unknown 32.0 Retired Drinking Water
D-46 NASA 1948 8 131 110-120 Unknown 33.0 Retired Drinking Water
J-20 NASA 1991 4 255 245-255 PVC Unknown Active Drinking Water
F-35 NASA 1948 8 120 110-120 Unknown 37.0 Retired Drinking Water
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TABLE 3.1. WELL DESCRIPTIONS - WALLOPS FLIGHT FACILITY (Continued)

DATE ELEVATION OF
OF SCREENED TOP OF CASING
INSTAL- DIAMETER DEPTH  INTERVAL CASING (FEET ABOVE WELL
ID OWNER LATION (INCHES) (FEET) (FEET) TYPE 1929 MSL) TYPE
MIOCENE AGE AQUIFER (Continued)
F-112 NASA 1983 4 220 210-220  Stainless Steel 34.0 Retired Drinking Water
H-115 NASA 1990 8 260 190-250  Stainless Steel 33.0 Active Drinking Water
TOCHA TOC 1965 8 262 216-245 Unknown 24.0 Active Drinking Water
TOC-5 TOC 1972 6 256 223-256 Unknown 20.0 Active Drinking Water
TOC-6 TOC 1977 6 260  154-159,180-185, Unknown 12.0 Active Drinking Water
192-197,210-225
TOC-7A TOC 1983 6 107 97-107 Unknown 25.00 Active Drinking Water
TOC-7B TOC 1983 6 106 96-106 Unknown 28.00 Active Drinking Water
TOC-7C TOC 1983 6 100 90-100 Unknown 25.00 Inactive Drinking Water
WELL 1 NASA 1992 8 260 190-225  Stainless Steel 36.67 Active Drinking Water
WELL 2 NASA 1993 8 150 100-145  Stainless Steel 35.10 Active Drinking Water
WELL 3 NASA 1992 8 253 198-248  Stainless Steel 35.80 Active Drinking Water
WELL 4 NASA 1992 8 265 220-260  Stainless Steel 36.50 Active Drinking Water
Abbreviations:
D - Deep
MSL - Mean Sea Level
MW - Monitoring Well
NOAA - National Oceanic and Atmospheric Administration
OW - Observation Well
PVC -  Polyvinyl Chloride
S - Shallow
SS - Stainless Steel
TOC - Town of Chincoteague



The climate at WFF is humid with hot summers and no distinct dry season. From October through March,
the weather at the facility is dominated by continental air masses with relatively low moisture content.
From April through September, the air is more maritime with high moisture content at fow levels due to

circulation around the Bermuda high which reaches its peak intensity during late summer.

The average annual precipitation is 36.8 inches. The average mean temperature is 56 degrees Fahrenheit
(°F), with a mean maximum of 64°F and mean minimum of 48°F. The prevailing wind direction is

southerly during the summer and northwesterly during the winter. The average wind speed is 10 knots.

The cloud cover varies from month to month, being at a minimum in August and at a maximum in
January. From June through November, the WFF and surrounding areas are subject to severe
thunderstorms, high tides, heavy rains, and phenomena generally associated with hurricane season. From

December through March, the area is subject to cold fronts, snow storms, and sleet.
3.2 GEOLOGY
3.2.1 Regional Geology

WFF is part of the Atlantic Coastal Plain physiographic province, a seaward sloping stratified body of
sediments bounded on the west by the Fall Line and on the east by the Atlantic Ocean. The facility is
underlain by approximately 7,000 feet of unconsolidated sediments dating back to the Cretaceous era.

Below this group of sediments are crystalline basement rocks of igneous and metamorphic origins.

The water-bearing formations within the WFF area consist of sedimentary units ranging in age from
Cretaceous to Quaternary. The two uppermost stratigraphic units, the Yorktown Formation and the
overlying Columbia Group, are the most important water supply formations for agricultural, domestic,

public, and industrial uses.

The Yorktown Formation is the uppermost unit in the Chesapeake Group. The formation consists of fine

to coarse, greenish gray, glauconitic quartz sand, which is clayey, silty, and in part, shelly. The formation
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generally occurs at depths of 60 to 140 feet in Accomack County.

The Columbia Group sediments represent the Holocene and Pleistocene epochs. Lithologies of the
Columbia Group consist of sand, sandy clay, and minor amounts of gravel deposited during the sea level

fluctuations in the Pleistocene epoch.

3.2.2 Site Geology

WFF ranges in elevations from mean sea level (MSL) to 42 feet above MSL, yet is mostly flat with slope
ranges of 1 to 2 percent. The Columbia group, as encountered in borings completed at the FTA, is
comprised of light brown to tan silty sand to sand with trace clay. The upper aquitard of the Yorktown

Formation was encountered at depths of 32 feet to greater than 50 feet, and consisted of gray silty clay.

3.3 HYDROGEOLOGY

3.3.1 Surface Water Receptors and Drainage Patterns

The generally level topography of WFF is typical of the Atlantic Coastal Plain physiographic province in
Virginia. WFF is surrounded by a shallow estuarine environment which is composed of several marsh
areas and creeks. Surface water generally flows toward the nearest marsh or creek. Drainage is poorly

detined on Wallops Main Base.

General drainage patterns in the FTA vicinity ultimately flow north toward Little Mosquito Creek and
adjacent marshlands through percolation into the Pleistocene age aquifer and recharge into the surface
water. The topography in the vicinity of the FTA is generally flat, with slopes ranging from 1 to 2
percent. Surface water in the immediate vicinity of the FTA is limited to intermittent ponds formed by
surface runoff to low-lying areas north and northeast of the former training pit area. No direct connection

between site surface runoff and more permanent tributaries or creeks were observed at the site.

3.3.2 Regional Hydrogeology

The Virginia DEQ identified four major aquifers on the Eastern Shore of Virginia: the Pleistocene age
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aquifer (Columbia Group) and the three separate units of Miocene age aquifers in the Yorktown
Formation. The water table aquifer, or Pleistocene age aquifer, is unconfined and typically overlain by
wind-deposited beach sands, silts, and gravel. This aquifer occurs between depths of 5 and 60 feet below
the ground surface. The water table ranges from depths of 0 to 30 feet below the ground surface.

The top of the shallowest confined Miocene age aquifer of the Yorktown Formation is found at depths of
approximately 100 feet below the ground surface at WFF. It is separated from the overlying Pleistocene
age aquifer by a 20- to 30-foot confining layer (aquitard) of clay and silt. The Miocene age aquifers are

classified as the upper, the middle, and the lower Miocene age aquifers. Correspondingly, each Miocene

age aquifer is overlain by the upper, middle, and lower Miocene age confining units.

In general, the water table (Pleistocene) aquifer on the Delmarva Peninsula is recharged by surface waters
or infiltration of precipitation. The confined aquifers are recharged by the same process, but from more
distal areas located beyond the immediate vicinity of WFF. The annual average rainfall for WFF is 36.8
inches, with an estimated annual net precipitation of 14 inches. Recent aquifer tests estimated hydraulic
conductivity values ranging from approximately 80 to 200 feet per day, and specific yield values from 0.01
to 0.13 for the unconfined aquifer. These values are typical of unconfined aquifers with mainly sand units,
and demonstrate the ease of recharge from surface water and/or precipitation. The tests also indicated no
significant vertical leakage through the aquitard below the unconfined aquifer. The confined aquifers are
believed to be recharged laterally from an area with greater vertical leakages. Aquifer tests performed on
the upper and middle Miocene age aquifers indicated a transmissivity range of 8500 to 14,500 gallons per
day per foot (gpd/ft), a storativity of +0.003, and a vertical leakage rate of 0.0352 feet per day for the
upper Miocene aquifer. The middie Miocene age aquifer indicated a transmissivity of 4000 gpd/ft and a
storativity range ot 0.002 to 0.0002.

3.3.3 Site Hydrogeology

On the Main Base, groundwater flow in the Pleistocene age aquifer is generally east and north toward
nearby creeks and to the marsh area which separates Chincoteague Island from the mainland. However,
the shallow groundwater flow appears to be locally influenced on WFF by cones of depression and a
groundwater divide along Runway 04-22. The cones of depression result from water supply wells installed
in the Pleistocene age aquifer by the Town of Chincoteague. The groundwater divide separates

groundwater flow on either side of Runway 04-22.




Figures 3-1 and 3-2 are groundwater contour maps developed from data collected from monitoring wells
completed in the Pleistocene age aquifer at the FTA. Groundwater flow in this portion of the Pleistocene
age aquifer is generally northeast toward an unnamed tributary to Little Mosquito Creek. The unnamed

tributary flows north and is located approximately 500 feet east of the FTA.

locations are indicated in Figure 3-8. The water table depth ranged from 14 to 16 feet below the ground
surface during the January 1994 sampling event. Groundwater flow in the water table (Pleistocene)

aquifer is toward the north-northeast, and generally follows the topographical trends of the site.
3.4 ECOLOGICAL SETTING

3.4.1 Wildlife

3.4.1.1 Birds

There are approximately 250 species of birds that may reside or migrate through the WFF vicinity.
During the August 1994 site survey, significant bird activity was noted in the woodland area bordering the
former FTA. Also, several perching bird species were observed in other areas of the FTA. Potential bird

species at WFF are discussed in the Ecological Risk Assessment (Section 7.0).
3.4.1.2 Mammals

The setting at WFF provrides several habitat types that may include approximately 61 mammal species.
Few wildlife signs or tracks of these species were observed. Signs observed during the August 1994 site
reconnaissance indicate the potential existence of white-tailed deer (Odocoileus virginianus) and raccoon
(Procyon lotor) at or near the former FTA. Although, they were not observed during the ecological site
survey, rabbits and bats may also be present. Additional information concerning the animal species

present at the FTA can be found in Section 7.0.
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3.4.1.3 Reptiles and Amphibians

According to the WFF Environmental Resources Document, some species of reptiles such as the black rat
snake (Elapha obsoleta), hognose snake (Heterodon platyrhinos), box turtle (Terrapene caolina), and
northern fence lizard (Sceloporus undulatus) can be found in low lying shrubs at the WFF. Based upon the

observed habitats, these snakes and terrestrial turtles may be present at the former FTA.

3.4.2 Threatened and Endangered Species

The Commonwealth of Virginia Department of Game and Inland Fisheries (VDGIF) provided information
for the WFF Environmental Resources Document (NASA, 1994) on the Threatened and Endangered
(T&E) species of plants and animals potentially present at WFF. None of these species were observed at
the former FTA, nor were they expected, since the majority of these species live in or near the ocean, and
the FTA is inland (on the main land portion of WFF). No suspect growing or nesting areas were observed

at, or in the vicinity of, the FTA.

3.4.3 Habitat Types

The four primary terrestrial habitat types on WFF are dune systems, island forest, upland grasslands, and
upland forest. The former FTA is dominated by upland field habitat, with a nearby upland forest. The
field habitat at this site is mowed, limiting its potential as a habitat for wildlife. Also, the former FTA is

bounded by an active runway.

The important habitats at, or near, the FTA are the pine woodland north of the site (not actually part of the
- FTA), and the scrub-shrub habitats forming on the dirt and brush piles scattered over the site. The

ecological setting is described in greater detail in Sections 7.3 and 7.4.

The aquatic environment at WFF is varied, comprising freshwater, brackish, and saltwater; tidal and non-
tidal; lotic and lentic; and intermittent and perennial systems. However, the only aquatic systems noted in
the immediate vicinity of the tormer FTA during the August 1994 site reconnaissance were a small, 10- by
15-foot, shallow (depth less than 2 inches) intermittent pool, and a tributary to Little Mosquito Creek,

located over 500 feet to the east of the site. Due to the topography of the FTA and the surrounding area,
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surface runoff from the FTA is not expected to enter this tributary. Several small intermittent pools were

present at the site during the January 1994 sampling event.

3.4.4 Wetlands

Wetlands on WFF can be classified as tidal and non-tidal wetlands. Wetland delineations at WFF are
coordinated with the Accomack County Wetlands Board (ACPC, 1983), the Commonwealth of Virginia,
and the U.S. Army Corp of Engineers. There are three predominant wetland systems in the WFF area:
marine wetlands, estuarine wetlands, and palustrine wetlands (ERD, 1992), However, no wetlands were

reported or noted for the former FTA area.
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4.0 NATURE AND EXTENT OF CONTAMINATION

4.1 POTENTIAL CONTAMINANT SOURCES

Potential sources contributing to contamination of groundwater and other environmental media were
identified from the previous investigation. The four sources of possible contamination at the site are: the
former fire training pit area, the sludge pile, the construction debris disposal area, and the former drum

storage area. These four source areas were targeted for investigation during the RI field activities.

4.1.1 Former Fire Training Area

Approximately 20 truckloads of soil, suspected to contain a mixture of jet fuel and crankcase oil, as well as
other waste products, were removed from the former fire training pit area in 1986. Although fire training
exercises are no longer conducted at the site and much of the contaminated soil may have been removed,
contaminated media including soil may still be present at the site. Therefore, based on the previous fire
training activities, the fire training pit area is considered the most likely source of contamination of

environmental media at this site.

4.1.2 Sludge Pile

The sludge pile is located west of the former fire training pit area, and resulted from the disposal of sludge
from the WFF wastewater treatment plant. The pile is approximately eight to ten feet tall. Subsurface soil
samples were collected downgradient of the pile and samples were removed from the pile itself to

characterize potential contribution to site contamination.

4.1.3 Construction Debris Disposal Area

The construction debris disposal area is located to the east of the former fire training pit area . This area
was previously referred to as a construction debris landfill. Originally the pile was intended for clean fill
storage, but was used also for construction debris disposal. Subsurface and surface soil samples were
collected in and around the area. Two other piles in the area of the construction debris piles were
identified, but they appeared to contain only land clearing debris generated during the summer of 1993.

The piles range from 3 to 8 feet tall.
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4.1.4 Former Drum Storage Area

Drums were reportedly stored on wooden pallets in the area east of the sludge pile. The contents of the
drums are unknown, but may have been materials used in the training exercises. The date of removal of
the drums and the integrity of the drums are unknown.

4.2 CONTAMINANT DISTRIBUTION AND TRENDS
4.2.1 Data Presentation

Each sample was analyzed for volatiles, semivolatiles, pesticides/PCBs, and metals. The data were then
verified and validated. The resulting data are presented in Tables 4-1 through 4-5. The tables include only
TAL and TCL chemicals for which detections were reported.

Surface soil analytical results are presented in Table 4-1. Samples SS-01 through SS-04, and SS-07
through SS-10 were collected in the area of the former fire training pit and downgradient. Samples SS-05
and SS-06 were collected in the former drum storage area. Sample SS-03 contained several Polycyclic
Aromatic Hydrocarbons (PAHs), but there were few detections in the other samples. Total petroleum
hydrocarbon levels range from 39.7 to 5890 micrograms per kilogram (ug/kg) in the surface soil samples.

Forty-six subsurface soil samples were taken during the 1993 boring program. Samples SB1-1 through
SB2-4 were taken in the area of the sludge pile. Samples SB13-1 through SB14-4 were taken in and
around the construction debris disposal area. The remaining subsurface soil samples were collected

upgradient and downgradient of the former fire training pit. The data are presented in Table 4-2.

The groundwater analytical data are presented in Table 4-3. The two wells with the most elevated
contamination were MW-02S and MW-55S. These samples were collected in the suspected area of the

former fire training pit.

Surface water analytical results are presented in Table 4-4. Very few volatiles, pesticides, or semivolatiles
were detected, but several metals were reported in the surface water samples. Sediment analytical results
are presented in Table 4-5. Trace amounts of volatiles, pesticides/PCBs, semivolatiles, and metals were
detected in the four sediment samples. Results from analytical testing conducted in 1990 as a part of the SI
are presented in Table 4-6 (Groundwater) and Table 4-7 (Surface Soil). Only those compounds with at
least one detection are presented in the data summary table for each medium sampled.
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TABLE 4-1
1994 SURFACE SOIL. ANALYTICAL RESULTS

Dup of SS03

$S01 $S02 $S03 SS04 SS06 $S06 SS07 SS08 SS09  §S10  SS11

‘Methylene Chioride S W 7B 8B (6B T 11B V338 24B 3B . ASB- 468 8B 1B
Acetone U<10 98 U<10 U<1i0 110B 298B 708 188 208 128 8B

PESTICIDES AND PCBs (ug/kq)

‘Heptachlor LT UL USE 7‘*1‘: USt7 USt? U<t.7 08B . 0108 1 0A3E <t7 U7
Heptachlor epoxlde . . . U<1.7 . . . . 0.24 J
‘Endosulfan- S Ut B i SRRy Y S § SR AP By SER PO T 1 18 J 7 UtT
Dieldrin U<1.7
4:4'-DDE. 144
4,4-DDD U<3.3
‘Endosuifan:sulfate 0317
4,4-DDT 294
Methoxychlor U<t7:
Endrin ketone U<33
‘Endrin‘aidehyde Y<3 3
alpha-Chlordane U<1.7
gamma-Chiordane <17
SEMIVOLATILES {ualkg)

Phenanthrene

Fluoranthene

Pyrene

‘Benzo ﬂuoranthene
’Benzo(k)ﬂuomthene
Benzo(a)pyrene

Benzo(gh)perylene )
Disn-butyiphthalate: . 0RO V<10 1070100 : Je10 o iusiy
Bis(2-ethythexyl)phthalate U<10 U<10 U<10 u<10 U<10 U<10 U<10 U<10 U<10 U<10 U<10

INORGANICS (mq/ka)
Aluminum

Arsenic

Barium

Cadmium

Galeiumz' =

Chrom(um

Cobalt’:

Cop|
fron:
Lead
Magriesium
Manganese
Nickel::-
Potassium
Sodium;’
Vanadium
Zine:

U<dbd  U<422 U<426
27 U<T0:4 U<BA0  U<BLE
84 1M1 115
18344738 46B

KEY:
8801 = Fire Training Area Surface Soil Sample No. 1

U<§ = Undetected above numerical detection limit (e.g., 8)

J = Analyte present. Reported value may not be accurate or precise.

B = Not detected substantially above the level reported in lab or field blanks.

L = Analyte present. Reported vaiue may be biased low. Actual value is expected to be higher.
K = Analyte present. Reported value may be biased high. Actual value is expected to be lower.
ug/kg = microgramvkilogram

mg/kg = milligram/kilogram
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TABLE 4-2

1993 SUBSURFACE SOIL ANALYTICAL RESULTS

sB1-1 $B1.2 SB1-3

VOLATILE ORGANICS (ug/ka)

Acetana 1B 288 248 41E
cis-1,2-Dichloroethene U<10 U<10 U<
Methylene Chioride S for
2-Butanone

1,1, 1-Trichloreethane
Toluene

PESTICIDES AND PCBs (ugfka)

alpha-BHC o
delta-BHC

Endosulfan sulfate
4,4-DDT
Methaxychior

Aroclor-1260
Toxaphena % ..

KEY:

SB1-1 = Fire Training Area Soil Boring Sample No. 1 at 5 feet deep
S§B1-2 = Fire Training Area Soil Boring Sample No. 1 at 10 feet deep
SB1-3 = Fire Training Area Soil Boring Sample No. 1 at 15 feet deep
SB1-4 = Fire Tralning Area Soil Boring Sample No. 1 at 20 feet deep

U<8 = Undetected above numerical detection limit (e.g., 8)

{Oup of
sB15-1)
sB2-1 §B2-2 §B2-3 s$B24 $B3-1 $B3-2 $B33 $B441 sB4-2 sB43

128 - 198 728 33 1TB - 0B 788 308 218 188
U<10  U<10

J = Analyte present. Reported value may not be accurate or precise.

B = Not detected substantially above the level reported in lab or field blanks.

L = Analyte present. Reported vaiue may be biased low. Actual value is expected to be higher.
K = Analyte present. Reported value may be biased high. Actual value is expected to be lower.
ug/kg = microgramvkilogram
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TABLE 4-2 cont
1993 SUBSURFACE SOIL ANALYTICAL RESULTS

§B5-1 $B5-2 58563 $B6-1 $B6-2 $86-3 $B87-1 $B7-2 $B7-3 $B8-1 $88-2 §88-3 SB9-1 $89-2

Acetone L 3B B 1508 27B  100B
cis-1,2-Dichiorosthene U=<10 U<i0 U<1Q U<10 U<10
Methylens Chloride i - = 88 - g8 4B 2O §B .7 128
2-Butanone 2B 6B 2B U<10 U<10
1,1,1-Trichloroethana : Us10 . U100 U107 U108 0 Up
Toluene U<10  Us<10  U<10  U<10  U<10 <10
Ethylbenzene i Usto U810 U<10 T U0 W10 ¢ Usid : U :
Total Xylenes U<t U<10  U<10  U<iD  U<10  U<10  U<i0  U<iD  U<iD  U<i0  U<10 27 u<10 u<10

PESTICIDES AND PCBs [uglkg)
alpha-BHC -
delta-BHC
Héptachior
Aldrin
Endosulfan |
Dieldrin
44DDE
Endrin
44-DDD
4,4-DDT
Methoxychior _
Heptachior epoxide
Toxaphena ;

uB

U<t U<i0 20 Ued U0 U<10

gamma-Chlordane

VOLATILE TiCS [uglkg)

Tetramethylbutane
Dimefhyhexane RT = 8,80,
Dimethylhexane RT = 10.32
Trimethylpentans
Nonane _
Ethylmethylbenzene:
Trimethylbenzene

KEY:

SB1-1 = Fire Training Area Soll Boring Sample No. 1 at § feet deep J = Analyte present. Reporied value may not be accurate or precise.

SB1-2 = Fire Training Area Soil Boring Sample No. 1 at 10 feet deep B = Not detected substantially above tha leve! reporisd in lab or field bianks.,

SB1-3 = Firs Tralning Area Soii Boring Sample No. 1 at 15 feet deep L = Analyte present. Reported vaite may be blased low. Actual value is expected to be higher.
SB1-4 = Fire Training Area Soil Boring Sample No, 1 at 20 feet deep K = Analyte present. Reported value may be biased high. Actual value is expected to be lower.
U«<8 = Undetected above numerical detection fimit (e.g., 8) prg/kg = microgram/kilogram
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VOLATILE ORGANICS (mfkg)

cis-1 2 Dichloroethene
Methylene Chioride.
2-Butanone
1,1,1-Trichloreethane
Toluene

Ethylbenzene .. 5
Total Xylenes

PESTICIDES AND PCBSs (ualka)

alpha:BHC
delta-BHC

- gamma-BHC (Lindane) +.

Heptachlor

Hepta‘?:h|or epoxide .
‘Endosuifan’ i
Dieldrin

..“| DDD"“-""" ER IR R
‘Endosulfan:suffate <

Aroclor-1 260

KEY:

TABLE 4-2 cont

1993 SUBSURFACE SOIL ANALYTICAL RESULTS

u<t7

U<1.7

TMERT o U

U<1.7
U<33

U<33

SB1-1 = Fire Training Area Soif Boring Sample No. 1 at 5 feet deep
8B1-2 = Fire Training Area Soil Boring Sample No. 1 at 10 feet deep
8B1-3 = Fire Training Area Soil Boring Sample No. 1 at 15 feet deep
SB1-4 = Fire Training Area Soil Boring Sample No. 1 at 20 feet deep
U<8 = Undetected above numerical detection limit (e.g., 8)

U <33 U<33

J = Analyte present. Reported value may not be accurate or precise.
B = Not detected substantially above the level reported in lab or field blanks.

L = Analyte present. Reported value may be blased low. Actual value is expected to be higher.
K = Analyte present. Reported value may be biased high. Actual value is expected to be lower.

ng/kg = microgram/kilogram

*SB810-3 = Fire Training Area Soil Boring Sample No. 3 at 20 feet deep

{Dup of

SB16-1)
SBS-3 SB10-1 §B10-2 *SB10-3 SB11-1 SB11-2 SB11-3 SB12-1 SB12-2 $B12-3 SB1341 SB13-2 $B13.3 SB134
B0B - 428 SNB. . 4TB . 248 U24B - 47TB 168 128 U30B U<10 368 698 - - U<10
U<i0 U<10 U<10 U<10 u<to  U<10 U<10  U<10 U<10  U<10
128 eR e 1 1:-¥ el 4R ‘8B T8 98 138 8B
u<1o ) - U<10 u<10 u<1o ) U<10 u<10 u<10 u<10 U<10
Us1a - Uet0s L Ll<10: SAUS18. . U100 Usta U100 U1 U0 Ut
u<10 - U<10 U<10 U< U<10  U<10  U<10  U<10
- Us100 10 Hie0s - (=10 )0t U1 e Ui
U<10 U<10 U<10 U<10 U<10 U<10 U<10 U<10

Uty W7 T U2
U<1.7




TABLE 4-2 cont
1993 SUBSURFACE SOIL ANALYTICAL RESULTS

SB14-1 SB14-2 SB14-3 SB14-4

VOLATILE ORGANICS (gglkg[

Acetone S U<10

cis-1,2- chhloroethene v u<1o
Methylene Chioride’ . - . 8B . 4B
2-Butanone u<1t0
1,1,1-Trichloroethane U0 T US0
Toluene U<10
Ethylbenzene y<10

Total Xylenes U<10

PESTICIDES AND PCBs (gg/ ka)
alphasBHC: S

deita-BHC ‘ ‘
gamma-BHC:(Lindane) = .0
Heptachlor
Aldrin e
Heptachlor epoxude

44DDE
Endrin
;.Endosu!fan W
4 4'-DDD

Endosulfan'sulfate .~ . .
4, 4'-DDT

Endnn ketone

Endrin aldehyde
alpha-Chlordane 7
gamma-Chiordane S e U<t.?7 il i
Aroclor-1260 U<33 U<33 U<33 460

KEY:

SB1-1 = Fire Training Area Soil Boring Sample No. 1 at 5 feet deep

SB1-2 = Fire Training Area Soil Boring Sample No. 1 at 10 feet deep

SB1-3 = Fire Training Area Soil Boring Sample No. 1 at 15 feet deep

SB1-4 = Fire Training Area Soil Boring Sample No. 1 at 20 feet deep

U<8 = Undetected above numerical detection limit (e.g., 8)

J = Analyte present. Reported value may not be accurate or precise.

B = Not detected substantially above the level reported in lab or field blanks.

L = Analyte present. Reported value may be biased low. Actual value is expected to be higher.
K = Anzalyte present. Reported value may be biased high. Actual value is expected to be lower.
po/kg = microgram/kilogram
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TABLE 4-2 cont
19983 SUBSURFACE SOIL ANALYTICAL RESULTS
(Dup of

: $B15-1)
SB1-1 $B1-2 sSB13 SB2-1 $B2-2 $B2-3 SB24 SB31 SB3-2 SB3-3 SB4-1 SB4.2 SB4.3 SBS-1

SEMIVOLATILES (narkq)

Di-n-butylphthalate. -~ <* - 1708 67TB ...200B-  82B. . 74B. 1208 86B 778 . 420B: . 36B  76B ... SI/Bi 77B
Butylbenzy|phlhalate U<330 U<330 U<330 U<330 U<330 U<330 U<330 13() B
Bis(2-ethylhexy)phthalate . U<330 SUg0B U330 o U330 ¢ U<330 . 1004 0 4405 UA30
Di-n-octylphthalate U<330  U<330 U<330 U<330 U<330 U<330 U<330 U<330  U<330 U<330 634 U<330 U<330

SB5-2 $B53 SB6-1 sB6-2 SB6-3 §B7-1 sB7-2 SB73 $B8-2 $Bg8-3 §B9-1 SB10-1 'SB103 S§B11-1

SEMIVOLATILES 7(_;;_ alka)

Anthracene .
Dn-n-butylph!halate
Fluoranthene . -

Pyrene ‘
Butylbenzylphthalate -
Benz(a)anthracene
Chrysene, L

Dtbenz(a h)anth(acene » 3

KEY:

$B1-1 = Fire Training Area Soll Boring Sample No. 1 at 5 feet deep J = Analyte present. Reported value may not be accurate or precise.

SB1-2 = Fire Training Area Soil Boring Sample No. 1 at 10 feet deep B = Not detected substantially above the level reported In fab or field blanks.

SB1-3 = Fire Tralning Area Soil Boring Sample No. 1 at 15 feet deep L = Analyte present. Reported value may be biased low. Actual value Is expected to be higher.
SB1-4 = Fire Training Area Soil Boring Sample No. 1 at 20 feet deep K = Analyte present. Reported value may be biased high. Actual value is expected to be lower.
U<8 = Undetected above numerical detection limit (e.g., 8) pg/kg = microgram/kilogram

*$B10-3 = Fire Training Area Soil Boring Sample No. 3 at 20 feet deep
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TABLE 4-2 cont
1993 SUBSURFACE SOIL ANALYTICAL RESULTS

(Dup of (Dup of
S$B16-1) $B812-2)
$811-2 $SB11-3 SB12.1 SB12-2 SB13.1 SB13.2 SB13-3 SB134 SB14-1 SB14-2 SB14-3 SB144 SB16-1

SEMIVOLATILES {ur/kg)

Phenanthrene - - U B4 U€330 U<330  U<330 - U<330 o U<330
Di-n-butylphthalate 60B  77B 60 B <330
Fluoranthene 040 U<330 - U<330
Pyrene , ) 76J  U<330  U<330
Benz(a)anthfacene: . G629 Uealn <330
Chrysene o 5§04  U<330 U<330
Bis(2-gthylhexylphthala ©340B uo 520 U330
Di-n-octylphthalate U<330 U<330  U<330
) 820 US30 U3k U
Benzo(k)fluoranthene U<330
Benzo(a)pyrene ..

88174 SB1%81 SB19-2 $B201 8B20-2 $B231 SB304 SB404

SEMIVOLATILES (ug/ka)

iethylphthalate:
.Di-n-butylphlhalate

U<330 , ‘U<330

U330

U<330

KEY:

SB1-1 = Fire Training Area Soil Boring Sample No. 1 at & feet deep

SB1-2 = Fire Training Area Soil Boring Sample No. 1 at 10 feet deep

$B1-3 = Fire Training Area Soil Boring Sample No. 1 at 15 feet deep

SB1-4 = Fire Training Area Soil Boring Sample No. 1 at 20 feet deep

U<8 = Undetected above numerical detection limit (e.g., 8)

J = Analyte present. Reparted value may not be accurate or precise,

B = Not detected substantially above the level reported in lab or field blanks.

L = Analyte present. Reported value may be biased low. Actual value is expected to be higher.
K = Analyte present. Reported value may be biased high. Actual value is expected to be lower.
1gfkg = microgram/kilogram
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TABLE 4-2 cont
1993 SUBSURFACE SOIL ANALYTICAL RESULTS

KEY:

SB1-1 = Fire Training Area Soil Boring Sample No. 1 at 5 feet deep
SB1-2 = Fire Training Area Soll Boring Sample No. 1 at 10 feet deep
SB1-3 = Fire Training Area Soil Boring Sample No. 1 at 15 feet deep
SB1-4 = Fire Training Area Soil Boring Sample No. 1 at 20 feet deep
U<8 = Undetected above numerical detection limit (e.g., 8)

sB1-1 $81-2 sB13 SB14  SB241 $82-2 $B2-3 $B24 $B3-1 $B32 §B33 SB4-1
INORGANICS {marka)
Aluminum ~ o 81700 61800 . 862447800 9620 ‘24800 13000 12900J 126000 7 132004 95604
Arsenic U<t 2.7 26 3.2 58 2
Barum T R T oo s, 403 178 16.4
Beryllium U<0.87 U<0.96 U<0.8 U<0.91 U<0.91
Calcium S 464 e 824y 286 198
Chromium 13.6 8.2
Cobalt A8 Us1.6
Copper U<2.6 U<27
fron 9810 - 4180
Lead 3.8 3.5
Magnesium - 81 §74
Manganese 36.6 29.6
Mercury U<0.11, 041
Nickel U<7.8 U<8.6
Potasslum - 1030 513
Silver U<1.1 U<14
Sedium 146 8 106 8
Vanadium 17.6 9.7
Zing - - 1.9 3B

J = Analyte present. Reported value may not be accurate or precise.

B = Not detected substantially above the level reported in lab or field blanks.

L = Analyte present. Reported value may be blased low. Actual value Is expected to be higher.
K = Analyte present. Reported value may be biased high. Actual value is expected to be lower.
mg/kg = milligram/kilogram
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TABLE 4-2 cont

1993 SUBSURFACE SOIL ANALYTICAL RESULTS

KEY:

SB1-1 = Fire Training Area Soil Boring Sample No. 1 at 5 feet deep
SB1-2 = Fire Training Area Soil Boring Sample No. 1 at 10 feet deep
$B1-3 = Fire Tralning Area Soil Boring Sample No. 1 at 15 feet deep
SB1-4 = Fire Training Area Soil Boring Sample No. 1 at 20 feet deep
UJ<8 = Undetected above numerical detection fimit (e.g., 8)

sBs-2 §B53 SB6.1  SB6-2 SB6.3 SB7-4  SB72 SBT3 SB84 S§B82 SBS-3  SBI9-
INORGANICS (matka)
Aluminum 1100 J . 10800°3 - 11500 J 4830 5830 63104 4860 878J 4870
Arsenic 1.5 21 36 22 19 U<1.3 14
Barlum S SRR 198 1897 108 . 04 0 32 6.4 .
Beryllium U<0.80 U<088  U<id U<0.89
Calclum 1437 7114 - 602B 7658 -
Chromium 6.3 6.1 1.7 4.6
“Cobalt U8 UL1E 0 Ust8 Uet§ oo
Copper U<2.6 U<25 U<3.1 26
Iron - 2080 2060 . - 896 2890
Lead 2.1 2 0981 U<0.42
Magnesium 197 222 . 863 262
Manganese 26.7 20.6 228 2 16.1
Meroury U042 U041 U040 U043 Usadt
Nickel U89  U<78  U<76  U<92  U<7.8
‘Potassium 14200 1JeR98 - US300. 0 U471 - 488 -
_ U<t2 U<t U0 U<13 U<l
B' 192B . 915B. .79B  936B  1MB
15.8 6.7 58  U<18 5.9
71098 3B 4B 2R TR

J = Analyte present. Reported value may not be accurate or precise.

B = Not detected substantially above the level reported in lab or field blanks.

L = Analyte present. Reported value may be biased low. Actual vaiue Is expected to be higher.
K = Analyte present. Reported value may be biased high. Actual value is expected to be lower.
mg/kg = milligram/kilogram
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TABLE 4-2 cont

1993 SUBSURFACE SOIL ANALYTICAL RESULTS

SB10.2 *SB10-3

{Dup of
SB16-1)

sB11-1 SB112 SB113 SB12-1 $SB12-2

INORGANICS (malka)
Aluminum :
Arsenic

Barium

Beryllium

Calcium
Chromium

Cobalt

Copper

Iron

Lead

Manganese
Marcuty

Nickel

Potassium

Silver

Vanadium

Zing.

KEY:

S$B1-1 = Fire Tralning Area Soil Boring Sample No. 1 at 5 feet deep
SB1-2 = Fire Training Area Soil Boring Sample No. 1 at 10 feet deep
SB1-3 = Fire Training Area Soil Boring Sample No. 1 at 15 feet deep
SB1-4 = Fire Training Area Soil Boring Sample No. 1 at 20 feet deep

U<8 = Undetected above numerical detection limit (e.g., 8)

... 276004

19704
Ut

BB . 4470 J..:130

J = Analyte present. Reported value may not be accurate or precise.
B = Not detected substantially above the level reported in lab or field blanks.

L = Analyte present. Reported value may be biased low. Actual value is expected to be higher.
K = Analyte present. Reported value may be biased high. Actual value is expected to be lower.

mg/kg = milligram/kilogram

*$B10-3 = Fire Training Area Soil Boring Sample No. 3 at 20 feet deep
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Cobalt

TABLE 4-2 cont

1993 SUBSURFACE SOIL ANALYTICAL RESULTS

(Dup of
$B12-2)
S$B15-41 sB16-1

$B14-1 S$B14-2 S$B14-3 $B144
INORGANICS (mafka) ) o
Aluminum .~ 1048900 . 82001920
Arsenic 13
Barium " LU 48
Berylium U<1.0
Caleium: -

Chromium

Coppet
lron .
Lead =~
Maghesiura .
Manganese

‘Mercuty: © o s

Nickel

SB1-1 = Fire Training Area Soil Boring Sample No. 1 at 5 feet deep

SB1-2 = Fire Training Area Soil Boring Sample No. 1 at 10 feet deep

SB1-3 = Fire Training Area Soil Boring Sample No. 1 at 15 feet deep

SB1-4 = Fire Training Area Soil Boring Sample No. 1 at 20 feet deep

U<8 = Undetected above numerical detection limit (e.g., 8)

J = Analyte present. Reported value may not be accurate or precise.

B = Not detected substantially above the level reported in lab or field blanks.

L = Analyte present. Reported value may be biased low. Actual value is expected to be higher.
K = Analyte present. Reported value may be biased high. Actual value is expected to be lower.
mg/kg = milligram/kilogram

14K
s 103
U<0.87
168




TABLE 4-3
1994 GROUNDWATER ANALYTICAL RESULTS

(Cross

gradient) (DNAPL) (Upgradient) Upgradient) (DNAPL)

MW-01D MW-02-1 MW-02D MW-02S MW34S MW.53S MW-84S MW-S5D-1 MW-550
'VOLATILE ORGANICS (g}
Acstone:

1,1-Dichlaroethane
1,1:Dichloroethene
cis-1,2-Dichioroethene
Methylene Chioride
Chioroform
2:-Butanone
1,1,1-Trichloroethane
Benzene: :
Tetrachloroethene
Toluepe' . .-
Ethylbenzene
TotakiXylenes i s i

VOLATILE TICS (uqfl}

Ewmembemne : i O SO R ; --:,:;:»_ L 56059"5:
Trimethylbenzene ‘ ; ‘ _ §3J §3J
Tetramethiylbenzene: = o LR el AT R 38 28y
Alkyl Benzene 52 ’
Trichloroflucromethane: U IR SR : ST

PESTICIDES AND PCBs (ug/l) _
alpha-BHC . i i =0

U<0.10

Endosuifan 1l
Endosutfansdifate "
44-DDT
Methoxychior:: -

Endrin ketone
Endrinzaldehyde
alpha-Chlordane
gamma-Chlordane .

u<0.

10

KEY:

MW-01D = Fire Training Area Deep Groundwater Sampie No. 1

MW-021 = Fire Training Area Intermediate Groundwater Sample No. 2

MW-03S = Fire Training Area Shallow Groundwater Sample No. 3

MW-55D-1= Fire Training Area DNAPL Sample

U<8 = Undetected above numerical detection limit (e.g., 8)

J = Analyte present. Reported value may not be accurate or precise.

B = Not detected substantiatly above the level reported in lab or field blanks.

L = Analyte present. Reported value may be biased low. Actuat value is expected to be higher.
wg/l = micrograrniliter
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TABLE 4-3 cont
1994 GROUNDWATER ANALYTICAL RESULTS

(DNAPL) (DNAPL)

MW-558 MW.56D.1 MW-56D MW-57S MWSESS MWSE9S MW-601 MW-511-1
VOLATILE ORGANICS (gg_)
Acetone R s B g
1, 1-Dxchloroethane
t:1-Dichloroethene:;
cis-1,2-Dichloroethene
Methytene:Chiacide -
Chiloroform
2-Butanone.
11 1-Tnchloroethane
Benzene:..
Tetrachlaroethene
Toluens:
Ethylbenzens
Total:Xylenes

VOLATILE TICS {1.q/ [
Ethylmethyibenzene
Trimethylbenzene
Totramethytbenzens: « " 470
Alkyt Benzene )
TFrichlorefuoromethane: -1

. ESTICIDES AND PCBs (1:.9/T)

:gamma-BHE (Lindane): 7
Aldrin
Haptachlor-epoxide: -
Endosulfan |

44'-.DDE

Endrin: .

Endosuffan it

Endosuifan suifate

4 4‘-DDT

‘Methaxychilor -

Endrin ketone
Endrin-aldehyde. .-
alpha-Chlordane 0 0095 J
gamma-Chlordane 0085

KEY:
MW-010 = Fire Training Area Deep Groundwater Sampie No. 1
MW-021 = Fire Training Area inter G ple No. 2

MW-03S = Fire Training Area Shallow Groundwater Sample No. 3

MW-55D-1=Fire Training Area DNAPL Sample

U<8 = U d above f limit (e.g., 8)

J = Analyte present. Reparted value may not be accurate or precise.

B = Not detected substantially above the levet reported in {ab or field blanks.

L = Analyte present Reported value may be biased low. Actual value is expected to be higher.
1ot = microgramAiter
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TABLE 4-3 cont
1994 GROUNDWATER ANALYTICAL RESULTS

(Cross
gradient) {Upgradient) {Upgradient)
MW-01D MW-02D MW-028 MW-34S MW-538S MW-54S MW-55D MW-558 MW-56D

SEMIVOLATILES (ua/l) _ .
4-Methylphenol CiUStD
v Nap_hthalene

w0

DleﬂMphﬂ\aIate u<10 - ,U< 1'0 T

Fitiorena:: , 3 RS e
Phenanthrene U<10 U<1 0
Bis(Zethylhexyhphithalate 0 "B 2B "0
Di-n-butylphthalate U<10 U<10

INORGANICS (uq/L) » o
Arsenic U4  U<34  U<34 12.6 17.7L 3 114L 296L U<3.4

'Berylhum
Cadmisiny.
Calcium
Chiromium -

Lead:: .
Magnesium
Manganese
Nickel
Potassium.
Sodium
'Thalhum

KEY:

MW-01D = Fire Training Area Deep Groundwater Sample No. 1

MW-021 = Fire Training Area intermediate Groundwater Sample No. 2

MW-03S = Fire Training Area Shallow Groundwater Sample No. 3

U<8 = Undetected above numerical detection limit (e.g., 8)

J = Analyte present. Reported value may not be accurate or precise.

B = Not detected substantially above the level reported in lab or field blanks.

L = Analyte present. Reported value may be biased low. Actual value is expected to be higher.
ug/l = microgram/liter
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SEMNOLATILES {ugfl)
4-Methylphenol

Naphthalene

2:Methylnaphthalene
Diethylphthalate

Fluorene

Phenanthre_ne‘
Bis(2-ethylhexyhphthalate
Di-n-butylphthalate

INORGANICS (ug/l)

Algminum:

Arsenic
Barium, . -
Beryllium
Cadmium
Calcium
Chromium
Cobalt
Copper .-
iron

bead s

Magnesium

Manganese -

Nickel
Potassium.
Sodium
“Thallium:
Vanadium
Zine

KEY:

TABLE 4-3 cont
1994 GROUNDWATER ANALYTICAL RESULTS

7840 J
U<4.1
1772258

MW-010 = Fire Training Area Deep Groundwater Sample No. 1
MW-02! = Fire Training Area Intermediate Groundwater Sample No. 2
MW-038S = Fire Training Area Shallow Groundwater Sample No. 3
U<8 = Undetected above numerical detection limit {e.g., 8)

J = Analyte present. Reported value may not be accurate or precise.
B = Not detected substantially above the level reported in lab or field blanks.
L = Analyte present. Reported value may be biased low. Actuai value is expected to be higher.

pafl = microgram/liter

(Dup. of

MWS55S)

MW-57S  MW-58S8 MW-59S MW-601  MW-611 MW-62S
CUCt0 U0 US10 T Uk10 U<to U0
U<10 U<10 U<10 U<10 74 1400 J
Ut ' <10 u<1o 4.4 -1900°J:
U<10 U<10 U<10 U<10 U<10
LU0 LUt U0 o Ukt <10 37J
41J

Sy 49

U<10

992" © 207000

U<3.4 . 114L

e 3 el _"f800}5
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SI-¥

“Thallium

TABLE 4-3 cont
1994 GROUNDWATER ANALYTICAL RESULTS

12800

Vanadium
Zing. *

KEY:

MW-01DF = Fire Training Area Deep Filtered Groundwater Sample No. 1
MW-02iF = Fire Training Area Intermediate Filtered Groundwater Sample No. 2
MW-03SF = Fire Training Area Shallow Filtered Groundwater Sample No. 3
U<B = Undetected above numerical detection limit (e.g., 8)

J = Analyte present. Reported value may not be accurate or precise.

B = Not detected substantially abave the level reported in fab or field blanks.

L = Analyte present. Reported value may be biased fow. Actual value is expected to be higher.

ugfl = microgram/liter

MW-60IF MW-S1IF MW-62.F

(Cross
gradient) (Upgradient) (Upgradient)
FILTERED MW-01DF MW-020F MW-02SF MW-34SF MW-53SF MW-54SF MW-SESDF MW-55SF MW.86DF MW.57SF MW-58SF MW-ESSE
INORGANICS {ugi
Aluminus UGB 1688 < uses
Arsenic - U4 U<3.4

AB4 -

U<3 6




TABLE 44

1994 SURFACE WATER ANALYTICAL RESULTS

{Oup of
SwWo01)
SWo1 SWo2 swos SW04 SWos5
VOLATILE ORGANICS (uq/l)
Gathylene Chioride S R T RS (o R O [ e T
U<10 U<10 U<10 U<10 1J
PESTICIDES AND PCBs (ig/l)
Heptachlor -« 7700 T LHY<005 U<0i05 1 0.0016°J:
4,4-DDE _ 0.0020 J U<0.10  U<0.10
44%pDT T 0:0032J -0.00330 - U<0G:0 * U<010. 70,0056
gamma-Chlordane U<0.05 U<0.05 U<0.05 U<0.05 0.0020 J
SEMIVOLATILES (nall}
Bis(2-ethythexyt)phthalate % 2B 3B EB
INORGANICS (nqft)
Aluminum: 5410 1840 . 756
Arsenic U<3.4 U<3.4
Barium 256 129
Calcium 2070 2160
2730J
Lead: - .. 2.8
Magnesium 1150
Manganese- 2
Potassium 1910
Sodium: 20304
Vanadium 6.8
Zinc - 1305
KEY:

SWO1 = Fire Training Area Surface Water Sample No. 1

U<8 = Undetected above numerical detection limit (e.g., 8)

J = Analyte present. Reported value may not be accurate or precise.

B = Not detected substantially above the level reported in lab or field blanks.

L = Analyte present. Reported value may be biased low. Actual value is expected to be higher.
K = Analyte present. Reported value may be biased high. Actual value is expected to be lower.
ug/l = microgram/liter
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TABLE 4-5
1994 SEDIMENT ANALYTICAL RESULTS

(Dup of
SEDO1)
SEDO1 SEDO2 SEDO3 SEDO4 SEDOS

VOLATILE ORGANICS (uafka) ‘ B o )
Methylene Chioride: - : o L= S, L - CN 8B 138 . IB
Acetone U<10 U<10 B 78 U<10

PESTICIDES AND PCBs (LLQIkg)
gamma-BHC {Lindane) -
Heptachlor
4,4-DDE
Endrin
44-00D ¢ i
Endosulfan sulfate

Endnn aldehyde
alpha-Chlordane
gamma-Chlordane

SEMIVOLATILE (uq/kq}
Phenanthrene. ..
Di-n-butylphthalate
Fluoranthene:

Benzo(b)ﬂuoranthene
Benzo(k)fluoranttiene -
Benzo(a)pyrene

indénio(1,2.3-ad)pyrene: Lot
Dibenz(a, h)anthracene
Benzo{gihii)perylene.’

INORGANICS {ma/kqg)
Aluminiun . T
Arsenic

Barium::

Beryilium

‘Cadmium:

Calcium

‘Chromigme: . 707
Cobatt

Copper:

Iron

Lead L
Magnesium
Manganese; 1 . fasgiis o e i
Mercury

Nickel
Potassium
Sadiomy: e o
Vanadium

KEY:

SEDG1 = Fire Training Area Sediment Sampie No. 1

U<8 = Undetected above numerical detection limit (e.g., 8)

J = Analyte present. Reported value may not be accurate or precise.

B = Not detected substantially above the level reported in fab or field bianks.

L = Analyte present. Reported vaiue may be biased low. Actual value is expected to be higher.
K = Analyte present. Reported value may be biased high. Actual value is expected to be lower.
ug/kg = microgram/kilogram
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TABLE 4-6

1990 GROUNDWATER ANALYTICAL RESULTS

VOLATILES(ug/l)
Methylene Chioride
Acstone
Trichlorofiucromethane ..
Chlorobenzene
1.1,1-Trichloroethane:
1,2-Dichloroethene
Carbon:Tetradhlotide
Tetrachloroethene
Total-Other Volatiles: .

SEMIVOLATILES (ug/)

Benzo(a)anthracene
2, 4-D|methylphenol
‘4:Nitrophienol: 0
Total-Other Sem«vo(at!les

PESTICIDES {ugfl)
4,4-DDD
44-DDT i
Delta-BHC

INORGANICS (ugfl)
Alimintm: - -
Antlmony

eArsaruc

Barium

Beryllium: ...
Cadmium
Calciam:- =
Chf_(’miqm

Nickel
Potassium
Selenium
Silver
Sodium
Thallium:
Vanadium

Zinc. .
Cyanide

Source: Site inspection Report
Ebasco Services, inc (1990)

MWOo1 MWo02sS MWO02D
<10 128 418
<5 <5
<5 10
<5 9

Lo ‘_._._';,___.:1.:4

e (ek
<10

T50
202

<0.05 <005 0.02J

KEY:
J=Estimated B=Detected in Blank
R=Rejected U=Undetected (Detection Limits Not Available)

<5=Not Detected Above Reported Numerical Detection Limit
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TABLE 4-7
1990 SURFACE SOIL ANALYTICAL RESULTS

$S01 $s802 $s03 $S04 $s04D
VOLATILES(mg/kg)
Methylene Chloride .-
Acetone
Trichlorofidoromethane: -
Chiorobenzene
Dichioroethene
Carbon Tetrachloride: ;"
Tetrachlorosthene

SEMIVOLATILES (mag/kq)
Bis(2-ethythexyi)phthalate
Disroctyiphthalate: 2 o
2,4-Dinitrotoluene
Fluoroanthene: i i il

Pyrene _ _ »

Berzo(a)anthracene . i
2,4-Dimethylphenoi
4:Nitrophenol. ' -
Total-Other Semivolatiles

PESTICIDES (mg/kq) R

S 0027 . 0023 0014 GO31
0.048J8 U 0.029JB
00055 1 o4y
U U 0.014

4,4'~DDE 8 ;2 : T
4,4-DDD

4.4-DDF
Detta-BHC

INORGANICS (mg/kg)

Cadmium _ »
Calcium - S el
Chromium

Cobalt -
Copper
fron o0

Magnesitm
Manganese
Mercury "
Nickel
Potassitiem: e
Selenium

Sitver -~

Sodium

Thallium

Vanadium

Zing

Cyanide

Source: Site Inspection Report KEY:
Ebasco Services, inc (1990) J=Estimated =Detected in Blank
R=Rejected U=Undetected (Detection Limits Not Availabie)
<5=Not Detected Above Reported Numerical Detection Limit
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4.2.2 Surface Soils
4.2.2.1 Background

Background surface soil data for the WFF Mainbase are presented in Table 4-8 and sample locations are

shown in Figure 4-1. No volatiles, semivolatiles, or pesticides were reported in the background samples.
Metals detected in the background samples included: aluminum, barium, beryllium, calcium, chromium,
cobalt, copper, iron, lead, magnesium, manganese, mercury, nickel, pbtassium, sodium, thallium,

vanadium, and zinc.
4.2.2.2 Former Fire Training Pit Area

Eight surface soil samples were collected from the area of the former fire training pit and downgradient
(SS-01, §5-02, S5-03, SS-04, SS-07, SS-08, SS-09, and SS-10). Analytical results are presented in Table
4-1. Acetone, methylene chloride, and bis(2-ethylhexyl)phthalate were detected in almost all of the
samples, but at concentrations not substantially above the levels reported in the laboratory and field blanks.
Samples SS-03, SS-10, and SS-11 (duplicate of SS-03) contained several semivolatiles which included:
phenanthrene, fluoranthene, pyrene, benzo(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)-
fluoranthene, benzo(a)pyrene, indeno(1,2,3-cd)pyrene, and benzo(g,h,i)perylene. These PAH compounds
are possible indicators of used automotive crankcase oil or fuel oil which are suspected combustibles used
in fire fighter training exercises. Various inorganics were detected including: aluminum, arsenic,
calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, nickel, potassium, sodium,
vanadium, and zinc. Many of these inorganics occur at concentrations comparable to background levels.
Arsenic, chromium, and lead may be associated with used crankcase oil; lead may also be associated with

leaded gasoline, which may have served as a combustible.
4.2.2.3 Former Drum Storage Area

Two surface soil samples were collected near the sludge pile in the area identified as the former drum
storage area. The volatiles detected in samples SS-05 and SS-06 included acetone and methylene chloride,
which are common laboratory contaminants. The only semivolatile detected was bis(2-ethylhexyl)-

phthalate, which is also a common sampling and laboratory contaminant. The levels of these three
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TABLE 4-8

BACKGROUND SURFACE SOIL DATA FOR WFF MAINBASE
DEPTHS OF 0 - 2 ft (mg/kg)

WFF2- WFF2-
SAMPLE ID ME-1S ME-2S ME-3S SB1A SB2A
DATE 11/91 9/91 9/91
Ahtimony
Arsenic.
Barium
Beryllium
Cadmium
Chromium

Lead
Manganese
Nickel 5.01 0.94 1.25 <8.0 <8.0

<20 <20

Selenium

Tha lhum f ‘_.f s .
Vanadium
Zioe
Cyahide

4-2?“ : 16 L 22

KEY: NA = Not Analyzed
Reference: NASA, 1992a. Final Design Investigation of the Aviation Fuel Tank Farm Area
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compounds were not significanty higher than those found in the laboratory and field blanks. Trace
amounts of the following pesticides were detected: endosulfan I, endosulfan sulfate, 4,4-DDE, 4,4-DDT,
methoxychlor, endrin aldehyde, alpha-chlordane, and gamma-chlordane. These pesticides are not
suspected site contaminants. The metals detected in these surface soil samples included: aluminum,
arsenic, barium, cadmium, calcium, chromium, copper, iron, lead, magnesium, manganese, nickel,

vanadium, and zinc.

4.2.2.4 Construction Debris Disposal Area and Sludge Pile

No surface soil samples were collected from the construction debris disposal area or the sludge pile,
although two shallow subsurface soil samples were collected from each location and are discussed in

Sections 4.2.3.3 and 4.2.3.4.

4.2.3 Subsurface Soil

4.2.3.1 Background

Background subsurface soil data for the FTA site is provided by samples collected from boring SB-12
(developed as monitoring well MW-53S) and general WFF Main Base subsurface samples (Table 4-9)
from a previous investigation (NASA, 1992a). The sample locations are shown in Figure 4-2. No
volatiles, semivolatiles, or pesticides were detected in the background samples. Metals detected in the
background samples included: aluminum, arsenic, barium, beryllium, calcium, chromium, cobalt,
copper, iron, lead, magnesium, manganese, mercury, nickel, potassium, sodium, thallium, vanadium, and

zing.

4.2.3.2 Former Fire Training Pit Area

Thirty subsurface soil samples were collected in the area downgradient of the former fire training pit in
soil borings completed as part of the monitoring well installation program. Sample locations were dictated
by well locations, which were selected to define the extent of the groundwater plume. The volatile
compounds detected in these samples included: acetone, cis-1,2-dichloroethene, methylene chloride, 2-
butanone, 1,1, 1-trichloroethane, toluene, ethylbenzene, and xylenes. Most of these values were qualified

with a "B", indicating they were not detected substantially above the level reported in laboratory or field
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SAMPLEID  ME-1SS

TABLE 4-9
BACKGROUND SUBSURFACE SOIL DATA FOR WFF MAINBASE
{mg/kg)

WFF2. WFF2- WFF2- WFF2-
ME-288 SB1B _ SB1BD SB1C $B1D

WFFS2-
SB1E

WFFS2- WFF2- WF2-
SB1F S§B2B _ $B2BD

WFF2-  WFF2-
SB2C __ sB20

WFF2-
SB2E

WEFS.
SBS

DEPTH (ft) 36
DATE:

3-6 3-6 2-4 2-4 4-6 6-8 8-10

9/91 9/91

10-12 2-4 2-4
9/91 9/91

4-6

6-8 8-10

1.5-25
6/33

Aluminum
Antimony
Arsenic
Barium
Berylium
Cadmium
Calgium -~ -
Chromium
Cobalt
Copper

fron
Lead
Magnesium
Manganese
Nickel
Potassium
Selenium
Silvet -
Sodium
Thalliumc: - o
Vanadium
Zing
Cyanide

KEY: NA = Not Analyzed

11/91 11/91 9/91 9/91 9/

Reference; NASA, 1992a, Final Design Investigation of the Aviafion Fuel Tank Farm Area

9/94 9/91
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blanks. The sample with the greatest number of volatile detections was SB8-3, collected from the well
boring for MW-55D, immediately downgradient of the suspected former pit area. This sample also
contained several volatile tentatively identified compounds (TICs): dimethylpentane, tetramethylbutane,
dimethylhexane, trimethylpentane, nonane, ethylmethylbenzene, and trimethylbenzene. These volatile

compounds may be residues from hydrocarbon fuels used as combustibles during training exercises.

Several pesticides and PCBs were detected at low concentrations in the subsurface soil samples. The
pesticides/PCBs detected included: alpha-benzenehexachloride (BHC), delta-BHC, heptachlor, aldrin,
endosulfan I, endosulfan sulfate, dieldrin, 4,4-DDD, 4,4-DDE, 4,4-DDT, endrin, methoxychlor,
heptachlor epoxide, toxaphene, beta-BHC, alpha-chlordane, gamma-chlordane, and Aroclor 1260.

Sample SB6-1 had several low concentration pesticide detections.

The semivolatile compounds detected in the subsurface soil samples included: di-n-butylphthalate,
butylbenzylphthalate, bis(2-ethylhexyl)phthalate, di-n-octylphthalate, 2-methylnaphthalene, fluoranthene,
pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, indeno(1,2,3-cd)pyrene, dibenz(a,h)
anthracene, and benzo(g,h,i)perylene. Overall, sample SB10-1, collected from the boring for MW-59S,
had the largest number of detections of semivolatiles and pesticides. The PAH compounds may be
associated with the use of used crankcase oil and/or fuel oils as combustibles for fire fighter training

exercises.

The metals detected in the subsurface soil included: aluminum, arsenic, barium, calcium, chromium,
cobalt, copper, iron, lead, magnesium, manganese, mercury, nickel, potassium, sodium, vanadium, and
zinc. Some of the inorganics may be site-related, as discussed in Section 4.2.2.2. Others are naturally

occurring at levels comparable to background concentrations.

4.2.3.3 Sludge Pile

Subsurface soil samples taken from the sludge pile and immediately downgradient contained trace amounts
of volatile organics, several pesticides, and metals. The downgradient samples (SB1-1,-2,-3 and SB2-1,-2,
-3) had detected levels of the volatile organics acetone and methylene chloride, common laboratory
solvents, both reported at concentrations not significantly higher than those found in laboratory and field
blanks. The semivolatiles were di-n-butylphthalate and bis(2-ethylhexyl)phthalate, also not detected
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substantially above the levels reported in laboratory or field blanks. The pesticides identified included
delta-BHC, heptachlor, heptachlor epoxide, 4,4-DDD, 4,4-DDE, 4,4-DDT, endrin, endosulfan sulfate,
alpha-chlordane, and gamma-chlordane. Pesticides have been found throughout WFF at comparable

concentrations, and are not believed to be related to activities at the former FTA.

Samples SB1-4 and SB2-4 were shallow subsurface samples collected from the sludge pile. They
contained detected levels of acetone, methylene chloride, di-n-butylphthalate, bis(2-ethylhexyl)phthalate,
delta-BHC, heptachlor, 4,4-DDD, endosulfan sulfate, and 4,4-DDT. These compounds are not suspected
site contaminants as discussed above. The levels of aluminum, arsenic, barium, calcium, chromium,
cobalt, copper, iron, lead, magnesium, manganese, vanadium, and zinc were higher in the samples taken
from the sludge pile than in the downgradient samples. Beryllium and nickel were also detected in the

sludge pile samples.
4.2.3.4 Construction Debris Disposal Area

Subsurface soil samples collected in and around the construction debris piles contained few detected
contaminants, and those identified occurred at low concentrations. Methylene chloride and di-n-
butylphthalate were detected, but only at concentrations slightly above the levels reported in the laboratory
or field blanks. Several pesticides were found in low concentrations in samples SB13-4 and SB14-4. The
pesticides and PCBs identified included: gamma-BHC, heptachlor, heptachior epoxide, 4,4-DDD, 4,4-
DDE, 4,4-DDT, endrin ketone, gamma-chlordane, dieldrin, endosulfan II, and Aroclor. 1260. Because
these piles contain mostly construction debris and fill from other locations around WFF, the pesticides

found do not appear to be site-related.

Several semivolatiles and PAHs were also detected in sample SB13-4. Chemicals identified included:
phenanthrene, di-n-butylphthalate, fluoranthene, pyrene, benzo(a)anthracene, chrysene, bis(2-
ethylhexyl)phthalate, di-n-octylphthalate, benzo(b)fluoranthene, benzo(k)fluoranthene, and benzo(a)pyrene.
Moderately high values of aluminum, arsenic, iron, and lead were detected in samples SB13-4 and
SB14-4.
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4.2.4 Groundwater
4.2.4.1 Background

Monitoring wells upgradient and cross-gradient of the site were sampled. The results are presented in
Table 4-3. Trace amounts of methylene chloride and bis(2-ethylhexyl)phthalate were detected in MW-34S
and MW-53S, both located upgradient of the site. These organic compounds may be attributable to
laboratory contamination. Metals detected in these samples included: aluminum, arsenic, barium,
beryllium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, potassium, sodium,

vanadium, and zinc. No other contaminants were detected in these samples.

Sample MW-01D (cross-gradient) contained low levels of acetone, cis-1,2-dichloroethene, methylene
chloride, chloroform, and bis(2-ethylhexyl)phthalate. No pesticides were detected in this sample. The
metals detected included: aluminum, barium, calcium, copper, iron, magnesium, manganese, potassium,

sodium, vanadium, and zinc.
4.2.4.2 Shallow Aquifer

Sixteen samples, consisting of four DNAPL samples and 12 samples including one duplicate sample,
collected following purging activities, were obtained from monitoring wells screened in the Pleistocene age
aquifer. Several contained detected levels of volatiles, semivolatiles, pesticides/PCBs, and metals. The
detected volatile organic compounds included: acetone, chloroform, 1,1-dichloroethane, 1,1-
dichloroethene, methylene chloride, 2-butanone, 1,1,1-trichloroethane, benzene, tetrachloroethene,
toluene, ethylbenzene, and xylene. The TICs detected included: ethylmethylbenzene, trimethylbenzene,
tetramethylbenzene, and alkylbenzene. The semivolatiles detected included: 4-methylphenol,
naphthalene, 2-methylnaphthalene, diethylphthalate, fluorene, phenanthrene, and bis(2-
ethylhexyl)phthalate. The pesticides/PCBs detected included: alpha-BHC, delta-BHC, gamma-BHC,
aldrin, heptachlor epoxide, endosulfan I, endosulfan II, dieldrin, endrin, endosulfan sulfate, 4,4-DDE,
4,4-DDT, methoxychlor, endrin ketone, endrin aldehyde, alpha-chlordane, and gamma-chlordane. The
inorganic compounds detected in the monitoring wells included: aluminum, chromium, cobalt, copper,
iron, lead, magnesium, manganese, nickel, potassium, sodium, vanadium, and zinc. Samples from welis
located near the FTA with the most detected compounds included MW-02S8, MW-55D-1 (a DNAPL
sample), MW-55D, and MW-62S (a duplicate of MW-558).
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Most of the volatile and semivolatile compounds detected are suspected site-related contaminants. Some of
the inorganics, including arsenic and lead, may be site-related. The nature of pesticide use in the area is
unknown, but is expected to be consistent with usage in the vicinity of runways in other areas of WFF.
These compounds will be evaluated in the risk assessment screening (Section 6.0) to determine their

relative contribution, if any, to risk posed by the site.

Groundwater samples taken near the construction debris piles (MW-02D and MW-60I) contained low
levels of chloroform, methylene chloride, 1,1,1-trichloroethane, tetrachloroethene, and trichlorofluoro-
methane. Most of the detected concentrations were significantly lower than those detected in the other well

locations around the former FTA. The groundwater results are presented in Table 4-3.

4.2.5 Surface Water/Sediment

No surface water was present in the actual fire training pit area during the site reconnaissance and
sampling event. Four surface water/sediment samples were taken from several shallow surface water
pools resulting from ponding of surface runoff in low-lying areas northeast of the FTA. The analytical
results for the surface water and sediment are presented in Tables 4-4 and 4-5. Background surface water
results from the WFF Main Base are presented in Table 4-10 and the approximate sample location is

shown on Figure 4-3.

The surface water samples contained trace amounts of pesticides and metals. All of the sediment samples
contained trace amounts of volatiles, semivolatiles, pesticides, and metals. Sample SED-02 had the largest
frequency of detections. The sediment results were compared to general background surface soil samples
since the sampled areas are intermittent, and the sediment samples are more reflectible of surface soil

conditions.

4.3 SUMMARY AND SIGNIFICANCE OF FINDINGS

4.3.1 Surface Soil Summary

The surface soil analytical data were compared to both background concentrations and EPA Region III

Risk-Based Concentrations (RBCs) (USEPA, 1994g). The guidance information and updated list of RBCs
is presented as Appendix B and C.
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TABLE 4-10 BACKGROUND SURFACE WATER

ANALYTICAL RESULTS
SAMPLE ID:
ANALYTE WFF7BA-SW1 (mg/L)

Aluminqm _ U<0.10
Calcium 190
Chromium = = = S U<002

U<0.025

Note: No VOC's, SVOC's or Pesticides were detected.
U<0.10 indicates the compound was not detected
above the reported numerical detection fimit.
Sample was collected from Jenney's Gut during
a previous investigation (5/21/92).

Reference: NASA, 1992b. Revision of Site Investigation,
Wallops Flight Facility
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A more detailed screening is described in Section 6.0 and summarized in Table 6-4. The chemicals which
exceeded the RBCs for residential soil exposure included: benzo(a)pyrene, benzo(g,h,i)perylene,
aluminum, arsenic, and lead. Most of these have been identified as human health chemicals of concern in

Section 6.0.
4.3.2 Subsurface Soil Summary

The subsurface soil contaminants which exceeded the residential soil exposure RBCs included:
phenanthrene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, indeno(1,2,3-cd)pyrene,
dibenz(ah)anthracene, benzo(g,h,i)perylene, Aroclor 1260, aluminum, arsenic, and lead. More detailed
screening in Section 6.0 led to the identification of many of these compounds as chemicals of concern for

the human health risk assessment.

4.3.3 Groundwater Summary

The groundwater analytical data were compared to both background concentrations and tap water RBCs.
The volatile organic compounds which exceeded recommended limits included: 1,1-dichloroethene, cis-
1,2-dichloroethene, methylene chloride, chloroform, benzene, tetrachloroethene, toluene,
trimethylbenzene, and tetramethylbenzene. The semivolatiles which exceeded the RBCs included:
alkylbenzene, phenanthrene, 2-methylnaphthalene, naphthalene, and bis(2-ethylhexyl)phthalate. The
detected pesticides which exceeded the RBCs included: alpha-BHC, aldrin, heptachlor epoxide, and
gamma-chlordane. The inorganics detected above the RBCs included arsenic, lead, and managanese.
Many of these compounds are identified as chemicals of concern in the human health risk assessment in

Section 6.0.
4.3.4 Significance of Findings

Comparison of the analytical data to the RBCs allowed determination of contaminants of greatest concern

for the FTA. The contaminant list includes:

Yolatile Organic Compounds - 1,1-dichloroethene, cis-1,2-dichloroethene, methylene chloride,

chloroform, benzene, tetrachloroethene, toluene, trimethylbenzene, and tetramethylbenzene.
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Semivolatile Compounds - alkylbenzene, phenanthrene, 2-methylnaphthalene, naphthalene,
bis(2-ethylhexyl)phthalate, benz(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene,
indeno(1,2,3-cd)pyrene, dibenz(ah)anthracene, benzo(g,h,i)perylene.

Pesticides/PCBs - alpha-BHC, aldrin, heptachlor epoxide, gamma-chlordane, and Aroclor
1260.

Inorganics - aluminum, arsenic, lead, and manganese.

This information is further screened and utilized in the development of the Human Health and Ecological
Risk Assessments in Sections 6.0 and 7.0. These compounds, with the exception of the pesticides, PCBs,
aluminum, and manganese, may be site-related contaminants. The volatile organic compounds may have
resulted from the use of waste solvents and hydrocarbon fuels as combustibles during fire fighting training
exercises. The semivolatiles may be attributable to the burning of used automotive crankcase oil or fuel
oils. Arsenic and lead may also be attributable to used crankcase oil, and lead may have resulted from the

use of leaded gasoline.

Based on the concentrations of the chemicals of concern, estimates of the area and volume of contaminated
media were detemined. The estimated area and volume of contaminated groundwater in the water table
(Pleistocene) aquifer is 40,272 ft and 587,971 ft>. This estimate is based upon the cis-1,2-dichloroethene
groundwater data, which resulted in the most extensive groundwater plume. The approximate area and
volume of contaminated soil is 22,240 ft* and 324,704 f£. The estimate of soil contamination was
determined using a conversion of soil gas data, due to the high mobility of volatiles from soil to
groundwater (volatiles were detected in the groundwater, but rarely in the surface and subsurface soil

samples). This estimatation is further described and presented in Appendix D.
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5.0 CONTAMINANT FATE AND TRANSPORT

—

5.1 SITE CONTAMINANTS

Additional screening of the chemicals of concern from Section 4.3.4, based on comparisons to background
levels, led to the identification of the following potential site contaminants. The volatile chemicals of
concern include: benzene, chloroform, 1,1-dichloroethene, cis-1,2-dichloroethene, methylene chloride,
tetrachloroethene, tetramethylbenzene, toluene, and trimethylbenzene. The semivolatile chemicals of
concern include: 2-methylnaphthalene, naphthalene, phenanthrene, benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, benzo(g,h,i)perylene, and dibenz(a,h)anthracene. The pesticides include: alpha-
BHC, heptachlor epoxide, and gamma-chlordane. The metals of concern are arsenic and lead. Detailed
screening and evaluation information is further discussed in the Human Health and Ecological Risk

Assessments in Sections 6.0 and 7.0.

5.2 PHYSICAL AND CHEMICAL PROPERTIES OF CONTAMINANTS OF CONCERN

Chemical and physical properties are important factors in determining the movement and environrnental
fate of a contaminant and subsequently assessing exposure pathways. The following section presents a
discussion of the physical and chemical properties associated with the chemicals of concern and how these
apply to the transport properties of each contaminant group. Properties for the compounds found at the
former FTA are presented in Table 5-1. Each of the properties presented for organic compounds are

discussed relative to the effects they might have on mobility.

The water solubility of a chemical is defined as the maximum concentration of that chemical that will
dissolve in pure water at a specific temperature and pH. Neutral pH and temperatures from 20 to 30°C are
generally used. Water solubility is a critical property affecting environmental fate (EPA, 1986). Highly
soluble chemicals can be rapidly leached from wastes or contaminated soils and are generally mobile in
both groundwaters and surface waters (EPA, 1986). The water solubilities of most common organic

compounds fall between 1 and 100,000 mg/l (Lyman et. al., 1981).

Vapor pressure and Henry's Law Constant are two measures of chemical volatility and are important

factors in evaluating potential air exposure pathways. Vapor pressure is a measure of the volatility of a
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TABLE 5-1.
CHEMICAL AND PHYSICAL PROPERTIES OF CHEMICALS OF CONCERN

Molecular Environmental
Weight Water Distribution | Vapor |Henry'slLaw| Freshwater
(MW) Solubility | Partition Coefficients | Coefficient,| Pressure | Constant | Bioconcentration

Chemical Name (g/mote) (mg/L)

LogKew *K i/

1

Kq

Benzene 78.12 1.8E+03 2.1E+00 8.3E+01 4.7E+00 9.5E+01 5.6E-03 2.3E+02
Chloroform 119.37 8.0E+03 2.0E+00 3.1E+01 6.8E+00 2.0E+02 3.7E-03 6.0E+00
1,1-Dichlaroethene 06.94 2.3E+03 2.1E+00 6.5E+01 5.2E+01 6.0E+02 2.6E-02 *5.6E+00
cis-1,2-Dichloroethene 96.94 3.5E+03 1.9E+00 4.9E+01 7.6E+00 2.0E+02 4.1E-03 *1.6E+00
Methylene Chloride 84.93 1.3E+04 1.3E+00 8.8E+00 NR 4.4E+02 2.2E-03 *5.0E+00
Tetrachloroethene 165.82 2.0E+02 3.4E+00 3.6E+02{ .3.6E+01 1.8E+01 1.8E-02 4.9E+01
1,2,4,5-Tetramethylbenzene 134.11 insoluble NR NR NR NR NR NR
Toluene 92.15 5.3E+02 2.7E+00 3.0E+02 1.4E+01 2.8E+01 6.6E-03 ** 3.1E+01
1,3,5-Trimethylbenzene 120.21 insoluble NR NR NR NR NR NR

2-Methylnaphthalene 142.08 2.5E+01| -1.9E+00 NR NR NR NR ** 2.6E+03
Naphthalene 128.06 3.1E+01 3.6E+00 1.3E+03 NR 8.5E-02 4.8E-04 3.1E+02
Phenanthrene 178.24 1.2E+00 4.5E+00 1.4E+04 3.5E+03 1.1E-04 2.3E-05 5.1E+03
Benzo(a)anthracene 228.30 9.4E-03 5.7E+00 1.4E+06 2.1E+05 3.1E-08 9.8E-07 1.0E+04
Benzo(b)fluoranthene 252.32 1.5E-03 6.6E+00 NR NR 5.0E-07 1.1E-04 NR
Benzo(k)fluoranthene 252.32 8.0E-04 6.1E+00 5.5E+05 NR 1.0E-09 4.0E-07 1.3E+04
Benzo(g,h,i)perylene 276.34 2.6E-04 6.6E+00 1.6E+06 NR 1.0E-10 1.6E-06 2.8E+04
Benzo(a)pyrene 252.32 1.6E-03 6.0E+00 5.56E+06 7.7E+05 5.5E-09 1.1E-04 8.3E+04
Dibenz(a,h)anthracene 278.36 2.5E-06 6.5E+00 3.3E+06 3.1E+05 1.0E-10 5.0E+04
RESTICID

alpha-BHC 290.82| 2.0E+00| 3.8E+00| 3.8E+03| 3.0E+02 4.5E-05 1.1E-05 3.5E+02
Chlordane 409.76 5.6E-02f 5.5E+00| 1.4E+05| 5.8E+02 9.8E-06 4.9E-05 3.8E+04
Heptachlor Epoxide 2.0E-01 54E+00] 22E+02] 1.6E+00

Arsenic 74.92)  very low NR NR| 2.0E+02| *1.00E+00 NA Y 7E401
Lead 207.19] _ very low NR NR| 9.0E+02| *1.00E+01 NA 1.7E+03

Note: NA - Not Applicable
NR - Not Reported

Source: Superfund Chemical Data Matrix (SCDM), March 9, 1993
* Buckingham, Evans, and LaGrega. Hazardous Waste Management. McGraw-Hill, Inc., New York, 1994.

Nata: 2% \/nliia far ealtuiatar nn frachwatar valiia wmae aveailahia




chemical in its pure state at a specific temperature, generally 20 to 30°C (EPA, 1986). The vapor
pressures of liquids range from 0.001 to 760 mm Hg (EPA, 1986). A higher vapor pressure indicates a

greater tendency for movement from water or soil to air.

The Henry's Law Constant (H), which considers the interaction between aqueous solubility and vapor
pressure, is a more important predictor of volatilization from water (Andelman et. al., 1987). This

constant is estimated by the following ratio (EPA, 1986):

Vapor Pressure (atm) x MW (__S__)
H = mol

Water Solubility (-5-)
m 3

A large Henry's Law Constant, greater than 1x10™ atm m’/mole, indicates a tendency for a contarinant to

move from water into air.

A log octanol/water partition coefficient (log K,,,) value represents the tendency of a chemical to partition
between an organic phase, such as soil or fish, and an aqueous phase. Chemicals with a low log K, value
(e.g. less than 1) may be considered hydrophilic. Hydrophilic compounds tend to remain dissolved in
water rather than in non-polar solvents. These compounds also have low organic carbon partition
coefficients (K,.). Chemicals with a high log K, value (e.g. greater than 4) may be considered
hydrophobic (Lyman et. al., 1981), which indicates that they are more likely to remain sorbed to organics

in soil than to partition to water.

The organic carbon partition coefficient (K,.) indicates the tendency of an organic chemical to be adsorbed
to organic material in soil or sediment. This property is largely independent of soil characteristics (EPA,

1986). The K, can be expressed as (EPA, 1986):

chemical adsorbed (mg) / organic carbon (kg)

K =
chemical dissolved (mg) [ solution (L)

oc

For groundwater pathways, a low K, value indicates that a chemical can be easily leached from the waste
source and relatively rapidly transported through the aquifer (EPA, 1986), depending on aquifer

characteristics. For surface water pathways, a high K. indicates that the chemical is tightly bound to the
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soil or sediment and the chemical is not likely to dissolve in site runoff. However, the high K_ value also
indicates that runoff containing contaminated soil particles may be a long term concern. A chemical with a
high K, value may be of great concern if it is detected in surface waters because a high K. is usually

indicative of a tendency to bioaccummulate (EPA, 1986).

The normal range of K. values is from 1 to 1x107, with higher values indicating greater sorption potential
(Lyman et. al., 1981). K_ values greater than 1000 generally indicate immobile compounds or compounds
with greater sorption potential. A K_ between 100 and 1000 is considered intermediate, while compounds

with K, values less than 100 are considered highly mobile in water.

The Bioconcentration Factor (BCF) of an analyte is a measure of the extent to which it will partition
between a specific biological tissue and an environmental medium. Generally, the biological tissue is fish
tissue and the environmental medium is water.

5.2.1 Volatile Organics

Volatile organic compounds tend to have large to moderate Henry's Law Constants (H), moderate to high
water solubility, and low organic carbon partitioning values (K,). These properties result in high mobility

from water to air and from soil to air. They also exhibit moderate to high mobility through groundwater.

The volatile organic compounds detected, such as benzene ring compounds, follow this pattern.

5.2.2 Semivolatile Organics

The evaluated semivolatiles, including several PAHs, are characterized by very low water solubility, high
K, values, and low Henry's Law Constants. They are highly persistent, tending to sorb strongly to soil

particles and not to solubilize into water or volatilize into air.

5.2.3 Pesticides

The pesticides of concern have relatively low water solubility, moderately high K, values, and are only

slightly mobile. They also have relatively high bioconcentration values.
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5.2.4 Metals

The CLP procedures used for metals analyses do not distinguish between chemical forms. Many factors,
such as solution pH, salinity, ionic strength, and medium, affect metal concentrations and compositions.
This composite of factors makes predicting the environmental fate and transport of metals difficult. It may
be assumed that most of the metals at the WFF are present in inorganic compounds. The metals of
toxicologic interest are relatively insoluble in the presence of naturally occurring ions such as sulfates and
hydroxides. Metals are generally not volatile except in certain forms, usually involving organic
complexation (e.g., tetracthyl lead). Tetraethyl lead (TEL) is a component of aviation (jet) fuel. TEL is
volatile but with low water solubility. The lead found at the FTA may be a result of the additive TEL in the

aviation fuel or may be inorganic lead.

5.3 FATE AND TRANSPORT PROCESSES

5.3.1 Shallow Aquifer Transport

Chemicals released at the site may have been leached from surface soils into the underlying shallow
aquifer. Two wells completed in the shallow aquifer (MW-02S and MW-55S) downgradient from the FTA
showed contamination with a number of volatile compounds, at total levels over 600 g/l and 3200 wg/l
respectively. Detected levels of semivolatiles were reported in the wells, especially MW-55S which had
high levels of naphthalene and 2-methylnaphthalene. The concentrations of several toxic metals (arsenic,
lead, chromium) are slightly elevated in these wells, as are some of the less toxic elements (aluminum,
iron, manganese). These may be due to either site activities or the geochemistry of the site. There is no
evidence that groundwater contamination from the FTA has reached surface water at Little Mosquito
Creek, or has adversely affected groundwater quality in the area of the Town of Chincoteague or NASA

drinking water wells.

Based on the data collected as part of this RI, the contaminant plume is contained within the area
downgradient of the former pit area, extending at a maximum to the area of the earthen berm north of the
site. The Town of Chincoteague drinking water wells completed in the shallow aquifer are located

approximately 5000 feet from this site, and are separated from the site by a groundwater divide in the

5-5



-~ ™ BY A LA -

vicinity of runway 04-22. The NASA wells currently used for drinking water supply are all screened in

the Miocene age aquifer and are upgradient of the former FTA.

5.3.2 Surface Water Transport

accumulates downgradient in low-lying areas to form intermittent pools. No direct transport to surface

waters such as Little Mosquito Creek and its tributaries was observed and would not be anticipated.
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Available data indicate that chemical contamination potentially related to past activities at the FTA is
present in surface soil at the site. Chemical analyses indicate the presence of low levels of semivolatiles in
one or more samples. Samples SS-03, SS-10, and SS-11 (duplicate of $S-03) had low levels of PAHs.
The levels of volatile organic compounds were not substantially higher than levels reported in laboratory or
field blanks. Low levels of pesticides were also detected in the surface soils. The concentrations of metals
appear to be within the normal background range, with the possible exception of arsenic and lead, which
were slightly elevated in several surface soil samples. The transport of contaminants in surface soil from

the FTA by surface runoff may occur, but has not been identified in surface water samples.

5.4 CONTAMINANT MIGRATION TRENDS

Based upon analysis of soil gas and groundwater samples, a plume of volatile organic contamination
extends about 400 feet to the north of the FTA. The concentrations in groundwater of benzene, toluene,
and cis-1,2-dichloroethene are presented in Figures 5-1, 5-2, and 5-3. The concentrations in soil gas of
1,1-dichloroethene, cis-1,2-dichloroethene, tetrachloroethene, and toluene are presented in Figures 5-4
through 5-7. Most of the groundwater plumes are centered in the fire training area and continue
downgradient, therefore, it does appear that some contaminant migration is occurring in the groundwater.
The soil gas plumes are centered in the suspected location of the former training pit area and
downgradient, and are more radial in nature than the groundwater plume. The soil gas plumes are thought
to be indicative of groundwater contamination downgradient of the former pit area, as well as residual soil

contamination.
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6.0 HUMAN HEALTH RISK ASSESSMENT

6.1 SUMMARY OF HUMAN HEALTH RISK ASSESSMENT PROCESS

The purpose of the human health risk assessment is to characterize current and potential threats to human
health that may be posed by chemicals found at a site, and migrating or potentially migrating off-site. The
characterization includes identification of site-related chemicals of concern, an estimate of the magnitude
of potential impact of those chemicals to human health, both current and future, and a comparison of that

magnitude to U.S. EPA target, or acceptable, risk levels.

The approach for this human health risk assessment generally follows U.S. EPA guidance in the “Human
Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure Factors” (U.S. EPA,
1991a). The EPA document "Risk Assessment Guidance for Superfund, Volume I: Human Health
Evaluation Manual" (U.S. EPA, 1989c), also referred to as RAGS I, provides the basis for completing
human health risk assessments as part of the RI/FS process at sites regulated under the Comprehensive

Environmental Response, Compensation, and Liability Act (CERCLA).

U.S. EPA Region III guidance, including the document " Selecting Exposure Routes and Contaminants of
Concern by Risk-Based Screening" (U.S. EPA, 1993), provides the basis for the initial data screening to
focus the risk assessment on the chemicals of concern which contribute significantly to overall site risk.
Additional guidance on dose estimation for the dermal exposure route received from EPA Region I is

incorporated into the exposure assessment.

6.2 IDENTIFICATION OF CHEMICALS OF POTENTIAL CONCERN

The risk assessment process incorporates site-specific environmental, physical, and demographic data into
numerical estimates of risk. Environmental data are screened, using comparison to risk-based
concentrations, comparison to background concentrations, frequency of detection in on-site media,
designation as an essential nutrient, and blank contamination, to focus the risk assessment on the chemicals

expected to constitute the largest portion of risk at the site.
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6.2.1 Data Summary

6.2.1.1 Data Collected by Medium

The validated results of analyses of the samples collected during the 1993 and 1994 field investigation are
presented by medium in Tables 4-1 through 4-5. Only chemicals with at least one detection in at least one
medium are included in the data summary tables. Non-validated data collected during a 1990 site
investigation are presented by medium in Tables 4-6 and 4-7. The non-validated data are not used in the

human health risk evaluation.

The detection of a chemical, as presented in the summary tables, is not always indicative of or
representative of contamination from past operations at the former FTA. The elements of the screening
process, including comparison to background and blank contamination validation, aid in the identification

of site-related contamination.

The analyses of the samples were completed in accordance with the Data Quality Objectives (DQO)
established in Section 4.5 of the Final Work Plan (NASA, 1993). CLP procedures and documentation
were provided by the subcontracted laboratory. The groundwater samples collected were analyzed using
the Superfund Analytical Method for low concentration volatile organics (EPA, 1992b) to ensure that the
detection levels were less than or equal to drinking water standards. Samples from each medium

investigated were analyzed for TCL volatiles, semi-volatiles, pesticides, and PCBs; and TAL metals and

cyanide.

6.2.1.2 Data Validation

Data validation was completed in accordance with EPA procedures and guidelines. Based on the QA/QC
data provided by the laboratory and from field evaluations, the data are considered acceptable, estimated,
or rejected. The validated analytical results for chemicals detected are presented by medium in Tables 4-1
through 4-5.



6.2.2 Site-Specific Data Evaluation

In evaluating data collected during the RI, the site is treated as one unit. The training pit area, the sludge
pile, construction debris disposal area, and the former drum storage area, are treated as one investigative
unit for the purposes of assessing overall site risk. The relative contribution of any contamination detected

in each of these areas is then evaluated separately.

For screening purposes, the maximum concentration detected in duplicate samples is used in the data
evaluation process. The duplicate results are treated as one sample in evaluating the frequency of

occurrence of chemicals detected at the site.
6.2.2.1 Screening Methodology

The data presented in the summary tables represent the contamination of environmental media at the

former FTA. Screening of the data allows the risk assessment to be focused on the dominant contaminants

and primary exposure routes.

An EPA Region III Technical Guidance Manual for risk assessment provides the basis for the screening
methodology. The document, "Selecting Exposure Routes and Contaminants of Concern by Risk-Based
Screening” (U.S. EPA, 1994g), details the use of an absolute comparison of risk-based concentrations to

maximum detected site concentrations for selection of the contaminants of concern (Appendix B).

The guidance document provides a table of risk-based concentrations, by media, which correspond to a
systemic hazard quotient of 1.0 or a lifetime cancer risk of 10°. The maximum concentration of each
substance in each medium is compared to the risk-based concentrations for that medium included in the
risk-based concentration table that is updated quarterly (Appendix C). Contaminants in each medium with
a maximum detected concentration greater than the risk-based concentration are retained in the risk

assessment for all exposure routes involving that medium. All other contaminants for that medium are

dropped from further evaluation.

If a contaminant concentration does not exceed the risk-based concentration for any medium, the

contaminant is dropped from the risk assessment. If no contaminant in a specific medium exceeds its risk-
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based concentration, the medium is dropped from the risk assessment.

The chemicals of concern for each medium which remain in the risk assessment following the risk-based
screen are further screened on the basis of comparison to background, frequency of detection, levels of

compounds detected in laboratory blanks, and essential human nutrients.

used for initial screening. These concentrations are more conservative than those calculated for industrial

soil exposure.

For surface water and groundwater, the tap water values are used as a screening tool for comparison of
site-specific data to risk-based concentrations. The risk-based concentrations presented in the U.S. EPA
guidance for residential water use include a volatilization term for volatile organic compounds (VOCs) to

address inhalation as well as ingestion exposure routes.

6.2.2.2 Comparison to Background

The maximum levels of inorganic chemicals detected in each medium at the former FTA and downgradient
are compared to background levels at upgradient locations. Chemicals detected at maximum levels less
than twice the average upgradient levels are screened out. Use of this screening criteria allows for natural

variations of inorganics in soils and ground and surface waters.

Groundwater. Monitoring wells MW-34S and MW-538S are hydraulically upgradient of the former FTA.
In addition, monitoring well MW-01D is cross-gradient to the former FTA and is also used as a

background well.

Subsurface Soils. Soil boring SB-12 (completed as monitoring well MW-53S) is upgradient of the former
FTA. Soil boring samples SB-12-1, SB-12-2, and SB-12-3, collected at depth intervals of five to seven, 10
to 12, and 15 to 17 feet, respectively, serve as background samples for comparisons. In addition,
background data collected as part of other site investigation activities throughout the WFF Main Base are
used for comparison purposes. Background data and a location map indicating sample collection sites are

presented in Table 4-9 and Figure 4-2.
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Surface Soils. Analytical results from shallow surface soil samples collected during previous site
investigation activities at the WFF Main Base are used for a background comparison of inorganic surface
soil results in the former FTA and downgradient. Background data are presented in Table 4-8 and Figure
4-1.
Sediment. Since no direct connection to surface waters is evident at the former FTA, the sediment
samples were collected on-site from ponded areas that are intermittent in nature. The screening of
sediment samples uses a comparison to background surface soil data (Table 4-8) since these data are most

representative of background conditions.

Surface Water. As stated above, no direct connection to surface waters is evident at the former FTA.
The surface water samples were collected from intermittent ponded areas located downgradient of the
former FTA. No background sampling locations were available in the immediate area. The surface water
inorganics data from this investigation are therefore compared to analytical results for a sample collected

from Jenneys Gut as part of a previous investigation. These data are summarized in Table 4-10.

6.2.2.3 Detection Frequency

Chemicals detected in fewer than two samples in a given medium or at a detection frequency of five
percent or less, and detected at estimated levels in other media, are screened out of the risk assessment on

the basis of detection frequency. Duplicate samples are not treated as individual samples in this screening.

6.2.2.4 Blank Contamination

Chemicals which are common laboratory contaminants and detected in at least one laboratory blank sample
in each medium are eliminated from further consideration. This comparison is based on the results of data
validation using U.S. EPA functional guidelines. Methylene chloride, a common laboratory contaminant,
is retained for consideration in groundwater since the levels detected are up to 100 times greater than the

reported blank contamination level.



6.2.2.5 Essential Nutrient

A number of metals are considered common elements and essential human nutrients. These nutrients are
generally not toxic except at very high doses, and are therefore eliminated from the risk assessment
process. Site-specific chemicals eliminated from all media as essential nutrients are calcium, iron,

magnesium, potassium, and sodium. Other inorganics may be essential nutrients, but are much more

6.2.3 Summary of Chemicals of Potential Concern

The results of the screening process and the rationale for elimination of chemicals from further
consideration in the human health risk assessment are presented in Tables 6-1 through 6-5. The initial
basis for the screening, as described above, is an absolute comparison of risk, in which the maximum site
concentrations are compared to EPA Region III risk-based concentrations. The application of additional
screening factors (background levels, frequency of detection, blank contamination, and essential nutrient
considerations) completes the screening process. Table 6-6 summarizes the chemicals of concern by

medium. A discussion of the chemicals retained in the human health assessment follows below.

Groundwater. Chemicals detected in groundwater and retained in the human health risk assessment
include 1,1-dichloroethene, cis-1,2-dichloroethene, methylene chloride, chioroform, benzene,
tetrachloroethene, toluene, trimethylbenzene, tetramethylbenzene, phenanthrene, 2-methylnaphthalene,
naphthalene, alpha-BHC, heptachlor epoxide, gamma-chlordane, arsenic, and lead. The bases for

elimination of all other chemicals detected in groundwater are presented in Table 6-1.

Surface Water. Lead and arsenic were detected in ponded surface water at the site and retained in the

risk assessment. The bases for elimination of other detected chemicals are presented in Table 6-2.
Sediment. Phenanthrene, benzo(b)fluoranthene, benzo(a)pyrene, dibenz(a,h)anthracene,

benzo(g,h,i)perylene, arsenic, and lead are the chemicals detected in sediment and retained in the human

health risk assessment. The bases for elimination of other detected chemicals are presented in Table 6-3.
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TABLE 6-1

SUMMARY OF GROUNDWATER DATA SCREENING

MAX. RISK- MAX CONC CARRY MAX, LESS RETAIN
CONC. BASED GREATER THROUGH BACK- THAN 2X | FOUND | INRISK
DETECTED | CONC.* | THANRISK- SCREEN FREQ. ESSENTIAL | GROUND BACK- IN ASSESS- REASON
SUBSTANCE {uafl) {ugll) BASED? PROCESS? | DETECTED | NUTRIENT? (ngll) GROUND? | BLANK? | MENT? | ELIMINATED

Acetone 3,600 3,700 NO NO NO — — NO NO R
1,1-Dichloroethane 57 810 NO NO | - ——aen [ e — NO R
1,1-Dichloroethene 18 0.044 YES YES 2/21 avaen ND NO NO YES
cis-1,2-Dichloroethene 3,000 61 YES YES 12/21 e ND NO NO YES

Methylene Chloride 730 4.1 YES YES 14/21 NO 0.9 NO YES YES

Chloroform 5 0.15 YES YES 321 NO ND NO NO YES

2-Butanone 1,100 1,900 NO NO | e NO - — NO NO R
1,1,1-Trichloroethane 670 1,300 NO NO NO — o NO NO R
Benzene 120 0.36 YES YES 321 — ND NO NO YES
Tetrachloroethene 64 1.1 YES YES 7121 e ND NO NO YES

Toluene 1,800 750 YES YES 2121 NO ND NO NO YES

Ethylbenzene 600 1,300 NO NO — NO —-— e NO NO R
Total Xylenes 1,600 12,000 NO NO . NO i seome NO NO R
Ethylmethylbenzene 330 1300* NO NO 2121 NO o o NO NO R
Trimethylbenzene 700 24 YES YES 321 NO ND NO NO YES
Tetramethylbenzene 36 24° YES YES 2/21 NO ND NO NO YES

Alkyl Benzene 52 24° YES YES 1721 NO —— — NO NO F
Trichlorofluoromethane 4 1,300 NO NO —eem - e e — NO R
Phenanthrene 82 0.0092°¢ YES YES 117 NO ND NO NO YES
4-Methylpheno! 5 180 NO NO e — — B canme NO R
Diethylphthalate 2 29,000 NO NO — — — o o NO R
Fluorene 75 1,500 NO NO e e -enmm —— NO R
2-Methylnaphthalene 3,000 1,500¢ YES YES 4an7 NO ND NO NO YES

Naphthalene 2,000 1,500 YES YES 417 NO ND NO NO YES
Bis(2-ethylhexyl)phthalate 87 48 YES YES 17117 NO 2 NO YES NO B
alpha-BHC 0.049 0.011 YES YES 217 NO ND NO NO YES

delta-BHC 0.018 0.037 NO NO - NO | - P NO NO R
gamma-BHC (Lindane) 0.014 0.052 NO NO P - o meem — NO R
Aldrin 0.081 0.004 YES YES 117 NO — — NO NO F
Heptachlor epoxide 0.016 0.0012 YES YES 317 NO ND NO NO YES

* Values presented are for tap water. KEY: NOTES:

For screening purposes, these values represent the most conservative screening
criteria. The values were obtained from "Selecting Exposure Routes and Contaminants
of Concern by Risk-Based Screening," EPA Region Il Technical Guidance Manual -
Risk Assessment (November 1994).

E=Essential Nutrient
R=Absolute Risk

F=Detection Frequency
B=Blank Contamination
BG=Background

* Risk-based concentration for ethylbenzene

® Risk-based concentration for trimethylbenzene
¢ Risk-based concentration for benzo(a)pyrene
4Risk-based concentration for naphthalene

ND=Not Detected In Background

----- = Not considered
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TABLE 6-1, cont
SUMMARY OF GROUNDWATER DATA SCREENING

MAX. RISK- MAX CONC CARRY MAX. LESS RETAIN
CONC. BASED GREATER THROUGH BACK- THAN 2X | FOUND | INRISK
DETECTED | CONC.* | THAN RISK- SCREEN FREQ. ESSENTIAL | GROUND BACK- IN ASSESS- REASON
SUBSTANCE {nng/l) {ngh) BASED? PROCESS? | DETECTED | NUTRIENT? {ngh) GROUND? | BLANK? | MENT? | ELIMINATED
[Endosulfan | 0.029 220 NO NO — — - J— — NO R
4,4-DDE 0.0023 0.2 NO NO  § e | e w—— — NO R
Endrin 0.060 11 NO NO — — — — — NO R
Endosulfan If 0.099 220 NO NO p— ——- o . — NO R
Endosulfan sulfate 0.046 220 NO NO o e I oome NO NO R
4,4-DDT 0.023 0.2 NO NO — — e onee No NO R
Methoxychlor 0.058 180 NO NO — — — — — NO R
Endrin ketone 0.018 11° NO NO 217 NO o — NO NO R
Endrin aldehyde 0.085 11° NO NO 117 NO " —— NO NO R
alpha-Chlordane 0.0095 0.052 NO NO 117 NO | e e NO NO R
gamma-Chlordane 0.055 0.052 YES YES 317 NO ND NO NO YES
Aluminum 1,200 37,000 NO NO p—— e —— — e NO R
Arsenic 11.4 0.038 YES YES 314 NO ND NO NO YES
Barium 56.4 2,600 NO NO . — — — — NO R
Calcium 35,900] NOT AVAIL. YES 14/14 YES — — NO NO E
Cobalt 17 2,200 NO NO 3/14 NO 14.4 YES NO NO BG
Iron 42,600] NOT AVAIL. YES 9/14 YES — o NO NO E
Lead 10.5 0.0037 YES YES 5M14 NO ND NO NO YES
Magnesium 14,200{ NOT AVAIL. YES 14/14 YES o — NO NO £
Manganese 3,550 180 YES YES 1214 NO 3080 YES NO NO BG
Potassium 6,310] NOT AVAIL. YES 214 YES —— —— NO NO E
Sodium 11,800 NOT AVAIL, YES 14/14 YES o — NO NO E
Zinc 377 11,000 NO NO I —— — —— NO R
* Values presented are for tap water. KEY: NOTES:

For screening purposes, these values represent the most conservative screening
criteria. The vaiues were obtained from “Selecting Exposure Routes and Contaminants
of Concern by Risk-Based Screening,” EPA Region Il Technical Guidance Manuat -
Risk Assessment (November 1994).

E=Essential Nutrient

R=Absolute Risk

F=Detection Frequency
B=Blank Contamination

BG=Background

® Risk-based concentration for endrin

ND=Not Detected In Background
----- = Not considered
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TABLE 6-2
SUMMARY OF SURFACE WATER DATA SCREENING

MAX RISK- MAX CONC CARRY MAX. LESS RETAIN
CONC. BASED GREATER THROUGH BACK- THAN 2X | FOUND | INRISK REASON
DETECTED | CONC* THAN RISK- SCREEN FREQ. ESSENTIAL { GROUND BACK- IN ASSESS- | ELIMINATED
SUBSTANCE {(ng/) (29/1) BASED? PROCESS? | DETECTED | NUTRIENT? {ugil) GROUND? | BLANK? | MENT?

Methylene Chloride 6 4.1 YES YES 2/4 NO ND NO YES NO B
Toluene 1 750 NO NO —onem o --mmn —— — NO R
Bis(2-ethylthexyl)phthalate 3 4.8 NO NO - — —— — — NO R.
Heptachlor 0.0016 0.0023 NO NO —eem ——em —— —— — NO R
4,4-DDE 0.0065 0.2 NO NO | e manem e - — NO R
44-DDT 0.0056 0.2 NO NO | - =nmen o o —_— NO R
igamma-Chlordane 0.0020 0.052 NO NO | e o e — - NO R
Aluminum 5,450 37,000 NO NO — o o e e NO R
Arsenic 5.3 0.038 YES YES 1/4 NO <100 NO NO YES

Barium 256 2,600 NO NO eanme mamm f— - e NO R
Calcium 5,800] NOT AVAIL. YES 4/4 YES — — NO NO E
Copper 6.9 1,400 NO NO | o — — e — NO R
Iron 2,730] NOT AVAIL. YES o YES e naame NO NO E
Lead 7 0.0037 YES YES 2/4 NO <50 NO NO YES

Magnesium 1,150] NOT AVAIL. YES 4/4 YES R e NO NO E
Manganese 27.8 180 NO NO | o — - — — NO R
Potassium 2,000] NOT AVAIL. YES — YES . R e NO E-
Sodium 2,250] NOT AVAIL. YES 4/4 YES —— — YES NO EB
Vanadium 6.8 260 NO NO o — e [ ——— NO R
Zinc 305 11,000 NO NO men — — — — NO R

* Values presented are for tap water. KEY:

For screening purposes, these values represent the most conservative screening
criteria. The values were obtained from "Selecting Exposure Routes and Contaminants
of Concern by Risk-Based Screening," EPA Region Ill Technical Guidance Manual -
Risk Assessment (November 1994).

E=Essential Nutrient
R=Absalute Risk
F=Detection Frequency
BG=Background
ND=Not Detected in Background
B=Blank Contaminant
----- = Not considered




01-9

TABLE 6-3
SUMMARY OF SEDIMENT DATA SCREENING

MAX. RISK- MAX CONC| CARRY MAX. LESS RETAIN
CONC. BASED GREATER { THROUGH BACK- | THAN2X | FOUND | INRISK | REASON
DETECTED CONC.* |THAN RISK-| SCREEN FREQ. |ESSENTIAL{ GROUND | BACK- IN ASSESS-| ELIMINATED
SUBSTANCE (nglkg) (na/kg) BASED? |PROCESS?|{DETECTED|NUTRIENT?| {(pg/kg) |GROUND?|BLANK?| MENT? e
Acetone 7] 7,800,000 NO NO__ | — — — — — NO R
Methylene Chloride 13 85,000 NO NO o — o — — NO R
Phenanthrene 140 88* YES YES 1/4 NO ND e NO YES
Di-n-butylphthalate 590 1,600,000° NO NO 4/4 NO — YES NO R,B
Fluoranthene 980 3,100,000 NO NO i . nene —_— NO R
Pyrene 680 2,300,000 NO NO | = el B o oy NO R
Benzo{a)anthracene 810 880 NO NO | e - e o - NO R
Chrysene 1,200 88,000 NO NO | - e o —— NO R
Bis(2-ethylhexyl)phthalate 110 46,000 NO NO | - — o — — NO R
Benzo(b)fluoranthene 1,600 880 YES YES 2/4 NO ND — NO YES
Benzo{k)fluoranthene 1,600 8,800 NO NO | - o o o — NO R
Benzo(a)pyrene 550 88 YES YES 1/4 NO ND —— NO YES
Indeno(1,2,3-cd)pyrene 570 880 NO NO | -—- e o — — NO R
Dibenz(a,h)anthracene 240 88 YES YES 1/4 NO ND e NO YES
Benzo(g,h,i)perylene 340 8s? YES YES 1/4 NO ND —— NO YES
lgamma-BHC (Lindane) 1.9 490 NO NO o — — — — NO R
Heptachlor 0.42 140 NO NO — P — —— — NO R
4 4'-DDE 67 1,800 NO NO p— — - o — NO R
Endrin 52 23,000 NO NO | - e —n enme —mm NO R
4,4'-DDD 34 2,700 NO NO e - e NO R
Endosulfan sulfate 5.2 470,000 NO NO — — — —— - NO R
4 4'-DDT 52 1,900 NO NO —— ] e -— — -NO R
Methoxychlor 23 390,000 NO NO . —enem — - — NO R
Endrin ketone 11 23,000° NO NO 2/4 NO | - NO NO R
Endrin aldehyde 2.1 23,000 ° NO NO 1/4 NO o — NO NO R
alpha-Chlordane 0.2 490 NO NO — — ——nem —nem —nmn NO R
gamma-Chiordane 0.3 490 NO NO | - i —— — NO R
* Values presented are for residential soil exposure. KEY: NOTES:

For screening purposes, these vafues represent the most conservative
screening criteria. The values were obtained from “Selecting
Exposure Routes and Contaminants of Concern by Risk-Based
Screening,” EPA Region lll Technical Guidance Manual -
Risk Assessment (November 1894).

E=Essential Nutrient
R=Absolute Risk
F=Detection Frequency
BG=Background
B=Blank Contaminant

? Risk-based concentration for benzo(a)pyrene
® Risk-based concentration for endrin
¢ Risk-based concentration for di-n-octyl-phthalate
¢ Risk-based concentration for naphthalene

ND=Not Detected in Background

----- =Not Considered
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TABLE 6-3, cont
SUMMARY OF SEDIMENT DATA SCREENING

REAV

[ 1174

AA AN i~

MAX. RiSK- MAX CONC| CARRY MAX. LESS RETAIN
CONC. BASED GREATER | THROUGH BACK- | THAN 2X | FOUND | IN RISK REASON
DETECTED CONC.* THAN RISK-| SCREEN FREQ. |ESSENTIAL] GROUND | BACK- IN ASSESS-| ELIMINATED
SUBSTANCE {na/kg) {na/ka) BASED? PROEESS? DETECTED|NUTRIENT?| (ug/kg) |GROUND?|BLANK?| MENT?
Aluminum 22,800,000] _ 7,800,000] _ YES YES 4/4 NO 11,005,000] _ YES — NO BG
Arsenic 9 000 370 YES YES 4/4 NO ND — — YES
Barium 85,000 5,500,000 NO NO . — e —— — NO R
Beryllium 230 150 YES YES 1/4 NO — ——— YES NO F.B
Cadmium 1,300 39,000 NO NO — — —- — — NO R
Calcium 1,390,000 NOT AVAIL. YES 4/4 YES I — NO NO E
Chromium 23,200 390,000 NO NO — — — o — NO R
Cobalt 7,200 4,700,000 NO NO — T — - — NO R
Copper 28,000 2,900,000 NO NO — —— ——- o — NO R*
Iron 14,100,000 NOT AVAIL. YES 4/4 YES —— —— NO NO E"
Lead 67,500 7.8 YES YES P NO 571 NO NO YES
_M_qgnesium 1,830,000] NOT AVAIL. YES 4/4 YES e o NO E
Manganese 192,000 390,000 NO NO o e e e —— NO R
Mercury 210 23,000 NO NO — memm ~— o — NO R-
Nickel 15,400 1,600,000 NO NO o o — e — NO R
Potassium 842,000] NOT AVAIL. YES 2/4 YES — —— NO NO E
Sodium 125,000 NOT AVAIL. YES 2/4 YES — —e S NO E B
Vanadium 38,900 550,000 NO NO —— — o — —— NO R
Zinc 69,4007 23,000,000 NO NO e — — — — NO R
* Values presented are for residential soil exposure. KEY: NOTES:

For screening purposes, these values represent the most conservative
screening criteria. The values were obtained from “"Selecting Exposure
Routes and Contaminants of Concern by Risk-Based

Screening," EPA Region il Technical Guidance Manual -
Risk Assessment (November 1994),

E=Essential Nutrient
R=Absolute Risk
F=Detection Frequency
B=Blank Contaminant
BG=Background
ND=Not Detected in Background
—--- =Not Considered

? Risk-based concentration for benzo(a)pyrene
® Risk-based concentration for endrin
¢ Risk-based concentration for di-n-octyl-phthalate
¢ Risk-based concentration for naphthalene
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TABLE 6-4
SUMMARY OF SURFACE SOIL DATA SCREENING

MAX RISK- MAX CONC CARRY MAX. LESS RETAIN
CONC. BASED GREATER THROUGH BACK- THAN 2X | FOUND | INRISK REASON
DETECTED | CONC.* | THAN RISK- SCREEN FREQ. ESSENTIAL | GROUND BACK- IN ASSESS- | ELIMINATED
SUBSTANCE (nglkg) (ng/kg) BASED? PROCESS? | DETECTED | NUTRIENT? | (ng/kg) | GROUND? | BLANK? | MENT?
Acetone 110{ 7,800,000 NO NO —-mee NO - —-- — NO R
Methylene Chloride 33 85,000 NO NO | e NO —— — e NO R
2, 4-Dinitrotoluene 1,400 160,000 NO NO — NO e — o NO R
Trichloroflucromethane 25| 23,000,000 NO NO e NO — R U NO R
4-Nitrophenol 41| 4,800,000 NO NO mam NO - o JU— NO R
Phenanthrene 71 as* NO NO o NO o - — NO R
Fluoranthene 430] 3,100,000 NO NO ——aee NO e JR— J— NO R
Pyrene 700] 2,300,000 NO NO — NO . — —- NO R
Benzo(a)anthracene 150 880 NO NO [ — — ——ne e NO R
Chrysene 130 88,000 NO NO | - NO B i - NO R
Bis(2-ethylhexyl)phthalate 2,100 46,000 NO NO | e NO o — . NO R
Benzo(b)fluoranthene 260 880 NO NO ] e NO — J— I NO R
Benzo(k)fluoranthene 260 8,800 NO NO enne NO ——- —— e NO R
Benzo(a)pyrene 130 88 YES YES 2114 NO ND NO NO YES
indeno(1,2,3-od)pyrene 99 880 NO NO o NO —— —— — NO R
Benzo(g,h,i)perylene 91 88" YES YES 114 NO ND NO NO YES
Heptachlor 0.18 140 NO NO b NO — —meem e NO R
Heptachlor epoxide 0.24 70 NO NO i NO e e . NO R
4,4-DDE 16 1,900 NO NO o NO — — — NO R
4,4-DDD 114 - 2,700 NO NO | NO — — O NO R
Endosulfan sulfate 0.38 470,000 NO NO o NO p— e - NO R
4,4-DDT 33 1,800 NO NO —emen NO —- e J— NO R
Methoxychlor 39 390,000 NO NO | e NO e — R NO R
Endrin ketone 1 23,000° NO NO | NO —— - — NO R
Endrin aldehyde 4.4 23,000° NO NO | e NO — —— o NO R
alpha-Chlordane 1.8 490 NO NO | NO — —— - NO R
gamma-Chlordane 3.0 490 NO NO —— NO | - — e NO R
Aluminum 12,600,000] 7,800,000 YES YES | e NO 11,185,000 YES e NO BG
Arsenic 6,300 370 YES YES 11/14 NO ND NO NO YES
Barium 41,100{ 5,500,000 NO NO | - NO B - — NO R
Cadmium 3,400 39,000 NO NO NO _— J NO R
* Values presented are for residential soil exposure. KEY: NOTES:

For screening purposes, these values represent the most conservative
screening criteria. The values were obtained from "Selecting
Exposure Routes and Contaminants of Concern by Risk-Based

Screening," EPA Region Il Technical Guidance Manual -

Risk Assessment (November 1994).

E=Essential Nutrient

R=Absolute Risk

F=Detection Frequency

BG=Background

B=Blank Contaminant

ND=Not Detected in Background

—mmmm =Nint CAncidared

* Risk-based concentration for benzo(a)pyrene

® Risk-based concentration for endrin

¢ Risk-based concentration for di-n-octyl-phthalate
4 Risk-based concentration for naphthalene
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SUMMARY OF SURFACE SOIL DATA SCREENING

TABLE 6-4, cont

MAX RISK- MAX CONC CARRY MAX. LESS RETAIN
CONC. BASED GREATER THROUGH BACK- THAN2X | FOUND | INRISK REASON
DETECTED | CONC.* | THAN RISK- SCREEN FREQ. ESSENTIAL | GROUND BACK- IN ASSESS- | ELIMINATED
SUBSTANCE (nglkg) (ng/kg) BASED? PROCESS? | DETECTED | NUTRIENT? (ng/kg) | GROUND? | BLANK? | MENT?
Calcium 2,240,000) NOT AVAIL. YES 11/14 YES o o e NO E
Chromium 12,300 390,000 NO NO —nem NO —nee — — NO R
Cobalt 3,200] 4,700,000 NO NO —-- NO — - I NO R
Copper 58,100 2,900,000 NO NO o NO — N — NO R
lron 9,040,000) NOT AVAIL. YES 10/14 YES — - —_— NO E
Lead 19,600 . 18 YES YES 14/14 NO 571 NO NO YES
 Magnesium 846,000] NOT AVAIL. YES 10/14 YES — — — NO E
Manganese 139,000 390,000 NO NO o NO —- — — NO R
Nickel 10,000} 1,600,000 NO NO nnae NO - - —_— NO R
Potassium 541,000] NOT AVAIL. YES 114 YES —_ - U NO E
Vanadium 19,500 550,000 NO NO —— NO —- . e NO R
Zinc 63,400 23,000,000 NO NO - NO e [ [ NO R
* Values presented are for residential soif exposure. KEY: NOTES:

For screening purposes, these values represent the most conservative

screening criteria. The values were obtained from "Selecting

Exposure Routes and Contaminants of Concern by Risk-Based
Screening," EPA Region Il Technical Guidance Manual -
Risk Assessment (November 1994).

E=Essential Nutrient
R=Absolute Risk

B=Blank Contaminant

ND=Not Detected in Background

---~ =Not Considetred

* Risk-based concentration for benzo(a)pyrene

® Risk-based concentration for endrin

¢ Risk-based concentration for di-n-octyl-phthalate
“ Risk-based concentration for naphthalene




1-9

TABLE 6-5
SUMMARY OF SUBSURFACE SOIL DATA SCREENING

MAX. RISK- MAX CONC| CARRY MAX. LESS RETAIN
CONC. BASED GREATER | THROUGH BACK- | THAN 2X | FOUND | IN RISK REASON
DETECTED CONC.* |THAN RISK-| SCREEN FREQ. |ESSENTIAL| GROUND | BACK- IN ASSESS-| ELIMINATED
SUBSTANCE (na/kg) (ng/kg) BASED? |PROCESS?{DETECTED|NUTRIENT?| (ng/kg) |GROUND?| BLANK? | MENT?
Acetone 210] 7,800,000 NO NO — p— J— - — NO R
Methylene Chloride 50 85,000 NO NO macen — | e maam —_ NO R
2-Butanone 5| 47,000,000 NO NO — — e — — NO R
1,1,1-Trichloroethane 3 7,000,000 NO NO —— el B ——eme —— NO R
Toluene 26| 16,000,000 NO NO i — — e o NO R
Ethylbenzene 10 7,800,000 NO NO o -— paaay — e NO R
Total Xylenes 27} 160,000,000 NO NO — I ——— o NO R
Dimethylpentane 41| 7,800,000 ° NO NO 1/46 NO — e NO NO F.R
Tetramethlybutane 270| 7,800,000° NO NO 1/46 NO mem — NO NO F.R
Dimethylhexane 100] 4,700,000 NO NO 1/46 NO | - — NO NO FR
Trimethlypentane 95] 7,800,000° NO NO 1/46 NO o —— NO NO F,R
Nonane 51] 7,800,000° NO NO 1/46 NO ——- —— NO NO FR
Ethyimethylbenzene 33| 7,800,000° NO NO 1/46 NO o o NO NO F,R
Trimethylbenzene 32| 31,000,000 NO NO 1/46 NO i b NO NO F.R
2-Methyinaphthalene 5,800 3,100,000 © NO NO 1/46 NO | -~ o NO NO FR
Phenanthrene 610 88 ? YES YES 2/46 NO ND NO NO YES
Anthracene 120} 23,000,000 NO NO o — — — — NO R
Di-n-butyiphthalate 5,300 7,800,000 NO NO — — - —— —— NO R
Fluoranthene 6,900 3,100,000 NO NO e P ———- —— o NO R
Pyrene 7,800 2,300,000 NO NO o o e e —— NO R
Butylbenzlphthalate 220f 16,000,000 NO NO — o - o o NO R
Benzo(a)anthracene 6,200 880 YES YES 2/46 NO ND NO NO YES
Chrysene 5,100 88,000 NO NO — ——eae - — —— NO R
Bis(2-ethylhexyl)phthalate 1,300 46,000 NO NO — — oome ——m — NO R
Di-n-octylphthalate 100 1,600,000 NO NO — — — — — NO R
Benzo(b)fluoranthene 6,900 880 YES YES 3/46 NO ND NO NO YES
Benzo{k)fluoranthene 6,900 8,800 NO NO -neen — — o —_— NO R
* Values presented are for residential soil exposure. KEY: NOTES:

For screening purposes, these values represent the most conservative
screening criteria. The values were obtained from "Selecting
Exposure Routes and Contaminants of Concern by Risk-Based
Screening,” EPA Region lll Technical Guidance Manual -
Risk Assessment (November 1994),

E=Essential Nutrient
R=Absolute Risk
F=Detection Frequency
BG=Background
B=Blank Contaminant

ND=Not Detected in Background

----- =Not Considered

# Risk-based concentration for benzo(a)pyrene
® Risk-based concentration for endrin
¢ Risk-based concentration for di-n-octyl-phthalate
4 Risk-based concentration for naphthalene

® Risk-based concentration for ethylbenzene.

' Risk-based concentration for n-hexane
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TABLE 6-5 cont

SUMMARY OF SUBSURFACE SOIL DATA SCREENING

MAX, RISK- MAX CONC| CARRY MAX. LESS RETAIN
CONC. BASED GREATER | THROUGH BACK- | THAN 2X | FOUND | IN RISK REASON
ETECTED CONC.* ITHANRISK-| SCREEN FREQ. |[ESSENTIAL| GROUND | BACK- iN ASSESS-| ELIMINATED
SUBSTANCE {ng/kg) (ng/kg) BASED? |PROCESS?|DETECTED|{NUTRIENT? (rg/kg) |GROUND?| BLANK? | MENT?
Benzo(a)pyrene 3,300 88 YES YES 2/46 NO ND NO NO YES
Indeno(1,2,3-cd)pyrene 2,300 880 YES YES 1/46 NO — — NO NO F
Dibenz(a,h)anthracene 630 88 YES YES 1/46 NO | R NO NO F
Benzo(g,h,i)perylene 2,300 88° YES YES 1/46 NO — —-nn NO NO F
alpha-BHC 0.24 100 NO NO — e . —_ NQ R
delta-BHC 1.3 350 NO NO — e e NO R
igamma-BHC (Lindane) 1 490 NO NO —— e — — . NO R
Heptachior 0.27 140 NO NO —nem - | — —— NO R
Aldrin 0.11 38 NO NO oene -—-- B — —— NO R
Heptachlor epoxide 0.82 70 NO NO E— — e oeme — NO R
4,4'-DDE 59 1,900 NO NO o et —- [ NO R
4,4'-DDD 160 2,700 NO NO — — —— — — NO R
Endrin 2.9 23,000 NO NO — — — . NO R
4,4-DDT 210 1,900 NO NO | o o - —— — NO R
Methoxychlor 2.5 390,000 NO NO —— i — —— NO R
Endrin ketone 0.72 23,000° NO NO - i — — NO R
Toxaphene 10 580 NO NO o — — — — NO R
beta-BHC 1.1 350 NO NO o o — — — NO R
Endrin aldehyde 4.0 23,000° NO NO 1/46 NO e e NO NO F
alpha-Chlordane 7.5 490 NO NO emm — — e o NO R
[gamma-Chlordane 6.3 480 NO NO v -—- o e — NO R
Aroclor 1260 460 83 YES YES 1/46 — — — NO NO F
Aluminum 27,600,000 7,800,000 YES YES 46/46 NO 19,000,000f YES NO NO BG
Arsenic 8,400 370 YES YES 40/46 o 1,100 NO YES YES
Barium 67,800 5,500,000 NO NO — e —— — — NO R
Calcium 1,520,000{ NOT AVAIL. YES — YES o R — NO E
Chromium 48,300 390,000 NO NO | e —— e — —- NO R
* Values presented are for residential soil exposure. KEY: NOTES:

For screening purposes, these values represent the most conservative
screening criteria. The values were obtained from “Selecting
Exposure Routes and Contaminants of Concern by Risk-Based

Screening,” EPA Region Ill Technical Guidance Manual -

7

Risk Assessment (November 1994),

E=Essential Nutrient
R=Absolute Risk
F=Detection Frequency
BG=Background
B=Blank Contaminant

ND=Not Detected in Background

-~ =Not Considered

* Risk-based concentration for benzo(a)pyrene
® Risk-based concentration for endrin
¢ Risk-based concentration for di-n-octyl-phthalate

d Risk-based conpantratinn for ﬁaphthaiéhe

MRSV VWISl alivli
* Risk-based concentration for ethylbenzene.
" Risk-based concentration for n-hexane
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TABLE 6-5 cont
SUMMARY OF SUBSURFACE SOIL DATA SCREENING

MAX. RISK- MAX CONC| CARRY MAX. LESS RETAIN
CONC. BASED GREATER | THROUGH BACK- | THAN 2X | FOUND | IN RISK REASON
DETECTED CONC.* |THAN RISK-| SCREEN FREQ. |ESSENTIAL| GROUND | BACK- IN ASSESS-| ELIMINATED
SUBSTANCE (ng/kg) (ng/kg) BASED? |PROCESS?|DETECTED|NUTRIENT?| (ug/kg) |GROUND?| BLANK? | MENT?

Cobalt 6,000 4,700,000 NO NO o —-ae mmem mm e NO R
Copper 10,100 2,900,000 NO NO o o o — — NO R
fron 33,000,000 NOT AVAIL. YES e YES o — — NO E
Lead 12,200 7.8 YES YES 42/46 NO 1,900 NO NO YES
Magnesium 1,680,000f NOT AVAIL. YES o YES — o o NO E
Manganese 297,000 390,000 NO NO o NO — - —_— NO R
Mercury 150 23,000 NO NO e o e o ——— NO R
Nickel 16,400 1,600,000 NO NO | - o o — o—vme NO R
Potassium 2,490,000] NOT AVAIL. YES e YES — —- — NO E
Silver 1,700 390,000 NO NO — — o= o — NO R
Sodium 192,000f NOT AVAIL. YES e YES o o o NO E
Vanadium 27,200 550,000 NO NO — o — — — NO R
Zinc 28,700 23,000,000 NO NO | - — o — —— NO R
* Values presented are for residential soil exposure. KEY: NOTES:

For screening purposes, these values represent the most conservative
screening criteria. The values were obtained from "Selecting
Exposure Routes and Contaminants of Concern by Risk-Based
Screening," EPA Region lll Technical Guidance Manual -

Risk Assessment (November 1994).

E=Essential Nutrient
R=Absolute Risk

F=Detection Frequency

BG=Background
B=Blank Contaminant

ND=Not Detected in Background

— =Not Considered

* Risk-based concentration for benzo(a)pyrene

® Risk-based concentration for endrin

¢ Risk-based concentration for di-n-octyl-phthalate
4 Risk-based concentration for naphthalene

® Risk-based concentration for ethyibenzene.

' Risk-based concentration for n-hexane



TABLE 6-6. SUMMARY OF CHEMICALS OF CONCERN

Chemical
of Concern

Ground-
water

Surface
Water

Sediment

Surface
Soil

Subsurface
Soil

1,1-Dichloroethene

cis-1,2 Dichloroethene

Methylene Chloride

Chioroform

Benzene

Tetrachioroethene

Toluene

Trimethylbenzene

Tetramethylbenzene

2-Methylnaphthalene

Naphthalene

Phenanthrene

NN XX XX XIX|[X]X]|X]|X

x

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

X|X|X|X

Dibenz(a,h)anthracene

Benzo(g,h,i)perylene

XiX|X|X

alpha-BHC

Heptachlor epoxide

gamma-Chlordane

Arsenic

x

b

x

Lead

XX XXX
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Surface Soil. Chemicals detected in surface soil and retained in the risk assessment include
benzo(a)pyrene, benzo(g,h,i)perylene, arsenic, and lead. The bases for elimination of all other detected

chemicals are presented in Table 6-4.

Subsurface Soil. Six chemicals detected in subsurface soil are retained in the human health risk
assessment. The retained chemicals are phenanthrene, benzo(a)anthracene, benzo(b)fluoranthene,
benzo(a)pyrene, and lead. The screening process rationale for elimination of all other detected chemicals

is presented in Table 6-5.

In general, these chemicals were detected in on-site media and may be site-related contaminants. The
chlorinated solvents may have originated from combustion of used solvents. The PAHs may be
constituents of fuels or crankcase oil burned during training exercises, or combustion products. Arsenic
and lead may be present at levels exceeding background due to the use of leaded gasolines and used
crankcase oil, which can become enriched with PAH compounds and metals including lead and arsenic.
The pesticides are not apparently site-related, but are retained in the risk assessment to evaluate potential

contribution to overall site risk.

6.3 EXPOSURE ASSESSMENT

The exposure assessment provides an estimate of the potential type and magnitude of exposures to the
chemicals of concern which may occur at the former FTA. The risk characterization combines the results

of the exposure assessment with toxicity data. The exposure assessment includes three steps:

characterization of the exposure setting, identification of exposure pathways, and quantitation of exposure.
6.3.1 Characterization of Exposure Setting

6.3.1.1 Physical Setting

The physical setting including climate, surface hydrology, regional geology, regional hydrogeology, land

use, water use, and demographics are discussed in Section 3.0. That information provides the basis for

characterizing the exposure setting.
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6.3.1.2 Chemical Contamination and Potential Migration Routes

Available data from the 1989 (NASA, 1990) and 1994 (Section 4.0) investigations indicate that chemical
contamination related to past activities at the FTA is present in surface soil at the site. Total petroleum
hydrocarbon levels range from 39.7 to 5890 micrograms per kilogram (wg/kg) in surface soil samples.
Volatile organics detected include only acetone and methylene chloride, which were also detected in the
laboratory blanks at similar levels. Pesticide detections are low concentrations of DDT (120 w«g/kg), its

breakdown products, and other compounds at low concentrations.

PAHs, including benzo(a)pyrene, are present in samples FTA-SS03 and FTA-SS10. Figure 2-1 shows the
sample locations. Both of these locations are on the fringes of the projected location of the former pit
area. These PAHs and other semivolatiles may be associated with the waste products ignited as part of the

fire training exercises, and the fire fighting agents used to extinguish the fires.

The concentrations of metals in the surface soils appear to be within the normal background ranges, with
the exceptions of lead and arsenic. The levels of these two metals are slightly elevated in several samples.
Transport of contaminants in surface soil by surface runoff can occur only locally at the site as direct

discharges to surface water do not occur.

The results of the 1994 field investigation indicate that groundwater contamination from the FTA does not
appear to have reached surface water at Little Mosquito Creek, nor the Town of Chincoteague or NASA
drinking water wells. The FTA is cross-gradient of the Town of Chincoteague supply wells screened in
the Pleistocene aquifer. The active NASA supply wells are upgradient of the FTA site and are screened in
the Miocene aquifer. The groundwater contamination plume in the Pleistocene (water table aquifer) lies
immediately downgradient of the former FTA and does not appear to extend beyond the earthen berm
located immediately north of the site. The estimated plume for cis-1,2-dichloroethene is the most

extensive and provides an indication of the extent of the groundwater contamination (Figure 5-3).

In general, the groundwater flow direction in the water table aquifer is to the north and east, toward the

many creeks and inlets, with eventual discharge to the Atlantic Ocean. The general flow direction in the
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(Miocene) aquifers is also generally toward the north and east in the vicinity of WFF. Recharge occurs
near the spine of the peninsula that forms the Eastern Shore of Virginia (Horsley Witten Hegemann,
1991). Although some downward flow from the upper unconfined aquifer to the lower confined aquifer
occurs on the Eastern Shore of Virginia (Horsley Witten Hegemann, 1991), the pump tests conducted on

4,
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6.3.1.3 Potentially Exposed Populations

The risk assessment process requires identification and evaluation of potential receptors (i.e., individuals
exposed to contaminants) for both current land use and future land use scenarios. Standard risk assessment
practice utilizes a reasonable maximum exposure (RME) to estimate the magnitude of the potential impact.
The RME is the "highest exposure that is reasonably expected to occur at a site" (U.S. EPA, 1989). The
RME is designed to be both reasonable and protective of the overall population. Given the small area
(about one acre) and the low number of samples collected per medium, the maximum detected
concentration of each chemical of concern is the basis for the RME for this human health risk assessment.
This approach provides a conservative RME estimate of risk associated with the site. The risks associated

with an average exposure are based on the arithmetic averages of concentrations detected at the site.

Current Land Use Conditions. WFF is NASA-owned and operated property, with generally restricted
access. Fencing provides a physical security barrier along the southeast and southwest boundaries.
Natural water barriers to the northeast and northwest limit access to the remainder of the facility. A
continuously-manned Main Gate, with a badge and vehicle identification system for all facility personnel
and visitors, controls access to the facility. NASA maintains a Visitor Information Center outside the
secured facility east of State Route 175 (NASA, May 1992).

Populations at the facility include approximately 1200 employees (military, civilian, and contractor support
personnel) and 11,000 visitors per year, predominantly at the Visitor Information Center. Children are not
generally allowed in the active areas of WEF (inside the fenced areas). During occasional recreational
events and tours, children and adults visiting the facility are closely supervised and restricted to specific

areas (NASA, May 1992). Adjacent to the FTA is an active runway, and access is therefore strictly
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controlled. Only employees involved with operational and service areas and employees responsible for
maintenance or groundskeeping activities are expected to frequent the FTA. According to NASA,
approximately 72 of the 1200 employees (or 6 percent) are presently involved with maintenance activities

(NASA, May 1992).

Use of the FTA for training purposes ceased in 1987. The other areas are also inactive, including the
former drum storage area (dates of use unknown), the sludge pile (dates of disposal unknown), and the
construction debris disposal area (disposal reportedly ceased in 1991).

An active runway is located approximately 250 feet south of the FTA site. The runway is separated from
the FTA by a grass median and the paved former taxiway located immediately south of the FTA. The area
is accessed by crossing Runway 10-28 at an approved crossing located approximately 1000 feet west of the
FTA. Access to the site is generally controlled by personnel in the WFF Air Traffic Control Tower who
monitor activities in the vicinity of the airfield. In addition, the WFF Security personnel complete routine

patrols of the Main Base facility.

Future Land Use Conditions. The Accomack County Comprehensive Plan (Accomack County, 1989)
indicates the WFF Main Base is zoned for industrial land use. NASA currently has no plans to close the
WFF facility.

Although development of the FTA for residential use is unlikely due to the proximity to the runway, EPA
has requested the use of a future land use scenario which considers residential adult and child exposures.
These receptors represent the most significant potential exposure. Exposures under future industrial land
use are assumed to be of similar magnitude to a maintenance worker's exposure under current land use.

Only the future residential receptors are evaluated.
6.3.2 Identification of Exposure Pathways
Potential pathways for human exposure to chemicals of potential concern at the former FTA are evaluated

on the basis of exposure points, possible exposure routes, and human activities. Three criteria define

pathway completeness: 1) a source or chemical release from a source must exist; 2) an exposure point
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where contact can occur must be identified; and 3) an exposure route by which contact can occur (e.g.,

ingestion or skin contact) must exist.

6.3.2.1 Potential Exposure Pathways for Current Land Use Conditions

Groundwater. Water supply wells for the Town of Chincoteague located on the eastern border of WFF
are approximately 5000 feet from the FTA. The wells are essentially cross-gradient, and are not
considered to be potentially impacted by groundwater contaminants found in the vicinity of the FTA. A
remedial design investigation conducted for the former Aviation Fuel Tank Farm at WFF, located 1700 to
3500 feet upgradient of the Town of Chincoteague supply wells, did not indicate current contamination to
the supply wells from this closer, upgradient source (NASA, 1992). The residents of the Town of

Chincoteague are not potential receptors for the groundwater pathway under current land use.

Potable water supply wells for NASA operations are located hydraulically upgradient of the FTA (Figure
3-1). NASA is currently drawing potable water supplies from five deep wells in the upper and middie
Miocene aquifers. Current evidence does not indicate contamination of the Miocene aquifers from the
FTA, and pump tests conducted in 1981, 1987, and 1991 did not indicate leakage between the shallow
(Pleistocene) aquifer and the upper and middle Miocene aquifers (NASA, 1993). Therefore NASA
employees and visitors are not considered potential receptors for the groundwater pathway under

current land use.

Surface Water. The WFF Main Base does not encompass any significant surface water bodies. Surface
water bodies border WFF to the north and east of the facility. These water bodies are not sources of
potable water due to brackish conditions. Contamination of surface water by direct runoff of stormwater
from the FTA is not expected to occur. Direct discharges to surface water were not observed. Some
intermittent ponding of surface water occurs in several areas located downgradient of the former FTA.
These areas were sampled as part of the RI. Maintenance workers may be exposed to surface water in

these areas during routine tasks such as groundskeeping. Exposure of other personnel is not expected to
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TABLE 6-7. POTENTIAL EXPOSURE PATHWAYS FOR THE NASA FTA, CURRENT LAND USE

Exposure Mechanism Exposure Potential Route of Pathway Complete? Basis Type of
Medium of Release Point Receptor Exposure Evaluation
Soil Release to Fire Training Area ~ Maintenance [ncidental Yes. Workers may contact soil during routine  Quantitative
surface soil Workers ingestion, dermal  maintenance (i.e., mowing) and any excavation
absorption activities,
Soil Release to Fire Training Area  Base Visitors and  Incidental Yes. Exposure is unlikely. Maintenance Not evaluated.
surface soil Personnel ingestion, dermal  worker exposure to soil represents the worst
absorption case.
Groundwater  Leaching to Town of Residents of Direct ingestion, No. These wells are located hydraulically Not evaluated.
groundwater  Chincoteague or Chincoteague or  dermal absorption,  upgradient or cross-gradient from the site.
from soil NASA water NASA personnel  and inhalation
supply wells and visitors.
Surface Groundwater  Little Mosquito Residents Incidental No. No evidence to indicate that contaminants  Not evaluated.
Water discharge to Creek ingestion, dermal  are currently being discharged to surface
surface water absorption waters.
Sediment/ Surface water ~ Low-lying areas Maintenance Incidental Yes. Exposure to sediment and ponded Quantitative for
Surface runoff from immediately north Workers ingestion, dermal  surface water is possible for workers during dermal route for
Water site and northeast of the absorption maintenance and excavation activities. Only surface water.
(stormwater)  Fire Training Area dermal route is considered complete for Sediment
surface water. evaluated as soil.
Air Volatilization  Fire Training Area ~ Maintenance Inhalation Yes. Volatilization possible, but dilution and ~ Not evaluated.
of chemicals Workers dispersion expected to be relatively large.
from exposed Volatile organic levels in soil are relatively
soil. low.
Air Wind Fire Training Area ~ Maintenance Inhalation Yes. Dust generation possible, but dilution Not evaluated.
dispersion of Workers and dispersion expected to be relatively large.
outdoor soil. FTA is generally well vegetated. Volatile

organic levels in soil are relatively low.
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occur. Therefore the maintenance worker represents the RME. Direct contact with the ponded surface

water may result in dermal absorption of chemicals of concern.

Current evidence does not indicate discharge of contaminated groundwater to surface water is occurring,
Based on the delineation of the contaminant plume in groundwater downgradient of the site, the chemicals

of concern are not reaching surface water under current conditions. This pathway is not complete and will

not be analyzed.

Soil and Sediment. On-site sediment is found in the area of intermittent ponded surface water. The
sediment is considered as surface soil in the current land use scenario. Worker exposure to contaminated
soil and on-site sediment is likely during routine maintenance, including groundskeeping, excavation, or
construction activities, Maintenance workers are expected to have more frequent contact with soil than
other personnel, and therefore represent the RME. An evaluation utilizing a maintenance worker is
expected to provide an exposure estimate that is protective of other personnel at the facility. The
maintenance worker is also considered for the average exposure, but at a reduced frequency of exposure.
Direct contact with soil can result in incidental ingestion through hand to mouth contact, particularly during
activities such as eating or smoking. Dermal absorption may result from direct contact of contaminated
soil and the skin. Incidental ingestion and dermal absorption are considered likely pathways and are

quantitatively analyzed.

Under current land use conditions, exposure to subsurface soils is unlikely, and would be infrequent if it
occurred. Construction and excavation activities do not generally occur in the area. Therefore, the
surface soil and on-site sediment data are used to evaluate risk associated with soil exposure under current

land use conditions.
Air. The inhalation route is not evaluated under current land use conditions. The site is generally

stabilized and routine air monitoring during RI field investigation activities did not indicate volatile levels

above background levels in the breathing zone. Exposure via this route is considered unlikely.
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6.3.2.2 Potential Exposure Pathways for Future Land Use Conditions

Table 6-8 summarizes potential exposure pathways to contaminants from the FTA for future land use
conditions. The pathways are briefly described below.

Groundwater. For a future residential land use scenario, it is possible that new water supply wells could
be installed. The potential exists that these wells could be screened in the unconfined Pleistocene aquifer,
as well as in the upper and middle Miocene aquifers. Current evidence does not indicate contamination of
the Miocene aquifers from the FTA; evidence of contamination of the Pleistocene immediately down-
gradient of the FTA is confirmed by the RI field investigation results. Therefore this pathway will be
evaluated for future land use conditions. The routes of possible e){posure for the groundwater pathway

include ingestion, dermal absorption (during bathing), and inhalation (during bathing).

Soil. Surface and subsurface soils at the site could be disturbed as a result of excavation and construction
activities. Residential exposure to contaminants in soil is considered unlikely but possible under future
land use conditions. This pathway is evaluated, assuming a blending of surface and subsurface soils and
on-site sediment. Exposure via ingestion and dermal absorption are considered for adult and child

receptors.

Surface Water. Contaminants from the FTA may reach surface water via groundwater plume migration and
discharge of groundwater to surface water. Little Mosquito Creek is tidally influenced and subject to daily
flushing. The tidal effects will result in a high level of dilution and dispersion of any contaminants which
may reach the surface water. As in the current land use scenario, surface water 1s not considered a source for
potable water due to brackish conditions. In addition, the area is not expected to be utilized for recreation
due to the availability of nearby superior recreational areas and limited access due to significant marshland
located between the FTA and Little Mosquito Creek. This pathway will not be analyzed for future

conditions.

Sediment. With future residential development of the FTA, drainage channels and systems to handle
increased runoff due to development could be required. Residents could be exposed to contaminants in
sediment transported from the FTA into drainage channels via stormwater runoff. Exposure could occur
through incidental ingestion or dermal absorption. The types and concentrations of contaminants in sediment

would be similar to those encountered in soil at the site, particularly following development and the resultant
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TABLE 6-8. POTENTIAL EXPOSURE PATHWAYS FOR THE NASA FTA, FUTURE LAND USE

Exposure Mechanism of Exposure Point Potential ~ Route of Exposure Pathway Complete? Basis Type of
Medium Release Receptor Evaluation
Soil Release to surface  Fire Training Area Residents Incidental ingestion, Yes. Although residential development of the  Quantitative
soil dermal absorption FTA and the NASA facility is not expected to
occur, future land use is unknown.

Groundwater ~ Leaching to Town of Chincoteague  Residents  Direct ingestion, No. Future exposure of Town of Chincoteague  Not
groundwater from  water supply wells dermal absorption residents to groundwater contamination by evaluated.
soil plume migration from the FTA is not expected

to oceur.

Groundwater ~ Leaching to Residential water Residents  Direct ingestion, Yes. Future residential development could Quantitative
groundwater from  supply wells dermal absorption, result in installation of shallow water supply
soil; irrigation of inhalation, ingestion of ~ wells. Plume migration is not expected to
agricultural with agricultural products  impact any existing supply wells.
groundwater

Air Volatilization of Fire Training Area Residents Inhalation Yes. Volatilization possible, but dilution and ~ Not
chemicals from dispersion expected to be relatively large. evaluated.
exposed soil Levels of volatile organics in soil relatively

low.

Air Wind dispersion of  Fire Training Area Residents Inhalation Yes. Dust generation possible, but dilution Not

outdoor soil and dispersion expected to be relatively large.  evaluated.
Area will remain partially grassed even under
residential development scenario.

Surface Water ~ Groundwater Little Mosquito Creek ~ Residents  Incidental ingestion, Yes. Groundwater contamination may reach Not
discharge to dermal absorption surface water by plume migration, but dilution  evaluated.
surface water and dispersion are expected to be relatively

large due to tidal nature.

Sediment Surface water Drainage channels Residents Incidental ingestion, Yes. Exposure to sediment is possible for Qualitative
runoff from site dermal absorption residents.
(stormwater)
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blending of surface and subsurface soils. Residential exposure to sediment is expected to be similar to, but
less frequent than, exposures to soil. The exposure assessment for sediment is not expected to vary
significantly from the soil exposure assessment. Therefore, the sediment exposure pathway will be discussed
qualitatively to identify any additional risks posed to residents from exposure to sediment as compared to soil

exposure, and the sediment data will be incorporated in the evaluation of risks due to soil exposure.

Air. Inhalation of volatiles during showering is a possible exposure route. Other inhalation exposures are
considered unlikely under the future residential exposure. Inhalation of volatiles during showering may
contribute to the overall site risk. For the purposes of this assessment, it is assumed that the conservative
assumptions used in evaluating ingestion, dermal absorption, and inhalation will provide a reasonable

assessment of overall risk due to future residential exposures.
6.3.2.3 Summary of Potential Exposure Pathways

Current land use conditions:

] Worker exposure to contaminants in surface soil and sediment by incidental ingestion and

dermal absorption will be quantitatively analyzed.
. Dermal absorption from on-site ponded surface water will be evaluated.

Future land use conditions:

. Resident (both adult and child) exposure to contaminants in soil (including surface and
subsurface soil, and sediment) by incidental ingestion and dermal absorption will be

quantitatively analyzed.

. Resident (both adult and child) exposure to contaminants in groundwater by ingestion,

dermal absorption , and inhalation will be quantitatively analyzed.




6.3.3 Quantification of Potential Exposure

Exposure of potential receptors to chemicals of concern detected at the former FTA is quantified using the
exposure point concentration and the frequency, duration, and magnitude of contact. The U.S. EPA has
developed standard guidance for exposure quantification. The standard guidance, presented in "Human
Health Evaluation Manual Supplemental Guidance: Standard Default Exposure Factors" (U.S. EPA, 1991a),

is used in the exposure quantification.

The level of remedial action required at a given site may be determined by a risk assessment based upon the
RME as defined by the U.S. EPA. The RME is the highest exposure that may reasonably occur at a site, and
1s designed to be both reasonable and protective of the overall population. The RME is pathway-dependent;

if a given population is exposed via multiple pathways, the exposures are combined to determine the RME.

The RME is typically derived using the 95 percent upper confidence limit (UCL) of the arithmetic mean of
chemical concentrations detected in an environmental medium. U.S. EPA guidelines suggest that in cases
with limited amounts of data (less than 20 samples) or significant data variability, the 95 UCL or the
maximum detected level, whichever is lower, be employed to calculate the RME (U.S. EPA, 1989b). For this
risk assessment, the RME utilizes the maximum detected site concentration rather the 95 percent UCL due to
the limited number of data points. The use of maximum detected levels provides a conservative estimate of

risk.

The average exposure is calculated based on the arithmetic mean of site-specific chemical concentration data.
In calculating the arithmetic mean, the laboratory reported CRQL is used for samples in which a chemical of

concern was not detected. This approach is conservative and is employed in this risk assessment to offset the
effects of limited data points. The average exposure is used for comparison purposes to assess the median

exposure level.

The RME and the average exposure for current and future land use are based on the exposure parameters
summarized below for each completed pathway. The parameters provide the basis for dose estimation and

exposure quantification.
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6.3.3.1 Soil or Sediment Exposure Under Current Land Use

Under current land use conditions, an adult maintenance worker may be exposed to chemicals of concern
through the incidental ingestion or dermal absorption routes. Tables 6-9 and 6-10 provide the exposure
parameters for ingestion of and dermal absorption from soil or sediment. These exposure parameters are for
the RME and the average exposure assessment. In determining the exposure levels, the maximum chemical
concentrations encountered at the FTA are used for calculating the RME. The average exposure assessment
utilizes average chemical concentration values. The values of exposure frequency are estimated based upon
the potential exposure of a maintenance worker for 5 days/week and 50 weeks/year. The exposure factors are
combined with the maximum or average exposure point concentration in the following Equation 1 to estimate

exposure doses via incidental ingestion.

Equation 1 - Ingestion of Soil or Sediment

CDI=CS*CF*IR*FI*EF*ED
BW * AT

where  CDI = chronic daily chemical intake (mg/kg/day)
CS = chemical concentration in soil or sediment (.g/kg)
CF = conversion factor (1 kg/10° n.g)
IR = soil or sediment ingestion rate (mg/day)
FI = fraction ingested from source (unitless)
EF = exposure frequency (days/365 days)
ED = exposure duration (years)
BW = body weight (kg)
AT = averaging time (70 years for carcinogens, or exposure duration
value for noncarcinogens)

Exposure dose estimates for dermal absorption are obtained from the following Equation 2. The equation

provides an estimate of absorption of chemicals of concern due to skin contact with soil or sediment.
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Equation 2 - Dermal Absorption from Soil or Sediment

AD=CS*CF*SA *AF* ABS*EF*ED
BW * AT

where AD = absorbed dose (mg/kg/day)

CS = chemical concentration in soil or sediment (1.g/kg)
CF = conversion factor (1 kg/10° ng)

SA = skin surface area exposed (cm?)

AF = soil to skin adherence factor (mg/cm?)
ABS = dermal absorption factor (unitless)

EF = exposure frequency (days/365 days)

ED = exposure duration (years)

BW = body weight (kg)

AT = averaging time (70 years for carcinogens, exposure duration

value for noncarcinogens)

TABLE 6-9. EXPOSURE PARAMETERS FOR INGESTION
OF SOIL OR SEDIMENT FOR CURRENT LAND USE

EXPOSURE PARAMETER REFERENCE
Maintenance Worker:
IR  Soil ingestion rate 50 mg/day (1)
FI  Fraction ingestion from source 100% (Conservative)
EF Exposure frequency 250 days/year 1)
ED Exposure duration 25 years (1)
BW Body weight 70 kg (adult) ¢))
AT Averaging time:
Noncarcinogens 25 years )
Carcinogens 70 years 1)

(1) U.S.EPA, 1991a. Human Health Evaluation Manual, Supplemental Guidance: “Standard Default

Exposure Factors” memorandum.
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TABLE 6-10. EXPOSURE PARAMETERS FOR DERMAL ABSORPTION FROM
SOIL OR SEDIMENT FOR CURRENT LAND USE

EXPOSURE PARAMETER REFERENCE

Maintenance Worker:

SA Skin surface area exposed 1890 sq. cm. 2)
(hands and forearms)

AF  Soil to skin adherence factor 1.45 mg/sq. cm 3)

ABS Dermal absorption factors:

Volatiles 25% “@
Semi-volatiles other than PCP 10% “4)
Pesticides other than DDT 10% 4)
Arsenic 3% 4)
Metals other than Arsenic 1% “)
EF Exposure frequency 250 days/year )
ED Exposure duration 25 years 0))
BW Body weight 70 kg (adult) ¢y

AT Averaging time:
Noncarcinogens 25 years )
Carcinogens 70 years (H

(1) U.S.EPA, 1991a. Human Health Evaluation Manual, Supplemental Guidance: "Standard Default

Exposure Factors" memorandum.
(2) U.S.EPA, 1989a. Exposure Factors Handbook. Office of Health and Environmental Assessment.
(3) U.S. EPA, 1989b. Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation
Manual. Office of Emergency and Remedial Response.
(4) U.S. EPA, 1995. Interim guidance provided by EPA Region III.
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6.3.3.2 Surface Water Exposure Under Current Land Use

Under current land use conditions, an adult maintenance worker may be exposed to chemicals of concern
through dermal absorption of ponded surface water during maintenance activities. Exposure parameters for
dermal absorption from surface water are presented in Table 6-11. The exposure frequency is estimated at 50
days per year, since the surface water is intermittently ponded and exposure on a daily basis is unlikely.

These parameters are combined with maximum and average exposure point chemical concentrations in the

following Equation 3 to obtain dose estimates.

Equation 3 - Dermal Absorption from Surface Water

AD=CW*SA*PC*ET*EF *ED*CF
BW * AT

where AD = absorbed dose (mg/kg/day)
CW = chemical concentration in water (mg//)
SA = skin surface area available for contact (cm?)
PC = chemical-specific dermal permeability constant (cm/hr)
ET = exposure time (hours/day)
EF = exposure frequency (days/365 days)
ED = exposure duration (years)
CF = volumetric conversion factor for water (1 /1000 cm?)
BW = body weight (kg)
AT = averaging time (70 years for carcinogens, exposure duration
value for noncarcinogens)

6.3.3.3 Groundwater Exposure Under Future Land Use

Under potential future land use conditions, residential exposure from site contaminants in groundwater could
include ingestion, dermal absorption, and inhalation by both children and adults. The exposure parameters
for ingestion of and dermal absorption from groundwater are presented in Tables 6-12 through 6-14. The
RME and average exposure point concentrations are combined with the exposure parameters in Equation 4
to estimate the dose from ingestion of groundwater. The exposure frequency is estimated as 350 days/year

based upon the residential exposure of 7 days/week for 50 weeks.
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TABLE 6-11. EXPOSURE PARAMETERS FOR DERMAL ABSORPTION FROM
SURFACE WATER FOR CURRENT LAND USE

EXPOSURE PARAMETER  REFERENCE

Maintenance Worker:

SA  Skin surface area exposed 1890 sq. cm. @
(hands and forearms)

PC Chemical-specific dermal permeability factor | Chemical specific (€)]

EF Exposure frequency 50 days/year ¢))

ED Exposure duration 25 years ¢

BW Body weight 70 kg (adult) D

AT Averaging time:
Noncarcinogens 25 years ¢))]
Carcinogens 70 years (§)]

() U.S. EPA, 1991a. Human Health Evaluation Manual, Supplemental Guidance: "Standard Default

Exposure Factors" memorandum.
(2) U.S. EPA, 1989a. Exposure Factors Handbook. Office of Health and Environmental Assessment.
(3) U.S. EPA, 1992. Dermal Exposure Assessment: Principles and Applications.
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TABLE 6-12. EXPOSURE PARAMETERS FOR INGESTION OF
GROUNDWATER FOR FUTURE LAND USE

EXPOSURE PARAMETER REFERENCE

Resident:

IR Ingestion rate 1 liter/day (child) ¢y
2 liters/day (adult)* ¢
EF Exposure Frequency 350 days/year )]
ED Exposure Duration 6 years (child) (¢})
24 years (adult)* (¢))
BW Body Weight 15 kg (child) )]
70 kg (adult)* (1

AT Averaging Time:
Noncarcinogens 6 years (child) )]
24 years (adult)* (O
Carcinogens 70 years ')

* The term "adult" refers to persons 6 years of age and older.

(1) U.S. EPA, 1991a. Human Health Evaluation Manual, Supplemental Guidance: "Standard Default
Exposure Factors" memorandum.
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TABLE 6-13. EXPOSURE PARAMETERS FOR DERMAL ABSORPTION FROM
GROUNDWATER FOR FUTURE LAND USE

EXPOSURE PARAMETER REFERENCE

Resident:

SA Skin surface area exposed 9,400 sq cm. (child) 3)
18,150 sq. cm. (aduit)* )
PC Chemical-specific dermal permeability constant Chemical-specific @
EF Exposure frequency 350 days/year ¢))
ED Exposure duration 6 years (child) D
24 years (adult)* (D)
BW Body Weight 15 kg (child) ¢))
70 kg (adult)* (D

AT Averaging time:
Noncarcinogens 6 years (child) O
24 years (adult)* (D
Carcinogens 70 years )

* The term "adult" refers to persons 6 years of age and older.

(1) U.S. EPA, 1991a. Human Health Evaluation Manual, Supplemental Guidance: "Standard Default
Exposure Factors" memorandum.

(2) U.S. EPA, 1989%. Exposure Factors Handbook. Office of Health and Environmental Assessment.

(3) U.S. EPA, 1989b. Superfund Exposure Assessment Manual.

(4) U.S. EPA, 1992. Dermal Exposure Assessment: Principles and Applications.
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TABLE 6-14. EXPOSURE PARAMETERS FOR INHALATION OF
GROUNDWATER FOR FUTURE LAND USE

EXPOSURE PARAMETER REFERENCE

Resident:

IRa daily indoor inhalation rate 15 m’/day 4))
EF Exposure Frequency 350 days/year )
ED Exposure Duration 6 years (child) ¢))
30 years (adult)* (5]
BW Body Weight 15 kg (child) ¢))
70 kg (adult)* Y

AT Averaging Time:
Noncarcinogens 6 years (child) ¢y
30 years (adult)* (1)
Carcinogens 70 years (N

* The term "adult" refers to persons 6 years of age and older.

(1) U.S. EPA, 1991a. Human Health Evaluation Manual, Supplemental Guidance: "Standard Default
Exposure Factors" memorandum.
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Equation 4 - Ingestion of Groundwater

CDI = CW * IR * EF * ED

where CDI
CcwW
IR
EF
ED
BW
AT

BW * AT

i

4

chronic daily chemical intake (mg/kg/day)

chemical concentration in groundwater (mg/?)

ingestion rate (I/day)

exposure frequency (days/365 days)

exposure duration (years)

body weight (kg)

averaging time (70 years for carcinogens, or exposure duration
value for noncarcinogens)

Dose estimates for dermal absorption from groundwater are calculated using the following Equation 5§ and

the exposure parameters presented in Table 6-13.

Equation 5 - Dermal Absorption from Groundwater

AD = CW * SA * PC * ET * CF * EF * ED

where AD
Cw
PC
ET
CF
EF
ED
BW
AT

It

BW * AT

absorbed dose (mg/kg/day)

chemical concentration in groundwater (mg/¢)
chemical-specific dermal permeability constant (cm/hr)
exposure time (bathing) (hr/day)

volumetric conversion factor for water (¢/1000cm?)

exposure frequency (days/365 days)

exposure duration (years)

body weight (kg)

averaging time (70 years for carcinogens, or exposure duration
value for noncarcinogens)

Inhalation dose estimates are calculated using Equation 6 and the exposure parameters listed in Table 6-14.
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Equation 6 - Inhalation of Groundwater

CDI = CW *K *IRa * EF *ED

CF * BW * AT * 365

where CDI
Cw
K
IRa
EF
ED
CF
BW
AT

Il

i

I

I

cronic daily intake (mg/kg/day)

chemical concentration in groundwater (ug/{)

volatilization factor (L/m’)

daily indoor inhalation rate (m’/day)

exposure frequency (days/365 days)

exposure duration (years)

conversion factor (1000 pg/mg)

body weight (kg)

averaging time (70 years for carcinogens, or exposure duration
value for noncarcinogens)

6.3.3.4 Soil Exposure Under Future Land Use

Surface and subsurface soils at the site could be disturbed as a result of excavation and construction

activities for future development. A blending of the surface and subsurface soils would likely occur.

Based on that assumption, the RME is the maximum level of a chemical of concern detected in surface

soils, subsurface soils, or on-site sediment. The average exposure point concentration is the highest

average from the three media. The RME and average exposure assume a duration of 6 years for young

children and a 24-year exposure duration for older children and adults. The exposure parameters for

ingestion of soil (and indoor dust) and dermal absorption from soil are presented in Tables 6-15 and 6-16.

The equations used for calculating soil exposure dose estimates for future land use conditions are the same

as for current land use conditions (Equations 1 and 2). The work sheets for calculation of the dose

estimates are presented in Appendix E. The site-specific exposure dose estimates provide the basis for

characterization of risk to human receptors as a result of exposure to chemicals of concern.
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TABLE 6-15. EXPOSURE PARAMETERS FOR INGESTION
OF SOIL OR SEDIMENT FOR FUTURE LAND USE

EXPOSURE PARAMETER  REFERENCE

Resident:
IR  Soil ingestion rate 100 mg/day (adult) $))
200 mg/day (child)
FI  Fraction ingestion from source 100% (Conservative)
EF  Exposure frequency 350 days/year ¢))
ED Exposure duration 24 years (adult) ¢))
6 years (child)
BW Body weight 70 kg (adult) )
15 kg (child)
AT Averaging time:
Noncarcinogens 24 years (adult) ¢
6 years (child)
Carcinogens 70 years ¢}

(1) U.S. EPA, 1991a. Human Health Evaluation Manual, Supplemental Guidance: “Standard Default
Exposure Factors” memorandum.
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TABLE 6-16. EXPOSURE PARAMETERS FOR DERMAL ABSORPTION FROM
SOIL OR SEDIMENT FOR FUTURE LAND USE

EXPOSURE PARAMETER REFERENCE

Resident:
SA Skin surface area exposed 1890 sq. cm. (adult) 2)
830 sq. cm. (child)
(hands and forearms)
AF Soil to skin adherence factor 1.45 mg/sq. cm €)]

ABS Dermal absorption factors:

Volatiles 25% 4
Semi-volatiles other than PCP 10% G
Pesticides other than DDT 10% 4)
Arsenic 3% @)
Metals other than Arsenic 1% 4)
EF Exposure frequency 350 days/year ¢y
ED Exposure duration 24 years (adult) Y]
6 years (child)
BW Body weight 70 kg (adult) e}
15 kg (child)
AT Averaging time:
Noncarcinogens 24 years (adult) (1)
6 years (child)
Carcinogens 70 years D

(1) U.S. EPA, 1991a. Human Health Evaluation Manual, Supplemental Guidance: "Standard Default
Exposure Factors" memorandum.

(2) U.S. EPA, 1989a. Exposure Factors Handbook. Office of Health and Environmental Assessment.

(3) U.S. EPA, 1989b. Risk Assessment Guidance for Superfund: Volume I - Human Health Evaluation
Manual. Office of Emergency and Remedial Response.

(4) U.S. EPA, 1995. Interim guidance provided by EPA Region III.
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6.4 TOXICITY ASSESSMENT

The toxicity assessment consists of hazard identification and dose-response evaluation. Hazard
identification is an evaluation of the likelihood that exposure to a chemical of concern could result in an
increased incidence of adverse effects (e.g., cancer, birth defects, organ toxicity). The dose response
evaluation is a quantitative assessment of the relationship between administered doses and the incidence of
adverse health effects in each exposed population. Toxicity values are developed by EPA on the basis of
the dose-response evaluation. For carcinogenic effects (i.e., cancer), cancer slope factors are developed.
For noncarcinogenic effects (e.g., organ toxicity), estimates of safe human exposures (i.e., no adverse

effects levels) are developed.

Toxicity data are obtained, in the order of preference, from the EPA Integrated Risk Information System
(IRIS) and the EPA Health Effects Assessment Summary Tables (HEAST).

6.4.1 Toxicity Information for Carcinogenic Effects

Toxicity data for carcinogenic effects are developed by the EPA on the assumption that any level of
exposure could result in a carcinogenic response. No safe exposure level exists under this assumption.
Carcinogenic effects are measured on the basis of weight-of-evidence classifications and slope factors.
The weight-of-evidence classification is generally not route-specific, and provides a characterization of the
evidence of carcinogenicity of a chemical based on available human and animal studies. The EPA weight-

of-evidence classification system is summarized in Table 6-17.

Based on the weight-of-evidence classification, slope factors are generally calculated for known or
probable human carcinogens (i.e., Classes A, Bl, and B2). The slope factors provide a quantification of
the relationship between dose and response. The slope factor is used in this risk assessment to determine
the increased likelihood of an individual developing cancer as a result of exposure to a particular level of a
potential carcinogen. For comparison of relative toxicity, a larger slope factor indicates a more potent

carcinogen.
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TABLE 6-17. U.S. EPA WEIGHT-OF-EVIDENCE CLASSIFICATION SYSTEM

FOR CARCINOGENICITY
GROUP DESCRIPTION
A Human carcinogen
Bl or B2 Probable human carcinogen

B1 indicates that limited human data is available,
B2 indicates sufficient evidence in animals and
inadequate or no evidence in humans

C Possible human carcinogen
D Not classifiable as to human carcinogenicity
E Evidence of noncarcinogenicity for humans

Source: U.S. EPA, 1989b. Risk Assessment Guidance for Superfund Volume I: Human Health
Evaluation Manual (Part A), Interim Final. December, 1989.
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6.4.2 Toxicity Information for Noncarcinogenic Effects

Estimation of noncarcinogenic risk is based on a reference dose (RfD). Route-specific values for ingestion
and inhalation are developed by EPA. Values are not currently available for the dermal absorption
exposure route. The chronic RfD is an estimate of the daily exposure level unlikely to cause significant
adverse health effects over a long time period. EPA generates the RfD values based on the assumption
that a threshold value exists for the occurrence of noncarcinogenic effects. Although the types of adverse

effects vary among chemicals, the RfD provides a measure of relative toxicity.
6.4.3 Dermal Toxicity Values

RfDs and sl

re not currently available for exposure via dermal absorption of chemicals.

Qe PR 81 v L, A Ci o

ope factors
Noncarcinogenic and carcinogenic risks for the dermal absorption exposure scenarios are evaluated using
oral RfDs and oral slope factors, respectively. The oral RfDs and slope factors are based on administered

doses and are adjusted using chemical-specific absorption factors, when available.
6.4.4 Chemicals for Which No EPA Toxicity Values are Available

Toxicity values are not available for inorganic lead. A substantial amount of evidence links exposure to
lead with adverse noncarcinogenic health effects, and inorganic lead is considered a probable human
carcinogen (Class B2). However, the EPA has not yet issued toxicity values for inorganic lead. Potential
health impacts due to exposure to inorganic lead are evaluated through use of a biokinetic uptake model
which is applicable to children ages 0 to 6 years. EPA Region III has requested the use of the model to
evaluate risk due to lead exposure. The model results are presented in Section 6.6.

6.4.5 Uncertainties Related to Toxicity Information

RfDs and slope factors are developed using uncertainty factors to account for intra-species extrapolation,
extrapolation of high-dose concentrations from actual studies to low-dose environmental exposures,
prediction of long-term exposure effects from the results of short-term exposure studies, variations in

individual sensitivities, and other uncertainties associated with experimental data. Use of uncertainty
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factors results in estimates of exposure risks which are likely to be equal to or greater than the actual
health hazard.

6.4.6 Summary of Toxicity Information

Table 6-18 provides a summary of toxicity data for the chemicals of concern at the former FTA. The
summary includes, as available, the RfD, critical effect, weight-of-evidence classification, and cancer

slope factor for each chemical of concern.

6.5 RISK CHARACTERIZATION

The risk characterization summarizes and integrates the exposure and toxicity assessment results to provide
a numerical indication or qualitative discussion of the risk posed by the chemicals of concern detected at
the former FTA. Risk is characterized by a comparison of site-specific contaminant levels to applicable or
relevant and appropriate requirements (ARARSs), a comparison of estimated human doses to a reference
dose (noncarcinogenic effects), and a calculation of the increased lifetime cancer risk (carcinogenic
effects). The risk characterization focuses on the exposure pathways identified in the exposure assessment

as potentially complete for the former FTA site.

6.5.1 Comparison with ARARs

6.5.1.1 Superfund Amendments Reauthorization Act (SARA) Requirements

The Superfund Amendments Reauthorization Act (SARA) requires that remedial actions at CERCLA sites

meet or consider ARARs, which are defined as follows.

Applicable requirements are those cleanup standards, standards of control, and other substantive
environmental protection standards, criteria, or limitations promulgated under Federal or State law
that specifically address a hazardous substance, pollutant, contaminant, remedial action, location, or

other circumstance at a hazardous waste site.
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TABLE 6-18.

TOXICITY DATA FOR CHEMICALS OF CONCERN

NONCARCINOGENIC EFFECTS

CARCINOGENIC EFFECTS

Oral Reference U.S. EPA
Dose (RfD) Oral Slope Factor| Weight-of
Chemical of Concern | (mg/kg/day) Target and Effects {mg/kg/day)” Evidence
1,1-Dichloroethene 9.00E-03 Liver - lesions (1,2) 6.00E-01 C {1)
Blood - decreased hematocrit
cis-1,2-Dichloroethene 1.00E-02 and hemoglobin (2) NC D (1)
Methylene Chioride 6.00E-02 Liver - toxicity (1) 7.50E-03 B2 (1)
Chloroform 1.00E-02 Liver - lesions (2) 6.10E-03 81 (1)
Benzene NA NA 2.90E-02 A (1)
Tetrachloroethene 1.00E-02 Liver - hepatotoxicity (1) 5.20E-02
Liver, kidney - altered weight
Central nervous system -
neurological effects
Toluene 2.00E-01 Eyes, nose - irritation (1) NC D (1)
Trimethylbenzene 5.00E-04 NA NC D (2)
Tetramethylbenzene NA NA NA NA
2-Methylnaphthalene NA NA NA NA
Whole body - decreased weight
Naphthalene 4.00E-02 (2) NC D (1)
Phenanthrene NA NA NC D (1)
Benzo(a)anthracene NA NA 7.30E-01 B2 (1)
Benzo(b)fiuoranthene NA NA 7.30E-01 B2 (1,2)
Benzo(a)pyrene NA NA 7.30E+00 B2 (1)
Dibenz(a,h)anthracene NA NA NA B2 (1)
Benzo(g,h.i)perylene NA NA NC D (1)
alpha-BHC 6.00E-05 Liver and kidney-toxicity (2) 6.30E+00 B2 (1)
Liver - increased relative weight
Heptachior epoxide 1.30E-05 (1) S.00E+0Q0 B2 (1)
amma-Chlordane 6.00E-05 NA 1.30E+00 NA
Skin - keratosis and
Arsenic 3.00E-04 hyperpigmentation (1) 1.75E+00 A (1)
Lead (a) NA NA NA NA
Notes:

(a) Toxicity values are not available for inorganic lead.

Sources:

(1) U.S. EPA Integrated Risk Information System (IRIS).
(2) U.S. EPA Health Effects Assessment Summary Tables (HEAST)
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Relevant and appropriate requirements are those cleanup standards, standards of control, and other

substantive environmental protection standards, criteria, or limitations promulgated under Federal or
State law that, while not "applicable”, address problems or situations sufficiently similar to those

encountered at a site that their use is well suited to the particular site.

SARA requires that cleanup standards meet the most stringent ARAR. The NASA former FTA site is not
currently a CERCLA site, but has been proposed for inclusion on the NPL. ARARs may include Federal
as well as Commonwealth of Virginia environmental standards. For groundwater, the Commonwealth of
Virginia Department of Environmental Quality (DEQ) has adopted the Federal Drinking Water Maximum
Contaminant Levels (MCLs) and has promulgated specific groundwater quality standards. For soils, the
criteria are determined by risk-based evaluations. Chemical-specific criteria are not defined for the

chemicals of concern detected in soils.
6.5.1.2 Safe Drinking Water Act

The Safe Drinking Water Act (SDWA) of 1974 and as amended in 1986 established criteria for protection
of public drinking water supplies. The major elements of the program include drinking water standards
and treatment techniques, filtration and disinfection of surface supplies, disinfection by-product standards,
the coliform rule, and radionuclide standards.

Section 1412 of the SDWA requires the EPA to promulgate national drinking water regulations and publish
Maximum Contaminant Level Goals (MCLGs). Under Section 1401, the EPA must develop enforceable
MCLs and "criteria and procedures to assure a supply of drinking water which dependably complies" with
such MCLs. MCLs and MCLGs are specified in 40 CFR Part 141, Subparts B and F.

MCLs are enforceable, chemical-specific drinking water standards developed under the SDWA. MCLs
are based on use of best technology, treatment techniques, and other factors including costs. Health risks
are factored into the MCLs, along with the technical and economic feasibility criteria.

The Pleistocene aquifer is still currently a drinking water supply for the Town of Chincoteague and other
communities on the Eastern Shore of Virginia. No downgradient receptors were identified for current land

use. However, future residential land use could result in the installation of drinking water wells
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downgradient of the site. The SDWA MCLs are therefore relevant and appropriate in characterizing risk
for the potential future land use of the former FTA.

The MCLGs are nonenforceable health goals for public water systems. Under SARA, the MCLGs are
considered as ARARs. Non-zero MCLGs will be used for evaluation of risk associated with future land

use of the former FTA.

6.5.1.3 State Criteria

State criteria that may be considered ARARs are the Virginia Groundwater Standards, Water Quality
Criteria for Groundwater, and the Drinking Water Standards. In addition, the Virginia Surface Water
Standards with General, Statewide Application provide chemical-specific numerical limits for public water

supplies.

The Commonwealth of Virginia Groundwater Standards (VR680-21-04) apply statewide to all groundwater
occurring at or below the uppermost seasonal limits of the water table. In recognition of local variability
of natural groundwater quality, Virginia is divided into four physiographic provinces with distinct
groundwater standards. WFF lies in the Coastal Plain Physiographic Province. The groundwater
standards for the Coastal Plain Province do not address any of the contaminants of concern identified for
the former FTA. The groundwater standards applicable statewide include concentration limits for arsenic,

lead, and heptachlor epoxide.

The Water Quality Criteria for Groundwater do not address any of the chemicals of concern for the former

FTA. The Virginia Drinking Water Standards are adopted from the Federal MCLs.
The Commonwealth of Virginia Surface Water Standards with General, Statewide Application (VR680-21-
01) include numerical, chemical-specific criteria for public water supplies. Although not directly

applicable to groundwater, these ARARSs provide another basis for comparison of site-specific data to

human health criteria.
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6.5.2 Comparison to Reference Doses

An evaluation of noncarcinogenic effects from exposures to contaminants of concern at the former FTA is
based on comparison of exposure dose estimates to RfDs. The RfDs represent a measure of chemical-

specific toxicity. The ratio of the estimated daily intake to the RfD is the hazard quotient.

The hazard quotient assumes that a level of exposure (i.e., the RfD) exists below which adverse health
effects are unlikely to occur, even in sensitive populations. The RfD then serves as a threshold for

determining the likelihood of noncancer effects resulting from exposure.

To assess the overall potential for noncarcinogenic effects posed by an exposure pathway, the hazard
quotients for each chemical of concern are summed for each pathway. This total, known as the hazard
index (HI), assumes that simultaneous exposures to several chemicals could have a cumulative effect,
resulting in adverse noncancer health effects. When the HI exceeds unity, adverse health effects may

potentially occur.

6.5.3 Estimation of Cancer Risk

An evaluation of carcinogenic effects from exposures to chemicals of concern from the former FTA is
based on the estimation of increased lifetime cancer risk. The carcinogenic risk is estimated as the
incremental probability of an individual developing cancer over the course of a lifetime as a result of
exposure to a carcinogenic substance. The probability is often referred to as increased or excess lifetime

cancer risk.

Increased lifetime cancer risk is estimated using a slope factor to directly convert estimated daily intakes
(or exposures), averaged over a lifetime of exposure, to the incremental risk of an individual developing
cancer as a result of that exposure. The increased lifetime cancer risk is estimated by multiplying a route-
specific dose by a route-specific carcinogenic slope factor. This calculation is valid only at low risk levels
(less than 1x107?) where a linear slope is expected (U.S. EPA, 1989b). Ingestion slope factors are
generally used to assess carcinogenic risk from dermal exposure, since dermal slope factors have not been
developed. The oral slope factors are adjusted for percent absorption before being used as dermal slope

factors.
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The increased lifetime cancer risks estimated for each chemical of concern are summed for each exposure
route to determine the route-specific carcinogenic risk. Estimated carcinogenic risks in the range of 1x10
to 1x10° may be acceptable, within the context of current and future uses of the property. Estimated
carcinogenic risks at, or below, 1x10are considered insignificant, or de minimus, and require no further

action
acaon.

6.5.4 Risk Characterization for Current Land Use Conditions

Dose estimates for worker exposure to soil and sediment under current land use for the ingestion and
dermal exposure routes (Appendix E) are compared to toxicity values for risk estimations. Each pathway

is evaluated individually for both current and future land use.

6.5.4.1 Soil Ingestion Under Current Land Use

The HIs for the RME and average exposure for ingestion of soil and sediment under current land use do
not exceed unity (Table 6-19). The HI for arsenic, the only chemical of concern with known non-
carcinogenic impacts and an available RfD, is two to three orders of magnitude less than unity. Cancer
risks estimated are 3x107 for the RME and 2x10° for the average exposure (Table 6-19). The 1x10° de
minimus level is exceeded for both the RME and average exposure. Four of the seven chemicals of
concern are designated as carcinogenic - benzo(a)pyrene, benzo(b)fluoranthene, dibenz(a,h)anthracene,
and arsenic. The individual increased lifetime cancer risk for arsenic exceeded the de minimus value of

1x10®. The total risk contributed by the other chemicals of concern did not exceed the de minimus level.

6.5.4.2 Dermal Absorption from Soil Under Current Land Use

The Hls for dermal absorption of contaminants at on-site concentrations for the RME and average
exposure under current land use (Table 6-20) do not exceed unity. As is the case for ingestion of soils,
the HI for arsenic is two orders of magnitude less than unity. RfD values are not available for the other

chemicals of concern. Lead is evaluated using the EPA Biokinetic Uptake Model (Section 6.6).

The increased lifetime cancer risks for dermal absorption for the RME and average exposure are 8x10°
and 5x10¢, respectively (Table 6-20). Arsenic and dibenz(a,h)anthracene provide the majority of the
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TABLE 6-19. RISK FROM INGESTION OF SOIL AND SEDIMENT- CURRENT CHRONIC EXPOSURE

Noncarcinogenic Carcinogenic
Max. Ave. RME Ave, Chronic Orat RME Ave.
Detected || Detected Chronic Chronic Reference RME Ave. Chronlc Chronlc RME Ave.
Chemical of Concern |f Cone. (2)§i Conc. (3) Dose Dose Dose Hazard Hazard Dose Dose Oral Slope Factor | increased | Increased
{na/kg) §l (potka) |l (mglkgiday) | (mg/ka/day) | (mg/kg/day) | Quotient Quotient |l {(mg/kg/day) | (mg/kgiday) (mg/kq/dax[‘ Cancer Risk { Cancer Risk
Benzo(a)pyrene 130 84.5 6.36E-08 4.13E-08 NA ND ND 2.27E-08 1.48E-08 7.30E+00 2E-07 1E-07
Benzo(g,h,)perylene 340 340 1.66E-07 1.66E-07 NA ND ND 5.94E-08 5.94E-08 NC ND ND
Benzo(b)fluoranthene 1,600 583 7.83E-07 2.85E-07 NA ND ND 2.80E-07 1.02E-07 7.30E-01 2E-07 7E-08
Phenanthrene 140 140 6.85E-08 6.85E-08 NA ND ND 2.45E-08 2.45E-08 NC ND ND
Dibenz(a,h)anthracene 240 240 1.17E-07 1.17E-07 NA ND ND 4.19E-08 4.19E-08 7.30E+00 3E-07 3E-07
Arsenic 9,000 5,400 4.40E-06 2.64E-06 3.00E-04 1.47E-02 | 8.81E-03 1.57E-06 9.44E-07 1.75E+00 3E-06 2E-06
Lead(1) 67,500 | 40,000 3.30E-05 1.96E-05 NA ND ND 1.18E-05 6.99E-06 NA ND ND
Total Increased
Total Hazard Lifetime Cancer
Index 1.47E-02 | 8.81E-03 Risk 3E-06 2E-06
NOTES:

Hazard Quotient = Chronic Dose/Chronic Reference Dose
Increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor

NA - Not Available
NC - Noncarcinogenic
ND - Not Determined

The slope factor for benzo(a)pyrene is used for PAHs with no published stope factor.

(1) Reference dose values are not available for inorganic lead. Lead is evaluated using the EPA Biokinetic Uptake Model (Section 6.6).
(2) Concentration is maximum detected in soif or sediment.

(3) Concentration is larger of averages for soil and sediment.
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TABLE 6-20. RISK FROM DERMAL ABSORPTION FROM SOIL AND SEDIMENT- CURRENT CHRONIC EXPOSURE

Noncarcinogenic Carcinogenic
Max. Ave. Ave. Chronic Oral Ave.
Detected || Detected RME Chronic Reference RME Ave. RME Chronic RME Ave,
Chemical of Concern || Conc. (2) {| Conc. (3) ||Chronic Dose Dose Dose Hazard Hazard {/Chronic Dose Dose Oral Slope Factor | increased | Increased
(nglkg) i (pa/kg) || (mg/kg/day) | (markg/day) | |_(malkg/day) Quotient Quotient || (mg/kg/day) | (mg/kg/day) (mglkg/day)® | Cancer Risk | Cancer Risk
Benzo(a)pyrene 130 845 3.49E-07 2.27€-07 NA ND ND 1.24E-07 8.09E-08 7.30E+00 9E-07 6E-07
Benzo(g,h,i)perylene 340 340 9.12E-07 9.12E-07 NA ND ND 3.26E-07 3.26E-07 NC ND ND
Benzo(b)fluoranthene 1,600 583 4.29E-06 1.56E-06 NA ND ND 1.53E-06 5.58E-07 7.30E-01 1E-06 4E-07
Phenanthrene 140 140 3.75E-07 3.75E-07 NA ND ND 1.34E-07 1.34E-07 NC ND ND
Dibenz(a,h)anthracene 240 240 6.44E-07 6.44E-07 NA ND ND 2.30E-07 2.30E-07 7.30E+00 2E-06 2E-06
Arsenic 9,000 5,400 7.24E-06 4.34E-06 3.00E-04 241E-02 | 1.45E-02 || 2.59E-06 1.55E-08 1.75E+00 5E-06 3E-06
Lead (1) 67,500 40,000 1.81E-05 1.07E-05 1.00E-07 1.81E+02 | 1.07E+02 || 6.46E-06 3.83E-06 NA ND ND
Total Increased
Total Hazard Lifetime Cancer
Index 1.81E+402 | 1.07E+02 Risk 8E-08 5E-08
NOTES:

Hazard Quotient = Chronic Dose/Chronic Reference Dose
Increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor

NA - Not Available
NC - Noncarcinogenic
ND - Not Determined

The slope factor for benzo(a)pyrene is used for PAHs with no published slope factor.
(1) Reference dose values are not available for inorganic lead. Lead is evaluated using the EPA Biokinetic Uptake Model (Section 6.6).
(2) Concentration is maximum detected in soil or sediment.

(3) Concentration is larger of averages for soil and sediment.




cancer risk. Arsenic was not detected in background surface soils or sediment. The individual increased
lifetime cancer risk for benzo(b)fluoranthene equals the 1x10°® de mininus level for the RME.

6.5.4.3 Dermal Absorption from Surface Water

Only lead and arsenic are identified as chemicals of concern in the on-site ponded surface water. Health
impacts from exposure to lead are evaluated using the EPA Biokinetic Uptake Model (Section 6.6). The
noncarcinogenic level of risk associated with dermal absorption of arsenic from on-site ponded water is
four orders of magnitude below the level of concern (Table 6-21). The increased carcinogenic risk for

exposure to arsenic is two orders of magnitude less than the de minimus risk level.

6.5.4.4 Summary of Risk for Current Land Use

Table 6-22 is a summary of the HIs for a maintenance worker's noncarcinogenic risk due to exposure
under current land use. Arsenic is the only chemical of concern for which an RfD is available. The total
risk associated with exposure to arsenic, summed across all pathways, is two orders of magnitude below

the 1.0 level of concern.

Table 6-23 is a summary of increased lifetime cancer risks associated with a maintenance worker's on-site
exposure. Arsenic, benzo(b)fluoranthene, and dibenz(a,h)anthracene (based on the toxicity values for
benzo(a)pyrene) contribute significantly to the carcinogenic risk under the RME. Arsenic provides the

most significant contribution to risk under the average exposure scenario.
6.5.5 Risk Characterization for Future Exposure to Soils
The assumption for future land use is residential, with exposures of both children and adults. The age

group for children is up to six years. Children seven and older are included as adults in the exposure dose

estimates (Appendix E).
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TABLE 6-21. RISK FROM DERMAL ABSORPTION FROM SURFACE WATER - CURRENT CHRONIC EXPOSURE

Noncarcinogenic Carcinogenic
Max, Ave, Ave. Chronic Oral RME Ave,
Detected Detected RME Chronic Reference RME Ave, Chronic Chronic RME Ave.
Chemical of Concern Conc, Conc. Chronic Dose Dose Dose Hazard Hazard Dose Dose Oral Slope Factor| Increased | Increased
(ng/l) (ug/l) (mg/ka/day) | (matkg/day) | (mglka/day Quotient Quotient )| (mg/kg/day) | (mgikg/day) (mg/kglday)® | Cancer Risk | Gancer Risk
Arsenic 5.30 3.90 6.62E-08 4.87E-08 3.00E-04 2.21E-04 1.62E-04 2.36E-08 | 1.74E-08 1.75E+00 4E-08 3E-08
Lead(1) 7.00 1.85 8.74E-08 2.31E-08 NA ND ND 3.12E-08 | 8.25E-09 NA ND ND
Total Increased
Total Hazard Lifetime Cancer
Index 2.21E-04 1.62E-04 Risk 4E-08 3E-08
NOTES:

Hazard Quotient = Chronic Dose/Chronic Reference Dose

Increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor

NA - Not Available

NC - Noncarcinogenic

ND - Not Determined

(1) Reference dose values are not available for inorganic lead. Lead is evaluated using the EPA Biakinetic Uptake Mode! (Section 6.6).
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TABLE 6-22. SUMMARY OF NONCARCINOGENIC RISKS FOR CURRENT LAND USE CONDITIONS

SOIL/SEDIMENT EXPOSURE

SURFACE WATER EXPOSURE “TOTAL
HAZARD INDICES HAZARD INDICES WORKER
Chemical Soll Ingestion Dermal Absorption Total Solt Dermal Absorption EXPOSURE
of Concern RME Average RME Average RME Average RME Average RME Average
Benzo(a)pyrens ND ND ND ND ND ND ND ND ND ND
Benzo(g,h,i)perylene ND ND ND ND ND ND ND ND ND ND
Benzo(b)fluoranthene ND ND ND ND ND ND ND ND ND ND
Phenanthrene ND ND ND ND ND ND ND ND ND ND
Dibenz(a,h)anthracene ND ND ND ND ND ND ND ND ND ND
Arsenic 1.47E-02 | 8.81E-03 | 2.41E-02 | 1.45E-02 | 3.88E-02 | 2.33E-02 ] 2.21E-04 1.62E-04 3.90E-02 2.35E-02
Lead ND ND ND ND ND ND ND ND ND ND
TOTAL | 3.88E-02]2.33E-02| 221E-04 1.62E-04 3.90E-02 2.35E-02
TABLE 6-23. SUMMARY OF CARCINOGENIC RISKS FOR CURRENT LAND USE CONDITIONS
SURFACE WATER EXPOSURE TOTAL
INCREASED LIFETIME CANCER RISK INCREASED LIFETIME RISK WORKER
Chemical Soll Ingestion Dermal Absorption Total Soll Dermal Absorption EXPOSURE
of Concern RME Average RME Average RME Average RME Average RME Average
Benzo(a)pyrene 2E-07 1E-07 9E-07 6E-07 1E-06 7E-07 ND ND 1E-06 7€-07
Benzo(g,h,i)perylene ND ND ND ND ND ND ND ND ND ND
Benzo(b)fluoranthene 2E-07 7E-08 1E-06 AE-07 1E-08 5E-07 ND ND 1E-068 5E-07
Phenanthrene ND ND ND ND ND ND ND ND ND ND
Dibenz(a,h)anthracens 3E-07 3E-07 2E-06 2E-06 2E-06 2E-06 ND ND 2E-08 2E-06
Arsenic 3E-06 2E-06 5E-06 3E-06 8E-06 5E-06 4E-08 3E-08 8E-08 5E-06
Lead ND ND ND ND ND ND ND ND ND ND
TOTAL 1E-05 8E-06 ND ND 1E-05 8E-08




6.5.5.1 Risk Resulting from Ingestion of Soil

Arsenic is the only chemical of concern for which noncarcinogenic toxicity values are available. The
noncarcinogenic risk resulting from exposure to arsenic is one to two orders of magnitude less than unity
for both a child and and adult residential receptor (Tables 6-24a and 6-24b). Impacts associated with
exposure to lead are evaluated using the EPA Biokinetic Uptake Model (Section 6.6). The model evaluates
blood levels in children resulting from exposure to lead.

Increased lifetime cancer risks exceed the 1x107 target level for both the child and adult resident under the
RME and average exposure for ingestion of soil. Five of the eight contaminants of concern are
carcinogenic: benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, dibenz(a,h)anthracene, and
arsenic. The individual risks associated with each of these five contaminants exceed the 1x10® de minimus

level under the RME for both the child and adult resident receptor (Tables 6-24a and 6-24b).

Under the average exposure scenario, the individual cancer risks for a child exposed to benzo(a)pyrene,
dibenz(a,h)-anthracene (based on toxicity values for benzo(a)pyrene), and arsenic exceed the 1x107 level.
Only arsenic and dibenz(a,h)anthracene have risks in excess of the 1x107 target level for the adult average
exposure. The total cancer risk for ingestion of soil by a child resident is 3x10” for the RME and 1x10°

for the average exposure. For an adult, total cancer risks are 1x10™ and 4x10° for the RME and average

exposure, respectively.

The carcinogenic risk associated with exposure to background concentrations of arsenic in soil is 1x10™® for
a child's exposure and 5x107 for an adult's exposure. Although these risk values are significant, the risk
values associated with exposure to arsenic concentrations in soil in excess of the background still exceed
the de minimus level. The risk levels associated with exposure to the maximum background concentrations

of arsenic are presented in Appendix F, Table F-1.
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TABLE 8-24a. RISK FROM INGESTION OF SOIL - FUTURE CHRONIC EXPOSURE (CHILD)

Noncarcinogenic Carcinogenic
Max. Ave. Ave. Chronic Oral Ave,
Detected || Detected RME Chronic Reference RME Ave. RME Chronic RME Ave,
Chemical of Concern Conc. (1) || Cone. [|Chronic Dose Dose Dose Hazard Hazard {|Chronic Dose Dose Oral Slope Factor | Increased | Increased
(patkg) 1| (rg/ka) || (morkgiday) | (mg/ka/day) | (malkg/day)| Quotient Quotient Hi (mg/kg/day) | (ng/kg/day) _ (mg/kg/day)” Cancer Risk|Cancer Risk
Phenanthrene 610 332 3.90E-06 2.12E-06 NA ND ND 3.34E-07 1.82E-07 NA ND ND
Benzo{a)anthracene 6,200 460 3.96E-05 2.94E-06 NA ND ND 3.40E-06 2.52E-07 7.30E-01 2E-06 2E-07
Benzo(b)fluoranthens 6,800 583 4.41E-05 3.73E-06 NA ND ND 3.78E-06 3.19E-07 7.30E-01 3E-06 2E-07
Benzo(a)pyrene 3,300 392 2.11E-05 2.51E-06 NA ND ND 1.81E-08 2.15E-07 7.30E+00 1E-05 2E-06
Benzo(g,h,i)perylene 2300 2300 1.47E-05 1.47E-05 NA ND ND 1.26E-06 1.266-06 NC ND ND
Dibenz(a,h)anthracene 630 630 4.03E-06 4.03E-06 NA ND ND 3.45E-07 3.45E-07 7.30E+00 3E-06 3E-08
Arsenic 9,000 5,400 5.75E-05 3.45E-05 3.00E-04 § 1.92E-01 | 1.15E-01 4.93E-06 2.96E-06 1.75E+00 9E-06 5E-06
Lead(2) 67,500 ] 40,000 || 4.32E-04 2.56E-04 NA ND ND 3.70E-05 2.19E-05 NA ND ND
Total Total Increased
Hazard Lifetime Cancer
Index 1.92E-01 | 1.15E-01 Risk 3E-05 1E-05
NOTES:

Hazard Quotient = Chronic Dose/Chronic Reference Dose
Increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor

NA - Not Avaifable
NC - Noncarcinogenic
ND - Not Determined

The oral slope factor for benzo(a)pyrene is used for carcinogenic PAHs with no published slope factor.

(1) Maximum detected concentration in surface soil, sediment, or subsoil.
(2) Referenca dose values are not available for inorganic lead. Lead is evaluated using the EPA Biokinetic Uptake Model (Section 6.8).
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TABLE 6-24b. RISK FROM INGESTION OF SOIL - FUTURE CHRONIC EXPOSURE (ADULT)

Noncarcinogenic Carcinogenic
Max. Ave. Ave, Chronic Oral Ave.
Detected Detected RME Chronic Reference RME Ave. RME Chronic RME Ave,
Chemical of Concern Conc. (1) Conc. [/Chronic Dose Dose Dose Hazard Hazard {{Chronic Dose Dose Oral Slope Factor | Increased | Increased
(pa/kg) (na/kg) [ (mg/kg/day) | (mg/kg/day) | (mg/kg/day) | Quotient Quotient _j| (mg/kg/day) | (mg/kg/day) | ___jm_g_l_k_glday)" Cancer Risk| Cancer Risk
Phenanthrene 610 332 4.18E-07 2.27€-07 NA ND ND 1.43E-07 7.80E-08 NA ND ND
Benzo(a)anthracene 6,200 460 4,25E-06 3.16E-07 NA ND ND 1.46E-06 1.08E-07 7.30E-01 1E-06 8E-08
Benzo(b)fluoranthene 6,900 583 4.73E-06 3.99E-07 NA ND ND 1.62E-06 1.37E-07 7.30E-01 1E-06 1E-07
Benzo(a)pyrene 3,300 392 2,26E-06 2.68E-07 NA ND ND 7.75E-07 9.21E-08 7.30E+00 6E-06 7E-07
Benzo(g,h,i)perylene 2300 2300 1.68E-06 1.58E-06 NA ND ND 5.40E-07 5.40E-07 NC ND ND
Dibenz(a,h)anthracene 630 630 4.32E-07 4.32E-07 NA ND ND 1.48E-07 1.48E-07 7.30E+00 1E-06 1E-06
Arsenic 9,000 5,400 6.16E-06 3.70E-06 3.00E-04 | 2.05E-02 § 1.23E-02 || 2.11E-06 1.27E-06 1.75E+00 4E-06 2E-06
Lead(2) 67,500 40,000 4.62E-05 274E-05 NA ND ND 1.58E-05 9,39E-06 NA ND ND
Total Hazard Total Increased
Index 2.05E-02 | 1.23E-02 Lifetime Cancer Risk] 1E-05 4E-06
NOTES:

Hazard Quotient = Chronic Dose/Chronic Reference Dose
Increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor

NA - Not Available
NC - Noncarcinogenic
ND - Not Determined

The oral slope factor for benzo(a)pyrene is used for carcinogenic PAHs with no published slope factor.
(1) Maximum detected concentration in surface soil, sediment, or subsoil.
(2) Reference dose values are not available for inorganic lead. Lead is evaluated using the EPA Biokinetic Uptake Mode! (Section 6.6).




6.5.5.2 Risk Resulting from Dermal Absorption from Soil

Arsenic is the only chemical of concern under this exposure pathway for which toxicity values are
available to evaluate noncarcinogenic effects. The total His for the RME and average exposure are two

orders of magnitude less than unity, indicating no significant impact from exposure to arsenic.

Increased cancer risks due to dermal absorption for the child resident are 3x10™ and 7x10® for the RME
and average exposure, respectively. Increased cancer risk for an adult due to dermal absorption for the
RME and average exposure are 6x10° and 1x107, respectively (Tables 6-25a and 6-25b). Risk associated
with exposure to background concen&aﬁons of arsenic in soil is 4x107 for a child and 7x107 for an adult
(Table F-1). These values do not significantly impact the total carcinogenic risk under this exposure

scenario.
6.5.5.3 Summary of Risk Due to Future Soil Exposure

Table 6-26 is a summary of the HlIs for soil exposures for a child and adult resident. Noncancer risk from
exposure to arsenic, the only chemical of concern for which toxicity values are available, does not exceed

the level of concern (one).

Table 6-27 is a summary of increased cancer risk associated with residential exposures to soil. Under the
RME, benzo(a)anthracene, benzo(b)fluoranthene, benzo(a)pyrene, dibenz(a,h)anthracene, and arsenic ail
contribute to risk in excess of the target level (1x10°). Under the average residential exposure scenario,

benzo(b)fluoranthene, benzo(a)pyrene, dibenz(a,h)anthracene, and arsenic contribute risk in excess of the

1x10° de minimus level.
6.5.6 Risk Characterization of Future Exposure to Groundwater
A characterization of risk for groundwater exposure includes a comparison of on-site levels to the MCLs.

Dose estimates for ingestion and dermal absorption are then compared to toxicity values for

noncarcinogenic and carcinogenic risk characterization.
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TABLE 6-25a. RISK FROM DERMAL ABSORPTION FROM SOIL - FUTURE CHRONIC EXPOSURE (CHILD)

Max,

Ave,

Noncarcinogenic

Carcinogenic

Ave, Chronic Oral Ave.
Detected Detected RME Chronic Reference RME Ave, RME Chronic RME Ave.
Chemical of Concern Conc. (1) Cone. [|Chronic Dose Dose Dose Hazard Hazard || Chronic Dose Dose Oral Slope Factor Increased | Increased
(ng/kg) (n9/ka) {mg/kg/day) | (mglkg/day) | (mgl/kg/day) | Quotient Quotient || (mg/kg/day) | (mg/kg/day) (mgrkg/day)™! Cancer Risk | Cancer Risk
Phenanthrene 610 332 4.69E-06 2.55E-06 NA ND ND 4.02E-07 2.19E-07 NA ND ND
Benzo(a)anthracene 6,200 460 4.77E-05 3.54E-06 NA ND ND 4.09E-06 3.03e-07 7.30E-01 3E-06 2E-07
Benzo(b)fluoranthene 6,900 583 5.31E-05 4.49E-06 NA ND ND 4.55E-06 3.84E-07 7.30E-01 3E-06 3E-07
Benzo(a)pyrene 3,300 392 2.564E-05 3.02E-06 NA ND ND 2.18E-08 2.69E-07 7.30E+00 2E-05 2E-06
Benzo(g,h,i)perylene 2300 2300 1.77E-05 1,77E-05 NA ND ND 1.52E-06 1.52E-06 NC ND ND
Dibenz(a,h)anthracene 630 630 4.85E-06 4.85E-06 NA ND ND 4.15E-07 4.15E-07 7.30E+00 3E-06 3E-06
Arsenic 9,000 5,400 2.08E-05 1.25E-05 3.00E-04 6.92E-02 | 4.15E-02 1.78E-06 1.07E-06 1.75E+00 3E-06 2E-06
Lead(2) 67,500 40,000 5.19E-05 3.08£-05 NA ND ND 4.45E-06 2.64E-06 NA ND ND
Total Hazard Total Increased
Index 6.92E-02 | 4.15E-02 Lifetime Cancer Risk] 3E-05 7E-06

NOTES:

Hazard Quotient = Chronic Dose/Chronic Reference Dose
Increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor

NA - Not Available
NC - Noncarcinogenic
ND - Not Determined

The oral slope factor for benzo(a)pyrene is used for carcinogenic PAHs with no published slope factor.
(1) Maximum detected concentration in surface soil, sediment, or subsoil.

(2) Reference dose values are not availabls for inorganic lead. Lead is evaluated using the EPA Biokinetic Uptake Mode! (Section 6.6).
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TABLE 6-25b. RISK FROM DERMAL ABSORPTION FROM SOIL - FUTURE CHRONIC EXPOSURE (ADULT)

Noncarcinogenic Carcinogenic
Max. Ave, Ave. Chronic Oral Ave. Ave.
Detected Detected RME Chronic Reference RME Ave. RME Chronic RME Increased
Chemical of Concern Conc. (1) Conc. |IChronic Dose Dose Dose Hazard Hazard }|Chronic Dose Dose Oral Slope Factor | Increased | Cancer
(ng/kg) I (nglk {mg/kg/day) | (mg/kg/day) | (mg/kg/day) Quotient Quotient || (mg/kg/day) | (mg/kg/day) {mglkg/day)” Cancer Risk Risk
Phenanthrene 610 332 2 29E-06 1.25E-06 NA ND ND 7.85E-07 4.27E-07 NA ND ND
Benzo(a)anthracene 6,200 460 2.33E-05 1.73E-06 NA ND ND 7.98E-06 5.92E-07 7.30E-01 6E-06 4E-07
Benzo(b)fluoranthene 6,900 583 2.59E-05 2.19E-06 NA ND ND 8.88E-06 7.50E-07 7.30E-01 6E-06 5E-07
Benzo(a)pyrene 3,300 392 1.24E-05 1.47E-06 NA “ND ND 4.25E-06 5.05E-07 7.30E+00 3E-05 4E-06
Benzo(g,h,i)perylens 2300 2300 8.63E-06 8.63E-06 NA ND ND 2.96E-06 2.96E-06 NC ND ND
Dibenz(a,h)anthracene 630 630 2.37E-06 2.37E-06 NA ND ND 8.11E-07 8.11E-07 7.30E+00 6E-06 B6E-06
Arsenic 9,000 5,400 1.01E-05 6.08E-06 3.00E-04 3.38E-02 | 2.03E-02 || 3.48E-06 2.09E-06 1.75E+00 6E-08 4E-06
Lead (2) 67,500 40,000 2.63E-05 1.50E-05 NA ND ND 8.69E-06 5.15E-06 NA ND ND
Totaf Increased
Total Hazard Lifetime Cancer
Index 3.38E-02 | 2.03E-02 Risk 6E-05 1E-05
NOTES:

Hazard Quotient = Chronic Dose/Chronic Refersnce Dose
Increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor

NA - Not Available
NC - Noncarcinogenic
ND - Not Determined

The oral slope factor for benzo(a)pyrene is used for carcinogenic PAHs with no published sfope factor.
(1) Maximum detected concentration in surface soil, sediment, or subsail.

(2) Reference dose values are not available for inorganic lead. Lead is evaluated using the EPA Biokinetic Uptake Model (Section 6.6).




TABLE 6-26. SUMMARY OF NONCARCINOGENIC RISKS FOR RESIDENTIAL SOIL. EXPOSURE
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SOIL EXPOSURE TOTAL
HAZARD INDICES RESIDENTIAL
Chemical Soil Ingestion (Adult) | Soil ingestion (Child) | Dermal Absorption (Adult) | Dermal Absorption (Child) SOIL EXPOSURE
of Concern RME Average RME Average RME Average RME Average RME Average
Phenanthrene ND ND ND ND ND ND ND ND ND ND
Benzo(a)anthracene ND ND ND ND ND ND ND ND ND ND
Benzo(b)fluoranthene ND ND ND ND ND ND ND ND ND ND
Benzo(a)pyrene ND ND ND ND ND ND ND ND ND ND
Benzo(g,h,i)perylene ND ND ND ND ND ND ND ND ND ND
Dibenz(a,h)anthracene ND ND ND ND ND ND ND ND ND ND
Arsenic 2.05e-02| 1.23E-02 |1.92E-01 1.15E-01 3.38E-02 2.03E-02 6.92E-02 4.15E-02 3.16E-01 1.89E-01
Lead ND ND ND ND ND ND ND ND ND ND
TOTAL 3.16E-01 1.89E-01
TABLE 6-27. SUMMARY OF CARCINOGENIC RISKS FOR RESIDENTIAL SOIL EXPOSURE
SOIL EXPOSURE TOTAL
INCREASED LIFETIME CANCER RISK RESIDENTIAL
Chemical Soil Ingestion {(Adult) | Soil Ingestion {Child) | Dermal Absorption (Adult) | Dermai Absorption (Child) SOIL EXPOSURE
of Concern RME Average RME Average RME Average RME Average RME Average
Phenanthrene ND ND ND ND ND ND ND ND ND ND
Benzo(a)anthracene 1E-06 8E-08 2E-06 2E-07 6E-06 4E-07 3E-06 2E-07 1E-05 9E-07
Benzo(b)fluoranthene 1E-06 1E-07 3E-06 2E-07 6E-06 5e-07 3E-06 3E-07 1E-05 1E-06
Benzo(a)pyrene 6E-06 7e-07 1E-05 2E-06 3E-05 4E-06 2E-05 2E-06 7E-05 9E-06
Benzo(g,h )perylene ND ND ND ND ND ND ND ND ND ND
Dibenz{a,h)anthracene | 1E-06 1E-06 3E-06 3E-06 B6E-06 6E-06 3E-06 3E-06 1E-05 1E-05
Arsenic 4E-06 2E-06 9E-06 5E-06 6E-06 4E-06 3E-06 2E-06 2E-05 1E-05
Lead ND ND ND ND ND ND ND ND ND ND
TOTAL 1E-04 4E-05




6.5.6.1 Comparison to ARARs

Chemical-specific or chemical class-specific Federal MCLs are established for 12 of the 17 chemicals of
concern detected in groundwater in the vicinity of the former FTA. A treatment technique requirement is
established for lead in public drinking water supplies. Table 6-28 lists chemical-specific ARARs for

chemicals of concern detected in groundwater.

The maximum concentrations for 1,1-dichloroethene and toluene exceed the Federal MCLs; the average
values are less than the MCLs. Both the maximum and average values of the following chemicals of

concern exceed the Federal MCLs: cis-1,2-dichloroethene, benzene, and tetrachloroethene.

The maximum and average values for heptachlor epoxide (0.016 and 0.010 n.g/1, respectively) do not
exceed the Federal MCL (0.2 ng/l), but do exceed the Virginia Groundwater Standard of 0.001 ng/l. The
maximum and average values for gamma-chlordane (0.055 and 0.021 ng/l, respectively) do not exceed the
Federal MCL for chlordane, but do exceed the Virginia Groundwater Standard (0.01 wg/l) and the
Virginia Surface Water Standard (0.0058 1.g/1) for chlordane. The site-specific values for alpha-BHC
(maximum of 0.049 ngfl) do not exceed the Virginia Surface Water Standard of 7 ng/l for gamma-BHC.

The interim Federal MCL for arsenic is 50 ng/l. Virginia also uses this value for both the surface water
and groundwater quality standards. The maximum and average site-specific values based on filtered data

are both less than the interim standard.

The Federal MCL for lead has been dropped and a requirement for implementation of a treatment
technique has been adopted in its place. The treatment technique must accomplish a lead concentration of
15 ng/l or less at the tap for public water supply systems. The Virginia groundwater standard is 50 ug/l,
and the surface water standard for lead is 15.g/l. The maximum filtered lead concentration in

groundwater at the former FTA is 10.5 p.g/l.

6-62



TABLE 6-28
CHEMICAL -SPECIFIC ARARs FOR GROUNDWATER

FEDERAL CRITERIA STATE CRITERIA
Chemicals of Maximum USEPA PRIMARY DRINKING Virginia Virginia
Concern Detected Detected WATER STANDARDS (a) Groundwater Surface Water
in Groundwater Concentration MCL MCLG Standards (b) Standards (c)
(ugh) (ug/l) (ug/l)_ (pgfl) (pg/l)

1,1-Dichioroethene 18 7 7 - -
cis-1,2-Dichloroethene 3,000 70 70 - -
Methylene Chioride 730 5 o - 47
Chioroform S 100 0 - 57
Benzene 120 5 0 - 12
Tetrachloroethene 64 5 0 - 318
Toluene 1,800 1000 1000 - 6800
Trimethylbenzene 700 - - - -
Tetramethyibenzene 36 - - - -
Phenanthrene 82 - - - -
2-Methyinaphthalene 3,000 - - - -
Naphthalene 2,000 - - - -
alpha-BHC 0.049 - - - 7
Heptachlor epoxide 0.016 0.2 0 0.001 0.0021*
gamma-Chlordane 0.055 2+ o 0.01* 0.0058*
Arsenic 11.1 50 (1) 50 (1) 50 50
Lead 10.5 TT (15) 0 50 15

(a) National Primary Drinking Water Standards, EPA 822-R-94-003, November 1994,
(b) Commonwealth of Virginia Groundwater Standards, VR680-21-04.3, May 1992,

{c) Commonwealth of Virginia Surface Water Standards with General, Statewide Application,
VR680-21-01.14, May 1992

TT = Treatment Technique requirerment

{ = Interim Standard

* Value given is for chlordane.

** Value given is for heptachior.

A Value given is for gamma-BHC.

- Standard not availabie or reported.




6.5.6.2 Noncarcinogenic Risk Due to Groundwater Exposure

The completed pathways for future groundwater exposure are ingestion, dermal absorption, and inhalation
(during bathing). The potentially exposed population is residents, including adults and children (6 years of

age and younger).

Dermal Absorption. The noncarcinogenic HlIs for children and adults resulting from dermal exposure to
contaminated groundwater exceed unity for both the average exposure and RME (Tables 6-29a and 6-29b).
For the adult resident, the HIs are 1.34x10' and 4.58, respectively, for the RME and average exposure.
The HIs for the child resident are 3.25x10" and 1.11x10" for the RME and average exposure.

The majority of the noncarcinogenic risk for dermal absorption results from exposure to trimethylbenzene.

Cis-1,2-dichloroethene and naphthalene also contribute significantly to the risk under the RMEs.

Ingestion. The noncarcinogenic HIs for children and adults resulting from ingestion of contaminated
groundwater exceed the level of concern by a factor of three (Tables 6-30a and 6-30b) for both the RME
and average exposure. For the child's RME, only chloroform, heptachlor epoxide, and gamma-chlordane
do nat contribute significantly to the risk. Under the child's RME and average exposure, cis-1,2-
dichloroethene, trimethylbenzene, naphthalene, and arsenic provide the greatest risk contributions (Table

6-30a).

For the adult's RME, 1,1-dichloroethene, chloroform, heptachlor epoxide, and gamma-chlordane do not
contribute significantly to the overall noncarcinogenic risk. Under both the RME and the average
exposure scenario, cis-1,2-dichloroethene, trimethylbenzene, and arsenic contribute the greatest portion of

noncarcinogenic risk.

Inhalation. The noncarcinogenic HIs for children and adults resulting from inhalation of contaminated
groundwater during bathing were less than unity (Tables 6-31a and 6-31b) for both the RME and average
exposure. Only those chemicals of concern with volatilization potential based on the Henry’s Law

Constants were evaluated.
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TABLE 6-29a. RISK FROM DERMAL ABSORPTION OF GROUNDWATER - FUTURE CHRONIC EXPOSURE (CHILD)

Noncarcinogenic

Carcinogenic

Max. Ave, RME Ave, Chronic Oral RME Ave, RME Ave.
Detected || Detected Chronic Chronic Reference RME Ave. Chronic Chronic Increased | increased
Chemical of Concern Conc. Conc. Dose Dose Dose Hazard Hazard Dose Dose Oral Slope Factor{ Cancer | Cancer
(na/f) (»g/) || (mg/kg/day) | (mglkg/day) | (mg/kg/day) | Quotient | Quotient || (mg/kg/day) (mgrkgiday) | (mg/kg/day)* Risk Risk
1,1-Dichloroethene 18 2.04 4.33E-05 | 4.90E-06 9.00E-03 | 4.81E-03 | 5.45E-04]| 3.71E-06 | 4.20E-07 6.00E-01 2E-06 3E-07
cis-1,2-Dichloroethene || 3,000 509 451E-03 | 7.65E-04 1.00E-02 [ 4.51E-01 | 7.65E-02| 3.86E-04 | 6.55E-05 NC ND ND
Methylene Chloride 730 93.1 4.94E-04 | 6.28E-05 6.00E-02 | 8.23E-03 | 1.05E-03}| 4.23E-05 5.39E-06 7.50E-03 3E-07 4E-08
Chloroform 5 1.24 6.69E-06 1.66E-06 1.00E-02 | 6.69E-04 | 1.66E-04| 5.73E-07 1.42E-07 6.10E-03 3E-09 9E-10
Benzene 120 15.1 3.79E-04 | 4.76E-05 NA ND ND 3.24E-05 | 4.08E-06 2.90E-02 9E-07 1E-07
Tetrachloroethene 64 6.06 4.62E-04 | 4.37E-05 1.00E-02 | 4.62E-02 | 4.37E-03}f 3.96E-05 | 3.75E-06 5.20E-02 2E-06 2E-07
Toluene 1,800 115 1.22E-02 | 7.77E-04 2.00E-01 | 6.08E-02 | 3.89E-03} 1.04E-03 | 6.66E-05 NC ND ND
Trimethylbenzene 700 269 7.78E-03 | 2.99E-03 5.00E-04 | 1.56E+01 |5.98E+00| 6.67E-04 | 2.56E-04 NC ND ND
Tetramethylbenzene 36 32 4.00E-04 | 3.56E-04 NA ND ND 3.43E-05 3.05E-05 NA ND ND
Phenanthrene 82 16.5 0.00E+00 ]| 0.00E+00 NA ND ND 0.00E+00 | 0.00E+00 NC ND ND
2-Methylnaphthalene 3,000 260 3.11E-02 | 2.70E-03 NA ND ND 267E-03 | 2.31E-04 NA ND ND
Naphthalene 2,000 18 2.07E-02 1.87E-04 4.00E-02 | 5.18E-01 | 4.66E-03|| 1.78E-03 1.60E-05 NC ND ND
alpha-BHC 0.049 0.047 1.03E-07 | 9.89E-08 NA ND ND 8.83E-09 | 847E-09 6.30E+00 6E-08 SE-08
Heptachlor epoxide 0.016 0.010 2.64E-08 1.65E-08 1.30E-05 | 2.03E-03 | 1.27E-03}| 2.27E-09 1.42E-09 9.00E+00 2E-08 1E-08
gamma-Chlordane 0.055 0.021 8.26E-09 | 3.15E-09 6.00E-05 | 1.38E-04 | 5.26E-05{| 7.08E-10 | 2.70E-10 1.30E+00 9E-10 4E-10
Arsenic 11.1 4.43 1.67E-06 | 6.66E-07 3.00E-04 | 5.56E-03 | 2.22E-03{l 1.43E-07 | 5.70E-08 1.75E+00 3E-07 1E-07
Lead (1) 10.5 3.33 1.58E-06 | 5.00E-07 NA ND ND 1.35E-07 | 4.29E-08 NA ND ND
Total Increased
Total Hazard Lifetime Cancer
index 1.67E+01 |6.08E+00 Risk 6E-06 8E-07

NOTES:

Hazard Quotient = Chronic Dose/Chronic Reference Dose
Increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor

NA - Not Available
NC - Noncarcinogenic
ND - Not Determined

(1) Reference dose value is not available for inorganic lead.

Lead is evaluated using the EPA Biokinetic Uptake Model (Section 6.6).
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TABLE 6-29b. RISK FROM DERMAL ABSORPTION OF GROUNDWATER - FUTURE CHRONIC EXPOSURE (ADULT)

Max.

Ave.

Noncarcinogenic

Carcinogenic

RME Ave. Chronic Oral RME Ave. RME Ave.
Detected || Detected Chronic Chronic Reference RME Ave, Chronic Chronic Increased | increased
Chemical of Concern Conc. Conc. Dose Dose Dose Hazard Hazard Dose Dose Oral Slope Factorj Cancer | Cancer
(pafi) (egf) || (mgikgiday) | (markg/day) | (malkgiday) | Quotient | Quotient j| (mg/kg/day) | (mg/kg/day) (mg/kg/day}’ Risk Risk
1,1-Dichloroethene 18 2.04 1.79E-05 2.03E-06 0.00E-03 | 1.99E-03 | 2.25E-04|| 6.14E-06 6.96E-07 6.00E-01 4E.06 4E-07
cis-1,2-Dichloroethene | 3,000 509 1.86E-03 3.16E-04 1.00€-02 | 1.86E-01 | 3.16E-02]| 6.39E-04 1.08E-04 NC ND ND
Methylene Chloride 730 931 2.04E-04 2.60E-05 6.00E-02 | 3.40E-03 | 4.34E-04|| 7.00E-05 8.93E-06 7.50E-03 5E-07 7E-08
Chioroform 5 1.24 2.77E-06 6.86E-07 1.00E-02 | 2.77E-04 | 6.86E-05|| 9.48E-07 | 2.35E-07 6.10E-03 6E-09 1£-09
Benzene 120 15.1 1.57E-04 1.87E-05 NA ND ND 5.37E-05 6.76E-06 2.90E-02 2E-06 2E-07
Tetrachloroethene 64 6.06 1.91E-04 1.81E-05 1.00E-02 | 1.91E-02 | 1.81E-03|| 6.55E-05 6.20E-06 5.20E-02 3E-06 | 3E-07
Toluene 1,800 115 5.03E-03 3.22E-04 2.00E-01 2.52E-02 | 1.61E-03)1 1.73E-03 1.10E-04 NC ND ND
Trimethylbenzene 700 269 3.22E-03 1.24E-03 5.00E-04 | 6.44E+00 |2.47E+00{| 1.10E-03 4.24E-04 NC ND ND
Tetramethylbenzene 36 32 1.66E-04 1.47E-04 NA ND ND 5.68E-05 5.05E-05 NA ND ND
Phenanthrene 82 16.5 0.00E+00 | 0.00E+00 NA ND ND 0.00E+00 | 0.00E+00 NC ND ND
2-Methylnaphthalene 3,000 260 1.28E-02 1.12E-03 NA ND ND 4.41E-03 3.82E-04 NA ND ND
Naphthalene 2,000 18 8.58E-03 | 7.72E-05 4.00E-02 | 2.14E-01 | 1.93E-03|| 2.94E-03 | 2.65E-05 NC ND ND
alpha-BHC 0.049 0.047 4.26E-08 4.08E-08 NA ND ND 1.46E-08 1.40E-08 6.30E+00 9E-08 9E-08
Heptachlor epoxide 0.016 0.010 1.09E-08 6.84E-09 1.30E-05 | 8.42E-04 | 5.26E-04|| 3.75E-09 2.34E-09 9.00E+00 3E-08 2E-08
gamma-Chlordane 0.055 0.021 3.42E-09 1.31E-09 6.00E-05 | 5.70E-05 | 2.18E-05] 1.17E-09 4.48E-10 1.30E+00 2E-09 6E-10
Arsenic 11.1 4.43 6.90E-07 2.75E-07 3.00E-04 | 2.30E-03 | 9.18E-04| 2.37E-07 9.44E-08 1.75E+00 4E-07 2E-07
Lead (1) 10.5 333 6.536-07 | 2.07E-07 NA ND ND 2.24E-07 7.10E-08 NA ND ND
Total Increased
Total Hazard Lifetime Cancer
Index 6.89E+00 §2.51E+00 Risk 1E-05 1E-06
NOTES:

Hazard Quotient = Chronic Dose/Chronic Reference Dose
Increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor

NA - Not Available
NC - Noncarcinogenic
ND - Not Determined

(1) Reference dose value is not available for inorganic lead.
L ead is evaluated using the EPA Biokinetic Uptake Model (Section 6.6).
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TABLE 6-30a. RISK FROM INGESTION OF GROUNDWATER - FUTURE CHRONIC EXPOSURE (CHILD)

Noncarcinogenic Carcinogenic
Max. Ave. RME Ave. {Chronic Oral RME Ave, Ave.
Detected || Detected || Chronic Chronic | Reference RME Ave, Chronic Chronic RME increased
Chemical of Concern || Conc. Conc. Dose Dose Dose Hazard Hazard Dose Dose |Oral Slope Factor| Increased | Cancer
(rafl) i (ugh) (mglkgiday) | (mg/kgiday) | (maikgiday) | Quotient | Quotient {mg/kg/day) | (mg/kgiday) (mg_/_l_(_g/day)" Cancer Risk] Risk
1,1-Dichloroethene 18 2.04 1.15E-03 | 1.30E-04 | 9.00E-03 | 1.28E-01 | 1.45E-02 || 9.86E-05 | 1.12E-05 6.00E-01 6E-05 7E-06
cis-1,2-Dichloroethene 3,000 509 1.92E-01 | 3.25E-02 | 1.00E-02 | 1.92E+01] 3.25E+00 ! 1.64E-02 | 2.79E-03 NC ND ND
Methylene Chloride 730 93.1 4.67E-02 | 5.95E-03 | 6.00E-02 | 7.78E-01 | 9.92E-02 || 4.00E-03 | 5.10E-04 7.50E-03 3E-05 4E-06
Chioroform 5 1.24 3.20E-04 | 7.93E-05 | 1.00E-02 | 3.20E-02 | 7.93E-03 || 2.74E-05 | 6.79E-06 6.10E-03 2E-07 4E-08
Benzene 120 15.1 7.67E-03 | 9.65E-04 NA ND ND 6.58E-04 | 8.27E-05 2.90E-02 2E-05 2E-06
Tetrachloroethene 64 6.06 4.09E-03 | 3.87E-04 | 1.00E-02 | 4.09E-01 | 3.87E-02 | 3.51E-04 | 3.32E-05 520E-02 2E-05 2E-06
Toluene 1,800 115 1.15E-01 | 7.35E-03 | 2.00E-01 | 5.75E-01 | 3.68E-02 || 9.86E-03 | 6.30E-04 NC ND ND
Trimethylbenzene 700 269 4.47E-02 | 1.72E-02 | 5.00E-04 |8.95E+01 | 3.44E+01| 3.84E-03 | 1.47E-03 NC ND ND
Tetramethylbenzene 36 32 2.30E-03 | 2.05E-03 NA ND ND 1.97E-04 | 1.75E-04 NA ND ND
Phenanthrene 82 16.5 5.24E-03 | 1.05E-03 NA ND ND 4.49E-04 | 9.04E-05 NC ND ND
2-Methylnaphthalene 3,000 260 1.92E-01 { 1.66E-02 NA ND ND 1.64E-02 | 1.42E-03 NA ND ND
Naphthalene 2,000 18 1.28E-01 | 1.15E-03 | 4.00E-02 {3.20E+00{ 2.88E-02 {f 1.10E-02 | 9.86E-05 NC ND ND
alpha-BHC 0.049 0.047 3.13E-06 | 3.00E-06 NA ND ND 2.68E-07 | 2.58E-07 6.30E+00 2E-06 2E-06
Heptachlor epoxide 0.016 0.010 1.02E-06 | 6.39E-07 | 1.30E-05 | 7.87E-02 | 4.92E-02 || 8.77E-08 | 5.48E-08 9.00E+00 8E-07 S5E-07
gamma-Chlordane 0.055 0.021 3.52E-06 | 1.34E-06 | 6.00E-05 | 5.86E-02 | 2.24E-02 || 3.01E-07 | 1.15E-07 1.30E+00 4E-07 1E-07
Arsenic 11.1 4.43 7.10E-04 | 2.83E-04 | 3.00E-04 |2.37E+00| 9.44E-01 ]| 6.086-05 | 2.43E-05 1.75E+00 1E-04 4E-05
Lead (1) 10.5 3.33 6.71E-04 | 2.13E-04 NA ND ND 5.75E-05 | 1.82E-05 NA ND ND
Total Total Increased
Hazard Lifetime Cancer
Index 1.16E+02 | 3.89E+01 Risk 2E-04 6E-05
NOTES:

Hazard Quotient = Chronic Dose/Chronic Reference Dose
increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor

NA - Not Available
NC - Noncarcinogenic
ND - Not Determined

(1) Reference dose value is not available for inorganic iead.

Lead is evaluated using the EPA Biokinetic Uptake Model (Section 6.6).
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TABLE 6-30b. RISK FROM INGESTION OF GROUNDWATER - FUTURE CHRONIC EXPOSURE (ADULT)

Noncarcinogenic Carcinogenic
Max. Ave. RME Ave, Chronic Oral RME Ave. RME Ave.
Detected || Detected{| Chronic Chronic Reference RME Ave. Chronic Chronic Increased | Increased
Chemical of Concern|| conc. Conc. Dose Dose Dose Hazard Hazard Dose Dose Oral Slope Factor} Cancer | Cancer
{ngf) (ng/) |l (mg/kal/day) | (mg/kg/day) | (mglkg/day) | Quotient | Quotient (mg/kg/day) | (mg/kg/day) {mgikg/day)" Risk Risk
1,1-Dichloroethene 18 2.04 4.93E-04 5.59E-05 9.00E-03 | 5.48E-02 {6.21E-03}i 1.69E-04 1.92E-05 6.00E-01 1E-04 1£-05
cis-1,2-Dichloroethene || 3,000 509 8.22E-02 1.39E-02 1.00E-02 | 8.22E+00 |1.39E+00}l 2.82E-02 | 4.78E-03 NC ND ND
Methylene Chloride 730 93.1 2.00E-02 | 2.55E-03 6.00E-02 | 3.33E-01 |4.25E-02]| 6.86E-03 8.75E-04 7.50E-03 5E-05 7E-06
Chloroform 5 1.24 1.37E-04 | 3.40E-05 1.006-02 | 1.37E-02 } 3.40E-03|| 4.70E-05 1.16E-05 6.10E-03 3E-07 7E-08
Benzene 120 15.1 3.29E-03 | 4.14E-04 NA ND ND 1.13E-03 1.42E-04 2.90E-02 3E-05 4E-06
Tetrachloroethene 64 6.06 1.75E-03 1.66E-04 1.00E-02 | 1.75E-01 ] 1.66E-02]] 6.01E-04 5.68E-05 5.20E-02 3E-05 3E-06
Toluene 1,800 115 4,93E-02 | 3.15E-03 2.00E-01 2.47E-01 | 1.58E-02}f 1.69E-02 1.08E-03 NC ND ND
Trimethylbenzene 700 269 1.02E-02 | 7.37E-03 5.00E-04 | 3.84E+01 }1.47E+01}] 6.58E-03 | 2.53E-03 NC ND ND
Tetramethylbenzene 36 32 9.86E-04 | 8.77E-04 NA ND ND 3.38E-04 3.01E-04 NA ND ND
Phenanthrene 82 16.5 2.25E-03 | 4.52E-04 NA ND ND 7.70E-04 1.55E-04 NC ND ND
2-Methylnaphthalene 3,000 260 8.22E-02 | 7.12E-03 NA ND ND 2.82E-02 | 2.44E-03 NA ND ND
Naphthalene » 2,000 18 5.48E-02 | 4.93E-04 4.00E-02 | 1.37E+00 | 1.23E-02|} 1.88E-02 1.69E-04 NC ND ND
alpha-BHC 0.049 0.047 1.34E-06 1.29E-06 NA ND ND 4.60E-07 4.41E-07 6.30E+00 3E-06 3E-06
Heptachlor epoxide 0.016 0.010 4.38E-07 | 2.74E-07 1.30E-05 | 3.37E-02 | 2.11E-02|f 1.50E-07 | 9.39E-08 9.00E+00 1E-06 8E-07
igamma-Chlordane 0.055 0.021 1.51E-06 | 5.75E-07 6.00E-05 | 2.51E-02 | 9.59E-03|| 5.17E-07 1.97E-07 1.30E+00 7E-07 .3E-07
Arsenic 11.1 4.43 3.04E-04 1.21E-04 3.00E-04 | 1.01E+00 | 4.05E-01}| 1.04E-04 | 4.16E-05 1.75E+00 2E-04 7E-05
Lead (1) 10.5 3.33 2.88E-04 | 9.12E-05 NA ND ND 9.86E-05 | 3.13E-05 NA ND ND
Total Increased
Total Hazard Lifetime Cancer
Index 4.98E+01 |1.67E+01 Risk 4E-04 1E-04

NOTES:
Hazard Quotient = Chronic Dose/Chronic Reference Dose
increased Lifetime Cancer Risk = Chronic Dose x Oral Slope Factor
NA - Not Available
NC - Noncarcinogenic
ND - Not Determined
(1) Reference dose value is not available for inorganic lead.
Lead is evaluated using the EPA Biokinetic Uptake Model (Section 6.6).
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TABLE 6-31a. RISK FROM INHALATION OF GROUNDWATER - FUTURE CHRONIC EXPOSURE (CHILD)

Max.

Noncarcinogenic

Carcinogenic

Ave.

RME Ave. Inhalation RME Ave. RME Ave.
Detected || Detected | Chronic Chronic | Reference | RME Ave. Chronic -] Chronic Inhalation | increased | Increased
Conc. || Conc. Dose Dose Dose Hazard | Hazard Dose Dose Slope Factor | Cancer Cancer
Chemical (pg) N (ng/) jl(mg/kg/day) |(mg/kg/day)| (mg/kg/day)| Quotient | Quotient [|(mg/kg/day)|(mg/kg/day){ (mg'kg/day)’ Risk Risk
1,1-Dichloroethene 18 || 204 2.36E-05 2.68E-06 ND NA NA 2.03E-06 | 2.30E-07 1.75€-01 4E-07 4E-08
cis-1,2-Dichloroethene 3000 509 3.94E-03 6.69E-04 ND NA NA 3.38E-04 | 5.73E-05 ND NA NA
Methylene Chloride 730 93.1 9.59E-04 1.22E-04 8.57€-01 |1.12E-031.43E-04}| 8.22E-05 1.05E-05 1.64E-03 1E-07 2E-08
Chloroform 5 1.24 6.57E-06 1.63E-06 ND NA NA 5.63E-07 1.40E-07 8.05E-02 5E-08 1E-08
Benzene 120 15.1 1.58E-04 1.98E-05 1.71E-03 | 9.22E-02 | 1.16E-02)] 1.35E-05 1.70E-06 2.90E-02 4E-07 5E-08
Tetrachloroethene 64 6.086 8.41E-05 7.96E-06 ND NA NA 7.21E-06 | 6.82E-07 2.03E-03 1E-08 1E-09
Toluene 1800 115 2.36E-03 1.51E-04 1.14E-01 | 2.07E-02] 1.33E-03 || 2.03E-04 1.29E-05 ND NA NA
Trimethylbenzene 700 269 9.19E-04 3.53E-04 ND NA NA 7.88E-05 | 3.03E-05 ND NA NA
Tetramethylbenzene 36 32 4,73E-05 4.20E-05 ND NA NA 4.05E-06 | 3.60E-06 ND NA NA
Total
Total Increased
Hazard Lifetime

Index 1.14E-01{ 1.31E-02 Cancer Risk 9E-07 1E-07

NOTES:

Hazard Quotient = Chronic Dose/Reference Dose
increased Lifetime Cancer Risk = Chronic Dose x Inhalation Slope Factor

NA = Not Available
ND = Not Determined

Only chemicals of concern with potential to volatize {based on the Henry's Constant) were evaluated.
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TABLE 6-31b. RISK FROM INHALATION OF GROUNDWATER - FUTURE CHRONIC EXPOSURE (ADULT)
Noncarcinogenic Carcinogenic
Max. Ave, RME Ave. Inhalation RME Ave.
Detected || Detected ]| Chronic Chronic | Reference | RME Ave. Chronic Chronic Inhalation RME Ave.
Conc. || Conc. Dose Dose Dose Hazard | Hazard Dose Dase Slope Factor | increased | Increased
Chemical {ug/) (ug/) _{{{mg/ka/day)|(mg/kg/day)|(mg/kg/day) Quotient | Quotient || (mg/kg/day) | (mg/kg/day) gmglkglday)‘1 Cancer RiskjCancer Risk
1, 1-Dichloroethene 18 2.04 || 6.33E-06 | 7.186-07 | NA ND ND 2.17E-06 | 2.46E-07 | 1.75E-01 4E-07 4E-08
cis-1,2-Dichloroethene | 3000 509 1.06E-03 | 1.79E-04 NA ND ND 3.62E-04 | 6.14E-05 NA ND ND
Methylene Chloride 730 931 | 257E-04 | 3.28E-05 | 8.57E-01 | 3.00E-04 [3.82E-05) 8.81E-05 | 1.12E-05 | 1.64E-03 1E-07 2E-08
Chloroform 5 1.24 || 1.76E-06 | 4.36E-07 NA ND ND 6.03E-07 | 1.50E-07 | 8.05E-02 5E-08 1E-08
Benzene 120 151 | 4.22E-05 | 5.31E-06 | 1.71E-03 | 2.47E-02 | 3.11E-03]| 1.45E-05 | 1.82E-06 | 2.90E-02 4E-07 5E-08
Tetrachloroethene 64 6.06 || 2.25E-05 | 2.13E-06 NA ND ND 7.72E-06 | 7.31E-07 | 2.03E-03 2E-08 1E-09
Toluene 1800 115 I 6.33E-04 | 4.056-05 | 1.14E-01 | 5.56E-03 | 3.55E-04| 2.17E-04 | 1.39E-05 NA ND ND
Trimethylbenzene 700 269 || 2.46E-04 | 9.46E-05 NA ND ND 8.44E-05 | 3.25E-05 NA ND ND
Tetramethylbenzene 36 32 1.27E-05 1.13E-05 NA ND ND 4 34E-06 3.86E-06 NA ND ND
Total

Total Increased

Hazard Lifetime

Index 3.05E-02 | 3.50E-03 Cancer Risk 1E-06 1E-07
NOTES:

Hazard Quotient = Chronic Dose/Reference Dose
Increased Lifetime Cancer Risk = Chronic Dose x Inhalation Slope Factor

NA = Not Available
ND = Not Determined

Only chemicals of concern with potential to volatize (based on the Henry's Constant) were evaluated.




Noncarcinogenic Risk Summary. Table 6-32 provides a summary of the Hls for exposure to
groundwater under the future land use scenario. When summed across the ingestion, dermal, and
inhalation pathways, the total HIs for cis-1,2-dichloroethene, methylene chloride, trimethylbenzene,
ity
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1,2-dichloroethene, trimethylbenzene, arsenic, and lead exceed unity. These contaminants of concern

provide the most significant contributions to noncarcinogenic risk for groundwater exposure.
6.5.6.3 Carcinogenic Risk Due to Groundwater Exposure

The carcinogenic risk due to groundwater exposure results from the dermal absorption, ingestion, and
inhalation pathways. The potentially exposed population includes children and adults in a residential

scenario.

Dermal Absorption. The carcinogenic risk resulting from a child's dermal exposure to contaminated
groundwater (Table 6-29a) exceeds the 1x10° de minimus level for the RME (6x10®), and is less than the
de minimus level for the average exposure (8x107). An adult's carcinogenic risk from the dermal
absorption pathway is 1x10” for the RME and 1x10™® for the average exposure (Table 6-29b). The most
significant portions of the overall risk result from exposure to 1,1-dichloroethene, benzene, and

tetrachloroethene.

Ingestion. The carcinogenic risk for ingestion of contaminated groundwater by a child (Table 6-30a)
exceeds the de minimus level of 1x10 for both the RME (2x10®) and the average exposure (6x107).
Arsenic provides the greatest contribution to the carcinogenic risk; other significant contributors are 1,1-

dichloroethene, methylene chloride, benzene, tetrachloroethene, and alpha-BHC.

The carcinogenic risk resulting from an adult's exposure via ingestion of contaminated groundwater (Table
6-30b) exceeds the 1x10° de minimus risk level for both the RME (4x10™) and the average exposure
(1x10™). Arsenic again contributes the greatest portion of the risk. Other significant contributions to the
risk result from exposure to 1, 1-dichloroethene, methylene chloride, benzene, tetrachloroethene, alpha-

BHC, and heptachlor epoxide.
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TABLE 6-32. SUMMARY OF NONCARCINOGENIC HAZARDS FOR RESIDENTIAL EXPOSURE TO GROUNDWATER

GROUNDWATER EXPOSURE TOTAL
HAZARD INDICES RESIDENTIAL
GROUNDWATER
Chemical ingestion (Aduit) Ingestion (Child) Dermal Absorption (Adult) | Dermal Absorption (Child) | Inhalation (Adult) Inhalation (Child) EXPOSURE

of Concern RME Average RME Average RME Average RME Average RME Average RME Average RME Average
1,1-Dichloroethene 5.48E-02 | 6.21E-03 | 1.28E-01 | 1.45E-02 1.99E-03 2.25E-04 481E-03 5.45E-04 ND ND ND ND 1.89E-01 | 2.15E-02
cis-1,2-Dichloroethene | 8.22E+00 | 1.39E+00 | 1.92E+01 3.25E+00 1.86E-01 3.16E-02 4.51E-01 7.65E-02 ND ND ND ND 2.80E+01 | 4.76E+00
Methylene Chloride 3.33E-01 | 4.256-02 | 7.78E-01 | 9.92E-02 3.40E-03 4,34E-04 8.23E-03 1.05E-03 3.00E-04 | 3.82E-05 | 1.12E-03 | 1.43E-04 | 1.12E+00 | 1.43E-01
Chloroform 1.37E-02 | 3.40E-03 | 3.20E-02 | 7.93E-03 2.77E-04 6.86E-05 6.69E-04 1.66E-04 ND ND ND ND 4.66E-02 | 1.16E-02
Benzene ND ND ND ND ND ND ND ND 2.47E-02 { 3.11€-03 | 9.22E-02 | 1.16E-02 | 1.17E-01 | 1.47E-02
Tetrachloroethene 1.756-01 | 1.66E-02 | 4.09E-01 | 3.87E-02 191E-02 1.81E-03 4.62E-02 4.37E-03 ND ND ND ND 6.50E-01 | 6.15E-02
Toluene 2.47E-01 | 1.58E-02 | 5.75E-01 | 3.68E-02 2.52E-02 1.61E-03 6.08E-02 3.89E-03 5.66E-03 | 3.556-04 | 2.07E-02 | 1.33E-03 | 9.34E-01 | 5.97E-02
Trimethylbenzene 3.84E+01 | 1.476+01 | 8.95E+01 | 3.44E+01 | 6.44E+00 2.47E+00 1.56E+01 5.98E+00 ND ND ND ND 1.50E+02 | 5.76E+01

Tetramethylbenzene ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Phenanthrene ND ND ND ND ND ND ND ND ND (2) ND (2) ND (2) ND (2) ND ND

2-Methylnaphthalene ND ND ND ND ND ND ND ND ND (2) ND (2) ND (2) ND (2) ND ND
Naphthalene 137E+00 | 1.23E-02 | 3.20E+00 | 2.88E-02 | 2.14E-01 1.93E-03 5.18E-01 4,66E-03 ND (2) ND (2) ND (2) ND (2) | 5.30E+00 | 4.77E-02

alpha-BHC ND ND ND ND ND ND ND ND ND (2) ND (2) ND (2) ND (2 ND ND
Heptachlor epoxide 3.37E-02 | 2.11E-02 | 7.87E-02 | 4.92E-02 8.42E-04 5.26E-04 2.03E-03 1.27E-03 ND (2) ND (2) ND (2) ND (2) 1.15E-01 | 7.20E-02
amma-Chlordane 251E-02 | 9.58E-03 | 5.86E-02 | 2.24E-02 5.70E-05 2.18E-05 1.38E-04 5.26E-05 ND (2) ND (2) ND (2) ND (2) 8.39E-02 | 3.20E-02
Arsenic 1.01E+00 | 4.05E-01 | 2.37E+00 | 9.44E-01 2.30E-03 9.18E-04 5.56E-03 2.22E-03 ND (2) ND (2) ND (2) ND (2) ] 3.39E+00 | 1.35E+00

Lead (1) ND ND ND ND ND ND ND ND ND (2) ND (2) ND (2) ND (2) ND ND
TOTAL 4.98E+01 | 1.67€+01 | 1.16E+02 | 3.89E+01 | 6.89E+00 | 2.51E+00 | 1.67E+01 | 6.08E+00 | 3.05E-02 | 3.60E-03 | 1.14E-01 | 1.31E-02 | 1.90E+02 | 6.42E+01

HAZARD INDEX
Notes:

ND = Not Determined

{1} Reference dose value is not available for inorganic lead. Lead is evaluated separately using the EPA Biokinetic Uptake Madel (Section 6.6).
(2) Chemicals are only considered for groundwater inhalation if the Henry's Law Constant is 1 x 10°® atm-m®/mol or greater and the molecular weight is less than 200 g/mol.



Inhalation. The carcinogenic risk for the inhalation of groundwater during bathing is presented in Tables
6-31a and 6-31b. The carcinogenic risk for a child (Table 6-31a) is below the de minimus level of 1x10®
for both the RME (9x107) and the average exposure (1x107). The carcinogenic risk resulting from an
adult's exposure via inhalation of contaminated groundwater (Table 6-31b) is essentially at the de minimus
level for the RME (1x10°), but is below the de minimus level for the average exposure (1x107). Benzene
and 1, 1-dichloroethene contribute the greatest portion of the risk.

Carcinogenic Risk. Table 6-33 provides a summary of the increased lifetime cancer risk associated with
exposure to groundwater under the future land use scenario. The total increased lifetime cancer risk
summed across all pathways and chemicals is 7x10™ for the RME and 2x10™ for the average exposure. Of
the carcinogenic chemicals of concern, chloroform and gamma-chlordane do not contribute significantly to
the carcinogenic risk under the RME and average exposures scenario. The significant contributions under
the RME result from exposure to 1,1-dichloroethene, methylene chloride, tetrachloroethene, alpha-BHC,

heptachlor epoxide, and arsenic.
6.6 RESULTS OF LEAD BIOKINETIC UPTAKE MODEL EVALUATION

Lead exposure is typically measured and reported in terms of blood lead levels (g lead/deciliter (dl)
blood) in the scientific literature. Blood concentrations are associated with clinical signs of toxicity.
Similarly, lead exposure levels associated with toxic endpoints are reported in terms of blood lead levels.
The U.S. EPA has developed a biokinetic uptake model for the personal computer which can be used to
estimate blood lead levels in children from 0 to 84 months of age (U.S. EPA, 1994a). Site-specific
information (e.g., site-specific lead concentrations in soil, air, house dust, and drinking water) can be
incorporated into the model along with well documented default settings. The lead biokinetic uptake model
is used to estimate the lead exposure which may be experienced by a child under a future residential
exposure scenario at the former FTA. The site-specific groundwater, sediment, and soil lead

concentrations are evaluated using the biokinetic uptake model presented in Appendix G.

Young children are more sensitive to the toxic effects of lead than older children and aduits.

Concentrations of lead in environmental media which do not contribute to an increase in blood lead
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TABLE 6-33. SUMMARY OF CARCINOGENIC RISKS FOR RESIDENTIAL EXPOSURE TO GROUNDWATER

GROUNDWATER EXPOSURE TOTAL RESIDENTIAL]
INCREASED LIFETIME CANCER RISK GROUNDWATER
Chemical Ingestion (Adult) Ingestion {Child) Dermal Absorption (Adult) | Dermal Absorption (Child Inhalation (Adult) Inhalation (Child) EXPOSURE
of Concern RME Average RME Average RME Average RME Average RME Average RME Average RME Averggg_
1,1-Dichloroethene 1E-04 1E-05 6E-05 7E-06 4E-06 4E-07 2E-06 3E-07 4E-07 4E-08 4E-07 4E-08 2E-04 2E-05
cis-1,2-Dichloroethene ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Methylene Chloride 5E-05 7E-06 3E-05 4E-06 5E-07 7E-08 3E-07 4E-08 1E-07 2E-08 1E-Q7 2E-08 8E-05 1E-05
Chloroform 3E-07 7E-08 2E-07 4E-08 6E-09 1E-09 3E-09 9E-10 5E-08 1E£-08 5E-08 1E-08 6E-07 1E-07
Benzene 3E-05 4E-06 2E-05 2E-06 2E-08 2E-07 9E-07 1E-07 4E-07 5E-08 4E-07 SE-08 6E-05 7E-06
Tetrachloroethene 3E-05 3E-06 2E-05 2E-06 3E-06 3E-07 2E-06 2E-07 2E-08 1E-09 1E-08 1E-09 5E-05 5E-06
Toluene ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Trimethylbenzene ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Tetramethylbenzene ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Phenanthrene ND ND ND ND ND ND ND ND ND (2) ND (2) ND (2) ND (2) ND ND
2-Methyinaphthalene ND ND ND ND ND ND ND ND ND (2) ND (2) ND(2) | ND(2 ND ND
Naphthatene ND ND ND ND ND ND ND ND ND (2) ND (2) ND((2 | ND(2) ND ND
alpha-BHC 3E-06 3E-06 2E-06 2E-06 9E-08 9E-08 6E-08 5E-08 ND (2) ND (2) ND (2) ND (2) SE-06 5E-06
Heptachlor epoxide 1E-06 8E-07 8E-07 5E-07 3E-08 2E-08 2E-08 1E-08 ND (2) ND (2) ND (2) ND (2) 2E-06 1E-06
gamma-Chlordane 7E-07 3E-07 4E-07 1E-07 2E-09 6E-10 9E-10 4E-10 ND (2) ND (2) ND(2) | ND(@) 1E-06 4E-07
Arsenic 2E-04 7E-05 1E-04 4E-05 4E-07 2E-07 3E-07 1E-07 ND (2) ND (2) ND(2 | ND(2 3E-04 1E-04
Lead (1) ND ND ND ND ND ND ND ND ND (2) ND (2) ND (2) ND (2) ND ND
TOTAL INCREASED
LIFETIME CANCER 4E-04 1E-04 2E-04 6E-05 1E-05 1E-06 6E-06 8E-07 1E-06 1E-07 9E-07 1E-07 TE04 2E-04
RISK
Notes:

ND = Not Determined

(1) Reference dose value is not available for inorganic lead. Lead Is evaluated separately using the EPA Biokinetic Uptake Model (Section 6.6).
(2) Chemicals are only considered for groundwater inhalation if the Henry's Law Constant is 1 x 10°® atm-m>/mol or greater and the molecular weight Is less than 200 g/mol.



concentrations in young children (as predicted by the biokinetic uptake model) are also considered to be of
no consequence to adults. The potential toxicity of lead concentrations detected onsite is evaluated by
comparing blood lead levels predicted by the U.S. EPA lead biokinetic uptake model (Appendix G) to the
Centers for Disease Control (CDC) recommendation that environmental conditions associated with blood
lead levels exceeding 10 n.g lead/dl blood be avoided, as concentrations above this level may be associated
with toxic effects (ATSDR, 1988a).

The range within which the earliest signs of adverse effects such as neurotoxicity may be observed in
young children is considered to be from 10 to 25 g lead/dl blood. The CDC issued a statement on
Childhood Lead Poisoning in 1991 which identified a hierarchy of child blood levels and associated clinical
and community actions (CDC, 1991). Child blood lead concentrations of 10 wg lead/dl blood should
trigger community concern as to potential sources of exposure. Lead levels from 10 to 20 g lead/dl
blood may signal undue exposure and should stimulate appropriate community action. Children with blood
lead levels between 20 and 49 wg/dl should be medically evaluated for appropriate intervention, and levels

over 49 ug/dl should be considered a medical emergency.

No distinctions in these ranges of blood lead levels have been made between children and adults, although
it is known that adults are less sensitive than children to the effects of lead exposure. With respect to
interpolation of the expression “level of concern", it should be noted that such a level represents blood lead
levels which warrant evaluation from a medical and/or regulatory governmental perspective. However,
the threshold for expression of lead toxicity has not been well defined. The results of the U.S. EPA's
uptake biokinetic model are typically interpreted based on the criterion that blood lead levels (estimated
from site-specific information) should not exceed 10 wg/dl for more than five percent of children aged zero

to seven years old.

Use of the lead uptake biokinetic model to evaluate potential exposure to lead at the former FTA indicates
that the criterion value of 10 n.g/dl blood lead level in more than five percent of the population is not
exceeded when site-specific soil, sediment, and filtered groundwater lead concentrations are input to the
model. Unfiltered groundwater lead concentrations are however associated with an exceedance of the
criterion for blood lead level. The biokinetic uptake model calculates blood lead levels for children aged
zero to seven years old. The potential for exposure and the relative sensitivity to the toxicity of lead will

likely be lower for the adult receptor compared to a residential child receptor.
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6.7 SUMMARY OF HUMAN HEALTH RISK ASSESSMENT RESULTS
6.7.1 Summary of Risk Assessment Results for Current Land Use Conditions

Under the current land use scenario, arsenic provides the most significant contribution to overall site risk
due to exposure to soils and on-site sediment. Dibenz(a,h)anthracene also contributes significantly to the
overall carcinogenic risk for these exposure routes. The U.S. EPA lead biockinetic uptake model does not

indicate exceedance of the 10 n.g lead/dl blood criterion for these exposure routes.

Arsenic. Arsenic was detected in one of four surface soil samples collected during the 1990 investigation
at a level of 4400 ng/kg. The frequency of occurrence in the samples collected during the 1994
investigation is 100 percent for surface soils and sediment. Values range from 1400 to 2800 n.g/kg in
surface soil, and from 2100 to 9000 ng/kg in on-site sediment.

The average for eastern U.S. soils is 5100 ng/kg (Dragun and Chaisson, 1991). The levels detected at the
former FTA are generally comparable to the reported average for U.S. soils. However, arsenic was not

detected in WFF background soils samples.

The increased lifetime excess cancer calculated for arsenic exposure under the RME (8x10) and average
exposure (5x10°) exceed the 1x10° de minimus level, but fall within the range of 1x10™ to 1x10°® which

may be acceptable within the context of the land use.

Dibenz(a,h)anthracene. As with arsenic, the carcinogenic risk associated with dibenz(a,h)anthracene
exceeds the 1x10® de minimus level for the RME (2x10°) and average exposure (2x10%), but falls within

the 1x10™to 1x10™® target risk range.

Lead. Lead was detected in four of four surface soil samples collected in the 1990 investigation (NASA,
1990) at values ranging from 5300 to 24,000 wg/kg. Lead was detected in all of the surface soil and
sediment samples collected during the 1994 investigation. Values ranged from 7000 to 33,800 wg/kg in
surface soil, and from 8700 to 67,500 r.g/kg in on-site sediment.
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The average for U.S. background soils (based on an arithmetic mean of data for the eastern U.S.) is
35,000 wg/kg (Dragun and Chaisson, 1991). The background level detected in WFF soils is 571 ug/kg.
The levels detected at the former FTA are generally comparable to the U.S. background levels, but are
one to 10 orders of magnitude greater than the reported WFF background levels.

The U.S. EPA interim soil lead guidance for CERCLA sites (U.S. EPA, 1994f) recommends a screening
level for lead in soil of 400 parts per million (ppm) for residential land use. This screening level is more
than five times greater than the maximum lead level detected in on-site soil or sediment (67.5 ppm).
Residential areas with soil lead levels below the screening level generally require no further action.
Special situations, including wetland areas, ecological risk, and higher than expected human exposures,

which might warrant further study or action are not applicable at the former FTA.

The EPA requested an evaluation of potential adverse effects from lead in environmental media using the
Biokinetic Uptake Model. The results of the model evaluation indicate that blood levels in children

resulting from exposure at the former FTA would be less than the 10 pg lead/dl blood criterion level.
6.7.2 Summary of Risk Assessment Results for Future Land Use Conditions
6.7.2.1 Future Soil Exposure Scenario

A blending of surface soil, on-site sediment, and subsurface soil would be expected to occur during
construction for future residential land use. This blending is expected to result in a dilution of the lead
concentrations. However, for risk assessment purposes, no dilution is assumed; rather, the maximum
value found in surface soil, subsurface soil, or onsite sediment is used as the concentration for RME dose
estimation. The highest average value from the three substrates is used for the average exposure

assessment. This conservative approach is expected to increase the likelihood of an overestimation of risk.
The HIs for soil exposure under future residential land use do not exceed unity. For future residential soil

exposure, carcinogenic risk exceeds the 1x10”° de minimus level, but falls within the 1x10* to 1x10° target

range for acceptable risk.
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Use of the U.S. EPA lead uptake biokinetic model does not indicate exceedance of the 10 ng lead/dl blood
criterion for soil exposure under the assumed future land use conditions. The EPA considers this model an

acceptable evaluation for lead toxicity in lieu of published toxicity values.
6.7.2.2 Future Groundwater Exposure Scenario

Noncarcinogenic Effects. The total HI for the RME, assuming additive effects, is 1.9x10°. The total
additive HIs for the average exposure is 6.4x10". The HIs for exposure to cis-1,2,-dichloroethene,

methylene chloride (for the RME), trimethylbenzene, naphthalene, and arsenic all exceed one.

Carcinogenic Effects. The overall carcinogenic risk, based on the conservative assumptions included in
the risk assessment, exceeds the 1x10™ to 1x10® target risk range for a residential exposure to carcinogens
in groundwater at the former FTA. The relative contribution of the chemicals of concern in groundwater

1s discussed below.

1,1-Dichloroethene. This chemical of concern was detected in two of 11 samples collected from
downgradient wells. Additionally, four DNAPL samples were collected; 1,1-dichloroethene was not
reported in the DNAPL samples. The highest level reported was a spike of 18 g/l in MW-57S, which is
furthest downgradient. The second detection was in MWG61I at an estimated value of 0.7 ug/l. Some
uncertainty exists as to whether 1,1-dichloroethene may have migrated beyond the location of MW-578S.
No downgradient receptors are identified, and dispersion and dilution are likely to negate any risk
contribution should the plume reach surface waters. The nearest surface water body in the direction of
suspected migration is Little Mosquito Creek, at a distance of more than 2000 feet. Risk associated with
1,1-dichloroethene is unlikely to play a significant role in exposure related to future surface water
exposure. However, some uncertainty remains as to the significance of exposure to 1,1-dichloroethene

should wells for future residential groundwater use be installed northeast of MW-57S.

Methylene Chloride. Methylene chloride was detected in 11 of 15 samples collected from 11
downgradient wells. Although detected in laboratory blanks and upgradient wells, the levels of methylene
chloride in samples collected from MW-56D (780 w.g/l in a DNAPL sample and 250 n.g/1), a duplicate
sample from MW-55S (270 ng/l), and MW-57S (52 ng/l) are significantly higher. Levels detected in

other samples were comparable to blank detections.
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The MCL for methylene chloride (synonym of dichloromethane) is 5 1g/l. Methylene chloride is a
common laboratory contaminant, and the detections may be related, even at the higher levels, to laboratory
contamination. In addition, the levels reported for the duplicate samples collected from MW-55S are not
comparable (not detected above 1 ng/l vs. 270 ng/l). MW-55S is located in the suspected former pit area,
while MW-56D and MW-57S are located downgradient. Methylene chloride was detected in a sample
collected from MW-611 at 3 wg/l, which is comparable to the levels associated with laboratory blank
contamination. MW-611 is located intermediate between MW-55S and MW-56D in the direction of
groundwater flow. MW-57S is located downgradient of MW-56D. The pattern of detections does not
indicate a consistent plume of methylene chloride contamination in groundwater, but could result from

continuing sources in the soil.

Chloroform. Chloroform was detected in three samples collected from two wells. One of the samples
was a DNAPL sample collected prior to purging. The groundwater sample collected in that same well
following purging also contained chloroform. The third reported occurrence of chloroform is in
monitoring well MW-01D, which is essentially cross-gradient from the former pit and training areas. Due
to the detection in a cross-gradient sample and in only one other well, the risk contributed by exposure to

chlorotform in groundwater is not significant to the overall site risk.

Benzene. Benzene was detected in two of 15 samples collected from 11 downgradient wells. The two
detections were found in DNAPL samples collected from MW-56D and MW-611 prior to purging. The
levels (100 and 120 ;.g/1) are significantly higher than the MCL (5 ug/l).

Tetrachloroethene. This chemical of concern was detected in two of four DNAPL samples collected
prior to purging. It was also detected in four of 11 samples collected in downgradient wells following
purging. Tetrachloroethene was detected in MW-56D during DNAPL sampling, but not following
purging. The detections were in wells located near the suspected location of the former pit area (MW-
55D) and downgradient (MW-56D, MW-58S, and MW-611). The detection reported for MW-60I is an

estimated value ot 0.9 g/, and appears to be an isolated occurrence.

Alpha-BHC. Alpha-BHC does not contribute any known noncarcinogenic risk. It is an insecticide which
may have been used in the vicinity of the former FTA. The chemical does not appear to be otherwise

related to site activities and is therefore not considered site-related.
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The highest level detected (0.049 r.g/l) was in a duplicate sample from MW-55S. The two detections in
MW-558 vary by a factor of 5 (0.0098 vs 0.049 n.g/l). The other detection, in MW-2S, was reported as
0.0037 wg/l, which is comparable to the lower values detected in MW-55S. Given the limited detections
and the significant variation between the duplicate samples, alpha-BHC does not appear to contribute

significantly to overall site risk.

Heptachlor epoxide. Heptachlor epoxide is used as an insecticide and it is also a degradation product of
heptachlor, another insecticide. It may have been used in the vicinity of the former FTA, but the chemical

does not appear to be otherwise related to site activities and is therefore not considered site-related.

The MCL for heptachlor expoxide is 0.2 ng/l, and the Virginia Groundwater Standards list a maximum
level of 0.001.g/l. The levels detected at the former FTA range from 0.0042 to 0.016 reg/l, which
exceed the Virginia Groundwater Standards.

Gamma-Chlordane. Gamma-chiordane is an insecticide and fumigant which may have been used in the
vicinity of the FTA. The chemical does not appear to be otherwise related to site activities and is therefore

not considered site-related.

The risk calculated for gamma-chlordane does not exceed the 1x10° target risk level. This chemical of

concern does not appear to contribute significantly to overall site carcinogenic risk.

Arsenic. Arsenic is found in used automotive crankcase oil which may have been used as a combustible
for the fire training activities. Arsenic was detected in three of 11 downgradient filtered well samples.
None of the values for the filtered samples exceed the interim MCL for arsenic (50 w«g/l). The highest
value detected in MW-55S (11.1 wg/l) is located in the suspected former pit area.

Arsenic was detected in seven of 11 downgradient unfiltered well samples. None of these values exceed
the interim MCL for arsenic. The highest detections are from wells MW-54S (34 ..g/l1) and MW-55S
(29.6 wgfl). Although arsenic levels detected at the FTA do not exceed the interim MCL, the risk
associated with exposure to arsenic in groundwater at the former FTA exceeds the 1x10™ upper bound of

the acceptable risk range for the RME and equals the'upper bound for the average exposure scenario.
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6.8 UNCERTAINTIES AND LIMITATIONS

Uncertainties in this risk assessment arise from uncertainty associated with the data, with the assumptions
necessary for development of the exposure scenarios, and with the use of default parameters and models

for calculation of exposure and risk. General sources of uncertainty include:

+ Environmental sampling

¢ Analytical chemistry

*+ Selection of substances used to calculate risk

* Modeling, fate, and transport assumptions

» Exposure scenario development

» Toxicological data, including substitution of data for similar chemicals

¢ Characterizing risks from multiple chemicals and multiple exposure pathways

* Interactions and compounding of combinations of the above uncertainty factors (Maughan, 1993).

Uncertainties associated with environmental sampling include the assumptions that the samples collected
from each media are sufficient to characterize the nature and extent of contamination in that media, and
that the samples collected are truly representative of that media. Uncertainties associated with analytical
chemistry include the assumption that the list of parameters that samples are analyzed for is inclusive of all
site contaminants, the assumption that the detection limits employed allow adequate characterization of the
level of contamination, and the limitations of the analytical instrumentation itself. The quality of both
environmental sampling and analytical chemistry is highly dependent upon human skills and judgement.
The use of the analytical detection limit for reported nondetections in calculating average exposure point

concentrations is conservative.

Uncertainties associated with selection of substances used to calculate risk include the assumption that these
chemicals are the most representative of the level of risk associated with the site. The initial screening of
the data are dependent upon comparison to risk-based concentrations. When risk-based concentrations are
not available for a specific substance, a risk-based concentration for a similar chemical is used. When
toxicological data are not available for a given chemical substance, data for a similar chemical or class of

chemicals are used to provide some estimate of risk. An example of this uncertainty is the use of the
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cancer slope factor for benzo(a)pyrene for other carcinogenic PAHs. This assumption may be very

conservative.

The underlying assumption in calculation of noncarcinogenic risk is that a hazard quotient greater than one
indicates the possibility that adverse health effects may occur. However, the risk calculations cannot
indicate whether those adverse effects will occur. For carcinogenic risk, the assessment presents an
estimate of the incremental increase, due to exposure to chemicals of concern at the site, in an individual's
lifetime chance of developing cancer. This risk estimate is an upper-bound estimate and it is likely that the

actual risk is less than the estimated value.

Toxicological data provide significant uncertainties to the risk assessment process. The data include
uncertainties associated with animal experimentation, extrapolation of high experimental doses to the much
lower doses generally associated with environmental exposures, and extrapolation of human response and

health effects from animal data (Maughan, 1993).

The use of oral RfDs and slope factors for the estimation of risk due to dermal exposure provides
significant uncertainty to the risk assessment. The oral dose values are adjusted through the use of dermal

absorption factors, which are chemical- or chemical class-specific.

When an individual may be exposed to chemicals of concern through multiple exposure routes, the
calculated risks are summed across pathways. In addition, the carcinogenic risks for individual chemicals
are assumed to be additive, and the noncarcinogenic risks are assumed to be additive when the toxic
impacts of individual chemicals are similar. Using this assumption, the total risk is calculated by summing
the individual carcinogenic and noncarcinogenic risks. This assumption may lead to an underestimation or
overestimation of risk. If the effects are synergistic, the additive approach will underestimate risk. If the

mixture of chemicals includes an antagonistic effect, the assumption will result in an overestimate of risk.

A numerical estimate of the uncertainty associated with this risk assessment cannot readily be made. This
risk assessment is not intended to be a predictor of absolute risks. Rather, the risk assessment provides an
identification of the areas and chemicals of greatest concern for the evaluation of remedial objectives and

alternatives.
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7.0 ECOLOGICAL RISK ASSESSMENT

7.1 INTRODUCTION

As a component of the RI for the former FTA, two M&E ecologists visited the site to observe and record
the ecological setting. Field work was conducted by these ecologists on August 15, 1994, During the
visit, observations were made of the flora and fauna present, as well as any potential exposure routes
through which site-related contaminants could affect the ecological receptors. If present, evidence of
ecological stress was noted. This information is used to develop this ecological risk assessment, which, in

conjunction with the human health risk assessment, comprises the baseline risk assessment for the site.

The ecological risk assessment is prepared based on the Risk Assessment Guidance for Superfund, Volume

II: Environmental Evaluation Manual (RAGS II)(U.S. EPA, 1989).

7.2 FIELD INVESTIGATION METHODS

The Environmental Resources Document, Wallops Flight Facility (NASA, 1994) was reviewed by M&E
ecologists before field work at the former FTA commenced. This document provided ecological
information for WFF, including information on Threatened and Endangered (T&E) species, wetlands,
streams, habitat types, and plants and animals potentially occurring at WFF. On August 15, 1994, the
FTA was surveyed for habitat types, dominant vegetation, common plant species, and animals (or signs of
animals) present. In addition, the FTA was surveyed for evidence of stress and contaminant migration
pathways. The site was surveyed using random and irregular transects. Methods of identification included
direct observation, calls, footprints, scat, nests, and burrows, Due to the limited, shallow, and intermittent

nature of surface waters at this site, no aquatic sampling was performed.

In general, the former FTA and a buffer zone of approximately 100 yards was surveyed. However, if
migration pathways presented routes for impact beyond the buffer zone, the survey area was broadened to

better define the nature and extent of the impact.




7.3  GENERAL ECOLOGICAL CONDITIONS AT WFF

WFEFF is located on the Delmarva Peninsula in Accomack County, on the eastern shore of the
Commonwealth of Virginia. The Delmarva Peninsula is bordered by the Atlantic Ocean on the east, the

Chesapeake Bay on the west, and the Delaware Bay and River on the northeast.

In general terms, WFF provides a natural setting which is ecologically complex and includes a wide range
of habitat types for a diverse assemblage of plants and animals. Approximately 61 mammal species, 250
bird species, and 54 species of reptiles and amphibians may reside at or migrate through the WFF vicinity.
Approximately 934 plant species may be present in the area of WFF (NASA, 1994).

7.3.1 Terrestrial Environment

The four primary terrestrial habitat types on WFF are dune systems, island forest, upland grasslands, and
forest. The former FTA, on the Main Base, is dominated by upland field habitat, with a nearby upland
forest. The field habitat at this site is mowed, limiting its potential as a habitat for wildlife. Also, the

former FTA is bounded by an active runway.

7.3.2 Agquatic Environment

The aquatic environment at WFF is varied, comprising freshwater, brackish, and saltwater; tidal and non-
tidal; lotic and lentic; and intermittent and perennial systems. However, the only aquatic systems in the
immediate vicinity of the former FTA are one small, 10 foot by 15 foot, shallow (depth less than 2 inches)
intermittent pool (after a rain event the night before the survey), and a tributary to Little Mosquito Creek,
located over 500 feet to the east of the site. Due to the topography of the FTA and the surrounding area,

surface runotf is not expected to enter this stream.

7.3.3 Wetlands

According to National Wetland Inventory (NWI) maps, a variety of forested, scrub-shrub, emergent,
aquatic bed, and open-water wetlands (freshwater and brackish, tidal and non-tidal) occur throughout the

WFF. However, no wetlands were reported or noted for the former FTA area.
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7.3.4 Threatened and Endangered (T&E) Species

The Commonwealth of Virginia Department of Game and Inland Fisheries (VDGIF) provided information
for the WFF Environmental Resources Document (NASA, 1994) on the T&E species of plants and animals
potentially present at WFF (Table 7-1). The Virginia Department of Conservation and Recreatiorn,
Division of Natural Heritage, also provided data on T&E and rare species, based on an ecological survey
performed at the WFF. None of these species were observed at the former FTA, nor were they expected,
since the majority of these species live in or near the ocean, and the FTA is inland (on the main land

portion of WFF). No suspect growing or nesting areas were observed at, or in the vicinity of, the FTA.
7.4  FIRE TRAINING AREA - ECOLOGICAL RISK ASSESSMENT

The FTA, which is no longer in use, is located north of Runway 10-28 on the WFF Main Base. The site
encompasses approximately one acre, and is located approximately 2200 feet south of Little Mosquito
Creek. According to WFF personnel, the FTA was in operation from 1965 to 1987. The WFF Fire
Department used the site twice a week for training purposes (NASA, 1993).

7.4.1 Site Description

Portions of this site and adjacent areas were recently cleared of trees, presumably to remove obstructions
and to reduce sight distance complications in the runway area. Grasses, clover, and other forbs, and taller
herbaceous growth and some woody saplings (Figure 7-1, Tables 7-2, 7-3) supported by numerous dirt and
brush piles, now characterize the sites. The FTA appears to be routinely mowed. A steep (up to 60
degrees) earthen berm (maximum height 7 feet) is to the north of the FTA. At the top of this berm is a
pine woodland, with scattered oaks and wild black cherry trees in the understory. The forest floor appears
to be mowed, so ground cover is generally lacking. Significant bird activity was noted in this woodland at
the time of the ecological reconnaissance. Elsewhere on the FTA, observations of wildlife or their signs
were limited, although several small burrows (possibly those of hognose snake, which are common fo the
area), raccoon scat, and deer tracks were seen in the area, in addition to several passerine (perching) bird
species and numerous invertebrates (Table 7-4). A tributary to Mosquito Creek located over 500 feet east
of the FTA is an NPDES-monitored discharge. No surface runoff connection between the FTA and this
tributary was observed. In terms of surface runoff, the FTA appears to be a self-contained unit. No T&E
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Table 7-1

Listing of Potential Threatened and Endangered Species

" Scientific Name

ommon Name

Presence at Fire Training Area?

Falco peregrinus
Haliaeetus leucocephalus
Sterna nilotica

Peregrine falcon
Bald eagle
Gull-billed tern

Caretta caretta Loggerhead sea turtle Federal Threatened  Impossible, No Habitat
Chelonia mydas Atlantic green sea turtle Federal Threatened  Impossible, No Habitat
Dermochelys coriaces Leatherback sea turtle Federal Endangered Impossible, No Habitat
Eretmochelys imbricata Hawksbill sea turtle Federal Endangered Impossible, No Habitat
Lepidochelys kempi Kemp's Ridley sea turtle =~ Federal Endangered Impossible, No Habitat

: A £ R LRt T .;-s.é'-:'%l: Ll Birdst e e PR SEL R T T
Scientific Name Common Name Status Presence at Fire Training Area?
Bartramia longicauda Upland sandpiper State Threatened Highly Unlikely, No Habitat
Charadrius melodus Piping plover Federal Endangered Highly Unlikely, No Habitat
Charadrius wilsonia Wilson's plover State Endangered Highly Unlikely, No Habitat

Federal Endangered
Federal Threatened
State Threatened

Highly Unlikely, No Habitat
Highly Unlikely, No Habitat
Highiy Unlikely, No Habitat

‘ Sbiehﬁﬁc Name .

i Marine Mammals

Common Name

Status

Presence at

re Training Area?

Balaenoptera borealis
Balaenoptera musculus
Balaenoptera physalus
Eubalaena glacialis
Megaptera novaeangliae
Physeter catodon

Sei whale

Blue whale

Fin whale

Northern right whale
Humpback whale
Sperm whale

Federal Endangered
Federal Endangered
Federal Endangered
Federal Endangered
Federal Endangered
Federal Endangered

Impossible, No Habitat
impossibie, No Habitat
Impossible, No Habitat
impossible, No Habitat
impossible, No Habitat
impossible, No Habitat

* Scientific Name _

Common Name

Presence at Fire Training Area?

Carex straminea Straw sedge Very rare Highly Unfikely, No Habitat
Chamaecyse bombensis Southern beach spurge Rare Highly Unlikely, No Habitat
Diplachne maritima Saltmeadow sprangletop  Rare Highly Unlikely, No Habitat
Eleocharis rostellata Beaked spikerush Extremely rare Highly Unlikely, No Habitat
Eriocaulon decangulare Ten-angle pipewort Extremely rare Highly Uniikely, No Habitat
Fimbristylis caroliniana Carolina fimbristylis Rare Highly Unlikely, No Habitat
Helianthemum propinquum Low frostweed Rare Highly Unlikely, No Habitat
Juncus megacephalus Big-head rush Very rare Highly Unlikely, No Habitat
Plantago maritima Seaside plantain Extremely rare Highly Unlikely, No Habitat
Sclerolepis uniflora One-flowered scierolepis  Extremely rare Highly Unlikely, No Habitat
Rare Invertebrates

‘ Scienﬁﬁénf\iérr‘\e: )

Common Name

Status

Brachymesia gravida
Argia bipunctulata

not listed (odonate)

Rare

Seepage dancer (odonate) Rare

Highly Unlikely, No Habitat
Highly Unlikely, No Habitat

*Source: Virginia Department of Game and Inland Fisheries, 1992. "Federal and State Endangered and Threatened

Species in Virginia." Taken from Environmental Resources Document - Wallops Flight Facility (NASA, 1994)

**Sources: Virginia Department of Conservation and Recreation, Division of Natural Heritage, 1992.

Taken from Environmental Resources Document - Wallops Flight Facility (NASA, 1994)

Virginia Department of Conservation and Recreation, Division of Natural Heritage, 1994.
Wallops Flight Facility Natural Heritage inventory Progress Report (Project Period: Junet - Sept. 15, 1894)
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Table 7-2  Listing of Herbaceous Species

Former Fire Training Area; NASA - Wallops Flight Facility

v Scientific Name

Achillea millefolium
Agrostis sp.

Allium canadense
Ambrosia artemisiifolia*
Apocynum cannabinum
Artemisia caudata
Aster sp.™

Athyrium thelypteroides
Bromus sp.

Campsis radicans
Cenchrus longispinus
Conyza canadensis™
Cyperus sp.

Daucus carota

Digitaria sanguinalis™
Djodia teres

Erigeron sp.
Eupatorium altissimum
Foeniculum vulgare
Gelsemium sempervirens
Heterotheca subaxiliaris*
Hieracium sp.

Juncus sp.

Lathyrus latifolius
Lepiduim campestre
Lespedeza sp.
Mitchella repens
Mollugo verticillata
Qenothera laciniata
Panicum clandestinum

Parthenocissus quinquefolia

Paspalum sp.
Phytolacca americana
Plantago aristata
Plantago lanceolata™*
Prenanthes alba
Rhus radicans
Rumex crispus
Setaria sp.

Smilax sp.
Strophostyles umbellata
Trifolium arvense
Trifolium pratense*
Verbascum thapsus
Vitis labrusca

Vitis rotundifolia

Herbaceous Specte

Common Name

Yarrow

Redtop grass

Wild garlic
Common ragweed*
Indian hemp

Tall wormwood
Aster, unidentified*
Silvery spleenwort
Brome

Trumpet vine
Sandbur
Horseweed™
Nutsedge

Queen Anne's lace
Crabgrass*
Buttonweed
Fleabane

Tall boneset
Fennel

Yellow jessamine
Camphorweed*
Hawkweed

Rush, unidentified
Perennial pea
Peppergrass
Bushclover
Partridgeberry
Carpetweed

Cut-leaved evening primrose

Deer tongue
Virginia creeper
Paspalum
Pokeweed
Bracted plantain
English plantain*
White lettuce
Poison ivy
Curled dock
Foxtail grass
Greenbrier

Pink wildbean
Rabbit-foot clover
Red Clover”
Common muillein
Fox grape
Muscadine

* denotes dominant species




Table 7-3  Listing of Woody Species
Former Fire Training Area; NASA - Wallops Flight Facility

Sciénﬁﬁc 'Na.'m"e -

Acer sp.

Aralia spinosa™
Carya tomenlosa
Cornus florida™
Juniperus virginiana
Liquidambar styraciflua
Pinus sylvestris
Pinus taeda*
Prunus serotina™
Quercus alba
Quercus laevis
Quercus palustris
Quercus rubra*
Rhus copallina
Sassafras albidum

*

Trees.

Common Name

Ornamental maple
Hercules' Club*
Mockernut hickory
Flowering dogwood*
Red cedar
Sweetgum*
Scotch pine
Loblolly pine*

Wild black cherry*
White oak

Turkey oak

Pin oak

Southern red oak”
Winged sumac
Sassafras

Sc'ién"vﬁﬁc Name

Diervilla lonicera
llex opaca™
Ligustrum vulgare
Myrica pensylvanica

*

Common Name

Bush honeysuckle
American holly*
Privet

Northern bayberry*

* denotes dominant species
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species or economically important species (other than deer) were observed at this site.

The important habitats at, or near, the FTA are the pine woodland (not actually part of the FTA), and the

orming on the dirt a

LU § KeiS ARiiiiiip Wik S » Kad

7.4.2 Receptor Identification

M&E ecologists identified ecological resources at the FTA through the field survey and literature search.
Plant and animal species seen at or near the FTA (Tables 7-2, 7-3, and 7-4) are considered to be potential

receptors for the chemicals of ecological concern at this site.

These potential receptors include herbaceous flora such as grasses and forbs; woody flora such as saplings
and shrubs; terrestrial invertebrates; passerine birds; raptors; rodents; raccoons; and deer. Based on
observed habitats, snakes, terrestrial turtles, insectivores, rabbits, and bats are potentially present at this

site, but none were observed during the August 1994 ecological survey.
7.4.3 Exposure Pathways

The media of concern for the FTA are groundwater, surface water (highly intermittent) and surface and
subsurface soil. Ecological exposure pathways to groundwater are incomplete, meaning that the potential
ecological receptors will not experience direct contact with contaminants detected in this medium.
Ecological pathways to the remainder of these media are complete, meaning that the potential ecological
receptors may experience direct contact with contaminants contained within these media. In the case of
subsurface soil, only samples taken at a depth of five feet or less are considered, as most burrowing
animals are not expected to burrow to depths exceeding five feet and most plant root systems will not

exceed this depth. All exposure pathways are summarized in Figure 7-2.
7.4.4 Chemicals Detected in Ecological Media of Concern

The chemicals detected in surface water are toluene, heptachlor, DDE, DDT, gamma-chlordane,

aluminum, arsenic, barium, calcium, copper, iron, lead, magnesium, manganese, potassium, sodium,




Table 7-4 Listing of Animal Species
Former Fire Training Area; NASA - Wallops Flight Facility

 Scientific Name
Odocoileus virginianus
Procyon lotor

Common Name

White-tailed deer
Raccoon

Scientific Name
Cardinalis cardinalis
Carduelis tristis*
Carthartes aura
Colaptes aurafus
Contopus virens
Corvus brachyrhynchos
Corvus ossifragus
Parus carolinensis™
Picoides pubescens
Sialia sialis*
Spizella passerina™
Thryothorus ludovicianus
Troglodytes aedon
Tyrannus tyrannus
Zonotrichia leucophrys

Common Nam

Cardinal

American goldfinch*
Turkey vulture
Common flicker
Eastern pewee
Common crow

Fish crow

Carolina chickadee”
Downy woodpecker
Bluebird*

Chipping sparrow*
Carolina wren
House wren

Eastern kingbird
White-crowned sparrow
Owil, unidentified

Common Name

Scientific Name
Elaphe obsoleta obsoleta
Heterodon platyrhinos
Bufo woodhousii fowleri

Black rat snake
Eastern hognose snake
Fowler's toad

- Short-horned grasshopper*
Monarch
Bald-face hornet
Tent caterpillar
Cicada”

Tiger swallowtail
Mosquito*
Club-tail dragonfly
Halictid bee
Ladybird beetle
Japanese beetle

Vespid wasp
Leaf bug
Katydid

* denotes dominant species

** no herptiles were observed during the ecological survey, but NASA personne! reported

these species to be common
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vanadium, and zinc (Table 7-5). The chemicals detected in surface soil at the FTA are gamma-BHC
(lindane), heptachlor, heptachlor epoxide, DDD, DDE, DDT, endosulfan I, endrin, dieldrin, endosulfan
sulfate, methoxychlor, endrin ketone, endrin aldehyde, alpha-chlordane, gamma-chlordane, 4-nitrophenol,
phenanthrene, fluoranthene, pyrene, benzo(a)anthracene, chrysene, benzo(b)fluoranthene,
benzo(k)fluoranthene, benzo(a)pyrene, dibenz(a,h)anthracene, indeno(1,2,3-cd)pyrene,
benzo(g,h,i)perylene, di-n-butylphthalate, total petroleum hydrocarbons, aluminum, arsenic, barium,
cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, mercury, nickel,

potassium, sodium, vanadium, and zinc (Table 7-6).

The chemicals detected in subsurface soil are acetone, delta~-BHC, aldrin, heptachlor epoxide, DDD,
DDE, DDT, endosulfan 1, endosulfan sulfate, endrin, endrin aldehyde, alpha-chlordane, gamma-
chlordane, toxaphene, phenanthrene, anthracene, fluoranthene, pyrene, benzo(a)anthracene, chrysene,
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, indeno(1,2,3-cd)pyrene,
benzo(g,h,i)perylene, di-n-butylphthalate, bis(2-ethythexyl)phthalate, di-n-octylphthalate,
dibenz(a,h)anthracene, diethylphthalate, total petroleum hydrocarbons, aluminum, arsenic, barium,
calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese, mercury, nickel, potassium,

vanadium, and zinc (Table 7-7).

7.4.4.1 Comparisan with Background, ARARs, and Guidance Values

In order to determine which chemicals should be addressed in the ecological risk assessment, detected
chemical concentrations in FTA surface water, surface soil, and subsurface soil to a depth of five feet
(those media of concern with complete ecological exposure pathways) are compared to background

concentrations, ARARs, and guidance values (Tables 7-5, 7-6, and 7-7).

The background concentrations (for soils only) represent data obtained from background locations at
WFF. Background samples taken from the ground surface to a depth of two feet are used for surface soil
background. Background samples taken from two feet to a depth of six feet are used for subsurface soil
background. The maximum detected background concentrations from these depth ranges are used for

comparative purposes.
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TABLE 7-5. Comparison of Water Quality Criteria and Guidelines
for Chemicals Detected In Surface Water
Former Fire Training Area; NASA - Wallops Flight Facility, VA

EXPOSURE| Freq. of | Freq. of VA USEPA NOAA Eval-

CONC.§ |Detection| Detection] AWQC* | AWQC** | Guidelines* | uate? Rationale

ANALYTES (ng/L) (traction) | (percent) | (ug/L) (ug/l) {ugil) ¥ Codes ¥¥
Toluene 1.00 1/5 16.67 NA 175.00 NA No BFC

Heptachlor 0.0016 15 16.67 0.0038 0.0038 0.0038 No BFC, BSC
4. 4'-DDE 0.0065 145 33.33 NA No BFC

44007 . ‘0:0056°F 25 | 50000
gamma-Chlordane | 15

. +0:001. | Yes: |exceeds SC.FC.NG
~0.0043 No | BFC, BSC, BNG
SUNACTTE Yes b ‘exceedsFC

adium 580} s N :
Zinc (EE) 3050 | 4/5 8333 | 3270 | 2620 | 110.00+ | No BNG, BSC

§ Exposure concentration represents the maximum detected surface water concentration
“All vatues used are chronic Ambient Water Quality Criteria (AWQC) (defautlt of 25 mg CaCOy/L used to calculate State standards, sincea
hardness <25 is not te be used, according to State guidance).
= All values used are U.S. EPA chronic Ambient Water Quality Criteria. Hardness-dependent criteria were calculated using the site-specific
hardness of 10.53 mg CaCOyL
¥ A "Yes" in this column indicates further evaluation is needed; "No" indicates that the chemical is not a concern, based on the criteria
(or criterion) listed in the "Rationale Codes" column.
¥¥ Rationale Codes:
BSC - exposure concentration is Below State Criteria for ambient water quality
BFC - exposure concentration is Below Federal Criteria for ambient water quality
BNG - Below NOAA Guidelines for ambient water quality
no criteria - no State or Federal Ambient Water Quality Criteria available for this chemical
exceeds FC - exposure concentration exceeds Federal Criteria for ambient water quality
exceeds FC, NG - exposure concentration exceeds Federal Criteria and NOAA Guidelines for water quality
exceeds SC, FC, NG - exposure concentration exceeds State and Federal Criteria and NOAA Guidelines for water quality
+ Hardness-dependent value (hardness default value not reported, equation not provided in NOAA Guidelines)
NA - Not Available/Not Applicable
EE - naturally-occurring Essential Element; no toxicity expected, but chemical will be evaluated for potential toxicity (see Section 7.4.4.1)
Shading indicates chemicals for which further evaluation is necessary.
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TABLE 7-6. Comparison of Background Concentrations and Guidelines for Chemicals
Detected in Surface Soll
Former Fire Training Area; NASA - Wallops Flight Facility, VA

Chrysene

Benzo(a)pyrene
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene
Benzo(g h 1)perylene

EXPOSURE | Freq. of Freq.of | NASA-WFF | Natl Soil NOAA § Eval-
CONC.E Detect. Detect. Bkgd.* Bkgd.™ Guidelines | EE? | uate? Rationale
ANALYTE {na/kg) {ngfkg) §§ Codes ¥¥
gamma-BHC (lindane) 190§ NA | NA BNG
Heptachior: 028 NAT NA:
Heptachior epoxide NA NA
Endosuffani! NA
Dieldrin NA NA
4,4 -DDE NA NA
4,4-DDD NA NA
Endasuifan sutfata. FENAL LNA
4,4-DDT NA NA
Endrin NA NA
Methoxychlor NA NA
NA NA
aIpha-Chlordane . NA NA |
gamma-Chlordane 3.00 NA NA
4-Nitrophenol 41.00 NA NA
Phenanthrene 140.00 NA NA
Fluoranthene 980.00 NA NA
Pyrene 680.00 NA NA
Benzo(a)anthracene 810.00 NA NA
NA NA
NA
NA
NA
NA
NA
NA:
No

Alummum '
Arsenic
Barium
Cadmium: .
Calcium
Chromium

Cobalt

Magnestum
Manganese

Vanédlum
Zinc

* 3.89E+04
6.94E+04

424E+05

1.26E+04

1.16E+06
2.3BE+05

2.34E+04
2.09E+04

_3.40E+03

6.30E+06
5.40E+04

e
4.60E+06
6.40E+05

1.60E+04
1 .20E+07

7. 70E+O4
2.33E+05

g

1.006+05 | No
5.00E+04 | Yes

BNG. BNS, EEY
B8, BNG, BNB, EE

No BNB, EE

£ Exposure concentration represents the maximum detected concentration for soil
*Background is defined as the maximum detected concentration from background samples for NASA - WFF
**Source: Dragun and Chaisson, 1991. Values represent arithmetic means for Virginia or eastern USA sails, unless otherwise noted

("u" indicates upper end of range for eastern USA soils; arithmetic mean not listed)

§ National Oceanic and Atmespheric Association (NOAA) Screening Guidelines. Inorganic values are based on US averages, those for
organics are based on Canadian target vaiues.

§§ Is the chemical a naturally-occurring Essential Element (EE)? (see Section 7.4.4.1)

¥ A "Yes" in this column indicates further evaluation is needed; "No" indicates that the chemical is not a concem. The reasoning
for this determination is listed in the "Rationate Codes” column.

¥¥ Rationale Codes:

BB - Below Background for NASA - WFF soil

BNB - Below Nationai Background for soil

BNG - Below NOAA Screening Guidelines for soil
EE - Essential Element (macro- or micronutrient)
no criteria - screening criteria are unavailable; therefore, estimated intakes will be compared against toxicological benchmarks.
exceeds NG - exposure concentration exceeds NOAA Guidelines for soil
exceeds NG NB - exposure concentration exceeds NOAA Guidelines for soil and National Background for soil
exceeds SB, NB - exposure concentration exceeds site-specific soil background and National Background for soil
exceeds SB,NG,NB - exposure concentration exceeds site-specific background, NOAA Guidelines, and National Background for soil
NA - Not Available/Not Applicable
Shading indicates chemicals for which further evaluation is necessary
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TABLE 7-7. Comparison of Background Concentrations and Guidelines for Chemicals
Detected in Subsurface Soil
Former Fire Training Area; NASA - Wallops Flight Facility, VA

Endosulfan sulfate :
4,4'-DDT

Endrin

Endrin; aldehyde:
alpha-Chlordane |
gamma-Chlordane
Toxaphene: |
Phenanthrene
Anthracene
Fluoranthene

EXPOSURE | Freq. of Freq.of | NASA-WI | Nat'l Soil NOAA § Eval-
CONC.£ Detect. Detect. Bkgd.* Bkgd.™ | Guidelines | EE? [ uate? Rationale

ANALYTE (fraction) | (percent) (pa/ka) (nglkg) {ua/kg) §§ ¥ Codes ¥¥
Acetone R NA NA NA| NA | No <5%
delta-BHC: G g . en Foves b ngiirtera
Aldrin 0.1 117 BNG
Heptachlor epoxide
b ta

Barium 3.22E+04 14/14 100.00 | 4.90E+04 | 4.36E+05{ 4.30E+05 | No | No BB, BNG, BNB
Caicium 7.75E+05 11/18 61.11 | 2.27E+05 | 6.30E+06 NA| Yes | No BNB, EE
Chromium 3.22E+04 14/14 100.00 | 1.09E+04 | 5.40E+04 | 1.00E+05{ No | No BNG, BNB
Caobait 2.20E+03 4114 2857 | 2.36E+03 | 9.40E+03 | 8.00E+03 { Yes | No |BB, BNG, BNB, EE
Copper 7.60E+03 3/14 21.43 | 7.00E+01| 3.30E+04 | 3.00E+04 | Yes | No | BNG, BNB, EE
fron 1.14E+07 15/18 83.33 | 6.53E+06 | 2.50E+07 | 3.80E+07 | Yes| No BNG, BNB, EE
Lead 5.00E+03 13114 92.86 ND 3.50E+04 | 1.00E+04 | No | No BNG, BNB
Magnesium 1.68E+06 14/14 100.00 | 2.56E+05 | 4.60E+06 | 5.00E+06 | Yes | No BNG, BNB, EE
Manganese 6.40E+05 BNG BNB EE
Merciiry.::: E ceds:

Nickel 9.20E+03 3/9 . 1.60E+04

Potassium 1.75E+06 1114 7857 | 456E+05| 1.20E+07 NAl Yes | No BNB, EE
Vanadium 3.29E+04 14/14 100.00 | 2.70E+04 | 7.70E+04 | 1.00E+05| No | No BNG, BNB
Zinc 2.00E+04 6/14 42.86 | 1.16E+04 | 2.33E+05 | 5.00E+04 | Yes | No | BNG, BNB, EE

£ Exposure concentration represents the maximum detected concentration for sail
*Background is defined as the maximum detected concentration from background samples for NASA - WFF
"Source: Dragun and Chaisson, 1991. Values represent arithmetic means for Virginia or eastern USA soils
§ National Oceanic and Atmospheric Association (NOAA) Screening Guidelines. Inorganic values are based on US averages, those for
organics are based on Canadian target values.
§§ Is the chemical a naturaily-occurring Essential Element (EE)? (see Section 7.4.4.1)
¥ A "Yes" in this column indicates further evaluation is needed; "No” indicates that the chemical is not a concem. The reasoning
for this determination is listed in the “Rationale Codes" column.

¥¥ Rationale Codes:

<5% - chemical was detected in less than 5% of the samples
B8 - Below Background for NASA - WFF soil
BNB - Below National Background for soil
BNG - Below NOAA Screening Guidelines for soil
EE - Essential Element (macro- or micronutrient)
no criteria - screening criteria are unavailable; therefore, estimated intakes will be compared against toxicological benchmarks
exceeds NG - exposure concentration exceeds NOAA Guidelines for soil
exceeds NG,NB - exposure concentration exceeds NOAA Guidelines for soil and National Background for sod
NA - Not Available/Not Applicable
Shading indicates chemicals for which further evaluation is necessary
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The surface water criteria are Federal and Virginia Ambient Water Quality Criteria (AWQC). The
guidance values are the Screening Guidelines set by the National Oceanic and Atmospheric Administration

(NOAA) for surface water and soil and a U.S. average for soil, taken from Dragun and Chaisson (1991).

Maximum exposure concentrations are based on the maximum detected concentration for the FTA in
surface water, surface soil, and subsurface soil. Chemicals with maximum exposure concentrations below
background concentrations (for inorganic chemicals only) or the NOAA Screening Guidelines (for both
organic and inorganic chemicals) are "screened out” from further risk analysis. These chemicals are not
expected to present ecological risk, and therefore are not considered in the exposure assessment and risk
characterization. No chemicals in soil are dropped from consideration based solely on a comparison with
the U.S. average. Naturally-occurring essential elements for life (including potassium, calcium, iron,
magnesium, and sodium) in soil are not carried through the risk characterization. Those essential elements
in soil which are of greater ecological risk concern (cobalt, copper, manganese, and zinc), due to
established toxic effects, are never excluded based on their essential element status, unless the detected
concentration is below a background concentration or guidance value. In addition, chemicals which are
detected in fewer than five percent of the samples are screened from consideration. The ecological risk

assessment includes any chemicals with concentrations in soil exceeding these comparative criteria.

7.4.4.2 Chemicals of Ecological Concern

Based on a comparison with background concentrations, ARARs, and guidance values, one organic
chemical and 10 inorganic chemicals in surface water, nine organic chemicals and six inorganic chemicals
in surface soil, and 18 organic chemicals and two inorganic chemicals in subsurface soil are of potential

ecological concern at the FTA (Tables 7-5, 7-6, and 7-7).
7.4.5 Exposure Assessment

Maximum exposure concentrations for aquatic indicators are compared with toxic effect concentrations
reported in the toxicological literature. For the purposes of a stress-response analysis, indicator species
are chosen from among these observed potential receptors or other potential receptors that may be
attracted by the habitat present at the FTA. For terrestrial species, exposure levels are calculated and the

resulting estimated doses are compared with toxic effect levels reported in the toxicological literature.
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Where available, toxicological studies on the indicator species are used, but in many cases, comparisons
must be based on toxicological studies performed on laboratory animals, such as rats, or fathead minnows,
due to a lack of receptor-specific data. The assessment endpoints used are those reported in the
toxicological literature. Discussion of the conservative assumptions and selection of toxicological

benchmarks appears in Section 7.4.6.
7.4.5.1 Indicator Species

The indicator taxa selected for the FTA represent a variety of taxonomic Orders at various trophic levels
(Table 7-8). The indicator taxa for this site represent aquatic and terrestrial organisms, in accordance with

the media of concern and the availability of aquatic (intermittent) and terrestrial habitat at or near the FTA.

The aquatic indicator species selected tor the FTA are phytoplankton (primary producer), and mosquito
larvae (primary consumer). Due to the shallowness and frequent drying of surface water at this site,
higher trophic level aquatic receptors are not expected to become established at the FTA. It should be
noted that no macroinvertebrates or other aquatic organisms were observed in the shallow, standing water

at the FTA at the time of the ecological unit reconnaissance.

The terrestrial indicator species selected for the FTA are grass (primary producer), meadow vole

(burrowing primary consumer), and the owl (secondary consumer).

Phytoplankton and grass are selected to help characterize effects on ecological receptors at the primary
producer trophic level. The animals represent primary and secondary consumers (primary consumer only
for surface water). These consumers are selected to address food-chain effects (i.e., biomagnification).
For the terrestrial scenario, selection of a burrowing primary consumer addresses the increased level and
duration of soil exposure that a burrowing receptor would experience. Life history and habitat

requirement intormation on these indicator species is presented in Table 7-8.
It should be noted that these indicator taxa may not be the most sensitive receptors at the FTA, but, taken

together, they represent a simple, feasible community through which potential ecological impacts may be

assessed. Summarized exposure pathways are presented in Figure 7-2.
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TABLE 7-8. Indicator Species Life History Matrix

Former Fire Training Area; NASA - Wallops Flight Facility, VA

Indicator Species Food
or Taxa Group Habitat Preference Reproduction Preferences Comments
Phytoplankton aquatic habitat asexual and sexual basic nutrients may accumulate metals and
other chemicals
Mosquito Larva aquatic larval/pupal stage; sexual, eggs deposited organic detritus, bacteria, |may accumulate metals and
{Culicidae) often remain around wet in water algae, protozoa - filtered ather chemicals
areas in adult fly form from water
Grass fields/grassiands vegetative and sexual basic nutrients may accumulate metals and
other chemicals
Meadow Vole grasslands, open swamps, sexual, breeds year-long, seeds and fruit, various may experience prolonged
(Microtus pennsyl- roadside ditches, fencerows  lusually 1-10 young in litter,  [grasses and weeds exposure to soil contaminants
vanicus) 17 litters/yr. possible in burrow walls
Owl wooded swamps and sexual, usually 2-3

other forested areas

eggs/clutch, eggs taid
in March - early April

rodents, rabbits, some
invertebrates

may consume large numbers of
exposed prey items, increasing
exposure

Indicator species were selected based on observations and professional judgement of species which are possible for the area.

Sources:

Barbour and Davis, 1974
McCafferty, 1983
Peterjohn and Rice, 1991
Stern, 1988




7.4.5.2 Agquatic Exposure

Due to the complete exposure pathways they present, surface water, surface soil, and subsurface soil are
the media of ecological concern for the FTA. The presence of surface water at the FTA is not expected
for significant periods. However, the basic assumption for the aquatic scenario is that phytoplankton and
mosquito larvae will experience continuous, prolonged exposure to the surface water. This highly
conservative approach to assessing ecological risk from these media is consistent with current ecological

risk guidance.

Soil contaminants may affect aquatic receptors, but only indirectly through surface runoff. For the
purposes of the ecological risk assessment, any leaching of contaminants from the soil is assumed to have
already occurred, and therefore, this contamination is accounted for in the surface water results. Aquatic
exposure to surface water contaminants may be increased by the additive effects of chemicals and trophic
effects (e.g., biomagnification), but this cannot be quantified, using existing site-specific

data; hence, very conservative assumptions for lower trophic levels are used in order to be protective of

higher trophic levels.

7.4.5.3 Terrestrial Exposure

Terrestrial receptors may be exposed to surface water at the FTA through feeding, drinking, and other
activities which could bring these receptors in contact with this medium. However, the frequency and _
duration of these exposures are expected to be insignificant in comparison with the nearly continuous

exposures for aquatic organisms.

Soil exposure is addressed as a terrestrial exposure. For the terrestrial scenario, it is assumed that the
chipmunk and owl will experience periodic (daily), long-term exposure to the soil, either directly or by
consuming plants or prey with dust or dirt on their surface. Plants, such as grass, experience continuous,
long-term exposure to soils. In the case of the FTA, this means that grass could experience prolonged
exposure to the ecological chemicals of concern in FTA soils. Terrestrial animal receptors may be
exposed to soil contaminants through feeding, dust bathing, resting, burrowing, grooming, and other
activities which bring the receptors in direct contact with soil. Terrestrial exposure to soil contaminants

may be increased by the additive effects of chemicals and trophic etfects (e.g., biomagnification), but this
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cannot be quantified, using existing site-specific data; hence, very conservative assumptions for lower

trophic levels are used in order to be protective of higher trophic levels.
7.4.6 Risk Characterization/Stress-Response Assessment

The effect levels for surface water (Table 7-9), surface soil (Table 7-10), and subsurface soil (Table 7-11)
are selected as follows. Preference is given to chronic No Observable Adverse Effect Levels (NOAELs)
and Lowest Observable Adverse Effect Levels (LOAELSs). Where these are not available, sublethal effect
levels are used. In the absence of NOAELs, LOAELSs, and sublethal effects information, acute effect
levels and lethal doses (LD50s) or lethal concentrations (LC50s) are used. Acute effect levels and acute
effect concentrations are avoided, where possible, to improve the predictive value and preserve the
conservative nature of the ecological risk assessment. In addition, conservative assumptions are used in

order to be protective ot higher trophic level receptors via food-chain effects.

Toxicological studies from a variety of sources are used for reference effect levels and concentrations.
These include Agency for Toxic Substances and Disease Registry (ATSDR) Toxicological Profiles
(various dates), Handbook of Environmental Data on Organic Chemicals (Verschueren, 1983), and the

Aquatic Information Retrieval (AQUIRE) database (1994).

To assess ecological risk from soil contamination at the FTA, this risk assessment uses a terrestrial
exposure scenario based on a burrowing terrestrial receptor (vole) which consumes one percent of its own
body weight (17 g animal consumes 0.17 g) in soil daily, with 25 percent of its time spent in the area of
highest contamination, and 50 percent of the ingested chemical absorbed through the gastro-intestinal (GI)
tract. Based on reported values, conservative assumptions, assumptions acceptable to other agencies, and
professional judgment, these percentage values are established and used. Incidental ingestion of soil is
assumed to be the most significant route of exposure for the vole, although additional exposure may occur
through dermal and inhalation routes and through the ingestion of plants. Given that plant growth at and
near the FTA is extensive and abundant, very little plant matter will likely be consumed directly in the
areas of highest contamination. Dermal and inhalation exposure are also expected to make only a small
contribution to ecological risk at the FTA. The conservative nature of the ingestion pathway assumptions

are expected to compensate for the slight effect from these routes of exposure.
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TABLE 7-9. Effect Levels vs. Detected Chemical Concentrations in Surface Water
Former Fire Training Area; NASA - Wallops Flight Facility, VA

EXPOSURE Effect Exp. Conc.<
CONC.* Conc. Effect Difference Test
ANALYTES (rg/L) {ng/L) Conc.? Factor¥ Effect¥¥ Subject
4,4-DDT 0.01 ~ 1.53 Yes 273.21 | effect on growth fathead minnow
0.50 89.29 | ECS50IM (immobilization) daphnid
Aluminum: 1 5480.00 |+ 2500.00: 7 :0:46 | EC50BM (reduction in biomass) |- water milfoll -
26980.00 4.95 | acutely toxic ' salmon fry
Barium 25.60 26000.00 Yes 1015.63 | EC50GR (effect on growth) water milfoil
Calcium 5800.00 40000.00 Yes 6.90 | biochemical effect blue-green algae
iron (EE) 2730.00 7000.00 Yes 2.56 | change in population growth diatom
58800.00 Yes 21.54 | biochemical effect blue-green algae
Lead 3.40 4400.00 Yes 129412 ] LC50 daphnid
90.00 Yes 26.47 | enzyme effect pumpkinseed sunfish
Magnesium (EE) 1150.00 64700 Yes 56.26 | LC50 scud
240000 Yes 208.70 } enzyme effect euglenoid
Manganese (EE) 27.80 31000.00 Yes 1115.11 | EC50GR (effect on growth) duckweed
70000.00 Yes 2517.99 | lethal scud
Potassium (EE) 2000.00 53200.00 Yes 26.60 | LC50 scud
391000.00 Yes 195.50 | change in enzyme activity euglenoid
Sodium (EE) 2250.00 | 230000.00 Yes 102.22 | change in enzyme activity euglenoid
1820000.00 Yes 808.89 | EC50IM (immobilization) daphnid
Vanadium 6.80 1800.00 Yes 264.71 | EC50GR (effect on growth) dinoflagellate

* Exposure concentration represents the maximum detected concentration for surface water
¥ Difference Factor = effect concentration/exposure concentration
¥¥ SOURCES: AQUIRE (AQUatic Information REtrieval database). Accessed July, 1994; September, 1994,
EE - naturafly-occurring Essential Element
Shading indicates chemicals with an exposure concentration which exceeds the selected effect concentration(s)
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TABLE 7-10. Effect Levels vs. Calculated Burrowing Terrestrial Receptor Intake Concentrations for Surface Soil
Former Fire Training Area; NASA - Wallops Flight Facility, VA

EXPOSURE Receptor Effect {ntake < Ditter-
CONC.* Intake* * Level ¥ Effect ence Test
ANALYTES {mg/kg) {mg/kg BW) {magl/kg BW) Level? Factor ¥¥ Effect, type of exposure ¥ Subject ¥
Heptachlor 0.00025 3.13E-07 100.00{Yes 3.20E+08 acute LD50, oral rat
Endosulfan | 0.0036 4 .50E-06 18.00(Yes 4.00E+06 | LDSO, oral rat
30.00]|Yes 6.67E+06 | no il effects after 2 yrs., oral {in diet} rat
Endosulfan sulfate § 0.00038 4.75E-07 18.00|Yes 3.79E+07 LD5O, oral rat
30.00|Yes 6.32E+07 | no ill effects after 2 yrs., oral (in diet) rat
Endrin ketone §§ 0.001 1.25E-06 0.75|Yes 6.00E+05 | NOAEL (10 days 1x/d), oral hamster
0.25|Yes 2.00E+05 | NOAEL (24 mos.}), oral rat
Endrin aldehyde §§ 0.0044 5.50E-06 0.75]Yes 1.36E+05 | NOAEL (10 days 1x/d), oral hamster
0.25(Yes 4.55E+04 | NOAEL (24 mos.), oral rat
Benzo(b)fiuoranthene + + 1.6 2.00E-03 923.00}Yes 4.62E+05 | adverse eff. on blood, liver {6 mos.}, oral mouse
308.00{Yes 1.54E+05 | birth defects (10 days]}, oral mouse
Benzolk)fluoranthene + + 1.6 2.00E£-03 923.00|Yes 4.62E+05 | adverse eff. on blood, liver (6 mos.), oral mouse
308.00Yes 1.54E+405 | birth defects (10 days), oral mouse
Di-n-butylphthalate 0.003 3.75E-06 2500.00(Yes 6.67E+08 | decreased weight, oral rat
4000.00{Yes 1.07E+09 | no effect, oral rat
Total petro. hydrocarbs. 5.89 7.36E-03 NA NA NA NA NA
Arsenic 6.30 0.01 400.00(Yes 5.08E+04 reduced survival after 2 yrs., oral rat
Cadmium 3.40 4.25€E-03 200.00|Yes 4.71E+04 | LDSO, oral mouse
1.00|Yes 2.35E+02 | breeding failure, oral rat
Copper 58.10 0.07 4.201Yes 65.78E +01 LOAEL, oral (decreased weight gain) mouse
Lead 33.80 0.04 300.00}Yes 7.10E+03 | LD5O of lead acetate, oral dog
17.00(Yes 2.16E+03 | LD50 of tetrasthyl lead, oral rat
Mercury 0.21 2.63E-04 0.32|Yes 1.226+03 | NOAEL (for renal effects; 7d/wk, 2 yr} rat
0.421Yes 1.60E+03 | NOAEL (immunologicat effects; 7 wk) mouse
Sodium 76.00 9.50E-02 NA NA NA NA NA
* Exposure concentration represents the maximum detected concentration for soil
* *Intake (or dose) = exposure concentration x daily ingestion rate x appropriate unit conversion factors, where daily ingestion of soil = 1.0%

of the body weight of the ecological receptor, 25% of the consumed soil originates from the area of highest contamination, and
50% of the consumed chemical is absorbed by the Gl tract.
¥ SOURCES: ATSDR Toxicological Profiles. various dates.
Verschueren. 1983.
¥Y¥ Difference Factor = effect level/intake (dose) concentration
§ Toxicological benchmarks for endosulfan used
§§ Toxicological benchmarks for endtin used
+ Toxicological benchmarks for delta-BHC
+ + Polycyclic Aromatic Hydrocarbon (PAH) - toxicological benchmarks used are those for benzo(a)pyrene
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TABLE 7-11. Effect Levels vs. Calculated Burrowing Terrestrial Receptor Intake
Concentrations for Subsurface Soil
Former Fire Training Area; NASA - Wallops Flight Facility, VA

EXPOSURE Receptor Effect fntake < Differ-
CONC.* Intake** Level ¥ Effect ence Test
ANALYTES {mg/kg) {mg/kg BW) | (mg/kg BW) | Level? | Factor YY Effect, type of exposure ¥ Subject ¥
delta-BHC 0.00016 1.88€-07 2.90 [Yes 1.65E +07 | NOAEL {104 wks.}, oral dog
. 4.70 |Yes 2.51E+07 | hepato-cellular carcinoma (96 wks.), oral | mouse
Endosulfan ( 0.00013 1.63E-07 18.00 |Yes 1.11E+408 { LDSO, oral rat
30.00 |Yes 1.85€ +08 | no ill effects after 2 yrs., oral {in diet) rat
Endosulfan sulfate § 0.00082 1.03E-06 18.00 |Yes 1.76E 407 | LD5O, oral rat
30.00 |Yes 2.93E+07 | no ill effects after 2 yrs., oral {in diet) rat
Endrin aldehyde §§ 0.004 5.00E-06 0.75 |Yes 1.50E +05 | NOAEL {10 days 1x/d), oral hamster
0.25 |Yes 5.00E +04 | NOAEL ({24 mos.], oral rat
Toxaphene 0.01 1.25€-05 12.80 |Yes 1.03€ + 06 | abdominal distension, diarrhes, oral mouse
0.20 |Yes 1.60E +04 | NOAEL {13wk, 1x/d), oral dog
Benzo{a)anthracene + 6.20 7.75E-03 923.00 |Yes 1.19E +05 | adverse eff. on blood liver {6 mos.}, oral | mouse
308.00 |Yes 3.897E +04 | birth defects (10 days), oral mouse
Chrysene + 5.10 6.38€-03 923.00 |Yes 1.45E +05 | adverse eff, on blood liver (6 mos.), oral | mouse
308.00 {Yes 4.83E +04 | birth defacts (10 days), oral mouse
Benzo(blfluoranthene + 6.90 8.63E-03 923.00 {Yes 1.07€ 406 | adverse eff, on blood liver {6 mos.}, oral | mouse
308.00 |Yes 3.57€ +04 | birth defects (10 days), oral mouse
Benzotk)Mluoranthens + 6.90 8.63E-03 923.00 |Yes 1.07E +05 | adverse eff. on blood, liver {6 mos.), oral | mouse
308.00 |Yes 3.567E +04 | birth defects (10 days), oral mouse
Benzol{alpyrene 3.30 4.13€-03 923.00 |Yes 2.24E+05 | adverse eff. on blood.liver (6 mos.), oral | mouse
308.00 [Yes 7.47€ +04 | birth defects (10 days), oral mouse
indeno{1,2,3-cdlpyrene + 2.30 2.88E-03 823.00 {Yes 3.21E+05 | adversa eff. on bload, liver (6 mos.), oral | mouse
308.00 |Yes 1.07€ +05 } birth defects (10 days), oral mouse
Benzoig.h.ilperylene + 2.30 2.88E-03 923.00 jYes 3.21E+05 | adverse sff. on blood,liver {6 mos.}, oral | mouse
308.00 |Yes 1.07E +05 | birth defects (10 days), oral mouse
Di-n-butyiphthalate 6.30 6.63E-03 2500.00 |Yes 3.77E +06 | decreased weight, oral rat
4000.00 {Yes 6.04E +05 | no effect, oral rat
Bis(2-ethylhexyliphthalate 0.29 3.63E-04 NA NA NA NA NA
Di-n-octylphthalate 0.10 1.25E-04 NA NA NA NA NA
Dibenz{a,h)anthracene + 0.63 7.8BE-04 923.00 |Yes 1.17E+06 | adverse eff. on blood liver {6 mos.), oral | mouse
308.00 |Yes 3.91E +05 | birth defects {10 days)}, oral mouse
Diethylphthalate 0.002 2.50E-06 25.00 |Yes 1.00E +07 | NOAEL (for liver toxicity; 14d) rat
0.06 [Yes 2.34E + 04 | abnormal hepatic scintillation liver scans | monkey
Total petro. hydrocarbs, 0.124 1.85E-04 NA NA NA NA NA
Arsenic 5.80 0.01 400.00 {Yes 5.52E +04 | reduced survival after 2 yrs., orat rat
Mercury 0.15 1.88E-04 0.32 |Yes 1.71E +03 | NOAEL {tor renal effects; 7d/wk, 2yr) rat
0.42 |Yes 2.24£ +03 | NOAEL ({immunological effects; 7wk} mouse
* Exposure cancentration represants the maximum detected concentration for soil
* *intake {or dose} = sxposure concentration x daily ingestion rate x appropriate unit conversion factors, where daily ingestion of soll = 1.0%

of the body weight of the acolagical rece

IV
ptor, 25% of t

50% of the cansumed chemical is absorbed by the Gl tract.

¥ SOURCES:

1983.

YY Difference Factor = effect levei/intake {dose) concentration
§ Toxicological benchmarks for endosulfan used
§3 Toxicological benchmarks for endrin used

+ Polycyclic Aromatic Hydrocarbon (PAH) - toxicological benchmarks used are those for benzo{a)pyrene

ATSDR Toxicological Profiles. various dates,
Verschueren.

he consumed soit originates from the aroa of highast contamination, and




As an additional means of assessing potential risk for the former FTA, a hazard quotient method is
developed to address risk to terrestrial receptors from additive effects from multiple chemicals in soil at
the site. A worst-case scenario is used, assessing the exposure of a burrowing receptor to the maximum
detected chemical concentrations of the chemicals of ecological concern detected in surface soil and
subsurface soil. The hazard quotient is calculated by dividing the estimated intake by the toxicological
effect level (reference dose). These quotients are then multiplied by a safety factor of 1, 10, or 100, based
on the severity of the associated toxicological effect (Table 7-12). NOAELSs are assigned a safety factor of
1, LD50s are assigned a safety factor of 100, and intermediate effects are assigned a safety factor of 10.
The larger (i.e., more conservative) of these adjusted hazard quotients (where two benchmarks were
reported) for each chemical are added together to estimate the potential for ecological impacts across the
entire site. Using this approach, if an individual chemical is associated with an estimated intake which
exceeds a toxicological effect level, the sum of these adjusted quotients will exceed one. This sum would
indicate a potential ecological risk at the FTA. In addition, if several chemicals are associated with
estimated intakes which are at approximately half of their toxicological effect level, the sum of the adjusted
quotients will also exceed one. For the purposes of this hazard quotient approach, it is assumed that no
potential risk to ecological receptors exists from soils at the former FTA if the sum of the adjusted

quotients is less than one.

In general terms, exposure to the chemicals of ecological concern in surface water and soils can potentially
have a variety of acute and chronic impacts on receptors. These impacts include reduced survival rates,
health effects (e.g., liver deterioration), developmental effects (e.g., reduced growth), reproductive effects
(e.g., lowered fecundity), and teratogenic effects (e.g., fetal deformation). Ecologically, any of these
potential impacts are of concern, and could negatively impact receptor populations at the FTA. The
assessment endpoints used in the stress-response assessment are those reported in the toxicological

literature (Tables 7-9, 7-10, 7-11, and 7-12).

7.4.6.1 Ecological Risk from Surface Water

Aluminum and iron in surface water at the FTA exceed Federal AWQC. DDT and lead exceed both State
and Federal AWQC (Table 7-5). However, only aluminum presents potential ecological risk. The
maximum aluminum exposure concentration exceed an effect concentration shown to cause a reduction in

biomass for water milfoil (Table 7-9).
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TABLE 7-12. Effect Levels vs. Calculated Burrowing Terrestrial Receptor Intake

Concentrations for Soils
Former Fire Training Area; NASA - Waliops Flight Facility, VA

MAXIMUM
EXPOSURE Receptor Effect Intake< Test
CONC.* Med- | Intake¥ Level ¥¥ Effect Subject
ANALYTES {mg/kg) ium*™* [ (mg/kg BW)| (mg/kg BW) | Level? Effect, type of exposure ¥¥ ¥¥
delta-BHC 0.00015| SsB 1.88E-07 290 Yes NOAEL (104 wks.), oral dog
4.70 Yes hepato-cellular carcinoma (96 wks.), oral | mouse
Heptachlor 0.00025| sS 3.13E-07 100 Yes acute LD50, oral rat
Endosuifan | 0.0036 ] SS 4 50E-06 18.00 Yes LDS0, oral rat
30.00 Yes no ill effects after 2 yrs., oral (in diet) rat
Endosulfan sulfate § 0.0052 | SS 8.50E-06 18.00 Yes LDS50, oral rat
30.00 Yes no ilt effects after 2 yrs., oral (in diet) rat
Endrin ketone §§ 0.011| S8 1.38E-05 0.75 Yes NOAEL (10 days 1x/d), cral hamster
0.25 Yes NOAEL (24 mos.), oral rat
Endrin aldehyde §§ 0.0044 | SS 5.50E-06 0.75 Yes NOAEL (10 days 1x/d), oral hamster
0.25 Yes NOAEL (24 mos.), oral rat
Toxaphene 0.01| SB 1.25E-05 12.90 Yes abdominal distension, diarrhea, oral mouse
0.20 Yes NOAEL (13wk, 1x/d), oral dog
Benzo(a)anthracene 620 SB 7.75E-03 923.00 Yes adverse eff. on blood,liver (6 mos.), oral mouse
308.00 Yes birth defects (10 days), oral mouse
Chrysene + 510 sB 6.38E-03 923.00 Yes adverse eff. on blood,liver (6 mos.), oral mouse
308.00 Yes birth defects (10 days), oral mouse
Benzo(b)flucranthene 6901 S8 8.63E-03 923.00 Yes adverse eff. on blood,liver (6 mos.), oral mouse
308.00 Yes birth defects (10 days), oral mouse
Benzo(k)fluoranthene 690 SB 8.63E-03 923.00 Yes adverse eff. on blood, liver (6 moes.), oral mouse
308.00 Yes birth defects (10 days), oral mouse
Benzo(a)pyrene 330 S8B 4.13E-03 923.00 Yes adverse eff. on blood, liver (6 mos.), oral mouse
308.00 Yes birth defects (10 days), oral mouse
Indeno(1,2,3-cd)pyre 230 SsB 2.88€E-03 923.00 Yes adverse eff. on blood,liver (6 mos.), oral mouse
308.00 Yes birth defects (10 days), oral mouse
Benzo(g,h,i)peryiene 230 | SB 2.88E-03 923.00 Yes adverse eff. on blood,liver (6 mos.), oral mouse
308.00 Yes birth defects (10 days), oral mouse
Di-n-butylphthalate 530| SB 6.63E-03 2500.00 Yes decreased weight, oral rat
4000.00 Yes no effect, oral rat
Bis(2-ethythexyl)phth 029} SB 3.63E-04 NA!I NA NA NA
Di-n-octylphthalate 0.10{ sB 1.256-04 NAl  NA NA NA
Dibenz(a,h)anthracen 063 | SB 7.88E-04 923.00 Yes adverse eff. on blood, liver (6 mos.), oral mouse
308.00 Yes birth defects (10 days), oral mouse
Diethyiphthalate 0.002| sB 2.50E-06 25.00 Yes NOAEL (for liver toxicity; 14d) rat
0.06 Yes abnormal hepatic scintillation liver scans monkey
Total petro. hydrocar 589 SS 7.36E-03 NA NA NA NA
Arsenic 630 ] SS 0.01 400.00 Yes reduced survival after 2 yrs., oral rat
Cadmium 34| SS 4.25E-03 200.00 Yes LD50, oral mouse
1.00 Yes breeding failure, oral rat
Copper 58.1 | SS 7.26E-02 4.20 Yes LOAEL, oral (decreased weight gain) mouse
Lead 675) S8S 8.44E-02 300.00 Yes L.DS0 of lead acetate, oral dog
: 17.00 Yes LD50 of tetraethy! iead, oral rat
Mercury 021 S§ 2.63E-04 0.32 Yes NOAEL (for renal effects; 7diwk,2yr) rat
0.42 Yes NOAEL (immunological effects; 7wk) mouse
Sodium 76.0| SS 9.50E-02 NAI NA NA NA

* Exposure concentration represents the maximum detected concentration for surface soil, subsurface soil, or sediment
** Medium in which maximum concentration was detected
¥ Intake (or dose) = exposure concentration x daily ingestion rate x appropriate unit conversion factors, where daily
ingestion of soil = 1.0%of the body weight of the ecological receptor, 25% of the consumed soil originates
from the area of highest contamination, and 50% of the consumed chemical is absorbed by the Gl tract.

¥ SOURCES:

§ Toxicological benchmarks for endosuifan used

§§ Toxicological benchmarks for endrin used

ATSDR Toxicological Profiles. various dates.
Verschueren. 1983.

+ Polycyclic Aromatic Hydrocarbon (PAH) - toxicalogical benchmarks used are those for benzo(a)pyrene
NA - Not Available/Not Applicable
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Based on this ecological risk assessment, continuously exposed phytoplankton and mosquito larvae could
experience non-lethal chrdnic impacts from surface water at the FTA, resulting from aluminum
concentrations. However, due to the frequent drying of the shallow, standing water at this site, trophic
impacts to these species and higher-level aquatic receptors are unlikely. In addition, conservative
toxicological values selected for the receptors at lower trophic levels should be protective of secondary and

tertiary consumers.

No other organic or inorganic chemicals detected in FTA surface water appear to present a potential risk

to ecological receptors.

7.4.6.2 Ecological Risk from Soil (Surface and Subsurface)

Toxicological studies on plants for the ecological chemicals of concern are unavailable; hence, surface
and subsurface soil contaminant effects on plants cannot be characterized. The few signs of vegetative
stress observed at the FTA are attributed to drainage patterns and soil compaction caused by heavy

equipment. No other signs of vegetative stress were observed at this site.

As shown in Tables 7-10 and 7-11, the comparison of calculated receptor intakes and benchmark
toxicological values reported in the literature, indicates that no surface or subsurface soil contaminants

appear to present a risk to ecological receptors at the FTA.

It should be noted that the owl, a secondary consumer, may feed on prey, such as voles, which have
accumulated elevated levels of the ecological chemicals of concern in their body tissues. A lack of site-
specific data precludes a detailed assessment of soil-related risk for this receptor. However, the
conservative values used as reference toxicity values are expected to be protective of secondary and

tertiary consumers.

-The chemicals of concern for surface and subsurface soils are also assessed together in a worst-case
scenario, using the maximum detected concentrations from these media (Table 7-12). This combined
scenario addresses potential additive effects from multiple chemicals. The hazard quotient approach
indicates no potential ecological risk from these media, since the total hazard quotient (0.72) is below a

value of one (Table 7-12).
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7.5  UNCERTAINTIES IN THE ECOLOGICAL RISK ASSESSMENT

Ecological risk assessment is a complex process that relies on many assumptions regarding exposure and
the effects of exposure. These assumptions result in unquantifiable uncertainties, which may contribute to
an overestimation or underestimation of risk. The major sources of uncertainties are described in this

section:

L. Data on factors affecting exposure rates are insufficient and often unavailable, and therefore,
certain assumptions are made regarding the level of exposure to ecological receptors. In this
assessment, the conservative assumptions are that a burrowing terrestrial receptor would consume
1 percent of its own body weight in soil daily, 25 percent of the ingested soil would originate from

the area of highest contamination, and 50 percent of the ingested chemical would be absorbed

through the GI tract. Most animals do not consume this much soil. These conservative

assumptions may lead to an overestimation of risk.

2. Receptor-specific data for exposure effects is lacking. This deficit necessitates the extrapolation of
toxic effect data from laboratory studies of mice, rats, and aquatic organisms to ecological
receptors at the FTA. This extrapolation may lead to an overestimation or underestimation of risk,

for the following reasons:
o Toxicity values generated by laboratory studies may involve less than lifetime exposures.

. Laboratory studies typically expose animals to a single chemical by a single route.
Animals living in the ambient environment will simultaneously contact multiple chemicals

by several routes of exposure.

. For practical purposes, laboratory animals are exposed to much higher doses and/or
exposure concentrations than animals in the wild. Exposure concentration can have
significant effects on biotransformation and the ultimate expression of toxicity. In other
words, the dose-response (stress-response) relationship for any given chemical may not be

linear in all regions of the curve,




. Responses to the same dose of chemical are not necessarily comparable between different
species or even different strains of the same species. Wild populations are inherently
more genetically diverse than laboratory animals, making comparisons even more

difficult.

In nature, ecological receptors may experience continuous, long-term exposure to relatively low
concentrations of contaminants, whereas many laboratory studies focus on short-term, relatively
high concentration or high dose exposures. In addition, most of the effect levels found in the

literature do not reflect LOAELs. These factors may lead to an underestimation of risk.

The effects of chemical interactions on toxicity are not known. Toxic effects are assumed to have
an additive effect, but some chemicals may magnify toxic effects by acting synergistically, while
other chemicals may interact to negate toxic effects. Risk may be overestimated or

underestimated, depending on the chemical interactions involved.

Due to the mobility of animals within home ranges and migration routes, the exposure to
contamination can vary among species and individuals. Assuming continuous exposure may lead

to an overestimation of risk.

In general, the ecological risk assessment assumptions lead to conservative results, and to an

overestimation of risk. Site-specific maximum exposure point concentrations are used to determine

potential ecological impacts and, in most cases, these maximum levels are much higher than the

concentrations found at and near the FTA. Therefore, estimations of risk based on these conceatrations

are conservative.

ECOLOGICAL RISK ASSESSMENT CONCLUSIONS

At the former FTA, surface water, surface soil, and subsurface soil media were sampled, as appropriate.

From the sampling results, an ecological risk assessment was performed as part of the baseline risk

assessment. Additionally, chemical concentrations were compared to appropriate ecological ARARs (i.e.,

AWQC).
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This ecological risk assessment shows that only minimal potential ecological risk exists at this site. A
summary of these potential risks and AWQC exceedances is presented in Table 7-13. FTA surface water
had aluminum and iron concentrations that exceed Federal AWQC, and DDT and lead concentrations
which exceed both Federal and State AWQC. Aluminum, however, is the only chemical detected in
surface water found to present a potential ecological risk. Due to the intermittent nature of this water, no
aquatic receptors are expected to become established at this site. This lack of established receptors
effectively eliminates this exposure pathway, so aquatic receptors are actually highly unlikely to be

impacted by the FTA.

Based on the screening-level approach and estimated intakes of chemicals of potential ecological concern,
no contaminants in surface or subsurface soil are shown to present a potential ecological risk. None of the
estimated intakes exceed representative effect levels from the toxicological literature. In fact, the majority

of the estimated intakes are below their respective effect levels by at least a factor of 1000.

To complement the ecological risk assessment findings, the chemicals of concern for soils (surface and
subsurface) are assessed together in a worst-case scenario, using the maximum detected concentrations
across the soil profile. This assessment addresses potential additive effects from multiple chemicals. The
hazard quotient approach (total hazard quotient 0.72) indicates no potential ecological risk from the

maximum chemical concentrations detected in surface and subsurface soil (Table 7-12).

Considering the risk assessment findings for all media with complete ecological pathways and site-specific

factors regarding surface water at the site, no ecological risk is expected at the FTA.
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TABLE 7-13. Summary of Potential Ecological Risk Concerns and Ambient
Water Quality Criteria Exceedances
Former Fire Training Area; NASA - Wallops Flight Facility, VA

FTA

MEDIUM Ecological Risk§ >AWQC §8
Ground Water N/A N/A
Surface Water None Federal:
(intermittent) Al, Fe

Federat & State:

DDT, Pb

Surface Soil None N/A
Subsurface Soil None N/A

§ Ecological Risk (chemicals listed present potential risks to ecological receptors)
§§ Ambient Water Quality Criteria (AWQC) exceedance (chemicals listed exceeded Federal or State AWQC, as noted)

N/A - Not Applicable
None - no chemicals in this medium were shown to present a potential ecological risk

7-29



8.0 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
8.1 SUMMARY
8.1.1 Site Characteristics

The WFF Main Base is located at the southern end of the Delmarva Peninsula in Accomack County,
Virginia. The Main Base consists of offices, tracking facilities, a range control center, rocket and fuel
storage depot, shops, housing, and an airfield. It is located in a rural area approximately five miles from
Chincoteague Island which has a resident population of 3600 people. In this area, groundwater is the

principal source of potable water. The climate is humid with hot summers and no distinct dry season.

WFF is part of the Atlantic Coastal Plain physiographic province and underlain by approximately 7000 feet
of unconsolidated sediments. The water-bearing formations within the WFF area consist of sedimentary
units ranging in age from Cretaceous to Quaternary. The two uppermost stratigraphic units, the Yorktown
Formation and the overlying Columbia Group, are the most important water supply formations for
agricultural, domestic, public, and industrial uses. The topography in the vicinity of the FTA is generally
flat, and drainage patterns ultimately release north toward Little Mosquito Creek and adjacent marshlands.

The wildlife at WFF includes a variety of species of birds, mammals, reptiles and amphibians, and other
organisms. Yet very few species or their signs were actually observed in the former FTA. Those
observed included: several species of perching birds, white-tailed deer, raccoon, saltmarsh mosquitos, and
greenhead flies. Although not observed, signs were found which indicate the presence of rabbits, bats,
snakes, and terrestrial turtles. No threatened or endangered species were observed at the former FTA.

The site is dominated by an upland field habitat, with a nearby upland forest. The field habitat at the site is
mowed, limiting its potential as a habitat for wildlife. The former FTA is also bounded by an active

runway. No wetlands were reported or noted for the former FTA area.

8.1.2 Nature and Extent of Contamination

Three main sources of potential contamination were identified at the site: the former fire training pit area,

the sludge pile, and the construction debris disposal area. The former FTA pit area was used for training
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exercises from 1965 to 1987. Fuels, waste solvents, and other combustibles were released into the unlined
pit and ignited as part of the exercises. In 1986, approximately 20 truckloads of soil reportedly
contaminated with a mixture of jet fuel and crankcase oil were removed from the fire training pit area.
The results of the field investigation indicate that the primary source of contamination is the former FTA
pit area. Residual surface and subsurface soil contamination and contamination of the water table

(Pleistocene) aquifer were detected.

The sludge pile was used for the disposal of sludge from the WFF Wastewater Treatment Facility. Drums
with unknown contents were stored near the sludge pile for an undetermined length of time. The
construction debris disposal area was primarily used for storage of clean fill, but over the years became the
unauthorized disposal area for construction debris such as concrete and metal. Based on previous
assessments and analytical results from the data collected during this investigation, these sites do not

contribute significantly to the residual soil and groundwater contamination observed at the FTA.

The estimated area and volume of contaminated groundwater in the water table (Pleistocene) aquifer is
40,272 square feet and 587,971 cubic feet. The estimated area and volume of contaminated soil is

22,240 square feet and 324,704 cubic feet. In general, the samples analyzed indicated some volatile
organic contamination from fuels and solvents; PAH contamination from fuels and used crankcase oil; and

arsenic and lead contamination, which is most likely due to crankcase oil and leaded fuel.

8.1.3 Contaminant Fate and Transport

8.1.3.1 Shallow Aquifer Transport

Chemicals released at the site may have been leached from surface soils into the underlying shallow
aquifer. The sandy soil types at the former FTA most likely facilitated vertical transport to the upper
aquifer from the unlined pit area. Two wells completed in the shallow aquifer (MW-02S and MW-558),
downgradient from the FTA showed contamination with a number of volatile compounds, at total levels
over 600 1.g/t and 3200 g/l respectively. Detected levels of semivolatiles were reported in the wells,
especially MW-55S which had high levels of naphthalene and 2-methylnaphthalene. The concentrations of
several toxic metals (arsenic, lead, chromium) are slightly elevated in these wells, as are some of the less

toxic elements (aluminum, iron, manganese).
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There is no evidence that groundwater contamination from the FTA has reached surface water at Little
Mosquito Creek, or has adversely affected groundwater quality in the area of the Town of Chincoteague or
NASA drinking water wells. The Town of Chincoteague and NASA Supply wells are located upgradient,
or cross-gradient at a significant distance, of the former FTA. The Town of Chincoteague wells are
separated from the area of the FTA by a groundwater divide located near Runway 04-22. The NASA
supply wells are screened in the Miocene age aquifers upgradient of the FTA.

Based on water level data collected from monitoring wells in the vicinity of the former FTA, the direction
of groundwater flow is northeast toward Little Mosquito Creek. In the direction of groundwater flow the
nearest receptor is Little Mosquito Creek, which is not a potable water source due to brackish conditions,
and has shellfish condemnation as a precautionary measure because of the Virginia Pollutant Discharge

Elimination System (VPDES) permitted outfall for the WFF wastewater treatment plant.

The groundwater plume appears to be confined to the area immediately downgradient of the former FTA.

The plume, as defined by the concentrations of cis-1,2-dichloroethene, extends approximately 400 feet

northeast (Figure 6-1).
8.1.3.2 Soil

Auvailable data indicate that chemical contamination related to past activities at the FTA is present in
surface soil at the site. Chemical analyses indicate the presence of low levels of semivolatiles in one or
more samples. Samples SS-03, SS-10, and SS-11 (duplicate of SS-03) all from the same area, had low
levels of PAHs. The levels of volatile organic compounds were not substantially higher than levels
reported in laboratory or field blanks. The lack of volatile detections is probably attributable to
volatilization from the upper soil layer. Low levels of pesticides were also detected in the surface soils.
The concentrations of metals appear to be within the normal background range, with the possible exception
of arsenic and lead, which were slightly elevated in several surface soil samples. The transport of
contaminants in surface soil from the FTA by surface runoff may occur, but has not been identified in

surface water samples.




8.1.4 Human Health Risk Assessment

The human health risk assessment characterizes current and potential threats to human health that may be
posed by chemicals found at the site, and migrating or potentially migrating off-site. This characterization
included the identification of site-related chemicals of concern, an estimate of the magnitude of potential
impacts of those chemicals to human health, both current and future, and a comparison of that magnitude

to U.S. EPA de minimus, or acceptable, risk levels.

The initial data was screened to focus the risk assessment on the chemicals expected to present the highest
level of risk at the site. This screening was accomplished by comparing the analytical data to risk-based
and background concentrations, determining the frequency of detection in on-site media, designating
essential nutrients, and evaluating blank contamination. The resulting chemicals of concern included
several volatiles, semivolatiles, pesticides, and metals. The volatile chemicals of concern were 1,1-
dichloroethene, cis-1,2-dichloroethene, methylene chloride, chloroform, benzene, tetrachloroethene,
toluene, trimethylbenzene, and tetramethylbenzene. The semivolatiles included: 2-methylnaphthalene,
naphthalene, phenanthrene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
dibenz(a,h)anthracene, and benzo(g,h,i) perylene. The pesticides were alpha-BHC, heptachlor epoxide,

and gamma-chlordane. The metals of concern were arsenic and lead.

After determining the chemicals of concern, an exposure assessment was conducted to estimate the
potential type and magnitude of exposure at the former FTA. This task was followed by a toxicity
assessment, which consisted of hazard identification and dose-response evaluation. The risk
characterization then summarized and integrated the exposure and toxicity assessment results to provide a

numerical estimation or a qualitative discussion of the risk posed by the chemicals of concern.

Overall, under the current land use scenario, the chemicals which pose the greatest risk are arsenic and
dibenz(a,h)anthracene. Arsenic was detected in all of the soil and sediment samples at values comparable
to the average for U.S. soils, but no arsenic was detected in the WFF background soil samples. Arsenic
did not contribute significantly to noncarcinogenic risk. The carcinogenic risk associated with arsenic
exceeds the 1x10"° de minimus level, but is within the 1x10™ to 1x10” risk range, which may be acceptable
for current land use conditions. Dibenz(a,h)anthracene also did not contribute significantly to
noncarcinogenic risk. The associated carcinogenic risk for dibenz(a,h)anthracene exceeds the 1x10® de

minimus level, but is within the EPA target risk range.
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A separate biokinetic uptake model evaluation was conducted for lead. Using this model, it was
determined that the lead concentration in the soil, sediment, aﬁd filtered groundwater at the former FTA
did not resuit in blood levels in excess of the criterion value of 10 ug lead/dl blood. Also, the maximum
lead concentration detected in on-site soil or sediment was below the screening level of 400 ppm

recommended by the EPA for evaluating the need for remedial action for residential land use.

The overall carcinogenic risk for future residential exposure to chemicals in groundwater at the former
FTA exceeds the upper bound value of the EPA target risk range (1x10). The carcinogenic chemicals of
concern included: 1, 1-dichloroethene, methylene chloride, chloroform, benzene, tetrachloroethene, alpha-
BHC, heptachlor epoxide, gamma-chlordane, and arsenic. Chemicals which did not contribute risk in

excess of the 1x10° de minimus value were chloroform and gamma-chlordane.
8.1.5 Ecological Risk Assessment

The ecological risk assessment was conducted after a field visit to the former FTA on August 15, 1994.
Observations were made of the flora and fauna present, as well as any potential exposure routes through

which site-related contaminants could affect the ecological receptors.

The identified potential receptors included: herbaceous flora such as grasses and forbs; woody flora such
as saplings and shrubs; terrestrial invertebrates; passerine birds; raptors; rodents; raccoons; and deer.
Based on observed habitats, snakes, terrestrial turtles, insectivores, rabbits, and bats are potentially present

at this site, but none were observed.

Complete ecological pathways exist for the surface water, sediment, surface soil, and subsurface soil;
therefore, potential receptors may experience direct contact with contaminants contained within these

media. The ecological pathways to groundwater are incomplete.

The chemicals of ecological concern evaluated for surface water include: 4,4-DDT, aluminum, barium,
calcium, iron, lead, magnesium, manganese, potassium, sodium, and vanadium. The chemicals of
concern evaluated for surface soil include: endosulfan I, endosulfan sulfate, endrin ketone, endrin
aldehyde, di-n-butylphthalate, arsenic, cadmium, copper, and lead. The chemicals of concern evaluated
for subsurface soil include: delta-BHC, endosulfan I, endosuifan sulfate, endrin aldehyde, toxaphene,
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benzo(a)anthracene, chrysene, benzo(b) fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene,
indeno(1,2,3-cd)pyrene, benzo(g,h,i)perylene, di-n-butylphthalate, bis(2-ethylhexyl)phthalate, di-n-
octylphthalate, dibenz(a,h)anthracene, diethylphthalate, arsenic, and mercury.

The chemicals of concern detected in the surface water which exceeded the Federal Ambient Water
Quality Criteria (AWQC) included: aluminum, iron, and 4,4-DDT. Of these, aluminum is the only
chemical of concern which presents a potential ecological risk (reduction in biomass for water milfoil.)
Due to the intermittent nature of the surface water at the site, the sediment was considered dry soil in the
assessment. When considered surface soil, the concentration of aluminum is lower than the risk-based

concentration, and is therefore not considered a significant concern.

The ecological risk from the chemicals of concern in the soil and sediment was determined using a worse-
case scenario. Maximum hazard quotients with safety factors were calculated by dividing the intake (dose)
concentration by the effect level for each chemical. The total hazard quotient for the soil and sediment
was 0.72. This indicates no potential ecological risk from these media, since the total was below a value

of one.

Uncertainty in the ecological risk assessment is due to limited data on factors affecting exposure rates and
receptor-specific data for exposure effects. The resulting assumptions may have led to an overestimation

or underestimation of risk, but conservatism was inherent in the evaluation performed.

8.2 CONCLUSIONS AND RECOMMENDATIONS

8.2.1 Data Limitations and Gaps

The soil borings were placed in locations selected for the installation of monitoring wells. The well
locations were selected to characterize both the area of most significant groundwater contamination and the
lateral extent of contamination in the Pleistocene age aquifer. The soil gas survey provided the basis for
selecting the area of greatest contamination, as well as the lateral limits of the groundwater plume.
Because the soil boring locations were selected on the basis discussed above, a full characterization of
residual subsurface soil contamination remaining following the 1986 removal action may not have been
achieved. Given the presence of significant volatile organic contamination in the shallow aquifer, a

continuing source (contaminated soil) may be postulated. That source area is most likely upgradient of
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wells MW-558 and MW-55D, which exhibited the most significant levels of volatile and semivolatile
organic contamination. These wells are thought to be immediately downgradient of the location of the
former fire training pit area, where residual soil contamination is most likely to be encountered.

Due to this data gap, the area and volume of residual soil contamination was estimated based on the
monitoring well data, surface soil results, soil boring results, and contaminant migration potential.

8.2.2 Recommendations and Conclusions

The results of the baseline risk assessment, which is based on conservative assumptions and maximum
detected concentrations, indicate that remedial action is not warranted for current land use conditions.
This conclusion assumes that the FTA will remain a mowed, undeveloped area with no subsurface

disturbance and no groundwater receptors (i.e., wells).

The U.S. EPA Region III requested, as part of their review of the draft Work Plan, an assessment of risks
associated with future development of the site for residential use. Under this scenario, also based on
conservative assumptions and maximum detected concentrations, the baseline risk assessment indicates risk
to human health associated with use of groundwater as a potable water source. Since residual soil
contamination may serve as a continuing source to groundwater contamination, soil and groundwater

remedial alternatives must be considered, based on the evaluation of the future residential land use

scenario.
Based on these results, the following conclusions and recommendations are offered.

. Consistent with the NCP, a Feasibility Study should be completed to evaluate remedial

alternatives, including no action.

. For current land use, the no action alternative is appropriate, based on the results of the baseline

risk assessment.

. Remedial alternatives, such as a pump-and-treat system for groundwater, in-situ and ex-situ




biological treatment for soil and groundwater, soil solidification/stabilization, and excavation and
off-site disposal should be screened and evaluated using the nine EPA criteria. EPA presumptive

remedies for groundwater contamination should be evaluated, as available.

. Since future development of the FTA for residential use is considered unlikely, the FS should

place an emphasis on the no action and institutional controls alternatives.

Chemicals of Concern. The human health risk assessment provides the basis for final selection of

chemicals of concern. No chemicals of concern were identified in the ecological risk assessment.

Current Land Use. Under current land use, only arsenic and dibenz(a,h)anthracene in soil were
identified as significant contributors to overall site risk. Use of the U.S. EPA Biokinetic Uptake Model for
lead indicated that maximum site levels do not result in blood lead levels in excess of the 10 ug lead/dl
blood maximum criterion for children. In addition, the maximum concentrations of lead detected in on-site
soils were less than the current U.S. EPA screening level of 400 ppm in soil for residential use. The risk
associated with arsenic and dibenz(a,h)anthracene under current land use conditions is based on the
maximum levels detected in sediment collected from the on-site, intermittent ponded areas. The increased
lifetime cancer risk falls within the U.S. EPA target risk range of 1x10™ to 1x10°, even using the
maximum detected values. The noncarcinogenic risk for arsenic and dibenz(a,h)anthracene under current

land use conditions is below the U.S. EPA target risk value of 1.0.

Future Land Use. Risk associated with the unlikely future residential land use of the former FTA results
from the assumption that groundwater at the site could be used as a source of potable water. For exposure
to soil under a residential scenario, the carcinogenic risk falls within the 1x10™ to 1x10°® target range for

acceptable risk, and the U.S. EPA biokinetic model indicates that the 10 yg lead/dl blood criterion value is

not exceeded.

Chemicals of concern which provided significant contribution to risk associated with future use of
groundwater include: methylene chioride, benzene, tetrachloroethene, heptachlor epoxide, and arsenic.
Since residual soil contamination may be contributing to continuing groundwater contamination, these

chemicals are also considered to be of concern in soil under future residential land use.
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APPENDIX A-1
SOIL BORING LOGS



Metcalf & Eddy, Inc.

GEOLOGIC LOG

PROJECT: NASA D.O. 18

JOB NO.: 013516-0003

BORING NO.: SB-1

LOCATION: NASA/WFF
Fire Training Area

ELEVATION:

DEPTH:

17 feet

DATE BEGUN: 12-1-93

DATE FINISHED: 12-1-83

DRILL CONTRACTOR: Environmental Expioration, Inc.

GEOLOGIST: Michael 'Diran

DRILLING RIG: B-57

DRILLER: C. Wenzel

DRILLING METHOD: Hollow Stem Auger DRILL FLUID: N/A HOLE SIZE: 8-inch
WEATHER: Mild, approx. 45°F DEPTH TO WATER: 12 feet DATE: 12-1-93
COMPLETED AS WELL? No WELL PERMIT NO.:
D{S{SD|R
EJ]A|lAE];E
PIMiIiMP; C
T|P|PT|O BLOW HNu/OVA
HIiLILHLIV COUNTS SAMPLE DESCRIPTION (ppm) NOTES
E|E E
R
# Y
(Feet)
5] 1 5-7 | 24" |5-6-8-8 Sand - It. b, loose, silty to fine grained (SM) 1.8 Dry
10| 2 |10- 12| 24" |14-14-17-17 |Sand - as above (SM) 7.5 Moist
15| 3 |15-17| 24" {5-7-10-11 Sand - as above (SM) 1.2 Wet

20

25




Netcalf & Eddy, Inc.

GEOLOGIC LOG

'ROJECT: NASA D.O. 18

JOB NO.: 013516-0003

BORING NO.: SB-2

OCATION: NASA/WFF
Fire Training Area

ELEVATION:

DEPTH:

17 feet

DATE BEGUN: 12-1-93

DATE FINISHED: 12-1-93

‘RILL. CONTRACTOR: Environmental Exploration, Inc.

GEOLOGIST: Michael 'Diran

'RILLING RIG: B-57

DRILLER: C. Wenzel

'RILLING METHOD: Hollow Stem Auger

DRILL FLUID: N/A

HOLE SIZE: 8-inch

IEATHER: Cold, approx. 40°F DEPTH TO WATER: 13 feet DATE: 12-1-93
"OMPLETED AS WELL? No WELL PERMIT NO.:
D|S|SDI|R
E|A]|]AE]|E
pimM{mMP|C
T PIPT]|O BLOW HNu/OVA
HiLliLHlV COUNTS SAMPLE DESCRIPTION (ppm) NOTES
E| E E
R
# Y
(Feet)
Dry to
5/ 1| 5-7 {24"|2-1-21 Sand - it. bm., silty to fine grained (SM) 6.9 slightly moist
10{ 2 |10- 12} 24" |7-8-10-11 Sand - It. brn., loose, fine to med. grained(SM) 6.5 Moist
15) 3 [15-17] 24" {9-12-17-18 Sand - as above, with trace clay (SM) 32  {Wet
20




Metcalf & Eddy, Inc.

GEOLOGIC LOG

PROJECT: NASA D.O. 18

JOB NO.: 013516-0003

BORING NO.: 83-3

LOCATION: NASA/WFF
Fire Training Area

ELEVATION:

DEPTH:

17 feet

DATE BEGUN: 12-1-93

DATE FINISHED: 12-1-93

DRILL CONTRACTOR: Environmental Exploration, Inc.

GEOLOGIST: Michae! 'Diran

DRILLING RIG: B-57

DRILLER: C. Wenzel

DRILLING METHOD: Hollow Stem Auger DRILL FLUID: N/A HOLE SIZE: 8-inch
WEATHER: Cold DEPTH TO WATER: 15 feet DATE: 12-1-93
COMPLETED AS WELL? No WELL PERMIT NO.:
D|S|SD|R
E|]A|AE]E
PIMIMP]|C
T|P]IPT|O BLOW HNu/OVA
HiLlLH]|V COUNTS SAMPLE DESCRIPTION (ppm) NOTES
E| E E
R
# Y
(Feet)
5/ 1| 5-7 | 24" [5-7-16-20 Sand - It. brn., loose, silty to fine grained (SM) 5.3 Moist
10| 2 |10-12] 24" |10-13-10-20 |Sand - as above (SM) 5.1 Moist
15| 3 [15-17[ 24" |12-14-16-16 [Sand - as above (SM) 3.5 IWet

20

25




Vietcalf & Eddy, Inc. GEOLOGIC LOG

'ROJECT: NASA D.O, 18 JOB NO.: 013516-0003 BORING NO.: SB-4
.OCATION: NASA/WFF ELEVATION: DEPTH: 24 feet
Fire Training Area DATE BEGUN: 12-3-93 DATE FINISHED: 12-8-93
)RILL CONTRACTOR: Environmental Exploration, inc. |GEOLOGIST: Michael 'Diran
JRILLING RIG: B-57 DRILLER: C. Wenzel / B. Mills
JRILLING METHOD: Hollow Stem Auger . DRILL FLUID: N/A HOLE SIZE:10-inch
VEATHER: Cold, approx. 35°F DEPTH TO WATER: 14 feet DATE: 12-8-93
:OMPLETED AS WELL? MW-54S8 WELL PERMIT NO.:
D|!S|SD|R
E|A]J]AE]|E
PIMIMP| C
T|PIPT]O BLOW HNuW/OVA
HiLlLHI|V COUNTS SAMPLE DESCRIPTION (ppM) NOTES
ElE E
R
# Y
{Feet)
Sand - It. brn. to buff, loose,
51 1 5-7 | 24" }6-12-17-20 fine grained, trace silt (SM) 0.0 Dry
Dry to
10{ 2 |10-12| 18" |10-10-14-13 |Sand - as above (SM) 27 slightly moist
Sand - It. brn. to buff, loose,
15| 3 [15-17{ 24" |2-3-4-4 fine to med. grained (SM) 8.5 Wet
A | 17-19 Shelby Tube Sample Good Recovery
Sand - it. bmn., loose,
20| 4 |20-22| 24" |2-3-3-5 med. to coarse grained (SM) 25 [Wet
25| 5 |22-24] 24" |7-14-24-22 Sand - as above (SM) 1.0 Wet




Metcalf & Eddy, Inc.

GEOLOGIC LOG

PROJECT: NASA D.O. 18

JOB NO.: 013516-0003

BORING NO.: SB-5

LOCATION: NASA/WFF
Fire Training Area

ELEVATION:

DEPTH:

22 feet

DATE BEGUN: 12-2-93

DATE FINISHED: 12-2-93

DRILL CONTRACTOR: Environmental Exploration, Inc.

GEOLOGIST: Michael ‘Diran

DRILLING RIG: B-57

DRILLER: C. Wenzel

DRILLING METHOD: Hollow Stem Auger

DRILL FLUID: N/A

HOLE SIZE:10-inch

WEATHER: Approx. 60°F DEPTH TO WATER: 14.5 feet DATE: 12-2-93
COMPLETED AS WELL? MW-58S WELL PERMIT NO.:
DiS{SD!|R
EJ]A|AE]|E
PIM|IMP]| C
T|PIPT|O BLOW - HNu/OVA
HiLtloLHulv COUNTS SAMPLE DESCRIPTION (ppm) NOTES
E|E E
R
# Y
(Feet)
Sand - it. brn., loose, Dry to
5/ 1] 5-7 |24"|5-6-7-10 fine grained, trace silt (SM) 1.5 slightly moist
Sand - It. brn., oose,
10} 2 {10- 12| 24" |7-10-11-12 fine to med. grained, trace silt (SM) 5.1 Dry to moist
15[ 3 [15-17]| 24" {5-9-13-14 Sand - as above (SM) 7.0 Wet
20| 4 |20-22] 18" [16-17-23-27 |Sand - It. bm., loose, fine grained (SM) 0.0 Wet

25




Metcalf & Eddy, Inc.

GEOLOGIC LOG

PROJECT: NASA D.O. 18

JOB NO.: 013516-0003

BORING NO.: SB-6

LOCATION: NASA/WFF
Fire Training Area

ELEVATION:

DEPTH:

47 feet

DATE BEGUN: 12-1-93

DATE FINISHED: 12-1-93

DRILL CONTRACTOR: Environmental Exploration, Inc.

GEOLOGIST: Michae! 'Diran

DRILLING RIG: B-57

DRILLER: C. Wenzel

DRILLING METHOD: Hollow Stem Auger

DRILL FLUID: N/A

HOLE SIZE:10-Inch

WEATHER: Mild, approx. 50°F DEPTH TO WATER: 13 feet DATE: 12-1-93
ZOMPLETED AS WELL? MW-56D WELL PERMIT NO.:
D|S|SD} R
E|A|AE]|E
PIMIMP| C
T|P{PT|O BLOW HNu/OVA
HlivluoH]lv COUNTS SAMPLE DESCRIPTION (ppm) NOTES
E}]E E
R
# Y
(Feet)
Sand - it. bm., loose, fine grained,
5l 1| 5-7 |24"[6-8-11-11 with some silt and clay (SM) 3.0 Moist
10{ 2 [10- 12} 24" |12-6-7-18 Sand - same as above (SM) 3.2 Moist
15] 3 |15-17] 24" 112-9-6-17 Sand - same as above (SM) 53 Wet
Sand - It. bm. to buff, loose to slightly
20| 4 |20-22| 24" |19-27-38-39 |dense, fine to silty (SM) 4.8 Wet
25| 5 |25-27| 24" {14-10-14-14 |Sand - same as above (SM) 45 Wet
Sand - it. brn. to dark gray,
30] 6]30-32] 24" |8-12-9-7 loose, silty to fine (SM) 3.9 Wet




Metcalf & Eddy, Inc.

GEOLQOGIC LOG

PROJECT: NASA D.O. 18 [JOB NO.: 013516-0003

BORING NO.: SB-6

LOCATION: NASA/WFF, Fire Training Area SHEET 2 OF 2
Dis|sSD|R
EIAJAE] E
PIMIMP} C
TiPi{PT!| O BLOW HNu/OVA
HIiLloLH!lv COUNTS SAMPLE DESCRIPTION (ppm) NOTES
E!E E
R
# Y
(Feet)
Sand - it. bm. to orangish, loose,
35| 7 [34-36| 24" [3-4-5-22 silty to fine grained (SM) 4.0 Wet
Sand - It. brn., loose to slightly
consolidated, poorly sorted,
40| 8 |40- 42| 24" |4-9-39-50/4" |med. to very coarse, w/ some gravel (SP) 3.5 Wet

45} 9 [45-47] 0" [31-50/4" No sample




fetcalf & Eddy, Inc.

GEOLOGIC LOG

ROJECT: NASA D.O. 18

JOB NO.: 013516-0003

BORING NO.: SB-7

OCATION: NASA/WFF
Fire Training Area

ELEVATION:

DEPTH:

27 feet

DATE BEGUN: 12-2-g3

DATE FINISHED: 12-2-93

RILL CONTRACTOR: Environmental Exploration, Inc.

GEOLOGIST: Michael 'Diran

RILLING RIG: B-57

DRILLER: C. Wenzel

RILLING METHOD: Hollow Stem Auger

DRILL FLUID: N/A

HOLE SIZE:10-inch

IEATHER: Approx. 50°F DEPTH TO WATER: 13 feet DATE: 12-2-93
OMPLETED AS WELL? MW-57S WELL PERMIT NO.:
D|S|SDj}|R
E|AJAE]E
PIM|MP ] C
T{P{PT|O BLOW ; HNuw/OVA
HlLlioLn!lv COUNTS SAMPLE DESCRIPTION (ppm) NOTES
E|E E
R
# Y
(Feet)
Sand - It. brn., loose, fine to med.
5/ 1] 5-7 |24"{8-14-14-14 grained, trace silt (SM) 7.1 Moist
Sand - lt. brn., loose, fine to med.
10f 2 |10- 12| 24" |7-6-9-10 grained, trace silt and clay (SM) 7.0 Moist
15| 3 {15-17| 18" (11-12-16-16 |Sand - as above (SM) 10.7 Wet
17-19 Shelby Tube Sample Good recovery
Sand - It. bmn. to buff, loose to slightly BG = 16.5
20( 4 [20- 22| 24" {12-21-30-27 |consolidated, clayey to silty, fine grained (SM) 235 Wet
BG = 16.9
25| 5 |25- 27| 24" |4-4-5-8 Sand - as above (SM) 215 Wet

Note: BG = background PID reading




Metcalf & Eddy, Inc. GEOLOGIC LOG

PROJECT: NASA D.O. 18 JOB NO.: 013516-0003 BORING NO.: SB-8
LOCATION: NASA/WFF ELEVATION: DEPTH: 27 feet
Fire Training Area DATE BEGUN: 12-3-93 DATE FINISHED: 12-7-93
DRILL CONTRACTOR: Environmental Exploration, inc. |GEOLOGIST: Michael 'Diran
DRILLING RIG: B-57 DRILLER: C. Wenzel / B. Mills
DRILLING METHOD: Hollow Stem Auger DRILL FLUID: N/A HOLE SIZE:10-inch
WEATHER: Mild, approx. 40°F DEPTH TO WATER: 13.5 feet DATE: 12-3-83
COMPLETED AS WELL? MW-558, D WELL PERMIT NO.:
D|S|SD|R
E|A|AE|E
PIMIMP]|C
T|IP}IPT|O BLOW HNu/OVA
HivLvlLH] Vv COUNTS SAMPLE DESCRIPTION (ppm) NOTES
E|E E
R
# Y
{Feet)
Sand - It. brn. to buff, loose Dry, slight petrol.
5| 1| 5-7 | 24" |4-6-6-8 fine grained, trace silt (SM) 7.2 product odor
Dry, strong petrol.
10] 2 ]10-12] 24" }]10-12-16-16 [Sand - same as above (SM) 14.6 |product odor
Wet, slight petrol.
product stain and
15| 3 [15-17| 24" |3-5-5-6 Sand - same as above (SM) 35.5 jstrong odor
Wet, strong petrol.
Sand - it. bm., loose, fine to coarse, petroieum product
20{ 4 }20-22| 24" |5-6-6-10 poorly sorted, w/ some pebbles (SP-SM) 85.6 lodor and stain
Wet, strong petrol.
petroleum product
25] 5 |25-27) 24" |12-6-6-4 Sand - same as above (SP-SM) 126.5 |odor and stain
301 6(29-31| 24" 2-2-3-4 Clay - gray, dense, highly plastic (CH) ) 12.0 |Moist to dry




Vietcalf & Eddy, Inc.

GEOLOGIC LOG

’ROJECT: NASA D.O. 18

JOB NO.: 013516-0003

BORING NO.: SB-9

-OCATION: NASA/WFF
Fire Training Area

ELEVATION:

DEPTH:

17 feet

DATE BEGUN: 12-2-63

DATE FINISHED: 12-2-93

JRILL. CONTRACTOR: Environmental Exploration, Inc.

GEOLOGIST: Michael 'Diran

JRILLING RIG: B-57

DRILLER: C. Wenzel

JRILLING METHOD: Hollow Stem Auger DRILL FLUID: N/A

HOLE SiZE: 8-inch

NEATHER: Mild, approx. 60°F DEPTH TO WATER: 13 feet DATE: 12-2-93
SOMPLETED AS WELL? MW-61] WELL PERMIT NO.:
D|]S|SDJ]R
EJ]A}JAE]|E
PIM|MP| C
T{Pp{PT}|O BLOW HNu/OVA
HliLlLH]V COUNTS SAMPLE DESCRIPTION (ppm) NOTES
E| E E
R
# Y
(Feet)
Sand - It. brn., loose, silty to
5| 1 5-7 | 24" |5-6-7-8 fine grained, poorly sorted (SM) 31 Dry
10} 2 |10-12| 24" |8-12-16-16 Sand - same as above (SM) 1.3  |Moist
Sand - It. brn. to buff, loose, med.
15| 3 |15-17| 24" |8-9-10-13 to coarse grained, trace silt (SM) 6.5 |Wet
20
25




Metcalf & Eddy, Inc.

GEOLOGIC LOG

PROJECT: NASA D.O. 18

JOB NO.: 013516-0003

BORING NO.: $8-10

LOCATION: NASA/WFF
Fire Training Area

ELEVATION:

DEPTH:

26 feet

DATE BEGUN: 12-8-93

DATE FINISHED: 12-8-93

DRILL CONTRACTOR: Environmental Exploration, Inc.

GEOLOGIST: Michael 'Diran

DRILLING RIG: B-57

DRILLER: B. Mills

DRILLING METHOD: Hollow Stem Auger DRILL FLUID: N/A HOLE SIZE:10-inch
WEATHER: Sunny and mild, approx. 45°F DEPTH TO WATER: 17.3 feet DATE: 12-8-93
COMPLETED AS WELL? MW-59S WELL PERMIT NO.:
D]SISDI|R
E|A|JAE; E
PIM|MP | C
T|P}IPT|O BLOW HNu/OVA
HiLiLH]lV COUNTS SAMPLE DESCRIPTION (ppm) NOTES
E|E E
R
# Y
(Feet)
Sand - it. bmn., loose, silty to Dry to
5] 1| 5-7|12"|3-5-5-4 fine grained, poorly sorted (SM) 12.9 slightly moist
Sand - It. bm., dense to loose, clayey
10| 2 [10-12| 24" [10-14-15-15 |to fine to med. grained (SC-SM) 11.5 Moist
Sand & Clay - It. bm. w/ reddish patches, fine
to med. grained, loose, sand (SM) to dense,
15| 3 {15-17| 24" |2-2-2-7 soft, w/ some sand and silt (CL) 6.0 Moist
Sand & Clay - gray to brn., silty and clayey
20| 4 |20-22| 24" |2-4-17-17 (SC) to It. bm., plastic, dense, soft (CL) 11.5 Moist to wet
5 |22 -24} 24" |3-4-5-8 Sand - orangish bm., loose, fine to 7.9 Wet
gravelly, poorily sorted (SM-SP)
25| 6 |24 - 26| 24" [10-24-29-19 0.0 Wet

Sand - same as above (SM-SP)




Vetcalf & Eddy, Inc. GEOLOGIC LOG

>ROJECT: NASA D.O. 18 JOB NO.: 013516-0003 BORING NO.: SB-11
-OCATION: NASA/WFF ELEVATION. DEPTH: 17 feet
Fire Training Area ~ |DATE BEGUN: 12-6-93 DATE FINISHED: 12-6-93
JRILL CONTRACTOR: Environmental Exploration, inc. |GEOLOGIST: Michael 'Diran
JRILLING RIG: B-57 DRILLER: B. Mills
JRILLING METHOD: Hollow Stem Auger . DRILL FLUID: N/A HOLE SIZE: 8-inch
NEATHER: Mild, approx. 60°F DEPTH TO WATER: 17 feet DATE: 12-6-93
SOMPLETED AS WELL? MW-60! WELL PERMIT NO.:
DI S|SD|[R
E|{A|AE]E
PIM|IMP,;C
T|P{PT ;O BLOW HNu/OVA
HlvLlioLH!l Vv COUNTS SAMPLE DESCRIPTION (ppm) NOTES
EI|E E
R
# Y
{Feet)
Sand - it. bm. to buff, siity to Dry to
5| 1| 4-6 | 24" {3-4-5-8 fine grained, poorly sorted (SM) 8.6 slightly moist
Dry to
10f 2 {9-11} 24" [6-7-8-9 Sand - same as above (SM) 6.5 slightly moist
15| 3 [14-16] 12" |6-7-4-5 Sand - same as above (SM) 42 Moist
20
25




Metcalf & Eddy, Inc.

GEOLOGIC LOG

PROJECT: NASA D.O. 18

JOB NO.: 013516-0003

BORING NO.: SB-12

LOCATION: NASA/WFF
Fire Training Area

ELEVATION:

DEPTH:

31 feet

DATE BEGUN: 12-8-93

DATE FINISHED: 12-8-93

DRILL CONTRACTOR: Environmental Exploration, Inc.

G