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Executive Summary Table

Executive Summary Table

Remedial Investigation for Groundwater at Sites 8 and 34, Naval Weapons Station Yorktown, Yorktown, Virginia

Further
Site Action  NFA Rationale

Additional action is necessary to address chlorinated

Site 8 Groundwater X volgtlles_ organic co'mpounds (VOCs) gnd explosives
which either pose risk or exceed maximum
contaminant levels (MCLSs) at this site.

Site 8 Surface Water/Sediment X No ynacceptable risks associated with surface water or
sediment are present.

Site 34 Groundwater X Addltlona_ll action is necessary to address chlorinated
ethenes in groundwater.

Site 34 Surface Water/Sediment X No unacceptable risks associated with surface water or

sediment are present
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SECTION 1

Introduction

This report presents data, results, and conclusions of the Remedial Investigation (RI)
activities conducted to support characterization of groundwater, surface water, and
sediment at Naval Environmental Restoration Program (NERP) Installation Restoration (IR)
Site 8 (Naval Explosives Development Engineering Department [NEDED] Explosives
Contaminated Wastewater Discharge Area) and Site 34 (Building 537 Discharge to Felgates
Creek), Naval Weapons Station (WPNSTA) Yorktown, Yorktown, Virginia. This report was
prepared under the United States Navy (Navy), Naval Facilities Engineering Command
(NAVFAC) Mid-Atlantic, Comprehensive Long-term Environmental Action—Navy
(CLEAN) I1II, Contract N62470-02-D-3052, Contract Task Order (CTO) 0195.

Previously, removal actions in 2007 have been taken at Site 8 and Site 34 (previously Site
Screening Area [SSA] 14) to address source area soil and sediment contamination. The
results of these removal actions are documented in Draft Construction Completion Report

Site 8 and SSA 14, Naval Weapons Station Yorktown, Yorktown, Virginia (Shaw, 2008). However,
potential impacts to groundwater from these former source areas as well as potential
transport in groundwater to nearby surface water bodies were not addressed during these
previous actions. Consequently, the purpose of this Rl is to address these media.

RI field activities were initiated in March 2007 and were completed in September 2008. Field
activities were conducted in accordance with the Final Remedial Investigation Work Plan for
Groundwater at Sites 4, 8, 21, 22, and SSA 14, Naval Weapons Station Yorktown, Yorktown,
Virginia (CH2M HILL, 2007). The technical approach included in the Work Plan was agreed
to by the WPNSTA Yorktown Tier I Partnering Team, which includes representatives from
the Navy, United States Environmental Protection Agency Region 3 (USEPA), and Virginia
Department of Environmental Quality (VDEQ). This RI was also conducted in accordance
with the Federal Facility Agreement for Naval Weapons Station Yorktown, Yorktown, Virginia
(USEPA, 1994a), the Final Master Project Plans, Naval Weapons Station Yorktown, Yorktown,
Virginia, and Cheatham Annex, Williamsburg, Virginia (Baker, 2005a), and applicable federal,
Commonwealth of Virginia, and local regulations and requirements.

1.1 Objectives and Approach

This RI report presents the findings of the RI and utilizes these data in addition to existing
data to develop recommendations for an appropriate path forward at each site. The specific
objectives of this RI are to:

e Determine the nature and extent of groundwater, surface water, and sediment
contamination at Sites 8 and 34

e Calculate risks to current and future human and ecological receptors associated with
exposure to groundwater, surface water, and sediment at these sites
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e Determine likely fate and transport mechanisms associated with site contaminants

e Determine an appropriate path forward for each site

1.2 Report Organization

This report is organized into 11 sections. Section 2 of this document discusses basewide
historical information and physical characteristics applicable to both sites. Section 3
provides information on field methods used at the sites. Sections 4 (Site 8) and 5 (Site 34)
provide site-specific evaluations for groundwater at each site. Section 6 presents information
regarding impacts to the surface water bodies adjacent to the sites. Section 7 presents the
Human Health Risk Assessments (HHRAs). Section 8 presents the Ecological Risk
Assessment (ERA). Section 9 presents the conceptual site model (CSM) and fate and
transport mechanisms for contaminants posing risk and Section 10 presents conclusions and
recommendations. References are included in Section 11.

Tables and Figures are provided at the end of each respective section. Appendices are
provided after Section 11.
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SECTION 2

History and Physical Characteristics

This section presents a brief summary of the background and physical setting of WPNSTA
Yorktown and a description of the general physical setting of the sites.

2.1 WPNSTA Yorktown Description and History

WPNSTA Yorktown is a 10,624-acre installation located on the Virginia Peninsula in York
and James City Counties and the City of Newport News, Virginia (Figure 2-1). WPNSTA
Yorktown is bounded on the northwest by WPNSTA Yorktown Cheatham Annex and the
King’s Creek Commerce Center; on the northeast by the York River and the Colonial
National Historic Parkway; on the southwest by Route 143 and Interstate 64; and on the
southeast by Route 238 and the town of Lackey.

Originally named the U.S. Mine Depot, WPNSTA Yorktown was established in 1918 to
support the laying of mines in the North Sea during World War I. For 20 years after World
War I, the depot continued to receive, reclaim, store, and issue mines, depth charges, and
related materials. During World War II, the facility was expanded to include three
trinitrotoluene (TNT) loading plants and new torpedo overhaul facilities. A research and
development laboratory for experimentation with high explosives was established in 1944.
In 1947, a quality evaluation laboratory was developed to monitor special tasks assigned to
the facility which included the design and development of depth charges and advanced
underwater weapons. On August 7, 1959, the depot was renamed the U.S. Naval Weapons
Station. Today, the primary mission of WPNSTA Yorktown is to provide ordnance,
technical support, and related services to sustain the war-fighting capability of the armed
forces in support of national military strategy.

The locations of Site 8 and Site 34 are shown on Figure 2-1. Site-specific descriptions and
historical information are provided in Sections 4 (Site 8) and 5 (Site 34).

2.2 Physical Characteristics

2.2.1 WPNSTA Yorktown Geology

WPNSTA Yorktown is situated within the Virginia Coastal Plain Physiographic Province.
The Virginia Coastal Plain is characterized by unconsolidated sediments of Quaternary,
Tertiary, and Cretaceous ages (beginning 145 million years ago). The sediments thicken
eastward from the Fall Line (approximately 70 miles west of WPNSTA) and are
approximately 6,000 feet (ft) thick below the Eastern Shore Peninsula according to
Hydrogeologic Framework of the Virginia Coastal Plain (Meng and Harsh, 1988).

The topographic surface of the Virginia Coastal Plain consists of a series of broad, gently
sloping terraces separated by scarps (eroded bluffs) formed by depositional and erosional
processes resulting from fluctuating sea levels during the past 2 to 3 million years according
to Geohydrology of the Shallow Aquifer System (Brockman et al., 1997). The terraces decrease in
topographic elevation in a stair-step pattern from approximately 100 ft above mean sea level
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(amsl) in areas close to the Fall Line to just above sea level in the proximity of Virginia’s
modern day coastal oceans and rivers. Scarps, predominantly oriented from north to south,
delineate the eroded shoreline along the toe of each terrace. Two terraces (Lackey Plain and
Croaker Flat) are divided by one scarp (the Camp Peary Scarp) within the boundaries of
WPNSTA Yorktown. Sites 8 and 34 are located on the lower terrace, Croaker Flat

(Figure 2-1).

2.2.2 WPNSTA Yorktown Hydrogeology

The geologic units described above were grouped into hydrostratigraphic units based upon
their hydrologic characteristics in Groundwater Resources of the York-James Peninsula of
Virginia, USGS Water Resources Investigation Report (Lazniak and Meng, 1988) and the
Geohydrology of the Shallow Aquifer System (Brockman et al., 1997). Based upon the hydraulic
characteristics of the geologic units present, the uppermost eight (Cobham Bay Member of
the Eastover Formation through the Tabb Formation) of the ten geologic formations have
been identified as the York County Shallow Aquifer System (Brockman et al., 1997). As
illustrated in Figure 2-2, the Croaker Flat is generally underlain by three hydrogeologic
units within the York County Shallow Aquifer System:

e Columbia aquifer
¢ Yorktown confining unit
¢ Yorktown-Eastover aquifer

2.2.3 Study Area Hydrogeology

In the vicinity of Sites 8 and 34 on the Croaker Flat, the Columbia aquifer is absent, and the
hydrogeologic sequence generally consists of the clay and silt of the Yorktown confining
unit from the ground surface to 10-20 ft below ground surface (bgs). This unit is underlain
by the Yorktown-Eastover aquifer consisting of medium to coarse sand with shell hash. At
Site 34, an approximately 10-ft thick silty or clayey lens is present at approximately 40 ft bgs
and extends across much of the site. Depth to groundwater in the Sites 8 and 34 areas ranges
from 6 to 12 ft bgs. Based on the U.S. Geological Survey (USGS) study conducted as
WPNSTA Yorktown (Brockman et al., 1997), the Yorktown-Eastover aquifer is
approximately 80 ft thick in the vicinity of these sites.

The sites included in this report are situated along the Eastern Branch of Felgates Creek and
its unnamed tributary. The Eastern Branch of Felgates Creek lies directly north of the Camp
Peary Scarp. Felgates Creek is a tidally influenced tributary to the York River. Groundwater
flow from the sites is generally toward the creek. Surface water runoff is directed toward the
creek and its tributaries, and in some cases, drainage ditches on the sites. Flow within the
Eastern Branch of Felgates Creek reverses due to tidal fluctuation. The positions of Sites 8
and 34 along the creek are illustrated on Figure 2-1.
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SECTION 3

Field Investigation Methods

Field activities were conducted at Sites 8 and 34 from March 2007 to April 2008. These
activities included a membrane interface probe (MIP) study at Site 34 only, a direct push
technology (DPT) investigation, monitoring well installation and development,
groundwater level survey and sampling, surface water sampling, sediment sampling, and
slug testing at Sites 8 and 34. Field methods for these activities are described below. The
results of the field efforts are included in Sections 4 (Site 8 groundwater), 5 (Site 34
groundwater), and 6 (Sites 8 and 34 sediment and surface water).

3.1 Membrane Interface Probe Study

A MIP study was conducted at Site 34 in March and April of 2007. The objective of the study
was to better determine the horizontal and vertical distribution of chlorinated volatile
organic compounds (VOCs). The MIP used a DPT probing system to advance sensors
through the subsurface while collecting continuous data on temperature, electrical
conductivity, and VOC concentrations in gas phase. The basic operating principle behind
the MIP is that a down-hole heating element raises subsurface temperatures, volatilizing
most VOCs. VOCs permeate across a membrane at the probe tip and are transported to the
surface in an inert carrier gas stream for analysis. The MIP rig was equipped with a flame
ionization detector (FID), photoionization detector (PID), and electron capture device (ECD).
The FID measures the mass of total combustible compounds in the gas stream. The PID
measures only those ionizable compounds whose ionization potential is less than the PID
bulb energy. The FID detects methane and other high molecular-weight organic chemicals
that cannot be detected by the PID. The ECD analyzes the mass of a smaller set of organic
chemicals that generally represent the chlorinated VOCs.! Additional sensors on the MIP
measure temperature and electrical conductivity. The temperature meter assists in the
estimation of the depth of the saturated zone. In general, when the water table is
encountered, the temperature decreases and stabilizes. The electrical conductivity meter is
used to determine the soil type (e.g., sand, clay). The PID, FID, ECD, temperature, and
electrical conductivity data were collected continuously during advancement of the MIP
probe at Site 34.

The MIP was advanced at 6-inch intervals beginning at 1 ft bgs and terminating at the
estimated depth of the top of a confining clay unit (determined on the basis of conductivity
data). In some cases, probe refusal was encountered prior to reaching the confining unit.
Refusal was encountered due to back pressure on the probe’s gas line, rather than the
presence of a physical obstruction.

Fluorinated and brominated compounds are also detected by the ECD. These compounds can cause false positive
responses for chlorinated VOCs; however, these compounds are not typically encountered.
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Real-time evaluation of the MIP data was completed in the field. Potential MIP sampling
locations were determined using a grid system. If the ECD showed a response consistent
with the detection of chlorinated VOCs, all nodes along the grid lines adjacent to that node
were identified as additional MIP points. The MIP was advanced at these additional
adjacent points, and the same decision making process was followed to identify any
additional adjacent points needed. The process was repeated until the horizontal and
vertical extent of VOC contamination was delineated. Once the MIP readings indicated that
VOCs were not detected? at a particular point, then no additional MIP points were
identified adjacent to that MIP point. Once MIP locations were completed such that VOCs
were not detected at any exterior nodes adjacent to locations where VOCs had been detected
or any remaining nodes were inaccessible due to terrain or utilities, it was determined that
the plume had been sufficiently delineated. Results of the MIP study at Site 34 are presented
in Section 5.3.1.

3.2 Direct Push Technology Groundwater Sampling

DPT groundwater samples were collected at Sites 8 and 34 to determine the placement of
monitoring wells. DPT locations at Site 34 were based on previous MIP data. These
groundwater samples were collected using a DPT rig with a 4-ft retractable screen. The DPT
probe was advanced vertically from the ground surface to the desired sample depth at
which point the screen was retracted and the sample was collected using quarter-inch
polyethylene tubing and a manual check valve. Results of the DPT investigations at Sites 8
and 34 are presented in Sections 4.3.1 and 5.3.2, respectively.

3.3 Monitoring Well Installation

Monitoring wells were installed at Sites 8 and 34 as part of the RI field activities. Wells were
installed according to the specifications outlined in Section 3.9.1 of Master Project Plans
(Baker, 2005a). All wells were installed in the Yorktown-Eastover aquifer. If the wells were
less than approximately 50 ft deep, the wells were installed using hollow-stem augers. If the
wells were deeper than approximately 50 ft, the wells were installed using mud rotary
drilling. If the wells were greater than approximately 50 ft deep and contamination was
identified during previous investigations or during the MIP study in the shallower intervals,
the wells were initiated using 8%s-inch-inner diameter (ID) hollow stem augers as outlined in
Section 3.9.2 of the Master Project Plans (Baker, 2005a). Once the bottom of the contaminated
interval was reached, an 8-inch diameter outer steel casing was set from the ground surface
to below the area of likely contamination. Once the grout had cured, the remaining portion
of the boring was drilled through the steel casing using rotary drill to the desired total depth
of the well.

Soil samples, for the purposes of lithologic descriptions, were collected using 2-ft split
spoons at 5-ft intervals. During soil logging, soil descriptions including grain size, color,
moisture content, relative density, consistency, soil structure, mineralogy and other relevant
information such as possible evidence of contamination were recorded.

2 Current MIP ECD detection limits for chlorinated solvents range from 100 to 250 parts per billion.
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Monitoring wells were constructed with 2-inch nominal diameter Schedule 40 polyvinyl
chloride (PVC) screen and riser. Well screens consisted of 0.010-inch machine-slotted PVC.
A silica filter pack was placed in the annular space around the well screen from the bottom
of the well to a depth of approximately 2 ft above the top of the screen. A 2-ft bentonite layer
was placed at the top of the sand pack. After the bentonite was hydrated, a cement-
bentonite grout was placed in the remaining annular space. Monitoring wells located in
grassy or wooded areas were completed with steel stick-up casings. Monitoring wells
located in paved areas were finished flush to the ground surface. A locking watertight cap
was placed on the PVC pipe and the well identification numbers were clearly marked on the
well with water-proof paint.

Details regarding monitoring wells are included in Section 4.3.2 (Site 8) and 5.3.3 (Site 34).
Boring logs and field log notes are included in Appendix A.

3.4 Monitoring Well Development

Newly installed monitoring wells were developed prior to sampling. Monitoring well
development was performed after the grout used to construct the new monitoring wells had
been allowed to adequately set (at least 24 hours or more) to prevent grout contamination of
the screened interval. Wells were developed using a submersible Whale® pump, Waterra®
pump or stainless steel bailer. Between 30 and 80 gallons of water were evacuated from each
well. Development continued until either five successive measurements of pH, specific
conductivity, and temperature were stable (i.e., the readings for each measurement were
within 10 percent of each other), until water was visibly clear, or until the well was pumped
dry. Development information is included in well construction diagrams in Appendix A.

3.5 Groundwater Sampling

Groundwater samples were collected from new and existing monitoring wells using low
flow sampling methodology. Samples were collected from wells with total depths of less
than 30 ft using a peristaltic pump and disposable tubing. Samples were collected from
wells with depths of greater than 30 ft using a Grundfos® or Monsoon® submersible pump.
Groundwater quality parameters comprising pH, conductivity, turbidity, dissolved oxygen
(DO), temperature, salinity, and oxidation-reduction potential (ORP) were collected during
purging of each well using a Horiba U-22 water quality meter and a flow-through cell.
Purging was continued until water quality readings collected 5 minutes apart were
stabilized to within 10 percent of one another or until three well volumes were purged.
Once the parameters had stabilized, the flow-through cell was disconnected and samples
were collected into laboratory-prepared, pre-preserved sample bottles and packed on ice for
overnight shipment to Microbial Insights (microbial samples) or Test America (all other
analytical samples). Dissolved metals samples were field-filtered prior to collection into the
sample containers. Site 8 monitoring wells were sampled for target compound list (TCL)
VOCs, TCL semivolatile organic compounds (SVOCs), TCL polychlorinated biphenyls
(PCBs), explosives, and Target Analyte List (TAL) inorganics (total and dissolved). Site 34
groundwater was analyzed for TCL VOCs, explosives, and TAL inorganics (total and
dissolved). Sample parameters were selected consistent with chemicals potentially posing
risk during previous investigations as outlined in the Work Plan.
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3.6 Water Level Survey

A water level survey was conducted for each of the sites using an electronic water level
indicator. The meter was lowered into each of the wells and the depth to water was
recorded with an accuracy of 0.01 ft. Water level information is provided in Sections 4.3.4
and 5.3.5.

3.7 Sediment and Surface Water Sampling

Sediment and surface water samples were collected within the channel of the Eastern
Branch of Felgates Creek to assist in evaluating potential impacts to and potential exposure
pathways from sediment and surface water from Sites 8 and 34 groundwater. Samples were
collected from four locations associated with Site 8, six locations associated with Site 34, and
six upgradient reference locations as discussed in Section 6. Surface water and sediment
samples were collected starting with downstream locations and working upstream. At each
co-located surface water and sediment sampling station, surface water samples were
collected prior to the collection of sediment samples.

Prior to surface water sample collection, water quality data was measured using a Horiba
U-22® water quality meter and the time of high and low tides in the York River tidal cycle
for the date of sampling was also recorded. Sediment samples were collected from the top
4 inches of sediment using a stainless steel trowel and were transferred into laboratory
prepared sample containers. Surface water and sediment samples were analyzed for TCL
VOCs, TCL SVOCs, TCL pesticides/PCBs, explosives, and TAL inorganics (total and
dissolved). Sediment samples were also analyzed for pH, total organic carbon (TOC), acid
volatile sulfide/simultaneously extractable metals (AVS/SEM), and grain size. Surface
water samples were also analyzed for alkalinity. The results of the sediment and surface
water sampling are discussed in Section 6.

3.8 Seeps Sampling

Although seep samples were originally proposed during the work planning for this
investigation, no seeps were identified at these sites during the site visit by the Biological
and Technical Assistance Group (BTAG) on March 25, 2008. As such, no seep samples were
collected from either Site 8 or Site 34.

3.9 Slug Testing

Slug tests were conducted at selected monitoring wells at Sites 8 and 34. These wells were
selected for spatial distribution and at varying depths in the Yorktown-Eastover aquifer to
provide data throughout the extent of the aquifer at each site and generate an overall
estimate of the horizontal hydraulic conductivity of the aquifer. Wells tested at each site and
results are included in Sections 4.3.5 (Site 8) and 5.3.6 (Site 34).

Due to the limited area of influence, the slug test data provide a rough estimate of the
hydrogeologic parameters of the unit proximal to the individual monitoring wells. The tests
were conducted by rapidly introducing a solid displacement device (slug) into the well for
the falling head test and rapid removal of the slug from the well for the rising head test. The
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slug consisted of a 5-ft length of solid PVC, and the water level data was recorded using a
Mini TROLL® pressure transducer.

Falling head and rising head tests were considered for all monitoring wells included in the
slug tests. However, where the static water level was below the top of the well screen, the
falling head was not completed since it could result in overestimating hydraulic
conductivity. For those wells, only the rising head test was completed. Data were recorded
for each test until the water level had recovered to 90 percent of the pre-test level. The slug
tests were analyzed using the Bouwer and Rice Method included in A Slug Test for
Determining Hydraulic Conductivity of Unconfined Aquifers with Completely or Partially
Penetrative Wells. Water Resources Research 12:423-28 (Bouwer and Rice, 1976). Results of slug
tests are discussed in Sections 4.3.5 and 5.3.6.

3.10 Quality Assurance/Quality Control

Samples collected for this field investigation were analyzed using Contract Laboratory
Program (CLP) methods with Level IV Quality Assurance/Quality Control (QA/QC).

Field QA /QC samples were collected during the sampling program. These samples were
obtained to:

e Ensure that disposable and reusable sampling equipment were free of contaminants
¢ Evaluate field methodology

e Establish ambient field background conditions

e Evaluate whether cross-contamination occurred during sampling and/or shipping

Several types of field QA /QC samples were collected and analyzed and are defined below:

¢ Equipment Rinsate Blank — These samples were obtained by running laboratory grade
deionized (DI) water over/through sample collection equipment after the piece of
equipment was decontaminated (for reusable equipment) or prior to the equipment’s
use (for disposable equipment). These samples were used to determine if
decontamination procedures for reusable equipment were adequate and/or if
disposable, one-time use equipment was contaminant-free prior to use.

¢ Duplicate Sample — Duplicate samples were collected at the same time and under
identical conditions as their associated sample. These samples were collected to evaluate
reproducibility of sample results. One duplicate sample was collected for every 10
environmental samples collected (or 10 percent).

¢ Field Blank —Field blanks were collected to evaluate potential impacts to samples due
to ambient air conditions in the field. Samples were collected using laboratory grade DI
water, which was poured into sample bottles in the field under the same conditions
under which environmental samples were collected.

e Trip Blank—Trip blanks were prepared at the laboratory, shipped with the sample
containers, and stored onsite near the empty sample containers. Any time VOC samples
were packed and shipped to the laboratory, a trip blank sample was included inside the
shipping cooler. The trip blanks were analyzed for VOCs, along with the other VOC

ES100609123254VBO 35



REMEDIAL INVESTIGATION REPORT FOR GROUNDWATER AT SITES 8 AND 34

samples. Trip blanks were used to evaluate whether or not cross-contamination may
have occurred during sampling and/or shipping.

In addition to samples collected to monitor field QC, samples were also collected to monitor
quality within the laboratory. These included the following:

e Matrix Spike (MS) — An aliquot of a matrix (either soil/sediment or water) was spiked
with known quantities of specific compounds and subjected to the entire analytical
procedure. By measuring recovery, the appropriateness of the method for the matrix
was determined.

e Matrix Spike Duplicate (MSD) — These samples were collected as second aliquots of the
same matrix as the matrix spike to determine the precision of the method.

One MS sample and one MSD sample were collected for every 20 environmental samples
collected (or 5 percent of the samples collected).

3.11 Decontamination Procedures

Decontamination procedures for heavy equipment (e.g., drilling augers), sampling
equipment, and personnel were followed as per Section 3.23 of the Master Field Sampling
Plan (Baker, 2005a). An industrial grade steam cleaner was used to decontaminate heavy
equipment. Liquinox®, distilled water, a 10 percent methanol rinse, and DI water were used
to decontaminate the submersible pump motor lead between well sampling of individual
wells and the stainless steel trowels between sediment sampling locations. All other
equipment used for sample collection was disposable.

3.12 Surveying Activities

Spectra Group (a Virginia-licensed and registered surveyor) conducted surveys of the new
monitoring wells in January, February, and September of 2008. Each of the monitoring wells
was surveyed for vertical and horizontal control to an accuracy of 0.01 ft and 0.1 ft,
respectively. Monitoring wells were surveyed at the top of the PVC casing and at the
ground surface. The vertical elevations were referenced to National Geodetic Vertical
Datum 88 to remain consistent with the existing WPNSTA Yorktown vertical datum.
Horizontal coordinates conformed to North American Datum 83 (Latest Adjustment) with
ties to the Virginia State Plane Coordinate System. The survey reports for these sites are
included as Appendix B.

3.13 Investigation-derived Waste Management

Solid investigation-derived waste (IDW) generated during the field investigation (soil
cutting and drilling mud) was contained in portable roll-off containers or drums. Liquid
IDW was contained in a portable Baker tank or drums. Soil samples and one liquid
composite sample were collected from each roll-off/tank/drum for Full Toxicity
Characteristic Leachate Procedure (TCLP) (VOC, SVOC, pesticides, and inorganics) and
ignitability, corrosivity, and reactivity analysis. After receipt of analyses, the IDW was
determined to be non-hazardous and was removed from the site by Potomac Environmental
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Services and Capitol Environmental Services. The IDW disposal documentation is contained
in Appendix C.

Health and safety expendables, such as sampling gloves, paper towels, polyethylene
sheeting and other materials that came into contact with potential contamination were
contained in large plastic bags and placed in municipal waste containers for disposal.

3.14 Data Validation

Data validation was performed by Data Qual Environmental Services of St. Louis, Missouri
(Appendix D). The data qualifiers used were those presented in USEPA Region 3
Modifications to National Functional Guidelines for Organic Data Review, MultiMedia, Multi
Concentration (USEPA, 1994b) and USEPA Region 3 Modification to National Functional
Guidelines for Evaluating Inorganic Analyses (USEPA, 1993b).

The data validation qualifiers, or flags, used for this RI comprise:

e A ”B” flag by the data validator indicates that the analytes have also been detected in a
field, equipment, or trip blank, or in a laboratory QA /QC sample. The concentration of a
“B”-qualified result is less than 5 or 10 times the concentration of the constituent for an
associated QA /QC result. If the sample concentration is less than 5 or 10 times the
associated blank concentration, the conclusion is that the analyte is not present in the
sample.

e A”]” flag indicates that the analyte is present but the value is estimated.

e An“L” flag indicates that the analyte is present, but the reported value may be biased
low and the actual value is expected to be higher.

e An“H” flag indicates that a holding time was exceeded. For this sample set this
occurred for a nitrate sample which exceeded the holding time by a few hours. Because
this is a geochemical parameter that is not used for risk assessment, an additional
sample was not collected.

e A ”U” flag indicates that the analyte was not detected and the associated value indicates
the approximate sample concentration necessary to be quantified.

e A “UJ” flag indicates that the analyte was not detected and the quantitation limit may be
inaccurate or imprecise.

e A”UL” flag indicates that the analyte was not detected and the quantitation limit is
probably higher.

e A ”K” flag indicates that the analyte is present, but the reported value may be biased
high and the actual value is expected to be lower.
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SECTION 4

Site 8 Remedial Investigation Results for
Groundwater

This section includes background information, investigation results, and nature and extent
of groundwater contamination at Site 8.

4.1 Location, Setting, History, and Hydrogeology

Site 8, the NEDED Explosives Contaminated Wastewater Discharge Area, is located in the
east-central part of WPNSTA Yorktown (Figures 2-1 and 4-1). The site is located along the
Eastern Branch of Felgates Creek, just downstream of Site 34 and about 1.5 miles from the
confluence of the creek and the York River. The site is located off of Manley Road near
Building 456 and consists of a 300-ft drainage way and its surrounding area.

The Site 8 discharge area received wastewater from the NEDED complex (Building 456)
from 1940 until 1986. Prior to 1975, the wastewater reportedly contained solvents (including
trichloroethene [TCE]), spent/neutralized acids, and explosives. After 1975, a carbon
adsorption tower was used to treat the contaminated wastewater prior to discharge into the
drainage area. A National Pollutant Discharge Elimination System (NPDES) permit was
granted by USEPA to allow this discharge. In 1986, the effluent from the tower was diverted
to the sanitary sewer and ultimately to Hampton Roads Sanitary District (HRSD).
Contaminated soil and drainage channel sediments at the site were excavated in accordance
with the Final Engineering Evaluation/Cost Analysis for Contaminated Soil and Sediment, Site 8
and SSA 14, Naval Weapons Station Yorktown, Yorktown, Virginia (Baker, 2005c).

The eastern part of the site consists of a paved parking lot. The western part of the site
around the drainage channel is wooded. Most of the site is relatively flat with the exception
of the drainage channel itself, which is situated in a ravine with steeply sloping sides. It is
anticipated that surface water run-off at the site would flow into the drainage channel and
the Eastern Branch of Felgates Creek.

The surficial geology at Site 8 consists of between 0 and 20 ft of silt and clay consistent with
the Yorktown confining unit. This silt and clay unit (where present) overlies a medium to
coarse gray sandy unit with shell hash that represents the semi-confined Yorktown-Eastover
aquifer. In the western portion of the site near the creek, the clay is absent, and sand is
present at the surface. The Yorktown-Eastover aquifer is approximately 80 ft thick near

Site 8.

Depth to groundwater at the site is approximately 6 ft bgs. Groundwater generally flows
westward toward Felgates Creek and the drainage channel.

ES100609123254VBO 41



REMEDIAL INVESTIGATION REPORT FOR GROUNDWATER AT SITES 8 AND 34

4.2 Previous Investigations

Several investigations and a removal action have been completed at the site. Results of this
work are included in the following documents and summarized below:

Title

Author and Date

Administrative Record #

Initial Assessment Study of Naval Weapons Station
Yorktown, Virginia

Confirmation Study Step 1A (Verification), Round One,
Naval Weapons Station Yorktown, Yorktown, Virginia

Confirmation Study Step 1A (Verification), Round Two,
4-Naval Weapons Station Yorktown, Yorktown,
Virginia.

Remedial Investigation Interim Report, Naval Weapons
Station, Yorktown, Virginia

Final Round One Remedial Investigation Report for
Sites 1-9, 11, 12, 16-19, and 21, Naval Weapons
Station Yorktown, Yorktown, Virginia

Final Round Two Remedial Investigation Report for
Sites 2, 8, 18, and Site Screening Area 14. Naval
Weapons Station Yorktown, Yorktown, Virginia

Work Plan for the Pre-Removal Characterization of
Soils, Sites 2, 18, SSA 14, Naval Weapons Station
Yorktown, Yorktown, Virginia, and Cheatham Annex,
Williamsburg, Virginia

Engineering Evaluation/Cost Analysis (EE/CA) for
Contaminated Soil and Sediment, Site 8 and SSA 14

Action Memorandum for Contaminated Soil and
Sediment, Site 8 and SSA 14

Work Plan Interim Removal Action, Site 8 and SSA 14,
Naval Weapons Station Yorktown, Yorktown, Virginia.

Explosives Safety Submission (ESS) Determination for
Soil and Sediment Removal Operations, Site 8 and
SSA 14

RI Work Plan for Groundwater, Sites 4, 8, 21, 22, and
SSA 14

Removal Action and Post-Removal Confirmation
Sampling Summary Technical Memorandum, Site 8,
Naval Weapons Station Yorktown, Yorktown, Virginia.

Final Construction Completion Report, Site 8 and
SSA 14

NEESA, 1984

Dames & Moore, 1986

Dames & Moore, 1988

Versar, 1991

Baker and Weston,
1993

Baker, 2004

Baker, 2005b

Baker, 2005c

Baker, 2005d

Shaw, 2006

NOSSA, 2006

CH2M HILL, 2007

CH2M HILL, 2008

Shaw, 2009

00247

00256

00259

00812

00313

01548

01687

02076

01871

01890

02033

02153

02209

No admin record number
yet

During the investigations listed above, potential human health risks were identified in the
drainage area soils at Site 8 from exposure to polycyclic aromatic hydrocarbons (PAHs),
PCBs, explosives, and inorganics. Potential human health risks were also identified for
exposure to VOCs, explosives, and inorganics in groundwater. Potential ecological risks

42
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were identified in drainage area soils from exposure to PCBs, explosives, and inorganics,
and in surface water from exposure to explosives and inorganics (Baker, 2004).

In 2005, soil and sediment sampling was conducted within the drainage area to support
removal action. Sampling results were used to complete an EE/CA (Baker, 2005¢c) and
Action Memorandum (Baker, 2005d) for a Non-time-critical Removal Action (NTCRA). The
EE/CA recommended excavation with off-site disposal of contaminated soils and sediments
within the drainage channel to mitigate potential unacceptable human health and ecological
risks. Cleanup goals were developed as part of this EE/CA for protection of human health
and ecological receptors.

The drainage area removal action was completed in 2007 (Shaw, 2008). Subsequent to this
action, the Navy, USEPA, and VDEQ agreed that all potential unacceptable human health
and ecological risk from exposure to drainage channel soils and sediments had been
mitigated (CH2M HILL, 2008).

While the source area has been removed, potential impacts to groundwater and potential
transport in groundwater to nearby surface water bodies were not addressed. The purpose
of this RI was to investigate these dynamic media.

4.3 Field Activities and Investigation Results

4.3.1 Direct Push Technology Groundwater Sampling Results

Eight DPT groundwater samples were collected in May and June 2007 to characterize the
extent of chlorinated VOC and explosive contamination in the vicinity of the on-site
drainage channel. Detections are shown on Figure 4-2. Raw analytical results are included
in Appendix D. Three of the four proposed DPT samples were collected along the drainage
channel, locations 1, 2 and 3. These samples were collected to evaluate possible
groundwater contamination downgradient of the discharge pipe outfall. One location
(Location 4 designated in the Work Plan) could not be accessed due to the presence of
buried utilities. Two DPT samples were collected in the vicinity of Building 456, Locations 5
and 6, Location 5 had to be moved closer to the discharge pipe near the original location
designated as Location 4 due to subsurface utilities.

There were no chemicals present in the sample from Location 6 that exceeded maximum
contaminant levels (MCLs) or regional screening levels (RSLs). The only chemical detected
in the sample from Location 1 that exceeded the RSL was chloromethane (3] micrograms per
liter [ug/L]), slightly above the RSL of 1.8 ng/L. The concentrations of vinyl chloride

(120 ng/L), cis-1,2-dichloroethene (cis-1,2-DCE) (350D png/L), and TCE (10 pg/L) exceeded
corresponding MCLs and RSLs in the sample from Location 2. The concentration of
hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) (26 pg/L) also exceeded the RSL in the sample
from Location 2. The only contaminants detected at a concentrations exceeding
corresponding screening values in the sample from DPT Location 3 were chloromethane

(2] ng/L) and nitroglycerin (3.7 JPM pg/L). Contaminant concentrations in the sample from
DPT Location 5 exceeded the MCL and RSL for tetrachloroethene (PCE) (6 ] pg/L) and
exceeded RSLs for chloroform (1 ] ug/L), chloromethane (2] pg/L), RDX (170 D pug/L),
nitroglycerine (14 pg/L), 2,4,6-TNT (80 D pg/L), 2-amino-4,6-dinitritoluene (2-amino-4,6-
DNT) (74 pg/L), and 4-amino-2,6-DNT (80 pg/L).
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Following a review of this data, additional DPT samples were collected moving away from
the highest detections of VOCs at Location 2. Samples were collected at locations 2B and 2C
(Figure 4-2). Additionally, in order to provide more resolution for contaminant
concentrations in the vicinity of Location 5, Location 7 was added to the south of Location 5.
Results of these samples indicated contaminant concentrations in the sample from Location
2B exceeded MCLs and/or RSLs for vinyl chloride (50 pg/L), cis-1,2-DCE (200 J ug/L), and
RDX (1.2 ng/L). There were no exceedances of screening values associated with Sample 2C.
Concentrations of chloromethane (5 ] pg/L) and RDX (58 pg/L) in the sample from Location
7 exceeded corresponding RSLs for these chemicals (1.8 ng/L and 0.61 pg/L, respectively).

Based on the DPT results, monitoring wells were installed in the vicinity of DPT Locations 2
and 2B (shallow/deep well pair: GW09/GWO09A) and Location 5 (shallow well GW08). The
original sampling strategy included in the work plan required installation of a deep
monitoring well in Location 5 if there were VOC exceedances of an MCL in this location.
Because the only VOC exceedance was PCE at a concentration of 6 ] pg/L (just above the
MCL of 5 ng/L), the WPNSTA Yorktown partnering team agreed at the August 2007
meeting to install the shallow well only. Shallow monitoring wells SGW06 and 8GW07 were
also installed to fill spatial data gaps as per the work plan. Details regarding new
monitoring wells are included in Section 4.3.2.

4.3.2 Monitoring Well Installation

Five new monitoring wells were installed in support of the groundwater RI at Site 8.

e YS08-GW06 — Shallow monitoring well screened in the top 20 ft of the Yorktown-
Eastover aquifer to act as an upgradient of monitoring well because contamination was
detected in samples from YS08-GWO03 during previous investigations.

e YS08-GW07 —Shallow monitoring well screened in the top 20 ft of the Yorktown-
Eastover aquifer to investigate possible VOC and explosive contamination cross-
gradient of monitoring well YS08-GWO01 (screened at 4-19 ft bgs) and to determine the
northern extent of contamination

e YS08-GW08 —Shallow monitoring well screened in the top 20 ft of the Yorktown-
Eastover aquifer to investigate VOC and explosive contamination previously identified
at DPT Location 5

e YS08-GW09/09A —Shallow and deep monitoring well pair (screened in the top and
bottom 20 ft of the Yorktown-Eastover aquifer to investigate VOC and explosive
contamination previously identified at DPT locations 2 and 2B, downgradient of the
outfall discharge.

General well installation procedures are described in Section 3.3. Monitoring well
construction details for new and existing wells are tabulated on Table 4-1, and locations are
shown on Figure 4-1. A hydrogeologic cross section is included on Figures 4-3 and 4-4.
Boring logs and construction diagrams are included in Appendix A.

4.3.3 Groundwater Sampling and Results of Field Water Quality Measurement

Groundwater samples were collected from all new and existing monitoring wells in
accordance with procedures described in Section 3.5 with the exception of YS08-MW02
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which could not be found. Several attempts were made to locate this flush-mount well with
a metal detector and GPS; however, these attempts failed. Based on DPT data and the
current monitoring well network it was determined that replacing YS08-MWO02 was not
necessary. Field parameters were collected during groundwater purging and are presented
as Table 4-2.

On the basis of the field results, conditions at the site appeared to be slightly oxidizing to
slightly reducing. DO concentrations ranged from 0 milligrams per liter (mg/L) to

3.61 mg/L based on quantitative measurements from the Horiba water quality meter.
However, these seem inconsistent with the colormetric Chemets™ test kits results which
were generally between 1 and 2 mg/L. ORP values were generally consistent with
Chemets™ values, ranging from -120 millivolts (mV) to 211 mV. On the basis of ORP
results, deeper wells appear to be more reducing. Groundwater pH ranged from 6.77 to
9.79. Conditions in the deeper of the wells installed as well pairs (YS08-GWO01A and YS08-
GWO09A) were more alkaline than the conditions in the shallow wells. Salinity results ranged
from 0.02 percent to 0.05 percent, indicating fresh water across the site. Specific conductance
values ranged from 0.42 milliSiemens per centimeter (mS/cm) to 1.02 mS/cm across the site,
indicating a slight ionic potential in site groundwater. Following purging, wells were
sampling using low flow sampling methodology. All Site 8 groundwater samples were
submitted for analysis of TCL VOCs, TCL SVOCs, explosives, TAL total and dissolved
metals, and TCL PCBs. Additionally, YS08-GW01, YS08-GW06, YS08-GW07, YS08-GWO0S,
YS08-GW09, and YS08-GWO09A were sampled for alkalinity, chloride, nitrate, nitrite, sulfate,
sulfide, TOC, methane, ethane, and ethene. Samples from YS08-GWO01 and YS08-GW06 were
also sampled for Dehalococcoides sp.

4.3.4 Water Level Survey

Groundwater elevations were measured from monitoring wells on January 14, 2008 in
accordance with Section 3.6. Results are included in Table 4-3 and the Yorktown-Eastover
aquifer shallow potentiometric contour map is presented on Figure 4-5. The results indicate
the groundwater within the Yorktown-Eastover flows westward toward the Eastern Branch
of Felgates Creek.

4.3.5 Slug Testing

Aquifer testing was completed at three monitoring wells (8GW01, 8GW01A, and 8GW03).
Results are included in Table 4-4. Rising and falling head tests were completed for well
8GWO1A. Only the rising head test was conducted at wells SGW01 and 8GW03 since the
static water level was located below the top of the well screen and the falling head test could
result in water draining from the well into the gravel pack and vadose zone providing an
overestimation of the hydraulic conductivity. Results indicate that the average horizontal
hydraulic conductivity within the Yorktown-Eastover aquifer was 4.08 feet per day (ft/day).

4.4 Groundwater Analytical Results and Nature and Extent of
Groundwater Contamination

Previous investigations indicate that chemicals of potential concern (COPCs) at the site
include VOCs, SVOCs, PCBs, explosives, and inorganics. This study included sampling all
10 monitoring wells for these analytes to determine the nature and extent of contamination.
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Analytical detections are included in Table 4-5. Raw results are included in Appendix D.
Analytical results are summarized by contaminant type below.

441 VOCs

Seven VOCs were detected in Site 8 groundwater: 2-butanone, carbon disulfide, chloroform,
PCE, toluene, TCE, and vinyl chloride. Four were detected at concentrations greater than
RSLs or MCLs, in samples from four separate wells. TCE was detected in the sample from
YS08-GWO1 at a concentration of 2 ] pg/L, greater than the RSL (1.7 pg/L), but less than the
MCL (5 ng/L). Vinyl chloride was detected in the sample from YS08-GWO01A at a
concentration of 1.2 ] ug/L, greater than the RSL of 0.016 ng/L. Chloroform was detected in
the sample from YS08-GWO07 at a concentration of 3.7 ] ng/L, greater than the RSL of

0.19 pg/L. PCE was detected in the sample from YS08-GWO0S at a concentration of 7.4 ]
ng/L, greater than the corresponding RSL of 0.11 pg/L, and the MCL of 5 ng/L. All wells in
which VOCs were detected are located west of Building 456 as shown on Figure 4-6.

4.4.2 Pesticides and PCBs

There were no PCBs or pesticides detected in Site 8 groundwater during this investigation.

443 SVOCs

One SVOC, bis(2-ethylhexyl)phthalate, was detected in one sample (YS08-GWO01) at a
concentration of 96 pg/L, greater than the RSL (4.6 ng/L), and the MCL (6 pg/L). This well
is located in the vicinity of the drainage ditch (Figure 4-6).

4.4.4 Explosives

A number of explosives were detected in Site 8 groundwater during the Groundwater RI.
All detections of explosives were from samples in the shallow portion of the Yorktown-
Eastover aquifer. The most frequently detected explosive was RDX which was detected in
five of the eight shallow monitoring wells (Figure 4-7). The highest concentration of RDX
was detected in the sample from YS08-GWO08 (300 pg/L) between Building 456 and the
drainage ditch. Five of the six detected concentrations exceeded the RSL (0.61 pg/L). 2,4,6-
TNT, 4-amino-2,6-DNT, and 2-amino-4,6-DNT were also detected in the sample from YS08-
GWO08 at concentrations of 55 ng/L, 73 ug/L, and 82 pg/L respectively, greater than the
corresponding RSLs of 2.2 ng/L, 4.3 pg/L, and 7.3 pg/L, respectively. A number of other
explosives were detected, but concentrations did not exceed screening values in any
samples. On the basis of these data, it appears that the area most contaminated by
explosives consists of the shallow portion of the aquifer between Building 456 and the
drainage outfall.

4.45 Total Inorganics

Of the 24 TAL inorganics analyzed, 18 were detected. Cadmium, cyanide, mercury,
selenium, silver, and thallium were not detected in any of the samples. Arsenic was the only
chemical detected in any samples at a concentration exceeding screening values (Figure 4-8),
Arsenic was detected at concentrations exceeding one or more screening values in 5 of the
10 wells, including YS08-GWO06, the upgradient reference well. The maximum concentration
was detected in the sample from YS08-GWO07 (11.5 ng/L), located north of the drainage. This
concentration exceeded both the RSL (0.045 ng/L) and the MCL (10 pg/L) for this chemical.
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4.4.6 Dissolved Inorganics

Of the 23 inorganics analyzed, 15 were detected. Beryllium, cadmium, cobalt, mercury,
selenium, silver, thallium, and zinc were not detected in any of the dissolved samples. The
only chemical detected at a concentration exceeding a corresponding MCL or RSL was
arsenic (Figure 4-8). Arsenic was detected in only one sample, the upgradient reference
sample (YS08-GWO06), at a concentration of 5.8 ] ng/L, and is therefore unlikely to be site-
related.

447 Geochemical Results

Geochemical samples were collected from six wells at Site 8 (YS08-GWO01, YS08-GWO06,
YS08-GW07, YS08-GWO08, YS08-GW09, and YS08-GW09A). Geochemical parameters are
useful in determining the potential for implementation of various groundwater remedies
including in situ chemical and biological treatments and monitored natural attenuation.
Geochemical results for Site 8 are included in Table 4-5.

e Alkalinity is a measure of the buffering capacity of an aquifer. Alkalinity results ranged
from 150 mg/L to 310 mg/L. These results indicate relatively high buffering capacity,
and limited potential for changing the aquifer pH.

e TOC is generally a good indicator of the presence of organic material in the aquifer.
TOC results indicate the presence of organic carbon in groundwater from five out of six
wells sampled at concentrations between 1 mg/L and 2 mg/L.

e Chloride is useful in determining degradation rates of some substances over time,
particularly chlorinated solvents. Chloride concentrations were between 6 mg/L and
30 mg/L, respectively. These results serve as baseline data as this is the first round of
chloride data collected from Site 8 groundwater.

¢ Nitrate and nitrite are used to determine the oxidizing/reducing potential of the
aquifer. Nitrate was detected in samples from YS08-GW07 and YS08-GWO08 at
concentrations of 0.5 mg/L and 0.9 mg/L, respectively. Nitrite was only detected in the
sample from YS08-GWO08, at a concentration of 0.08 mg/L. At Site 8, nitrogen was found
predominantly in its oxidized state (nitrate). Consequently, it can be concluded that the
aquifer is capable of the oxidation of nitrite, indicating more oxidizing conditions.
However, the overall nitrate/nitrite content of this aquifer is low.

e Sulfate and sulfide are also used to determine the oxidizing/reducing potential of the
aquifer. Sulfate was detected in all samples at concentrations between 17 mg/L and
49 mg/L, respectively. Sulfide was detected in only one sample (YS08-GWO01) at a
concentration of 38 mg/L. At Site 8, sulfur compounds were primarily in their oxidized
state (sulfate); however, some sulfide was detected, indicating that conditions are
reducing enough to facilitate some reduction of sulfate to sulfide in some areas.

e Methane was detected in all wells sampled at concentrations between 2.2x104 mg/L
and 0.19 mg/L. This indicates that conditions are reducing enough in portions of the
aquifer for a small amount of methanogenesis.

¢ Ethane and ethene are degradation products of chlorinated ethanes and ethenes. Ethane
was detected in three samples at concentrations ranging from 3.5%104 mg/L to

ES100609123254VBO 47



REMEDIAL INVESTIGATION REPORT FOR GROUNDWATER AT SITES 8 AND 34

8.3x10+mg/L. Ethene was detected in YS08-GW09 only, at a concentration of 4.9x10-
mg/L. Because there were no substantial quantities of chlorinated solvents detected at
this site, the low levels of ethene and ethane are expected.

Based on geochemical conditions at this site, biological treatments that require either
oxidizing or reducing conditions could be implemented relatively easily, if required.
Remedies requiring attainment of a specific pH (such as certain chemical oxidation
treatments) may be complicated by the high buffering capacity of the aquifer.

4.4.8 Microbial Results

Samples were collected from YS04-GWO01 and YS04-GWO06 for analysis of Dehalococcoides
species to determine the potential for degradation of chlorinated ethenes at the site.
Laboratory analytical reports for the microbial testing are included in Appendix E. Results
are summarized in Table 4-5. Concentrations of Dehalococcoides in these wells were 10.9 cells
per milliliter (cells/mL) and 1.26 cells/ mL, respectively, and indicate the presence of low
concentrations of dechlorinating microorganisms across the site.
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Table 4-1

Site 8 Well Construction Details

Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Screen

Monitoring Well Date Top of Cgsmg Ground S_urface Boring Depth |Well Depth (ft{ Outer Steel .PVC Interval Depth FO
D installed Elevation Elevation (7t bgs) bgs) Casing (ft bgs) Riser (ft Depth Bentonite
(ft above msl) (ft above msl) bgs) (ft bas) (ft bgs)
YS08-GWO01 1/18/97 18.3 15.7 19 19 NA 4 4.0-19.0 1
YS08-GWO01A 1/18/97 17.94 154 100 100 NA 85 85.0-100.0 81
YS08-GW02 1/18/97 15.72 16.4 23 23 NA 8 8.0-23.0 4
YS08-GW03 1/18/97 16.33 16.7 19 19 NA 4 4.0-19.0 1
YS08-GW04 5/12/00 38.89 36.3 44.5 44.5 NA 34 34.0-44.0 30
YS08-GW05 5/16/00 17.09 14.7 20.5 20.5 NA 10 10.0-20.0 6
YS08-GWO06 10/14/07 17.54 17.9 31 31.00 NA 11 11.0-31.0 7
YS08-GWO07 8/8/08 35.88 32.8 44.00 44.00 NA 24 24.0-44.0 20
YS08-GWO08 8/9/09 18.07 15.3 33.00 33.00 NA 13 13.0-33.0 9
YS08-GW09 8/6/08 16.15 134 31 31.00 NA 11 11.0-31.0 7
YS08-GWO09A 8/7/08 16.41 13.5 71 71.00 NA 51 51.0-71.0 47




Table 4-2

Site 8 Field Parameter Results

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Station ID YS08-GWO01 YS08-GWO01A YS08-GWO03 YS08-GW04 YS08-GWO05 YS08-GW06 YS08-GWO07 YS08-GW08 YS08-GW09 YS08-GW09A
Sample ID YS08-GW01-1107 | YS08-GW01A-1107 | YS08-GW03-1107 | YS08-GWO04-1107 | YS08-GWO05-1107 | YS08-GW06-1107 | YS08-GW07-0808 | YS08-GW01-0808 | YS08-GW09-0808 | YS08-GW09A-0808
Sample Date 11/13/07 11/12/07 11/13/07 11/14/07 11/14/07 11/14/07 8/11/08 8/13/08 8/11/08 8/11/08
Field Parameter

Dissolved Oxygen (mg/L) 0.5 3.61 1.43 2.1 0.84 0.38 0.6 0 0 0
Dissolved Oxygen by Chemets (mg/L) 1 1 NA 1 2 1 NA NA NA NA
Oxidation Reduction Potential (mV) 139 -20 182 211 185 -39 66 81 2 -120
PH 6.91 9.79 6.89 7.36 6.77 7 8.2 7.02 6.92 7.53
Salinity (pct) 0.03 0.03 0.03 0.02 0.05 0.04 0.02 0.02 0.02 0.02
Specific Conductivity (mS/cm) 0.728 0.622 0.749 0.559 1.02 0.832 0.42 0.507 0.565 0.52
Temperature (°C) 21.6 18.7 21.8 19.7 18.7 19.9 17.3 20.7 20.4 19.05
Turbidity (NTU) 0 10.2 0 13.2 128 132 315 33.0 178 197

Notes:
C - Degrees centigrade
ft - Feet
gal - Gallons

gal/min - Gallons per minute

mg/L - Milligrams per liter

mS/cm - Milliseimens per centimeter

mV - Millivolts

NTU - Nephelometric turbidity unit

pct - Percent
NA - Not analyzed




Table 4-3

Site 8 Water Level Survey Results
Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Date of | Depth to Bottom | Depth to Water Top of Casing Water Level
Monitoring Well ID Survey (feet) (feet) Elevation (feet) Elevation (feet)
YS08-GWO01 8/25/08 21.30 12.60 18.3 5.70
YS08-GWO01A 8/25/08 101.00 12.25 17.94 5.69
YS08-GW03 8/25/08 18.30 9.82 16.33 6.51
YS08-GW04 8/25/08 46.30 32.00 38.89 6.89
YS08-GW05 8/25/08 19.45 11.05 17.09 6.04
YS08-GWO06 8/25/08 30.30 11.35 17.54 6.19
YS08-GWO07 8/25/08 47.00 31.84 35.88 4.04
YS08-GWO08 8/25/08 35.90 13.52 18.07 455
YS08-GW09 8/25/08 34.00 13.23 16.15 2.92
YS08-GWO09A 8/25/08 71.00 14.15 16.41 2.26




Table 4-4

Site 8 SlugTest Results
Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Site Average

Well Average |Hydraulic
Hydraulic Hydraulic Conductivity
Conductivity [Conductivity |Per Hydrologic
Site Well ID Test Type/ID (ft/day) (ft/day) Unit(ft/day) Comments
Site 8 8GWO01A Falling Head #2 8.01E-04 ECCU Boring log indicates screened in YE, likely
Rising Head #1 3.22E-04 5.62E-04 5.62E-04|screened in ECCU based on K value
8GwW01 Rising Head #1 2.88E+00 Boring log indicates screened in YCU,
Rising Head #4 2.82E+00 2.85E+00 likely screened in YE based on K
8GWO03 Rising Head #1 5.12E+00
Rising Head #2 5.32E+00 YE Boring log indicates screened in YCU,
Rising Head #3 5.50E+00 5.31E+00 4.08E+00|likely screened in YE based on K
Notes

ECCU - Eastover-Calvert Confining Unit
YCU - Yorktown Confining Unit
YE - Yorktown-Eastover Aquifer




Table 4-5

Analytical Detections and Exceedances for Site 8 Groundwater
Remedial Investigation for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Station ID YS08-GWO01 YS08-GWO01A YS08-GWO03 YS08-GW04 YS08-GW05 YS08-GW06 YS08-GWO07 YS08-GWO08 YS08-GW09 YS08-GWO09A
Sample ID MCL - GW RSLSG-I\-;p for YS08-GW01-1107 | YS08-GWO01A-1107 | YS08-GW03-1107 | YS08-GWO04-1107 | YS08-GWO05-1107 | YS08-GWO06-1107 | YS08-GWO06P-1107 | YS08-GWO07-0808 | YS08-GW08-0808 | YS08-GW09-0808 | YS08-GW09P-0808 | YS08-GWO09A-0808
Sample Date 11/13/07 11/12/07 11/13/07 11/14/07 11/14/07 11/14/07 11/14/07 08/11/08 08/13/08 08/11/08 08/11/08 08/11/08
Chemical Name

Volatile Organic Compounds (UGI/L)

2-Butanone - 7,100 wou 321 10U 54 B 10U 10U 10U 10U 10U 10U 10 U 10U
Carbon disulfide - 1,000 10 U 10U 10U 10U 10U 0.44 J 10U 10U 10U 10U 10 U 10U
Chloroform 80 0.19 118B 10U 1.2B 24 B 0.94 B 10U 10U 3.7 10U 10U wou 10U
Tetrachloroethene 5 0.11 10 U 10U 10U 10U 10U 10U 10U 10U 740 10U 10 U 10U
Toluene 1,000 2,300 wou 0.73 J 10U 10U 10U 10U 10U 10U 10U 10U 10 U 10U
Trichloroethene 5 17 2] 10U 10U 10U 10U 10U 10U 10U 10U 10U 10 U 10U
Vinyl chloride 2 0.016 10U 123 10U 10U 10U 10U 10U 10U 10U 10U 10U 10U
Semivolatile Organic Compounds (UG/L)
"bis(z-Ethylhexyl)phthalate 6 4.8 96 9.7 U 9.7 U 9.7 U 9.4 U 9.4 U 9.4 U 9.4 U 9.7 U 9.7 U 9.7 U 9.7 U
"Pesticide/PonchIorinated Biphenyls (UG/L)
HNO Detections

Explosives (UG/L)

1,3,5-Trinitrobenzene - 1,100 01U 01U 0.096 U 01U 0.098 U 01U 01U 0.097 U 14 0.32 0.31 01U
2,4,6-Trinitrotoluene - 2.2 0.3 0.15 U 0.14 U 0.15 U 0.15 U 0.15 U 0.15 U 0.15 U 55 0.95 0.87 0.16 U
2-Amino-4,6-dinitrotoluene - 73 1.9 03U 029 U 031 U 029 U 031U 03U 029 U 73 0.7 0.67 031U
2-Nitrotoluene - 370 0.52 U 05U 0.48 U 051U 049 U 0.52 U 05U 048 U 12U 0.13J 0.46 U 052 U
3,5-Dinitroaniline - - 1UL 1U 0.96 U 1U 0.98 U 1U 1U 0.97 U 443 0.44 J 0.41J 1U
4-Amino-2,6-dinitrotoluene - 73 0.89 0.15 U 0.14 U 0.15 U 0.15 U 0.15 U 0.15 U 0.15 U 82 1.2 11 0.16 U
HMX - 1,800 23 0.15 U 2.3 0.15 U 0.29 0.24 J 0.15 UJ 0.15 U 83 1.8 1.7 0.16 U
"Nitrobenzene - 34 0.15 U 0.15 U 0.14 U 0.15 U 0.15 U 047 0.15 UJ 0.079 B 36U 0.15 U 0.14 U 0.16 U
"Nitroglycerin - 3.7 1U 1U 0.96 U 1U 0.98 U 0.57 J 1U 0.97 U 24 U 0.98 U 0.91 U 1U
RDX - 0.61 18 0.25 U 0.4 0.26 U 19 0.26 U 0.25 U 0.24 U 300 24 2.3 0.26 U
Total Metals (UG/L)

Aluminum - 37,000 293 1,350 650 297 2,890 1,430 500 3,330 2,600 293 339 224
Antimony 6 15 60 U 2] 60 U 60 U 60 U 2617 60 U 60 U 60 U 60 U 60 U 60 U
Arsenic 10 0.045 w0ou 10U 10U 10U 58J 811J 521 115 73 437 10 U 10U
Barium 2,000 7,300 31.8J 50.6 J 28.6 J 1517 474 3 40.5 J 355 26.7 J 31.6J 311 32317 19.2J
"Beryllium 4 73 5U 5U 5U 0.19 J 5U 5U 5U 5U 5U 5U 5U 5U
"Calcium - - 123,000 18,000 129,000 68,200 180,000 133,000 137,000 100,000 104,000 126,000 130,000 57,600
"Chromium 100 110 218B 951 291 6.2J 11.3 6.2J 251 47.2 10.1 1773 16J 21
"Cobalt - 730 50 U 50 U 50 U 50 U 50 U 50 U 50 U 16J 133 113 123 50 U
"Copper 1,300 1,500 3517 9.7 351 25 U 25 U 25 U 25 U 4B 298B 25 U 178B 358B
"Iron - 26,000 550 L 1,240 L 1,130 L 375 L 6,030 L 2,760 L 921 L 6,240 5,200 767 742 513
"Lead 15 -- 28 8B 298B 10U 3B 47 B 3B 288B 6.1J 16J 10U w0ou 10U
"Magnesium - - 2,180 J 1,900 J 2,770 J 1,320 J 3,840 J 3,080 J 3,010 J 2,090 J 2,680 J 3,200 J 3,270 J 2,800 J
"Manganese - 880 58J 6.5J 4.8 J 26J 47.6 735 69.4 23.7 355 210 213 47.1
"Nickel - 730 0.96 J 551 1.2 361J 4313 483 273 7.1 58 B 278 28 B 40 U
Potassium - -- 1,820 J 37,600 1,750 J 1,050 J 2,050 J 2,520 J 2,230 J 10,600 3,120 J 2,680 J 2,720 J 2,980 J
Sodium - - 14,300 74,900 9,850 15,900 27,800 9,350 9,470 22,000 12,500 11,600 12,000 14,500
Vanadium - 260 50 U 531J 2J 1317 9.31J 74 211 21.2J 1 36 B 2B 0.82 B
Zinc - 11,000 7513 11 60 U 841 10.6 J 1133 4.7 3 18 B 18.4 B 122 B 76 B 7B
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Table 4-5

Analytical Detections and Exceedances for Site 8 Groundwater
Remedial Investigation for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Station 1D YS08-GWO1 YS08-GWO1A YS08-GW03 YS08-GW04 YS08-GW05 YS08-GW06 YS08-GW07 YS08-GW08 YS08-GW09 YS08-GWO09A
Sample ID MCL - GW RSLSGT\EP o vS08-GW01-1107 | YS08-GW01A-1107 | YS0B-GW03-1107 | YS08-GW04-1107 | YSOB-GW05-1107 | YSO8-GWO6-1107 | YSOB-GWOSP-1107 | YSOB-GWO7-0808 | YSO08-GWOB-0808 | YSOB-GWO-0808 | YSO8-GWO9P-0808 | YS0B-GWO9A-0808
Sample Date 11/13/07 11/12/07 11/13/07 11/14/07 11/14/07 11/14/07 11/14/07 08/11/08 08/13/08 08/11/08 08/11/08 08/11/08
Chemical Name

Dissolved Metals (UG/L)

Aluminum - 37,000 102 J 440 3 108 J 200 U 200 B 123 B 110 B 89.8 J 200 U 200 U 200 U 200 U
Antimony 6 15 60 U 23 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U 60 U
Arsenic 10 0.045 10U 10 UJ 10U 10U 10U 58 10U 10U 418 10U 10U 10U
Barium 2,000 7,300 303 33.17 28.4 ] 200 U 395 J 34.4 3 339 188 J 218 35.1J 333 1423
[lcaicium - - 113,000 5,830 J 129,000 70,500 170,000 131,000 130,000 82,000 102,000 124,000 126,000 54,300
[lchromium 100 110 0288 063 B 058 079 B 0.69 B 0338 039 B 314 233 10U 10U 10U
[lcopper 1,300 1,500 25 U 423 25 U 25 U 25 U 25 U 25 U 261 3B 25 U 23 241
[liron - 26,000 100 U 100 UJ 100 U 175 8B 174 81.13J 476 B 2498 100 U 35.6 B 3397 152
[lead 15 - 10U 10 UJ 10U 10U 368 288 10U 341 10U 10U 10U 1813
[Magnesium - - 1,970 J 1,000 J 2,680 J 1,310 J 3,140 J 2,750 J 2,750 J 1,240 J 2,000 J 3,080 J 3,160 J 2,720 J
[IManganese - 880 081 B 08B 0.36 B 053 B 351 67.6 66 478 24 201 202 45
[INickel - 730 40U 183 0.93 0.98 J 1.2 181 181 40U 40U 40U 28 40U
Potassium - - 1,560 J 38,400 J 1,610 J 991 J 959 J 2,030 J 2,000 J 9,840 2,200 J 2,580 J 2,670 J 3,000 J
Sodium - - 13,200 68,000 J 10,000 16,400 28,000 9,280 9,110 22,200 12,200 11,700 11,800 14,200
Vanadium - 260 50 U 291 50 U 50 U 50 U 50 U 50 U 2B 113 06 B 0.85B 50 U
\Wet Chemistry (MG/L)

Alkalinity - - 270 NA NA NA NA 280 NA 160 240 300 310 150
Carbon - - 05U NA NA NA NA 2 NA 1 1 2 2 1
[lchioride - - 22 NA NA NA NA 17 NA 30 10 17 17 6
[Ethane - - 3.50E-04 U NA NA NA NA 3.50E-04 U NA 3.50E-04 U 3.70E-04 8.30E-04 1.00E-03 4.20E-04
[Ethene - - 3.30E-04 U NA NA NA NA 3.30E-04 U NA 3.30E-04 U 3.30E-04 U 4.90E-04 5.50E-04 3.30E-04 U
[IMethane - - 2.20E-04 NA NA NA NA 7.30E-04 NA 6.00E-04 0.01 0.17 0.19 0.0021
[Initrate 10 58 02 H NA NA NA NA 0.006 U NA 05 0.9 0.009 B 0.008 B 0.006 U
Nitrite 1 3.7 0.008 UH NA NA NA NA 0.008 U NA 0.008 U 0.08 0.008 U 0.008 U 0.008 U
Sulfate - - 23 NA NA NA NA 49 NA 48 20 22 21 17
Sulfide - - 38 NA NA NA NA 1U NA 1U 1U 1U 1U 1u
Dechlorinating Bacteria (CELL/ML)

[[penatococcoides - - 10.9 NA NA NA NA 1.26 NA NA NA NA NA NA

Notes:

| Exceeds one or more criteria

B - Analyte not detected above the level reported in

hlanke
H

J - Analyte present, value may or may not be accurate or

nreciea

L - Analyte present, value may be biased low, actual

valile mav he hinher

NA - Not analyzed

U - The material was analyed for, but not detected

UH

UJ - Analyte not detected, quantitation limit may be

inaccurate

UL - Analyte not detected, quantitation limit is probably

hinhar
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Figure 4-1

Site 8 Layout

Remedial Investigation Report for Groundwater
Sites 8 and 34

Naval Weapons Station Yorktown
Yorktown, Virginia

*All study area boundaries are solely for the

purpose of showing general site locations.

They are not intended to connote the extent

of contamination, boundaries of investigation, N
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site.
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2B Direct Push

Groundwater 6/6/07

Vinyl Chloride 50
1,1-dichloroethene
cis-1,2-dichloroethene

Toluene

Explosives (p

4-nitrotoluene 0.12 JP
HMX 3
RDX

To York
River

e o]

Groundw ater 6/6/07
[Volatile Organic Compounds (ug/L)
Chloroform J
Chloromethane

Methylene Chloride
Tetrachloroethene

Groundw ater 5/22/07
Acetone
Chloromethane
Trichloroethene
Toluene
Nitroglycerine 0 2,4,6-trinitrotoluene
2-amino-4,6-dinitrotoluene
3,5-dinitrotoluene
4-amino-2,6-dinitrotoluene

|
Groundw ater 5/16/07 Nitroglycerine

Acetone 14 B

Chloromethane

Toluene

(u

EX|
HMX
RDX

2 Direct Push 7
Groundw ater 5/16/07 |
Volatile Organic Compounds (ug/L) |
Vinyl Chloride
1,1-dichloroethene
trans-1,2-dichloroethene
cis-1,2-dichloroethene

\Volatile Organic Compounds (pg/L)
Acetone

1,1-dichloroethene 7
trans-1,2-dichloroethene 70
cis-1,2-dichloroethene

2-Butanone

Carbon disulfide

Chloroform

Chemical Name RSL

'!"- 6 Direct Push 12 ft bgs
8 Groundw ater 5/17/07

Explosives (pg/L)

Explosives (ug/L) |
HMX

Chloromethane
Methylene Chloride

57|

| e | |

Groundw ater 5/18/07 |
[Volatile Organic Compounds (ug/L)|
Acetone 4B
Chloromethane 517
Methylene Chloride 13
Toluene 2B
Trichloroethene 1J

Explosives (pg/L)

.| 2-amino-4,6-dinitrotoluene

4-amino-4,6-dinitrotoluene | 0.35 JP

Eastern Branch of Felgates Creek

initrobenzene
1,3,5-Trinitrobenzene
2,4,6-Trinitrotoluene
2-Amino-4,6-dinitrotoluene
3,5-dinitrotoluene
2-nitrotoluene
3-nitrotoluene

2C Direct Push
Groundwater

6/6/07

\Volatile Organic Compounds (pg/L)

LEGEND

@ Secondary DPT Locations

Study Area Boundary
Drainage Channel
Initial DPT Location

MCL - Maximum Contaminant Level
RSL - Risk Screening Level
ug/L - micrograms per Liter

HMX - 1,3,5,7-tetranitro-1,3,5,7-tetrazocane
RDX - 1,3,5-Trinitroperhydro-1,3,5-triazine

B - Possible Blank Contamination
D - Diluted Result
J - Value is estimated

M - Duplicate Injection Precision Not Met

4-amino-2,6-dinitrotoluene
HMX

Nitrobenzene

RDX

Exceeds MCL Criteria Only
Exceeds RSL Criteria Only
Exceeds both MCL and RSL Criteria

P - RPD Between 2 columns is > 40
ft bgs - feet below ground surface
*Indicates duplicate sample, most
conservative value used

N

40 80
e el Fect

4-Amino-2,6-dinitrotoluene
HMX

Nitrobenzene

Nitroglycerin

RDX

Figure 4-2

Site 8 Direct Push Sampling Results
Remedial Investigation Report for Groundwater

Sites 8 and 34

Naval Weapons Station Yorktown

Yorktown, Virginia
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Figure 4-3

Location of Geological Cross Section for Site 8
Remedial Investigation Report for Groundwater
Sites 8 and 34

Naval Weapons Station Yorktown

Yorktown, Virginia




A A
8GWO9A 8GW01/1A 8GW03 8GW06

20F

-20F

40k

Elevation ft amsl

-65F

-80F

LEGEND Figure 4-4
Geologic Cross Section for Site 8
- Yorktown-Eastover Aquifer Remedial Investigation Report for Groundwater
Sites 8 and 34
- Yorktown Confining Unit Naval Weapons Station Yorktown

Yorktown, Virginia

: : CHZ2MHILL
ES102008026WDC Figured-4_v3.ai



\

TFo York
River

N
(b}
=
O
n
D
=
©
=P
(b}
LL
Y=
o
(=
[&)
=
©
-
m
G
=
[}
-
n
©
LLl

LEGEND
Study Area —® Groundwater Flow
Drainage Channel
& Existing Monitoring Well (location surveyed)
@ Unable to locate well since Spring 2003, possibly graded over
= E|evation Contour
= = Elevation Contour (Inferred)

Figure 4-5

Site 8 Potentiometric Surface Map

Remedial Investigation Report for Groundwater
Sites 8 and 34

Naval Weapons Station Yorktown

Yorktown, Virginia




\\aphrodite\proj\18qis\Yorktown\figures\RI Report for GW\Fiqure4-6_Site8 VOC Detections.mxd 12/8/08 MUnwin

YS08-GW01
11/13/07

YS08-GW04

- " YS08-GWO07
Volatile Organic Compounds /L -
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{Semivolatile Organic Compounds (ug/L) 3
No detections - No detections
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|Sample Date 11/12/07
\Volatile Organic Compounds (pg/L)
“|2-Butanone 3.2
Toluene 0.73J . N
Vinyl chloride 1.2 : \

Semivolatile Organic Compounds (ug/L) A To York
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Station ID YS08-GW06
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Volatile Organic Compounds (pg/L)
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SECTION 5

Site 34 Remedial Investigation Results for
Groundwater

This section includes background information, investigation results, and nature and extent
of groundwater contamination at Site 34.

5.1 Location, Setting, History, and Hydrogeology

Site 34, The Building 537 Discharge to Felgates Creek, is approximately 0.4 acres in size and
is located in the north-central part of WPNSTA Yorktown (Figures 2-1 and 5-1). A one-lane
asphalt road encircles Buildings 460, 459, 537, 458, and 651, which are concrete bunkers set
into a hillside. South of the road, the sparsely wooded terrain slopes steeply to a flat marsh
wetland area north of the main channel of the Eastern Branch of Felgates Creek . Site 34
consists of a pipe which originates at Building 537 and extends south to Felgates Creek.
Nitramine-contaminated wastewater was reportedly discharged through the pipe.

The surface geology at Site 34 consists of approximately 10 ft of silt and clay consistent with
the Yorktown confining unit. This silt and clay unit overlies the Yorktown-Eastover aquifer
which consists predominantly of sand, but includes an approximately 10 ft thick clay lens at
30-40 ft bgs at Site 34. Based on the USGS study conducted at WPNSTA Yorktown
(Brockman et al., 1997), the Yorktown-Eastover aquifer is approximately 80 ft thick near
Site 34. Depth to groundwater at the site is between 10 and 12 ft bgs. Groundwater flows
south toward the Eastern Branch of Felgates Creek.

5.2 Previous Investigations

Several investigations and a removal action have been completed at the site. Results of this
work are included in the following documents and summarized below:

Administrative
Title Author/Date Record #

Relative Risk Ranking System, Data Collection Investigation, Baker, 1995b 00675
Naval Weapons Station Yorktown, Yorktown, Virginia.

Final Round Two Remedial Investigation Report for Sites 2, 8, Baker, 2004 01548
18, and Site Screening Area 14. Naval Weapons Station
Yorktown, Yorktown, Virginia

Work Plan for the Pre-Removal Characterization of Soils, Baker, 2005b 01687
Sites 2, 18, SSA 14

EE/CA for Contaminated Soil and Sediment, Site 8 and Baker, 2005¢ 02076
SSA 14

Action Memorandum for Contaminated Soil and Sediment, Baker, 2005d 01871

Site 8 and SSA 14
Work Plan Interim Removal Action, Site 8 and SSA 14 Shaw, 2006 01890

ES100609123254VBO 5-1



REMEDIAL INVESTIGATION REPORT FOR GROUNDWATER AT SITES 8 AND 34

Administrative
Title Author/Date Record #

ESS Determination for Soil and Sediments, Site 8 and SSA 14 NOSSA, 2006 02033
RI Work Plan for Groundwater, Sites 4, 8, 21, 22, and SSA 14  CH2M HILL, 2007 02153

Final Construction Completion Report, Site 8 and SSA 14 Shaw, 2009 No admin record
number yet

Site 34 is a discharge area from Building 537 through which nitramine-contaminated
wastewater was reportedly discharged to the Eastern Branch of Felgates Creek (Baker,
1995a). Potential human health risks were identified in drainage area soils from exposure to
explosives and inorganics, and in groundwater from exposure to VOCs; potential ecological
risks were identified in drainage area soils and sediments from exposure to VOCs,
explosives, and inorganics, and in surface water from exposure to explosives and inorganics
(Baker, 2004).

In 2005, soil and sediment sampling was conducted within the drainage area to support
removal action. Sampling results were used to complete an EE/CA (Baker, 2005c) and
Action Memorandum (Baker, 2005d) for a NTCRA. The EE/CA recommended excavation
with off-site disposal of contaminated soils and sediments within the drainage channel to
mitigate potential unacceptable human health and ecological risks. Cleanup goals were
developed as part of this EE/CA for protection of human health and ecological receptors.

The drainage area removal action was completed in 2008 (Shaw, 2008). While the source
area has been removed, potential impacts to groundwater and potential transport in
groundwater to nearby surface water bodies were not addressed. The purpose of this RI was
to investigate these dynamic media.

5.3 Field Activities and Investigation Results

5.3.1 Membrane Interface Probe Sample Results

A MIP study was conducted at Site 34 in March and April of 2007 in accordance with the
decision diagram shown on Figure 5-2. The objective of the study was to better determine
the horizontal and vertical distribution of chlorinated VOCs. Details regarding how this
investigation was conducted are included in Section 3.3. Full study results are presented in
Appendix F and summarized below.

The MIP investigation grid with color-coded ECD responses is shown on Figure 5-3.

This grid was extended eastward from what was approved in the work plan to further
evaluate this area. The results of this investigation are presented in plane view (Figure 5-4)
and cross section view (Figure 5-5). These results indicate that the maximum ECD response
zone (or possible VOC plume core) is located east of the Building 537 discharge pipe, and
immediately downgradient from an area between Buildings 537 and 458. The results also
indicate that the maximum ECD response zone is located between 10 and 40 ft bgs, and
appears to be constrained vertically by fine-grained lithology at about 40 ft bgs.
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Based on the results of this investigation, a DPT groundwater sample was collected from
32-36 ft bgs to further investigate the maximum ECD response zone. Details regarding the
DPT groundwater sample results are presented in Section 5.3.2.

5.3.2 Direct Push Technology Sampling Results

Based on the results of the MIP study (Section 5.3.1), a DTP groundwater sample was
collected east of the Building 537 discharge pipe, and immediately downgradient from an
area between Buildings 537 and 458. The purpose of this sample was to investigate the
maximum ECD response zone identified during the MIP study. This sample was collected
in April 2007 from a depth of 32-36 ft bgs and evaluated for chlorinated VOCs and
explosives. DPT results are presented on Figure 5-6. Raw data are included in Appendix D.

DPT sample results indicated that a number of VOCs were present in groundwater at
concentrations exceeding MCLs and/or RSLs, but no explosives were detected at this depth.
VOCs that exceeded MCLs included 1,1-DCE (640 D pg/L), cis-1,2-DCE (150 JD ng/L),
1,1,1-trichloroethane (1,1,1-TCA) (210 D pg/L), and TCE (1,800 D pg/L).

Based on the DPT results, monitoring well pair A14GWO05 (10-30 ft bgs) and A14GWO05A
(30-50 ft bgs) were installed. Details regarding these new monitoring wells are discussed in
Section 5.3.3.

5.3.3 Monitoring Well Installation

Two new monitoring wells were installed in support of the groundwater RI at Site 34 based
on the results of the MIP (Section 5.3.1) and DTP (Section 5.3.2) investigations.

¢ A14GWO05—Shallow monitoring well screened within the top of the Yorktown-Eastover
aquifer to investigate the MIP maximum ECD response zone where follow-up DPT
sampling indicated elevated levels of VOCs. The maximum ECD zone was identified at
10-40 ft bgs, and this well was screened from 10-30 ft bgs and analyzed for VOCs,
explosives, and inorganics.

¢ A14GWO05A — Deeper monitoring well screened within the middle portions of the
Yorktown-Eastover aquifer to investigate the MIP maximum ECD response zone. The
maximum ECD zone was identified at 10-40 ft bgs, and this well was screened from
30-50 ft bgs and analyzed for VOCs, explosives, and inorganics.

General well installation procedures are described in Section 3.3. Monitoring well
construction details for new and existing wells are tabulated on Table 5-1, and locations are
shown on Figure 5-1. Hydrogeologic cross sections are included on Figures 5-7 and 5-8.
Boring logs and construction diagrams are included in Appendix A.

5.3.4 Groundwater Sampling and Results of Field Water Quality Measurement

Groundwater samples were collected from existing (i.e., A14GWO01, 01A, 02, 03, and 04A)
and new (i.e., A14GWO05 and 05A) monitoring wells in accordance with procedures
described in Section 3.5. Field parameters were collected during groundwater purging and
are presented as Table 5-2.

Based on the Horiba water quality indicator, DO concentrations at the site ranged from
0.23 mg/L to 5.03 mg/L. ORP results ranged from -167 mV to 74 mV. The DO meter
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appears to have been malfunctioning during purging because the corresponding ORP for
the well in which a DO of 5.03 mg/L was measured was only -57 mV. This DO
concentration is very high and would be expected to correspond to a much higher ORP
value. Chemets™ results ranged from 0.6 mg/L to 1 mg/L, and were generally more
consistent with the ORP results. In general, DO and ORP results indicated slightly oxidizing
to reducing conditions. Groundwater pH was relatively neutral, ranging from 6.89 to 7.54.
Salinity results ranged from 0.02 percent to 0.04 percent, indicating fresh water across the
site. Specific conductance values ranged from 0.439 mS/cm to 0.867 mS/cm across the site,
indicating a slight ionic potential in site groundwater. Following purging and collection of
field parameters, Site 34 wells were sampled for TCL VOCs, explosives, and TAL total and
dissolved metals using low flow purging methodology. Pesticide, PCB, and SVOC samples
were not collected because these chemicals were not detected at concentrations posing risk
during previous investigations as described in the work plan. Additionally, YSA14-GW05
and YSA14-GWO05A were sampled for alkalinity, chloride, nitrate, nitrite, sulfate, sulfide,
TOC, and Dehalococcoides sp. to evaluate the potential for natural attenuation of groundwater
contaminants.

5.3.5 Water Level Survey

Groundwater elevations were measured from monitoring wells on January 15, 2008 in
accordance with Section 3.6. Results are included in Table 5-3 and presented on Figure 5-9.
The results indicate the shallow groundwater within the Yorktown-Eastover flows
southward and discharges to the Eastern Branch of Felgates Creek.

5.3.6 Slug Testing

Aquifer testing was completed at two monitoring wells (A14GW01 and A14GWO01A).
Results are included in Table 5-4. Rising and falling head tests were completed for well
A14GWO1A. Only the rising head test was conducted at well A14GWO01 since the static
water level was located below the top of the well screen and the falling head test could
result in water draining from the well into the gravel pack and vadose zone providing an
overestimation of the hydraulic conductivity. Results indicate that the average horizontal
hydraulic conductivity within the Yorktown-Eastover aquifer was 4.53 ft/day.

5.4 Groundwater Analytical Results and Nature and Extent of
Groundwater Contamination

Groundwater samples were collected from all seven monitoring wells for VOCs, explosives,
and total and dissolved metals to determine the nature and extent of contamination.
Analytical detections are summarized in Table 5-5. Raw results are included in

Appendix D. Analytical results are summarized by contaminant type below.

54.1 TCL VOCs Results

Eleven VOCs were detected in groundwater at Site 34 with the highest concentrations in the
vicinity of Buildings 537 and 458 (Figure 5-10). TCE, cis-1,2-DCE, and 1,1-DCE were
detected above their respective MCLs of 5 ng/L, 70 ung/L, and 7 pg/L in samples from
YSA14-GWO01 and YSA14-GWO05. In the sample from YSA14-GWO01, TCE, cis-1,2-DCE, and
1,1-DCE were detected at concentrations of 1,400 ug/L, 110 ug/L, and 400 pg/L,
respectively. In the sample from YSA14-GWO05, TCE, cis-1,2-DCE, and 1,1-DCE were
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detected at concentrations of 1,400 ug/L, 130 ug/L, and 320 pg/L, respectively. 1.1-DCA
was also detected at a concentration greater than the MCL in the sample from YSA14-GW05
(47 pg/L). The only other shallow monitoring well sample in which VOCs were detected
above MCLs was the sample from YSA14-GWO03. Concentrations detected in the sample
from YSA14-GWO03 were substantially less than the concentrations detected in the other
samples (TCE = 46 pg/L, cis-1,2-DCE = non-detect, and 1,1-DCE =12 pg/L). Other VOCs
(1,1,2-TCA, PCE and 1,2-DCA) were detected at concentrations exceeding RSLs, but not
MCLs in one or more samples. The data indicate that VOCs are somewhat constrained to
the upper portions of the Yorktown-Eastover. For example, TCE concentrations decrease
from 1,400 ng/L at A14GWO05 (10-30 ft bgs), to 64 pg/L at A14GWO05A (30-50 ft bgs), to

41 B pg/L at A14GWO1A (70-80 ft bgs). This is consistent with the results of the MIP study
(Figure 5-5).

5.4.2 Explosives Results

Six explosives were detected in Site 34 groundwater. One or more explosives was detected
in every shallow well at the site. However, only concentrations of RDX and nitrobenzene
exceeded RSLs (there are no MCLs for comparison purposes). Maximum concentrations of
RDX were identified in groundwater from shallow monitoring well A14GW02, which is
located more than 100 ft west and cross-gradient of the Building 537 discharge pipe. This
well identified 34 pg/L of RDX, which is well above the screening level of 0.61 pg/L. The
next highest detection of RDX was at shallow well A14GWO01 (5.5 ng/L) located adjacent to
and east of the discharge pipe. The distribution of the explosives indicates these
contaminants may be related to the discharge pipe. The only other compound detected
above screening levels was nitrobenzene. This compound was detected in deep upgradient
monitoring well A14GWO04A (92-100 ft bgs) at 13 pg/L, which is slightly above the screening
level of 3.4 ug/L. The relationship of this detection to the discharge pipe indicates it is not
site-related, and this result is questionable since no explosives had been detected in this well
during previous investigations. Figure 5-11 shows the spatial distribution of explosive
compounds detected in site groundwater.

5.4.3 Total Inorganics

Of the 24 TAL inorganics analyzed, 18 were detected. Antimony, cadmium, cyanide,
mercury, selenium, silver, and thallium were not detected in any of the samples. Arsenic
and chromium were detected concentrations greater than corresponding MCLs and/or
RSLs. Highest concentrations of these inorganics were detected in the sample from YSA14-
GWO1 (33.1 pg/L and 151 pg/L, respectively). Concentration distribution and screening
value exceedances are shown on Figure 5-12.

5.4.4 Dissolved Inorganics

Of the 23 dissolved inorganics analyzed, 12 were detected. Aluminum, antimony, beryllium,
cadmium, cobalt, mercury, selenium, silver, thallium, vanadium, and zinc were not detected
in any of the dissolved samples. The only chemical detected at a concentration exceeding a
corresponding MCL or RSL was arsenic (Figure 5-12). Arsenic was detected in only one
sample, YSA14-GWO02, at a concentration of 4.9 ] ng/L, which is greater than the RSL

(0.045 pg/L), but less than the MCL (10 ng/L).
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5.45 Geochemical Results

Geochemical samples were collected from two wells at Site 23, YS14A-GWO05 and YS14A-
GWO05A. Geochemical parameters are useful in determining the potential for
implementation of various groundwater remedies including in situ chemical and biological
treatments and monitored natural attenuation. Geochemical results for Site 14 are included
in Table 5-5. Alkalinity results ranged from 200 mg/L to 300 mg/L. Alkalinity is a measure
of the buffering capacity of an aquifer. These results indicate relatively high buffering
capacity, and limited potential for changing the aquifer pH. Organic carbon was not
detected in either of the well samples, indicating a low biological population and little
organic matter in the aquifer at the site. Chloride concentrations in samples from YS14A-
GWO05 and YSA14-GWO05A were 30 mg/L and 8 mg/L, respectively. Chloride is useful in
determining degradation rates of some substances over time, particularly chlorinated
solvents. This is the first round of chloride data collected at this site and thus, these results
serve as baseline data. Nitrate was detected in the shallow well of the GW05 well pair at a
concentration of 0.2 mg/L. Nitrite was not detected in any of the samples. Nitrate and nitrite
are used to determine the oxidizing/reducing potential of the aquifer. At Site 34, nitrogen
was found in its oxidized state (nitrate), and but not in its reduced state (nitrite).
Consequently, it can be concluded that the aquifer is capable of the oxidation of nitrite.
However, the overall nitrate/nitrite content of this aquifer is low. Sulfate was detected in
the two samples at concentrations of 12mg/L to 16 mg/L. Sulfide was detected in the deep
sample only at a concentration of 1 mg/L. Sulfate and sulfide are also used to determine the
oxidizing/reducing potential of the aquifer. At Site 34, sulfur compounds were primarily in
their oxidized state (sulfate); however, some sulfide was detected in the deeper well,
indicating that conditions are reducing enough in the deeper portion of the aquifer to
facilitate some reduction of sulfate to sulfide. Methane was detected in the shallow well at a
concentration of 4.7x104 mg/L. This indicates that conditions are reducing enough for
methanogenesis. Neither ethane nor ethene was detected in either of the wells sampled.
Ethane and ethene are degradation products of chlorinated ethanes and ethenes. Because
there were significant levels of chlorinated solvent found at the site, it appears that the rate
of degradation in the groundwater for these chemicals is very slow. Based on geochemical
conditions at this site, biological treatments which require reducing conditions could be
implemented relatively easily, if required. Remedies requiring attainment of a specific pH
(such as certain chemical oxidation treatments) may be complicated by the high buffering
capacity of the aquifer.

5.4.6 Microbial Results

Samples were collected from YSA14-GWO05 and YSA14-GWO5A for analysis of
Dehalococcoides species to determine the potential for degradation of chlorinated ethenes at
the site. Laboratory analytical reports for the microbial testing are included in Appendix E.
Results are summarized in Table 5-5. Concentrations of Dehalococcoides in these wells were
4.98x101 cells/mL and 5.07x10 cells/mL, respectively, and indicate that site conditions
may allow for some reductive dechlorination of VOCs.
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Table 5-1

Site 34 Well Construction Details
Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Top of Ground Outer
N Casing Boring Well PVC [Screen Interval| Depth to
Monitoring Date . Surface Steel . .
Elevation . Depth Depth . Riser Depth Bentonite
Well ID Installed (ft above Elevation (ftbgs) | (it bgs) Casing (7t bgs) (7t bgs) (7t bgs)
(ft above msl) g 95) | (ft bgs) g g g
msl)
YSA14-GWO01 1/9/97 17.57 18 24 24 N/A 9 9.0-24.0 5
YSA14-GWO01A | 5/20/00 18.35 17.57 80.5 60 N/A 70 70.0-80.0 78
YSA14-GWO02 5/17/00 14.22 12.5 20.5 20 N/A 10 10.0-20.0 6
YSA14-GWO03 | 5/19/00 20.05 18.1 20.5 20 N/A 10 10.0-20.0 6
YSA14-GWO04A | 5/18/00 43.6 41.2 100.5 100 N/A 90 90.0-100.0 88
YSA14-GWO05 | 10/13/07 19.82 17.1 30 30 N/A 10 10.0-30.0 6
YSA14-GWO5A | 10/14/07 19.79 17.1 50 50.00 N/A 30 30.0-50.0 26




Table 5-2
Site 34 Field Water Quality Results

Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Station ID YSA14-GWO01 YSA14-GWO01A YSA14-GW02 YSA14-GWO03 YSA14-GWO04A YSA14-GWO05 YSA14-GWO05A
Sample ID YSA14-GWO01-1107 | YSA14-GWO01A-1107 | YSA14-GW02-1107 | YSA14-GWO03-1107 | YSA14-GWO04A-1107| YSA14-GW05-1107 | YSA14-GWO05A-1107
Sample Date 11/8/07 11/7/07 11/9/07 11/9/07 11/12/07 11/8/07 11/8/07
Field Parameter

Dissolved Oxygen (mg/L) 3.87 5.03 0.23 0.26 0.47 3.88 3.25
Chemets Dissolved Oxygen (mg/L) 1 1.0 0.8 0.6 1 1 1
Oxidation Reduction Potential (mV) 42 -57 -43 74 -167 39 -113
pH 7.04 7.44 6.89 7 7.45 7.06 7.36
Salinity (pct) 0.03 0.02 0.03 0.04 0.02 0.03 0.02
Specific Conductivity (mS/cm) 0.688 0.562 0.787 0.867 0.485 0.687 0.439
Temperature (°C) 18.6 17.5 17.5 17.5 18.7 17.3 16.6
Turbidity (NTU) NA 3 98.2 54.6 0 NA 130

Notes:
C - Degrees centigrade
ft - Feet
gal - Gallons
gal/min - Gallons per minute
mg/L - Milligrams per liter
mS/cm - Milliseimens per centimeter
mV - Millivolts
NTU - Nephelometric turbidity unit
pct - Percent
NA - Not analyzed




Table 5-3

Site 34 Water Level Survey
Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Date of |Depth to Bottom | Depth to Water | Top of Casing Water Level
Monitoring Well ID Survey (feet) (feet) Elevation (feet) | Elevation (feet)
YSA14-GWO01 1/15/08 23.1 12.92 17.57 4.65
YSA14-GWO1A 1/15/08 79.85 13.01 18.35 5.34
YSA14-GWO02 1/15/08 19.6 8.1 14.22 6.12
YSA14-GWO03 1/15/08 19.95 14.19 20.05 5.86
YSA14-GWO04A 1/15/08 101.97 36.35 38.89 2.54
YSA14-GWO05 1/15/08 33.02 16.42 19.82 3.40
YSA14-GWO05A 1/15/08 54.1 16.45 19.79 3.34




Table 5-4
Site 34 Slug Test Results

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Site Average

Well Average Hydraulic
Hydraulic Hydraulic Conductivity
Conductivity| Conductivity |Per Hydrologic
Site Well ID Test Type/ID (ft/day) (ft/day) Unit (ft/day) Comments

SSA14 A14GWO01 Rising Head #1 4.76E+00

Rising Head #2 4.64E+00 YE

Rising Head #3 4.19E+00 4.53E+00 4.53E+00 YE

A14GWO01A |Falling Head #1 1.79E-02 ECCU

Rising Head #1 9.57E-03 1.37E-02 1.37E-02 Assumed ECCU based on boring log
Average Hydraulic Conductivity (ft/day)
Y orktown-Eastover Aquifer 2.51E+00
Eastover-Calvert Confining Unit 7.14E-03

Notes

ECCU - Eastover-Calvert Confining Unit
YCU - Yorktown Confining Unit
YE - Yorktown-Eastover Aquifer




Table 5-5

Site 34 Groundwater Analytical Results

Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Station ID MCL- RSLs Tap for YSA14-GWO01 YSA14-GWO1A YSA14-GW02 YSA14-GWO03 YSA14-GWO04 YSA14-GWO05 YSA14-GWO5A
Sample ID Groundwater | GW (no Surr) YSA14-GWO01-1107 YSA14-GWO01A-1107 YSA14-GWO01AP-1107 YSA14-GWO02-1107 YSA14-GW03-1107 YSA14-GWO04-1107 YSA14-GWO05-1107 YSA14-GWO05A-1107
Sample Date 11/08/07 11/07/07 11/07/07 11/09/07 11/09/07 11/12/07 11/08/07 11/08/07
Chemical Name

Volatile Organic Compounds (UG/L)

1,1,1-Trichloroethane 200 9,100 140 10U 10U 10U 291 10U 150 10 U
1,1,2-Trichloroethane 5 0.24 13 10U 10U 10U 10U 10U 16J 10U
1,1-Dichloroethane - 2.4 42 10U 10U 10U 10 U 10U 47 10U
1,1-Dichloroethene 7 340 400 10U 10U 10U 12 10U 320 14
1,2-Dichloroethane 5 0.15 211 10U 10U 10U 10U 10U 2517 10U
2-Butanone -- 7,100 10U 10 U 10U 10U 10U 321 10U 10U
Tetrachloroethene 5 0.11 3.61J 10U 10U 10U 10U 10U 42 10U
Toluene 1,000 2,300 10U 10 U 10U 10U 10U 1J 10U 10U
Trichloroethene 5 1.7 1,400 39B 41B 13 46 10U 1,400 64
cis-1,2-Dichloroethene 70 370 110 10U 10U 10U 10U 10U 130 56J
trans-1,2-Dichloroethene 100 110 1.7 10U 10U 10U 10U 10U 1.8 10U
Explosives (UG/L)

1,3,5-Trinitrobenzene -- 1,100 01U 0.098 U 0.098 U 01U 0.099 U 0.08 J 0.037 J 0.097 U
2-Amino-4,6-dinitrotoluene -- 73 0.3 U 0.29 U 0.29 U 2.6 03U 03U 031 U 0.29 U
4-Amino-2,6-dinitrotoluene -- 73 0.07 J 0.15U 0.15 U 0.81 0.15U 0.15U 0.16 U 0.15 U
HMX - 1,800 8.2 0.15 U 0.15 U 59 0.48 0.15 U 0.51 0.15U
"Nitrobenzene -- 3.4 0.15U 0.15 U 0.15U 0.15U 0.15U 13 0.16 U 0.12J
RDX -- 0.61 5.5 0.24 U 0.24 U 34 0.65 0.25 U 1.2 0.24 U
Total Metals (UG/L)

Aluminum - 37,000 10,200 K 162 J 200 U 1,480 K 138 K 270 1,510 K 387 K
Arsenic 10 0.045 33.1 10U 10U 11.3 10U 10 U 7.73J 3.7
Barium 2,000 7,300 65.7 J 200 U 200 U 3573 28.91J 20.8 J 40.7 J 29.1J
[lBerytiium 4 73 0.47 J 5 UL 5 UL 5U 5U 5U 0.21J 5U
Cadmium 5 18 0.34J 0.68 J 031J 36J 5U 5U 5U 5U
Calcium -- -- 171,000 52,700 51,700 132,000 127,000 57,300 131,000 83,400
Chromium 100 -- 151 150 72.5 76 J 1.7 14 36.7 122
Cobalt - 730 561J 1.8 50 U 50 U 50 U 50 U 50 U 1517
Iron -- 26,000 23,400 K 1,130 634 3,390 K 249 K 1,030 L 3,490 K 1,400 K
[|lLead 15 - 8713 10U 10U 10U 10U 278 10U 10U
"Magnesium -- -- 6,500 5,370 5,220 3,530 J 3,460 J 3,630 J 3,510 J 2,420 J
[[Manganese - 880 101 25.5 16.3 49.4 2413 319 18.6 53.4
"Nickel - 730 67.3 73.4 35417 313 40 U 6.9J 1723 57.7
Potassium - - 4,890 J 5,480 5,280 1,580 J 1,750 J 3,370 J 1,960 J 1,870 J
Sodium -- -- 11,500 55,200 53,200 8,550 23,600 23,400 12,000 6,140
Vanadium - 260 49 J 1517 1.1 4.1 50 U 50 U 8.6J 1.73J
Zinc -- 11,000 44.4 ) 7L 52 L 60.3 B 60 U 13.9J 6.9J 4.8 J
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Table 5-5

Site 34 Groundwater Analytical Results

Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Station ID el RSLS Tap for YSA14-GW01 YSA14-GWO1A YSA14-GWO2 YSA14-GW03 YSA14-GW04 YSA14-GWO5 YSA14-GWO5A
Sample ID Groundwater | GW (no Surr) || YSA14-GW01-1107 | YSAL4-GWOLA-1107 | YSA14-GWOIAP-1107 | YSAL4-GW02-1107 | YSAL4-GW03-1107 | YSAL4-GWO4-1107 | YSA14-GWO5-1107 | YSA14-GWO5A-1107
Sample Date 11/08/07 11/07/07 11/07/07 11/09/07 11/09/07 11/12/07 11/08/07 11/08/07
Chemical Name

Dissolved Metals (UG/L)

Arsenic 10 0.045 10U 10U 10U 491 10U 10U 10U 10U
Barium 2,000 7,300 35.4 200 U 200 U 326 J 313 16.6 J 35 26.1J
Calcium - - 127,000 54,300 53,100 130,000 132,000 55,200 126,000 79,700
Chromium 100 - 0.94 L 187 075 L 039 B 027 B 037 B 0.94 J 10U
[lron - 26,000 273 143 118 L 408 B 100 U 391 274 B 294
[|lLead 15 - 10U 28 10U 10U 10U 10U 10U 10U
[[Magnesium - - 3,620 J 5,430 5,260 3,350 J 3,590 J 3,530 J 3,180 J 2,270 J
[[Manganese - 880 0.82 B 8.9 J 8.9 J 40.2 J 128 25.1 753 36.9 J
[INickel - 730 143 25 L 24 L 40U 40U 153 53 40U
Potassium - - 1,420 J 5,580 5,420 1,320 J 1,790 J 3,290 J 1,580 J 1,810 J
Sodium - - 11,300 55,600 54,000 8,650 B 24,400 22,900 12,200 5,990
Zinc - 11,000 60 U 58 L 60 UL 345 8B 60 U 6.5 J 60 U 60 U
\Wet Chemistry (MG/L)

Alkalinity - - NA NA NA NA NA NA 300 200
Chloride - - NA NA NA NA NA NA 30 8
[[Methane - - NA NA NA NA NA NA 1.90E-04 U 4.70E-04
Nitrate 10 58 NA NA NA NA NA NA 0.2 0.006 U
Sulfate - - NA NA NA NA NA NA 12 16
Sulfide - - NA NA NA NA NA NA 1U 1
Dechlorinating Bacteria (CELL/ML)
[Ipenalococcoides - - NA NA NA NA NA NA 0.498 0.507

Notes:

| Exceeds one or more criteria

B - Analyte not detected above the level reported

in hlanks

CELL/ML - Cells per Milliliter
J - Analyte present, value may or may not be

acclirate nr nrecice

K - Analyte present, value may be biased high,
artual valiie mav he lnwer

L - Analyte present, value may be biased low,
artual valiie mav he hinher

MGI/L - Milligrams per liter

NA - Not analyzed

U - The material was analyed for, but not

detacted

UGIL - Micrograms per liter
UL - Analyte not detected, quantitation limit is

nraohahlv hinher
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SECTION 6

Surface Water and Sediment Investigation
Results

This section summarizes the results of the surface water and sediment sampling efforts
completed as part of the Groundwater RI field efforts. Sampling methodology is described
in Section 3.7. Samples locations are shown on Figure 6-1. All samples were collected in the
Eastern Branch of Felgates Creek and the marsh adjacent to Sites 8 and 34. The Eastern
Branch of Felgates Creek is a tidal water body that feeds into the Main Branch of Felgates
Creek which feeds into the York River. Because samples were collected from the same
surface water body, sample results for both sites are discussed together.

6.1 Surface Water Analytical Results

This section summarizes surface water analytical results, field parameters, and geochemical
results. Organic detections are shown on Figure 6-2. Inorganic detections exceeding
ecological or human health screening values are shown on Figure 6-3. Detections are
included in Tables 6-1 through 6-3.

6.1.1 VOCs

Four VOCs were detected in surface water: TCE, 1,1-DCE, cis-1,2-DCE and 1,1,1-TCA.
Highest concentrations of these chemicals were 43 ng/L, 15 ug/L, 6.8 ] ng/L and 2.3 ] ug/L,
respectively. The detected concentrations of TCE exceeded the human health risk screening
value (tap water RSLx10) of 0.26 ] ng/L. VOCs were detected in the surface water samples
located closest to Site 34 (YSA14-SW04 and its duplicate). There were no VOCs detected in
surface water samples near Site 8 or in upstream reference samples.

6.1.2 SVOCs

There were no detections of SVOCs in any of the surface water samples collected as part of
this investigation.

6.1.3 Pesticides and PCBs

There were no pesticides/PCBs detected in surface water during the RI field investigations.

6.1.4 Explosives

There were four explosives detected in surface water during this field investigation:
2-amino-4,6-DNT, octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine (HMX), RDX, and
nitrobenzene. HMX and RDX were detected in samples associated with both Sites 8 and 34.
The only sample associated with Site 8 in which these chemicals was detected was YS08-
SW04, which was the sample located furthest downstream of the site in the Eastern Branch
of Felgates Creek. Concentrations of HMX and RDX in this sample were 0.21 ] ug/L and
0.041 J pg/L, respectively. HMX and RDX were also detected in the two surface water
samples closest to Site 34, YSA14-SW04 and YSA14-SW08. Maximum concentrations in these
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samples for HMX and RDX were 1.1 ng/L and 4.9 K pg/L, respectively. 2-amino-4,6-DNT
was detected in the sample from location YSA14-SW06 at a concentration of 0.22 ] pg/L.
Nitrobenzene was detected in the sample from YSA14-SW02 at a concentration of 0.05 ]
ng/L. There were no human health or ecological screening value exceedances for explosives
in surface water associated with Sites 8 and 34.

6.1.5 Total Inorganics

Of the 24 TAL inorganics analyzed, 18 were detected. Antimony, cobalt, cyanide, lead,
thallium and zinc were not detected in any samples. Concentrations of total inorganics
exceeding human health and ecological screening values are shown on Figure 6-3.

Aluminum was detected in all but one of the surface water samples at concentrations
ranging from 276 pug/L to 2,520 ng/L. These concentrations of aluminum exceeded the
ecological screening value (87pg/L), but not the human health screening value

(37,000 ng/L) for this chemical. Concentrations of aluminum were generally comparable in
the area surrounding the sites than they were in the upstream reference area where the
range of concentrations was 411 pg/L to 1,480 ng/L. The maximum concentration of
aluminum in surface water (2,520 K pg/L) was detected in the sample from YSA14-SW04,
closest to Site 34. Aluminum was detected in groundwater at Site 34 at a maximum
concentration of 10,200 K pg/L. Therefore, the elevated concentrations of aluminum in the
sample from YSA14-SW04 could be related to Site 34.

Total arsenic concentrations ranged from not detected to 7.9 ] ng/L (YSA14-SW04). Arsenic
was detected in one sample each from Site 8, Site 34, and the upstream reference samples.
Concentrations exceeded the human health screening value (0.45 pg/L) at all locations
where arsenic was detected (Figure 6-3). However, concentrations were greatest at the
sample location immediately adjacent to Site 34. Arsenic concentrations were generally
consistent with concentrations in groundwater.

Total barium was detected at concentrations of up to 42.8 J ug/L (YSA14-SW04). All total
barium concentrations exceeded the ecological risk screening value of 4 ng/L, but were
below the human health value of 7,300 pg/L. Concentrations of barium in surface water
were generally consistent with groundwater values. Upstream and downstream
concentrations were also comparable with the exception of the result for YSA14-SW04,
which was higher than all of the upstream reference concentrations (max conc. =35.9 pg/L).

Iron was detected at concentrations up to 2,880 K pg/L (YSA14-SW04), exceeding the
ecological screening value (1000 pg/L), but below the human health screening value
(26,000 ng/L). This samples was the only sample at Site 34 that exceeded a screening value
and upgradient reference concentrations. All detections in the vicinity of Site 8 were less
than all corresponding screening values.

Total silver was detected in surface water in one sample YSA14-SWO05 at a concentration of
1.2] pg/L, slightly exceeding the ecological screening value of 0.23 ug/L.

Overall, total metals concentrations in surface water appear to be elevated in the immediate
vicinity of Site 34, but not in the vicinity of Site 8.
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6.1.6 Dissolved Inorganics

Of the 23 inorganics analyzed, 12 were detected. Antimony, beryllium, chromium, cobalt,
copper, lead, mercury, nickel, selenium, silver, thallium, and vanadium were not detected in
any of the dissolved samples. Concentrations of dissolved inorganics (with the exception of
essential human nutrients) detected in samples associated with Sites 8 and 34 exceeding
screening values are shown on Figure 6-3 and discussed below.

Aluminum was detected in Sites 8 and 34 surface water at concentrations of up to 317 ug/L
(YSA14-SWO01), exceeding the ecological screening value of 87 pg/L. However, aluminum
concentrations were substantially lower in the dissolved samples than they were in the total
metals samples, and concentrations were comparable to or less than the upstream reference
locations. Therefore, aluminum in surface water does not appear to be related to any of the
sites.

Arsenic was detected at concentrations up to 5.9 ] ug/L, in exceedance of the human health
risk screening value of 0.45 pg/L. Concentrations of arsenic in surface water were generally
consistent with groundwater concentrations in upgradient wells, and there therefore,
unlikely to be site-related.

Barium was detected at concentrations up to 38 J pg/L in filtered surface water, in
exceedance of the ecological screening value of 4 pg/L. Concentrations were comparable to
upstream reference samples and are unlikely to be site-related.

Although iron and silver were detected in total metals samples at concentrations exceeding
risk values, there were no exceedances of these metals in dissolved samples. Overall,
inorganic contributions from the sites to surface water appear to be minimal.

6.1.7 Field Parameter Results

Field parameters were collected for the surface water samples using a Horiba U-22 water
quality meter. Results are included in Table 6-4. Surface water pH was generally neutral,
ranging between 6 and 8.5 with higher pHs in the vicinity of Site 8 and lower pHs in the
vicinity of Site 34. DO results generally indicated very oxidizing conditions in surface water
(up to 12.8 mg/L). Salinity results were generally consistent with fresh to brackish water

(4 percent or less). Results were higher than groundwater salinity results (up to 0.05 percent)
due to the tidal influx of brackish water. Specific conductivity values were generally higher
than groundwater, ranging from 0.1 mS/cm to 94.5 mS/cm. Results were generally around
30 mS/cm, consistent with water with a slightly elevated ionic potential.

6.1.8 Geochemical Results

Alkalinity samples were collected at all surface water locations. Alkalinity results ranged
from 130 mg/L to 190 mg/L in surface water locations in the vicinity of Sites 8 and 34
indicating moderate to high buffering capacity of surface water.

6.1.9 Summary of Surface Water Results

Overall, surface water associated with Sites 8 and 34 does not appear to be significantly
impacted by site operations. The area that appears to be most influenced by site locations is
immediately adjacent to Site 34. However, it is important to note that the sample locations at
which concentrations were highest (YSA14-SW04 and YSA14-SW06) were immediately
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adjacent to the removal action area which was under construction at the time of sampling.
Consequently, these samples are believed to have been disturbed, and were thus, not
included in the risk assessment.

6.2 Sediment Analytical Results

This section summarizes sediment analytical results. Organic detections are shown on
Figure 6-4. Inorganic detections exceeding ecological or human health screening values are
shown on Figure 6-5. Detections are included in Tables 6-5 through 6-7.

6.2.1 VOCs

Acetone, carbon disulfide, and xylenes were the only VOCs detected in sediment. Maximum
concentrations of these chemicals in sediment associated with Sites 8 and 34 were

31 micrograms per kilogram (ng/kg), 15 ] ng/kg, and 15 J ug/L, respectively. Detected
concentrations of carbon disulfide exceeded the ecological screening value of 0.85 ng/kg.
Acetone is a common lab contaminant and carbon disulfide is a naturally occurring
substance that is commonly found in marsh sediments. These chemicals were also detected
in a sample from one upstream reference location at concentrations of 39 ug/kg and

13 ] ng/kg, respectively. Consequently, these chemicals are not believed to be site-related.
Xylenes were detected in only one sample (YSA14-SD02) at a concentration below
corresponding screening values.

6.2.2 SVOCs

There were no detections of SVOCs in surface water samples collected as part of the RI.

6.2.3 Pesticides and PCBs

There were no pesticides or PCBs detected in sediment samples collected in support of the
RL

6.2.4 Explosives

There were no explosives detected in sediment samples collected in support of this RI.

6.2.5 Inorganics

Of the 24 TAL inorganics analyzed, 20 were detected. Antimony, cyanide, thallium, and
selenium were not detected in any samples. Concentrations of aluminum, arsenic,
manganese, mercury, and silver exceeded ecological and/or human health screening values
in one or more samples. Most detections of aluminum at both sites exceeded the ecological
screening value of 18,000 pg/L. The maximum concentration of this inorganic was

26,500 pg/kg (YS08-SD04). However concentrations were comparable to the upstream
reference samples (maximum concentration = 20,900 J ug/kg) and are unlikely to be site-
related. There were no detections of aluminum in sediment in exceedance of the human
health risk screening value of 77,000 pg/kg. Concentrations of arsenic in sediment in the
vicinity of the sites ranged from not detected to 13.4 ng/kg, in exceedance of the human
health and ecological screening values of 3.9 ng/kg and 8.2 ng/kg, respectively.
Concentrations of arsenic in the upstream reference locations were similar to site samples,
ranging from 7.1 ng/kg to 14.8 pg/kg. Therefore, arsenic is unlikely to be site-related.
Concentrations of manganese at the sites ranged from 100 J pg/kg to 412 pg/kg, which
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some detections in exceedance of the ecological screening value of 260 pug/kg. All
concentrations were less than the human health screening value of 1,800 ng/kg.
Additionally, concentrations were similar to the upstream reference sample concentrations
which ranged from 104 ] ng/kg to 496 K pg/kg, and therefore are unlikely to be site-related.
Mercury was detected in two samples adjacent to Site 34 at concentrations greater than the
ecological screening value of 0.15 pg/kg, but less than the human health screening value of
23 png/kg. Mercury was detected in YSA14-SD03 and YSA14-SD04 at concentrations of

0.16 J ng/kg and 1.2 pg/kg, respectively. Silver was detected in two sediment samples
associated with Site 34 at concentrations greater than the ecological screening value (1
ng/kg), but less than the human health screening value of 390 ng/kg. Silver was detected in
samples from YSA14-SD01 and YSA14-SD04 at a concentration of 1.2 ] pg/kg. This
concentration was less than the upstream reference sample concentrations and therefore,
silver is unlikely to be site related. Concentrations of inorganics are shown on Figure 6-5.

Analytical results for Sites 8 and 34 sediment generally indicate minimal impacts from the
sites. Low levels of mercury in sediment at Site 34 may be site-related. Mercury was a soil
COC at Site 34, however, no mercury was detected in groundwater. A soil-based PRG was
established for mercury and was met in post-removal confirmation samples following the
removal of site soils. However, mercury was not a sediment COC at Site 34 so a sediment-
based PRG was not developed and mercury was not included in the post-removal
confirmation samples collected from the wetland area. Two sediment samples (YSA14-SD04
and YSA14-SD06) were collected in the wetland area immediately adjacent to the excavation
area as part of this RI at the same time the removal action sub-contractor was still mobilized.
Pre-confirmation samples in this area of the wetland did not contain detectable mercury
(Baker, 2005a). Sediment in the area was excavated to meet established clean-up goals for
other chemicals. SD04 exceeded ecological sediment screening values for mercury. SD06,
which is directly downgradient of SD04 and near where the wetland transitions into the
creek, did not exceed sediment screening values for mercury. This suggests that any
mercury contamination that any remain in this area is localized and is not reaching the creek
at concentrations that pose an unacceptable risk. The purpose of this Rl is specifically to
address discharges from groundwater into other media and direct impacts to groundwater
itself. Since mercury is not considered a groundwater contaminant at this site, it is believed
that the mercury in sediment is a result of runoff from contaminated soil, which has since
been removed to accepted clean-up levels. Consequently, the two sediment samples located
in this area (YSA14-SD04 and YSA14-SD06) were not included in the risk assessment in
Sections 7 and 8. Instead, the Navy will further assess mercury in sediment near Site 34
where the elevated mercury was detected (YSA14-SD04). Thus, future sediment sampling in
this area, which would occur outside the scope of this RI and the subsequent FS addressing
groundwater, would focus on delineating the extent of elevated mercury to determine if the
area is large enough to warrant an additional action.

6.2.6 Geochemical Results

Sediment pH results were generally neutral, ranging from 6 to 8. Low pHs can result in the
mobilization of metals. Grain size analysis indicated that all of the background reference
samples were composed of at least 77 percent fine materials with less sand and gravel. Site
sediment samples were also composed primarily of fine material with the exception of
YSA14-SD02 which was predominantly composed of fine sand. Low percentages of fines
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sometimes result in lower metals concentrations. However, concentrations at this location
were not notably lower. TOC results ranged from 25,200 milligrams per kilogram (mg/kg)
to 66,200 mg/kg. Higher TOC values were generally consistent with the samples containing
more fine-grained sediment.
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Table 6-1
Site 8 Surface Water Detections

Remedial Investigation for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Station ID X YS08-SWO01 YS08-SW02 YS08-SW03 YS08-SW04
Sample ID RSLs Tapl X 10 Ecolloglcal YS08-SW01-1207 YS08-SW02-1207 YS08-SW03-1207 YS08-SW04-1207
for SW Adjusted||Screening Value

Sample Date 12/11/07 12/13/07 12/13/07 12/13/07
Chemical Name

olatile Organic Compounds (UG/L)
No Detections
[Semivolatile Organic Compounds (UG/L)
No Detections
Pesticide/Polychlorinated Biphenyls (UG/L)
No Detections
Explosives (UG/L)
HMX 1,800 330 015U 015U 015U 0.21J
RDX 6.1] 186 0.25 U 0.25 U 0.25 U 0.041J
ITotal Metals (UG/L)
IAluminum 37,000 87| 574 293 276 329
|Arsenic 0.45] 36 10.2 B 10U 10U 3.7
Barium 7,300 4 36.9J 3121 3531 3131
[Cadmium 18 8.85] 113 0.67 J 0.81J 0.59J
Calcium - - 224,000 221,000 225,000 220,000
Iron 26,000 1000 370 256 252 278
Magnesium - - 627,000 632,000 641,000 625,000
Manganese 880 120 45.4 35.8 36.5 42.6
Potassium - - 192,000 J 210,000 J 222,000 J 213,000 J
Sodium - - 5,590,000 5,970,000 6,110,000 5,890,000
Dissolved Metals (UG/L)
IAluminum 37,000 87.0 315 K 101 B 108 B 125 B
IArsenic 0.45 36 42 B 10U 10U 5.8 J
Barium 7,300 4.0) 3531 29.1 3410 3321
[Cadmium 18 8.80) 0.33J 0.92J 0.69 J 0.58 J
Calcium - - 212,000 229,000 234,000 224,000
Iron 26,000 1,000 774 K 22.78B 100 U 569 B
Magnesium - - 575,000 653,000 639,000 638,000
Manganese 880 120 42.7 30.8 333 345
Potassium - - 176,000 J 222,000 J 224,000 J 212,000 J
Sodium - - 4,920,000 6,230,000 6,110,000 5,930,000
Zinc 11,000 81 60 U 60 UL 8.1L 60 UL
Wet Chemistry (MG/L)
IAlkalinity - - 140 140 140 140
Notes:

Exceeds all criteria

B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or

nrecise

K - Analyte present, value may be biased high, actual value

mav he Inwer

L - Analyte present, value may be biased low, actual value

mav he hinher

MGI/L - Milligrams per liter

NA - Not analyzed

R - Unreliable Result

U - The material was analyed for, but not detected

UGIL - Micrograms per liter

UJ - Analyte not detected, quantitation limit may be
inaccurate

UL - Analyte not detected, quantitation limit is probably

hiaher




Table 6-2

Site 34 Surface Water Detections

Remedial Investigation for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Station ID RsLs Tap X 10| Ecological YSA14-SW01 YSA14-SW02 YSA14-SW03 YSA14-SW04 YSA14-SW05 YSA14-SW06

Sample ID or SW Adjusted|[Screening Valuel| YSA4-SWOL-1207 | YSA14-SW02-1207 | YSAL4-SW03-1207 | YSA14-SW04-1207 | YSAL4-SWO04P-1207 | YSAL4-SW04-0308 | YSAL4-SWO4P-0308 | YSAL4-SW05-1207 | YSA14-SW06-1207 | YSAL4-SW06-0308
Sample Date 12/10/07 12/14/07 12/14/07 12/07/07 12/07/07 03/05/08 03/05/08 12/14/07 12/07/07 03/05/08
Chemical Name

Volatile Organic Compounds (UG/L)

1,1,1-Trichloroethane 9,100 312 10U 10U 10 U 183 231 NA NA 10U 10U NA
1,1-Dichloroethene 340 2,240 10U 10U 10U 11 15 NA NA 10U 10U NA
Trichloroethene 17| 680|| 10 U 10U 10U 33 43 NA NA 10U 387 NA
cis-1,2-Dichloroethene 370 1,940 nou ou wnou 6.4J 6.8J NA NA ou 0ou NA
Semivolatile Organic Compounds (UG/L)

IINo Detections

[Pesticide/Polychiorinated Biphenyls (UG/L)

HNO Detections

[[Explosives (uciL)

[l2-Amino-4,6-dinitrotoluene 73 1,480 03U 03U 03U NA NA 03U 0.29 U 0.29 U NA 0221
[lHmx 1,800 330 0.15 U 015 U 0.15 U NA NA 26 K 49K 015 U NA 0.26
[INitrobenzene 3.4 67| 0.15 U 0.05J 015 U NA NA 015 U 014 U 015 U NA 015 U
RDX 6.1 186 0.25 U 025 U 0.25 U NA NA 11 11 024 U NA 03
Total Metals (UG/L)

Aluminum 37,000 87 586 1,170 443 2,120 K 2,520 K NA NA 460 622 K NA
Arsenic 0.45| 36 10U 56 B 388B 51 797 NA NA 46 8B 10U NA
Barium 7,300|| 4 37.9J 331 34.4 3 4157 428 NA NA 36.2 31.9J NA
Beryllium 73| 0.66 5U 5U 5U 5U 5U NA NA 0.16 J 5U NA
Cadmium 18| 8.85 0.75 B 0.86 B 1B 0.84J 064 J NA NA 1B 078 J NA
Calcium - - 209,000 215,000 232,000 224,000 230,000 NA NA 223,000 151,000 NA
Chromium 110 50 0.74 J 158 042 B 3413 381 NA NA 0.64 B 13 NA
Copper 1,500 3.7 25 U 25U 25 U 33L 25 UL NA NA 25U 25 UL NA
Iron 26,000 1,000] 391 1,290 410 2,640 K 2,880 K NA NA 430 805 K NA
[IMagnesium | | 566,000 628,000 685,000 573,000 604,000 NA NA 632,000 297,000 NA
[(Manganese 880|| 120|| 67.6 54 335 116 94.4 NA NA 54.2 104 NA
[IMercury 11| | 02 UL 0.2 UL 02 UL 0.031 L 0.044 L NA NA 02 UL 02 UL NA
[INicke! 730|| 8.3 158 131 40U 263 333 NA NA 40U 113 NA
Potassium - - 162,000 J 208,000 J 235,000 J 176,000 184,000 NA NA 206,000 J 89,100 NA
Selenium 180 711 35 UL 35 U 3413 35 UL 35 UL NA NA 35 U 35 UL NA
Silver 180|| 0.23 10U 10U 10U 10U 10U NA NA 12 10U NA
Sodium - | 4,540,000 5,790,000 6,360,000 4,910,000 4,980,000 NA NA 5,770,000 2,410,000 NA
Vanadium 260 20 50 U 50 U 50 U 373 423 NA NA 50 U 50 U NA
Dissolved Metals (UG/L)

Aluminum 37,000 87 317 132 151 106 J 106 J NA NA 142 200 U NA
Arsenic 0.45(| 36 53 388 36 B 47K 39K NA NA 10U 10U NA
Barium 7,300|| 4 33.9 3273 30.8 3 35.6 J 38 J NA NA 3453 3241 NA
Cadmium 1| 8.8 071 B 0.84 B 093 B 055 J 0773 NA NA 0.87 B 047 J NA
Calcium - - 206,000 224,000 226,000 198,000 220,000 NA NA 214,000 155,000 NA
Copper 1,500 - 32 25U 25 U 4L 25 UL NA NA 25U 25 UL NA
Iron 26,000 - 4273 3078 40.7B 85 K 702 B NA NA 388 B 4948 NA
[IMagnesium | - 554,000 654,000 667,000 464,000 548,000 NA NA 605,000 293,000 NA
[(Manganese 88o|| - 61.9 30.8 24.2 93.1 K 79.9 K NA NA 45.1 103 K NA
[INicke! 730 - 40U 143 40U 13 143 NA NA 0933 0.99 J NA
[lPotassium - - 160,000 J 222,000 J 220,000 J 147,000 169,000 NA NA 198,000 J 89,000 NA
[lsodium - - 4,460,000 6,090,000 6,120,000 3,910,000 4,660,000 NA NA 5,550,000 2,470,000 NA
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Table 6-2

Site 34 Surface Water Detections

Remedial Investigation for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Station ID RSLs Tap X 10 Ecological YSA14-SWO01 YSA14-SW02 YSA14-SWO03 YSA14-SW04 YSA14-SWO05 YSA14-SWO06

I
Sample ID for SW A (;Jju stedllscre enin% valuel YSA14-SWO01-1207 YSA14-SW02-1207 YSA14-SW03-1207 YSA14-SW04-1207 YSA14-SWO04P-1207 YSA14-SW04-0308 YSA14-SWO04P-0308 YSA14-SW05-1207 YSA14-SW06-1207 YSA14-SW06-0308
Sample Date 12/10/07 12/14/07 12/14/07 12/07/07 12/07/07 03/05/08 03/05/08 12/14/07 12/07/07 03/05/08
Chemical Name
Wet Chemistry (MG/L)
Alkalinity -- -- 160 140 130 170 NA NA NA 150 190 NA
Notes:

Exceeds all criteria

B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or
nracica

K - Analyte present, value may be biased high, actual value
mav ha Inwear

L - Analyte present, value may be biased low, actual value

mav he hinhar

MGI/L - Milligrams per liter

NA - Not analyzed

U - The material was analyed for, but not detected
UGI/L - Micrograms per liter

UL - Analyte not detected, quantitation limit is probably

hinhar
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Table 6-3

Upstream Reference Surface Water Detections
Remedial Investigation for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Station ID YBKG-SW01 YBKG-SW02 YBKG-SW03 YBKG-SW04 YBKG-SWO05 YBKG-SW06
Sample ID YBKG-SW01-1207 | YBKG-SWO01P-1207 | YBKG-SW02-1207 | YBKG-SW03-1207 | YBKG-SW04-1207 | YBKG-SW05-1207 | YBKG-SW06-1207
Sample Date 12/10/07 12/10/07 12/14/07 12/14/07 12/11/07 12/11/07 12/14/07
Chemical Name

Total Metals (UG/L)

Aluminum 1,480 1,220 411 536 809 677 533
Arsenic 10U 3.6 58 B 10U 438 418 38 B
Barium 34 34.6 28.9 J 3353 336 35.4 J 355 J
[lcadmium 0.67 B 0.77 B 0.92 B 0.78 B 0.66 J 0.86 J 0.86 B
[Icalcium 117,000 116,000 216,000 225,000 232,000 218,000 214,000
llchromium 2213 187 0.39 B 0.41 B 0.84 B 0.62 B 0.69 B
[lron 1,680 1,340 385 510 598 511 570
[lLead 10 U 10 U 50 U 50 U 10U 10 U 13.7 3
[[Magnesium 165,000 164,000 636,000 656,000 665,000 601,000 615,000
[[Manganese 136 128 34.6 38.2 45.1 53.3 53.8
[INickel 118 092 B 40 U 17 40 U 40 U 0.87J
Potassium 54,900 J 54,600 J 212,000 J 233,000 J 213,000 J 181,000 J 209,000 J
Selenium 35 UL 35 UL 35 U 333 35 UL 35 UL 43
Sodium 1,380,000 1,380,000 5,980,000 6,390,000 6,000,000 4,940,000 5,850,000
Vanadium 2413 137 50 U 50 U 50 U 50 U 50 U
Dissolved Metals (UG/L)

Aluminum 188 J 185 J 146 B 162 B 327 K 300 K 154 B
Barium 29.7 3 276 3 32.8 35.9 9 3187 30.8 J 333
[lBeryltium 5U 0133 5U 5U 5U 5U 5U
[lcadmium 053 B 0.68 B 072 B 18 099 J 0673 0.96 B
[lcatcium 107,000 106,000 228,000 226,000 235,000 217,000 217,000
[[chromium 0443 059 J 10 U 10U 0.39 B 10 U 10 U
[iron 30.8J 4293 58.6 B 4248 78.6 K 37.9K 478 B
[lLead 10U 10U 149 50 U 10 U 10U 50 U
[[Magnesium 134,000 131,000 668,000 661,000 665,000 594,000 623,000
[[Manganese 127 126 284 265 34.8 427 32.2
[INickel 148 198 40 U 40 U 40 U 40 U 0.89J
Potassium 45,300 J 44,600 J 229,000 J 224,000 J 206,000 J 183,000 J 209,000 J
Selenium 35 UL 35 UL 3.6 35 U 35 UL 35 UL 35 U
Sodium 1,170,000 1,150,000 6,290,000 6,240,000 5,990,000 5,370,000 5,930,000
Zinc 1183 9.3 60 U 60 U 60 U 60 U 60 U
Wet Chemistry (MG/L)

Alkalinity 200 NA 140 130 140 140 140
Notes:

B - Analyte not detected above the level reported in

hlank<

J - Analyte present, value may or may not be accurate

or nracica

K - Analyte present, value may be biased high, actual

valiia mav he lnwear

MGI/L - Milligrams per liter

NA - Not analyzed

U - The material was analyed for, but not detected

UGI/L - Micrograms per liter
UL - Analyte not detected, quantitation limit is probably

hinhar

shaded items indicate a detection




Table 6-4

Upstream Reference Surface Water Analytical Detection Results
Remedial Investigation for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Sample ID YBKG-SWO01-1207 | YBKG-SW02-1207 | YBKG-SWO03-1207 | YBKG-SW04-1207 | YBKG-SWO05-1207 | YBKG-SWO06-1207

Sample Date 12/10/07 12/14/07 12/14/07 12/11/07 12/11/07 12/14/07

Chemical Name

Field Parameters

Dissolved Oxygen (mg/L) 9.67 9.67 9.69 11.3 10.3 9.91

Oxidation Reduction Potential (mV) 79 165 204 216 214 209

pH 7.59 8.01 7.94 6.39 7.87 8

Salinity (pct) 0.5 2.2 2.1 2 1.8 2.8

Specific Conductivity (mS/cm) 9.6 36.5 33 32 29.4 4.56

Temperature (°C) 17.9 15.9 15.9 15.4 15.6 16

Turbidity (NTU) 166 0 0 25.6 46.6 0

Sample ID YS08-SWO01-1207 | YS08-SW02-1207 | YS08-SW03-1207 | YS08-SW04-1207

Sample Date 12/11/07 12/13/07 12/13/07 12/13/07

Field Parameter

Dissolved Oxygen by Horiba (MG/L) 9.74 10.7 10.6 10.2

Oxidation Reduction Potential (MV) 185 143 151 142

pH (PH) 7.91 8.3 8.11 8.1

Salinity (Percent) 1.8 1.9 1.9 1.9

Specific Conductivity (MS/CM) 29.2 30.5 30.7 31.3

Temperature (DEG/C) 16.4 16 16.1 15.9

Turbidity (NTU) 20 8.2 10.2 9.4

Sample ID YSA14-SW01-1207 | YSA14-SW02-1207 | YSA14-SW03-1207 | YSA14-SW04-0308 | YSA14-SW04-1207 | YSA14-SW05-1207 | YSA14-SW06-0308| YSA14-SW06-1207
Sample Date 12/10/07 12/14/07 12/14/07 3/5/08 12/7/07 12/14/07 3/5/08 12/7/07
Chemical Name

Field Parameter

Dissolved Oxygen by Horiba (MG/L) 12.8 9.5 9.59 6 8.44 9.29 8.51 7.75
Oxidation Reduction Potential (MV) 94 140 119 180 -9.00E+00 229 126 162
pH (PH) 7.4 7.78 7.43 6.65 6.4 6.4 7.44 7.61
Salinity (Percent) 1.7 4 4 0.2 1.7 1.8 0.1 0.8
Specific Conductivity (MS/CM) 27.2 36.6 94.5 3.75 28.5 29.2 1.31 14.1
Temperature (DEG/C) 16.1 15.8 15.8 16.8 10.1 15.6 14.9 9.3
Turbidity (NTU) 631 0.00E+00 0.00E+00 29.6 4.2 0.00E+00 32.4 8.6

Notes:
C - Degrees centigrade
mg/L - Milligrams per liter
mS/cm - Milliseimens per centimeter
mV - Millivolts
NTU - Nephelometric turbidity unit
pct - Percent




Table 6-5

CTO-195 YNWS - Site 8, Final Sediment Exceedances
Remedial Investigation for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Station ID RSLs Res Soil Ecological YS08-SD01 YS08-SD02 YS08-SDO03 YS08-SD04
Sample ID X10for SD || Screening | YS08-SD01-1207 | YS08-SD02-1207 | YS08-SD03-1207 | YS08-SD04-1207
Sample Date Adjusted Value 12/11/07 12/13/07 12/13/07 12/13/07
Chemical Name

Volatile Organic Compounds (UG/KG)

Acetone 61,000,000 - 30U 27U 26 U 29
Carbon disulfide 260,000 0.85 30U 27U 26 U 153
Semivolatile Organic Compounds (UG/KG)

IINo Detections

"Pesticide/PonchIorinated Biphenyls (UG/KG)

HNO Detections

"Explosives (UG/KG)

No Detections

Total Metals (MG/KG)

Aluminum 77,000 18,000 19,000 18,700 J 18,100 J 26,500 J
Arsenic 3.9 8.2 9 11.4 9.6 13.4
Barium 15,000]| 48 36.7 J 36.6 J 3347 46.6 J
[IBeryltium 160|| - 17 0.74 3 0.69 J 113
Cadmium 70| 12 032 B 0.21J 0.19 J 11U
Calcium o 2,250 2,180 2,090 2,310
Chromium 230|| 81 413 38.2 3757 4793
Cobalt 1,500]| 10 723 723 713 1053
Copper 3,100]| 34 18.7 16.4 15.9 14.7
[liron 55,000 220,000 28,500 35,300 J 30,400 J 50,300 J
[|lLead 400]| 46.7 31.2 7 28.3 27.8 32.3
[[Magnesium . - 7,150 6,410 J 6,280 J 7,670 J
[[Manganese 1,800 260 213 K 235 J 235 J 412
[[Mercury 23 0.15 012 L 013 B 0133 0.096 B
[INickel 1,600 20.9 17.1 15.9 15,5 195
Potassium . - 3,980 3,970 J 3,890 J 4,800 J
Silver 390]| 1 13 0.36 J 045 J 22U
Sodium . - 12,600 11,400 J 11,400 J 9,960 J
Vanadium 550]| 57, 50.8 463 3 46.5 J 60.9 J
Zinc 23,000 150 108 106 99.4 73
Acid Volatile Sulfide/Simultaneously Extractable Metals (UMOL/G)

Acid volatile sulfide - - 6.5 13U 4.8 14U
Cadmium - - 6.50E-04 UL 0.0023 J 0.002 J 0.0032 J
Copper = -- 0.071 L 0.14 B 0.14 B 0.0098 B
Lead - - 01L 0.094 J 0.092 J 0.064 J
[INickel - - 0.058 0.13J 012 J 012 J
lsEMm/AVS Ratio - - 0.17 NA 0.31 NA
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Table 6-5

CTO-195 YNWS - Site 8, Final Sediment Exceedances
Remedial Investigation for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Station ID RSLs Res Soil Ecological YS08-SDO01 YS08-SD02 YS08-SDO03 YS08-SD04
Sample ID X 10 for SD Screening YS08-SD01-1207 | YS08-SD02-1207 | YS08-SD03-1207 | YS08-SD04-1207
Sample Date Adjusted Value 12/11/07 12/13/07 12/13/07 12/13/07
Chemical Name
Silver - - 0.002 UL 0.0019 U 0.003 J 0.002 U
Zinc - - 0.88 1.3 1.1 0.95
Wet Chemistry (MG/KG)
Total organic carbon (TOC) = -- 55,100 51,500 50,100 50,800
pH - - 6.7 6.5 7.1 7.4
Grain Size (PCT)
Coarse Sand (%) = -- 0.3 0.1 0.2 0.1
[IFine sand (%) - - 2.2 1.4 17 0.6
Fines (%) - - 92.2 90.1 90.1 94.9
GS03 Sieve 3" (75 mm) - - 100 100 100 100
GS05 Sieve 2" (50 mm) - - 100 100 100 100
GS06 Sieve 1.5" (37.5 mm) - - 100 100 100 100
GS07 Sieve 1" (25.0 mm) - - 100 100 100 100
[lcs08 Sieve 0.75" (19.0 mm) - - 100 100 100 100
[lcs10 sieve 0.375" (9.5 mm) - - 100 100 100 100
[lGravel (%) - - 0.6 0.00E+00 0.00E+00 0.00E+00
Medium Sand (%) = -- 4.6 8.4 8 4.4
Sieve No. 004 (4.75 mm) - - 99.4 100 100 100
Sieve No. 010 (2.00 mm) - - 99 99.9 99.8 99.9
Sieve No. 020 (850 um) - - 95.2 92.4 93.1 96.1
Sieve No. 040 (425 um) = = 94.4 915 91.8 95.5
Sieve No. 060 (250 um) - - 93.8 91 91.1 95.2
Sieve No. 100 (150 um) = = 93.3 90.7 90.7 95.1
Sieve No. 140 (106 um) - - 93.4 90.7 90.8 95.1
Sieve No. 200 (75 um) - - 92.2 90.1 90.1 94.9

Notes:

Exceeds all criteria

B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise

K - Analyte present, value may be biased high, actual value may be lower
L - Analyte present, value may be biased low, actual value may be higher

MG/KG - Milligrams per kilogram

NA - Not analyzed
PCT - Percent

R - Unreliable Result

U - The material was analyed for, but not detected
UG/KG - Micrograms per kilogram
UJ - Analyte not detected, quantitation limit may be inaccurate

UL - Analyte not detected, quantitation limit is probably higher

UMOL/G - Micromoles per gram
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Table 6-6

CTO-195 YNWS - Site 34, Final Sediment Exceedances
Remedial Investigation for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Station ID RSLs Res Soil X|[ Ecological YSA14-SD01 YSA14-SD02 YSA14-SD03 YSA14-SD04 YSA14-SD05 YSA14-SD06
Sample ID 10 for SD Screening || YSA14-SD01-1207 | YSA14-SD02-1207 | YSA14-SD03-1207 | YSA14-SD04-1207 | YSA14-SD04P-1207 | YSA14-SD05-1207 | YSA14-SD06-1207
Sample Date Adjusted Value 12/10/07 12/14/07 12/14/07 12/07/07 12/07/07 12/14/07 12/07/07
Chemical Name
olatile Organic Compounds (UG/KG)
Acetone 61,000,000 - 30U 19U 28 U 35 U 313 213 25 U
Carbon disulfide 260,000|| 0.85 30U 19U 28 U 35 U 39U 133 25 U
Xylene, total 300,000 160 30U 153 28 U 35 U 39U 27U 25 U
[Semivolatile Organic Compounds (UG/KG)
"No Detections
"Pesticide/PonchIorinated Biphenyls (UG/KG)
HNO Detections
"Explosives (UG/KG)
No Detections
Total Metals (MG/KG)
Aluminum 77,000 18,000 18,500 6,390 J 21,400 J 18,600 18,000 18,800 J 16,700
Arsenic 3.9 8.2 13 8.3 12.4 12.1 12.9 8.8 12.2
Barium 15,000 48 38.7J 12.7 3 4013 36.1J 35.2J 343 33.9J
[lBerytium 160|| - 113 0373 0.88J 0983 099 J 0783 0.88J
[lcadmium 70| 1.2 0518 0.058 J 0323 053 B 0.56 B 0.095 J 036 B
[lcatcium - 2,630 3,920 2,460 2,730 2,910 2,040 2,260
[lchromium 230 81 39.6 163 J 4453 39.8 39.7 36.4 J 345
[lcopart 1,500]| 10 823 333 813 9 953 783 7
[lcopper 3,200 34| 17.8 5.3 19.2 19.8 20.2 9.5 16.6
[iron 55,000|| 220,000 38,100 26,400 J 35,300 J 33,600 35,900 35,200 J 36,500
[lLead 400|| 46.7 279 8.3 32.9 30.1 K 30.2 K 187 256 K
[IMagnesium - - 7,180 2,440 J 6,990 J 6,820 6,930 5,950 J 5,960
[[Manganese 1,800(| 260) 368 K 100 J 2143 339 358 389 J 361
[IMercury 23| 0.15|| 011 L 0.05 B 0163 0.89 12 0.069 B 0.091 L
[INicke! 1,600(| 20.9 17.3 5.8 18.2 19.4 19.7 14.2 16
Potassium o - 4,080 2,000 J 4,340 J 4,090 4,090 3,670 J 3,570
Silver 390|| 1 123 0113 0.64 J 123 113 21U 0.76 J
Sodium o - 11,900 3,380 J 11,300 J 13,500 13,900 7,380 J 9,820
anadium 550(| 57 483 186 J 52.7 3 57 55.2 4543 415
Zinc 23,000 150 119 35.1 129 116 118 56.4 101
[Acid Volatile Sulfide/Simultaneously Extractable Metals (UMOL/G)
Acid volatile sulfide - - 17 0.96 14U 7.3 15.1 3.2 2.5
Cadmium - - 0.0012 L 9.80E-04 J 0.0016 J 0.0025 L 8.20E-04 UL 8.40E-04 J 0.0014 L
[lcopper - - 0.063 L 0.0087 B 0158 0.063 L 0.019 L 0.005 U 0.098 L
[lLead - - 0.071 L 0.018 J 0113 0.082 L 0.087 L 0.045 J 0.098 L
Nickel - - 0.048 0032 0127 0.075 3 0.061J 0.002 J 0.075 3
ISEM/AVS Ratio - - 0.71 0.46 NA 018 0.093 0.22 056
Zinc - - 1 038 13 11 1.2 0.55 11
et Chemistry (MG/KG)
Total organic carbon (TOC) - - 63,200 25,200 53,700 66,200 NA 34,800 56,200
ot - - 7 7.4 6.9 7.1 NA 7.4 6.9
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Table 6-6

CTO-195 YNWS - Site 34, Final Sediment Exceedances
Remedial Investigation for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Station ID RSLs Res Soil x|[ Ecological YSA14-SD01 YSA14-SD02 YSA14-SD03 YSA14-SD04 YSA14-SD05 YSA14-SD06
Sample ID 10 for SD Screening || YSA14-SD01-1207 | YSA14-SD02-1207 | YSA14-SD03-1207 | YSA14-SD04-1207 | YSA14-SD04P-1207 | YSA14-SD05-1207 | YSAL4-SD06-1207
Sample Date Adjusted Value 12/10/07 12/14/07 12/14/07 12/07/07 12/07/07 12/14/07 12/07/07
Chemical Name
Grain Size (PCT)
[[coarse sand (%) - - 1.2 0.7 0.2 10.4 NA 0.2 0.6
[[Fine sand () - - 2.6 65 5.7 17 NA 2 17
[Fines (%) - - 84.6 28.9 86.9 79.1 NA 93.7 92.1
[lcs03 sieve 3" (75 mm) ] - 100 100 100 100 NA 100 100
[lcs05 sieve 2 (50 mm) - - 100 100 100 100 NA 100 100
[lcs06 sieve 1.5" (37.5 mm) ] - 100 100 100 100 NA 100 100
[lcs07 sieve 1" (25.0 mm) - - 100 100 100 100 NA 100 100
[lcsos sieve 0.75" (19.0 mm) ] - 100 100 100 100 NA 100 100
[lcs10 sieve 0.375" (9.5 mm) - - 100 99.9 100 100 NA 100 100
[lcravel (%) - - 0.00E+00 0.4 05 0.00E+00 NA 0.00E+00 0.00E+00
Medium Sand (%) - - 11.6 5.1 6.7 8.8 NA 4.2 55
Sieve No. 004 (4.75 mm) -- - 100 996 995 100 NA 100 100
Sieve No. 010 (2.00 mm) - - 98.8 99 99.2 89.6 NA 99.8 99.4
Sieve No. 020 (850 um) -- - 88.9 96.7 95.3 816 NA 96.7 94.8
Sieve No. 040 (425 um) - - 87.3 93.9 92.6 80.8 NA 95.6 93.9
Sieve No. 060 (250 um) -- - 86.5 72.9 90.7 80.4 NA 95 93.3
Sieve No. 100 (150 um) - - 85.9 43.2 89 79.7 NA 94.5 92.9
Sieve No. 140 (106 um) -- - 86 50.4 89.4 79.8 NA 94.7 93
Sieve No. 200 (75 um) -- - 84.6 28.9 86.9 79.1 NA 93.7 92.1

Notes:

Exceeds all criteria

B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise

K - Analyte present, value may be biased high, actual value may be lower
L - Analyte present, value may be biased low, actual value may be higher
MG/KG - Milligrams per kilogram

NA - Not analyzed
PCT - Percent

R - Unreliable Result

U - The material was analyed for, but not detected
UG/KG - Micrograms per kilogram
UJ - Analyte not detected, quantitation limit may be inaccurate

UL - Analyte not detected, quantitation limit is probably higher

UMOL/G - Micromoles per gram
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Table 6-7

Upstream Reference Sediment Analytical Detection Results
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Station ID YBKG-SD01 YBKG-SD02 YBKG-SD03 YBKG-SD04 YBKG-SDO05 YBKG-SD06
Sample ID YBKG-SDO01-1207 | YBKG-SD01P-1207 | YBKG-SD02-1207 | YBKG-SD03-1207 | YBKG-SD04-1207 | YBKG-SD05-1207 | YBKG-SD06-1207
Sample Date 12/10/07 12/10/07 12/14/07 12/14/07 12/11/07 12/11/07 12/14/07
Chemical Name

\Volatile Organic Compounds (UG/KG)

|Acetone 24 U 21U 27 U 29 U 28 U 26 U 39
Carbon disulfide 24 U 21U 27 U 29 U 28U 26 U 131
[Total Metals (MG/KG)

IAluminum 12,500 8,640 19,300 J 20,900 J 17,900 17,600 18,800 J
IArsenic 14.8 7.1 12.4 12.6 12.9 145 10.2
Barium 30.7 J 20.7 J 35 38.1J 38J 38.4J 37.7 3
Beryllium 0.92 J 0.65 J 0.56 J 0.87 J 11 1.1 0.81J
[Cadmium 0.28 B 0.39 B 0.074 J 0.3J 0.33 B 0.39 B 0.11J
Calcium 1,810 2,250 1,900 2,380 2,370 2,550 2,410
(Chromium 33.3 21.2 40.4 J 42.6 J 38.9 38.6 38.2J
Cobalt 7310 5410 6.7 J 8.31J 8.11J 7.81J 7410
(Copper 12.7 11.1 16.1 17.9 16.4 16.8 12.7
Cyanide 5 UL 4.7 UL 0.34 L 0.22 L 5.7 UL 6.4 UL 0.29 L
Iron 27,700 18,400 37,200 J 35,200 J 37,200 37,100 25,700 J
Lead 2291 21310 2915 33 27.713J 29.2 ) 28.8
Magnesium 5,320 4,330 6,020 J 6,740 J 6,800 6,620 6,120 J
Manganese 122 K 104 K 249 J 237 J 476 K 496 K 428 J
Mercury 0.15 L 0.27 0.13 J 0.13 J 01L 0.096 L 0.073 B
Nickel 13.7 10.2 14.3 17.3 16.6 16.4 15.8
Potassium 3,860 2,380 3,670 J 4,160 J 3,830 3,750 3,720 J
Silver 10.9 6.9 0.61J 1470 0.77 J 0.94 J 0.62 J
Sodium 8,900 8,400 10,600 J 11,000 J 11,400 10,800 6,570 J
\Vanadium 39.8 30.2 50J 5210 46.2 47.8 46.2 J
Zinc 77.6 77.6 83.2 119 114 109 84.6
IAcid Volatile Sulfide/Simultaneously Extractable Metals (UMOL/G)

IAcid volatile sulfide 3.5 3.7 13U 27.9 8.7 2.6 23
[Cadmium 0.0018 L 4.40E-04 UL 7.20E-04 J 0.0014 J 6.00E-04 UL 7.40E-04 L 9.80E-04 J
(Copper 0.066 L 0.069 UL 0.14 B 0.13 B 0.079 L 0.085 L 0.02 B
Lead 0.067 L 0.069 L 0.094 J 0.091 J 0.086 L 0.08 L 0.042 J
Nickel 0.06 0.055 0.095 J 0.11J 0.078 0.056 0.095 J
ISEM/AVS Ratio 0.29 0.26 NA 0.05 0.14 0.42 0.27
Silver 0.037 0.035 L 0.0035 J 0.0019 U 0.0072 B 0.0034 B 0.0019 U
Zinc 0.75 0.71 0.87 1.1 0.96 0.89 0.47
\Wet Chemistry (MG/KG)

Total organic carbon (TOC) 32,400 NA 64,700 54,200 64,100 68,400 43,700
pH 7.3 NA 6.9 6.7 7 6.7 7.3
Grain Size (PCT)

(Coarse Sand (%) 0.7 NA 0.9 15 1.9 1.3 0.7
Fine Sand (%) 9.1 NA 55 5.1 1.7 3.2 3.1
Fines (%) 77.9 NA 79.6 83.4 78.8 80.7 91.4
(GS03 Sieve 3" (75 mm) 100 NA 100 100 100 100 100
(GS05 Sieve 2" (50 mm) 100 NA 100 100 100 100 100
(GS06 Sieve 1.5" (37.5 mm) 100 NA 100 100 100 100 100
GS07 Sieve 1" (25.0 mm) 100 NA 100 100 100 100 100
(GS08 Sieve 0.75" (19.0 mm) 100 NA 100 100 100 100 100
GS10 Sieve 0.375" (9.5 mm) 100 NA 100 100 100 100 100
Gravel (%) 1.1 NA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Medium Sand (%) 11.2 NA 14 9.9 17.7 14.8 4.7
Sieve No. 004 (4.75 mm) 98.9 NA 100 100 100 100 100
Sieve No. 010 (2.00 mm) 98.2 NA 99.1 98.5 98.1 98.7 99.3
Sieve No. 020 (850 um) 90.1 NA 89.4 92 82.4 85.9 96
Sieve No. 040 (425 um) 87 NA 85.1 88.6 80.4 83.9 94.5
Sieve No. 060 (250 um) 85 NA 82.9 86.7 79.7 83 93.5
Sieve No. 100 (150 um) 82 NA 81.3 85.2 79.3 82.2 92.6
Sieve No. 140 (106 um) 82.8 NA 81.7 85.6 79.3 82.4 92.8
Sieve No. 200 (75 um) 77.9 NA 79.6 83.4 78.8 80.7 91.4

Notes:
B - Analyte not detected above the level reported in blanks

PCT - Percent

J - Analyte present, value may or may not be accurate or precise

K - Analyte present, value may be biased high, actual value may be lower
L - Analyte present, value may be biased low, actual value may be higher
MGI/KG - Milligrams per kilogram

NA - Not analyzed

U - The material was anlyzed for, but not detected

UGI/KG - Micrograms per kilogram

UL - Analyte not detected, quantitation limit is probably higher
UMOL/G - micromoles per gram

shaded items indicate a detction
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SECTION 7

Human Health Risk Assessment

This section presents the HHRA for Sites 8 and 34. Section 7.1 presents the methodology
used for the HHRAs for Sites 8 and 34. Section 7.2 presents the HHRA for Site 8, Section 7.3
presents the HHRA for Site 34, and Section 7.4 presents the HHRA for surface water and
sediment for both sites combined.

7.1 Human Health Risk Assessment Methodology

This section presents the methodology used to assess the potential human health risks
associated with exposure to site-related constituents in groundwater at Sites 8 and 34, and
surface water and sediment at Sites 8 and 34 combined under current and potential future
site use. Because both sites feed into the same surface water body, risks associated with
surface water and sediment were addressed together for Sites 8 and 34. Soil and sediment
removal actions have been conducted at these sites. Therefore, risks associated with
exposure to soil were not evaluated. The methodology for the HHRA that is common to
each of the sites is presented in this section. The site-specific HHRA evaluations for each site
and for surface water and sediment are presented in Sections 7.2 through 7.4.

7.1.1 Scope of Risk Assessment
The HHRA consists of the following components:

¢ Identification of COPCs
e Exposure assessment

e Toxicity assessment

e Risk characterization

e Uncertainty assessment

These components are described in the following sections. Spreadsheets for each site were
prepared in accordance with Risk Assessment Guidance for Superfund (RAGS), Volume 1,
Human Health Evaluation Manual, Part D (USEPA, 2001a) to screen for COPCs and to
calculate risks estimates associated with the COPCs. These spreadsheets are presented for
each site individually in Appendices G through I.

7.1.2 Identification of COPCs

The identification of COPCs includes data collection, data evaluation, and data screening.
The data collection and evaluation steps involve gathering and reviewing the available site
data and identifying a set of data for the risk assessment that meets project-specific data
quality objectives (DQOs). This data set is then further screened against concentrations that
are protective of human health to reduce the data set to those constituents and media of
potential concern.
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REMEDIAL INVESTIGATION REPORT FOR GROUNDWATER AT SITES 8 AND 34

Data Evaluation and Selection

Detailed results for sampling that was performed at Sites 8 and 34 are presented in Sections
4 through 6. All of the data used in the risk assessment have been fully validated and are
assumed to represent current conditions. The data collected during site investigations were
evaluated to determine reliability for use in the quantitative risk assessments. A review of
the data and past discussions with USEPA and the Navy identified the following criteria for
data usability and usage of qualified data:

e Data qualified with a ], K, or L (estimated) were treated as unqualified detected
concentrations

e Data qualified with an R (rejected) were not used in the risk assessment

e Data qualified with a B (blank contamination) were used in the risk assessment as if the
results were non-detects, with the blank-related concentrations of each constituent used as
the sample detection limit

e For duplicate samples, the maximum concentration between the two samples was used
as the sample concentration

Selection of COPCs

All of the detected constituents were screened following the procedures described below. The
selection of COPCs was based on the criteria presented in the USEPA Region 3 Technical
Guidance Manual, Selection Exposure Routes and Contaminants of Concern by Risk-Based Screening.
(USEPA, 1993a) and RAGS Part D (USEPA, 2001a).

The maximum detected concentration of each constituent for each media and data grouping
was compared to the criteria discussed below to select the COPCs. If the maximum
concentration exceeded the criteria, the constituent was selected as a COPC. Constituents that
were not detected in any of the samples or were detected at concentrations less than the criteria
were not retained as COPCs. Detection limits for constituents that were not detected were also
compared to the screening levels as discussed in Section 7.1.6, the uncertainty assessment. The
COPC screening for each site is presented in Sections 7.2.1,7.3.1, and 7.4.1.

e Comparison with Health-Based Criteria for Surface Water: Surface water data were
compared to 10 times the USEPA tap water RSLs (USEPA, 2010a). This was done
following USEPA Region 3 guidance because exposure to surface water is expected to be
significantly less than exposure to groundwater and there are no screening levels for
surface water. RSLs based on non-carcinogenic effects were divided by 10 to account for
exposure to multiple constituents. RSLs based on carcinogenic effects were not adjusted.
Therefore, RSLs based on non-carcinogenic effects were used as presented in the RSL
table (10 times the tap water RSL divided by 10), and RSLs based on carcinogenic effects
were multiplied by 10. Lead concentrations in surface water were compared to the federal
action level for drinking water of 15 ng/L (USEPA, 2009).

e Comparison with Health-Based Criteria for Sediment: Sediment data were compared
to 10 times the USEPA residential soil RSLs (USEPA, 2010a). This was done following
USEPA Region 3 guidance because exposure to sediment is expected to be significantly
less than exposure to soil, and there are no screening levels for sediment. RSLs based on

7.2 ES100609123254VBO



SECTION 7—7BHUMAN HEALTH RISK ASSESSMENT

non-carcinogenic effects were divided by 10 to account for exposure to multiple
constituents. RSLs based on carcinogenic effects were not adjusted. Therefore, RSLs based
on non-carcinogenic effects were used as presented in the RSL table (10 times the
residential soil RSL divided by 10), and RSLs based on carcinogenic effects were
multiplied by 10.

Comparison with Health-Based Criteria for Groundwater: Groundwater data were
compared to the USEPA tap water RSLs (USEPA, 2010a). RSLs that are based on non-
carcinogenic effects were divided by 10 to account for exposure to multiple constituents.
RSLs based on carcinogenic effects were used as presented in the RSL table. Lead
concentrations in groundwater were compared to the federal action level for drinking
water of 15 ng/L (USEPA, 2009).

Comparison with Health-based Criteria for Indoor Air: Groundwater data were
compared with target groundwater concentrations calculated based on target indoor air
concentrations to screen the groundwater data for the vapor intrusion from
groundwater to indoor air pathway. Due to changes in toxicity value(s), the vapor
intrusion screening levels (i.e., target groundwater concentration from Table 2c,
Subsurface Vapor Intrusion Guidance [USEPA, 2002]) were updated using new toxicity
data and the methodology presented in Appendix D of the Subsurface Vapor Intrusion
Guidance. If the calculated target groundwater concentration is less than the maximum
contaminant level (MCL) for the compound, the target concentration is set at the MCL
(USEPA, 2009). This screening was performed only for volatile organic constituents
detected in groundwater.

Essential Human Nutrients: Constituents that are considered essential nutrients,
present at low concentrations (i.e., only slightly elevated above naturally occurring
levels), and toxic only at very high doses were eliminated from the quantitative risk
analysis. These constituents are calcium, magnesium, potassium, and sodium. Although
iron and manganese are also considered essential nutrients and are only toxic at very
high doses, they were included in the HHRA because toxicity values are available.

A few of the constituents detected at the sites are not in the RSL table. Appropriate
surrogate constituents were selected and their RSLs were used for the screening, as
identified in the RAGS Part D (USEPA, 2001a) Table 2 series included in Appendices G
through I.

7.1.3 Exposure Assessment

Exposure refers to the potential contact of an individual with a constituent. The exposure
assessment identifies pathways and routes by which an individual may be exposed to the
COPCs, and estimates the magnitude, frequency, and duration of potential exposure.
Constituent intakes and associated health risks are only quantified for complete exposure
pathways. The following sections discuss the components of exposure assessment:

Development of the CSM for human health
Calculation of exposure point concentrations

Development of exposure assumptions for potentially complete exposure pathways
Calculation of intake for COPCs
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Conceptual Site Model for Human Health

This section provides the basis for developing the CSM for human exposures at Sites 8 and
34. Figure 7-1 presents the CSM showing potential human health exposure scenarios
identified for current and potential future site uses for Sites 8 and 34.

Physical Characteristics Sites 8 and 34 are located within WPNSTA Yorktown. WPNSTA
Yorktown is located on the York-James Peninsula, which is an embayed portion of the
Atlantic Coastal Plain physiographic province. Site 8 is an explosives contaminated
wastewater discharge area. Site 34 is a discharge pipe which originates at Building 537 and
extends south to Felgates Creek.

Site 8 is located in the east-central part of WPNSTA Yorktown (Figures 2-1 and 4-1). The site
is located along the Eastern Branch of Felgates Creek, just downstream of Site 34 and about
1.5 miles from the confluence of the creek and the York River. The site is located off of
Manley Road near Building 456 and consists of a 300-ft drainage way and its surrounding
area. The eastern part of the site consists of a paved parking lot. The western part of the site
around the drainage channel is wooded. Most of the site is relatively flat with the exception
of the drainage channel itself, which is situated in a ravine with steeply sloping sides.

Site 34 is approximately 0.4 acres in size and is located in the north-central part of WPNSTA
Yorktown (Figures 2-1 and 5-1). A one-lane asphalt road encircles Buildings 460, 459, 537, 458,
and 651, which are concrete bunkers set into a hillside. South of the road, the sparsely wooded
terrain slopes steeply to a flat marsh wetland area north of the main channel of the Eastern
Branch of Felgates Creek .

Characterization of Land Use Currently, the mission of WPNSTA is to provide ordnance,
technical support, and related services to sustain the war-fighting capability of the armed
forces in support of national military strategy. Sites 8 and 34 are located in the same area of
WPNSTA along the Eastern Branch of Felgates Creek and its unnamed tributary.

Sites 8 and 34 are within a restricted area of WPNSTA and are secured with locked wire
gates. In addition, the sites are located inside an area encumbered by the explosive safety
quantity distance (ESQD) and cannot be developed for real estate purposes. Currently
industrial activities related to ordnance take place at Sites 8 and 34. Sites 8 and 34 are
industrial in nature and are surrounded by woods.

Sites 8 and 34 are situated along the Eastern Branch of Felgates Creek and its unnamed
tributary. Felgates Creek is a tidally influenced tributary to the York River. Groundwater
flow from the sites is generally toward the creek. Surface water runoff from the sites are
directed toward the creek and its tributaries. The positions of Sites 8 and 34 along the creek
are illustrated on Figure 2-1. The constituents detected in the surface water (explosives and
metals) and sediment (three VOCs which are common laboratory contaminants and metals)
are not constituents that are typically considered to bioaccumulate in fish and crabs to levels
of concern for humans who ingest these fish and crab, with the possible exception of
mercury (if present as methyl mercury). Mercury was detected in the sediment, but was not
detected in the surface water. Mercury was detected in four of the eight sediment samples at
a maximum concentration of 0.16 pug/L. This concentration is not considered to be a concern
for bioaccumulation in fish or crab tissue at levels that would pose a risk to potential human
receptors who ingest the fish and crab. Additionally, the Eastern Branch of Felgates Creek
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supports fishing only as a “catch and release” program (as part of Navy policy) and site-
related concentrations in fish and crab downgradient of the site, where people are more
likely to fish and crab and eat the fish and crabs they catch, would be lower.

Groundwater Use The predominant source of domestic water supply for WPNSTA Yorktown
and surrounding communities is from the City of Newport News, Virginia, waterworks
through a series of surface water reservoirs. Individual homes are able to obtain water from
private wells installed into the Yorktown-Eastover shallow aquifer. However, because the
groundwater at the base flows towards the York River and its tributaries, there is no
potential for groundwater at WPNSTA Yorktown to migrate to these private wells. On
WPNSTA Yorktown, there are no drinking water wells, and the shallow aquifer system is
not used for any domestic water supply. There were four water supply wells on WPNSTA
Yorktown; three have been abandoned and the fourth has been destroyed.

Potentially Exposed Populations Potentially exposed populations are identified based on
their locations relative to the site, their activity patterns, and the presence of potential
sensitive subpopulations. The potentially exposed populations evaluated by the risk
assessment are shown on the CSM (Figure 7-1) and identified as appropriate for each site in
Sections 7.2 through 7.4.

Exposure points are locations where humans could come in contact with contaminants
released from the discharge areas to environmental media. Exposure points for Sites 8 and
34 include surface water and sediment in the Eastern Branch of Felgates Creek, and
groundwater beneath and downgradient of Sites 8 and 34.

Current site use could allow for exposure to surface water and sediment. Potential receptors
exposed to surface water and sediment (addressed together for both sites) are assumed to be
current/future adult, adolescent, and child trespassers/ visitors. In addition to exposure to
surface water and sediment, current exposure to vapors that have migrated from
groundwater into indoor air of on-site buildings (evaluated for Bunkers 459 and 537, and
Building 456) by workers in the buildings may occur.

Potential future site use will likely stay the same as the current site use. However, for a
conservative evaluation of potential risks, residential and industrial uses were evaluated in
addition to the current site use scenarios because unrestricted land use is the desired goal
for these sites. Groundwater would not be used as a future potable water supply by
industrial workers because the Station already has a potable water supply. However, future
industrial workers could be exposed to COPCs in indoor air from vapor intrusion from the
shallow groundwater into a future building constructed on one of the sites.

Construction workers could be exposed to shallow groundwater during excavation
activities. Additionally, it was conservatively assumed that groundwater from the
Yorktown aquifer may be used as a potable water supply, although this is highly unlikely.
Unfiltered groundwater samples were used to evaluate the construction worker scenario,
and filtered groundwater samples were used to evaluate the residential exposure scenarios,
following the USEPA Region III Guidance on the Selection of Analytical Metal Results from
Monitoring Well Samples for Use in Quantitative Assessment of Risk (USEPA, 1992). It was also
assumed that future residents could be exposed to COPCs in indoor air from vapor
intrusion from the shallow groundwater into a residence.
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It is also assumed that in addition to the current receptors for surface soil and sediment,
construction workers could be exposed to surface water and sediment in the Eastern Branch
of Felgates Creek.

In summary, the exposure routes for quantitative evaluation are:

Current/Future Trespasser/ Visitor (Adult, Adolescent, and Child) —Ingestion of and
dermal contact with surface water and sediment

e Current/Future Industrial Worker —Inhalation of indoor air (vapor intrusion from
groundwater into site building)

¢ Future Resident (Adult and Child) —Ingestion of and dermal contact with shallow
groundwater, inhalation of volatile COPCs from shallow water while showering (adult),
and inhalation of indoor air (vapor intrusion from groundwater into future residential
house)

¢ Future Construction Worker —Dermal contact with and inhalation of volatile emissions
from shallow groundwater from an open excavation, ingestion of and dermal contact
with surface water and sediment

Residential exposures to surface water and sediment were not evaluated by the risk
assessment. It was assumed that the trespasser/visitor scenario would also be
representative of future residents using surface water and sediment for recreational
purposes.

Calculation of Exposure Point Concentrations

Exposure is quantified by estimating the exposure point concentrations (EPC) of COPCs in
environmental media and constituent intake by the receptor. EPCs are estimated constituent
concentrations that a receptor may contact and are specific to each exposure medium and
site. EPCs may be directly monitored or estimated using environmental models. Constituent
concentrations in groundwater, surface water, and sediment were measured for this
assessment. Fate and transport modeling was used to estimate constituent concentrations in
vapors from groundwater while showering and in vapors volatilized from groundwater in
an open excavation. Additionally, indoor air concentrations from vapor intrusion from
shallow groundwater into indoor air were modeled for currently occupied buildings on site,
and potential future industrial and residential buildings. Volatilization while showering
was estimated using the Foster and Chrostowski shower model (1987). Concentrations of
VOC:s in air resulting from volatilization of constituents in shallow groundwater in an open
excavation were calculated using the Calculation of Inhalation Concentration in Excavation
Trench methodology from the Virginia Voluntary Remediation Program (VRP). The Foster
and Chrostowski shower model and the VRP model calculations are presented in
Appendices G and H, Table 7 series. Indoor air concentrations resulting from vapor
intrusion from shallow groundwater were estimated using the Johnson and Ettinger model.
Building-specific information (e.g., dimensions), site-specific groundwater data (e.g., depth
to groundwater, water temperature), and site-specific soils data collected during the RI
investigation, along with standard default model parameters, were used in the Johnson and
Ettinger model. The model inputs and summary of results in presented in the Table 11 series
in Appendices G and H.

7-6 ES100609123254VBO



SECTION 7—7BHUMAN HEALTH RISK ASSESSMENT

Both reasonable maximum exposure (RME) and central tendency exposure (CTE) EPCs
were calculated for COPCs. The RME EPC for each of the COPCs was calculated as a

95 percent upper confidence limit (UCL) of the arithmetic mean of the data set, using
ProUCL Version 4.1 (USEPA, 2010b). First, the distribution of each data set was determined
(normal, lognormal, and/or gamma) by ProUCL using the Shapiro-Wilks test to test for a
normal or lognormal distribution, and the Anderson-Darling and Kolmogorov-Smirnov
Tests to test for a gamma distribution. Based on the distribution and skewness of the data
points, ProUCL recommended a 95 percent UCL that was used as the RME EPC. In cases
where there were less than five samples in the data set, or the recommended UCL exceeded
the maximum detected concentration, the maximum concentration was used as the EPC.

For data sets with more than one detected concentration, the detected concentrations and
non-detected values (detection limits) were entered into ProUCL and ProUCL calculated the
EPCs using the “UCLs with NDs” method. For data sets with only one detected
concentration, one-half the detection limits were entered into ProUCL as proxy values for
non-detects and ProUCL calculated the statistics and EPCs using the “full method.”

CTE risk evaluations were performed for exposure pathways that resulted in a risk above

1 x10*, or a hazard index (HI) above 1.0 (see Section 7.1.5 on risk characterization). The
arithmetic mean of the dataset based on the statistical method that was used to calculate the
RME EPC was used as the CTE EPC regardless of distribution, except in cases where the
data set consisted of one detected concentration. In this case, the arithmetic mean based on
raw statistics from ProUCL output was used as the CTE EPC.

The EPCs for the COPCs for each medium at each site and the rationale for the selected EPC
are presented in Appendices G through I, Table 3 series.

Estimation of Chemical Intakes for Individual Pathways

Chemical intake is the amount of the chemical constituent entering the receptor’s body. The
medium-specific and exposure scenario-specific intake equations used in this assessment
are provided in the RAGS Part D (USEPA, 2001a) Table 4 series in Appendices G through I,
for Sites 8 and 34, and surface water and sediment, respectively. The intake equation
requires specific exposure parameters for each exposure pathway. Exposure parameters are
often assumed values, and the magnitude influences the estimates of potential exposure
(and risk). The reliability of the values chosen can also contribute to the uncertainty of the
resulting risk estimates. Many of the exposure parameters have default values suggested by
the USEPA, which were used for this assessment. These assumptions, based on estimates of
body weights, media intake levels, and exposure frequencies and duration are provided by
USEPA guidance (USEPA, 1989; 1991; 1997a; 2004). Other assumptions (e.g., exposure
frequency for the trespasser/ visitor exposure scenarios and construction workers) required
consideration of location-specific information and were determined using professional
judgment. The exposure factors used for different scenarios at the site are provided in the
RAGS Part D (USEPA, 2001a) Table 4 series in Appendices G through I.

Although RAGS Part E (USEPA, 2004) recommends an exposure frequency of 250 days for
the industrial worker (or construction worker) exposed to site media under the RME
scenario, it is unlikely that a construction worker would be exposed to groundwater in an
excavation for longer than 125 days. It is also likely that any groundwater that is present in
an excavation would be pumped from the excavation while performing construction
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activities. Therefore, an exposure frequency of 125 days per year was selected to evaluate
construction worker exposure to ground water. Additionally, it is unlikely that a
construction worker would be exposed to surface water and sediment every day they work
at the site. Therefore, it was assumed that a construction worker may be exposed to surface
water and sediment 10 days per year while performing maintenance or construction work
within the Eastern Branch of Felgates Creek and its unnamed tributary.

Sediment was treated as soil to estimate exposure via dermal contact. Two additional
parameters are necessary to estimate dermal contact with soil or sediment. The first
parameter, the dermal absorption fraction, estimates the amount of a constituent in soil or
sediment that would be absorbed by the skin. The USEPA (2004) guidance for absorption
fractions was used, which recommends 3 percent for arsenic, the only COPC for sediment.
The value is an estimate based on available experimental data for dermal absorption from
contaminated soil. The actual amount absorbed is dependent on soil characteristics. The
second additional parameter necessary to estimate dermal expose to constituents in
sediment is the sediment (soil) to skin adherence factor (AF). The AF estimates the amount
of sediment that adheres to the skin per unit of surface area. The AFs used in this
assessment were obtained from USEPA guidance (2004) and are included in the RAGS Part
D (USEPA, 2001a) Table 4 series in Appendices G through I. The AFs for reed gatherers
were used, as the reed gatherers are assumed to be exposed to wet soil or muddy
conditions, which is more representative of exposure to sediment, than a drier soil exposure.

The dermal exposure model presented in USEPA’s dermal exposure assessment guidance
(USEPA, 2004) was used to estimate dermal exposure to groundwater and surface water.
The values for parameters used in this model (i.e., permeability constant) were obtained
from this guidance document and are included in the RAGS Part D (USEPA, 2001a) Table 4
and 7 series in Appendices G through I.

7.1.4 Toxicity Assessment

Toxicity assessment defines the relationship between the magnitude of exposure and
possible severity of adverse effects, and weighs the quality of available toxicological
evidence. Toxicity assessment generally consists of two steps: hazard identification and
dose-response assessment. Hazard identification is the process of determining the potential
adverse effects from exposure to the chemical along with the type of health effect involved.
Dose-response assessment is the process of quantitatively evaluating the toxicity information
and characterizing the relationship between the dose of the constituent administered or
received and the incidence of adverse health effects in the exposed population.

Health effects are divided into two broad groups: non-carcinogenic and carcinogenic effects.
This division is based on the different mechanisms of action currently associated with each
category. This section discusses non-carcinogenic and carcinogenic effects separately, and
how these effects were assessed in this HHRA.

The primary source of toxicity values is the USEPA’s Integrated Risk Information System
(IRIS) database (USEPA, 2011), which contains up-to-date toxicological information. IRIS
includes only reference doses (RfDs), inhalation reference concentrations (RfCs),
carcinogenic slope factors (CSFs), and inhalation unit risk factors (IURs) that have been
verified by USEPA workgroups. In accordance with the USEPA Human Health Toxicity
Values in Superfund Risk Assessments guidance (2003a), the second tier of toxicity factors is
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the Provisional Peer Reviewed Toxicity Value (PPRTV) database maintained by the
USEPA’s National Center for Environmental Assessment (NCEA) and the Superfund Health
Risk Technical Support Center. Toxicity values from the PPRTV were used if values were
not available from IRIS. The Health Effects Assessment Summary Tables (HEAST) (USEPA,
1997¢), which are issued by USEPA’s Office of Research and Development, and California
USEPA toxicological database were consulted when data were not available in IRIS or
PPRTV. The use of toxicity values from sources other than IRIS in an HHRA increases the
uncertainty of the quantitative risk.

Toxicity Information for Non-carcinogenic Effects

Non-carcinogenic health effects include a variety of toxic effects on body systems, ranging
from toxicity to the kidneys to central nervous system disorders. The toxicity of a chemical
is assessed through a review of toxic effects noted in short-term (acute) animal studies, long-
term (chronic) animal studies, and epidemiological investigations.

USEPA (1989) defines the chronic RfD or RfC as a dose that is likely to be without
appreciable risk of deleterious effects during a lifetime of exposure. Chronic RfDs and RfCs
are specifically developed to be protective for long-term exposure to a compound (for
example, 7 years to a lifetime), and consider uncertainty in the toxicological database and
sensitive receptors. Subchronic RfDs and RfCs (applicable for exposures less than 7 years),
which are all provisional values (i.e., not verified by USEPA), were used for the construction
worker scenario. If a Subchronic RfD or RfC was not available for a COPC, the chronic RfD
or RfC was used.

In the development of RfDs and RfCs, all available studies examining the toxicity of a
chemical following exposure are considered on the basis of scientific merit. The lowest dose
level at which an observed toxic effect occurs is identified as the Lowest Observed Adverse
Effect Level (LOAEL), and the dose at which no effect is observed is identified as the No
Observed Adverse Effect Level (NOAEL). Several uncertainty factors (UFs) may be applied
to the LOAEL or NOAEL in deriving the RfDs and RfCs, to account for uncertainties such as
poor data quality, extrapolation of data from animal studies to human exposures, or the use
of subchronic studies to develop chronic criteria. These UFs range from 10 to 10,000, and are
based on professional judgment. Consequently, there are varying degrees of uncertainty in
the toxicity criteria.

USEPA-derived oral RfDs and inhalation RfCs, and associated UF and modifying factor (MF)
values, available for the COPCs at each site are presented in Appendices G through I.

Per USEPA guidance, oral RfDs were adjusted from administered dose (oral) to absorbed
dose (dermal) to evaluate dermal toxicity. When appropriate, the RfDs were adjusted by
multiplying by the oral absorption factors (USEPA, 2004). This adjustment is shown in the
RAGS Part D (USEPA, 2001a) Table 5.1 tables in Appendices G through I.

Toxicity Information for Carcinogenic Effects

Potential carcinogenic effects are quantified as CSFs or IURs that convert estimated
exposures directly to incremental lifetime carcinogenic risks.

CSFs and IURs may be derived from the results of chronic animal bioassays, human
epidemiological studies, or both. Animal bioassays are usually conducted at dose levels that

ES100609123254VBO 7-9



REMEDIAL INVESTIGATION REPORT FOR GROUNDWATER AT SITES 8 AND 34

are much higher than are likely to be encountered in the environment. This design detects
possible adverse effects in the relatively small test populations used in the studies. The
actual risks from exposure to a potential carcinogen are not likely to exceed the estimated
risks and are probably much lower or even zero. USEPA-derived CSFs and IURs are
presented in Appendices G through I.

As was done for oral RfDs, oral CSFs were adjusted from administered dose (oral) to
absorbed dose (dermal) to evaluate dermal toxicity. When appropriate, the CSFs were
adjusted by dividing by the oral absorption factors (USEPA, 2004). This adjustment is
shown in the RAGS Part D Table 6.1 tables in Appendices G through I.

Constituents for Which USEPA Toxicity Values Are Not Available

Most of the constituents detected at Sites 8 and 34 have toxicity factors and USEPA RSLs.
Detected constituents that did not have RSLs were compared to RSLs for appropriate
surrogate constituents during the COPC selection process. Surrogates were selected based
on previous recommendations from USEPA Region 3. The surrogates are identified in the

RAGS (USEPA, 2004) Table 2 series.

7.1.5 Risk Characterization

Risk characterization combines the results of the previous elements of the risk assessment to
evaluate the potential health risks associated with exposure to the COPCs. The risk
characterization is then used as an integral component in remedial decision making and
selection of potential remedies or actions, as necessary.

Methods for Estimating Risks

Potential human health risks are discussed independently for carcinogenic and non-
carcinogenic constituents because of the different toxicological endpoints, relevant exposure
duration, and methods used to characterize risk. Exposure to some constituents may result
in both non-carcinogenic and carcinogenic effects (i.e., arsenic), and therefore, these
constituents were evaluated in both groups.

Non-carcinogenic Hazard Estimation Non-carcinogenic health risks are estimated by
comparing the calculated exposures (intakes) to RfDs (or RfCs). The calculated intake
divided by the RfD (or exposure concentration divided by the RfC) is equal to the hazard
quotient (HQ):

HQ = Intake / RfD or Exposure Concentration / RfC

The intake and RfD (or exposure concentration and RfC) represent the same exposure route
(i.e., oral intakes are divided by oral RfDs, inhalation exposure concentrations are divided
by inhalation RfCs). An HQ that exceeds 1 (i.e., intake exceeds the RfD) indicates that there
is a potential for adverse health effects associated with exposure to that constituent.

To assess the potential for non-carcinogenic health effects posed by exposure to multiple
constituents, an HI approach is used (USEPA, 1986). This approach assumes that non-
carcinogenic hazards associated with exposure to more than one constituent are additive
(HI = sum of the HQs). Synergistic or antagonistic interactions between constituents are not
considered. The HI may exceed 1 even if all of the individual HQs are less than 1. HIs may
be added across exposure routes to estimate the total non-carcinogenic health effects to a
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receptor posed by exposure through multiple routes. An HI greater than 1 indicates that
there is some potential for adverse non-carcinogenic health effects associated with exposure
to the COPCs, possibly warranting remedial action. If the HI is greater than 1, separate Hls
are calculated for each target organ to determine if the HI for a specific target organ is
greater than 1. If the HI for each target organ does not exceed 1, it can be assumed that there
is no non-carcinogenic hazard to the receptor above USEPA’s acceptable level.

Carcinogenic Risk Estimation The potential for carcinogenic effects due to exposure to site-
related constituents is evaluated by estimating the excess lifetime carcinogenic risk (ELCR).
ELCR is the incremental increase in the probability of developing cancer during one’s
lifetime in addition to the background probability of developing cancer.

Carcinogenic risk is calculated by multiplying the intake by the CSF (or exposure
concentration by the IUR).

ELCR = Intake x CSF or Exposure Concentration x IUR

The combined risk from exposure to multiple constituents was evaluated by adding the
risks from individual constituents. Risks were also added across the exposure routes if an
individual would be exposed through multiple routes.

When a cumulative carcinogenic risk to an individual receptor under the assumed RME
exposure conditions at the site exceeds 100 in a million (i.e., 10-* excess carcinogenic risk),
CERCLA generally requires remedial action to reduce risks at the site (USEPA, 1991). If the
cumulative risk is less than 104, action generally is not required, but may be warranted if a
chemical-specific standard (for example, MCL) is exceeded. A risk-based remedial decision
could be superseded by the presence of non-carcinogenic impact or environmental impact
requiring action at the site.

The results of the risk characterization are presented for each site in Sections 7.2 through 7.4.

7.1.6 Uncertainty Associated with Human Health Assessment

The risk measures used in CERCLA site risk assessments are not fully probabilistic
estimates of risk, but are conditional estimates given that a set of assumptions about
exposure and toxicity are realized. Thus it is important to specify the assumptions and
uncertainties inherent in the risk assessment to place the risk estimates in proper
perspective. The general uncertainties common to both of the sites are presented below.
Specific uncertainties for each of the sites are presented in Sections 7.2 through 7.4.

General Uncertainty in COPC Selection

A comparison of site concentrations to background concentrations was not used to select the
COPCs in accordance with USEPA Region 3 guidance. Following the USEPA approach may
result in the inclusion of risks that may be associated with background conditions and are
not necessarily site-related.

The method used to screen groundwater data for vapor intrusion into indoor building air
was very conservative. It most likely results in a greater number of chemicals selected as
COPCs than would actually be a concern for the vapor intrusion exposure pathway.
Included in the conservatism is use of maximum detected concentrations from across the
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site, when it is likely a building would not be built across the full site. Additionally, the
screening values used to select the COPCs are based on conservative assumptions.

The detection limits for non-detected constituents were compared with the RSLs to
determine if detection limits were above the RSLs and constituents that were not detected
could be present at the site at concentrations below the detection limit but above the RSL
(Table 12 series in Appendices G, H, and I). The comparison indicated that there were a few
non-detected VOCs, SVOCs, PCBs, explosives, and metals with detection limits above
adjusted RSLs. However, the majority of these detection limits were below the non-adjusted
RSLs for noncarcinogens, and within ten times (10> to 10-¢ risk level) or 100 times (104 to 10-5
risk level) the RSL for carcinogens. This comparison indicates that there may be additional
constituents present at the site at concentrations below the detection limits but slightly
above the screening levels used to identify the COPCs (the adjusted RSLs). This may result
in an under-estimation of risks. However, based on the past site use, it is likely that many of
these constituents are not present at the site, and if they are present, the concentrations
would be below the detection limits and not at levels of significant concern to human health.

Uncertainty Associated with Exposure Assessment

Uncertainty in the exposure assessment was generally treated with conservative decision
rules and assumptions, and therefore the uncertainty likely overestimates actual exposure to
COPCs. Several exposure pathways evaluated by this HHRA, such as residential land use,
are hypothetical and are not anticipated to occur in the future at Sites 8 and 34. Most of the
exposure factors used for quantitation of exposure are generally conservative and reflect
worst-case, or upper-bound, assumptions for the exposure.

To conservatively evaluate unrestricted land use, it was assumed that the site may be used
for residential purposes in the future, though this is not a likely scenario. It is also not likely
that groundwater from the shallow aquifer would ever be used as a potable or industrial
water supply because of the availability of better water supplies with respect to both water
quality and quantity.

The percent of a constituent absorbed through the skin is likely to be affected by many
parameters, including soil loading, moisture content, organic content, pH, and presence of
other constituents. The availability of a constituent for absorption through the skin depends
on site-specific fate and transport properties of the chemical species available for eventual
absorption. Constituent concentrations, specific properties of the constituent, and the
kinetics of constituents being released from sediment all affect the amount of a constituent
that is absorbed. These factors contribute to the uncertainty associated with dermal
absorption estimates, and make it difficult to quantify the amount of certain constituents
absorbed through the skin from soil, and even more for sediment.

The estimation of vapor intrusion from groundwater to indoor air used conservative,
default parameter value assumptions in the Johnson and Ettinger model, which may result
in the overestimation of indoor air concentrations. The use of this model, and the
conservative assumptions, results in an overestimation of the risks and hazards associated
with this pathway for both the current/future industrial worker and future resident.

712 ES100609123254VBO



SECTION 7—7BHUMAN HEALTH RISK ASSESSMENT

The Johnson and Ettinger model incorporates the following conceptual assumptions/
limitations:

e No free phase liquid/ precipitate (e.g., non-aqueous-phase liquid or solid) is present.

¢ Contaminant vapors enter the structure primarily through cracks and openings in the
walls and foundation.

e Convective transport occurs primarily within the building zone of influence and vapor
velocities decrease rapidly with increasing distance from the structure.

¢ Diffusion dominates vapor transport between the source of contamination and the
building zone of influence.

e All vapors originating from below the building will enter the building unless the floors
and walls are perfect vapor barriers.

e All soil properties in stratum are homogeneous.
e The contaminant is homogeneously distributed within the zone of contamination.

e The aerial extent of contamination is greater than that of the building floor in contact
with the soil.

e Vapor transport occurs in the absence of convective water movement within the soil
column (i.e., evaporation or infiltration), and in the absence of mechanical dispersion.

e The model does not account for transformation processes (e.g., biodegradation,
hydrolysis)

e The soil layer in contact with the structure floor and walls is isotropic with respect to
permeability.

e Both the building ventilation rate and the difference in dynamic pre pressure between
the interior of the structure and the soil surface are constant values.

Uncertainty Associated with Toxicity Assessment

Uncertainty associated with the non-carcinogenic toxicity factors is included in the toxicity
tables for each site (Appendices G through I, Table 5s and 6s). Several UFs were applied to
extrapolate dose points from animal studies to humans. These UFs range between 1 and
3,000. Additional modification factors are used on the basis of USEPA’s professional
judgment. Therefore, there is a high degree of uncertainty in the non-carcinogenic toxicity
criteria based on the available scientific data for each constituent. The non-carcinogenic
toxicity factors are most likely an overestimate of actual toxicity.

Use of provisional or withdrawn toxicity factors increases the uncertainty of the quantitative
hazard and risk estimates. These provisional values were used to provide a quantitative
estimate rather than a merely qualitative risk discussion; however, these values should be
interpreted cautiously because USEPA has not approved these toxicity values.

CSFs and IURs developed by USEPA represent upper-bound estimates. Carcinogenic risks
generated in this assessment should be regarded as an upper-bound estimate of the potential
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carcinogenic risks rather than an accurate representation of carcinogenic risk. The true
carcinogenic risk is likely to be less than the predicted value (USEPA, 1989).

Additional uncertainty lies in the prediction of relative sensitivities of different species of
animals and the applicability of animal data to humans.

A large degree of uncertainty is associated with the oral-to-dermal adjustment factors (based
on constituent-specific gastrointestinal absorption factors) used to transform the oral RfDs
based on administered doses to dermal RfDs based on absorbed doses. It is not known if the
adjustment factor results in an underestimate or overestimate of the actual toxicity
associated with dermal exposure.

Uncertainty in Risk Characterization

The uncertainties identified in each component of risk assessment ultimately contribute to
uncertainty in risk characterization. The addition of risks and Hls across pathways and
constituents contributes to uncertainty based on chemical interactions such as additivity,
synergism, potentiation, and susceptibility of exposed receptors.

7.2 Site 8 Human Health Risk Assessment

This section presents the HHRA for Site 8 groundwater. Selection of COPCs, calculation of
EPCs, risk characterization (risk estimates), discussion of the site-specific uncertainties in the
HHRA, and the HHRA summary are presented below. Methodologies followed for the
HHRA are presented in Section 7.1.

7.2.1 Identification of COPCs for Site 8

This subsection includes a summary of the groundwater data evaluated by the HHRA and
presents the COPCs selected for further evaluation. A discussion of the site investigations and
data collected at Site 8 are presented in Section 4.

Data Summary

Data were evaluated by the quantitative risk assessment to characterize potential current
and future risks based on current site conditions. All of the data used in the risk assessment
were fully validated and are assumed to represent current conditions. Table 7-1 lists the
groundwater samples that were evaluated for the HHRA. Unfiltered groundwater data
were used to evaluate construction worker exposure to groundwater. Filtered groundwater
inorganic data were used to evaluate residential exposure to groundwater since an order of
magnitude difference was noted between the filtered and unfiltered result signifying a
higher amount of particulates in the water column (USEPA, 1992) as shown in Appendix D,
Final Groundwater Raw Analytical Results 2007-2008.

Summary of COPCs

Appendix G, Tables 2.1 through 2.5, present the screening to identify the COPCs for Site 8
groundwater. Table 7-2 summarizes the constituents that were selected as COPCs based on
comparison to tap water RSLs and vapor intrusion from groundwater to indoor air
screening values. Four VOCs, one SVOC, five explosives, three dissolved metals (residential
scenario), and seven total metals (construction worker scenario) were identified as COPCs
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for groundwater. One of the VOCs retained as a COPC in groundwater was also identified
as a COPC for the vapor intrusion from groundwater to indoor air inhalation pathway.

7.2.2 Exposure Assessment for Site 8

A general discussion of exposure assessment is included in Section 7.1.3. The CSM for
human health is presented in Figure 7-1. Site 8 is a 300-ft drainage way located along the
Eastern Branch of Felgates Creek, approximately 1.5 miles from the confluence of the creek
and the York River. The drainage area lies east of the NEDED complex (Building 456). The
topography is flat around Building 456, but slopes steeply into the drainage way. The
ground surface is paved with the exception of the western and northern portions of the site
which are wooded. Shallow (Yorktown-Eastover aquifer) groundwater at the site is
encountered at approximately 6 ft bgs with flow towards Felgates Creek.

The Site 8 drainage way received wastewater from the NEDED complex from 1940 to 1975.
The wastewater reportedly contained unspecified solvents, spent/neutralized acids, and
nitramine compounds. In 1974, a carbon adsorption tower was installed to treat the
contaminated wastewater prior to discharge. In 1986, the effluent from the tower was
diverted to the sanitary sewer serviced by HRSD. Since 1986, the site has reverted to a
natural drainage area.

Appendix G, Table 1, and Table 7-3 summarize the potentially exposed populations
evaluated by this risk assessment. It is assumed a current/future industrial worker could be
exposed to vapors migrating from groundwater into indoor air

In summary, the current land use exposure route for quantitative evaluation for Site 8
groundwater is:

¢ Industrial Worker —Inhalation of indoor air (vapor intrusion from shallow groundwater
into current site building indoor air).

Although future site use is expected to remain the same as current site use, unrestricted land
use was evaluated, along with potential industrial site use. Therefore, both industrial and
residential uses were evaluated. For future land use conditions, it was conservatively
assumed that groundwater from the Yorktown aquifer might be used as a potable water
supply, although this is highly unlikely. It was also assumed future construction workers
could be exposed to groundwater during excavation activities.

To summarize, future exposure routes include the current exposure routes and the
following:

¢ Resident (Adult and Child) —Ingestion of and dermal contact with shallow
groundwater, inhalation of volatile COPCs from shallow groundwater while showering
(adult only), and inhalation of indoor air (vapor intrusion from shallow groundwater
into future site building indoor air)

¢ Construction Worker —Dermal contact with shallow groundwater and inhalation of
volatile emissions from shallow groundwater in an open excavation

¢ Industrial Worker —Inhalation of indoor air (vapor intrusion from shallow groundwater
into future site building indoor air).
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Calculation of EPCs
The approach used to calculate EPCs is presented in Section 7.1.3.

Vapor intrusion into indoor air was estimated using the Johnson and Ettinger model for a
current/future industrial building on site and a future residential house on site. The input
parameters used for this model are listed in Tables 7-4 and 7-5 for the industrial and
residential scenarios, respectively. The maximum detected concentration of the COPC was
conservatively used as the input groundwater concentration, no matter where it was
detected on the site. The output from this model is included Appendix G, Tables 11.2 and
11.3.

Appendix G presents the RME EPCs (Tables 3.1.RME through 3.6.RME) and CTE EPCs
(Tables 3.1.CTE through 3.4.CTE) for the groundwater COPCs.

Estimation of Chemical Intakes for Individual Pathways

The media-specific and exposure scenario-specific intake equations and exposure parameter
values used in this assessment are provided in Appendix G, Tables 4.1.RME through
4.3.RME and 4.1.CTE through 4.3.CTE.

7.2.3 Toxicity Assessment for Site 8

A discussion of toxicity assessment is provided in Section 7.1.4. USEPA-derived oral RfDs,
inhalation RfCs, and associated uncertainty factors and modifying factor values, for the
groundwater COPCs at Site 8 are listed in Tables 5.1 and 5.2 in Appendix G. USEPA-derived
CSFs and IURs are listed in Tables 6.1 and 6.2 in Appendix G, respectively.

7.2.4 Risk Characterization for Site 8

The results of the risk characterization are presented below by receptor. The risk
calculations are presented in Appendix G, Tables 7.1.RME through 7.5.RME, and 7.1.CTE
through 7.3.CTE. A summary of the RME results is presented in Table 7-6 and Appendix G,
Tables 9.1. RME through 9.5.RME, and a summary of the CTE results is shown in Table 7-7
and Appendix B, Tables 9.1.CTE through 9.3.CTE. CTE risks were calculated only when the
RME hazards exceeded one or the RME carcinogenic risks exceeded 10+

Current/Future Industrial Worker, Table 9.1.RME, Appendix G

The risk assessment assumes that a current/future industrial worker could be exposed to
shallow groundwater through inhalation of vapors that have migrated from groundwater to
indoor air through vapor intrusion. The RME noncarcinogenic hazard associated with
inhalation of indoor air (HI = 0.00004) is less than the acceptable HI of 1.0. The RME
carcinogenic risk (2.2x10-8) is less than the acceptable risk range of 1x10-¢ to 1x104.

Future Adult Resident (Non-carcinogenic Hazard), Tables 9.2.RME and 9.1.CTE, Appendix G

The risk assessment assumed that a future adult resident could be exposed to groundwater
through ingestion, dermal contact and inhalation while showering, and inhalation of vapors
that have migrated from the groundwater to indoor air through vapor intrusion.
Carcinogenic risks were not calculated for an adult resident but were calculated for a
lifetime child/adult resident, following USEPA guidance. The RME non-carcinogenic
hazard associated with exposure to groundwater (HI = 7.1) is above the acceptable HI of 1.0.
The hazard is primarily associated with ingestion of 2, 4, 6-trinitrotoluene (HQ = 3.0), 2-
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amino-4,6-dinitrotoluene (HQ = 1.0), and 4-amino-2,6-dinitrotoluene (HQ = 1.1). The CTE
non-carcinogenic hazard (HQ = 0.6) is less than the acceptable HI of 1.0.

Future Child Resident (Non-carcinogenic Hazard), Tables 9.3.RME and 9.2.CTE, Appendix G

The risk assessment assumed that a future child resident could be exposed to groundwater
through ingestion, dermal contact and inhalation while showering, and inhalation of vapors
that have migrated from the groundwater to indoor air through vapor intrusion.
Carcinogenic risks were not calculated for a child resident but were calculated for a lifetime
child/adult resident, following USEPA guidance.

The RME non-carcinogenic hazard associated with exposure to groundwater (HI = 17)
exceeds the acceptable HI of 1.0. The hazard is primarily associated with ingestion of
2,4,6-trinitrotoluene (HQ = 7.0), 2-amino-4,6-dinitrotoluene (HQ = 2.3), 4-amino-2,6-
dinitrotoluene (HQ = 2.6), and RDX (HQ = 2.2). The CTE non-carcinogenic hazard (HQ =
1.9) also exceeds the acceptable HI of 1.0, however no target organ specific HIs exceed 1.0.

Future Lifetime Resident (Carcinogenic Risk), Tables 9.4.RME and 9.3.CTE, Appendix G

The risk assessment assumes that a lifetime child/adult resident could be exposed to
groundwater through ingestion, dermal contact and inhalation while showering, and
inhalation of vapors that have migrated from the groundwater to indoor air through vapor
intrusion.

The RME carcinogenic risk associated with exposure to groundwater (CR = 5.6x104) is
above USEPA’s target risk range of 10 to 104 The risk is primarily associated with
ingestion of RDX (CR = 1.7x104), ingestion and dermal contact with tetrachloroethene
(CR =7.5%x10%), and ingestion of chromium (CR = 2.3x104). The CTE carcinogenic risk
associated with exposure to groundwater (6.6x1075) is within USEPA’s target risk range.

Future Construction Worker, Tables 9.5.RME, Appendix G

The risk assessment assumes that a future construction worker could be exposed to
groundwater through dermal contact and inhalation of volatiles.

The RME non-carcinogenic hazard associated with exposure to groundwater (HI = 0.21 is
less than the acceptable HI of 1.0. The RME carcinogenic risk (7.7x107) is below the
acceptable risk range of 10 to 10-4.

7.2.5 Uncertainty Associated with Site 8 HHRA

The general uncertainties associated with the HHRA are discussed in Section 7.1.6. Below is
a discussion of the uncertainties specific to the evaluation of risks associated with the
groundwater at Site 8.

3-5-Dinitroaniline was identified as a COPC for Site 8 groundwater using the RSL for 1,3-
dinitrobenzene, which was used as a surrogate since there are no toxicity values (or RSLs)
available for 3,5-dinitroaniline. Since there are no toxicity values available for 3,5-
dinitroaniline, risks associated with 3,5-dinitroaniline were not quantified in the HHRA.
Therefore, the risks associated with exposure to Site 8 groundwater may be slightly
underestimated, however, 3,5-dinitroaniline was only detected in two of the nine
groundwater samples, and both detected concentrations were | flagged, indicating they are
estimated values.
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The calculated hazards and risks to the future residents from exposure to groundwater were
above acceptable levels. One of the risk drivers (PCE) was detected in just 1 of 9 samples.
2,4,6-Trinitrotoluene, 4-amino-2,6-and 2-amino-4,6-dinitrotoluene were each just detected at
concentrations exceeding the screening value in one sample, the sample from YS08-GW08.
RDX was detected in five of the nine samples, and four of the detected concentrations
exceeded the screening value. Chromium was detected in eight of the nine samples and all
detected concentrations exceeded the screening level. However, in the absence of chromium
speciation information for the groundwater samples, the tap water RSL for hexavalent
chromium, the more toxic form of chromium, was used as the screening value to identify
total chromium as a COPC and the toxicity factors for hexavalent chromium were used to
estimate the risks associated with total chromium. The use of hexavalent chromium for
evaluation of total chromium is extremely conservative since the presence of trivalent
chromium is strongly favored in natural waters because the concentrations of constituents
known to reduce hexavalent chromium to trivalent chromium generally far outweigh the
concentrations of the few constituents known to oxidize trivalent chromium to hexavalent
chromium. Furthermore, once reduced, trivalent chromium is very stable in aquatic
environments and highly unlikely to oxidize to hexavalent chromium. Thus, chromium in
groundwater is more likely to be in its trivalent form than its hexavalent form (Fendorf and
Zasoski, 1992; Milacic and Stupar, 1995; Weaver and Hochella, 2003). The concentrations of
total chromium detected in the groundwater are below the tap water RSL for trivalent
chromium.

The maximum detected concentrations of all of the risk drivers, with the exception of
chromium, were detected in YS08-GWO08, and for all but PCE and RDX, this maximum
detected concentration was used as the RME EPC.

The future residential scenario evaluated in the risk assessment is very conservative. It is
unlikely that the site will be used for future residential development, and even more
unlikely that the groundwater would be used as a future potable water supply.

7.2.6 Site 8 Human Health Risk Summary

The HHRA was conducted to evaluate the potential human health risks associated with
groundwater at Site 8. This baseline risk assessment was conducted to characterize potential
current and future human health risks on the basis of potential and unlikely (but
conservative) receptor populations and exposure scenarios if no remedial action is
implemented.

Appendix G, Tables 9.1.RME through 9.5.RME and Tables 9.1.CTE through 9.3.CTE
summarize the RME and CTE potential hazards and risks to each receptor as described in
Section 7.2.4. Appendix G, Tables 10.1.RME through 10.3.RME and 10.1.CTE show the
receptor scenarios with a total HI greater than 1.0 or total carcinogenic risks greater than
104, Constituents that contribute HIs greater than 0.1 or carcinogenic risks greater than 10-¢
(the chemicals of concern for any future additional evaluation) are included in the table.

The RME noncarcinogenic hazard and RME carcinogenic risk to the industrial worker
associated with vapor intrusion into indoor air, and the RME noncarcinogenic hazard and
RME carcinogenic risk to the construction worker exposed to groundwater in an open
excavation are less than USEPA’s target levels. The RME noncarcinogenic hazard to the
child and the adult resident, and the RME carcinogenic risk to the lifetime resident
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associated with use of the groundwater exceeds USEPA’s target levels. The noncarcinogenic
hazards and the carcinogenic risk are primarily associated with explosives and chromium.
The CTE noncarcinogenic hazard to the child resident is above USEPA target levels.,
however none of the target organ specific hazards exceed the target level. One of the risk
contributors (tetrachloroethene) was detected in just 1 of 9 samples. 2,4,6-trinitrotoluene,
4-amino-2,6-and -4,6-dinitrotoluene were each just detected at concentrations exceeding the
screening value in one sample, the sample from GW08. RDX was detected in five of the nine
samples, and four of the detected concentrations exceeded the screening value. Chromium
was detected in eight of the nine samples and all detected concentrations exceeded the
screening level. However, the toxicity factors hexavalent chromium were used to estimate
the risks associated with total chromium. It is more likely the chromium is present in the
trivalent form, and if so, there would be no unacceptable risks associated with exposure to
the chromium. The maximum detected concentrations of all of the risk drivers (except for
chromium) were detected in YS08-GWO08, and for all but PCE and RDX, the maximum
detected concentration was used as the RME EPC.

The future residential land use scenario evaluated in this assessment is very conservative
because it is assumed that land use will change to residential in the future.

7.3 Site 34 Human Health Risk Assessment

This section presents the HHRA for Site 34 groundwater. Selection of COPCs, calculation of
EPCs, risk characterization (risk estimates), discussion of the site-specific uncertainties in the
HHRA, and the HHRA summary are presented below. Methodologies followed for the
HHRA are presented in Section 7.1.

7.3.1 lIdentification of COPCs for Site 34

This subsection includes a summary of the groundwater data evaluated by the HHRA and
presents the COPCs selected for further evaluation. A discussion of the site investigations and
data collected at Site 34 are presented in Section 5.

Data Summary

Data were evaluated by the quantitative risk assessment to characterize potential current
and future risks based on current site conditions. All of the data used in the risk assessment
were fully validated and are assumed to represent current conditions. Table 7-8 lists the
groundwater samples that were evaluated for the HHRA. Unfiltered groundwater data were
used to evaluate construction worker exposure to groundwater. Filtered groundwater
inorganic data were used to evaluate residential exposure to groundwater since an order of
magnitude difference was noted between the filtered and unfiltered result (USEPA, 1992) as
shown in Appendix D, Final Groundwater Raw Analytical Results 2007-2008.

Summary of COPCs

Appendix H, Tables 2.1 through 2.5, present the screening to identify the COPCs for Site 34
groundwater. Table 7-9 summarizes the constituents that were selected as COPCs based on
comparison to tap water RSLs and vapor intrusion from groundwater to indoor air
screening values. Seven VOCs, two explosives (one of which is volatile), two dissolved
metals (residential scenario), and nine total metals (construction worker scenario) were
identified as COPCs for groundwater. Four VOCs retained as COPCs in groundwater were
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also identified as COPCs for the vapor intrusion from groundwater to indoor air inhalation
pathway.

7.3.2 Exposure Assessment for Site 34

A general discussion of exposure assessment is included in Section 7.1.3. The CSM for
human health is presented in Figure 7-1. Site 34, The Building 537 Discharge to Felgates
Creek, is approximately 0.4 acres in the north-central portion of WPNSTA Yorktown. A one-
lane asphalt road circles around Buildings 458, 459, 460, 537, and 651, which are concrete
bunkers set into a hillside. South of the road, the sparsely wooded terrain slopes steeply to a
flat marsh wetland area north of the main channel of the Eastern Branch of Felgates Creek.
Site 34 consists of a pipe which originates at Building 537 and extends south to Felgates
Creek. Nitramine contaminated wastewater was reportedly discharged through the pipe.
Groundwater and surface water flow south toward the Eastern Branch of Felgates Creek.

Appendix H, Table 1 and Table 7-10 summarize the potentially exposed populations
evaluated by this risk assessment. It is assumed a current/future industrial worker could be
exposed to vapors migrating from groundwater into indoor air.

In summary, the current land use exposure routes for quantitative evaluation for Site 34
groundwater are:

¢ Industrial Worker —Inhalation of indoor air (vapor intrusion from shallow groundwater
into current site building indoor air).

Although future site use is expected to remain the same as current site use, unrestricted land
use was evaluated, along with potential industrial site use. Therefore, both industrial and
residential uses were evaluated. For future land use conditions, it was conservatively
assumed that groundwater from the Yorktown aquifer might be used as a potable water
supply, although this is highly unlikely. It was also assumed future construction workers
could be exposed to groundwater during excavation activities.

To summarize, future exposure routes include the current exposure routes and the
following:

e Resident (Adult and Child) —Ingestion of and dermal contact with shallow
groundwater, inhalation of volatile COPCs from shallow groundwater while showering
(adult only), and inhalation of indoor air (vapor intrusion from shallow groundwater
into future site building indoor air)

e Construction Worker —Dermal contact with shallow groundwater and inhalation of
volatile emissions from shallow groundwater in an open excavation

¢ Industrial Worker —Inhalation of indoor air (vapor intrusion from shallow groundwater
into future site building indoor air).

Calculation of EPCs
The approach used to calculate EPCs is presented in Section 7.1.3.

Vapor intrusion into indoor air was estimated using the Johnson and Ettinger model for a
current/future industrial building on site and a future residential house on site. The input
parameters used for this model are listed in Tables 7-11 and 7-12 for the industrial and
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residential scenarios, respectively. The maximum detected concentrations of the volatile
COPCs were conservatively used as the input groundwater concentrations, no matter where
they were detected on the site. The output from this model for the VOCs detected in
groundwater is included Appendix H, Tables 11.2 and 11.3.

Appendix H presents the RME EPCs (Tables 3.1.RME through 3.6.RME) and CTE EPCs
(Tables 3.1.CTE through 3.4.CTE) for the groundwater COPCs.

Estimation of Chemical Intakes for Individual Pathways

The media-specific and exposure scenario-specific intake equations and exposure parameter
values used for Site 34 are provided in Appendix H, Tables 4.1. RME through 4.3.RME and
Tables 4.1.CTE trough 4.3.CTE.

7.3.3 Toxicity Assessment for Site 34

A discussion of toxicity assessment is provided in Section 7.1.4. USEPA-derived oral RfDs,
inhalation RfCs, and associated uncertainty factors and modifying factor values, for the
groundwater COPCs at Site 34 are listed in Tables 5.1 and 5.2 in Appendix H. USEPA-derived
CSFs and IURs are listed in Tables 6.1 and 6.2 in Appendix H, respectively.

7.3.4 Risk Characterization for Site 34

The results of the risk characterization are presented below by receptor. The risk
calculations are presented in Appendix H, Tables 7.1. RME through 7.5.RME, and 7.1.CTE
through 7.3.CTE. A summary of the RME results is presented in Table 7-13 and

Appendix H, Tables 9.1. RME through 9.5.RME, and a summary of the CTE results is shown
in Table 7-14 and Appendix H, Tables 9.1.CTE through 9.3.CTE. CTE risks were calculated
only when the RME hazards exceeded one or the RME carcinogenic risks exceeded 10+4.

Current/Future Industrial Worker, Table 9.1.RME, Appendix H

The risk assessment assumes that a current/future industrial worker could be exposed to
shallow groundwater through inhalation of vapors that have migrated to indoor air through
vapor intrusion. The RME noncarcinogenic hazard associated with inhalation of indoor air
(HI = 0.00039) is less than the acceptable HI of 1.0. The RME carcinogenic risk (6.9x10%) is
less than the acceptable risk range of 1x10-¢ to 1x10-4.

Future Adult Resident (Non-carcinogenic Hazard), Tables 9.2.RME and 9.1.CTE, Appendix H

The risk assessment assumed that a future adult resident could be exposed to groundwater
through ingestion, dermal contact and inhalation while showering, and inhalation of vapors
that have migrated from the groundwater to indoor air through vapor intrusion.
Carcinogenic risks were not calculated for an adult resident but were calculated for a
lifetime child/adult resident, following USEPA guidance. The RME non-carcinogenic
hazard associated with exposure to groundwater (HI = 1.2) is slightly above the acceptable
HI of 1.0. However, there are no individual COPCs or target organ/effects with Hls
exceeding 1.0. The CTE non-carcinogenic hazard (HI = 0.5) is below the acceptable HI.

Future Child Resident (Non-carcinogenic Hazard), Tables 9.3.RME and 9.2.CTE, Appendix H

The risk assessment assumed that a future child resident could be exposed to groundwater
through ingestion, dermal contact and inhalation while showering, and inhalation of vapors
that have migrated from the groundwater to indoor air through vapor intrusion.
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Carcinogenic risks were not calculated for a child resident but were calculated for a lifetime
child/adult resident, following USEPA guidance.

The RME non-carcinogenic hazard associated with exposure to groundwater (HI = 2.9)
exceeds the acceptable HI of 1.0. This hazard is primarily associated with ingestion of
arsenic (HQ = 1.0). The CTE non-carcinogenic hazard (1.2) also exceeds the acceptable HI of
1.0, however, there are no individual COPCs or target organ/ effects with HIs exceeding 1.0.

Future Lifetime Resident (Carcinogenic Risk), Table 9.4.RME and 9.3.CTE, Appendix H

The risk assessment assumes that a lifetime child/adult resident could be exposed to
groundwater through ingestion, dermal contact and inhalation while showering, and
inhalation of vapors that have migrated from the groundwater to indoor air through vapor
intrusion.

The RME carcinogenic risk associated with exposure to groundwater (CR = 4.4x104),
associated with primarily with ingestion of trichloroethene and arsenic, exceeds the
acceptable risk range of 10 to 104. The CTE carcinogenic risk (CR = 9.5x10%) is within the
acceptable risk range.

Future Construction Worker, Table 9.4.RME, Appendix H

The risk assessment assumes that a future construction worker could be exposed to
groundwater through dermal contact during excavation and construction activities.

The RME non-carcinogenic hazard associated with exposure to groundwater (HI = 0.27) is
less than the acceptable HI of 1.0. The RME carcinogenic risk (1.4%10-) is within the
acceptable risk range of 10 to 10-4.

7.3.5 Uncertainty Associated with Site 34 HHRA

The general uncertainties associated with the HHRA are discussed in Section 7.1.6. Below is
a discussion of the uncertainties specific to the evaluation of risks associated with Site 34
groundwater.

The future residential scenario was the only scenario with a calculated HI or cancer risk
above acceptable risk levels. These risks and hazards were primarily associated with
dissolved arsenic and trichloroethene, with a smaller contribution from additional VOCs
detected in the groundwater. Arsenic was only detected in one of the six groundwater
samples, and the detected concentration was “J” qualified, indicating the concentration was
estimated and below the detection limit. Trichloroethene was detected in five of the six
groundwater samples, with four of the detected concentrations above the screening level.
The highest concentrations of the VOCs were detected in GW05 and GWO01. The future
residential scenario evaluated in the risk assessment is very conservative. It is unlikely that
the site will be used for future residential development, and even more unlikely that the
Yorktown aquifer groundwater would be used as a future potable water supply.

7.3.6 Site 34 Human Health Risk Summary

The HHRA was conducted to evaluate the potential human health risks associated with
groundwater at Site 34. This baseline risk assessment was conducted to characterize
potential current and future human health risks on the basis of potential and unlikely (but
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conservative) receptor populations and exposure scenarios if no remedial action is
implemented.

Appendix H, Tables 9.1.RME through 9.5.RME and Tables 9.1.CTE through 9.3.CTE
summarize the RME and CTE potential hazards and risks to each receptor as described in
Section 7.3.4. Appendix H, Tables 10.1.RME through 10.3.RME and 10.1.CTE show the
receptor scenarios with a total HI greater than 1.0 or total carcinogenic risks greater than
10. Constituents that contribute HIs greater than 0.1 or carcinogenic risks greater than

10-¢ (the chemicals of concern for any future additional evaluation) are included in the table.

The RME noncarcinogenic hazard and RME carcinogenic risk to the industrial worker
associated with vapor intrusion into indoor air are less than USEPA’s target levels.
Estimated RME non-carcinogenic hazards and carcinogenic risks associated with the future
construction worker exposure to groundwater in an open excavation scenario are also less
than or within the acceptable risk range. The future residential scenario is the only scenario
with an RME HI or carcinogenic risk exceeding the acceptable non-carcinogenic HI of 1.0 or
carcinogenic risk range of 10-¢ to 10-. The RME non-carcinogenic risk to future child resident
is primarily associated with arsenic (with smaller contributions from 1,1-DCE, cis-1,2-DCE,
and RDX). The carcinogenic risk to the future resident is primarily associated with
tetrachloroethene and arsenic (with smaller contributions from additional chlorinated VOCs
and RDX). The RME target organ Hls for the adult resident are below the acceptable HI, and
the CTE non-carcinogenic hazard to the adult resident is below the acceptable HI. The CTE
non-carcinogenic hazard to the child resident exceeds the acceptable HI of 1.0, however,
there are no individual COPCs or target organ/ effects with HIs exceeding 1.0. The CTE
carcinogenic risk to the resident slightly is within the acceptable carcinogenic risk range.
The future residential land use scenario evaluated in this assessment is very conservative
because it is assumed that land use will not change in the future, and if it did, it is unlikely
that the groundwater would be used as a potable water supply.

7.4 Human Health Risk Assessment for Surface Water and
Sediment

This section presents the HHRA for Sites 8 and 34 surface water and sediment. Selection of
COPCs, calculation of EPCs, risk characterization (risk estimates), discussion of the site-
specific uncertainties in the HHRA, and the HHRA summary are presented below.
Methodologies followed for the HHRA are presented in Section 7.1.

7.4.1 Identification of Surface Water and Sediment COPCs

This subsection includes a summary of the surface water and sediment data evaluated by the
HHRA and presents the COPCs selected for further evaluation. A discussion of the site
investigations and surface water and sediment data collected at Sites 8 and 34 are presented in
Section 6.

Data Summary

Data were evaluated by the quantitative risk assessment to characterize potential current
and future risks based on current site conditions. All of the data used in the risk assessment
were fully validated and are assumed to represent current conditions. Table 7-15 lists the
surface water and sediment samples collected from the Eastern Branch of Felgates Creek that
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REMEDIAL INVESTIGATION REPORT FOR GROUNDWATER AT SITES 8 AND 34

were evaluated for the HHRA. Unfiltered surface water data were used to evaluate
exposure to the surface water for all receptors, as potential receptors would be expected to
be exposed directly to the surface water in the creek.

Summary of COPCs

Appendix I, Tables 2.1 and 2.2, present the screening to identify the COPCs for the surface
water and sediment. Table 7-16 summarizes the constituents that were selected as COPCs
for each medium. Arsenic and chromium were identified as a COPC for surface water and
sediment.

7.4.2 Exposure Assessment for Surface Water and Sediment

A general discussion of exposure assessment is included in Section 7.1.3. The CSM for
human health is presented in Figure 7-1.

Site 8 is located along the Eastern Branch of Felgates Creek. The drainage way from the site
discharges to the Eastern Branch of Felgates Creek. Site 34 slopes to a flat marsh wetland
north of the main channel of the Eastern Branch of Felgates Creek.

Appendix I, Table 1 and Table 7-17 summarize the potentially exposed populations
evaluated by this risk assessment. Under current land use conditions, potential receptors
exposed to surface water and sediment are assumed to be adult, adolescent, and child
trespassers/ visitors. Industrial site workers are not likely to contact the surface water and
sediment in the creek, and were not evaluated as potential receptors.

In summary, the current land use exposure routes for quantitative evaluation are:

e Trespasser (Adult, Adolescent, and Child) —Incidental ingestion of and dermal contact
with surface water and sediment

Although future site use is expected to remain the same as current site use, unrestricted land
use was evaluated, along with potential industrial site use. Therefore, both industrial and
residential uses were evaluated. Potential future receptors exposed to surface water and
sediment, in addition to the current receptors are assumed to be adult construction workers.
Residential exposures to surface water and sediment were not evaluated in the risk
assessment. It was assumed that the trespasser/visitor scenario would be representative of
future residents exposed to surface water and sediment.

To summarize, future exposure routes include the current exposure routes and the
following:

e Construction Worker —Incidental ingestion of and dermal contact with surface water
and sediment

Calculation of EPCs
The approach used to calculate EPCs is presented in Section 7.1.3.

Appendix I presents the RME EPCs (Tables 3.1.RME and 3.2.RME) for the COPCs in surface
water and sediment.
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SECTION 7—7BHUMAN HEALTH RISK ASSESSMENT

Estimation of Chemical Intakes for Individual Pathways

The media-specific and exposure scenario-specific intake equations and exposure parameter
values used in this assessment are provided in Appendix I, Tables 4.1.RME and 4.2.RME.

7.4.3 Toxicity Assessment for Surface Water and Sediment

A discussion of toxicity assessment is provided in Section 7.1.4. USEPA-derived oral RfDs,
inhalation RfCs, and associated uncertainty factors and modifying factor values, for the surface
water and sediment COPCs are listed in Tables 5.1 and 5.2 in Appendix I. USEPA-derived
CSFs and IURs are listed in Tables 6.1 and 6.2 in Appendix I, respectively.

7.4.4 Risk Characterization for Surface Water and Sediment

The results of the risk characterization are presented below by receptor. The risk
calculations are presented in Appendix I, Tables 7.1.RME through 7.4.RME. A summary of
the RME results is presented in Table 7-18 and Appendix I, Tables 9.1. RME through
9.4.RME. CTE risks were not calculated because the RME hazards were less than one and the
RME carcinogenic risks were less than 104.

Current/Future Trespasser/Visitor (Adult), Table 9.1.RME, Appendix |
The risk assessment assumes that a current/future adult trespasser/ visitor could be

exposed to surface water and sediment via incidental ingestion and dermal absorption.

The RME non-carcinogenic hazard associated with exposure to surface water and sediment
(HI = 0.032) is less than the acceptable HI of 1.0. The RME carcinogenic risk (2.5%10-) is
within the acceptable risk range of 10 to 10-4.

Current/Future Trespasser/Visitor (Adolescent), Table 9.2.RME, Appendix |
The risk assessment assumes that a current/future adolescent trespasser/ visitor could be

exposed to surface water and sediment via incidental ingestion and dermal absorption.

The RME non-carcinogenic hazard associated with exposure to surface water and sediment
(HI = 0.026) is less than the acceptable HI of 1.0. The RME carcinogenic risk (1.1x 10-¢) is
below the acceptable risk range of 10 to 10-.

Current/Future Trespasser/Visitor (Child), Table 9.3.RME, Appendix |
The risk assessment assumes that a current/future child trespasser/ visitor could be exposed

to surface water and sediment via incidental ingestion and dermal absorption.

The RME non-carcinogenic hazard associated with exposure to surface water and sediment
(HI = 0.085) is less than the acceptable HI of 1.0. The RME carcinogenic risk (3.8%10-) is
within the acceptable risk range of 10 to 10-4.

Future Construction Worker, Table 9.4.RME, Appendix |
The risk assessment assumes that a future construction worker could be exposed to surface
water and sediment through ingestion and dermal contact.

The RME non-carcinogenic hazard associated with exposure to surface water and sediment
(HI = 0.0059) is less than the acceptable HI of 1.0. The RME carcinogenic risk (6.4x10%) is less
than the acceptable risk range of 106 to 104.
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7.4.5 Uncertainty Associated with Surface Water and Sediment HHRA

The general uncertainties associated with the HHRA are discussed in Section 7.1.6.

7.4.6 Surface Water and Sediment Human Health Risk Summary

The HHRA was conducted to evaluate the potential human health risks associated with
surface water and sediment at Sites 8 and 34. This baseline risk assessment was conducted
to characterize potential current and future human health risks on the basis of potential
receptor populations and exposure scenarios if no remedial action is implemented.

Appendix I, Tables 9.1. RME through 9.4.RME summarize the RME potential hazards and
risks to each receptor as described in Section 7.5.4. Estimated non-carcinogenic hazards and
carcinogenic risks associated with exposure to surface water and sediment for all potential
current or future receptors are less than or within the acceptable risk range.
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Table 7-1

Site 8, Summary of Data Quantitatively Used in HHRA

Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Date of Sample
Medium Sampling Location Sample Parameters

Yorktown Aquifer

Groundwater 11/8/2007 YS08-GWO01A YS08-GWO01-1107 VOCs, SVOCs, Pesticides, Total Metals, Dissolved Metals, Explosives
11/13/2007 YS08-GWO01 YS08-GWO01A-1107 VOCs, SVOCs, Pesticides, Total Metals, Dissolved Metals, Explosives
11/13/2007 YS08-GW03 YS08-GWO03-1107 VOCs, SVOCs, Pesticides, Total Metals, Dissolved Metals, Explosives
11/14/2007 YS08-GW04 YS08-GWO04-1107 VOCs, SVOCs, Pesticides, Total Metals, Dissolved Metals, Explosives
11/14/2007 YS08-GWO05 YS08-GWO05-1107 VOCs, SVOCs, Pesticides, Total Metals, Dissolved Metals, Explosives
8/11/2008 YS08-GWO07 YS08-GWO07-0808 VOCs, SVOCs, Pesticides, Total Metals, Dissolved Metals, Explosives
8/13/2009 YS08-GWO08 YS08-GW08-0808 VOCs, SVOCs, Pesticides, Total Metals, Dissolved Metals, Explosives
8/11/2009 YS08-GWO09 YS08-GW09-0808 VOCs, SVOCs, Pesticides, Total Metals, Dissolved Metals, Explosives
8/11/2009 YS08-GWO09 YS08-GW09P-0808* VOCs, SVOCs, Pesticides, Total Metals, Dissolved Metals, Explosives
8/11/2009 YS08-GWO09A YS08-GWO09A-0808 VOCs, SVOCs, Pesticides, Total Metals, Dissolved Metals, Explosives

Notes:

VOCs - Volatile organic constituents
! Duplicate of sample YS08-GW09-0808




Table 7-2

Site 8, Summary of Chemicals of Potential Concern for the Baseline Risk Assessment

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Chloroform
Tetrachloroethene
Trichloroethene

Vinyl chloride
bis(2-Ethylhexyl)phthalate
2,4,6-Trinitrotoluene
2-Amino-4,6-dinitrotoluene

Tap Water

3,5-Dinitroaniline
4-Amino-2,6-dinitrotoluene
RDX

Antimony-dissolved
Chromium-dissolved
Manganese-dissolved

Chloroform
Tetrachloroethene
Trichloroethene

Vinyl chloride
bis(2-Ethylhexyl)phthalate
2,4,6-Trinitrotoluene
2-Amino-4,6-dinitrotoluene
3,5-Dinitroaniline

Water in Excavation Pit

4-Amino-2,6-dinitrotoluene
RDX

Antimony

Arsenic

Chromium

Cobalt

Iron

Manganese

Vanadium

Water Vapors at Showerhead and Excavation Pit

Chloroform
Trichloroethene

Tetrachloroethene
Vinyl chloride

Vapor Intrusion from Groundwater to Indoor Air

Tetrachloroethene




TABLE 7-3

Site 8, Potentially Complete Human Health Exposure Pathways Conceptual Site Model

Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Pathway
Potentially Exposed Exposure Route | Selected for
Land Use Media Populations (Human Health) | Evaluation Rationale
Current/Future
Vapor Intrusion Industrial workers may inhale vapors from groundwater in indoor air
Industrial from Groundwater Industrial Worker Inhalation Yes ) ) y inhate vapor 9ro
) while performing work activities inside a building.
to Indoor Air
Future
Groundwater is not currently used on-site as a water supply and the
Residential Tap Water Residents - Adults and Ingestion and Yes site is not expected to be developed for residential use; however, a
Children dermal contact future residential scenario is included for a conservative evaluation of
unrestricted land 1ise
Water Vapors at Residents - Adults and . Although unlikely, groundwater will be evaluated for use as a future
. Inhalation Yes
Showerhead Children potable water supply.
Vapor Intrusion Residents - Adults and . Although unlikely, if future residence constructed at the site, vapors
from Groundwater . Inhalation Yes . . o .
) Children from groundwater could migrate to indoor building air.
to Indoor Air
Residential or Water in Excavation . Dermal contact Workers may inhale vapors and have exposed skin surfaces come into
Construction Worker Yes

Industrial

Pit

and inhalation

contact with shallow groundwater during excavation activities.




Table 7-4

Site 8, Groundwater to Indoor Air Parameters Used in the Johnson and Ettinger Model - Industrial Scenario Building 45
Remedial Investigation Report for Groundwater at Sites 8 and 3¢
Naval Weapons Station Yorktown, Yorktown, Virginie

Symbol - Parameter Description Selected Value Units S Sources
Ts Temperature 19.8 °C (Table 4.2)
D DeTault vaiue m Users Guiae Tor slap-on- |
Le Enclosed Space Floor bottom of the floor in contact with soil 15 cm |grade construction (USEPA 2004).
DEPUTTO grouriaww,
based on monitoring well YS08-GW03
Lwr Depth Below Grade to Water Table 299 cm |(Table 4-3, depth to water - 9.82 ft)
Soil stratum 1s modeled as a single sol
ha Thickness of Soil Stratum A 299 cm  |type.
hg Thickness of Soil Stratum B NA cm  [Not Used
he Thickness of Soil Stratum C NA cm  [Not Used
Soil Stratum Directly Above Water Consistent with the deepest stratum with a
Table A unitless [specified thickness (hy).
Based on site soil bormgs, smtis |
conservative predominant soil type at Site
SCS Soil Type Above Water Table Sl unitless |8.
Soils modeled using conservative
Soil Stratum A SCS Soil Type Used to estimate soil vapor permeability Sl unitless [predominant soil type present.
A parameter associated with convective
transport of vapors within the zone of
User-defined Soil Vapor influence of a building. It is related to the size
Ky Permeability and shape of connected soil pores Not Used cm?  [Not Used
DeTault vaiue m Users Guige (USEPA |
o Stratum A Soil Dry Bulk Density 1.35 glcm® |2004).
Used with water-filled porosity to calculate air] Default value in User's Guide (USEPA
n* Stratum A Total Soil Porosity filled porosity (see below) 0.489 unitless |2004).
g Di
0, Stratum A Soil Water-filled porosity |porosity (see below) 0.167 cm®cm?(2004).
b Stratum B Soil Dry Bulk Density NA g/cm” [Not Used
Used with water-filled porosity to calculate air]
n® Stratum B Total Soil Porosity filled porosity (see below) NA unitless |Not Used
0,° Stratum B Soil Water-filled porosity |porosity (see below) NA cm®cm® [Not Used
Po” Stratum C Soil Dry Bulk Density NA g/cm” [Not Used
Used with water-filled porosity to calculate air]
n® Stratum C Total Soil Porosity filled porosity (see below) NA unitless |Not Used
0’ Stratum C Soil Water-filled porosity |porosity (see below) NA cm®/cm® [Not Used
Detaurt value m Users Guiae (USEPA |
Lerack Enclosed Space Floor Thickness 10 cm 2004).
NOT USed - QSoIl calcurated airecty rrom. |
Ap Soil-Building Pressure Differential NA g/cm-s? [building parameters.
Lg Enclosed Space Floor Length 3,353 cm |Length of first floor (approximation of 110",
Wpg Enclosed Space Floor Width 1,524 cm |Width of first floor (approximation of 50')
FIF
Hg Enclosed Space Height 457.2 cm  |uniform height of 15 ft)
REpresents a gap assumed 1o exist at the
junction between the floor and the foundation Not Used - Qsoil calculated directly from
w Floor-Wall Seam Crack Width perimeter. NA cm  |building parameters.
Building ventilation rate, expressed in units o Calculated - ANSI/ASHRAE Standard 62-
ER Indoor air exchange rate air changes per hour (ACH) 0.56 (1/h) 12001 (see Table 7-4 Supplement A)
Average vapror flow rate into Calculated - NJDEP, 2007 (see Table 7-4
Qsoil building 12.192 (L/m) |Supplement B)
ATc Averaging Time for Carcinogens 70 yrs Default
WOTKeT scenario (USEPA Exposure |
ATye Averaging Time for Noncarcinogens 25 yrs  |Factors 1991)
Worker scenario (USEPA Exposure
ED Exposure Duration 25 yrs  |Factors 1991)
Worker scenario (USEPA Exposure
EF Exposure Frequency 250 days/yr |Factors 1991)
Used to calculate risk-based groundwater
TR Target Risk for Carcinogens concentration 1x10° unitless [Not Used
Target Hazard Quotient for Used to calculate risk-based groundwater
THQ Noncarcinogens concentration 1 days/yr |Not Used

ASHRAE. 2001. Standard 62-2001, Ventilation for Acceptable Indoor Air Qualit
USEPA, 1991. U.S. Environmental Protection Agency. Risk Assessment Guidance for Superfund, Human Health Evaluation Manual, Part B, Development of Risk-based Preliminary
USEPA, 2004. User's Guide for Evaluating Subsurface Vapor Intrusion Into Buildings. Office of Emergency and Remedial Response. February 2004

NA = not applicable



TABLE 7-4 Supplement A
Site 8, Site-Specific Air Exchange Rate Calculations of Building Air Exchange Rate Per Hour Building 456
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Calculation of Air Changes Per Hour Indoors

. m?
_ Qbuilding Ar ~
ACH = \V - _%r

3
m
Calculation of Qpjging (volumetric flow into indoor space)
Assumption Value Units Source
Assumed volumetric 20 ft3/min per[ASHRAE, 2001, Table 2, minimum outside
airflow per person person |air requirement for an office
ersons/

Number of persons per 7 P . |ASHRAE, 2001, Table 2

floorspace 1,000 ft

Building floorspace (do 5 110 ft x 50 ft (Approximate size of building

. 5,500 ft
not input value here) 456.)

Includes division by 1000 to account for
persons per 1000 ft?

Calculated volumetric flow

3, .
into indoor space 770 ft*/min

1,307 m>/hr  |Includes conversion of 0.0283 ft*/m®

Calculation of V (volume of indoor space)

Assumption Value Units Source
Building floorspace (input 2 110 ft x 50 ft (Approximate size of building
5,500 ft
value here) 456.)
Ceiling height 15 ft Approximate height of Building 456.
Volume 82,500 ftS
2,335 m? Includes conversion of 0.0283 ft*/m®
Calculation of ACH
Qbuilding 1,307 m>/hr
Volume 2,335 m?e
ACH =Q/V 0.56 1/hr

Source:
ASHRAE. 2001. ANSI/ASHRAE Standard 62-2001, Ventilation for Acceptable Indoor Air
Quality. American Society of Heating, Refrigerating and Air-Conditioning Engineers.



Table 7-4 Supplement B

Site 8, Calculation of Soil Vapor Entry Rate for Johnson and Ettinger Modeling Building 456
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Qsoil (L/min) =5 L/min x " erimeter (cm)

4,000 cm
Length (cm) = 3,353
Width (cm) = 1,524
Perimeter (cm) = 2L + 2W 9753.6
Qsoil (L/min) = 12.192

This presents a method for calculating the soil vapor entry rate (Qsoil) into a
building for purposes of performing vapor intrusion modeling using the
Johnson and Ettinger model.

It scales up the default residential soil gas entry rate described in EPA's draft
vapor intrusion guidance document (USEPA, 2002) to any other building
footprint. This procedure and the accompanying rationale is discussed in
detail in the NJDEP vapor intrusion guidance document (NJDEP, 2007). Itis
based on the following assumptions:

1. The residential default Qsoil value is 5 L/min.
2. The Qsoil value is proportional to the building perimeter.
3. The building is rectangular




Table 7-5

Site 8, Groundwater to Indoor Air Parameters Used in the Johnson and Ettinger Model - Residential Scenarit

Remedial Investigation Report for Groundwater at Sites 8 and 3¢
Naval Weapons Station Yorktown, Yorktown, Virginie

Symbol Parameter Description Selected Value Units Sources
Average somGroundwater Site-speciic average, November 2007 |

Ts Temperature 19.8 °C (Table 4.2)

Depih Below Grade 1o Bottom of | This IS the depth from soll suriace 1o the Default value in Users Guide for slab-on- |

Le Enclosed Space Floor bottom of the floor in contact with soil 15 cm grade construction (USEPA 2004).

D
on monitoring well YS08-GWO03 (Table 4-3,

Lwr Depth Below Grade to Water Table 299 cm depth to water - 9.82 ft)

ha Thickness of Soil Stratum A 299 cm Soil stratum is modeled as a single soil type.

hg Thickness of Soil Stratum B NA cm  [Not Used

he Thickness of Soil Stratum C NA cm  [Not Used

Soil Stratum Directly Above Water Consistent with the deepest stratum with a
Table A unitless [specified thickness (h,).
Based on site soil borings, silt is
SCS Soil Type Above Water Table Sl unitless |conservative predominant soil type at Site 8.
Soils modeled using conservative
Soil Stratum A SCS Soil Type Used to estimate soil vapor permeability Sl unitless |predominant soil type present.
A ParaimeteT asSutTatet Wit CUTIVETTIVE
transport of vapors within the zone of
influence of a building. It is related to the
Kk, User-defined Soil Vapor Permeability [size and shape of connected soil pores Not Used cm?  |Not Used
Default value in Users Guide (USEPA |
o Stratum A Soil Dry Bulk Density 1.35 g/cm3 2004).
Used with water-filled porosity to calculate Default value in User's Guide (USEPA

n* Stratum A Total Soil Porosity air-filled porosity (see below) 0.489 unitless [2004).

USed with total porosity 1o calculate air-Tiec Default value in Users Guide (USEPA |

0, Stratum A Soil Water-filled porosity |porosity (see below) 0.167 cm®cm?®|2004).

pb‘i Stratum B Soil Dry Bulk Density NA g/cm”  |Not Used
Used with water-filled porosity to calculate

n® Stratum B Total Soil Porosity air-filled porosity (see below) NA unitless [Not Used
USed with total porosity 1o calculate air-Tiec

0,° Stratum B Soil Water-filled porosity |porosity (see below) NA cm®cm?® |Not Used

Pp Stratum C Soil Dry Bulk Density NA g/cm” |Not Used
Used with water-filled porosity to calculate

n® Stratum C Total Soil Porosity air-filled porosity (see below) NA unitless [Not Used
USed with total porosity 1o calculate air-Tiec

0w’ Stratum C Soil Water-filled porosity |porosity (see below) NA cm®cm?® |Not Used

Defaurt value m Users Guide (USEPA |
Lerack Enclosed Space Floor Thickness 10 cm  [2004).
NGt USed - QsoN calcurated airectly from

Ap Soil-Building Pressure Differential NA glem-s? |building parameters.

Lg Enclosed Space Floor Length 1000 cm |Default, users guide (USEPA, 2004)

Wpg Enclosed Space Floor Width 1000 cm  [Default, users guide (USEPA, 2004)

Hg Enclosed Space Height 244 cm [Default, users guide (USEPA, 2004)
Represents a gap assumed 1o exist at the NA cm  |Not Used - Qsoil calculated directly from
junction between the floor and the building parameters.

w Floor-Wall Seam Crack Width foundation perimeter.

Building ventilation rate, expressed in units 0.25 (1/h) [Default, users guide (USEPA, 2004)

ER Indoor air exchange rate of air changes per hour (ACH)

5.0 (L/m) |Default, users guide (USEPA, 2004)
Qsoil Average vapror flow rate into building
ATc Averaging Time for Carcinogens 70 yrs default
ATne Averaging Time for Noncarcinogens 30 yrs EPA, 1989

ED Exposure Duration 30 yrs EPA, 1991

EF Exposure Frequency 350 days/yr |EPA, 1991
Used to calculate risk-based groundwater 1x10° unitless

TR Target Risk for Carcinogens concentration

Target Hazard Quotient for Used to calculate risk-based groundwater 1 days/yr
THQ Noncarcinogens concentration

USEPA, 1991. U.S. Environmental Protection Agency. Risk Assessment Guidance for Superfund, Human Health Evaluation Manual, Part B, Development of Risk-based Preliminary
USEPA, 2004. User's Guide for Evaluating Subsurface Vapor Intrusion Into Buildings. Office of Emergency and Remedial Response. February 200£

NA = not applicable



Table 7-6

Site 8, Summary of RME Cancer Risks and Hazard Indices
Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginie

Chemicals with Cancer | Chemicals with Cancer Risks Chemicals with Cancer
Receptor Media Exposure Route Cancer Risk Risks >10°* >10° and <10 Risks >10° and <10®  [Hazard Index Chemicals with HI>1
Current/Future Groundwater Inhalation/Indoor Air 2.2E-08 4.0E-05
Industrial Worker Total 2.2E-08 2.0E-05
2,4,6-Trinitrotoluene, 4-Amino-2,6-
Ingestion N/A 6.6E+00 |dinitrotoluene
A Dermal Contact N/A 3.2E-03
Future Resident Adult| Groundwater Inhalation/Shower NA 2.7E0L
Inhalation/Indoor Air N/A 2.5E-04
Total N/A 7.1E+00
Z.7,6- Trnirotoluene, 2-Ammno-4,6-
dinitrotoluene, 4-Amino-2,6-dinitrotoluene,
. Ingestion N/A 15E+01 |RDX
gitl:*dre Resident Groundwater Dermal Contact N/A 1.1E+00
Inhalation/Shower N/A 8.9E-03
Inhalation/Indoor Air N/A 7.2E-04
Total N/A 1.7E+01
Tetrachloroethene, Vinyl chloride,
bis(2-ethylhexyl)phthalate, 2,4,6-
Ingestion 5.0E-04 RDX, Chromium-dissolved|Trinitrotoluene Chloroform N/A
Future Resident G dwat Tetrachloroethene ,bis(2-
[Adult/Child roundwater Dermal Contact 5.2E-05 Ethylhexyl)phthalate RDX, Chromium-dissolved N/A
Inhalation/Showel 3.2E-06 Chloroform N/A
Inhalation/Indoor Ait 4.9E-07 N/A
Total 5.6E-04 NA
Ingestion N/A N/A
Future Construction Dermal Contact 7.6E-07 2.1E-01
Groundwater -
Worker - Adult Inhalation 8.6E-09 3.5E-04
Total 7.7E-07 2.1E-01

N/A - Not applicable, pathway incomplete.



Table 7-7

Site 8, Summary of CTE Cancer Risks and Hazard Indices
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Chemicals with Cancer

Chemicals with Cancer | Chemicals with Cancer Risks Hazard
Receptor Media Exposure Route | Cancer Risk Risks >10™ Risks >10° and <10 >10° and <10° Index Chemicals with HI>1
Ingestion N/A 5.6E-01
. . Dermal Contact N/A 3.8E-02
Future Resident Adult g‘r’(')‘:?g\';a?e‘l”'fer Inhalation/Shower N/A LIE-02
Inhalation/Indoor Air N/A 4.8E-04
Total N/A 6.0E-01
Ingestion N/A 1.9E+00
Columbia Aquif Dermal Contact N/A 7.6E-02
Future Resident Child Gcr)ol:r:d\lfiateqru' er Inhalation/Shower N/A 7.5E-04
Inhalation/Indoor Air N/A 4.8E-07
Total N/A 1.9E+00
Vinyl chloride, bis(2-
Tetrachloroethene, RDX, |Ethylhexyl)phthalate, 2,4,6-
Ingestion 5.8E-05 Chromium-dissolved Trintrotoluene N/A
Future Resident Columbia Aquifer Tetrachloroethene, bis(2-
Adult/Child Groundwater Dermal Contact 7.7E-06 Ethylhexyl)phthalate N/A
Inhalation/Shower 2.0E-07 N/A
Inhalation/Indoor Air 1.7E-07 N/A
Total 6.6E-05 N/A

NA - Not applicable, pathway incomplete.




Table 7-8

Site 34, Summary of Data Quantitatively Used in HHRA

Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Date of Sample
Medium Sampling Location Sample Parameters

Yorktown Aquifer

Groundwater 11/8/2007 YSA14-GWO01 YSA14-GW01-1107 VOCs, total Metals, dissolved Metals, Explosives
11/7/2007 YSA14-GWO01A YSA14-GWO01A-1107 VOCs, total Metals, dissolved Metals, Explosives
11/7/2007 YSA14-GWO01A YSA14-GWO01AP-1107* VOCs, total Metals, dissolved Metals, Explosives
11/9/2007 YSA14-GWO02 YSA14-GW02-1107 VOCs, total Metals, dissolved Metals, Explosives
11/9/2007 YSA14-GWO03 YSA14-GW03-1107 VOCs, total Metals, dissolved Metals, Explosives
11/8/2007 YSA14-GWO05 YSA14-GWO05-1107 VOCs, total Metals, dissolved Metals, Explosives
11/8/2007 YSA14-GWO05A YSA14-GWO05A-1107 VOCs, total Metals, dissolved Metals, Explosives

Notes:

VOCs - Volatile organic constituents

! Duplicate of sample YSA14-GWO01A-1107




Table 7-9

Site 34, Summary of Chemicals of Potential Concern for the Baseline Risk Assessment
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Tap Water
1,1,2-Trichloroethane Trichloroethene
1,1-Dichloroethane cis-1,2-Dichloroethene
1,1-Dichloroethene Nitrobenzene
1,2-Dichloroethane RDX
Tetrachloroethene Arsenic-dissolved

Chromium-dissolved

Water in Excavation Pit

1,1,2-Trichloroethane Aluminum
1,1-Dichloroethane Arsenic
1,1-Dichloroethene Cadmium
1,2-Dichloroethane Chromium
Tetrachloroethene Cobalt
Trichloroethene Iron
cis-1,2-Dichloroethene Manganese
Nitrobenzene Nickel

RDX Vanadium

Water Vapors at Showerhead and in Excavation Pit

1,1,2-Trichloroethane Tetrachloroethene
1,1-Dichloroethane Trichloroethene
1,1-Dichloroethene cis-1,2-Dichloroethene
1,2-Dichloroethene Nitrobenzene

Vapor Intrusion from Groundwater to Indoor Air
1,1-Dichloroethane Trichloroethene
1,1-Dichloroethene cis-1,2-Dichloroethene




TABLE 7-10

Site 34, Potentially Complete Human Health Exposure Pathways Conceptual Site Model

Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Pathway
Potentially Exposed Exposure Route | Selected for
Land Use Media Populations (Human Health) | Evaluation Rationale
Current/Future
Vapor Intrusion
Industrial from Groundwater Industrial Worker Inhalation Yes Vapors from groundwater could migrate to indoor building air.
to Indoor Air
Future
Groundwater is not currently used on-site as a water supply and the
Residential Tap Water Residents - Adults and Ingestion and Yes site is not expected to be developed for residential use; however, a
Children dermal contact future residential scenario is included for a conservative evaluation of
unrestricted land 1ise
Water Vapors at Residents - Adults and . Although unlikely, groundwater will be evaluated for use as a future
. Inhalation Yes
Showerhead Children potable water supply.
Vapor Intrusion Residents - Adults and . Although unlikely, if future residence constructed at the site, vapors
from Groundwater . Inhalation Yes . . o .
) Children from groundwater could migrate to indoor building air.
to Indoor Air
Residential or Water in Excavation . Dermal contact Workers may inhale vapors and have exposed skin surfaces come into
Construction Worker Yes

Industrial

Pit

and inhalation

contact with shallow groundwater during excavation activities.




Table 7-11

Site 34, Groundwater to Indoor Air Parameters Used in the Johnson and Ettinger Model - Industrial ScenarioBunkders 459 and 5%

Remedial Investigation Report for Groundwater at Sites 8 and 3¢
Naval Weapons Station Yorktown, Yorktown, Virginie

Symbol Parameter Description Selected Value Units Sources
T Average Soil/Groundwater 17.7 oc Site-specific average, November 2007
s Temperature ) (Table 5.2)
L Depth Below Grade to Bottom of This is the depth from soil surface to the 15 cm Default value in User's Guide for slab-on-
i Enclosed Space Floor bottom of the floor in contact with soi arade construction (USEPA 2004)
Depth to groundwater conservatively based
Lwr Depth Below Grade to Water Table 247 cm on monitoring well YSA14-GWO02 (Table 5-
3, depth to water - 8.1 ft)
ha Thickness of Soil Stratum A 247 cm tSyc’))LIastratum is modeled as a single soll
hg Thickness of Soil Stratum B NA cm Not Used
he Thickness of Soil Stratum C NA cm Not Used
Soil Stratum Directly Above Water . Consistent with the deepest stratum with a
A unitless . .
Table specified thickness (hy).
SCS Soil Type Above Water Table SIC unitless Based on site bgrlngs, silty clay is
predominant soil tvpe at SSA 14.
Soil Stratum A SCS Soil Type Used to estimate soil vapor permeability SIC unitless i:);!sserr?todeled using predominant soil type
A parameter associated with convective
) . ... |transport of vapors within the zone of 2
ky User-defined Soil Vapor Permeability| influence of a building. It is related to the size Not Used cm Not Used
and shape of connected soil pores
P Stratum A Soil Dry Bulk Density 1.38 glem?® ZD(;];T;“ value in User's Guide (USEPA
o Stratum A Total Soil Porosity Qsed with \{vater—ﬂlled porosny to calculate air- 0.481 unitless Default value in User's Guide (USEPA
filled porosity (see below 2004).
0, Stratum A Soil Water-filled porosity Used Wlth total porosity to calculate air-filled 0.216 em¥em? Default value in User's Guide (USEPA
porosity (see below) 2004).
Py Stratum B Soil Dry Bulk Density NA glcm® |Not Used
n® Stratum B Total Soil Porosity ?Jsed with \{vater—ﬂlled porosny to calculate air- NA unitless [Not Used
[ Stratum B Soil Water-filled porosity gjs)d wlth total porc:sny to calculate air-filled NA cm®cm?® |Not Used
sity (see below’
Py Stratum C Soil Dry Bulk Density NA glcm® |Not Used
n® Stratum C Total Soil Porosity ;Jsed with water-filled porosny to calculate air- NA unitless [Not Used
[ Stratum C Soil Water-filled porosity gjs)d wlth total porc:sny to calculate air-filed NA cm®cm? |Not Used
sity (see below’
Lerack Enclosed Space Floor Thickness 10 cm 2D()e(f)il)m value in User's Guide (USEPA
Ap Soil-Building Pressure Differential NA glcm-s? ll;lqt Used - Qsoil ca;lculated directly from
uilding parameter:
Lg Enclosed Space Floor Length 457 cm Length of first floor (approximation of 15')
Wpg Enclosed Space Floor Width 457 cm  |Width of first floor (approximation of 15')
. First floor height (conservatively assumed
H Enclosed Space Height 457 cm
e P 9 uniform height of 15 ft
Represents a gap assumed to exist at the Not Used - Qsoil calculated direct
i i f : I - y from
w Floor-Wall Seam Crack Width junction between the floor and the foundation NA €M fpuilding parameters.
perimeter
. Building ventilation rate, expressed in units of Calculated - ANSI/ASHRAE Standard 62-
ER Indoor air exchange rate air changes per hour (ACH) 034 @anm) 2001 (see Table 7-11 Supplement A)
Qsoil Average vapror flow rate into building 2.286 (L/m) Calculated - NJDEP, 2007 (see Table 7-11
Supplement B)
AT¢ Averaging Time for Carcinogens 70 yrs Default
ATne Averaging Time for Noncarcinogens 25 yrs rgg;e r scenario (USEPA Exposure Factors
ED Exposure Duration 25 yrs \:{\Slgi(;ar scenario (USEPA Exposure Factors
Based on assumption that bunkers are
EF Exposure Frequenc 60 days/yr
P q Y sy occupied 5 days per month.
TR Target Risk for Carcinogens Used to calculate risk-based groundwater 1x10° unitless |Not Used
concentration
THQ Target Hazard Quotient for Used to calculate risk-based groundwater 1 days/yr |Not Used

Noncarcinogens

concentration

ASHRAE. 2001. Standard 62-2001, Ventilation for Acceptable Indoor Air Quality
USEPA, 1991. U.S. Environmental Protection Agency. Risk Assessment Guidance for Superfund, Human Health Evaluation Manual, Part B, Development of Risk-based Preliminary
USEPA, 2004. User's Guide for Evaluating Subsurface Vapor Intrusion Into Buildings. Office of Emergency and Remedial Response. February 200

NA = not applicable



TABLE 7-11 Supplement A

Site 34, Site-Specific Air Exchange Rate Calculations of Building Air Exchange Rate Per Hour Bunkers 459 and 537
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Calculation of Air Changes Per Hour Indoors

3

_— m?
ACH — Qbuilding _ Ar
V m

:%r

Calculation of Qyiging (volumetric flow into indoor space)

Assumption Value Units Source
Assumed volumetric 20 ft¥/min per|ASHRAE, 2001, Table 2, minimum outside
airflow per person person |air requirement for an office

ersons/
Number of persons per 7 P . |ASHRAE, 2001, Table 2
floorspace 1,000 ft
Bun.dmg floorspace (do 225 ft? 15 ft x 15 ft (Approximate size of bunkers.)
not input value here)
Calculated volumetric flow 32 i Includes division by 1000 to account for
into indoor space min persons per 1000 ft*
53 m°hr__|Includes conversion of 0.0283 ft*/m®
Calculation of V (volume of indoor space)

Assumption Value Units Source
Building floorspace (input 225 ft? 15 ft x 15 ft (Approximate size of bunkers.)
value here)
Ceiling height o5 ft Average height of buildings within 100' of

plume.
Volume 5,625 it
159 m® __|Includes conversion of 0.0283 ft*/m®
Calculation of ACH
Qbuilding 53 m/hr
Volume 159 m®
ACH = Q/V 0.34 1/hr

Source:

ASHRAE. 2001. ANSI/ASHRAE Standard 62-2001, Ventilation for Acceptable Indoor Air
Quality. American Society of Heating, Refrigerating and Air-Conditioning Engineers.




TABLE 7-11 Supplement B
Site 34, Calculation of Soil Vapor Entry Rate for Johnson and Ettinger Modeling Bunkers 459 and 537
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Qsoil (L/min) =5 L/min x Perimeter (cm)

4,000 cm
Length (cm) = 457
Width (cm) = 457
Perimeter (cm) = 2L + 2W 1828.8
Qsoil (L/min) = 2.286

This presents a method for calculating the soil vapor entry rate (Qsoil) into a
building for purposes of performing vapor intrusion modeling using the
Johnson and Ettinger model.

It scales up the default residential soil gas entry rate described in EPA's draft
vapor intrusion guidance document (USEPA, 2002) to any other building
footprint. This procedure and the accompanying rationale is discussed in
detail in the NJDEP vapor intrusion guidance document (NJDEP, 2007). Itis
based on the following assumptions:

1. The residential default Qsoil value is 5 L/min.
2. The Qsoil value is proportional to the building perimeter.
3. The building is rectangular




Table 7-12

Site 34, Groundwater to Indoor Air Parameters Used in the Johnson and Ettinger Model - Residential Scenari
Remedial Investigation Report for Groundwater at Sites 8 and 3¢
Naval Weapons Station Yorktown, Yorktown, Virginie

Symbol Parameter Description Selected Value Units Sources
Average Soil/Groundwater o Site-specific average, November 2007 (Table
Ts 17.7 C
Temperature 5.2)
L Depth Below Grade to Bottom of This is the depth from soil surface to the 15 cm Default value in User's Guide for slab-on-grade
F Enclosed Space Floor bottom of the floor in contact with soil construction (USEPA 2004).
Depth to groundwater conservatively based on
Lwr Depth Below Grade to Water Table 247 cm monitoring well YSA14-GWO02 (Table 5-3, depth
to water - 8.1 ft)
ha Thickness of Soil Stratum A 247 cm Soil stratum is modeled as a single soil type.
hg Thickness of Soil Stratum B NA cm Not Used
he Thickness of Soil Stratum C NA cm Not Used
Soil Stratum Directly Above Water A it Consistent with the deepest stratum with a
Table UNIIESS | specified thickness (hy).
. . Based on site borings, silty clay is predominant
SCS Soil Type Above Water Table SIC unitless soil type at SSA 14.
Soil Stratum A SCS Soil Type Used to estimate soil vapor permeability SIC unitless s::l:em()deled using predominant soil type
A parameter associated with convective
ky User-defined Soil Vapor Permeability| Fransport of vapolrs'wnhm' the zone of Not Used cm?  |Not Used
influence of a building. It is related to the
size and shane of connected soil narec
Po Stratum A Soil Dry Bulk Density 1.66 g/cm® |Default value in User's Guide (USEPA 2004).
n® Stratum A Total Soil Porosity U.SB.d with watgr-ﬂlled porostty o calculate 0.375 unitless [Default value in User's Guide (USEPA 2004).
air-filled porosity (see below
0, Stratum A Soil Water-filled porosity Used with total porosity t? calculate air- 0.054 cm®/cm® |Default value in User's Guide (USEPA 2004).
filled porosity (see below’
052 Stratum B Soil Dry Bulk Density NA g/cm® |Not Used
n® Stratum B Total Soil Porosity Used with water-filled porosity to calculate NA unitless [Not Used
air-filled porosity (see below
0,° Stratum B Soil Water-filled porosity Used with total porosity t? calculate air- NA cm®cm® [Not Used
filled porosity (see below’
Pp Stratum C Soil Dry Bulk Density NA g/cm® |Not Used
n® Stratum C Total Soil Porosity U.SB.d with watgr-ﬂlled porostty to calculate NA unitless [Not Used
air-filled porosity (see below
[N Stratum C Soil Water-filled porosity Used with total porosity t? caleulate air- NA cm®cm® [Not Used
filled porosity (see below’
Lerack Enclosed Space Floor Thickness 30 cm Building slab thickness of 12".
Ao Soil-Building Pressure Differential NA glom-s? Not Used - Qsoil calculated directly from building
parameters.
Lg Enclosed Space Floor Length 1000 cm Default, users guide (USEPA, 2004)
Wpg Enclosed Space Floor Width 1000 cm Default, users guide (USEPA, 2004)
Hg Enclosed Space Height 244 cm Default, users guide (USEPA, 2004)
Represents a gap assumed to exist at the . ’ i
w Floor-Wall Seam Crack Width junction between the floor and the NA cm Not Used - Qsoil calculated directly from building
- ) parameters.
foundation perimeter.
ER Indoor air exchange rate Building ventilation rate, expressed in units 0.25 (1/n) |Default, users guide (USEPA, 2004)
9 of air changes per hour (ACH) i ! 9 !
Qsoil Average vapror flow rate into building| 5.0 (L/m) |Default, users guide (USEPA, 2004)
ATc Averaging Time for Carcinogens 70 yrs  |default
ATne Averaging Time for Noncarcinogens 30 yrs EPA, 1989
ED Exposure Duratior 30 yrs EPA, 1991
EF Exposure Frequency 350 days/yr |EPA, 1991
TR Target Risk for Carcinogens Used to cglculate risk-based groundwater 1x10° unitless
concentration
THO Target Hazard Quotient for Used to calculate risk-based groundwater 1 daysfyr

Noncarcinogens

concentration

USEPA, 1991. U.S. Environmental Protection Agency. Risk Assessment Guidance for Superfund, Human Health Evaluation Manual, Part B, Development of Risk-based Preliminary
USEPA, 2004. User's Guide for Evaluating Subsurface Vapor Intrusion Into Buildings. Office of Emergency and Remedial Response. February 200

NA = not applicable




Table 7-13

Site 34, Summary of RME Cancer Risks and Hazard Indices
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Chemicals with Cancer Chemicals with Cancer Chemicals with Cancer Risks Hazard
Receptor Media Exposure Route Cancer Risk Risks >10™ Risks >10° and <10™ >10°® and <10® Index Chemicals with HI>1
Current/Future Industrial Groundwater Inhalation/Indoor Air 6.9E-08 Trichloroethene 1,1-Dichloroethane 3.9E-04
\Worker Total 6.9E-08 3.9E-04
Ingestion N/A 1.1E+00
Dermal Contact N/A 8.6E-02
Future Resident Adult Groundwater Inhalation/Shower N/A 7.2E-02
Inhalation/Indoor Air N/A 5.6E-03
Total N/A 1.2E+00
Ingestion N/A 2.5E+00
Dermal Contact N/A 2.0E-01
Future Resident Child Groundwater Inhalation/Shower N/A 2.0E-01
Inhalation/Indoor Air N/A 1.6E-02
Total N/A 2.9E+00
1,1,2-Trichloroethane, 1,1-
Trichloroethene, Arsenic- Tetrachloroethene, RDX, Dichloroethane, 1,2-
Ingestion 3.2E-04 dissolved Chromium-dissolved Dichloroethane N/A
Future Resident Tetrachloroethene,
. Groundwater Dermal Contact 4.2E-05 Trichloroethene N/A
Adult/Child 1,1-Dichloroethane, 1,2-
Inhalation/Shower 7.5E-05 Trichloroethene Dichloroethane N/A
Inhalation/Indoor Air 3.5E-06 Trichloroethene N/A
Total 4.4E-04 NA
Ingestion N/A N/A
Future Construction Groundwater Dermal Contact 1.2E-06 2.7E-01
\Worker - Adult Inhalation 2.0E-07 7.7E-03
Total 1.4E-06 2.7E-01

N/A - Not applicable, pathway incomplete.




Table 7-14

Site 34, Summary of CTE Cancer Risks and Hazard Indices
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Chemicals with Cancer | Chemicals with Cancer | Chemicals with Cancer Risks Hazard
Receptor Media Exposure Route Cancer Risk Risks >10™ Risks >10° and <10™ >10° and <10 Index Chemicals with HI>1
Ingestion N/A 3.5E-01
Dermal Contact N/A 1.8E-02
Future Resident Adult Groundwater Inhalation/Shower N/A 1.2E-01
Inhalation/Indoor Air N/A 4.1E-03
Total N/A 5.0E-01
Ingestion N/A 1.2E+00
Dermal Contact N/A 3.1E-02
Future Resident Child Groundwater Inhalation/Shower N/A 8.8E-03
Inhalation/Indoor Air N/A 1.1E-02
Total N/A 1.2E+00
Tetrachloroethene, 1,1-Dichloroethane, 1,2-
Trichloroethene, Arsenic- |Dichloroethane, RDX, Chromium
Ingestion 7.5E-05 dissolved dissolved N/A
Future Resident Groundwater Tetrachloroethene,
Adult/Child Dermal Contact 6.5E-06 Trichloroethene N/A
Inhalation/Shower 1.2E-05 Trichloroethene N/A
Inhalation/Indoor Air 1.2E-06 Trichloroethene N/A
Total 9.5E-05 NA

NA - Not applicable, pathway incomplete.




Table 7-15

Summary of Data Quantitatively Used in HHRA, Eastern Branch of Felgates Creek

Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Sample

Parameters

YS08-SW01-1207
YS08-SW02-1207
YS08-SW03-1207
YS08-SW04-1207
YSA14-SW01-1207
YSA14-SW02-1207
YSA14-SW03-1207
YSA14-SW05-1207

VOCs, SVOCs, total Metals, dissolved Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, total Metals, dissolved Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, total Metals, dissolved Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, total Metals, dissolved Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, total Metals, dissolved Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, total Metals, dissolved Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, total Metals, dissolved Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, total Metals, dissolved Metals, Explosives, Pesticides/PCBs

YS08-SD01-1207
YS08-SD02-1207
YS08-SD03-1207
YS08-SD04-1207
YSA14-SD01-1207
YSA14-SD02-1207
YSA14-SD03-1207
YSA14-SD05-1207

VOCs, SVOCs, Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, Metals, Explosives, Pesticides/PCBs

YBKG-SW01-1207
YBKG-SW01P-1207"
YBKG-SW02-1207
YBKG-SW03-1207
YBKG-SW04-1207
YBKG-SW05-1207
YBKG-SW06-1207

VOCs, SVOCs, total Metals, dissolved Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, total Metals, dissolved Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, total Metals, dissolved Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, total Metals, dissolved Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, total Metals, dissolved Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, total Metals, dissolved Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, total Metals, dissolved Metals, Explosives, Pesticides/PCBs

YBKG-SD01-1207
YBKG-SD01P-1207
YBKG-SD02-1207
YBKG-SD03-1207
YBKG-SD04-1207
YBKG-SD05-1207
YBKG-SD06-1207

VOCs, SVOCs, Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, Metals, Explosives, Pesticides/PCBs
VOCs, SVOCs, Metals, Explosives, Pesticides/PCBs

Date of Sample
Medium Sampling Location

Surface Water 12/11/2007 YS08-SWO01
12/13/2007 YS08-SW02
12/13/2007 YS08-SW03
12/13/2007 YS08-SW04
12/10/2007 YSA14-SW01
12/14/2007 YSA14-SW02
12/14/2007 YSA14-SW03
12/14/2007 YSA14-SWO05

Sediment 12/11/2007 YS08-SD01
12/13/2007 YS08-SD02
12/13/2007 YS08-SD03
12/13/2007 YS08-SD04
12/10/2008 YSA14-SD01
12/14/2008 YSA14-SD02
12/14/2008 YSA14-SD03
12/14/2008 YSA14-SD05

[Basemde

Background

Surface Water 12/10/2007 YBKG-SWO01
12/10/2007 YBKG-SWo01
12/14/2007 YBKG-SW02
12/14/2007 YBKG-SW03
12/11/2007 YBKG-SW04
12/11/2007 YBKG-SWO05
12/14/2007 YBKG-SW06

[Basewnde

Background

Sediment 12/10/2007 YBKG-SDO01
12/10/2007 YBKG-SDO01
12/14/2007 YBKG-SD02
12/14/2007 YBKG-SD03
12/11/2007 YBKG-SD04
12/11/2007 YBKG-SD05
12/14/2007 YBKG-SD06

Notes:

VOCs - Volatile organic constituents
SVOCs - Semi-volatile organic constituents
Duplicate of sample YBKG-SW01-1207

2 puplicate of sample YBKG-SD01-1207




Table 7-16

Summary of Chemicals of Potential Concern for the Baseline Risk Assessment, Eastern Branch of Felgates Creek
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Surface Water

Arsenic
Chromiun

Sediment

Arsenic
Chromium




TABLE 7-17

Potentially Complete Human Health Exposure Pathways Conceptual Site Model, Eastern Branch of Felgates Creek
Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Pathway
Potentially Exposed Exposure Route | Selected for
Land Use Media Populations (Human Health) | Evaluation Rationale
Current/Future
Residential or Surface Water and | Trespasser/Visitor - Adults, Ingestion and Yes Trespassers/visitors may contact sediment during activites
Industrial Sediment Youth, Children dermal contact P y 9
Future
Residential or Surface Water and . Ingestion and Workers may contact surface water and sediment during construction
Construction Worker Yes

Industrial

Sediment

dermal contact

activities




Table 7-18

Summary of RME Cancer Risks and Hazard Indices, Eastern Branch of Felgates Creek

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Chemicals with Cancer Chemicals with Cancer Chemicals with Cancer Risks Hazard
Receptor Media Exposure Route | Cancer Risk Risks >10™ Risks >10° and <10 >10° and <10° Index Chemicals with HI>1
Ingestion 2.1E-07 1.3E-03
Current/Future Surface Water Dermal Contact 2.5E-08 3.7E-04
Trespasser/Visitor - Adult Inhalation N/A N/A
Total 2.3E-07 1.6E-03
Ingestion 1.4E-06 5.6E-03
' Dermal Contact 9.1E-07 2.4E-02
Sediment -
Inhalation N/A N/A
Total 2.3E-06 3.0E-02
Total 2.5E-06 3.2E-02
Ingestion 1.1E-07 1.8E-03
Current/Future. Dgrmal Contact 9.1E-09 3.6E:04
Trespasser/Visitor - Surface Water -
Adolescent Inhalation N/A N/A
Total 1.2E-07 2.1E-03
Ingestion 7.2E-07 7.7E-03
. Dermal Contact 2.2E-07 1.6E-02
Sediment -
Inhalation N/A N/A
Total 9.4E-07 2.4E-02
Total 1.1E-06 2.6E-02
Ingestion 2.4E-07 6.0E-03
Current/Future Surface Water Dermal Contact 1.0E-08 6.0E-04
Trespasser/Visitor - Child Inhalation N/A N/A
Total 2.5E-07 6.6E-03
Ingestion 3.3E-06 5.2E-02
' Dermal Contact 2.5E-07 2.6E-02
Sediment -
Inhalation N/A N/A
Total 3.5E-06 7.9E-02
Total 3.8E-06 8.5E-02
Ingestion 1.7E-09 2.4E-04
Future Construction Surface Water Dermal Contact 1.6E-09 2.7E-04
\Worker - Adult Inhalation N/A N/A
Total 3.3E-09 5.1E-04
Ingestion 5.4E-08 4.0E-03
. Dermal Contact 7.3E-09 1.4E-03
Sediment -
Inhalation N/A N/A
Total 6.1E-08 5.4E-03
Total 6.4E-08 5.9E-03

N/A - Not applicable, pathway incomplete.




Primary
Source

Discharge of waste
water

Potential Human Receptors

Current/Future Future
Primary Secondary
Release Secondary Release Industrial Trespasser/ | Trespasser/ | Trespasser/ Residential Residential | Construction
Mechanism Source Mechanism Exposure Media Exposure Route Worker Visitor Adult | Visitor Youth | Visitor Child Adult Child Worker

Soil | - Ingestion NA NA NA NA NA NA NA

—— |Leaching |- E’L Soil* Dermal Contact NA NA NA NA NA NA NA

Inhalation NA NA NA NA NA NA NA

- Ingestion NA NA NA NA X X NA

Leaching |—— [Groundwater | ——————/Bermal Contact NA NA NA NA X X X

Inhalation** X NA NA NA X X X

Surface Runoff / Ingestion NA X X X NA NA X

e [eaen ST | —[Surface Water™  |————Beimal Contact NA X X X NA NA X

Inhalation NA NA NA NA NA NA NA

: Ingestion NA X X X NA NA X

———/Dermal Contact NA X X X NA NA X

Inhalation NA NA NA NA NA NA NA

*Soil and sediment removal actions have been conducted.

** Foster and Chrostowski Shower Model used for groundwater inhalation during showering (resident).

Concentration in Excavation Trench methodology from the Virginia Voluntary Remediation Program used to calculate concentration
in air resulting from volatilization from shallow groundwater in an open excavation for construction workers.
Vapor intrusion from groundwater into indoor air evaluated for industrial worker and resident using Johnson and Ettinger Model.
***Because the sites feed into the same surface water bodies, risks associated with surface water, sediment, and fish/crab were

addressed together for both sites.

NA - Not Applicable or pathway is incomplete
X - Potentially complete exposure pathways

Figure 7-1
HHRA CSMs

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown

Yorktown, Virginia

lofl



SECTION 8

Ecological Risk Assessment

8.1 Introduction

This section contains a Screening ERA (SERA), constituting Steps 1 and 2 of the ERA
process, and the first step (Step 3A) of a Baseline ERA (BERA) for aquatic habitats at Sites 8
and 34. Terrestrial and vegetated wetland habitats are not evaluated as part of this ERA
based upon the remedial actions that have occurred at these sites (see Section 6), which have
eliminated complete and significant ecological exposure pathways to these habitats.

8.1.1 The Ecological Risk Assessment Process

ERAs are conducted using a tiered, step-wise approach and are punctuated with Scientific
Management Decision Points (SMDPs). SMDPs represent points in the ERA process where
agreement on conclusions, actions, or methodologies is needed so that the ERA process can
continue (or terminate) in a technically defensible manner. The results of the ERA at a
particular SMDP are used to determine how the ERA process should proceed, for example,
to the next step in the process or directly to a later step. The process continues until a final
decision has been reached (i.e., remedial action if unacceptable risks are identified, or no
further action if risks are acceptable). The process can also be iterative if data needs are
identified at any step; the needed data are collected and the process starts again at the point
appropriate to the type of data collected.

This ERA was conducted in accordance with the Navy Policy for Conducting Ecological Risk
Assessments (CNO, 1999) and the Navy guidance for implementing this ERA policy
(NAVFAC, 2003). The Navy ERA policy and guidance, which describe a process consisting
of eight steps organized into three tiers, are conceptually similar to the 8-step ERA process
outlined in USEPA ERA guidance for the Superfund program (USEPA, 1997a). For both sets
of guidance, Steps 1 and 2 involve conducting a SERA using very conservative assumptions.
The BERA represents Steps 3 through 7. The BERA uses more realistic assumptions and site-
specific data to refine the risk estimates from the SERA for components that fail the initial
screen. Step 8 addresses risk management issues. The major differences between the Navy
ERA policy/guidance and the USEPA ERA guidance are:

e Navy policy/guidance provides clearly defined criteria for exiting the ERA process at
specific points

e Navy policy/guidance divides Step 3 (the first step of the BERA) into two distinct sub-
steps (Steps 3A and 3B), with a potential exit point after Step 3A

e Navy policy/guidance incorporates risk management considerations throughout all
tiers of the ERA process
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The screening (preliminary) problem formulation is the first step of an ERA and establishes
the goals, scope, and focus of the SERA. Step 1 of the ERA process is intended to answer two
main questions:

¢ Do complete exposure pathways exist?
e Are sufficient data available to conduct the SERA?

If no complete exposure pathways exist, the ERA process terminates at Step 1 with a
conclusion of negligible risk. If one or more complete exposure pathways are known to, or
are likely to, exist, the ERA process continues to Step 2 but only evaluates those pathways
that have been determined to be critical. An evaluation of the available data is then
conducted to determine if they are adequate to support the SERA. If not, additional data are
collected before the ERA process continues. The second step of the ERA process involves
conducting a screening exposure assessment, a screening effects assessment, and a screening
risk calculation (risk characterization).

The results of the SERA are used to evaluate the potential for unacceptable ecological risks
based upon very conservative assumptions. If the results of the SERA suggest that further
ecological risk evaluation is warranted, the ERA process proceeds to the BERA (Steps 3
through 7), which is a more detailed phase of the ERA process, for the pathways, chemicals,
receptors, and areas identified in the SERA. As indicated above, the first step of the BERA
(Step 3) is divided into two distinct sub-steps in Navy ERA guidance.

Step 3 of the USEPA ERA guidance consists of the following activities (USEPA, 1997a):

Refinement of the Chemicals of Potential Concern (COPCs) from the SERA.
e Further characterizing the potential ecological effects of contaminants.

e Refining information on contaminant fate and transport, complete exposure pathways,
and receptors potentially at risk.

e Selecting assessment endpoints.
e Refining the conceptual model and risk hypotheses from the SERA.

Step 3A of the Navy policy/guidance (refinement of conservative exposure assumptions)
corresponds to the first activity listed above for the USEPA ERA guidance. In Step 3A, a
refined evaluation of exposure estimates is conducted using more realistic assumptions and
additional methodologies relative to those used in the SERA, which is intended to be a very
conservative assessment. Examples of more realistic exposure assumptions include using
central tendency (e.g., mean) estimates (rather than maximums) for media concentrations,
bioaccumulation factors, and exposure parameters. Examples of additional methodologies
include consideration of background concentrations and bioavailability (CNO, 1999;
NAVFAC, 2003).

If risk estimates (and their associated uncertainty) are acceptable following Step 3A, the site
will meet the conditions of the exit criterion specified in the Navy policy/guidance. If the
Step 3A evaluation does not support a determination of acceptable risk within acceptable
uncertainty, the site continues to Step 3B.
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Step 3B of the Navy policy/guidance (problem formulation) corresponds conceptually to
the last four activities listed above for Step 3 of the USEPA ERA guidance. In Step 3B, the
preliminary conceptual model from the SERA is refined based upon the results of the

Step 3A evaluation to develop a revised list of key receptors, critical exposure pathways,
key COPCs, assessment endpoints, measurement endpoints, and risk hypotheses. Based
upon the refined conceptual model, the lines of evidence to be used in characterizing risk
are determined. Agreement on the refined conceptual model, COPCs, exposure pathways,
endpoints, and risk hypotheses constitutes the SMDP at the end of Step 3 in both Navy and
USEPA ERA guidance.

Following the completion of Step 3, a decision point is reached with two potential outcomes.
If the refined risk estimates are acceptable for each selected assessment endpoint, the
investigation proceeds to risk characterization (Step 7) to document this conclusion, and the
ERA process terminates. If the uncertainties associated with the refined risk estimates are
unacceptable and/or the risk estimates indicate that unacceptable risks may exist, site-
specific studies might be required and the ERA process continues (Steps 4 through 6). Step 4
is a work planning step where additional site-specific studies are scoped and designed.

Step 5 consists of the verification of the field sampling design developed in Step 4 while
Step 6 constitutes the site investigation and data analysis phase of the process.

Step 7 consists of the documentation and synthesis of the information and data identified in
Steps 1 through 3 (no additional study) or Steps 1 through 6 (additional study). In this step,
risk is evaluated and characterized using both quantitative and qualitative methods.
Conclusions are made as to whether or not there is a reasonable potential for unacceptable
ecological risk, and if there is a potential for ecological risk, the magnitude of that risk. The
results of the completed BERA (Step 7) are used to make any necessary risk management
decisions (Step 8) related to current or future risks. Possible decisions include:

e There is adequate information to conclude that no unacceptable ecological risks exist.
The assessment should stop at Step 7.

e There is adequate information to conclude that ecological risks warrant remedial action.
Whether or not remedial actions are taken, and the specific actions taken, will depend
upon a number of risk management factors such as the results of any human health risk
assessments and the potential impact of the remedial action itself on the habitats and
biota present. This analysis typically occurs as part of Step 8.

e There is not adequate information to estimate risk or the risk estimate is believed to be
too conservative or uncertain to recommend remediation. The assessment should be
refined.

8.2 Problem Formulation

Problem formulation establishes the goals, scope, and focus of the ERA. As part of problem
formulation, the ecological setting of Sites 8 and 34 is characterized in terms of the habitats
and biota known or likely to be present. The types and concentrations of chemicals that are
present in ecologically relevant media (surface water and sediment) are also described based
upon available analytical data. A conceptual model is developed that describes source areas,
transport pathways and exposure media, exposure pathways and routes, and receptors.

ES100609123254VBO 83



REMEDIAL INVESTIGATION REPORT FOR GROUNDWATER AT SITES 8 AND 34

Assessment endpoints, measurement endpoints, and risk hypotheses are developed to
evaluate those receptors for which critical exposure pathways exist. The fate, transport, and
toxicological properties of the chemicals present on Sites 8 and 34, particularly the potential
for bioaccumulation, are also considered during this process.

8.2.1 Environmental Setting

Site 8 is located in the east-central part of WPNSTA Yorktown (Figure 2-1). The site is
located along the Eastern Branch of Felgates Creek, just downstream of Site 34 and about
1.5 miles from the confluence of the creek with the York River. The site is located off of
Manley Road near Building 456 and consists of a 300-ft drainage way and its surrounding
area. The Site 8 discharge area received wastewater from the NEDED complex (Building
456) from 1940 until 1986. Prior to 1975, the wastewater reportedly contained solvents,
spent/neutralized acids, and explosives. After 1975, a carbon adsorption tower was used to
treat the contaminated wastewater prior to discharge into the drainage area. In 1986, the
effluent from the tower was diverted to the sanitary sewer and ultimately to the HRSD
treatment facility. Contaminated soil and drainage channel sediments at the site were
excavated in 2007.

The eastern part of Site 8 consists of a paved parking lot. The western part of the site around
the drainage channel is wooded. Most of the site is relatively flat with the exception of the
drainage channel itself, which is situated in a ravine with steeply sloping sides and has
reverted to a natural drainage with wetland vegetation present. Three wetland forbs
dominate the area, sensitive fern (Onoclea sensibilis), water pennywort (Hydrocotyle
americana), and clearweed (Pilea pumila) (Baker, 2004). The drainage channel leads to an
estuarine, intertidal, emergent wetland along Felgates Creek that is dominated by smooth
cordgrass (Spartina alterniflora). Surface water runoff at the site flows into the drainage
channel and then to the Eastern Branch of Felgates Creek. Groundwater generally flows
westward toward Felgates Creek and the drainage channel.

Site 34 is approximately 0.4 acres and is located in the north-central part of WPNSTA
Yorktown (Figure 2-1). A one-lane asphalt road encircles Buildings 460, 459, 537, 458, and 651,
which are concrete bunkers set into a hillside. South of the road, the sparsely wooded terrain
slopes steeply to a flat wetland area north of the main channel of the Eastern Branch of
Felgates Creek. Groundwater and surface runoff flows south toward the Eastern Branch of
Felgates Creek.

Site 34 consists of a historic pipe that originates at Building 537 and extends south to the
Eastern Branch of Felgates Creek. Nitramine-contaminated wastewater was reportedly
discharged through the pipe in the past. Contaminated soils and sediments within the
drainage channel were removed in 2007 to mitigate potential unacceptable human health
and ecological risks.

The Eastern Branch of Felgates Creek is tidal and estuarine, with measured salinities of
between 2 and 40 parts per thousand (ppt) near the sites (typically between 17 and 19 ppt)
and between 5 and 28 ppt further upstream (where the background samples were collected)
(Table 8-1). The pH of the water varies between about 6.5 and 8.5. Substrates are composed
mostly of fines (silt/clay). TOC ranged from about 2.5 percent to about 7 percent. The pH is
near neutral, ranging from 6.5 to 7.4 (Table 8-2). SEM/AVS ratios, a measure of the
bioavailability of certain metals, only exceed one where sulfides are low (Table 8-2).
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The downgradient portions of the Site 34 discharge area are inundated from the Eastern
Branch of Felgates Creek at high tide. The Eastern Branch of Felgates Creek flows due west
in the vicinity of Site 34. Approximately 250 ft downstream, the creek abruptly turns
northward towards Site 8. Wetlands composed of salt-tolerant species edge Felgates Creek
in the vicinity of both sites. The vegetative community supported downgradient of the

Site 34 discharge pipe and downgradient of Site 8 is characteristic of estuarine creeks,
dominated by smooth cordgrass (Spartina alterniflora), edged by bayberry (Myrica cerifera)
(Baker, 2004).

Invertebrate species observed and expected in the estuarine aquatic habitat offered by the
creek and wetlands include mussels, marsh periwinkles, mud crabs, fiddler crabs, oysters,
amphipods, and worms. Small fish, including minnows, anchovy, and mosquito fish, are
likely abundant in the channels within the wetlands, and are probably found throughout the
wetland at high tide. The Eastern Branch of Felgates Creek and the surrounding marshes
additionally have the potential to support a wide range of avian, mammalian, and reptilian
upper trophic level species (Baker, 2004).

There are no known occurrences of rare, threatened, or endangered species, or sensitive
habitats, on or in the immediate vicinity of Sites 8 and 34 (Baker, 2004).

8.2.2 Summary of Analytical Data

Only samples collected as part of this RI (in 2007 and 2008) are considered in this ERA.
These include eight collocated surface water and sediment samples from the Eastern Branch
of Felgates Creek near the sites (two of the sample locations at Site 34 that extended into the
vegetated wetland area bordering the creek and adjacent to [south of] the site were not used
in the ERA; see Section 6), and 6 collocated surface water and sediment samples collected
from upgradient portions the creek (used as background). The samples used in this ERA are
listed in Table 8-3 and are shown on Figure 6-1. Groundwater data collected as part of this
RI were not directly evaluated in this ERA but were considered qualitatively. All of the data
collected as part of this RI and used in this ERA were documented as part of the final work
plan for this RI (CH2M HILL, 2007). The data collected previously as part of the Rounds 1
and 2 Rls were not considered due to their age (2000 or earlier). Because of the past remedial
actions that have occurred in the terrestrial portions of these sites to address contaminant
sources (which also extended into the vegetated wetland areas bordering each site), an
evaluation of terrestrial and vegetated wetland habitats (soil data) is not relevant to this
ERA.

8.2.3 Conceptual Model

The conceptual model relates potentially exposed receptor populations with potential
source areas based upon physical site characteristics and complete exposure pathways.
Important components of the conceptual model are the identification of potential source
areas, transport pathways, exposure media, exposure pathways and routes, and receptors.
Actual or potential exposures of ecological receptors associated with a site are determined
by identifying the most likely, and most important, mechanisms and pathways of
contaminant release and transport. A complete exposure pathway has three components:
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e A source of chemicals that results in a release to the environment;
e A pathway of chemical transport through an environmental medium; and
e An exposure or contact point for an ecological receptor.

Figure 8-1 illustrates a diagrammatic conceptual model for Sites 8 and 34. Key components
of this conceptual model are discussed in the following subsections.

Source Areas

Removal actions have occurred at each site to address source areas, which have been
eliminated. While this has addressed the primary source areas and terrestrial / vegetated
wetland habitats at the sites, groundwater, and past potential transport to adjacent aquatic
water bodies (Eastern Branch of Felgates Creek), have not yet been directly addressed.
These media are the subject of this RIL

Transport Pathways and Exposure Media

A transport pathway describes the mechanisms whereby site-related chemicals, once
released, may be transported from a source to ecologically relevant media (such as surface
water) where exposures may occur. These transport pathways are shown on Figure 8-1.

The primary release mechanisms and transport pathways at the sites include:

e Infiltration, percolation, and leaching of contaminants to groundwater and subsequent
discharge to the surface water and sediment of the adjacent creek.

e Historical surface runoff to the surface water and sediment of the adjacent creek.

e Uptake from the surface water and sediment of the adjacent creek and accumulation in
the tissues of aquatic biota.

Concentration gradients from potential source areas through the appropriate pathway(s) are
evaluated in order to determine if there are any links between site contamination and
potential ecological receptors (habitats and biota).

Exposure media for ecological receptors are typically limited to surface water, surface
sediment, and surface soil. Surface soil is not evaluated in this ERA based upon past
remedial actions, which have eliminated these potential exposure pathways. Groundwater
is generally considered only as a transport medium since there are no ecological exposures
to groundwater until it discharges to a water body or surfaces as a seep. Air is not addressed
in this ERA since this medium is not likely to result in significant contributions to total
exposures.

Exposure Pathways and Routes

An exposure pathway links a source of contamination with one or more receptors through
exposure via one or more media and exposure routes. Exposure, and thus potential risk, can
only occur if complete exposure pathways exist. Figure 8-1 shows the potentially complete
exposure pathways to ecological receptors associated with Sites 8 and 34 which include:

e Direct contact with site-related chemicals in surface water and sediment by aquatic and
benthic organisms

86 ES100609123254VBO



SECTION 8—8BECOLOGICAL RISK ASSESSMENT

e DPotential ingestion of site-related chemicals via the food chain by avian and mammalian
aquatic receptors

As discussed previously, there are no complete exposure pathways for terrestrial and
wetland receptors.

An exposure route describes the specific mechanism(s) by which a receptor is exposed to a
chemical present in an environmental medium. The most common exposure routes are
dermal contact, direct uptake, ingestion, and inhalation. Unrooted, floating aquatic plants,
rooted submerged vascular aquatic plants, and algae may be exposed to chemicals directly
from the water or (for rooted plants) from sediment. Aquatic invertebrates may be exposed
to chemicals in surface sediment and/ or surface water through dermal contact and
ingestion.

Animals may be exposed to chemicals through the:
¢ Inhalation of gaseous chemicals or of chemicals adhered to airborne particulate matter

e Incidental ingestion of contaminated abiotic media (sediment) during feeding or
preening activities

e Ingestion of contaminated water

e Ingestion of contaminated plant and/or animal tissues for chemicals that have entered
food webs

e Dermal contact with contaminated abiotic media
These routes, where applicable, are depicted on Figure 8-1.

The contribution to the total dose from the inhalation route is generally insignificant for
upper trophic level ecological receptors relative to ingestion pathways. Hence, the air
pathway is not generally considered for ecological receptors. Exposure to chemicals present
in sediment via dermal contact may occur but is unlikely to represent a major exposure
pathway for most upper trophic level receptors because fur, feathers, and chitinous
exoskeletons minimize transfer of chemicals across dermal tissue. Incidental ingestion of
surface sediment during feeding, preening, or grooming activities is, however, considered in
the risk estimates. Direct contact is considered for lower trophic level receptors (benthic
invertebrates).

Direct ingestion of drinking water is only considered when the salinity is below 15 ppt, the
approximate toxic threshold for wildlife receptors (Humphreys, 1988). Based upon available
data (Table 8-1), the salinity in the creek is typically above this threshold. Thus, exposure
via direct ingestion of drinking water is not included in this ERA.

Receptors

Because of the complexity of natural systems, it is generally not practical to directly assess
the potential impacts to all ecological receptors present within an area. Therefore, specific
receptor species (e.g., great blue heron) or species groups (e.g., fish) are often selected as
surrogates to evaluate potential risks to larger components of the ecological community
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(guilds; such as piscivorous birds) used to represent the assessment endpoints (e.g., survival
and reproduction of piscivorous birds). Selection criteria typically include those species that:

e Are known to occur, or are likely to occur, in the area.
e Have a particular ecological, economic, or aesthetic value.

e Are representative of taxonomic groups, life history traits, and/or trophic levels in the
habitats present for which complete exposure pathways are likely to exist.

e Can, because of toxicological sensitivity or potential exposure magnitude, be expected to
represent potentially sensitive populations.

The following upper trophic level receptor species have been chosen for exposure modeling
based upon the criteria listed above:

e Belted kingfisher (Ceryle alcyon) —Semi-aquatic avian piscivore/invertivore
¢ Great blue heron (Ardea herodias) —Semi-aquatic avian piscivore

e Mallard (Anas platyrhynchos) —Semi-aquatic avian omnivore

e Marsh wren (Cistothorus palustris) —Semi-aquatic avian insectivore

e Mink (Mustela vison) —Semi-aquatic mammalian piscivore

e Muskrat (Ondatra zibethicus) —Semi-aquatic mammalian herbivore

e Raccoon (Procyon lotor) —Semi-aquatic mammalian omnivore

Upper trophic level receptor species quantitatively evaluated in this ERA were limited to
birds and mammals, the taxonomic groups with the most available information regarding
exposure and toxicological effects. Lower trophic level receptor species were evaluated
based upon those taxonomic groupings for which medium-specific screening values have
been developed. As such, specific species of aquatic biota were not chosen as receptors
because of the limited information available for specific species and because aquatic biota
(fish and benthic invertebrates) are evaluated on a community level via a comparison of
surface water and sediment concentrations with medium-specific screening values.

Amphibians are typically selected as a receptor group only when freshwater aquatic or
wetland habitats are present on, or in the contaminant transport pathways (as defined in the
conceptual model) of, a site, which is not typically the case at Sites 8 and 34 based upon the
salinity of the creek. Because of the limited amount of toxicological data available for
reptiles, exposures via the food web for this taxonomic group were evaluated using bird
and mammal receptor species as surrogates. Similarly, potential risks to reptiles from direct
exposures to surface water and sediment are evaluated using screening values developed
for other taxonomic groups (described above).

Endpoints and Risk Hypotheses

The conclusion of the problem formulation includes the selection of ecological endpoints
and risk hypotheses, which are based upon the conceptual model. Two types of endpoints,
assessment endpoints and measurement endpoints, are defined as part of the ERA process
(USEPA, 1997a). An assessment endpoint is an explicit expression of the environmental
component or value that is to be protected. A measurement endpoint is a measurable
ecological characteristic that is related to the component or value chosen as the assessment
endpoint. The considerations for selecting assessment and measurement endpoints are
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summarized in USEPA (1997a) and discussed in detail in Suter (1989, 1990, 1993). Risk
hypotheses are testable hypotheses about the relationship among the assessment endpoints
and their predicted responses when exposed to contaminants.

Endpoints define ecological attributes that are to be protected (assessment endpoints) and
measurable characteristics of those attributes (measurement endpoints) that can be used to
gauge the degree of impact that has or may occur. Assessment endpoints most often relate
to attributes of biological populations or communities, and are intended to focus the risk
assessment on particular components of the ecosystem that could be adversely affected by
chemicals attributable to a site (USEPA, 1997a). Assessment endpoints contain an entity
(e.g., heron population) and an attribute of that entity (e.g., survival rate). Individual
assessment endpoints usually encompass a group of species or populations (the receptor)
with some common characteristic, such as specific exposure route or contaminant
sensitivity, with the receptor then used to represent the assessment endpoint in the risk
evaluation.

Assessment and measurement endpoints may involve ecological components from any level
of biological organization, from individual organisms to the ecosystem itself. Effects on
individual organisms are important for some receptors, such as rare and endangered
species; population- and community-level effects are typically more relevant to ecosystems.
Population- and community-level effects are usually difficult to evaluate directly without
long-term and extensive study. However, measurement endpoint evaluations at the
individual level, such as an evaluation of the effects of chemical exposure on reproduction,
can be used to predict effects on an assessment endpoint at the population or community
level. In addition, use of criteria values designed to protect the majority of the components
of a community (e.g., Ambient Water Quality Criteria [AWQC] for the Protection of Aquatic
Life) can be useful in evaluating potential community- and/or population-level effects.

Table 8-4 shows the assessment endpoints, risk hypotheses, and measurement endpoints
used in the ERA. Table 8-4 also shows the receptors associated with each endpoint.

8.3 EXxposure Assessment

The principal activity associated with the exposure assessment is the estimation of chemical
concentrations in applicable media, termed EPCs, to which the receptors may be exposed.
This is accomplished through the selection of appropriate sets of the available analytical
data using a set of criteria (e.g., validation status, sampling date). Once the analytical data
sets are selected, EPCs are calculated as a particular point on the distribution of
concentrations. At the screening level, the EPC is the maximum detected concentration. At
the baseline level, EPCs are typically central tendency estimates (e.g., arithmetic mean).
EPCs are then used in bioaccumulation and food web models to estimate exposures to
upper trophic level receptors.

8.3.1 Selection Criteria for Analytical Data

Available analytical data (described in Section 8.2.2) were selected for use in the ERA based
upon the following;:

e Data must have been validated by a qualified data validator using acceptable data
validation methods. Rejected (R) values were not used in the ERA. Unqualified data and
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data qualified as J (estimated), L (biased low), or K (biased high) were treated as
detected. Data qualified as U (undetected) or B (blank contamination) were treated as
non-detected.

e For samples with duplicate analyses, the higher of the two concentrations was used
when both values were detects or when both values were non-detects. In cases where
one result was a detection and the other a non-detect, the detected value was used in the
assessment.

8.3.2 Exposure Point Concentrations

EPCs are calculated as a particular point on the distribution of concentrations. At the
screening level, the EPC is the maximum detected concentration. At the baseline level, EPCs
are typically central tendency estimates (e.g., median, geometric mean, or arithmetic mean),
which provide a more representative estimate of potential exposures and risks to receptor
populations (the focus of the selected assessment endpoints). In this ERA, the maximum,
arithmetic mean, 95 percent UCL of the arithmetic mean, and geometric mean
concentrations were evaluated for direct exposures. Exposures via food webs utilized the
maximum, arithmetic mean, and 95 percent UCL of the arithmetic mean. These three
medium-specific EPCs were used in bioaccumulation and food web models to estimate
exposures to upper trophic level receptors. Dietary items for which tissue concentrations
were modeled included aquatic plants, benthic invertebrates, and fish. Incidental ingestion
of sediment, but not ingestion of drinking water (due to the salinity of the creek), was
included when calculating the total exposure. The models and parameter values used for
calculating these tissue concentrations are outlined in the following subsections.

Not all chemicals were evaluated for food web exposures. Only those chemicals with the
potential to bioaccumulate were evaluated for exposures via food webs. This list of
bioaccumulating chemicals is provided in Table 8-5 for relevant constituents and is based
upon the list provided in Table 4-2 of USEPA (2000).

For initial (screening) exposure estimates, the uptake of chemicals from the abiotic media
into these food items was based upon conservative (e.g., 90th percentile) bioconcentration
factors (BCFs) or bioaccumulation factors (BAFs) from the literature, where available. The
use of 90th percentile values is generally recommended to provide for a conservative
screening assessment (Sample et al. 1998a, 1998b; Bechtel Jacobs 1998). BCFs and BAFs used
for baseline exposure estimates were based upon, or modeled from, central tendency
estimates (e.g., median or mean). For mean values, arithmetic means were used for normally
distributed parameters; when the distribution was log-normal, the geometric mean was
used. Default factors of 1.0 were used only when data were not available for a chemical in
the literature.

In the BERA, using central tendency estimates (rather than high-end values or maximums)
for exposure parameters such as BAFs provides a more representative estimate of potential
exposures and risks to populations (the focus of the assessment endpoints) of upper trophic
level receptors. Since these upper trophic level receptors are highly mobile, they would be
expected to effectively average their exposure over time as they forage within the area
defining their home range. Average prey concentrations are most appropriately estimated
using central tendency estimates of media concentrations and accumulation factors. For

8-10 ES100609123254VBO



SECTION 8—8BECOLOGICAL RISK ASSESSMENT

example, the wildlife dietary exposure models contained in the Wildlife Exposure Factors
Handbook (USEPA, 1993c) specify the calculation of an average daily dose. Increasing the
representativeness of the exposure estimates relative to population-level effects is consistent
with the intent of a BERA. In cases where adequate spatial sampling coverage exists, mean
concentrations are also appropriate for evaluating potential risks to populations of lower
trophic level receptors because the members of the population are expected to be found
throughout an area (where suitable habitat is present), rather than concentrated in one
particular location. While effects to individual organisms might be important for some
receptors, such as rare and endangered species, population- and community-level effects are
typically more relevant to ecosystems.

Aquatic Plants

Tissue concentrations in the above-ground vegetative portion of aquatic plants were
estimated by multiplying the sediment concentration (maximum for the SERA, and mean
and 95% UCL for the BERA) for each chemical by chemical-specific soil-to-plant BCFs
(extrapolated to sediments) obtained from the literature. These BCFs are listed in Tables 8-6
(screening) and 8-7 (baseline).

The BCF values were based upon root uptake from sediment and upon the ratio between
dry-weight sediment and dry-weight plant tissue. Literature values based upon the ratio
between dry-weight sediment and wet-weight plant tissue were converted to a dry-weight
basis by dividing the wet-weight BCF by the estimated solids content for plants (15 percent
[0.15]; Sample et al., 1997).

Benthic Invertebrates

Tissue concentrations in benthic invertebrates were estimated by multiplying the sediment
concentration (maximum for the SERA, and mean and 95% UCL for the BERA) for each
chemical by chemical-specific sediment-to-invertebrate BAF values obtained from the
literature. These values are listed in Tables 8-6 (screening) and 8-7 (baseline).

The BAF values used were based upon the ratio between dry-weight sediment and dry-
weight invertebrate tissue. BAFs based upon depurated analyses (sediment was purged
from the gut of the organism prior to analysis) were given preference over undepurated
analyses when selecting BAF values because direct ingestion of sediment was accounted for
separately in the food web model.

Literature values based upon the ratio between dry-weight sediment and wet-weight
invertebrate tissue were converted to a dry-weight basis by dividing the wet-weight BAF by
the estimated solids content for benthic invertebrates (21 percent [0.21]; USEPA, 1993c). For
chemicals without available literature-based sediment-to-invertebrate BAFs, a BAF of 1.0
was assumed.

Fish
Tissue concentrations in whole-body fish were estimated by multiplying the sediment

concentration for each chemical by chemical-specific sediment-to-fish BAFs obtained from
the literature. These BAFs are listed in Tables 8-6 (screening) and 8-7 (baseline).

The BAF values used were based upon the ratio between dry-weight sediment and dry-
weight tissue. Literature values based upon the ratio between dry-weight sediment and
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wet-weight fish tissue were converted to a dry-weight basis by dividing the wet-weight BAF
by the estimated solids content for fish (25 percent [0.25]; USEPA, 1993c). For chemicals
without literature-based sediment-to-fish BAFs, a BAF of 1.0 was assumed.

Dietary Intakes

Upper trophic level receptor exposures via food webs to chemicals present in surface
sediment were determined using estimated chemical concentrations in each relevant dietary
component for each receptor, as described in the previous section. Incidental ingestion of
surface sediment was also included when calculating the total exposure.

Dietary intakes for each upper trophic level receptor were calculated using the following
formula (modified from USEPA, 1993c):

_ID(FIR(FG)(PDPI+[(FIR(SC)(PD §l+[WIRWG)]

DI BW
where: DI = Dietary intake for chemical x (mg chemical/kg body weight/day)
FIR = Food ingestion rate (kg/day, dry-weight)
FCy = Concentration of chemical x in food item i (mg/kg, dry-weight)
PDF;, = Proportion of diet composed of food item i (dry-weight basis)
SCx = Concentration of chemical x in sediment (mg/kg, dry-weight)
PDS = Proportion of diet composed of sediment (dry-weight basis)
WIR = Water ingestion rate (L/day)
WC, = Concentration of chemical x in water (mg/L)
BW = Body weight (kg, wet-weight)

Incidental ingestion of sediment was modeled as a dietary component rather than using a
separate sediment ingestion rate. Parameter values for the selected receptors are listed in
Tables 8-8 (screening) and 8-9 (baseline). When measured food ingestion rates were not
available for a receptor from the literature, the rates were estimated using allometric
equations from Nagy (2001).

The exposure parameter values were selected to provide for a conservative evaluation in the
initial screening. Examples of these conservative assumptions include:

e All of the dietary items consumed by the receptor are obtained from the portion of the
creek adjacent to the sites (i.e., an Area Use Factor [AUF] of one is assumed) at the point
of maximum concentration.

e Chemicals are 100 percent bioavailable.

e Maximum food ingestion rates are used (calculated maximum ingestion rates using
allometric equations were based upon the maximum adult body weight).

¢ Minimum adult body weights are used.
For the refined baseline estimates:

e Central tendency estimates (e.g., mean, median, or midpoint) for body weight and
ingestion rates were used. Central tendency estimates for these exposure parameters are
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more relevant for a BERA because they better represent the characteristics of a greater
proportion of the individuals in the population. Populations or communities (rather
than individual organisms) were emphasized when developing the assessment
endpoints for the ERA.

8.4 Effects Assessment

The effects assessment defines the methods and data used to define an adverse ecological
effect. For this ERA, effects data are available from multiple lines of evidence, as follows:

e Screening Values for Surface Water and Sediment — Analytical data are compared to
literature-based surface water and sediment screening values.

e Screening Values for Ingestion Exposures —Food web exposure estimates are
compared to literature-based ingestion-based screening values for upper trophic level
receptors.

¢ Bioavailability Measures — Additional data were collected to help evaluate chemical-
specific bioavailability in abiotic media.

8.4.1 Medium-Specific Screening Values

Medium-specific screening values were established for each ecologically relevant medium
and chemical analyzed. Based upon the conceptual model (Figure 8-1), direct exposure to
surface water and sediment are potentially complete pathways. The screening values used
in the ERA considered Region 3 BTAG screening values (USEPA, 2006b) as well as
additional screening values available in the literature. When more than one screening value
was available (e.g., fauna and flora) and chemical, the lowest of these values was selected.
Because the salinity of the principal water body adjacent to the sites (Eastern Branch of
Felgates Creek) typically exceeded 15 ppt, marine screening values were used when
available; freshwater values were used when marine values were lacking. The values used
in the ERA are summarized, by medium, in Table 8-10.

For surface water, the screening values for chemicals known to bioaccumulate in aquatic
food webs were based upon the final chronic value (rather than the final residue value) as
per USEPA (1996b, 2006a) and Suter and Tsao (1996). The use of final chronic values is
intended to protect aquatic receptors from direct exposures to chemicals in surface water,
rather than from exposure via food webs. Potential risks to upper trophic level receptors
from food web exposures (tissue residues) were evaluated separately using the ingestion-
based screening values outlined in Section 8.4.2.

8.4.2 Ingestion Screening Values

Ingestion screening values for dietary exposures were derived for each bioaccumulative
chemical evaluated in the ERA. Screening values were derived for both mammalian and
avian receptors, the only two taxonomic groups for which sufficient toxicological
information was generally available for the range of chemicals evaluated. Toxicological
information from the literature for wildlife species most closely related to the receptor
species were used, where available, but were supplemented by laboratory studies of non-
wildlife species (e.g., laboratory mice) where necessary. The ingestion screening values are
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expressed as milligrams of the chemical per kilogram body weight of the receptor per day
(mg/kg-BW/day).

Survival, growth, and reproduction were emphasized as toxicological endpoints because
they are the most relevant, ecologically, to maintaining viable populations and because they
are generally the most studied toxicological endpoints for ecological receptors. If several
chronic toxicological studies were available from the literature, the most appropriate study
was selected for each receptor species based upon study design, study methodology, study
duration, study endpoint, and test species.

Ingestion screening values were derived for both chronic NOAEL and chronic LOAEL
endpoints. The applicable uncertainty factors from Table 8-11 were applied to derive these
screening values, where necessary. Because there are no threatened or endangered species
known to occur in the Sites 8 and 34 area, the application of additional uncertainty factors
for this class of receptors is not applicable to the ERA. Taxonomic class-type uncertainty
factors were also not applied because the values in Table 8-11 were typically derived based
upon data from a broad range of taxonomic groups. Maximum Acceptable Toxicant
Concentrations (MATCs), defined as the geometric mean of the NOAEL and LOAEL, were
also calculated. Ingestion screening values for mammals and birds are summarized in
Tables 8-12 and 8-13, respectively.

8.4.3 Bioavailability Measures

Data collected to evaluate the potential chemical-specific bioavailability in abiotic media
included:

e Sediment - TOC, pH, AVS/SEM, and grain size.
e Surface Water - Dissolved metals and pH.

8.5 Risk Characterization

The risk characterization portion of the ERA uses the information generated during the
three previous parts of the ERA (problem formulation, exposure assessment, and effects
assessment) to estimate potential risks to ecological receptors. In addition to the lines of
evidence that were described in Section 8.4, the following additional factors were
considered during the risk characterization:

e Essential Nutrients. Calcium, magnesium, potassium, and sodium were excluded from
consideration because they are essential macronutrients needed for normal metabolism,
growth, and reproduction.

e Background Concentrations. Site-specific background surface water and sediment
concentrations were derived from sampling locations collected from the upgradient
portion of the Eastern Branch of Felgates Creek (Figure 6-1). Concentrations from
samples collected adjacent to the sites were directly compared with samples collected
from the upgradient portions of the creek.

8.5.1 Comparison With Screening Values

Surface water and sediment concentrations are compared with the corresponding screening
values to derive risk estimates using the HQ method. HQs are calculated by dividing the
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chemical concentration in the medium by the corresponding chemical-specific screening
value. HQs exceeding one indicate the potential for unacceptable risk since the chemical
concentration (exposure) exceeds the screening value (effect). HQs less than or equal to one
indicate that unacceptable risks are unlikely. As discussed in Section 8.3.2, maximum, mean
(arithmetic and geometric), and 95 percent UCL of the arithmetic mean concentrations from
the 2007 /2008 sampling are compared with screening values. Chemicals were excluded
from further consideration if the HQ based upon the 95 percent UCL was less than one.

Surface Water

Maximum surface water concentrations are compared to screening values in Table 8-14.
Based upon this comparison for unfiltered samples, four metals (aluminum, barium, iron,
and silver) had HQs exceeding one based upon detected concentrations. Only aluminum
and barium, plus copper, exceeded screening values in filtered samples based upon
maximum detected concentrations. No organic chemical exceeded screening values based
upon a maximum detected concentration (Table 8-14).

Mean concentrations in surface water are compared with screening values in Table 8-14.
Based upon this comparison for unfiltered samples, three metals (aluminum, barium, and
silver) had 95 percent UCL-based HQs exceeding one based upon detected concentrations.
Only aluminum and barium, plus copper, exceeded screening values in filtered samples
based upon 95 percent UCL detected concentrations. No organic chemical exceeded
screening values based upon a 95 percent UCL detected concentration (Table 8-14).

Bioavailability Considerations USEPA (1996b) indicates that the dissolved metal fraction
should be preferentially used to the total metal fraction in surface water evaluations because
dissolved metal concentrations best represent the bioavailable fraction. High levels of
suspended solids and sediment-adsorbed metals, which could be present in unfiltered
samples, could result in overstating bioavailable surface water concentrations and thus
potential exposures and risks. Almost all of the surface water samples were turbid to
varying degrees (Table 8-1). Thus, the filtered (dissolved) samples better represent potential
aquatic exposures. Only aluminum, barium, and copper exceeded screening values in
filtered samples based upon 95 percent UCL detected concentrations. Thus, aluminum,
barium, and copper were identified as COPCs in surface water.

Surface Sediment

Maximum sediment concentrations are compared to screening values in Table 8-15. Based
upon this comparison, seven metals (aluminum, arsenic, cobalt, manganese, mercury, silver,
and vanadium) had HQs exceeding one based upon detected concentrations. Beryllium was
detected but a screening value was not available. Carbon disulfide was the only organic
chemical that exceeded screening values based upon maximum detected concentrations.
Acetone was detected but a screening value was not available.

Mean concentrations in sediment are compared with screening values in Table 8-15. Based
upon this comparison, four metals (aluminum, arsenic, manganese, and silver) had

95 percent UCL-based HQs exceeding one based upon detected concentrations. Carbon
disulfide was the only organic chemical that exceeded screening values based upon a

95 percent UCL detected concentration (Table 8-15).
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Bioavailability Considerations SEM/ AVS ratios were below one in all site samples with
detectable SEM (all but YS08-SD02-1207, YS08-SD04-1207, and YSA14-SD03-1207;

Table 8-2), which suggests that the bioavailability of AVS metals is limited in most areas of
the site. However, aluminum, arsenic, and manganese are not AVS metals. The screening
value for carbon disulfide is equilibrium partitioning-based and was normalized to

1 percent TOC for the screen. Mean TOC for site samples was approximately 5 percent
(Table 8-15). However, the 95 percent UCL-based HQ for carbon disulfide was greater than
five, so this chemical would still exceed if the screening value was based upon a TOC value
of 5 percent. Thus, aluminum, arsenic, manganese, silver, and carbon disulfide were
identified as COPCs in sediment, as were beryllium and acetone, which were detected but
lacked screening values.

8.5.2 Food Web Exposures

Exposure doses (based upon the maximum, arithmetic mean, and 95 percent UCL
concentrations) for upper trophic level receptors from exposures via the food web are
compared with the corresponding ingestion-based screening values to derive risk estimates
using the HQ method. HQs are calculated by dividing the exposure dose by the
corresponding chemical- and receptor-specific screening value. HQs exceeding one indicate
the potential for unacceptable risk since the dose (exposure) equals or exceeds the screening
value (effect). HQs less than one indicate that unacceptable risks are unlikely. Chemicals
were excluded from further consideration if the HQ based upon the 95 percent UCL was
less than one based upon the MATC.

HQs based upon maximum exposure doses for each upper trophic level receptor are listed
in Table 8-16. Based upon a comparison to NOAELSs, arsenic, chromium, lead, mercury,
selenium, zinc, and hexachlorobenzene had HQs exceeding one for one or more receptors.
The exceedances for selenium and hexachlorobenzene were based upon maximum
reporting limits. Ingestion screening values were not available for any receptor for 4-
bromophenyl-phenylether and 4-chlorophenyl-phenylether, neither of which was detected
in surface water or sediment.

HQs based upon arithmetic mean exposure doses for upper trophic level receptors are listed
in Table 8-17. Based upon a comparison to NOAELSs, only chromium (marsh wren),
mercury (belted kingfisher), and zinc (marsh wren) had HQs exceeding one. HQs did not
exceed one based upon the LOAEL or the MATC for any receptor.

HQs based upon 95 percent UCL exposure doses for upper trophic level receptors are listed
in Table 8-18. Based upon a comparison to NOAELs, chromium (marsh wren), mercury
(marsh wren and belted kingfisher), selenium (marsh wren), zinc (marsh wren), and
hexachlorobenzene (marsh wren) had HQs exceeding one (exceedances for selenium and
hexachlorobenzene were based upon mean reporting limits). HQs did not exceed one based
upon the LOAEL for any receptor. The HQ for selenium exceeded one (HQ of 1.09) based
upon the MATC for the marsh wren. However, selenium was not retained as a COPC for
food web exposures because selenium was not detected in site sediments. Thus, risks from
food web exposures are considered acceptable.
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8.5.3 Risk Evaluation

In this section, the various lines of evidence discussed in the previous section are integrated
in order to evaluate the potential for unacceptable risks.

Surface Water

Three metals (aluminum, barium, and copper) were identified as COPCs in surface water
(Section 8.5.1.1). To evaluate the potential significance of the screening value exceedances
for these chemicals, site surface water concentrations were compared with site-specific
background surface water concentrations (Table 8-19). The concentrations of aluminum and
barium in unfiltered site samples were similar to concentrations in background samples
indicating that these chemicals are present at background levels. Copper was not detected in
unfiltered background samples but mean concentrations in site samples were similar to
mean background concentrations (based upon one-half of the detection limit). In addition,
the maximum HQ for copper in filtered samples was only 1.03 and copper was not detected
in unfiltered samples (Table 8-14). Based upon this evaluation, no chemicals were identified
as chemicals of concern (COCs) in surface water and risks from exposure to this medium are
considered acceptable.

Sediment

Five metals (aluminum, arsenic, beryllium, manganese, and silver), acetone, and carbon
disulfide were identified as COPCs in sediment (Section 8.5.1.2). As for surface water, site
sediment concentrations were compared with site-specific background concentrations
(Table 8-20). Based upon this comparison, concentrations in site samples were similar to
concentrations in background samples for all COPCs, indicating that all of these chemicals
are present at background levels. Based upon this evaluation, no chemicals were identified
as COCs in sediment and risks from exposure to this medium are considered acceptable.

Food Web Exposures

Only selenium had a MATC HQ exceeding one based upon the 95 percent UCL exposure
dose. However, selenium was not considered a COC for food web exposures because
selenium was not detected in site sediments. Thus, risks from food web exposures are
considered acceptable.

8.5.4 Risk Summary and Conclusions

No COCs were identified for surface water or sediment at Sites 8 and 34. Similarly, no COCs
were identified for food web exposures. Thus, risks to ecological receptors are considered
acceptable. Source areas at these sites have been removed and groundwater is not a
significant continuing source to the aquatic habitats adjacent to these sites. No further action
is recommended for ecological receptors at these two sites.

8.6 Uncertainties

Uncertainties are present in all risk assessments because of the limitations of the available
data and the need to make certain assumptions and extrapolations based upon incomplete
information. The uncertainties in this ERA are mainly attributable to the following factors:
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Reporting Limits — Reporting limits for some undetected analytes exceeded applicable
screening values in some media. Table 8-21 summarize these constituents, by medium,
and reports both the ratio of the minimum and maximum reporting limits to the
screening value as well as the ratio of the mean value (calculated using one-half of the
reporting limit for each sample) to the screening value. Because these constituents were
not detected, they are not known to be present on the site but the potential for
unacceptable risks cannot be totally discounted because the reporting limits are higher
than the screening values. The magnitude of the ratios can be used to qualitatively
evaluate the magnitude of the associated uncertainty (e.g., there is more uncertainty in
terms of the potential for risk for a ratio of 100 relative to a ratio of 10). In surface water,
mean reporting limits for these chemicals were generally less than ten times screening
values. The main exceptions were the PCB Aroclors and several SVOCs. Based upon
their chemical properties, all of these chemicals are likely to be retained in sediments
and not be present in appreciable quantities in the water column. Screening values for
these chemicals were generally comparable to, or below, reporting limits in sediments
(when equilibrium partitioning-based values were considered). In sediment, mean
reporting limits exceeded screening values for a number of chemicals although almost
always by a factor of five or less for metals, pesticides, PCBs, and VOCs. Mean reporting
limits were elevated for a number of SVOCs and explosives. If equilibrium partitioning-
based values were considered, or the existing equilibrium partitioning-based values
were adjusted to the mean site-specific TOC (about 5 percent), mean reporting limits
would rarely exceed 10 times screening values.

In summary, there were relatively few chemicals with very high mean ratios, suggesting
that the associated uncertainties are relatively low. Because standard analytical methods
were used and the sample reporting limits were not elevated relative to the method
reporting limits for the vast majority of samples and analytes, these uncertainties are
considered acceptable and are unlikely to impact the conclusions of the ERA.

Duplicate Analyses — When evaluating samples with field duplicates, the value used in
the ERA was always the detect when one result was a detect and the duplicate was a
non-detect, regardless of whether or not the non-detected value was higher. In these
cases, the use of the detect has less uncertainty since it represents an actual measured
value (versus an upper limit bound) and the two samples will have identical or similar
reporting limits.

Selection of COPCs —Chemicals without available screening values for a medium were
not retained as COPCs unless they were detected. These uncertainties are unlikely to
impact the conclusions of the ERA since these chemicals are not known to be present on
the site.

Ingestion Screening Values —Data on the toxicity of many chemicals to the receptor
species were sparse or lacking, requiring the extrapolation of data from other wildlife
species or from laboratory studies with non-wildlife species. This is a typical limitation
and extrapolation for ERAs because so few wildlife species have been tested directly for
most chemicals. The uncertainties associated with toxicity extrapolation were minimized
through the selection of the most appropriate test species for which suitable toxicity data
were available. The factors considered in selecting a test species to represent a receptor
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species included taxonomic relatedness, trophic level, foraging method, and similarity of
diet. It is difficult to predict if these extrapolations would result in overestimating or
underestimating potential risks.

e A second uncertainty related to the derivation of ingestion screening values applies to
metals. Most of the toxicological studies on which the ingestion screening values for
metals were based used forms of the metal (such as salts) that have high water solubility
and high bioavailability to receptors. Because the analytical samples on which site-
specific exposure estimates were based measured total metal, regardless of form, and
these highly bioavailable forms are expected to compose only a fraction of the total
metal concentration, this is likely to result in an overestimation of potential risks for
these chemicals but not to the extent that it would unduly impact the conclusions of the
ERA.

e A third source of uncertainty related to the derivation of ingestion-based screening
values applies to mercury and selenium. The ingestion-based screening values used for
these two metals were based on organometallic (methylated) forms. Screening values for
inorganic forms tend to be substantially higher. Given that inorganic forms likely
contribute significantly to the total mercury and selenium, use of screening values based
on organometallic forms tends to make the screening values for these metals extremely
conservative and likely overestimates potential risk.

¢ Chemical Mixtures — Information on the toxicological effects of chemical interactions is
generally lacking for ecological receptors, which required (as is standard for ERAs) that
the chemicals be evaluated on a compound-by-compound basis during the comparison
to screening values. This could result in an underestimation of risk (if there are additive
or synergistic effects among chemicals) or an overestimation of risks (if there are
antagonistic effects among chemicals).

¢ Receptor Species Selection — Reptiles were selected as receptors in the ERA, but were
not evaluated quantitatively even when exposure pathways were likely to be complete.
For food web exposures, this taxon was evaluated using other fauna (birds and
mammals) as surrogates due to the general lack of taxon-specific toxicological data. This
represents an uncertainty in the ERA.

It was also assumed that any reptiles present in the aquatic habitats adjacent to the sites
were not exposed to significantly higher concentrations of chemicals and were not more
sensitive to chemicals than other receptor species evaluated in the ERA. This assumption
was a source of uncertainty in the ERA. In addition, there is some uncertainty associated
with the use of specific receptor species to represent larger groups of organisms (e.g.,
guilds).

¢ Food Web Exposure Modeling — Chemical concentrations in aquatic food items (plants,
benthic invertebrates, and fish) were modeled from measured media concentrations and
were not directly measured. The use of generic, literature-derived exposure models and
bioaccumulation factors introduces some uncertainty into the resulting estimates. The
values selected and methodology employed were intended to provide a conservative
(SERA) or reasonable (Step 3A) estimate of potential food web exposure concentrations.
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¢ Another source of uncertainty is the use of default assumptions for exposure parameters
such as BCFs and BAFs. Although BCFs or BAFs for many bioaccumulative chemicals
were readily available from the literature and were used in the ERA, the use of a default
factor of 1.0 to estimate the concentration of some chemicals in receptor prey items is a
source of uncertainty.

e Area use factors were assumed to equal one. This is a conservative assumption since a
significant percentage of each upper trophic level receptor species’ time could be spent
foraging off-site in unimpacted areas or in areas where chemical concentrations are
expected to be significantly lower.

e Total Versus Dissolved Metals —USEPA guidance (USEPA, 1996a) indicates that the
dissolved metal fraction should be preferentially used to the total metal fraction in
surface water screening. Both total and dissolved concentrations were used in the ERA
for the surface water screen. High levels of suspended solids and sediment-adsorbed
metals would result in overstating bioavailable surface water concentrations and thus
potential exposures and risks.

e Mean versus Maximum Media Concentrations — As is typical in an ERA, a finite
number of samples of environmental media are used to develop the exposure estimates.
The maximum measured concentration provides a conservative estimate for immobile
biota or those with a limited home range. The most realistic exposure estimates for
mobile species with relatively large home ranges and for species populations (even those
that are immobile or have limited home ranges) are those based upon the mean chemical
concentrations in each medium to which these receptors are exposed. This is reflected in
the wildlife dietary exposure models contained in the Wildlife Exposure Factors Handbook
(USEPA, 1993c), which specify the use of average media concentrations. Given the
mobility of the upper trophic level receptor species used in the ERA, the use of
maximum chemical concentrations (rather than mean concentrations) in the SERA to
estimate the exposure via food webs is very conservative. This conservatism was
reduced to more realistic levels in the values selected for use in the BERA evaluation.
The 95 percent UCL of the arithmetic mean was used quantitatively in the BERA portion
of this ERA to represent the average exposure scenarios.

e Comparisons to Background Concentrations — Background concentrations were used to
judge the site-relatedness of individual chemicals. If site concentrations were consistent
with background levels, it was assumed that the concentrations were not related to
known site-related source areas. There exists the possibility that concentrations below
background were indeed site-related, rendering the assumption false. However the
potential impact of this possibility is minimal since chemicals at concentrations
consistent with background should exhibit no different ecological effects than
commonly occurring in areas not affected by releases, regardless of their source.

820 ES100609123254VBO



Table 8-1

Water Column Parameter Measurements
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Dissolved Oxidation
Temperature Conductivity | Salinity | Turbidity | Oxygen Reduction

Area Sample ID Date Flow (GPM) (°C) pH (mS/cm) (ppt) (NTU) (mglL) Potential (MV)
Creek YS08-SW01-1207 12/11/2007 NS 16.4 7.91 29.2 18.0 20.0 9.74 185
Creek YS08-SW02-1207 12/13/2007 NS 16.0 8.30 30.5 19.0 8.2 10.70 143
Creek YS08-SW03-1207 12/13/2007 NS 16.1 8.11 30.7 19.0 10.2 10.62 151
Creek YS08-SW04-1207 12/13/2007 NS 15.9 8.10 313 19.0 9.4 10.16 142
Creek YSA14-SW01-1207 12/10/2007 NS 16.1 7.40 27.2 17.0 631 12.78 94
Creek YSA14-SW02-1207 12/14/2007 NS 15.8 7.78 36.6 40.0 0 9.50 140
Creek YSA14-SW03-1207 12/14/2007 NS 15.8 7.43 94,5 40.0 0 9.59 119
Wetland YSA14-SW04-0308 3/5/2008 NS 16.8 6.65 3.75 2.0 29.6 6.00 180
Wetland YSA14-SW04-1207 12/7/2007 NS 10.1 6.40 28.5 17.0 4.2 8.44 9.0
Creek YSA14-SW05-1207 12/14/2007 NS 15.6 6.40 29.2 18.0 0 9.29 229
Wetland YSA14-SW06-0308 3/5/2008 NS 14.9 7.44 131 1.0 32.4 8.51 126
Wetland YSA14-SW06-1207 12/7/2007 NS 9.30 7.61 14.1 8.0 8.6 7.75 162
Background - Creek YBKG-SW01-1207 12/10/2007 NS 17.9 7.59 9.60 5.00 166 9.67 79
Background - Creek YBKG-SW02-1207 12/14/2007 NS 15.9 8.01 36.5 22.0 0 9.67 165
Background - Creek YBKG-SW03-1207 12/14/2007 NS 15.9 7.94 33.0 21.0 0 9.69 204
Background - Creek YBKG-SW04-1207 12/11/2007 NS 15.4 6.39 32.0 20.0 25.6 11.30 216
Background - Creek YBKG-SW05-1207 12/11/2007 NS 15.6 7.87 29.4 18.0 46.6 10.30 214
Background - Creek YBKG-SW06-1207 12/14/2007 NS 16.0 8.00 4.56 28.0 0 9.91 209

NS - Not Sampled




Table 8-2

Physical Sediment Parameter Measurements
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Total Organic Carbon Grain Size (percent)
Depth SEM/AVS Coarse | Medium | Fine Silt/
Area Sample ID Date (inches) | malkg | percent | pH Ratio J Gravel | Sand | Sand | Sand [ Clay
Creek YS08-SD01-1207 12/11/2007 0-4 55,100 5.51 6.70 0.17 0.60 0.30 4.60 2.20 92.30
Creek YS08-SD02-1207 12/13/2007 0-4 51,500 5.15 6.50 246 a] 0.00 0.10 8.40 1.40 90.10
Creek YS08-SD03-1207 12/13/2007 0-4 50,100 5.01 7.10 0.29 0.00 0.20 8.00 1.70 90.10
Creek YS08-SD04-1207 12/13/2007 0-4 50,800 5.08 7.40 163 af 0.00 0.10 4.40 0.60 94.90
Creek YSA14-SD01-1207 12/10/2007 0-4 63,200 6.32 7.00 0.70 0.00 1.20 11.60 2.60 84.60
Creek YSA14-SD02-1207 12/14/2007 0-4 25,200 2.52 7.40 0.45 0.40 0.70 5.10 64.90 | 28.90
Creek YSA14-SD03-1207 12/14/2007 0-4 53,700 5.37 6.90 230 aj 0.50 0.20 6.70 5.70 86.90
Wetland YSA14-SD04-1207 12/7/2007 0-4 66,200 6.62 7.10 0.18 0.00 10.40 8.80 1.70 79.10
Wetland YSA14-SD04P-1207 12/7/2007 0-4 NS NS NS 0.09 NS NS NS NS NS
Creek YSA14-SD05-1207 12/14/2007 0-4 34,800 348 7.40 0.22 0.00 0.20 4.20 2.00 93.60
Wetland YSA14-SD06-1207 12/7/2007 0-4 56,200 5.62 6.90 0.55 0.00 0.60 5.50 1.70 92.20
Background - Creek YBKG-SD01-1207 12/10/2007 0-4 32,400 3.24 7.30 0.28 1.10 0.70 11.20 9.10 77.90
Background - Creek YBKG-SD01P-1207 12/10/2007 0-4 NS NS NS 0.24 NS NS NS NS NS
Background - Creek YBKG-SD02-1207 12/14/2007 0-4 64,700 6.47 6.90 174 af 0.00 0.90 14.00 5.50 79.60
Background - Creek YBKG-SD03-1207 12/14/2007 0-4 54,200 5.42 6.70 0.05 0.00 1.50 9.90 5.10 83.50
Background - Creek YBKG-SD04-1207 12/11/2007 0-4 64,100 6.41 7.00 0.14 0.00 1.90 17.70 1.70 78.70
Background - Creek YBKG-SD05-1207 12/11/2007 0-4 68,400 6.84 6.70 0.43 0.00 1.30 14.80 3.20 80.70
Background - Creek YBKG-SD06-1207 12/14/2007 0-4 43,700 4.37 7.30 0.27 0.00 0.70 4.70 3.10 91.50
a - AVS not detected; one-half of the detection limit was used to calculate the ratio

NS - Not Sampled

Shaded cells indicate field duplicates




Table 8-3

Samples Used in the Ecological Risk Assessment
Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Stafion 1D [ Sample D [ SampleDate [ Depth | Area
Surface Water
YS08-SWO01 YS08-SW01-1207 12/11/2007 -- Site
YS08-SW02 YS08-SW02-1207 12/13/2007 -- Site
YS08-SW03 YS08-SW03-1207 12/13/2007 -- Site
YS08-SW04 YS08-SW04-1207 12/13/2007 -- Site
YSA14-SWO01 YSA14-SW01-1207 12/10/2007 -- Site
YSA14-SW02 YSA14-SW02-1207 12/14/2007 -- Site
YSA14-SW03 YSA14-SW03-1207 12/14/2007 -- Site
YSA14-SW05 YSA14-SW05-1207 12/14/2007 -- Site
YBKG-SW01 YBKG-SW01-1207 12/10/2007 -- Background
YBKG-SWO01 YBKG-SWO01P-1207 12/10/2007 - Background
YBKG-SW02 YBKG-SW02-1207 12/14/2007 -- Background
YBKG-SW03 YBKG-SW03-1207 12/14/2007 -- Background
YBKG-SW04 YBKG-SW04-1207 12/11/2007 -- Background
YBKG-SW05 YBKG-SW05-1207 12/11/2007 -- Background
YBKG-SW06 YBKG-SW06-1207 12/14/2007 -- Background
Sediment
YS08-SD01 YS08-SD01-1207 12/11/2007 0-4 Site
YS08-SD02 YS08-SD02-1207 12/13/2007 0-4 Site
YS08-SD03 YS08-SD03-1207 12/13/2007 0-4 Site
YS08-SD04 YS08-SD04-1207 12/13/2007 0-4 Site
YSA14-SD01 YSA14-SD01-1207 12/10/2007 0-4 Site
YSA14-SD02 YSA14-SD02-1207 12/14/2007 0-4 Site
YSA14-SD03 YSA14-SD03-1207 12/14/2007 0-4 Site
YSA14-SD05 YSA14-SD05-1207 12/14/2007 0-4 Site
YBKG-SDO01 YBKG-SD01-1207 12/10/2007 0-4 Background
YBKG-SDO01 YBKG-SD01P-1207 12/10/2007 0-4 Background
YBKG-SD02 YBKG-SD02-1207 12/14/2007 0-4 Background
YBKG-SD03 YBKG-SD03-1207 12/14/2007 0-4 Background
YBKG-SD04 YBKG-SD04-1207 12/11/2007 0-4 Background
YBKG-SD05 YBKG-SD05-1207 12/11/2007 0-4 Background
YBKG-SD06 YBKG-SD06-1207 12/14/2007 0-4 Background

Shaded samples are field duplicates




Table 8-4

Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints
Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Assessment Endpoint

Risk Hypothesis

Measurement Endpoint

Receptor

Survival, growth, and reproduction of
benthic invertebrate communities

Are site-related chemical concentrations
in surface water and sediment sufficient
to adversely effect benthic invertebrate
communities?

Comparison of chemical concentrations in surface water and sediment
with medium-specific screening values

Benthic invertebrates

Survival, growth, and reproduction of
aquatic plant communities

Are site-related chemical concentrations
in surface water and sediment sufficient
to adversely affect aquatic plant
communities?

Comparison of chemical concentrations in surface water and sediment
with medium-specific screening values

Aquatic plants

Survival, growth, and reproduction of

Are site-related chemical concentrations

Comparison of chemical concentrations in surface water and sediment

. " in surface water and sediment sufficient ) . " . Fish
fish communities . o with medium-specific screening values
to adversely effect fish communities?
Are site-related chemical concentrations | - comparison of chemical concentrations in surface water and sediment
Sunvival, growth, and reproduction of in surface water and sediment sufficient to| \yin medium-specific screening values .
. i lat cause adverse effects (on growth, Reptiles
aquatic reptile populations survival, or reproduction) to aquatic reptile| Evidence of potential risk to other upper trophic level aquatic receptors
Are site-related chemical concentrations
in surface water and sediment sufficient . . . . . ,
. , Comparison of modeled dietary intakes using sediment concentrations
Survival, growth, and reproduction of to cause adverse effects (on growth, o . . . .
with literature-based ingestion screening values; ratios >1 based upon the Marsh wren

insectivorous bird populations

survival, or reproduction) to avian
receptor populations that may consume
benthic invertebrates from the site?

NOAEL-LOAEL range indicate an effect

Survival, growth, and reproduction of
piscivorous bird populations

Are site-related chemical concentrations
in surface water and sediment sufficient
to cause adverse effects (on growth,
survival, or reproduction) to avian
receptor populations that may consume
fish from the site?

Comparison of modeled dietary intakes using sediment concentrations
with literature-based ingestion screening values; ratios >1 based upon the
NOAEL-LOAEL range indicate an effect

Great blue heron
Belted kingfisher
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Table 8-4

Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints
Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Assessment Endpoint

Risk Hypothesis

Measurement Endpoint

Receptor

Survival, growth, and reproduction of
omnivorous bird populations

Are site-related chemical concentrations
in surface water and sediment sufficient
to cause adverse effects (on growth,
survival, or reproduction) to avian
receptor populations that may consume
aquatic prey from the site?

Comparison of modeled dietary intakes using sediment concentrations
with literature-based ingestion screening values; ratios >1 based upon the
NOAEL-LOAEL range indicate an effect

Mallard

Survival, growth, and reproduction of
herbivorous mammal populations

Are site-related chemical concentrations
in surface water and sediment sufficient
to cause adverse effects (on growth,
survival, or reproduction) to mammalian
receptor populations that may consume
aquatic plants from the site?

Comparison of modeled dietary intakes using sediment concentrations
with literature-based ingestion screening values; ratios >1 based upon the
NOAEL-LOAEL range indicate an effect

Muskrat

Survival, growth, and reproduction of
omnivorous mammal populations

Are site-related chemical concentrations
in surface water and sediment sufficient
to cause adverse effects (on growth,
survival, or reproduction) to mammalian
receptor populations that may consume
aquatic prey from the site?

Comparison of modeled dietary intakes using sediment concentrations
with literature-based ingestion screening values; ratios >1 based upon the
NOAEL-LOAEL range indicate an effect

Raccoon

Survival, growth, and reproduction of
piscivorous mammal populations

Are site-related chemical concentrations
in surface water and sediment sufficient
to cause adverse effects (on growth,
survival, or reproduction) to mammalian
receptor populations that may consume
fish from the site?

Comparison of modeled dietary intakes using sediment concentrations
with literature-based ingestion screening values; ratios >1 based upon the
NOAEL-LOAEL range indicate an effect

Mink
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Table 8-5

Bioaccumulative Chemicals List and Log Ko, Values for Relevant Chemicals
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Chemical Log K., Range Selected log Ko, Reference
Inorganics
Arsenic - - - -- -
Cadmium - - - -- -
Chromium - - - -- -
Copper - - - -- --
Lead - - - -
Mercury - - - -- --
Nickel - - - -
Selenium - - - -- --
Silver - - - -
Zinc - - - -
Pesticides/PCBs
4,4-DDD 590 - 6.65 6.10 USEPA 1995a
4,4-DDE 5.63 - 6.96 6.76 USEPA 1995a
4,4-DDT 556 - 7.01 6.53 USEPA 1995a
Aldrin 511 - 7.50 6.50 USEPA 1995a
alpha-BHC 375 - 381 3.80 USEPA 1995a
alpha-Chlordane 580 - 6.41 6.32 USEPA 1995a
Aroclor-1016 - - 5.60 Sample et al. 1996
Aroclor-1221 - - - 4.70 Jones et al. 1997
Aroclor-1232 - - - 5.10 Jones et al. 1997
Aroclor-1242 - - - 5.60 Jones et al. 1997
Aroclor-1248 - - - 6.20 Jones et al. 1997
Aroclor-1254 - - - 6.50 Jones et al. 1997
Aroclor-1260 - - - 6.80 Jones et al. 1997
beta-BHC 3.75 - 3.84 3.81 USEPA 1995a
delta-BHC - - e 4.10 USEPA 1996a
Dieldrin 3.63 - 6.20 5.37 USEPA 1995a
Endosulfan | 3.55 - 3.85 3.83 USEPA 1995a
Endosulfan Il 3.62 - 452 4,52 USEPA 1995a
Endrin 292 - 5.20 5.06 USEPA 1995a
gamma-BHC (Lindane) 3.61 - 3.90 3.73 USEPA 1995a
gamma-Chlordane 580 - 6.41 6.32 USEPA 1995a
Heptachlor 493 - 6.26 6.26 USEPA 1995a
Heptachlor epoxide 350 - 5.40 5.00 USEPA 1995a
Methoxychlor 420 - 5.60 5.08 USEPA 1995a
Toxaphene 433 - 5.56 5.50 USEPA 1995a
Volatile and Semivolatile Organics
1,1,2,2-Tetrachloroethane 231 - 2.64 2.39 USEPA 1995a
1,2,4-Trichlorobenzene 3.89 - 4.23 4.01 USEPA 1995a
1,2-Dichlorobenzene 320 - 361 3.43 USEPA 1995a
1,3-Dichlorobenzene - - - 3.50 USEPA 1996a
1,4-Dichlorobenzene 3.26 - 3.62 3.42 USEPA 1995a
4-Bromophenyl-phenylether 489 - 524 5.00 USEPA 1995a
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Table 8-5

Bioaccumulative Chemicals List and Log Ko, Values for Relevant Chemicals
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Chemical Log K, Range Selected log Kqy Reference
4-Chlorophenyl-phenylether 408 - 5.09 4.95 USEPA 1995a
Acenaphthene 3.77 - 449 3.92 USEPA 1995a
Acenaphthylene - - 4.10 USEPA 1996a
Anthracene 444 - 480 4,55 USEPA 1995a
Benzo(a)anthracene 561 - 5.79 5.70 USEPA 1995a
Benzo(a)pyrene 598 - 6.34 6.11 USEPA 1995a
Benzo(b)fluoranthene 579 - 6.40 6.20 USEPA 1995a
Benzo(g,h,i)perylene 6.58 - 7.05 6.70 USEPA 1995a
Benzo(k)fluoranthene 6.12 - 6.27 6.20 USEPA 1995a
Chrysene 541 - 579 5.70 USEPA 1995a
Dibenz(a,h)anthracene 6.50 - 6.88 6.69 USEPA 1995a
Fluoranthene 484 - 539 5.12 USEPA 1995a
Fluorene 404 - 440 4.21 USEPA 1995a
Hexachlorobenzene 523 - 6.92 5.89 USEPA 1995a
Hexachlorobutadiene 474 - 516 4.81 USEPA 1995a
Hexachlorocyclopentadiene 5,05 - 551 5.39 USEPA 1995a
Hexachloroethane 382 - 414 4.00 USEPA 1995a
Indeno(1,2,3-cd)pyrene 6.58 - 6.72 6.65 USEPA 1995a
Pentachlorophenol 501 - 524 5.09 USEPA 1995a
Phenanthrene 437 - 457 4.55 USEPA 1995a
Pyrene 476 - 552 5.11 USEPA 1995a
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Table 8-6

Sediment Bioaccumulation Factors For Plants, Benthic Invertebrates, and Fish - Screening
Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Sediment-Plant BCF (dry weight) Sediment-Invertebrate BAF (dry weight) Sediment-Fish BAF (dry weight)
Chemical Value | Reference Value | Reference Value | Reference

Inorganics
Arsenic 1.103 Bechtel Jacobs 1998a 0.690 Bechtel Jacobs 1998b 0.126 Pascoe et al. 1996
Cadmium 3.250 Bechtel Jacobs 1998a 3.073 Bechtel Jacobs 1998b 0.164 Pascoe et al. 1996
Chromium 0.084 Bechtel Jacobs 1998a 0.186 Bechtel Jacobs 1998b 0.038 Krantzberg and Boyd 1992
Copper 0.625 Bechtel Jacobs 1998a 7.957 Bechtel Jacobs 1998b 0.100 Krantzberg and Boyd 1992
Lead 0.468 Bechtel Jacobs 1998a 0.326 Bechtel Jacobs 1998b 0.070 Krantzberg and Boyd 1992
Mercury 5.000 Bechtel Jacobs 1998a 2.868 Bechtel Jacobs 1998h 4.580 Cope et al. 1990
Nickel 1411 Bechtel Jacobs 1998a 0.214 Bechtel Jacobs 1998b 1.000 -
Selenium 3.012 Bechtel Jacobs 1998a 1.000 - 1.000 -
Silver 0.037 Bechtel Jacobs 1998a 0.180 Hirsch 1998 1.000 -
Zinc 1.820 Bechtel Jacobs 1998a 4.759 Bechtel Jacobs 1998b 0.147 Pascoe et al. 1996
Pesticides/PCBs
4,4-DDD 0.4234 USEPA 2005 0.350 Oliver and Niimi 1988 2.250 Oliver and Niimi 1988
4,4-DDE 0.2990 USEPA 2005 3.360 Oliver and Niimi 1988 26.20 Oliver and Niimi 1988
4,4-DDT 0.3375 USEPA 2005 2.280 Oliver and Niimi 1988 8.800 Oliver and Niimi 1988
Aldrin 0.3429 USEPA 2005 1.000 - 1.000 -
alpha-BHC 1.4240 USEPA 2005 1.000 - 1.000 -
alpha-Chlordane 0.3771 USEPA 2005 1.000 - 1.000 -
Aroclor-1016 0.5512 USEPA 2005 21.89 Bechtel Jacobs 1998b 12.94 Oliver and Niimi 1988
Aroclor-1221 0.8859 USEPA 2005 21.89 Bechtel Jacobs 1998b 12.94 Oliver and Niimi 1988
Aroclor-1232 0.7175 USEPA 2005 21.89 Bechtel Jacobs 1998b 12.94 Oliver and Niimi 1988
Aroclor-1242 0.5512 USEPA 2005 21.89 Bechtel Jacobs 1998b 12.94 Oliver and Niimi 1988
Aroclor-1248 0.4017 USEPA 2005 21.89 Bechtel Jacobs 1998b 12.94 Oliver and Niimi 1988
Aroclor-1254 0.3429 USEPA 2005 21.89 Bechtel Jacobs 1998b 12.94 Oliver and Niimi 1988
Aroclor-1260 0.2928 USEPA 2005 21.89 Bechtel Jacobs 1998b 12.94 Oliver and Niimi 1988
beta-BHC 1.4165 USEPA 2005 1.000 - 1.000 -
delta-BHC 1.2156 USEPA 2005 1.000 - 1.000 -
Dieldrin 0.6223 USEPA 2005 4.520 Standley 1997 1.000 -
Endosulfan | 1.4016 USEPA 2005 1.000 - 1.000 -
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Table 8-6

Sediment Bioaccumulation Factors For Plants, Benthic Invertebrates, and Fish - Screening
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Sediment-Plant BCF (dry weight) Sediment-Invertebrate BAF (dry weight) Sediment-Fish BAF (dry weight)

Chemical Value Reference Value Reference Value Reference
Endosulfan Il 0.9741 USEPA 2005 1.000 - 1.000 -
Endrin 0.7328 USEPA 2005 1.000 - 1.000 -
gamma-BHC (Lindane) 1.4775 USEPA 2005 1.000 - 6.200 Oliver and Niimi 1988
gamma-Chlordane 0.3771 USEPA 2005 1.000 - 1.000 -
Heptachlor 0.3892 USEPA 2005 1.000 - 1.000 -
Heptachlor epoxide 0.7563 USEPA 2005 1.000 - 1.000 -
Methoxychlor 0.7251 USEPA 2005 1.000 - 1.000 -
Toxaphene 0.5810 USEPA 2005 1.000 - 1.000 -
Volatile and Semivolatile Organics
1,1,2,2-Tetrachloroethane 2.9950 USEPA 2005 1.000 - 1.000 -
1,2,4-Trichlorobenzene 1.2747 USEPA 2005 0.480 Oliver and Niimi 1988 0.074 Parkerton et al. 1993
1,2-Dichlorobenzene 1.7307 USEPA 2005 1.000 - 0.085 Parkerton et al. 1993
1,3-Dichlorobenzene 1.6680 USEPA 2005 1.000 - 0.085 Parkerton et al. 1993
1,4-Dichlorobenzene 1.7399 USEPA 2005 1.000 - 0.085 Parkerton et al. 1993
4-Bromophenyl-phenylether 0.7563 USEPA 2005 1.000 - 1.000 -
4-Chlorophenyl-phenylether 0.7765 USEPA 2005 1.000 - 1.000 -
Acenaphthene 1.3367 USEPA 2005 2.040 Maruya et al. 1997 1.000 -
Acenaphthylene 1.2156 USEPA 2005 2.040 Acenaphthene value 1.000 -
Anthracene 0.9588 USEPA 2005 0.271 Maruya et al. 1997 1.000 -
Benzo(a)anthracene 0.5229 USEPA 2005 1.400 Maruya et al. 1997 1.000 -
Benzo(a)pyrene 0.4212 USEPA 2005 0.191 Maruya et al. 1997 1.000 -
Benzo(b)fluoranthene 0.4017 USEPA 2005 0.160 Maruya et al. 1997 1.000 -
Benzo(g,h,i)perylene 0.3086 USEPA 2005 0.295 Maruya et al. 1997 1.000
Benzo(k)fluoranthene 0.4017 USEPA 2005 0.421 Maruya et al. 1997 1.000
Chrysene 0.5229 USEPA 2005 0.335 Maruya et al. 1997 1.000 -
Dibenz(a,h)anthracene 0.3102 USEPA 2005 0.271 Anthracene value 1.000 -
Fluoranthene 0.7099 USEPA 2005 0.312 Maruya et al. 1997 1.000 -
Fluorene 1.1471 USEPA 2005 1.130 Maruya et al. 1997 1.000 -
Hexachlorobenzene 0.4730 USEPA 2005 0.860 Oliver and Niimi 1988 0.940 Oliver and Niimi 1988
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Table 8-6

Sediment Bioaccumulation Factors For Plants, Benthic Invertebrates, and Fish - Screening
Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Sediment-Plant BCF (dry weight)

Sediment-Invertebrate BAF (dry weight)

Sediment-Fish BAF (dry weight)

Chemical Value Reference Value Reference Value Reference
Hexachlorobutadiene 0.8360 USEPA 2005 0.610 Oliver and Niimi 1988 0.384 Parkerton et al. 1993
Hexachlorocyclopentadiene 0.6157 USEPA 2005 1.000 - 1.000 -
Hexachloroethane 1.2814 USEPA 2005 1.000 - 1.000 -
Indeno(1,2,3-cd)pyrene 0.3168 USEPA 2005 0.355 Maruya et al. 1997 1.000 -
Pentachlorophenol 0.7213 USEPA 2005 1.000 - 1.000 -
Phenanthrene 0.9588 USEPA 2005 0.652 Maruya et al. 1997 1.000
Pyrene 0.7137 USEPA 2005 0.803 Maruya et al. 1997 1.000
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Table 8-7

Sediment Bioaccumulation Factors For Plants, Benthic Invertebrates, and Fish - Baseline
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Sediment-Plant BCF (dry weight) Sediment-Invertebrate BAF (dry weight) Sediment-Fish BAF (dry weight)
Chemical Value | Reference Value | Reference Value | Reference

Inorganics
Arsenic 0.037 Bechtel Jacobs 1998a 0.466 Bechtel Jacobs 1998b 0.126 Pascoe et al. 1996
Cadmium 0.514 Bechtel Jacobs 1998a 0.679 Bechtel Jacobs 1998b 0.164 Pascoe et al. 1996
Chromium 0.048 Bechtel Jacobs 1998a 0.083 Bechtel Jacobs 1998b 0.038 Krantzberg and Boyd 1992
Copper 0.123 Bechtel Jacobs 1998a 0.919 Bechtel Jacobs 1998b 0.100 Krantzberg and Boyd 1992
Lead 0.038 Bechtel Jacobs 1998a 0.080 Bechtel Jacobs 1998h 0.070 Krantzberg and Boyd 1992
Mercury 0.344 Bechtel Jacobs 1998a 1.077 Bechtel Jacobs 1998h 3.250 Cope et al. 1990
Nickel 0.034 Bechtel Jacobs 1998a 0.134 Bechtel Jacobs 1998b 1.000 -
Selenium 0.567 Bechtel Jacobs 1998a 1.000 - 1.000 -
Silver 0.013 Bechtel Jacobs 1998a 0.180 Hirsch 1998 1.000 -
Zinc 0.358 Bechtel Jacobs 1998a 0.954 Bechtel Jacobs 1998b 0.147 Pascoe et al. 1996
Pesticides/PCBs
4,4-DDD 0.4234 USEPA 2005 0.230 Oliver and Niimi 1988 2.250 Oliver and Niimi 1988
4,4'-DDE 0.2990 USEPA 2005 2.000 Oliver and Niimi 1988 26.200 Oliver and Niimi 1988
4,4-DDT 0.3375 USEPA 2005 1.300 Oliver and Niimi 1988 8.800 Oliver and Niimi 1988
Aldrin 0.3429 USEPA 2005 1.000 - 1.000 -
alpha-BHC 1.4240 USEPA 2005 1.000 - 1.000 -
alpha-Chlordane 0.3771 USEPA 2005 1.000 - 1.000 -
Aroclor-1016 0.5512 USEPA 2005 1.919 Bechtel Jacobs 1998b 12.940 Oliver and Niimi 1988
Aroclor-1221 0.8859 USEPA 2005 1.919 Bechtel Jacobs 1998b 12.940 Oliver and Niimi 1988
Aroclor-1232 0.7175 USEPA 2005 1.919 Bechtel Jacobs 1998b 12.940 Oliver and Niimi 1988
Aroclor-1242 0.5512 USEPA 2005 1.919 Bechtel Jacobs 1998b 12.940 Oliver and Niimi 1988
Aroclor-1248 0.4017 USEPA 2005 1.919 Bechtel Jacobs 1998b 12.940 Oliver and Niimi 1988
Aroclor-1254 0.3429 USEPA 2005 1.919 Bechtel Jacobs 1998b 12.940 Oliver and Niimi 1988
Aroclor-1260 0.2928 USEPA 2005 1.919 Bechtel Jacobs 1998b 12.940 Oliver and Niimi 1988
beta-BHC 1.4165 USEPA 2005 1.000 - 1.000 -
delta-BHC 1.2156 USEPA 2005 1.000 - 1.000 -
Dieldrin 0.6223 USEPA 2005 4.520 Standley 1997 1.000 -
Endosulfan | 1.4016 USEPA 2005 1.000 - 1.000 -
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Table 8-7

Sediment Bioaccumulation Factors For Plants, Benthic Invertebrates, and Fish - Baseline
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Sediment-Plant BCF (dry weight) Sediment-Invertebrate BAF (dry weight) Sediment-Fish BAF (dry weight)
Chemical Value Reference Value Reference Value Reference

Endosulfan |1 0.9741 USEPA 2005 1.000 - 1.000 -

Endrin 0.7328 USEPA 2005 1.000 - 1.000 -
gamma-BHC (Lindane) 1.4775 USEPA 2005 1.000 - 6.200 Oliver and Niimi 1988
gamma-Chlordane 0.3771 USEPA 2005 1.000 - 1.000 -
Heptachlor 0.3892 USEPA 2005 1.000 - 1.000 -
Heptachlor epoxide 0.7563 USEPA 2005 1.000 - 1.000 -
Methoxychlor 0.7251 USEPA 2005 1.000 - 1.000 -
Toxaphene 0.5810 USEPA 2005 1.000 -- 1.000 --

Volatile and Semivolatile Organics

1,1,2,2-Tetrachloroethane 2.9950 USEPA 2005 1.000 - 1.000 -
1,2,4-Trichlorobenzene 1.2747 USEPA 2005 0.260 Oliver and Niimi 1988 0.074 Parkerton et al. 1993
1,2-Dichlorobenzene 1.7307 USEPA 2005 1.000 - 0.085 Parkerton et al. 1993
1,3-Dichlorobenzene 1.6680 USEPA 2005 1.000 - 0.085 Parkerton et al. 1993
1,4-Dichlorobenzene 1.7399 USEPA 2005 1.000 - 0.085 Parkerton et al. 1993
4-Bromophenyl-phenylether 0.7563 USEPA 2005 1.000 - 1.000 -
4-Chlorophenyl-phenylether 0.7765 USEPA 2005 1.000 - 1.000 -
Acenaphthene 1.3367 USEPA 2005 2.040 Maruya et al. 1997 1.000 -
Acenaphthylene 1.2156 USEPA 2005 2.040 Acenaphthene value 1.000 -
Anthracene 0.9588 USEPA 2005 0.191 Maruya et al. 1997 1.000 -
Benzo(a)anthracene 0.5229 USEPA 2005 0.358 Maruya et al. 1997 1.000 -
Benzo(a)pyrene 0.4212 USEPA 2005 0.127 Maruya et al. 1997 1.000 -
Benzo(b)fluoranthene 0.4017 USEPA 2005 0.150 Maruya et al. 1997 1.000 -
Benzo(g,h,i)perylene 0.3086 USEPA 2005 0.215 Maruya et al. 1997 1.000 -
Benzo(k)fluoranthene 0.4017 USEPA 2005 0.232 Maruya et al. 1997 1.000 -
Chrysene 0.5229 USEPA 2005 0.198 Maruya et al. 1997 1.000 -
Dibenz(a,h)anthracene 0.3102 USEPA 2005 0.191 Anthracene value 1.000 -
Fluoranthene 0.7099 USEPA 2005 0.212 Maruya et al. 1997 1.000 -

Fluorene 1.1471 USEPA 2005 0.481 Maruya et al. 1997 1.000 -
Hexachlorobenzene 0.4730 USEPA 2005 0.520 Oliver and Niimi 1988 0.940 Oliver and Niimi 1988
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Table 8-7

Sediment Bioaccumulation Factors For Plants, Benthic Invertebrates, and Fish - Baseline
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Sediment-Plant BCF (dry weight) Sediment-Invertebrate BAF (dry weight) Sediment-Fish BAF (dry weight)
Chemical Value Reference Value Reference Value Reference
Hexachlorobutadiene 0.8360 USEPA 2005 0.390 Oliver and Niimi 1988 0.384 Parkerton et al. 1993
Hexachlorocyclopentadiene 0.6157 USEPA 2005 1.000 - 1.000 -
Hexachloroethane 1.2814 USEPA 2005 1.000 - 1.000 -
Indeno(1,2,3-cd)pyrene 0.3168 USEPA 2005 0.173 Maruya et al. 1997 1.000 -
Pentachlorophenol 0.7213 USEPA 2005 1.000 - 1.000 -
Phenanthrene 0.9588 USEPA 2005 0.294 Maruya et al. 1997 1.000 -
Pyrene 0.7137 USEPA 2005 0.435 Maruya et al. 1997 1.000 -
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Table 8-8

Exposure Parameters for Upper Trophic Level Ecological Receptors - Screening
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Food Ingestion Rate
Body Weight (kg) (kg/day - dry) Dietary Composition (percent) Sediment Ingestion (percent)
Aquatic | Benthic
Receptor Value Reference Value Reference Fish Plants | Invert. Reference Value Reference
Birds
Belted kingfisher 0.125 Dunning 1993 0.0262 USEPA 1993 84.0 0 16.0 USEPA 1993 0 Sample and Suter 1994
allometric equation USEPA 1993; Quinney
Great blue heron 2.10 Butler 1992 0.1356 (Nagy 2001) 100 0 0 and Smith 1980 0 Sample and Suter 1994
allometric equation
Mallard 0.612 Bellrose 1980 0.0717 (Nagy 2001) 0 86.7 10.0 Palmer 1976 3.3 Beyer et al. 1994
Marsh wren 0.010 Dunning 1993 0.0030 USEPA 1993 0 0 95.0 USEPA 1993 5.0 Assumed based on diet
Mammals
Mink 0.726 | Silva and Downing 1995 § 0.0349 USEPA 1993 100.0 0.0 0.0 USEPA 1993 0 Sample and Suter 1994
Muskrat 0.750 USEPA 1993 0.0765 USEPA 1993 0 90.6 0 USEPA 1993 94 Beyer et al. 1994 (raccoon)
Raccoon 4.23 | Silva and Downing 1995 0.130/ Conover 1989 7.0 40.0 43.6 USEPA 1993 9.4 Beyer et al. 1994




Table 8-9

Exposure Parameters for Upper Trophic Level Ecological Receptors - Baseline
Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Body Weight (kg) Food Ingestion Rate Dietary Composition (percent) Sediment Ingestion (percent)
Aquatic | Benthic
Receptor Value Reference Value Reference Fish Plants | Invert. Reference Value Reference

Birds

Belted kingfisher | 0.148 Dunning 1993 0.0180 USEPA 1993 84.0 0 16.0 USEPA 1993 0 Sample and Suter 1994
allometric equation USEPA 1993; Quinney

Great blue heron 2.23 Quinney 1982 0.1254 (Nagy 2001) 100 0 0 and Smith 1980 0 Sample and Suter 1994
allometric equation

Mallard 1.18 Bellrose 1980 0.0564 (Nagy 2001) 0 86.7 10.0 Palmer 1976 33 Beyer et al. 1994

Marsh wren 0.011 Dunning 1993 0.0025 USEPA 1993 0 0 95.0 USEPA 1993 5.0 Assumed based on diet

Mammals

Mink 0.777 | Silvaand Downing 1995 | 0.0266 USEPA 1993 100 0.0 0.0 USEPA 1993 0 Sample and Suter 1994

Muskrat 1.17 | Silva and Downing 1995 § 0.0596 USEPA 1993 0 90.6 0 USEPA 1993 94 Beyer et al. 1994 (raccoon)

Raccoon 5.94 Silvaand Downing 1995 | 0.1031 Conover 1989 7.0 40.0 43.6 USEPA 1993 9.4 Beyer et al. 1994




Table 8-10

Medium-Specific Screening Values

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Chemical | Screening Value [  Units | Reference [ Type | TOC (percent)

Surface Water

Aluminum 87.0 ug/L USEPA 2006a Freshwater
Antimony 500 ug/L USEPA 2006b Marine
Arsenic 36.0 ug/L USEPA 2006a Marine
Barium 4.00 ug/L Suter and Tsao 1996 Freshwater
Beryllium 0.66 ug/L Suter and Tsao 1996 Freshwater
Cadmium (total) 8.85 ug/L USEPA 2006a Marine
Cadmium (dissolved) 8.80 ug/L USEPA 2006a Marine
Chromium (total) 50.4 ug/L USEPA 2006a Marine
Chromium (dissolved) 50.0 ug/L USEPA 2006a Marine
Cobalt 23.0 ug/L Suter and Tsao 1996 Freshwater
Copper (total) 3.70 ug/L USEPA 2006a Marine
Copper (dissolved) 3.10 ug/L USEPA 2006a Marine
Cyanide 1.00 ug/L USEPA 2006a Marine
Iron 1,000 ug/L USEPA 2006a Freshwater
Lead (total) 8.50 ug/L USEPA 2006a Marine
Lead (dissolved) 8.10 ug/L USEPA 2006a Marine
Manganese 120 ug/L Suter and Tsao 1996 Freshwater
Mercury (total) 1.10 ug/L USEPA 2006a Marine
Mercury (dissolved) 0.94 ug/L USEPA 2006a Marine
Nickel (total) 8.30 ug/L USEPA 2006a Marine
Nickel (dissolved) 8.20 ug/L USEPA 2006a Marine
Selenium (total) 71.1 ug/L USEPA 2006a Marine
Selenium (dissolved) 71.0 ug/L USEPA 2006a Marine
Silver 0.23 ug/L USEPA 2001 Marine
Thallium 21.3 ug/L USEPA 2001 Marine
Vanadium 20.0 ug/L Suter and Tsao 1996 Freshwater
Zinc (total) 85.6 ug/L USEPA 2006a Marine
Zinc (dissolved) 81.0 ug/L USEPA 2006a Marine
Aldrin 0.13 ug/L USEPA 2001 Marine
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Table 8-10
Medium-Specific Screening Values

Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Chemical Screening Value Units Reference Type TOC (percent)
alpha-BHC 25.0 ug/L USEPA 2006b Marine
alpha-Chlordane 0.004 ug/L USEPA 2006a Marine
Aroclor-1016 0.03 ug/L USEPA 2006a Marine
Aroclor-1221 0.03 ug/L USEPA 2006a Marine
Aroclor-1232 0.03 ug/L USEPA 2006a Marine
Aroclor-1242 0.03 ug/L USEPA 2006a Marine
Aroclor-1248 0.03 ug/L USEPA 2006a Marine
Aroclor-1254 0.03 ug/L USEPA 2006a Marine
Aroclor-1260 0.03 ug/L USEPA 2006a Marine
beta-BHC 2.20 ug/L Suter and Tsao 1996 Freshwater
delta-BHC 2.20 ug/L Suter and Tsao 1996 Freshwater
Dieldrin 0.11 ug/L USEPA 1996b Marine
Endosulfan | 0.0087 ug/L USEPA 2006a Marine
Endosulfan Il 0.0087 ug/L USEPA 2006a Marine
Endosulfan sulfate 0.0087 ug/L USEPA 2006a Marine
Endrin 0.01 ug/L USEPA 1996b Marine
Endrin aldehyde 0.01 ug/L USEPA 1996b Marine
Endrin ketone 0.01 ug/L USEPA 1996b Marine
gamma-BHC (Lindane) 0.016 ug/L USEPA 2001 Marine
gamma-Chlordane 0.004 ug/L USEPA 2006a Marine
Heptachlor 0.0036 ug/L USEPA 2006a Marine
Heptachlor epoxide 0.0036 ug/L USEPA 2006a Marine
Methoxychlor 0.03 ug/L USEPA 2006a Marine
Toxaphene 0.21 ug/L USEPA 1996b Marine
1,1-Bipheny! 14.0 ug/L USEPA 1996b Freshwater
2,4,5-Trichlorophenol 12.0 ug/L USEPA 2006b Marine
2,4,6-Trichlorophenol 61.0 ug/L USEPA 2006b Marine
2,4-Dichlorophenol 11.0 ug/L USEPA 2006b Freshwater
2,4-Dimethylphenol 110 ug/L USEPA 1994 Freshwater
2,4-Dinitrophenol 48.5 ug/L USEPA 2001 Marine
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Table 8-10
Medium-Specific Screening Values

Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Chemical Screening Value Units Reference Type TOC (percent)
2,4-Dinitrotoluene 37.0 ug/L Buchman 1999 (UF of 10) Marine
2,6-Dinitrotoluene 81.0 ug/L USEPA 2006b Freshwater
2-Chlorophenol 265 ug/L USEPA 2006b Marine
2-Methylnaphthalene 4.20 ug/L USEPA 2006b Marine
2-Methylphenol 1,020 ug/L USEPA 2006b Marine
2-Nitrophenol 2,940 ug/L USEPA 2006b Marine
3,3-Dichlorobenzidine 73.0 ug/L USEPA 2006b Marine
4,6-Dinitro-2-methylphenol 2.30 ug/L USEPA 2001 Freshwater
4-Bromophenyl-phenylether 1.50 ug/L USEPA 1996b Freshwater
4-Chloro-3-methylphenol 0.30 ug/L USEPA 2001 Freshwater
4-Chloroaniline 232 ug/L USEPA 2006b Freshwater
4-Methylphenol 543 ug/L USEPA 2006b Freshwater
4-Nitrophenol 71.7 ug/L USEPA 2001 Marine
Acenaphthene 40.0 ug/L USEPA 1996b Marine
Anthracene 0.18 ug/L USEPA 2006b Marine
Atrazine 1.80 ug/L USEPA 2006b Freshwater
Benzo(a)anthracene 0.027 ug/L Suter and Tsao 1996 Freshwater
Benzo(a)pyrene 0.014 ug/L Suter and Tsao 1996 Freshwater
Benzoic acid 42.0 ug/L Suter and Tsao 1996 Freshwater
Benzyl alcohol 8.60 ug/L Suter and Tsao 1996 Freshwater
bis(2-Chloroethyl)ether 2,380 ug/L USEPA 2001 Freshwater
bis(2-Ethylhexyl)phthalate 360 ug/L Buchman 1999 Marine
Butylbenzylphthalate 29.4 ug/L USEPA 2001 Marine
Dibenzofuran 65.0 ug/L USEPA 2006b Marine
Diethylphthalate 75.9 ug/L USEPA 2001 Marine
Dimethyl phthalate 580 ug/L USEPA 2001 Marine
Di-n-butylphthalate 3.40 ug/L USEPA 2001 Marine
Di-n-octylphthalate 22.0 ug/L USEPA 2006b Freshwater
Fluoranthene 11.0 ug/L USEPA 1996b Marine
Fluorene 250 ug/L USEPA 2006b Marine

Page 3 of 10



Table 8-10

Medium-Specific Screening Values

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Chemical Screening Value Units Reference Type TOC (percent)
Hexachlorobenzene 3.68 ug/L Buchman 1999 Freshwater
Hexachlorobutadiene 0.32 ug/L USEPA 2001 Marine
Hexachlorocyclopentadiene 0.07 ug/L USEPA 2001 Marine
Hexachloroethane 9.40 ug/L USEPA 2001 Marine
Isophorone 129 ug/L USEPA 2001 Marine
Naphthalene 23.5 ug/L USEPA 2001 Marine
Nitrobenzene 66.8 ug/L USEPA 2001 Marine
n-Nitroso-di-n-propylamine 120 ug/L USEPA 2006b Marine
n-Nitrosodiphenylamine 33,000 ug/L USEPA 2001 Marine
Pentachlorophenol 7.90 ug/L USEPA 2006a Marine
Phenanthrene 8.30 ug/L USEPA 1996b Marine
Phenol 58.0 ug/L USEPA 2001 Marine
Pyrene 0.24 ug/L USEPA 2006b Marine
1,3,5-Trinitrobenzene 11.0 ug/L Talmage et al. 1999 Freshwater
1,3-Dinitrobenzene 17.0 ug/L Talmage et al. 1999 Freshwater
2,4,6-Trinitrotoluene 100 ug/L USEPA 2006b Marine
2,4-Dinitrotoluene 37.0 ug/L Buchman 1999 (UF of 10) Marine
2,6-Dinitrotoluene 81.0 ug/L USEPA 2006b Freshwater
2-Amino-4,6-dinitrotoluene 1,480 ug/L USEPA 2006b Freshwater
3,5-Dinitroaniline 59.0 ug/L Talmage et al. 1999 Freshwater
3-Nitrotoluene 750 ug/L USEPA 2006b Freshwater
4-Amino-2,6-dinitrotoluene 1,480 ug/L 2-Amino-4,6-dinitrotoluene value Freshwater
4-Nitrotoluene 1,900 ug/L USEPA 2006b Freshwater
HMX 330 ug/L Talmage et al. 1999 Freshwater
Nitrobenzene 66.8 ug/L USEPA 2001 Marine
Nitroglycerine 138 ug/L USEPA 2006b Freshwater
PETN 85,000 ug/L USEPA 2006b Freshwater
RDX 186 ug/L Talmage et al. 1999 Freshwater
1,1,1-Trichloroethane 312 ug/L USEPA 2001 Marine
1,1,2,2-Tetrachloroethane 90.2 ug/L USEPA 2001 Marine
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Table 8-10

Medium-Specific Screening Values
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Chemical Screening Value Units Reference Type TOC (percent)
1,1,2-Trichloroethane 550 ug/L USEPA 2006b Marine
1,1-Dichloroethane 47.0 ug/L USEPA 1996b Freshwater
1,1-Dichloroethene 2,240 ug/L USEPA 2001 Marine
1,2,3-Trichlorobenzene 8.00 ug/L USEPA 2006b Freshwater
1,2,4-Trichlorobenzene 4.50 ug/L USEPA 2001 Marine
1,2,4-Trimethylbenzene 19.0 ug/L USEPA 2006b Marine
1,2-Dichlorobenzene 19.7 ug/L USEPA 2001 Marine
1,2-Dichloroethane 1,130 ug/L USEPA 2001 Marine
1,2-Dichloropropane 2,400 ug/L USEPA 2001 Marine
1,3,5-Trimethylbenzene 71.0 ug/L USEPA 2006b Freshwater
1,3-Dichlorobenzene 28.5 ug/L USEPA 2001 Marine
1,4-Dichlorobenzene 19.9 ug/L USEPA 2001 Marine
2-Butanone 14,000 ug/L Suter and Tsao 1996 Freshwater
2-Hexanone 99.0 ug/L Suter and Tsao 1996 Freshwater
4-Methyl-2-pentanone 170 ug/L Suter and Tsao 1996 Freshwater
Acetone 1,500 ug/L Suter and Tsao 1996 Freshwater
Benzene 109 ug/L USEPA 2001 Marine
Bromoform 640 ug/L USEPA 2001 Marine
Bromomethane 120 ug/L USEPA 2001 Marine
Carbon disulfide 0.92 ug/L Suter and Tsao 1996 Freshwater
Carbon tetrachloride 1,500 ug/L USEPA 2001 Marine
Chlorobenzene 105 ug/L USEPA 2001 Marine
Chloroform 815 ug/L USEPA 2001 Marine
Chloromethane 2,700 ug/L USEPA 2001 Marine
cis-1,2-Dichloroethene 680 ug/L USEPA 2006b Marine
cis-1,3-Dichloropropene 7.90 ug/L USEPA 2001 Marine
Cumene 2.60 ug/L USEPA 2006b Freshwater
Ethylbenzene 25.0 ug/L USEPA 2006b Marine
Methylene chloride 2,560 ug/L USEPA 2001 Marine
Methyl-tert-butyl ether (MTBE) 11,0/0 ug/L USEPA 2006b Freshwater
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Table 8-10
Medium-Specific Screening Values

Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Chemical Screening Value Units Reference Type TOC (percent)

Styrene 910 ug/L USEPA 2006b Marine
Tetrachloroethene 45.0 ug/L USEPA 2001 Marine
Toluene 215 ug/L USEPA 2006b Marine
trans-1,2-Dichloroethene 680 ug/L USEPA 2006b Marine
trans-1,3-Dichloropropene 7.90 ug/L USEPA 2001 Marine
Trichloroethene 1,940 ug/L USEPA 2006b Marine
Vinyl chloride 930 ug/L USEPA 2006b Freshwater
Xylene, total 19.0 ug/L USEPA 2006b Marine
Sediment

Aluminum 18,000 mg/kg Buchman 1999 Marine
Antimony 2.00 mglkg Buchman 1999 Marine
Arsenic 8.20 mag/kg Long et al. 1995 Marine
Barium 48.0 mglkg Buchman 1999 Marine
Cadmium 1.20 mg/kg Long et al. 1995 Marine
Chromium 81.0 mag/kg Long et al. 1995 Marine
Cobalt 10.0 mglkg Buchman 1999 Marine
Copper 34.0 mag/kg Long et al. 1995 Marine
Iron 220,000 mag/kg Buchman 1999 Marine
Lead 46.7 mag/kg Long et al. 1995 Marine
Manganese 260 mg/kg Buchman 1999 Marine
Mercury 0.15 mg/kg Long et al. 1995 Marine
Nickel 20.9 mg/kg Long et al. 1995 Marine
Selenium 1.00 mglkg Buchman 1999 Marine
Silver 1.00 mag/kg Long et al. 1995 Marine
Vanadium 57.0 mglkg Buchman 1999 Marine
Zinc 150 mg/kg Long et al. 1995 Marine
Aldrin 9.50 ug/kg Buchman 1999 Marine
alpha-BHC 6.00 uglkg OMOE 1993 Freshwater
alpha-Chlordane 2.26 uglkg USEPA 2006b Marine
Aroclor-1016 40.0 uglkg USEPA 2006b Marine
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Table 8-10
Medium-Specific Screening Values

Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Chemical Screening Value Units Reference Type TOC (percent)

Aroclor-1221 40.0 uglkg USEPA 2006b Marine

Aroclor-1232 40.0 uglkg USEPA 2006b Marine

Aroclor-1242 40.0 uglkg USEPA 2006b Marine

Aroclor-1248 40.0 uglkg USEPA 2006b Marine

Aroclor-1254 40.0 uglkg USEPA 2006b Marine

Aroclor-1260 40.0 uglkg USEPA 2006b Marine

beta-BHC 5.00 uglkg OMOE 1993 Freshwater

delta-BHC 5.00 uglkg OMOE 1993 Freshwater

Dieldrin 0.72 uglkg USEPA 2006b Marine

Endosulfan | 10.0 uglkg Chandler and Scott 1991 Freshwater

Endosulfan Il 10.0 uglkg Chandler and Scott 1991 Freshwater

Endosulfan sulfate 10.0 uglkg Chandler and Scott 1991 Freshwater

Endrin 2.67 uglkg USEPA 2006b Marine

Endrin aldehyde 2.67 uglkg USEPA 2006b Marine

Endrin ketone 2.67 uglkg USEPA 2006b Marine

gamma-BHC (Lindane) 0.32 ug/kg USEPA 2006b Marine
gamma-Chlordane 2.26 uglkg USEPA 2006b Marine

Heptachlor 0.30 ug/kg Buchman 1999 Marine

Heptachlor epoxide 0.60 uglkg USEPA 2006b Marine

Methoxychlor 29.6 uglkg USEPA 2006b Marine 1
Toxaphene 536 uglkg USEPA 2006b Marine 1
1,1-Bipheny! 1,100 ug/kg USEPA 1996b Freshwater 1
2,4,5-Trichlorophenol 819 uglkg USEPA 2006b Marine 1
2,4,6-Trichlorophenol 2,647 uglkg USEPA 2006b Marine 1
2,4-Dichlorophenol 117 uglkg USEPA 2006b Freshwater 1
2,4-Dimethylphenol 29.0 ug/kg Jones et al. 1997 Marine
2,4-Dinitrotoluene 41.6 uglkg USEPA 2006b Freshwater 1
2-Chlorophenol 344 ug/kg USEPA 2006b Marine 1
2-Methylnaphthalene 20.2 uglkg USEPA 2006b Marine

2-Methylphenol 63.0 ug/kg Jones et al. 1997 Marine
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Table 8-10
Medium-Specific Screening Values

Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Chemical Screening Value Units Reference Type TOC (percent)
3,3"-Dichlorobenzidine 2,060 ug/kg USEPA 2006b Marine 1
4-Bromophenyl-phenylether 1,300 ug/kg USEPA 1996b Freshwater 1
4-Methylphenol 670 ug/kg Jones et al. 1997 Marine
Acenaphthene 16.0 ug/kg Long et al. 1995 Marine
Acenaphthylene 44.0 ug/kg Long et al. 1995 Marine
Anthracene 85.3 ug/kg Long et al. 1995 Marine
Atrazine 6.62 ug/kg USEPA 2006b Freshwater 1
Benzo(a)anthracene 261 ug/kg Long et al. 1995 Marine
Benzo(a)pyrene 430 ug/kg Long et al. 1995 Marine
Benzo(b)fluoranthene 1,800 ug/kg Buchman 1999 Marine
Benzo(g,h,i)perylene 670 ug/kg Buchman 1999 Marine
Benzo(k)fluoranthene 1,800 ug/kg Buchman 1999 Marine
Benzoic acid 650 ug/kg Jones et al. 1997 Marine
Benzyl alcohol 57.0 ug/kg Jones et al. 1997 Marine
bis(2-Ethylhexyl)phthalate 182 ug/kg USEPA 2006b Marine
Butylbenzylphthalate 63.0 uglkg Buchman 1999 Marine
Carbazole 1,800 ug/kg Cubbage et al. 1997 Freshwater
Chrysene 384 uglkg Long et al. 1995 Marine
Dibenz(a,h)anthracene 63.4 uglkg Long et al. 1995 Marine
Dibenzofuran 7,297 ug/kg USEPA 2006b Marine 1
Diethylphthalate 218 ug/kg USEPA 2006b Marine 1
Di-n-butylphthalate 1,157 ug/kg USEPA 2006b Marine 1
Fluoranthene 600 ug/kg Long et al. 1995 Marine
Fluorene 19.0 ug/kg Long et al. 1995 Marine
Hexachlorobenzene 20.0 ug/kg USEPA 2006b Freshwater
Hexachloroethane 73.0 ug/kg Buchman 1999 Marine
Indeno(1,2,3-cd)pyrene 600 ug/kg Long et al. 1995 Marine
Naphthalene 160 ug/kg Long et al. 1995 Marine
Nitrobenzene 21.0 ug/kg Buchman 1999 Marine
n-Nitrosodiphenylamine 28.0 ug/kg Buchman 1999 Marine
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Table 8-10

Medium-Specific Screening Values
Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Chemical Screening Value Units Reference Type TOC (percent)

Pentachlorophenol 360 ug/kg Jones et al. 1997 Marine

Phenanthrene 240 ug/kg Long et al. 1995 Marine

Phenol 420 ug/kg Jones et al. 1997 Marine

Pyrene 665 ug/kg Long et al. 1995 Marine

1,3,5-Trinitrobenzene 2.40 ug/kg Talmage et al. 1999 Freshwater 1
1,3-Dinitrobenzene 6.70 ug/kg Talmage et al. 1999 Freshwater 1
2,4,6-Trinitrotoluene 92.0 ug/kg Talmage et al. 1999 Freshwater 1
2,4-Dinitrotoluene 41.6 ug/kg USEPA 2006b Freshwater 1
4-Nitrotoluene 4,062 ug/kg USEPA 2006b Freshwater 1
HMX 4.74 ug/kg Talmage et al. 1999 Freshwater 1
Nitrobenzene 21.0 ug/kg Buchman 1999 Marine

RDX 12.7 ug/kg Talmage et al. 1999 Freshwater 1
1,1,1-Trichloroethane 856 ug/kg USEPA 2006b Marine 1
1,1,2,2-Tetrachloroethane 202 ug/kg USEPA 2006b Marine 1
1,1,2-Trichloroethane 570 ug/kg USEPA 2006b Marine 1
1,1-Dichloroethane 27.0 ug/kg Jones et al. 1997 Freshwater 1
1,1-Dichloroethene 2,782 ug/kg USEPA 2006b Marine 1
1,2,3-Trichlorobenzene 858 ug/kg USEPA 2006b Freshwater 1
1,2,4-Trichlorobenzene 473 ug/kg USEPA 2006b Marine 1
1,2-Dichlorobenzene 989 ug/kg USEPA 2006b Marine 1
1,2-Dichloroethane 250 ug/kg Jones et al. 1997 Freshwater 1
1,3-Dichlorobenzene 842 ug/kg USEPA 2006b Marine 1
1,4-Dichlorobenzene 110 ug/kg Buchman 1999 Marine

Benzene 137 ug/kg USEPA 2006b Marine 1
Bromoform 1,308 ug/kg USEPA 2006b Marine 1
Carbon disulfide 0.85 ug/kg Jones et al. 1997 Freshwater 1
Carbon tetrachloride 7,244 ug/kg USEPA 2006b Marine 1
Chlorobenzene 162 ug/kg USEPA 2006h Marine 1
Chloroform 22.0 ug/kg Jones et al. 1997 Freshwater 1
cis-1,2-Dichloroethene 400 ug/kg Jones et al. 1997 Freshwater 1
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Table 8-10

Medium-Specific Screening Values

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Chemical Screening Value Units Reference Type TOC (percent)
cis-1,3-Dichloropropene 7.31 ug/kg USEPA 2006b Marine 1
Cumene 86.0 ug/kg USEPA 2006b Freshwater 1
Ethylbenzene 305 ug/kg USEPA 2006b Marine 1
Methylene chloride 370 ug/kg Jones et al. 1997 Freshwater 1
Styrene 7,069 ug/kg USEPA 2006b Marine 1
Tetrachloroethene 57.0 ug/kg Buchman 1999 Marine
Toluene 1,086 ug/kg USEPA 2006b Marine 1
trans-1,2-Dichloroethene 400 ug/kg Jones et al. 1997 Freshwater 1
trans-1,3-Dichloropropene 7.31 ug/kg USEPA 2006b Marine 1
Trichloroethene 41.0 ug/kg Buchman 1999 Marine
Xylene, total 160 ug/kg Jones et al. 1997 Freshwater 1
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Table 8-11
Uncertainty Factors Used In Food Webh Models

Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

Convert From Convert To Uncertainty Factor
Chronic NOAEL Chronic NOAEL 1
Chronic LOAEL Chronic NOAEL 5
Subchronic NOAEL Chronic NOAEL 10
Subchronic LOAEL Chronic NOAEL 20
Acute NOAEL Chronic NOAEL 30
Acute LOAEL Chronic NOAEL 50
LD50 Chronic NOAEL 100

Uncertainty factors from Wentsel et al. (1996)

Durations are defined as follows (USEPA 1999; Sample et al. 1996):

- Acute: <14 days
- Subchronic: 14 - 90 days
- Chronic: >90 days or during critical life stage




Table 8-12

Ingestion Screening Values for Mammals

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Body Weight Exposure LOAEL NOAEL

Chemical Test Organism (ka) Duration Route Effect/Endpoint | (mg/kg/d) | (mg/kg/d) Reference
Metals
Arsenic mouse 0.03 3 generations oral in water reproduction 1.26 0.25 Sample et al. 1996
Arsenic dog 10.0 2 years oral in diet systemic 6.00 1.20 ATSDR 1993a
Cadmium rat 0.303 6 weeks oral (gavage) reproduction 10.0 1.00 Sample et al. 1996
Cadmium dog 10.0 3 months oral in diet reproduction 3.75 0.75 ATSDR 1999a
Chromium rat 0.35 3 months oral in water mortality 131 26.3 Sample et al. 1996
Chromium rat 0.35 1 year oral in water | body weight/intake 16.4 3.28 Sample et al. 1996
Copper mouse 0.03 1month+GD0-19 | oral in diet developmental 104 78.0 ATSDR 1990a
Copper mink 1.00 357 days oral in diet reproduction 15.1 11.7 Sample et al. 1996
Lead rat 0.35 3 generations oral in diet reproduction 80.0 8.00 Sample et al. 1996
Mercury rat 0.35 3 generations oral in diet reproduction 0.16 0.032 Sample et al. 1996
Mercury mink 1.00 93 days oralindiet | survivaliweight loss|  0.25 0.15 Sample et al. 1996
Nickel rat 0.35 3 generations oral in diet reproduction 80.0 40.0 Sample et al. 1996
Nickel dog 10.0 2 years oral in diet systemic 62.5 25.0 ATSDR 1997a
Selenium rat 0.35 1 year oral in water reproduction 0.33 0.20 Sample et al. 1996
Silver rat 0.35 2 weeks oral in water survival 45.3 9.06 ATSDR 1990b
Zinc rat 0.35 GD 1-16 oral in diet reproduction 320 160 Sample et al. 1996
Zinc mink 1.00 25 weeks oral reproduction 104 20.8 ATSDR 1994a
Pesticides/PCBs
4,4-DDD rat 0.35 2 years oral in diet reproduction 4.00 0.80 Sample et al. 1996
4,4-DDD dog 10.0 2 generations oral in diet reproduction 5.00 1.00 ATSDR 1994b
4,4-DDE rat 0.35 2 years oral in diet reproduction 4.00 0.80 Sample et al. 1996
4,4-DDE dog 10.0 2 generations oral in diet reproduction 5.00 1.00 ATSDR 1994b
4,4-DDT rat 0.35 2 years oral in diet reproduction 4.00 0.80 Sample et al. 1996
4,4-DDT dog 10.0 2 generations oral in diet reproduction 5.00 1.00 ATSDR 1994b
Aldrin rat 0.35 3 generations oral in diet reproduction 1.00 0.20 Sample et al. 1996
alpha-BHC rat 0.35 4 generations oral in diet reproduction 3.20 1.60 Sample et al. 1996
alpha-Chlordane mouse 0.03 6 generations oral in diet reproduction 9.16 4,58 Sample et al. 1996
Aroclor-1016 oldfield mouse 0.014 12 months oral in diet reproduction 0.68 0.14 Sample et al. 1996
Aroclor-1016 mink 1.00 18 months oral in diet reproduction 3.43 1.37 Sample et al. 1996
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Table 8-12

Ingestion Screening Values for Mammals

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Body Weight Exposure LOAEL NOAEL
Chemical Test Organism (ka) Duration Route Effect/Endpoint | (mg/kg/d) | (mg/kg/d) Reference

Aroclor-1221 oldfield mouse 0.014 12 months oral in diet reproduction 0.68 0.14 Sample et al. 1996
Aroclor-1221 mink 1.00 7 months oral in diet reproduction 0.69 0.14 Sample et al. 1996
Aroclor-1232 oldfield mouse 0.014 12 months oral in diet reproduction 0.68 0.14 Sample et al. 1996
Aroclor-1232 mink 1.00 7 months oral in diet reproduction 0.69 0.14 Sample et al. 1996
Aroclor-1242 oldfield mouse 0.014 12 months oral in diet reproduction 0.68 0.14 Sample et al. 1996
Aroclor-1242 mink 1.00 7 months oral in diet reproduction 0.69 0.14 Sample et al. 1996
Aroclor-1248 oldfield mouse 0.014 12 months oral in diet reproduction 0.68 0.14 Sample et al. 1996
Aroclor-1248 mink 1.00 4.5 months oral in diet reproduction 0.69 0.14 Sample et al. 1996
Aroclor-1254 oldfield mouse 0.014 12 months oral in diet reproduction 0.68 0.14 Sample et al. 1996
Aroclor-1254 mink 1.00 4.5 months oral in diet reproduction 0.69 0.14 Sample et al. 1996
Aroclor-1260 oldfield mouse 0.014 12 months oral in diet reproduction 0.68 0.14 Sample et al. 1996
Aroclor-1260 mink 1.00 4.5 months oral in diet reproduction 0.69 0.14 Sample et al. 1996
beta-BHC rat 0.35 4 generations oral in diet reproduction 3.20 1.60 Sample et al. 1996
delta-BHC rat 0.35 4 generations oral in diet reproduction 3.20 1.60 Sample et al. 1996
Dieldrin rat 0.35 3 generations oral in diet reproduction 0.20 0.04 Sample et al. 1996
Dieldrin dog 10 15.7 months oral in diet systemic 0.14 0.03 ATSDR 1993b

Endosulfan | rat 0.35 30 days oral (gavage) fertility 7.50 1.50 Sample et al. 1996
Endosulfan | dog 10.0 2 years oral in diet systemic 5.00 1.00 ATSDR 1993c

Endosulfan Il rat 0.35 30 days oral (gavage) fertility 7.50 1.50 Sample et al. 1996
Endosulfan Il dog 10.0 2 years oral in diet systemic 5.00 1.00 ATSDR 1993c

Endrin mouse 0.03 120 days oral in diet reproduction 0.92 0.18 Sample et al. 1996
gamma-BHC (Lindane) rat 0.35 3 generations oral in diet reproduction 40.0 8.00 Sample et al. 1996
gamma-Chlordane mouse 0.03 6 generations oral in diet reproduction 9.16 4,58 Sample et al. 1996
Heptachlor mouse 0.03 70 days oral in diet reproduction 1.63 0.33 ATSDR 1993d

Heptachlor mink 1.00 181 days oral in diet reproduction 1.00 0.20 Sample et al. 1996
Heptachlor epoxide mouse 0.03 70 days oral in diet reproduction 1.63 0.33 ATSDR 1993d

Heptachlor epoxide mink 1.00 181 days oral in diet reproduction 1.00 0.20 Sample et al. 1996
Methoxychlor rat 0.35 11 months oral in diet reproduction 8.00 4.00 Sample et al. 1996
Toxaphene rat 0.35 3 generations oral in diet reproduction 40.0 8.00 Sample et al. 1996
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Table 8-12

Ingestion Screening Values for Mammals

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Body Weight Exposure LOAEL NOAEL

Chemical Test Organism (ka) Duration Route Effect/Endpoint | (mg/kg/d) | (mg/kg/d) Reference
Volatile and Semivolatile Organics
1,1,2,2-Tetrachloroethane rat 0.35 78 weeks oral (gavage) reproduction 380 76.0 ATSDR 1996a
1,2,4-Trichlorobenzene rat 0.35 3 generations oral in water reproduction 106 53 Coulston and Kolbye 1994
1,2-Dichlorobenzene rat 0.35 chronic oral (gavage) liver/kidney 429 85.7 Coulston and Kolbye 1994
1,3-Dichlorobenzene rat 0.35 chronic oral (gavage) liver/kidney 429 85.7 Coulston and Kolbye 1994
1,4-Dichlorobenzene rat 0.35 GD 6-15 oral (gavage) developmental 500 250 ATSDR 1998
4-Bromophenyl-phenylether - - - - - NA NA -
4-Chlorophenyl-phenylether - - - - NA NA -
Acenaphthene mouse 0.03 13 weeks oral (gavage) reproduction 700 350 ATSDR 1995
Acenaphthylene mouse 0.03 13 weeks oral (gavage) reproduction 700 350 ATSDR 1995
Anthracene mouse 0.03 13 weeks oral (gavage) reproduction 5,000 1,000 ATSDR 1995
Benzo(a)anthracene mouse 0.03 GD 7-16 oral (gavage) reproduction 10.0 2.00 Sample et al. 1996
Benzo(a)pyrene mouse 0.03 GD 7-16 oral (gavage) reproduction 10.0 2.00 Sample et al. 1996
Benzo(b)fluoranthene mouse 0.03 GD 7-16 oral (gavage) reproduction 10.0 2.00 Sample et al. 1996
Benzo(g,h,i)perylene mouse 0.03 GD 7-16 oral (gavage) reproduction 10.0 2.00 Sample et al. 1996
Benzo(k)fluoranthene mouse 0.03 GD 7-16 oral (gavage) reproduction 10.0 2.00 Sample et al. 1996
Chrysene mouse 0.03 GD 7-16 oral (gavage) reproduction 10.0 2.00 Sample et al. 1996
Dibenz(a,h)anthracene mouse 0.03 GD 7-16 oral (gavage) reproduction 10.0 2.00 Sample et al. 1996
Fluoranthene mouse 0.03 13 weeks oral (gavage) reproduction 2,500 500 ATSDR 1995
Fluorene mouse 0.03 13 weeks oral (gavage) reproduction 2,500 500 ATSDR 1995
Hexachlorobenzene rat 0.35 4 generations oral in diet reproduction 2.00 1.00 ATSDR 1996b
Hexachlorobenzene dog 10.0 1 year oral systemic 12.0 1.20 ATSDR 1996b
Hexachlorobutadiene rat 0.35 GD1-22;LD 1-21 oral in diet developmental 20.0 2.00 ATSDR 1994c
Hexachlorocyclopentadiene mouse 0.03 GD 6-15 oral (gavage) developmental 375 75.0 ATSDR 1999h
Hexachloroethane rat 0.35 GD 6-16 oral (gavage) reproduction 500 100 ATSDR 1997b
Indeno(1,2,3-cd)pyrene mouse 0.03 GD 7-16 oral (gavage) reproduction 10.0 2.00 Sample et al. 1996
Pentachlorophenol rat 0.35 2 generations oral in diet developmental 25.0 5.00 ATSDR 1994d
Phenanthrene mouse 0.03 13 weeks oral (gavage) reproduction 2,500 500 ATSDR 1995
Pyrene mouse 0.03 GD 7-16 oral (gavage) reproduction 10.0 2.00 Sample et al. 1996
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Table 8-13
Ingestion Screening Values for Birds

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Body Weight Exposure LOAEL | NOAEL

Chemical Test Organism (kg) Duration Route Effect/Endpoint | (mg/kg/d) | (mg/kg/d) Reference
Metals
Arsenic brown-headed cowbird 0.049 7 months oral in diet survival 7.38 2.46 Sample et al. 1996
Arsenic mallard 1.00 128 days oral in diet survival 12.8 5.14 Sample et al. 1996
Cadmium mallard 1.15 90 days oral in diet reproduction 20.0 1.45 Sample et al. 1996
Chromium American black duck 1.25 10 months oral in diet reproduction 5.00 1.00 Sample et al. 1996
Copper chicken (chicks) 0.534 10 weeks oral in diet growth/survival 61.7 47.0 Sample et al. 1996
Lead Japanese qualil 0.15 12 weeks oral in diet reproduction 11.3 1.13 Sample et al. 1996
Lead American kestrel 0.13 7 months oral in diet reproduction 19.3 3.85 Sample et al. 1996
Mercury red-tailed hawk 1.10 12 weeks oralindiet | survival/neurological 1.20 0.49 USEPA 1995h
Mercury Japanese qualil 0.15 1year oral in diet reproduction 0.90 0.45 Sample et al. 1996
Mercury mallard 1.00 3 generations oral in diet reproduction 0.078 0.026 USEPA 1997h
Nickel mallard 0.782 90 days oral in diet growth/survival 107 77.4 Sample et al. 1996
Selenium black-crowned night-heron 0.88 94 days oral in diet reproduction 9.00 1.80 Sample et al. 1996
Selenium mallard 1.00 100 days oral in diet reproduction 0.80 0.40 Sample et al. 1996
Selenium screech ow! 0.20 13.7 weeks oral in diet reproduction 1.50 0.44 Sample et al. 1996
Silver mallard 1.10 14 days oral in diet survival 178 35.6 USEPA 1999
Silver chicken (chicks) 0.80 not specified oral in diet growth 35.0 7.00 Eisler 1996
zZinc chicken 1.94 44 weeks oral in diet reproduction 131 14.5 Sample et al. 1996
Pesticides/PCBs
4,4-DDD Japanese qualil 0.11 3 generations oral in diet reproduction 5.00 0.50 USEPA 1995h
4,4-DDD barn owl 0.47 2 years oral in diet reproduction 0.40 0.08 Blus 1996
4,4-DDD mallard 1.00 2 years oral in diet reproduction 0.60 0.12 USEPA 1995h
4,4-DDD bald eagle 4.74 112 days oral in diet survival 3.00 0.30 USEPA 1995h
4,4-DDE Japanese qualil 0.11 3 generations oral in diet reproduction 5.00 0.50 USEPA 1995h
4,4-DDE barn owl 0.47 2 years oral in diet reproduction 0.40 0.08 Blus 1996
4,4'-DDE mallard 1.00 2 years oral in diet reproduction 0.60 0.12 USEPA 1995h
4,4'-DDE bald eagle 4.74 112 days oral in diet survival 3.00 0.30 USEPA 1995h
4,4-DDT Japanese qualil 0.11 3 generations oral in diet reproduction 5.00 0.50 USEPA 1995h
4,4-DDT barn owl 0.47 2 years oral In diet reproduction 0.40 0.08 Blus 1996
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Table 8-13

Ingestion Screening Values for Birds

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Body Weight Exposure LOAEL | NOAEL
Chemical Test Organism (kg) Duration Route Effect/Endpoint | (mg/kg/d) | (mg/kg/d) Reference
4,4-DDT mallard 1.00 2 years oral in diet reproduction 1.50 0.60 USEPA 1995h
4,4-DDT bald eagle 4.74 112 days oral in diet survival 3.00 0.30 USEPA 1995h
Aldrin ring-necked pheasant 1.14 5 days oral in diet survival 0.35 0.07 Hill et al. 1975
Aldrin mallard 1.00 5 days oral in diet survival 0.78 0.16 Hill et al. 1975
alpha-BHC Japanese qualil 0.15 90 days oral in diet reproduction 2.25 0.56 Sample et al. 1996
alpha-Chlordane red-winged blackbird 0.064 84 days oral in diet survival 10.7 2.14 Sample et al. 1996
alpha-Chlordane northern bobwhite 0.19 not specified oral in diet reproduction 5.95 1.19 Wiemeyer 1996
alpha-Chlordane mallard 1.00 not specified oral in diet reproduction 4.00 0.80 Wiemeyer 1996
Aroclor-1016 ring-necked pheasant 1.00 17 weeks oral reproduction 1.80 0.36 Sample et al. 1996
Aroclor-1016 screech owl 0.181 2 generations oral in diet reproduction 2.05 0.41 Sample et al. 1996
Aroclor-1016 mallard 1.00 1 month oral in diet reproduction 7.50 1.50 USEPA 1995h
Aroclor-1221 ring-necked pheasant 1.00 17 weeks oral reproduction 1.80 0.36 Sample et al. 1996
Aroclor-1221 screech owl 0.181 2 generations oral in diet reproduction 2.05 0.41 Sample et al. 1996
Aroclor-1221 mallard 1.00 1 month oral in diet reproduction 7.50 1.50 USEPA 1995h
Aroclor-1232 ring-necked pheasant 1.00 17 weeks oral reproduction 1.80 0.36 Sample et al. 1996
Aroclor-1232 screech owl 0.181 2 generations oral in diet reproduction 2.05 0.41 Sample et al. 1996
Aroclor-1232 mallard 1.00 1 month oral in diet reproduction 7.50 1.50 USEPA 1995h
Aroclor-1242 ring-necked pheasant 1.00 17 weeks oral reproduction 1.80 0.36 Sample et al. 1996
Aroclor-1242 screech owl 0.181 2 generations oral in diet reproduction 2.05 0.41 Sample et al. 1996
Aroclor-1242 mallard 1.00 1 month oral in diet reproduction 7.50 1.50 USEPA 1995h
Aroclor-1248 ring-necked pheasant 1.00 17 weeks oral reproduction 1.80 0.36 Sample et al. 1996
Aroclor-1248 screech owl 0.181 2 generations oral in diet reproduction 2.05 0.41 Sample et al. 1996
Aroclor-1248 mallard 1.00 1 month oral in diet reproduction 7.50 1.50 USEPA 1995h
Aroclor-1254 ring-necked pheasant 1.00 17 weeks oral reproduction 1.80 0.36 Sample et al. 1996
Aroclor-1254 screech owl 0.181 2 generations oral in diet reproduction 2.05 0.41 Sample et al. 1996
Aroclor-1254 mallard 1.00 1 month oral in diet reproduction 7.50 1.50 USEPA 1995h
Aroclor-1260 ring-necked pheasant 1.00 17 weeks oral reproduction 1.80 0.36 Sample et al. 1996
Aroclor-1260 screech owl 0.181 2 generations oral in diet reproduction 2.05 0.41 Sample et al. 1996
Aroclor-1260 mallard 1.00 1 month oral in diet reproduction 7.50 1.50 USEPA 19950
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Table 8-13
Ingestion Screening Values for Birds

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Body Weight Exposure LOAEL | NOAEL

Chemical Test Organism (kg) Duration Route Effect/Endpoint | (mg/kg/d) | (mg/kg/d) Reference
beta-BHC Japanese qualil 0.15 90 days oral in diet reproduction 2.25 0.56 Sample et al. 1996
delta-BHC Japanese qualil 0.15 90 days oral in diet reproduction 2.25 0.56 Sample et al. 1996
Dieldrin barn owl 0.466 2 years oral in diet reproduction 0.39 0.08 Sample et al. 1996
Endosulfan | gray partridge 0.40 4 weeks oral in diet reproduction 50.0 10.0 Sample et al. 1996
Endosulfan Il gray partridge 0.40 4 weeks oral in diet reproduction 50.0 10.0 Sample et al. 1996
Endrin mallard 1.15 >200 days oral in diet reproduction 1.50 0.30 Sample et al. 1996
Endrin screech owl 0.181 >83 days oral in diet reproduction 0.10 0.02 Sample et al. 1996
gamma-BHC (Lindane) mallard 1.00 8 weeks oral (gavage) reproduction 20.0 4.00 Sample et al. 1996
gamma-Chlordane red-winged blackbird 0.064 84 days oral in diet survival 10.7 2.14 Sample et al. 1996
gamma-Chlordane northern bobwhite 0.19 not specified oral in diet reproduction 5.95 1.19 Wiemeyer 1996
gamma-Chlordane mallard 1.00 not specified oral in diet reproduction 4.00 0.80 Wiemeyer 1996
Heptachlor ring-necked pheasant 1.14 5 days oral in diet survival 1.38 0.28 Hill et al. 1975
Heptachlor mallard 1.00 5 days oral in diet survival 2.40 0.48 Hill et al. 1975
Heptachlor epoxide ring-necked pheasant 1.14 5 days oral in diet survival 1.38 0.28 Hill et al. 1975
Heptachlor epoxide mallard 1.00 5 days oral in diet survival 2.40 0.48 Hill et al. 1975
Methoxychlor chicken 1.50 16 weeks oral in diet reproduction 1,775 355 Wiemeyer 1996
Toxaphene American black duck 1.00 2 seasons oral in diet reproduction 5.00 1.00 Wiemeyer 1996
Volatile and Semivolatile Organics
1,1,2,2-Tetrachloroethane - - - - - NA NA -
1,2,4-Trichlorobenzene northern bobwhite 0.19 14 days oral survival 161 32.2 TERRETOX 2002
1,2-Dichlorobenzene northern bobwhite 0.19 14 days oral survival 161 322 TERRETOX 2002
1,3-Dichlorobenzene northern bobwhite 0.19 14 days oral survival 161 322 TERRETOX 2002
1,4-Dichlorobenzene northern bobwhite 0.19 14 days oral survival 161 32.2 TERRETOX 2002
4-Bromophenyl-phenylether - - - - - NA NA -
4-Chlorophenyl-phenylether - - - - - NA NA -
Acenaphthene chicken 1.50 35 days oral in diet reproduction 35.5 7.10 Rigdon and Neal 1963
Acenaphthylene chicken 1.50 35 days oral in diet reproduction 35.5 7.10 Rigdon and Neal 1963
Anthracene chicken 1.50 35 days oral in diet reproduction 35.5 7.10 Rigdon and Neal 1963
Benzo(a)anthracene chicken 1.50 35 days oral In diet reproduction 35.5 7.10 Rigdon and Neal 1963

Page 3 of 4




Table 8-13

Ingestion Screening Values for Birds

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

Body Weight Exposure LOAEL | NOAEL
Chemical Test Organism (kg) Duration Route Effect/Endpoint | (mg/kg/d) | (mg/kg/d) Reference
Benzo(a)pyrene chicken 1.50 35 days oral in diet reproduction 35.5 7.10 Rigdon and Neal 1963
Benzo(b)fluoranthene chicken 1.50 35 days oral in diet reproduction 35.5 7.10 Rigdon and Neal 1963
Benzo(g,h,i)perylene chicken 1.50 35 days oral in diet reproduction 35.5 7.10 Rigdon and Neal 1963
Benzo(k)fluoranthene chicken 1.50 35 days oral in diet reproduction 35.5 7.10 Rigdon and Neal 1963
Chrysene chicken 1.50 35 days oral in diet reproduction 35.5 7.10 Rigdon and Neal 1963
Dibenz(a,h)anthracene chicken 1.50 35 days oral in diet reproduction 35.5 7.10 Rigdon and Neal 1963
Fluoranthene chicken 1.50 35 days oral in diet reproduction 35.5 7.10 Rigdon and Neal 1963
Fluorene chicken 1.50 35 days oral in diet reproduction 35.5 7.10 Rigdon and Neal 1963
Coulston and Kolbye 1994;
Hexachlorobenzene Japanese qualil 0.15 90 days oral in diet reproduction 0.565 0.113 TERRETOX 2002
Coulston and Kolbye 1994;
Hexachlorobutadiene Japanese qualil 0.15 90 days oral in diet reproduction 17.0 3.39 TERRETOX 2002
Hexachlorocyclopentadiene - - - - - NA NA -
Hexachloroethane - - - - - NA NA -
Indeno(1,2,3-cd)pyrene chicken 1.50 35 days oral in diet reproduction 35.5 7.10 Rigdon and Neal 1963
Pentachlorophenol chicken 1.50 8 weeks oral in diet systemic/growth 8.52 4.26 Eisler 1989
Phenanthrene chicken 1.50 35 days oral in diet reproduction 35.5 7.10 Rigdon and Neal 1963
Pyrene chicken 1.50 35 days oral in diet reproduction 35.5 7.10 Rigdon and Neal 1963
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Table 8-14
Screening Statistics - Sites 8 and 34 - Surface Water

Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

m Ul ATTametc OCUITETTT
Frequency | Maximum Maximum Standard [ 95% UCL Maximum|  Mean 95% UCL [ Mean
Range of Non- of Concentration Detected Arithmetic| Deviation |  (Normal | Geometric | Screening |Frequency of| Hazard | Hazard Hazard Hazard

Chemical Detect Values | Detection Detected Concentration Mean of Mean | Distribution) Mean Value | Exceedance Quotient1 Quotient | Quotient | Quotient | COPC?
Inorganics (UG/L)
Aluminum - - 81/8 1,170 YSA14-SW02-1207 516 290 710 464 87.0 8 /8 13.4 5.94 8.16 5.33 YES
Antimony 60.0 - 60.0 0/8 - - 30.0 0.0 30.0 30.0 500 =~ |- 0.12 0.06 0.06 0.06 NO
Arsenic 3.80 - 10.2 11/8 3.70 YS08-SW04-1207 3.85 1.36 4.76 3.61 36.0 0/8 0.10 0.11 0.13 0.10 NO
Barium - - 81/8 37.9 YSA14-SW01-1207| 345 2.51 36.2 34.5 4.00 8 /8 9.48 8.63 9.05 8.61 YES
Beryllium 5.00 - 5.00 11/8 0.16 YSA14-SW05-1207| 221 0.83 2.76 177 0.66 0/8 0.24 - - - NO
Cadmium 0.75 - 1.00 418 110 YS08-SW01-1207 0.62 0.24 0.78 0.59 8.85 0/8 0.12 0.07 0.09 0.07 NO
Calcium ® - - - 8/8 232,000 | YSA14-SW03-1207| 221,125 | 6,875 225,730 221,031 NSV - |- NSV NSV NSV NSV NO
Chromium 0.31 - 1.50 11/8 0.74 YSA14-SW01-1207|  0.35 0.25 0.51 0.29 50.4 0/8 0.015 0.007 0.010 0.006 NO
Cobalt 50.0 - 50.0 0/8 25.0 0.0 25.0 25.0 23.0 - - 2.17 1.09 1.09 1.09 NO®
Copper 25.0 - 25.0 0/8 125 0.00 125 125 3.70 - - 6.76 3.38 3.38 3.38 NO®
Cyanide 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 1.00 - - 10.0 5.00 5.00 5.00 NO®
Iron - - - 81/8 1,290 YSA14-SW02-1207( 460 343 689 395 1,000 1178 1.29 0.46 0.69 0.39 NO
Lead 10.00 - 50.0 0/8 - - 20.0 9.3 26.2 16.7 8.50 /- 5.88 2.35 3.08 1.97 NO®
Magnesium ° 8/8 685,000 | YSA14-SW03-1207| 629,500 | 32,262 651,110 628,765 NSV - |- NSV NSV NSV NSV NO
Manganese - - - 81/8 68 YSA14-SW01-1207|  46.2 117 54.0 45.0 120 0/8 0.56 0.39 0.45 0.37 NO
Mercury 0.20 - 0.20 0/8 - - 0.10 0.00 0.10 0.10 110 - |- 0.18 0.09 0.09 0.09 NO
Nickel 1.50 - 40.0 11/8 1.30 YSA14-SW02-1207| 153 8.78 211 9.43 8.30 0/8 0.16 - - - NO
Potassium * - - - 8/8 235,000 | YSA14-SW03-1207| 206,000 | 21,706 220,539 204,925 NSV - |- NSV NSV NSV NSV NO
Selenium 35.0 - 35.0 11/8 3.40 YSA14-SW03-1207| 157 4.99 19.1 143 711 0/8 0.05 - NO
Silver 10.0 - 10.0 11/8 1.20 YSA14-SW05-1207|  4.53 1.34 5.42 4.18 0.23 1178 5.22 - - YES
Sodium 2 - - - 8/8 6,360,000 | YSA14-SW03-1207] 5,752,500 | 542,659 | 6,115,992 | 5,727,812 NSV - - NSV NSV NSV NSV NO
Thallium 6.60 - 125 0/8 - 47.8 27.2 66.0 30.7 213 - |- 5.87 2.24 3.10 1.44 NO®
Vanadium 50.0 - 50.0 0/8 25.0 0.00 25.0 25.0 20.0 - - 2.50 1.25 1.25 1.25 NO®
Zinc 60.0 - 60.0 0/8 30.0 0.0 30.0 30.0 85.6 - | - 0.70 0.35 0.35 0.35 NO
Dissolved Metals (UG/L)
Aluminum 101 - 125 51/8 317 YSA14-SW01-1207 153 108 226 122 87.0 5/8 3.64 1.76 2.59 1.40 YES
Antimony 60.0 - 60.0 0/8 - - 30.0 0.0 30.0 30.0 500 - | - 0.12 0.06 0.06 0.06 NO
Arsenic 3.60 - 10.0 218 5.90 YS08-SW04-1207 3.96 171 5.11 3.57 36.0 0/8 0.16 0.11 0.14 0.10 NO
Barium - - 81/8 35.3 YS08-SW01-1207 33.0 2.06 34.3 32.9 4.00 8 /8 8.83 8.24 8.58 8.22 YES
Beryllium 5.00 - 5.00 0/8 - - 2.50 0.0 2.50 2.50 0.66 - |- 7.58 39 3.79 3.79 NO®
Cadmium 0.71 - 0.93 418 0.92 YS08-SW02-1207 0.52 0.20 0.66 0.50 8.80 0/8 0.10 0.06 0.07 0.06 NO
Calcium ® - - - 8/8 234,000 YS08-SW03-1207 | 221,125 | 9,493 227,484 220,945 NSV - - NSV NSV NSV NSV NO
Chromium 0.35 - 10.0 0/8 - - 4.40 171 5.54 3.29 50.0 - - 0.20 0.09 0.11 0.07 NO
Cobalt 50.0 - 50.0 0/8 25.0 0.0 25.0 25.0 23.0 - | - 217 1.09 1.09 1.09 NO®

NSV - No Screening Value

1 - Shaded cells indicate hazard quotient based on reporting limits
2 - Macronutrient - Not considered to be a COPC

3 - See Uncertainties
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Table 8-14

Screening Statistics - Sites 8 and 34 - Surface Water

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

m Ul AU OTUIIEUIT
Frequency | Maximum Maximum Standard [ 95% UCL Maximum|  Mean 95% UCL Mean
Range of Non- of Concentration Detected Arithmetic | Deviation |  (Normal | Geometric | Screening [Frequency of Hazard Hazard Hazard Hazard
Chemical Detect Values | Detection Detected Concentration Mean of Mean | Distribution) Mean Value [ Exceedance Quotient1 Quotient | Quotient | Quotient | COPC?

Copper 25.0 - 25.0 1/8 3.20 YSA14-SW01-1207| 11.3 3.29 135 105 3.10 1/8 1.03 - - - YES
Iron 22.7 - 100 218 774 YS08-SW01-1207 331 224 48.1 215 1,000 0/8 0.08 0.03 0.05 0.03 NO
Lead 10.0 - 50.0 0/8 - - 20.0 9.26 26.2 16.7 8.10 -/ - 6.17 2.47 3.23 2.06 NO’
Magnesium 2 8 /8 667,000 YSA14-SW03-1207| 623,125 [ 40,825 650,471 621,919 NSV -/ - NSV NSV NSV NSV NO
Manganese - - - 8/8 62 YSA14-SW01-1207|  37.9 118 458 365 120 0/8 0.52 0.32 0.38 0.30 NO
Mercury 0.20 - 0.20 0/8 - - 0.10 0.0 0.10 0.10 0.94 -/ - 0.21 0.11 0.11 0.11 NO
Nickel 40.0 - 40.0 218 1.40 YSA14-SW02-1207|  15.3 8.72 211 9.77 8.20 0/8 0.17 - - - NO
Potassium ° - - - 8 /8 224,000 YS08-SW03-1207 | 204,250 | 24,271 220,507 202,886 NSV -/ - NSV NSV NSV NSV NO
Selenium 35.0 - 35.0 0/8 - - 175 0.0 175 175 71.0 - |- 0.49 0.25 0.25 0.25 NO
Silver 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 0.23 -/ - 43.5 217 21.7 21.7 NO’
Sodium 2 - - - 8 /8 6,230,000 | YS08-SW02-1207 | 5,676,250 | 654,041 | 6,114,349 | 5,640,508 NSV -/ - NSV NSV NSV NSV NO
Thallium 4.90 - 125 0/8 - - 476 21.6 66.1 28.6 213 / 5.87 2.23 3.10 1.34 NO’
Vanadium 50.0 - 50.0 0/8 - - 25.0 0.0 25.0 25.0 20.0 -/ - 2.50 1.25 1.25 1.25 NO’
Zinc 60.0 - 60.0 1/8 8.10 YS08-SW03-1207 273 7.74 324 255 81.0 0/8 0.10 - - - NO
Pesticide/Polychlorinated Biphenyls (UG/L)

4,4-DDD 0.094 - 0.10 0/8 - - 0.048 0.0013 0.049 0.048 0.025 -/ - 3.96 1.92 1.95 1.92 NO’
4,4-DDE 0.094 - 0.10 0/8 - - 0.048 0.0013 0.049 0.048 0.14 - |- 0.71 0.34 0.35 0.34 NO
4,4-DDT 0.094 - 0.10 0/8 - - 0.048 0.0013 0.049 0.048 0.0065 -/ - 15.2 7.38 751 7.37 NO’
Aldrin 0.047 - 0.05 0/8 - - 0.024 0.0008 0.025 0.024 0.13 - |- 0.38 0.19 0.19 0.19 NO
Aroclor-1016 0.94 - 0.99 0/8 - - 0.48 0.013 0.49 0.48 0.030 -/ - 33.0 16.0 16.3 16.0 NO’
Aroclor-1221 1.90 - 2.00 0/8 - - 0.97 0.026 0.99 0.97 0.030 -/ - 66.7 32.3 32.9 828 NO’
Aroclor-1232 0.94 - 0.99 0/8 - - 0.48 0.013 0.49 0.48 0.030 -/ - 33.0 16.0 16.3 16.0 NO’
Aroclor-1242 0.94 - 0.99 0/8 - - 0.48 0.013 0.49 0.48 0.030 -/ - 33.0 16.0 16.3 16.0 NO’
Aroclor-1248 0.94 - 0.99 0/8 - - 0.48 0.013 0.49 0.48 0.030 -/ - 33.0 16.0 16.3 16.0 NO’
Aroclor-1254 0.94 - 0.99 0/8 - - 0.48 0.013 0.49 0.48 0.030 -/ - 33.0 16.0 16.3 16.0 NO’
Aroclor-1260 0.94 - 0.99 0/8 - - 0.48 0.013 0.49 0.48 0.030 -/ - 33.0 16.0 16.3 16.0 NO’
Dieldrin 0.094 - 0.10 0/8 - - 0.048 0.0013 0.049 0.048 0.11 -/ - 0.90 0.44 0.44 0.44 NO
Endosulfan | 0.047 - 0.05 0/8 - - 0.024 0.0008 0.025 0.024 0.0087 -/ - 5.75 2.77 2.83 2.76 NO’
Endosulfan Il 0.094 - 0.10 0/8 - - 0.048 0.0013 0.049 0.048 0.0087 -/ - 114 5.51 5.61 5.51 NO’
Endosulfan sulfate 0.094 - 0.10 0/8 - - 0.048 0.0013 0.049 0.048 0.0087 -/ - 114 5.51 5.61 5.51 NO’
Endrin 0.094 - 0.10 0/8 - - 0.048 0.0013 0.049 0.048 0.010 - | - 9.9 4.79 4.88 4.79 NO’
Endrin aldehyde 0.094 - 0.10 0/8 - - 0.048 0.0013 0.049 0.048 0.010 - [ - 9.9 4.79 4.88 4.79 NO’
Endrin ketone 0.094 - 0.10 0/8 - - 0.048 0.0013 0.049 0.048 0.010 -/ - 9.9 4.79 4.88 4.79 NO’

NSV - No Screening Value

1 - Shaded cells indicate hazard quotient based on reporting limits

2 - Macronutrient - Not considered to be a COPC

3 - See Uncertainties Page 2 of 6




Table 8-14

Screening Statistics - Sites 8 and 34 - Surface Water

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

m Ul AU OTUIIEUIT
Frequency | Maximum Maximum Standard [ 95% UCL Maximum|  Mean 95% UCL [ Mean
Range of Non- of Concentration Detected Arithmetic| Deviation |  (Normal | Geometric | Screening |Frequency of| Hazard | Hazard Hazard Hazard
Chemical Detect Values | Detection Detected Concentration Mean of Mean | Distribution) [ Mean Value | Exceedance Quotient1 Quotient | Quotient | Quotient | COPC?

Heptachlor 0.047 - 0.05 0/8 - - 0.024 0.0008 0.025 0.024 0.0036 -/ - 13.9 6.68 6.83 6.68 NO?
Heptachlor epoxide 0.047 - 0.05 0/8 - - 0.024 0.0008 0.025 0.024 0.0036 -/ - 13.9 6.68 6.83 6.68 NO’
Methoxychlor 0.47 - 0.50 0/8 - - 0.24 0.0078 0.246 0.241 0.030 -/ - 16.7 8.02 8.19 8.02 NO’
Toxaphene 4.70 - 5.00 0/8 - - 241 0.078 2.46 241 0.21 -/ - 238 115 11.7 115 NO’
alpha-BHC 0.047 - 0.05 0/8 - - 0.024 0.0008 0.025 0.024 25.0 - - 0.002 0.001 0.001 0.001 NO
alpha-Chlordane 0.047 - 0.05 0/8 - - 0.024 0.0008 0.025 0.024 0.004 -/ - 12.5 6.02 6.15 6.01 NO’
beta-BHC 0.047 - 0.05 0/8 - - 0.024 0.0008 0.025 0.024 2.20 - - 0.02 0.01 0.01 0.01 NO
delta-BHC 0.047 - 0.05 0/8 - - 0.024 0.0008 0.025 0.024 2.20 - - 0.02 0.01 0.01 0.01 NO
gamma-BHC (Lindane) 0.047 - 0.05 0/8 - - 0.024 0.0008 0.025 0.024 0.016 -/ - 3.13 1.50 1.54 1.50 NO’
gamma-Chlordane 0.047 - 0.05 0/8 - - 0.024 0.0008 0.025 0.024 0.004 -/ - 125 6.02 6.15 6.01 NO’
Semivolatile Organic Compounds (UG/L)

1,1-Biphenyl 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 14.0 -/ - 0.70 0.35 0.35 0.35 NO
2,2-Oxybis(1-chloropropane) 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 NSV - - NSV NSV NSV NSV NO
2,4,5-Trichlorophenol 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 12.0 -/ - 0.82 0.40 0.41 0.40 NO
2,4,6-Trichlorophenol 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 61.0 -/ - 0.16 0.08 0.08 0.08 NO
2,4-Dichlorophenol 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 11.0 - | - 0.89 0.44 0.44 0.44 NO
2,4-Dimethylphenol 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 110 -/ - 0.09 0.04 0.04 0.04 NO
2,4-Dinitrophenol 47.0 - 49.0 0/7 - - 244 0.38 24.6 244 48.5 -/ - 1.01 0.50 0.51 0.50 NO
2,4-Dinitrotoluene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 37.0 -/ - 0.26 0.13 0.13 0.13 NO
2,6-Dinitrotoluene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 81.0 - | - 0.12 0.06 0.06 0.06 NO
2-Chloronaphthalene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 NSV - - NSV NSV NSV NSV NO
2-Chlorophenol 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 265 -/ - 0.04 0.02 0.02 0.02 NO
2-Methylphenol 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 1,020 -/ - 0.010 0.005 0.005 0.005 NO
2-Nitroaniline 47.0 - 49.0 0/7 - - 244 0.38 24.6 24.4 NSV - - NSV NSV NSV NSV NO
2-Nitrophenol 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 2,940 -/ - 0.003 0.002 0.002 0.002 NO
3,3-Dichlorobenzidine 19.0 - 20.0 0/7 - - 9.57 0.19 9.71 9.57 73.0 -/ - 0.27 0.13 0.13 0.13 NO
3-Nitroaniline 47.0 - 49.0 0/7 - - 244 0.38 24.6 244 NSV - - NSV NSV NSV NSV NO
4,6-Dinitro-2-methylphenol 47.0 - 49.0 0/7 - - 24.4 0.38 24.6 244 2.30 -/ - 213 10.6 10.7 10.6 NO’
4-Bromophenyl-phenylether 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 1.50 -/ - 6.53 322 3.25 3.22 NO’
4-Chloro-3-methylphenol 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 0.30 -/ - 32.7 16.1 16.3 16.1 NO’
4-Chloroaniline 19.0 - 20.0 0/7 - - 9.57 0.19 9.71 9.57 232 - - 0.09 0.04 0.04 0.04 NO
4-Chlorophenyl-phenylether 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 NSV - - NSV NSV NSV NSV NO
4-Methylphenol 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 543 -/ - 0.018 0.009 0.009 0.009 NO
4-Nitroaniline 47.0 - 49.0 0/7 - - 244 0.38 24.6 24.4 NSV - - NSV NSV NSV NSV NO
4-Nitrophenol 47.0 - 49.0 01/7 - - 244 0.38 24.6 244 717 -/ - 0.68 0.34 0.34 0.34 NO

NSV - No Screening Value

1 - Shaded cells indicate hazard quotient based on reporting limits

2 - Macronutrient - Not considered to be a COPC

3 - See Uncertainties Page 3 of 6



Table 8-14

Screening Statistics - Sites 8 and 34 - Surface Water

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

m TUUl ATTUImeuc OCUNICuIT
Frequency | Maximum Maximum Standard [ 95% UCL Maximum|  Mean 95% UCL [ Mean
Range of Non- of Concentration Detected Arithmetic| Deviation |  (Normal | Geometric | Screening |Frequency of| Hazard | Hazard Hazard Hazard
Chemical Detect Values | Detection Detected Concentration Mean of Mean | Distribution) Mean Value | Exceedance Quotient1 Quotient | Quotient | Quotient | COPC?
Acenaphthene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 40.0 - | - 0.25 0.12 0.12 0.12 NO
Acenaphthylene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 NSV - | - NSV NSV NSV NSV NO
Acetophenone 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 NSV - | - NSV NSV NSV NSV NO
Anthracene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 0.18 -/ - 54.4 26.9 27.1 26.9 NO®
Atrazine 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 1.80 -/ - 5.44 2.69 2.71 2.69 NO®
Benzaldehyde 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 NSV - | - NSV NSV NSV NSV NO
Benzo(a)anthracene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 0.027 - - 363 179 181 179 NO®
Benzo(a)pyrene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 0.014 -/ - 700 345 349 345 NO®
Benzo(b)fluoranthene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 NSV - | - NSV NSV NSV NSV NO
Benzo(g,h,i)perylene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 NSV - | - NSV NSV NSV NSV NO
Benzo(k)fluoranthene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 NSV - | - NSV NSV NSV NSV NO
Butylbenzylphthalate 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 29.4 -] - 0.33 0.16 0.17 0.16 NO
Caprolactam 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 NSV - | - NSV NSV NSV NSV NO
Carbazole 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 NSV - | - NSV NSV NSV NSV NO
Chrysene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 NSV - | - NSV NSV NSV NSV NO
Di-n-butylphthalate 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 3.40 - - 2.88 1.42 1.44 1.42 NO®
Di-n-octylphthalate 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 22.0 - | - 0.45 0.22 0.22 0.22 NO
Dibenz(a,h)anthracene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 NSV - | - NSV NSV NSV NSV NO
Dibenzofuran 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 65.0 -] - 0.15 0.07 0.08 0.07 NO
Diethylphthalate 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 75.9 -] - 0.13 0.06 0.06 0.06 NO
Dimethyl phthalate 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 580 -] - 0.017 0.008 0.008 0.008 NO
Fluoranthene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 11.0 -] - 0.89 0.44 0.44 0.44 NO
Fluorene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 2.50 -/ - 3.92 1.93 1.95 1.93 NO®
Hexachlorobenzene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 3.68 -/ - 2.66 131 1.33 1.31 NO®
Hexachlorobutadiene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 0.32 -/ - 30.6 15.1 15.3 15.1 NO®
Hexachlorocyclopentadiene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 0.070 - - 140 69.1 69.7 69.1 NO®
Hexachloroethane 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 9.40 -/ - 1.04 0.51 0.52 0.51 NO
Indeno(1,2,3-cd)pyrene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 NSV - | - NSV NSV NSV NSV NO
Isophorone 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 129 -] - 0.08 0.04 0.04 0.04 NO
Naphthalene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 23.5 -] - 0.42 0.21 0.21 0.21 NO
Nitrobenzene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 66.8 -] - 0.15 0.07 0.07 0.07 NO
Pentachlorophenol 47.0 - 49.0 0/7 - - 24.4 0.38 24.6 24.4 7.90 -/ - 6.20 3.08 3.12 3.08 NO®
Phenanthrene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 8.30 - | - 1.18 0.58 0.59 0.58 NO
Phenol 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 58.0 - | - 0.17 0.08 0.08 0.08 NO
Pyrene 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 0.24 - | - 40.8 20.1 20.3 20.1 NO’

NSV - No Screening Value

1 - Shaded cells indicate hazard quotient based on reporting limits

2 - Macronutrient - Not considered to be a COPC

3 - See Uncertainties Page 4 of 6



Table 8-14

Screening Statistics - Sites 8 and 34 - Surface Water

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

m TUUl ATTUImeuc OCUNICuIT
Frequency | Maximum Maximum Standard [ 95% UCL Maximum|  Mean 95% UCL [ Mean
Range of Non- of Concentration Detected Arithmetic| Deviation |  (Normal | Geometric | Screening |Frequency of| Hazard | Hazard Hazard Hazard
Chemical Detect Values | Detection Detected Concentration Mean of Mean | Distribution) Mean Value | Exceedance Quotient1 Quotient | Quotient | Quotient | COPC?

bis(2-Chloroethoxy)methane 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 NSV - - NSV NSV NSV NSV NO
bis(2-Chloroethyl)ether 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 2,380 - | - 0.004 0.002 0.002 0.002 NO
bis(2-Ethylhexyl)phthalate 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 360 -] - 0.03 0.01 0.01 0.01 NO
n-Nitroso-di-n-propylamine 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 120 - | - 0.08 0.04 0.04 0.04 NO
n-Nitrosodiphenylamine 9.40 - 9.80 0/7 - - 4.84 0.063 4.88 4.84 33,000 - | - 0.0003 0.0001 0.0001 0.0001 NO
Explosives (UG/L)

1,3,5-Trinitrobenzene 0.098 - 0.10 0/8 - - 0.050 0.0004 0.050 0.050 11.0 - | 0.009 0.005 0.005 0.005 NO
1,3-Dinitrobenzene 0.15 - 0.16 0/8 - - 0.076 0.0018 0.077 0.076 17.0 - | 0.009 0.004 0.005 0.004 NO
2,4,6-Trinitrotoluene 0.15 - 0.16 0/8 - - 0.076 0.0018 0.077 0.076 100 - | 0.002 0.001 0.001 0.001 NO
2,4-Dinitrotoluene 0.15 - 0.16 0/8 - - 0.076 0.0018 0.077 0.076 37.0 - | - 0.004 0.002 0.002 0.002 NO
2,6-Dinitrotoluene 0.15 - 0.16 0/8 - - 0.076 0.0018 0.077 0.076 81.0 - | - 0.002 0.001 0.001 0.001 NO
2-Amino-4,6-dinitrotoluene 0.29 - 0.32 0/8 - - 0.15 0.004 0.153 0.151 1,480 - | - 0.0002 0.0001 0.0001 0.0001 NO
2-Nitrotoluene 0.49 - 0.52 0/8 - - 0.25 0.0042 0.253 0.251 NSV - | - NSV NSV NSV NSV NO
3,5-Dinitroaniline 0.98 - 1.00 0/8 - - 0.50 0.0038 0.500 0.497 59.0 -] - 0.017 0.008 0.008 0.008 NO
3-Nitrotoluene 0.49 - 0.52 0/8 - - 0.25 0.0042 0.253 0.251 750 - | - 0.0007 0.0003 0.0003 0.0003 NO
4-Amino-2,6-dinitrotoluene 0.15 - 0.16 0/8 - - 0.076 0.0018 0.077 0.076 NSV - | - NSV NSV NSV NSV NO
4-Nitrotoluene 0.49 - 0.52 0/8 - - 0.25 0.0042 0.253 0.251 1,900 -] - 0.0003 0.0001 0.0001 0.0001 NO
HMX 0.15 - 0.15 1/8 0.21 YS08-SW04-1207 0.09 0.05 0.12 0.09 330 0/8 0.001 0.0003 0.0004 0.0003 NO
Nitrobenzene 0.15 - 0.16 1/8 0.050 YSA14-SW02-1207| 0.073 0.0093 0.079 0.072 66.8 0/8 0.0007 - - - NO
Nitroglycerin 0.98 - 1.00 0/8 - - 0.50 0.0038 0.500 0.497 NSV - | - NSV NSV NSV NSV NO
PETN 0.98 - 1.00 0/8 - - 0.50 0.0038 0.500 0.497 85,000 - | - 0.000012 [ 0.000006 | 0.000006 | 0.000006 NO
RDX 0.24 - 0.25 1/8 0.04 YS08-SW04-1207 0.11 0.03 0.13 0.11 186 0/8 0.0002 - - - NO
Tetryl 0.15 - 0.16 0/7 - - 0.076 0.0019 0.077 0.076 NSV - | - NSV NSV NSV NSV NO
Volatile Organic Compounds (UG/L)

1,1,1-Trichloroethane 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 312 - | - 0.03 0.02 0.02 0.02 NO
1,1,2,2-Tetrachloroethane 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 90.2 -] - 0.11 0.06 0.06 0.06 NO
1,1,2-Trichloro-1,2,2-trifluoroethane(Freon-113) 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 NSV - - NSV NSV NSV NSV NO
1,1,2-Trichloroethane 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 550 - | - 0.018 0.009 0.009 0.009 NO
1,1-Dichloroethane 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 47.0 -] - 0.21 0.11 0.11 0.11 NO
1,1-Dichloroethene 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 2,240 -] - 0.004 0.002 0.002 0.002 NO
1,2,4-Trichlorobenzene 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 450 - | - 2.22 1.11 1.11 1.11 NO®
1,2-Dibromo-3-chloropropane 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 NSV - | - NSV NSV NSV NSV NO
1,2-Dibromoethane 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 NSV - | - NSV NSV NSV NSV NO
1,2-Dichlorobenzene 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 19.7 -] - 0.51 0.25 0.25 0.25 NO
1,2-Dichloroethane 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 1,130 -] - 0.009 0.004 0.004 0.004 NO
1,2-Dichloropropane 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 2,400 -] - 0.004 0.002 0.002 0.002 NO
1,3-Dichlorobenzene 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 28.5 -] - 0.35 0.18 0.18 0.18 NO

NSV - No Screening Value

1 - Shaded cells indicate hazard quotient based on reporting limits

2 - Macronutrient - Not considered to be a COPC

3 - See Uncertainties Page 5 of 6



Table 8-14

Screening Statistics - Sites 8 and 34 - Surface Water

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

m TUUl ATTUImeuc OCUNICuIT
Frequency | Maximum Maximum Standard [ 95% UCL Maximum|  Mean 95% UCL [ Mean
Range of Non- of Concentration Detected Arithmetic| Deviation |  (Normal | Geometric | Screening |Frequency of| Hazard | Hazard Hazard Hazard
Chemical Detect Values | Detection Detected Concentration Mean of Mean | Distribution) Mean Value | Exceedance Quotient1 Quotient | Quotient | Quotient | COPC?
1,4-Dichlorobenzene 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 19.9 - | - 0.50 0.25 0.25 0.25 NO
2-Butanone 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 14,000 - | - 0.0007 0.0004 0.0004 0.0004 NO
2-Hexanone 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 99.0 - | - 0.10 0.05 0.05 0.05 NO
4-Methyl-2-pentanone 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 170 - | - 0.059 0.029 0.029 0.029 NO
Acetone 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 1,500 - | - 0.007 0.003 0.003 0.003 NO
Benzene 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 109 - | - 0.092 0.046 0.046 0.046 NO
Bromodichloromethane 10.0 - 10.0 0/8 - -- 5.00 0.0 5.00 5.00 NSV -/ - NSV NSV NSV NSV NO
Bromoform 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 640 - | - 0.016 0.008 0.008 0.008 NO
Bromomethane 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 120 - | - 0.083 0.042 0.042 0.042 NO
Carbon disulfide 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 0.92 -/ - 10.9 5.43 5.43 5.43 NO®
Carbon tetrachloride 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 1,500 - | - 0.007 0.003 0.003 0.003 NO
Chlorobenzene 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 105 - | - 0.095 0.048 0.048 0.048 NO
Chloroethane 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 NSV - | - NSV NSV NSV NSV NO
Chloroform 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 815 - | - 0.012 0.006 0.006 0.006 NO
Chloromethane 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 2,700 -] - 0.004 0.002 0.002 0.002 NO
Cyclohexane 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 NSV - | - NSV NSV NSV NSV NO
Dibromochloromethane 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 NSV -/ - NSV NSV NSV NSV NO
Dichlorodifluoromethane (Freon-12) 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 NSV - | - NSV NSV NSV NSV NO
Ethylbenzene 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 25.0 -] - 0.40 0.20 0.20 0.20 NO
Isopropylbenzene 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 NSV - | - NSV NSV NSV NSV NO
Methyl acetate 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 NSV - | - NSV NSV NSV NSV NO
Methyl-tert-butyl ether (MTBE) 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 11,070 - | - 0.0009 0.0005 0.0005 0.0005 NO
Methylcyclohexane 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 NSV - | - NSV NSV NSV NSV NO
Methylene chloride 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 2,560 -] - 0.004 0.002 0.002 0.002 NO
Styrene 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 910 - | - 0.011 0.005 0.005 0.005 NO
Tetrachloroethene 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 45.0 - - 0.22 0.11 0.11 0.11 NO
Toluene 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 215 - | - 0.047 0.023 0.023 0.023 NO
Trichloroethene 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 1,940 -] - 0.005 0.003 0.003 0.003 NO
Trichlorofluoromethane(Freon-11) 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 NSV - | - NSV NSV NSV NSV NO
Vinyl chloride 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 930 - | - 0.011 0.005 0.005 0.005 NO
Xylene, total 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 19.0 -] - 0.53 0.26 0.26 0.26 NO
cis-1,2-Dichloroethene 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 680 - | - 0.015 0.007 0.007 0.007 NO
cis-1,3-Dichloropropene 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 7.90 - | - 1.27 0.63 0.63 0.63 NO
trans-1,2-Dichloroethene 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 680 - - 0.015 0.007 0.007 0.007 NO
trans-1,3-Dichloropropene 10.0 - 10.0 0/8 - - 5.00 0.0 5.00 5.00 7.90 - - 1.27 0.63 0.63 0.63 NO

NSV - No Screening Value

1 - Shaded cells indicate hazard quotient based on reporting limits

2 - Macronutrient - Not considered to be a COPC

3 - See Uncertainties Page 6 of 6



Table 8-15

Screening Statistics - Sites 8 and 34 - Sediment

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

m Ul ATTUTITeUc OTUIIEUIT
Frequency | Maximum Maximum Standard [ 95% UCL Maximum| Mean |95%UCL| Mean
Range of Non- of Concentration Detected Arithmetic| Deviation | (Normal ~|Geometric| Screening |Frequency of| Hazard | Hazard | Hazard | Hazard

Chemical Detect Values | Detection Detected Concentration Mean of Mean | Distribution) [ Mean Value | Exceedance | Quotient'| Quotient | Quotient | Quotient | COPC?
Inorganics (MG/KG)
Aluminum - - - 8 /8 26,500 YS08-SD04-1207 | 18,424 5,600 22,175 17,322 18,000 718 1.47 1.02 1.23 0.96 YES
Antimony 150 - 134 0/8 - - 4.48 2.40 6.08 3.46 2.00 - | - 6.70 2.24 3.04 1.73 NO’
Arsenic - - 8 /8 13.4 YS08-SD04-1207 10.7 2.05 12.1 10.6 8.20 8 /8 1.63 131 1.48 1.29 YES
Barium 8 /8 46.6 YS08-SD04-1207 34.9 9.86 41.5 33.0 48.0 0/8 0.97 0.73 0.86 0.69 NO
Beryllium - - - 8 /8 1.10 YS08-SD04-1207 0.83 0.24 1.00 0.79 NSV -] - NSV NSV NSV NSV YES
Cadmium 0.32 - 110 5/8 0.32 YSA14-SD03-1207|  0.23 0.15 0.33 0.19 1.20 0/8 0.27 0.19 0.28 0.16 NO
Calcium 2 8 /8 3,920 YSA14-SD02-1207| 2,485 611 2,894 2,432 NSV - - NSV NSV NSV NSV NO
Chromium 8 /8 47.9 YS08-SD04-1207 37.7 9.46 44.1 36.2 81.0 0/8 0.59 0.47 0.54 0.45 NO
Cobalt 8 /8 10.5 YS08-SD04-1207 7.43 2.00 8.76 7.12 10.0 1/8 1.05 0.74 0.88 0.71 NO
Copper - - - 8 /8 19.2 YSA14-SD03-1207|  14.7 4.86 17.9 13.7 34.0 0/8 0.56 0.43 0.53 0.40 NO
Cyanide 4.10 - 6.40 0/8 - - 2.79 0.34 3.02 2.77 NSV -] - NSV NSV NSV NSV NO
Iron - - - 8 /8 50,300 YS08-SD04-1207 | 34,938 7,380 39,881 34,315 | 220,000 0/8 0.23 0.16 0.18 0.16 NO
Lead 8 /8 32.9 YSA14-SD03-1207|  25.9 8.39 315 24.1 46.7 0/8 0.70 0.56 0.68 0.52 NO
Magnesium * 8 /8 7,670 YS08-SD04-1207 6,259 1,642 7,359 5,968 NSV - - NSV NSV NSV NSV NO
Manganese - - - 8 /8 412 YS08-SD04-1207 271 108 343 249 260 3/8 1.58 1.04 1.32 0.96 YES
Mercury 0.05 - 0.13 418 0.16 YSA14-SD03-1207|  0.09 0.05 0.12 0.07 0.15 1/8 1.07 0.58 0.80 0.48 NO
Nickel - - - 8 /8 19.5 YS08-SD04-1207 154 4.23 18.3 14.7 20.9 0/8 0.93 0.74 0.87 0.70 NO
Potassium 2 - - - 8 /8 4,800 YS08-SD04-1207 3,841 818 4,389 3,741 NSV - - NSV NSV NSV NSV NO
Selenium 057 - 7.9 0/8 - - 1.62 1.74 2.78 0.86 1.00 -/ - 7.9 1.62 2.78 0.86 NO’
Silver 2.10 - 2.20 6 /8 1.20 YSA14-SD01-1207|  0.74 0.40 1.01 0.60 1.00 218 1.20 0.74 1.01 0.60 YES
Sodium ° - - - 8 /8 12,600 YS08-SD01-1207 9,915 3,085 11,981 9,274 NSV - - NSV NSV NSV NSV NO
Thallium 3.40 - 5.60 0/8 - - 2.48 0.37 2.72 2.45 NSV -] - NSV NSV NSV NSV NO
Vanadium 8 /8 60.9 YS08-SD04-1207 46.2 12.2 54.4 44.1 57.0 1/8 1.07 0.81 0.95 0.77 NO
Zinc 8 /8 129 YSA14-SD03-1207|  90.7 32.6 113 84.2 150 0/8 0.86 0.60 0.75 0.56 NO
Pesticide/Polychlorinated Biphenyls (UG/KG)
4,4-DDD 6.30 - 10.0 0/8 - - 4.52 0.58 4.91 4.48 2.00 -/ - 5.00 2.26 2.45 2.24 NO’
4,4-DDE 6.30 - 10.0 0/8 - - 4.52 0.58 4.91 4.48 2.20 -/ - 4.55 2.05 2.23 2.04 NO’
4,4-DDT 6.30 - 10.0 0/8 - - 4.52 0.58 4.91 4.48 1.00 -/ - 10.0 4.52 491 4.48 NO’
Aldrin 3.30 - 5.30 0/8 - - 2.34 0.30 2.55 2.32 9.50 -] - 0.56 0.25 0.27 0.24 NO
Aroclor-1016 63.0 - 100 0/8 - - 45.2 5.79 49.1 44.8 40.0 -/ - 2.50 1.13 1.23 1.12 NO’
Aroclor-1221 130 - 210 0/8 - - 93.1 12.2 101 92.3 40.0 - | - 5.25 2.33 2.53 231 NO’
Aroclor-1232 63.0 - 100 0/8 - - 45.2 5.79 49.1 44.8 40.0 -/ - 2.50 113 1.23 1.12 NO’
Aroclor-1242 63.0 - 100 0/8 - - 45.2 5.79 49.1 44.8 40.0 -/ - 2.50 113 1.23 1.12 NO’
Aroclor-1248 63.0 - 100 0/8 - - 45.2 5.79 49.1 44.8 40.0 -] - 2.50 1.13 1.23 1.12 NO’

NSV - No Screening Value

1 - Shaded cells indicate hazard quotient based on reporting limits

2 - Macronutrient - Not considered to be a COPC

3 - See Uncertainties Page 1 of 6




Table 8-15

Screening Statistics - Sites 8 and 34 - Sediment

Remedial Investigation Report for Groundwater at Sites 8 and 34
Naval Weapons Station Yorktown, Yorktown, Virginia

m Ul ATTUTITeUc OTUIIEUIT
Frequency | Maximum Maximum Standard [ 95% UCL Maximum| Mean |95%UCL| Mean
Range of Non- of Concentration Detected Arithmetic| Deviation | (Normal ~|Geometric| Screening |Frequency of| Hazard | Hazard | Hazard | Hazard
Chemical Detect Values | Detection Detected Concentration Mean of Mean | Distribution) [ Mean value | Exceedance | Quotient*| Quotient Quotient | Quotient [ COPC?

Aroclor-1254 63.0 - 100 0/8 - - 45.2 5.79 49.1 44.8 40.0 - | - 2.50 1.13 1.23 1.12 NO?
Avroclor-1260 63.0 - 100 0/8 - - 45.2 5.79 49.1 44.8 40.0 - | - 2.50 1.13 1.23 1.12 NO’
Dieldrin 6.30 - 10.0 0/8 - - 4.52 0.58 4.91 4.48 0.72 - | - 13.9 6.28 6.81 6.22 NO’
Endosulfan | 3.30 - 5.30 0/8 - - 2.34 0.30 2.55 2.32 10.0 - | - 0.53 0.23 0.25 0.23 NO
Endosulfan I! 6.30 - 10.0 0/8 - - 4.52 0.58 4.91 4.48 10.0 - | - 1.00 0.45 0.49 0.45 NO
Endosulfan sulfate 6.30 - 10.0 0/8 - - 4.52 0.58 4.91 4.48 10.0 - | - 1.00 0.45 0.49 0.45 NO
Endrin 6.30 - 10.0 0/8 - - 4.52 0.58 4.91 4.48 2.67 - | - 3.75 1.69 1.84 1.68 NO’
Endrin aldehyde 6.30 - 10.0 0/8 - - 4.52 0.58 4.91 4.48 2.67 - | - 3.75 1.69 1.84 1.68 NO’
Endrin ketone 6.30 - 10.0 0/8 - - 4.52 0.58 4.91 4.48 2.67 - | - 3.75 1.69 1.84 1.68 NO’
Heptachlor 3.30 - 5.30 0/8 - - 2.34 0.30 2.55 2.32 0.30 - | - 17.7 7.81 8.49 7.75 NO’
Heptachlor epoxide 3.30 - 5.30 0/8 - - 2.34 0.30 2.55 2.32 0.60 - | - 8.8 391 4.24 3.87 NO’
Methoxychlor 33.0 - 53.0 0/8 - - 234 3.02 255 23.2 29.6 - | - 1.79 0.79 0.86 0.79 NO
Toxaphene 330 - 530 0/8 -- - 234 30.2 255 232 536 - | - 0.99 0.44 0.47 0.43 NO
alpha-BHC 3.30 - 5.30 0/8 - - 2.34 0.30 2.55 2.32 6.00 - | - 0.88 0.39 0.42 0.39 NO
alpha-Chlordane 3.30 - 5.30 0/8 - - 2.34 0.30 2.55 2.32 2.26 - | - 2.35 1.04 1.13 1.03 NO’
beta-BHC 3.30 - 5.30 0/8 - - 2.34 0.30 2.55 2.32 5.00 - | - 1.06 0.47 0.51 0.46 NO
delta-BHC 3.30 - 5.30 0/8 - - 2.34 0.30 2.55 2.32 5.00 - | - 1.06 0.47 0.51 0.46 NO
gamma-BHC (Lindane) 3.30 - 5.30 0/8 - - 2.34 0.30 2.55 2.32 0.32 - | - 16.6 7.32 7.96 7.26 NO’
gamma-Chlordane 3.30 - 5.30 0/8 - - 2.34 0.30 2.55 2.32 2.26 - | - 2.35 1.04 1.13 1.03 NO’
Semivolatile Organic Compounds (UG/KG)

1,1-Biphenyl 1,300 - 2,100 0/8 - - 919 119 999 911 1,100 - | - 1.91 0.84 0.91 0.83 NO
2,2'-Oxyhis(1-chloropropane) 1,300 - 2,100 0/8 - - 919 119 999 911 NSV -] - NSV NSV NSV NSV NO
2,4,5-Trichlorophenol 1,300 - 2,100 0/8 - - 919 119 999 911 819 - | - 2.56 112 1.22 1.11 NO’
2,4,6-Trichlorophenol 1,300 - 2,100 0/8 - - 919 119 999 911 2,647 - | - 0.79 0.35 0.38 0.34 NO
2,4-Dichlorophenol 1,300 - 2,100 0/8 - - 919 119 999 911 117 - | - 17.9 7.85 8.54 7.79 NO’
2,4-Dimethylphenol 1,300 - 2,100 0/8 - - 919 119 999 911 29.0 - | - 72.4 317 34.4 314 NO’
2,4-Dinitrophenol 6,500 - 11,000 0 /8 - - 4,694 650 5,129 4,648 NSV -] - NSV NSV NSV NSV NO
2,4-Dinitrotoluene 1,300 - 2,100 0/8 - - 919 119 999 911 41.6 - | - 50.4 22.1 24.0 21.9 NO’
2,6-Dinitrotoluene 1,300 - 2,100 0/8 - - 919 119 999 911 NSV -] - NSV NSV NSV NSV NO
2-Chloronaphthalene 1,300 - 2,100 0/8 - - 919 119 999 911 NSV -] - NSV NSV NSV NSV NO
2-Chlorophenol 1,300 - 2,100 0/8 - - 919 119 999 911 344 - | - 6.10 2.67 2.90 2.65 NO’
2-Methylnaphthalene 1,300 - 2,100 0/8 - - 919 119 999 911 20.2 - | - 104 45.5 49.4 45.1 NO’
2-Methylphenol 1,300 - 2,100 0/8 - - 919 119 999 911 63.0 - | - 333 14.6 15.9 145 NO’
2-Nitroaniline 6,500 - 11,000 0 /8 - - 4,694 650 5,129 4,648 NSV -/ - NSV NSV NSV NSV NO

NSV - No Screening Value

1 - Shaded cells indicate hazard quotient based on reporting limits

2 - Macronutrient - Not considered to be a COPC

3 - See Uncertainties Page 2 of 6




Table 8-15
Screening Statistics - Sites 8 and 34 - Sediment

Remedial Investigation Report for Groundwater at Sites 8 and 34

Naval Weapons Station Yorktown, Yorktown, Virginia

m ToUUl AU uc OCUNICuIT
Frequency | Maximum Maximum Standard [ 95% UCL Maximum| Mean |95%UCL| Mean
Range of Non- of Concentration Detected Arithmetic| Deviation | (Normal ~|Geometric| Screening |Frequency of| Hazard | Hazard | Hazard | Hazard
Chemical Detect Values | Detection Detected Concentration Mean of Mean | Distribution) [ Mean Value | Exceedance | Quotient'| Quotient | Quotient | Quotient | COPC?
2-Nitrophenol 1,300 - 2,100 0/8 - 919 119 999 911 NSV -] - NSV NSV NSV NSV NO
3,3"-Dichlorobenzidine 1,300 - 2,100 0/8 - 919 119 999 911 2,060 - | - 1.02 0.45 0.48 0.44 NO
3-Nitroaniline 6,500 - 11,000 0 /8 - 4,694 650 5,129 4,648 NSV -] - NSV NSV NSV NSV NO
4,6-Dinitro-2-methylphenol 6,500 - 11,000 0 /8 - 4,694 650 5,129 4,648 NSV -] - NSV NSV NSV NSV NO
4-Bromophenyl-phenylether 1,300 - 2,100 0/8 - 919 119 999 911 1,300 - - 1.62 0.71 0.77 0.70 NO
4-Chloro-3-methylphenol 1,300 - 2,100 0/8 - 919 119 999 911 NSV -] - NSV NSV NSV NSV NO
4-Chloroaniline 2,500 - 4,100 0/8 - 1,806 244 1,970 1,789 NSV -] - NSV NSV NSV NSV NO
4-Chlorophenyl-phenylether 1,300 - 2,100 0/8 - 919 119 999 911 NSV - - NSV NSV NSV NSV NO
4-Methylphenol 1,300 - 2,100 0/8 - 919 119 999 911 670 - - 3.13 1.37 1.49 1.36 NO®
4-Nitroaniline 6,500 - 11,000] 0 /8 - 4,694 650 5,129 4,648 NSV -] - NSV NSV NSV NSV NO
4-Nitrophenol 6,500 - 11,000 0 /8 - 4,694 650 5,129 4,648 NSV -] - NSV NSV NSV NSV NO
Acenaphthene 1,300 - 2,100 0/8 - 919 119 999 911 16.0 - - 131 57.4 62.4 56.9 NO®
Acenaphthylene 1,300 - 2,100 0/8 - 919 119 999 911 44.0 - - 47.7 20.9 22.7 20.7 NO®
Acetophenone 1,300 - 2,100 0/8 - 919 119 999 911 NSV -] - NSV NSV NSV NSV NO
Anthracene 1,300 - 2,100 0/8 - 919 119 999 911 85.3 - - 24.6 10.8 11.7 10.7 NO®
Atrazine 1,300 - 2,100 0/8 - 919 119 999 911 6.62 - - 317 139 151 138 NO®
Benzaldehyde 1,300 - 2,100 0/8 - 919 119 999 911 NSV -] - NSV NSV NSV NSV NO
Benzo(a)anthracene 1,300 - 2,100 0/8 - 919 119 999 911 261 -] - 8.05 3.52 3.83 3.49 NO®
Benzo(a)pyrene 1,300 - 2,100 0/8 - 919 119 999 911 430 - - 4.88 214 2.32 2.12 NO®
Benzo(b)fluoranthene 1,300 - 2,