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SECTION 1 

Introduction 

This Site Screening Process (SSP) Report presents the data and findings of the investigation 
activities conducted at the former Morale, Welfare, and Recreation (MWR) Skeet Range, 
located at the Joint Expeditionary Base (JEB) Little Creek, Virginia Beach, Virginia 
(Figure 1-1). The former MWR Skeet Range was historically used for recreational shooting 
of clay skeet targets with shotguns from approximately 1962 to 1985.  

The Preliminary Assessment (PA) Report for the former MWR Skeet Range concluded that 
since munitions were historically used at the site there is the potential for contamination 
from munitions constituents (MC) to environmental media (Malcolm Pirnie, 2006). SSP 
activities were conducted June 18 through 29, 2010 to characterize potential contamination 
within soil and groundwater, and determine if additional investigation or remedial action is 
warranted. Investigation activities were conducted in accordance with the Sampling and 
Analysis Plan, Morale, Welfare, and Recreation Skeet Range, Site Inspection, Military Munitions 
Response Program (CH2M HILL, 2010). 

This report was prepared under the United States Department of the Navy (Navy), Naval 
Facilities Engineering Command (NAVFAC), Mid-Atlantic Division, Comprehensive Long-
term Environmental Action—Navy (CLEAN) Contract N62470-08-D-1000, Contract Task 
Order 0036, for submittal to NAVFAC, United States Environmental Protection Agency 
(USEPA) Region 3, and the Virginia Department of Environmental Quality (VDEQ).  

1.1 Objectives and Approach 

The overall objectives of this SSP are to determine whether a release of MC to environmental 
media has occurred; if so, determine whether the release poses potentially unacceptable 
human health or ecological risks; and determine the appropriate path forward for the site. 
The specific objectives and approach of the SSP are as follows: 

 Collection of 13 surface and subsurface soil samples for analysis of arsenic, lead, and 
polycyclic aromatic hydrocarbons (PAHs); one surface and subsurface soil sample also 
analyzed for copper and zinc. 

 Collection of four groundwater samples for analysis of arsenic, lead, and PAHs; one 
groundwater sample also analyzed for copper and zinc. 

 Obtain shallow subsurface characterization data to evaluate hydrogeologic conditions 
and determine the extent of fill material. 

 Conduct field sieve analysis for the identification of lead shot and skeet target 
fragments.  
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1.2 JEB Little Creek Description and History 

JEB Little Creek is approximately 2,215 acres in size and located in the northwest corner of 
Virginia Beach, Virginia (Figure 1-1). The facility is low-lying and relatively flat with several 
freshwater lakes (Chubb Lake, Lake Bradford, Little Creek Reservoir/Lake Smith, and Lake 
Whitehurst) located on or adjacent to the base. JEB Little Creek centers around four 
saltwater bodies: Little Creek Harbor, Little Creek Cove, Desert Cove, and Little Creek 
Channel, which connects the coves and harbor with the Chesapeake Bay.  

JEB Little Creek grew out of four bases constructed during World War II: the Amphibious 
Training Base, the Naval Frontier Base, and Camps Bradford and Shelton. It consisted of 
three annexes named for the former owners of the property: Shelton on the east, Bradford in 
the center, and Whitehurst to the west. A Secretary of the Navy letter in July 1945 
disestablished the separate bases and established JEB Little Creek on August 10, 1945. In 
1946, JEB Little Creek was designated a permanent base. The Base’s mission was the training 
of landing craft personnel for operational assignments.  

JEB Little Creek has expanded in both area and the complexity of its mission over the past 
50 years. JEB Little Creek is currently used primarily as an industrial and training facility to 
support amphibious warfare operations and training for the Armed Forces of the United 
States. Base personnel provide logistic facilities and support services to 27 home-ported 
ships and more than 80 tenant commands. Operations that have occurred at the JEB Little 
Creek include: vehicle and boat maintenance, boat painting and sandblasting, construction 
and repair of buildings and piers, mixing and application of pesticides, electroplating of 
musical instruments, laundry and dry cleaning, medical and dental treatment, and the 
generation of steam for heat. 

In addition to industrial land use, JEB Little Creek and the surrounding areas are also used 
for recreational, commercial, and residential purposes. Specifically, the southeast corner of 
the base has been developed for residential use. Little Creek Reservoir/Lake Smith, located 
upgradient of the base, serves as a secondary drinking water supply for parts of the City of 
Norfolk. 

On October 1, 2009, Hampton Roads’ first Department of Defense Joint Base was 
established. This new installation comprises the former Naval Amphibious Base Little Creek 
and Army post of Fort Story; the new name is JEB Little Creek-Fort Story. With the forming 
of this new command, the Navy assumes responsibility for management of both properties 
and will now merge meetings regarding the ongoing Environmental Restoration Programs. 
However, separate records will be maintained to ensure the integrity of ongoing efforts at 
both properties. For public notices and distributions, the former bases will be  identified as 
JEB Little Creek-Fort Story. For ERP documents, the bases will be referred to separately as 
JEB Little Creek and JEB Fort Story.  

JEB Little Creek was placed on the National Priorities List on May 10, 1999, which required 
all subsequent Navy environmental restoration activities at the facility be conducted under 
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA). 
The Navy, USEPA, and VDEQ executed a Federal Facility Agreement in November 2003 
that establishes the procedural framework and schedule for implementing the CERCLA 
response actions for JEB Little Creek. 
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The Department of Defense established the Military Munitions Response Program (MMRP) 
under the Defense Environmental Restoration Program to address munitions and explosives 
of concern (MEC) and MC at closed ranges and other sites. The MMRP response action is 
conducted under the process outlined in the National Contingency Plan as authorized by 
CERCLA.  

1.3 MWR Skeet Range Description and History 

The former MWR Skeet Range is approximately 35 acres in size and located in the 
northwestern portion of JEB Little Creek, adjacent to Desert Cove, the Connector Channel, 
and Little Creek Channel (Figures 1-1 and 1-2). The site is fan-shaped, encompasses the 
former high house, low house, and storage Building 3902 to the south, and mimics the 900-
foot safety danger zone (SDZ) to the north. The site overlaps portions of Desert Cove, the 
Connector Channel, and Little Creek Channel. 

Between 1937 and 1954, prior to the construction of the skeet range, the southern edge of the 
site was created from the placement of dredge spoils (Figure 1-3). Following placement of 
the dredge fill material, the topography was relatively flat with ground elevations ranging 
from 0 to 15 feet above mean sea level (amsl) (Malcolm Pirnie, 2006). The northern and 
eastern regions of the site were heavily vegetated, with little to no vegetation to the south.  

The MWR Skeet Range first appeared on base maps in 1962 and continued operation until 
1985. Figure 1-4 presents an aerial photograph of the site during the time of range operation. 
The skeet range was reportedly used exclusively for recreational shotgun target practice 
with skeet fired from two launching pads, the high house and low house, located in the 
southern portion of the site. The exact quantity of skeet launched and ammunition fired at 
the former MWR Skeet Range during operation is unknown (Malcolm Pirnie, 2006).  

In 1985, a concrete landing craft air cushion (LCAC) pad was constructed over the former 
MWR Skeet Range (Figure 1-2). To facilitate construction of the pad, the high house, low 
house, and storage Building 3902 were demolished and the entire area was re-graded. A 
man-made, earthen berm and concrete wall surround the LCAC pad. The LCAC pad is 
currently a plateau at approximately 15 feet amsl. In addition, two large aboveground fuel 
tanks were installed in the northeastern portion of the MWR Skeet Range following its 
closure. An associated fuel pipeline runs the length of the southern boundary of the site.  

1.4 Previous Investigations 

1.4.1 Background Investigation 

A Background Study was conducted in 2000 for JEB Little Creek to develop background 
values for inorganics, pesticides, and PAHs that are indicative of natural and anthropogenic 
conditions in environmental media, for comparison with site specific data (CH2M HILL, 
2000). Soil background samples were collected from dredge fill, urban, and native soil areas. 
Groundwater samples were collected from ten background monitoring wells. Background 
95 percent upper tolerance limits (UTLs) were calculated for soil and groundwater. An 
addendum to the background study was completed in 2003 to refine the groundwater UTLs 
(CH2M HILL, 2003). 
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1.4.2 SWMU 7 Remedial Investigation 

As part of the Remedial Investigation conducted in 2002 for Solid Waste Management Unit 
(SWMU) 7, surface and subsurface sediment samples were collected within Desert Cove and 
the Connector Channel (Figure 1-5) (CH2M HILL, 2004). PAHs and inorganic constituents 
were detected within the sediment at concentrations posing potential risk to ecological 
receptors. Further investigation of Desert Cove and Connector Channel sediment was 
recommended.  

1.4.3 Preliminary Assessment 

A PA was completed in 2006 for the former MWR Skeet Range to identify potential sources 
of MEC- and MC-related contamination (Malcolm Pirnie, 2006). Because only shotgun 
ammunition was formerly used at the site, the PA concluded no MEC was expected to be 
present. The potential for MC was identified from lead, antimony, copper, zinc, and arsenic 
resulting from bullets, fragments, and bullet jackets, and PAHs resulting from the 
petroleum pitch used in clay skeet targets.  

1.4.4 Basis for Investigation 

Following the completion of the PA, a ―desktop‖ evaluation was completed to refine the 
conceptual site model through a review of the environmental history, aerial photographs, 
munitions use and potential primary and secondary MC (CH2M HILL, 2010). Following the 
evaluation, the Navy, in partnership with USEPA and VDEQ agreed investigation of soil 
and groundwater was required to determine if a release to the environment had occurred, 
and if so, if there were potentially unacceptable human health or ecological risks; however, 
no further evaluation of sediment and surface water is warranted for the protection of 
human health and the environment, based on the following: 

Surface Water 

Although the shotfall zone, where contamination would be expected, does not overlap the 
surrounding water bodies, MC in soil may have been historically transported to surface 
water and sediment via storm water runoff. Desert Cove and Connector Channel are inland 
to Little Creek Channel, which leads northward towards the Chesapeake Bay. These water 
bodies are tidally influenced, and regularly receive influxes of surface water; therefore, 
potential contamination is not expected to accumulate in the surrounding surface water 
bodies.  

Sediment  

Sediment samples collected as part of the SWMU 7 Remedial Investigation (RI) 
(CH2M HILL, 2004) were evaluated to determine if detected concentrations of MC related to 
the Skeet Range indicate the potential for sediment to have been impacted by historic site 
activities. Although during the time of range operation, occasional dredging occurred 
within Little Creek Channel; following range closure in 1985, no dredging of Desert Cove or 
the channel took place prior to collection of SWMU 7 RI samples, therefore the data was 
determined to be representative of potential Skeet Range impacts. PAH concentrations 
detected in sediment samples collected from within the SDZ were similar to or less than 
those detected throughout Desert Cove (Figure 1-5). The highest concentrations of PAHs 
and primary inorganic MC were detected in the southern portion of Desert Cove. The 
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pattern of detections indicates PAHs and inorganic MC in sediment are not a result of Skeet 
range activities.  

1.5 Report Organization 

The SSP Report is organized into the following sections: 

 Section 1—Introduction  

 Section 2—Field Investigation Activities and Data Evaluation 

 Section 3—Investigative Results 

 Section 4—Conclusions and Recommendations 

 Section 5—References 

Figures and tables referenced throughout the report are provided at the end of each section. 
Appendixes are provided at the end of the report. 
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Figure 1-5
SWMU 7 Sample Locations and MC Detections

Former MWR Skeet Range Site Screening Process Report
JEB Little Creek

Virginia Beach, Virginia
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Notes:
J - Reported value is estimated
µg/kg - micrograms per kilogram
µg/kg - micrograms per kilogram

Station ID
Sample Date
Total PAHs (µg/kg) 1,352 1,211

Arsenic 7.4 7.3
Copper 48.9 53.5
Lead 27.9 28.4
Zinc 149 174

SD202SD201
LW07-B5 

Total Metals (mg/kg)

09/27/02

Station ID
Sample Date
Total PAHs (µg/kg) 315 1,629

Arsenic 1.1 J 9.2
Copper 9.2 68.7
Lead 5.7 37.8
Zinc 34.8 223

SD201 SD202
LW07-B7

09/27/02

Total Metals (mg/kg)

Station ID
Sample Date
Total PAHs (µg/kg) 1,211 2,294

Arsenic 9.5 9.1
Copper 72.5 70.3
Lead 38.1 38.5
Zinc 223 222

Total Metals (mg/kg)

SD201
LW07-D5

09/27/02
SD202

Station ID
Sample Date
Total PAHs (µg/kg) 2,167 2,899

Arsenic 4.4 7.4
Copper 42.7 55.9
Lead 30.1 38.1
Zinc 146 212

Total Metals (mg/kg)

LW07-F3

09/27/02
SD201 SD202

Station ID
Sample Date
Total PAHs (µg/kg) 3,532 2,268

Arsenic 4.8 5.9
Copper 37.6 47.7
Lead 36.2 32.9
Zinc 142 162

SD201 SD202

Total Metals (mg/kg)

LW07-F5

09/27/02

Station ID
Sample Date
Total PAHs (µg/kg) 23,932 16,860

Arsenic 10.6 11.3
Copper 110 134
Lead 69.1 70.1
Zinc 397 445

Total Metals (mg/kg)

SD201 SD202
LW07-H1

09/27/02
Station ID
Sample Date
Total PAHs (µg/kg) 5,034 3,102

Arsenic 10.4 9
Copper 90 83.5
Lead 56.9 50.8
Zinc 328 310

SD201 SD202

Total Metals (mg/kg)

LW07-H3

09/27/02

Station ID
Sample Date
Total PAHs (µg/kg) 1,937 1,873

Arsenic 1.5 J 7.6
Copper 35.2 21.6
Lead 56.4 63.1
Zinc 157 97

SD201 SD202

Total Metals (mg/kg)

LW07-H5

09/26/02
Station ID
Sample Date
Total PAHs (µg/kg) 4,270 4,265

Arsenic 10.6 8.7
Copper 65.7 55
Lead 50.7 46.9
Zinc 308 299

SD201 SD202
LW07-J4

09/28/02

Total Metals (mg/kg)

Station ID
Sample Date
Total PAHs (µg/kg) 13,880 34,160

Arsenic 11.4 9.6
Copper 118 102
Lead 65.2 67.6
Zinc 415 383

LW07-K1

09/27/02
SD201 SD202

Total Metals  (mg/kg)

Station ID
Sample Date
Total PAHs (µg/kg) 5,334 7,816

Arsenic 6.2 7.3
Copper 65 63.2
Lead 255 40.1
Zinc 402 283

SD201 SD202
LW07-K3

09/28/02

Total Metals (mg/kg)

Station ID
Sample Date
Total PAHs (µg/kg) 30,298 10,367

Arsenic 8.2 7.4
Copper 70.1 58.6
Lead 152 49.5
Zinc 303 299

LW07-K4
SD201 SD202

09/28/02

Total Metals (mg/kg)

Station ID
Sample Date
Total PAHs (µg/kg) 28,380 12,615

Arsenic 10.7 10.2
Copper 90 103
Lead 51.1 59.3
Zinc 336 305

09/28/02
SD201 SD202

LW07-K5

Total Metals (mg/kg)

Station ID
Sample Date
Total PAHs (µg/kg) 2,910 2,670

Arsenic 2 J 2.1 J
Copper 24.5 19.4
Lead 14 12.7
Zinc 75.9 73.1

LW07-K6

09/28/02
SD201 SD202

Total Metals  (mg/kg)

Station ID
Sample Date
Total PAHs (µg/kg) 20,894 82,947

Arsenic 11.3 12.1
Copper 90.1 104
Lead 69.8 143
Zinc 362 419

LW07-L5

09/28/02

Total Metals (mg/kg)

SD201 SD202

Station ID
Sample Date
Total PAHs (µg/kg) 8,798 5,126

Arsenic 8.7 7.6
Copper 109 88
Lead 177 143
Zinc 628 449

LW07-M1

09/27/02

Total Metals (mg/kg)

SD201 SD202

Station ID
Sample Date
Total PAHs (µg/kg) 68,134 46,208

Arsenic 10.6 12.4
Copper 121 124
Lead 107 110
Zinc 1,360 767

SD202
LW07-M3

09/28/02

Total Metals (mg/kg)

SD201

Station ID
Sample Date
Total PAHs (µg/kg) 18,898

Arsenic 12.6
Copper 117
Lead 83.9
Zinc 491

SD201
10/01/02

LW07-L2

Total Metals (mg/kg)

Station ID
Sample Date
Total PAHs (µg/kg) 16,532

Arsenic 9.8
Copper 87
Lead 60
Zinc 354

SD201
10/01/02

Total Metals (mg/kg)

LW07-L6



 

ES081110092022VBO 2-1 

SECTION 2 

Field Investigation Activities and Data 
Evaluation 

Former MWR Skeet Range SSP activities included the collection of groundwater, surface 
and subsurface soil, and pellet count samples. Sample locations are presented on Figure 2-1. 
Specific details of the sampling objectives are presented in the Sampling and Analysis Plan 
(SAP) (CH2M HILL, 2010). Field activities were conducted in general accordance with the 
standard operating procedures (SOPs) presented in the SAP. Appropriate quality 
assurance/ quality control (QA/QC) sampling was conducted according to Navy CLEAN 
and CH2M HILL protocols, including duplicates, field blanks, equipment blanks, and 
matrix spike/matrix spike duplicates. Field notes are provided in Appendix A and raw 
analytical data is presented in Appendix B.  

2.1 Site Preparation 

Prior to mobilization, proposed sampling locations were marked using a global positioning 
system (GPS) unit. Miss Utility and the Little Creek Public Works Commission were 
contacted prior to the commencement of the field activities to identify any potential 
underground utilities. Utilities were also located by a third-party subcontractor. Sample 
location SS/SB07 was moved approximately 45 feet to the southeast due to the presence of 
underground utilities. The revised coordinates were collected by a handheld GPS unit and 
uploaded to the database. 

2.2 Soil Sampling 

Thirteen co-located surface and subsurface soil samples were collected to determine if a 
release of MC to soil occurred (Figure 2-1). Soil samples were collected using a direct push 
technology (DPT) mounted drill rig. Prior to sample collection, soil cores were collected at 
each location using 4-foot acetate sleeves and logged for lithologic characterization 
according to the Unified Soil Classification System. Boring logs are provided in 
Appendix C.  

The surface and subsurface geology within the area of investigation is generally 
characterized by two varieties of fill material: dredge fill, which is representative of the 
ground surface during range operation, and post-range closure fill. Surface soil samples 
were collected in 6 inch intervals selected to be representative of the ground surface during 
range operation. Sample depths were field determined based on lithologic descriptions. 
Dredge fill is currently present at the ground surface in southeastern portion of the site, 
therefore surface soil samples were collected at the ground surface in this area. In areas 
where fill material had been placed following range closure (i.e., near the LCAC pad and 
northeastern portion of the site), surface soil samples were generally collected from 1 to 
6 feet below ground surface (bgs) within the first encountered dredge fill. Subsurface soil 
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samples were collected from the 1.5 foot interval directly below the co-located surface soil 
sample. Soil sample collection depths are presented on Table 2-1.  

All surface and subsurface soil samples were homogenized in plastic zipper lock bags, 
placed in laboratory prepared sample containers, packed on ice, and submitted to an offsite 
laboratory for analysis of arsenic, lead, and PAHs; surface and subsurface samples collected 
from SS/SB13 were also analyzed for copper and zinc.  

2.3 Pellet Count 

Pellet counts were conducted at each soil sample location where the current ground surface 
was identified as being representative of surface conditions during range operation, or 
where less than 6 inches of post-closure fill was present (SS01, SS03, SS04, SS05, and SS09). 
Pellet counts were conducted in accordance with the Soil Pellet Count SOP provided by 
VDEQ (CH2M HILL, 2010).  

Vegetation and debris was removed from the ground surface at each sample location and a 
3-inch by 3-inch square area was measured, and excavated to a depth of 3-inches. Excavated 
soils were placed on a tray, and weighed. The soil was passed through a 4 millimeter sieve 
to remove large particles and remaining plant material. Material remaining on the sieve was 
visually inspected for pellets. The material passing through the sieve was placed in a 
0.5 millimeter sieve and washed with water. The remaining material was placed on white 
paper, dried, and visually inspected for lead pellets.  

2.4 Groundwater Sampling 

Four temporary wells were installed within the surficial aquifer by advancing 2-3/4-inch 
DPT rods to determine if a release of MC to groundwater occurred (Figure 2-1). Well 
screens were set 5 feet below the water table as observed during logging of soil cores and 
ranged in depth from 12 to 16 feet bgs. Wells were constructed with 5 ft segments of 1 inch 
inner diameter polyvinyl chloride riser with 5 feet of machine slotted 0.010-inch screen with 
a pre-packed sand filter. Following well placement the DPT rods were removed leaving 
behind a disposable tip, and the borehole was allowed to collapse around the well casing.  

Prior to sampling, each temporary well was purged using a peristaltic pump and disposable 
tubing, with the intake placed at the middle of the screened interval. During well purging, 
water quality indicator parameters: dissolved oxygen, oxidation reduction potential, pH, 
specific conductivity, temperature, and turbidity were measured every 5 minutes using a 
Horiba U-22® water quality meter. Purging was conducted at a pumping rate ranging from 
190 to 270 milliliters per minute, and continued until three well volumes had been removed 
and turbidity had been reduced to the extent practicable. Following purging, turbidity was 
measured using a Hach™ test kit. Final water quality readings prior to sampling are 
summarized in Table 2-2.  

Groundwater samples were placed in laboratory prepared sample containers, placed on ice, 
and submitted to an offsite laboratory for analysis of dissolved arsenic and lead, and PAHs. 
Sample LSR01-DP01 was also analyzed for dissolved copper and zinc. Samples for dissolved 
parameters were field-filtered through a 0.45-micrometer filter prior to placement in sample 
containers. 
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2.5 Decontamination and Waste Management 

Disposable sampling equipment and personal protective equipment, such as sample tubing 
and nitrile gloves, were treated as non-hazardous solid waste. After use, equipment was 
placed in plastic contractor bags and disposed of in an on-site trash dumpster. Non-
disposable sampling equipment was decontaminated prior to each use. Direct-push 
equipment was decontaminated by removing caked-on soil with a brush, washing with 
soap solution, and rinsing with and 10 percent methanol solution. Investigation derived 
waste (IDW) generated during SSP activities included well purge water and 
decontamination fluids. IDW was containerized in one Department of Transportation-
approved 55-gallon drum. 

Following completion of sampling activities, IDW was sampled for analysis of full Toxic 
Characteristic Leaching Procedure, ignitability, reactive cyanide, reactive sulfide, and 
corrosivity. The sample was collected by submerging a clean amber glass bottle in the 
aqueous IDW and then transferring the sample from the amber bottle to appropriate 
laboratory prepared bottleware. Analytical results are pending. Following receipt of data, 
waste will be characterized, manifested, and disposed of at an approved disposal facility.  

2.6 Data Management and Evaluation 

Data management and tracking, from the time of field collection to receipt of validated 
electronic analytical results, is of primary importance and reflects the overall quality of 
analytical results. Field samples and their corresponding analytical tests were recorded on 
executed chain-of-custody forms, which were submitted with the samples to the off-site 
laboratory. Chain-of-custody entries were checked against the site-specific project 
instructions and work plans to verify that all designated field samples were collected and 
submitted for the appropriate analysis. Upon receipt of the samples by the laboratories, a 
comparison to the field information was conducted to verify that each sample was analyzed 
for the correct parameters and appropriate QA/QC samples were collected. 

2.6.1 Data Qualifiers 

Analytical data reports, in hardcopy and electronic format, for temporary monitoring well 
groundwater and soil samples were submitted to a Navy-approved third-party data 
validator. The data qualifiers that were used were those presented in Region III Modification 
to National Functional Guidelines for Organic Data Review, Multi-Media, Multi-Concentration 
(USEPA, 1994) and Region III Modifications to National Functional Guidelines for Inorganic Data 
Review (USEPA, 1993). As described below, based on the results of the data validation, data 
qualifiers were assigned to the data subsequent to the laboratory analysis. The data 
validation summaries are included in Appendix C. 

The data validation qualifiers, or flags, used for the SSP data are the following: 

 [J]: Estimated. The analyte is present, but the reported value is estimated and the 
direction of the bias is unknown. Data may be qualified as estimated for several reasons 
including an exceedance of specified sample holding times, high or low surrogate 
recovery, or intra-sample variability. In addition, values may be assigned an estimated 
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qualifier if the reported value is below the quantitation limit. Estimated analytical results 
within a data set are common and considered usable by the USEPA (USEPA, 1989). 

 [K]: Biased High. The analyte is present, but the reported value may be biased high, and 
the actual value present is likely to be lower. Data may be qualified as biased due to 
poor recovery in associated spiked samples. Qualified data is considered usable by the 
USEPA; potential issues associated with this data are rarely significant because data that 
is excessively biased will fail the validation criteria and be rejected (NAVFAC, 2002). 

 [B]: Blank Contamination. The analyte concentration detected could not be reliably 
distinguished from contamination detected within associated blanks. If sample results 
were not at least five times greater than the concentration detected in the blanks 
(10 times the concentration for common field/laboratory contaminants), they were ―B‖ 
qualified. ―B‖ qualified data is not considered to be suitable for use in risk assessment 
and are treated as non-detects by USEPA Region III (NAVFAC, 2002). 

 [U]: Undetected. The analyte was not detected above the method detection limit. 

 [UL]: Undetected Biased Low. The analyte was not detected above the method detection 
limit; the actual result is likely higher.  

2.6.2 Comparison Criteria 

Some of the inorganic and PAH constituents detected in the soil and/or groundwater may 
be attributed to non-site-related conditions or sources such as laboratory contaminants, 
anthropogenic non-site release sources, and naturally occurring concentrations of 
constituents. 

Laboratory and Sample Blank Contamination 

In some instances, constituents detected in samples may have been introduced during field 
sampling, transportation to the analytical laboratory, or during laboratory procedures. A 
variety of blank samples were analyzed and used in the QA/QC process to determine 
which of the constituents may or may not be attributed to the field sample. 

Typically, a field blank is collected to account for ambient conditions during sample 
collection. An equipment/rinsate blank is collected to determine if the equipment used to 
collect the samples (e.g., tubing, sample containers) was adequately clean. In addition, the 
laboratory analyzes a method blank in each batch of 20 samples to verify instrument 
cleanliness and function. Common phthalate compounds can be introduced during the 
analytical process and are often considered laboratory contaminants. 

When blank samples are found to contain common laboratory contaminants, each of the 
aqueous field samples associated with that blank that contain up to 10 times the 
concentrations in the blanks are qualified during data validation with a ―B‖ for that 
compound. A ―B‖ qualifier means that the compound may not be attributed to the site at 
that sample location. When a sampling or laboratory blank contains constituents other than 
the common laboratory contaminants, each of the aqueous field samples associated with 
that blank that contain up to five times the concentrations is qualified during data validation 
with a ―B‖ for that compound. 
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To determine if a ―B‖ qualifier should be assigned to a soil sample, a unit conversion is 
performed whereby soil sample concentrations relative to aqueous samples or laboratory 
blank concentrations are determined by dividing the soil concentration by the fraction of 
moisture, then dividing the result by five. A ―B‖ qualifier designation, as described above 
for aqueous samples, can then be applied directly to the converted soil concentrations.  

Regulatory Risk Based Screening Values 

To determine if concentrations detected in soil or groundwater would result in potential 
unacceptable risks to human health and the environment, soil data were screened against 
May 2010 USEPA adjusted residential and industrial Regional Screening Levels (RSLs) and 
ecological screening values. RSLs were adjusted by dividing those RSLs based on non-
carcinogenic effects by 10 to account for exposure to more than one non-carcinogenic 
constituent that affects the same target organ.  Groundwater data was compared against 
May 2010 adjusted USEPA Tap Water RSLs and federal Maximum Contaminant Levels 
(MCLs). 

Background UTLs 

If a constituent was detected in exceedance of risk-based screening values, it was compared 
to its respective 95 percent background UTL value to determine if concentrations are related 
to a potential release, or are indicative of naturally occurring and/or anthropogenic 
conditions. Background UTLs developed for dredged fill were used for comparison against 
surface and subsurface soil data.  



TABLE 2-1
Sample Summary
Former MWR Skeet Range Site Screening Process Report
JEB Little Creek
Virginia Beach, Virginia

PAHs Arsenic Copper Lead Zinc

LSR01-SS01-0610 0 - 0.5' X X X
LSR01-SS02-0610 0.9 - 1.4' X X X
LSR01-SS03-0610 0 - 0.5' X X X
LSR01-SS04-0610 0 - 0.5' X X X
LSR01-SS05-0610 0 - 0.5' X X X
LSR01-SS06-0610 2.0 - 2.5' X X X
LSR01-SS07-0610 4.0 - 4.5' X X X
LSR01-SS08-0610 0.5 - 1.0' X X X
LSR01-SS09-0610 0 - 0.5' X X X

LSR01-SS09P-0610 0 - 0.5' X X X Duplicate
LSR01-SS10-0610 5.8 - 6.3' X X X
LSR01-SS11-0610 6.1 - 6.6' X X X
LSR01-SS12-0610 6.2 - 6.7' X X X
LSR01-SS13-0610 1.2 - 1.7' X X X X X MS/MSD

LSR01-SS13P-0610 1.2 - 1.7' X X X X X Duplicate
LSR01-SB01-0610 0.5 - 2.0' X X X
LSR01-SB02-0610 1.4 - 2.9' X X X
LSR01-SB03-0610 0.5 - 2.0' X X X
LSR01-SB04-0610 0.5 - 2.0' X X X
LSR01-SB05-0610 0.5 - 2.0' X X X
LSR01-SB06-0610 2.5 - 4.0' X X X
LSR01-SB07-0610 4.5 - 6.0' X X X
LSR01-SB08-0610 1.0 - 2.5' X X X
LSR01-SB09-0610 0.5 - 2.0' X X X

LSR01-SB09P-0610 0.5 - 2.0' X X X Duplicate
LSR01-SB10-0610 6.3 - 7.8' X X X
LSR01-SB11-0610 6.6 - 8.1' X X X

LSR01-SSB12-0610 6.7 - 8.2' X X X
LSR01-SB13-0610 1.7 - 3.2' X X X X X MS/MSD

LSR01-SB13P-0610 1.7 - 3.2' X X X X X Duplicate
LSR01-DP01-0610 7.25 - 12.25' X X X X X MS/MSD

LSR01-DP01P-0610 7.25 - 12.25' X X X X X Duplicate
LSR01-DP02-0610 8.0 - 13.0' X X X
LSR01-DP03-0610 6.0 - 11.0' X X X
LSR01-DP04-0610 7.25 - 12.25' X X X X X

Notes:
1 For the purposes of this investigation surface soil refers to those soils determined to be representative of surface conditions at the time of Skeet Range operation.

MS/MSD- Matrix Spike/Matrix Spike Duplicate Sample

Surface Soil1

Subsurface 
Soil

Groundwate
r

Direct Push with 
Acetate Sleeves

Peristaltic Pump 
and Disposable 

Tubing

bgs - below ground surface

NA

Dredge Fill

Dredge Fill

Sample ID CommentsMatrix
Sample Interval 

(bgs)
Collection MethodSW-846 

6010B
SW-846 

3550B/3510C, 
SW-846 
6010B

SW-846 
6010B

SW-846 
6010B

Soil Material

Page 1 of 1



TABLE 2-2
Water Quality Parameter Summary
Former MWR Skeet Range
Site Screening Process Report
JEB Little Creek
Virginia Beach, Virginia

Sample ID LSR01-DP01-0610 LSR01-DP02-0610 LSR01-DP03-0610 LSR01-DP04-0610
Sample Date 6/29/2010 6/29/2010 6/29/2010 6/29/2010

Field Parameter1

Dissolved Oxygen (mg/L) 0.59 0.50 0.71 0.35
Oxidation Reduction Potential (mV) -21.2 -14.3 121.5 -54.5
Total Purged (gal) 3.0 3.0 2.5 2.5
pH 5.85 5.44 4.64 6.13
Specific Conductivity (mS/cm) 0.764 0.630 0.550 0.266
Temperature (°C) 18.63 19.77 18.86 17.62
Turbidity (NTU) 15.7 50 250 178

Notes
°C - Degrees Celsius
gal - gallons
mg/L - milligrams per liter
mS/cm - milli-siemens per centimeter
mV - millivolts
NTU - nephlometeric turbidity units
1 Field parameters presented are the final parameter readings collected before groundwater sample collection.
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SECTION 3 

Investigative Results 

3.1 Conceptual Site Model 

The conceptual site model (CSM) identifies the potential sources of contamination, physical 
characteristics, distribution of contamination, and potential transport pathways and 
receptors. The CSMs for the former MWR Skeet Range during the time of operation and 
under current land use are provided in Figures 3-1 and 3-2, respectively. 

Prior to the construction of the MWR Skeet Range, the area was an open field bordering 
Little Creek Channel and the Chesapeake Bay with no visible land use. Between 1937 and 
1954, the southern and southeastern portion of the area where the former Skeet Range was 
located was developed through the placement of dredge fill behind bulkhead walls during 
construction of Desert Cove and the Connector Channel as they appear today (Figure 1-3). 
A review of historic aerial photographs also shows that between 1954 and 1958, five 
aboveground fuel tanks with an associated fuel distribution line were constructed to the 
northeast. The MWR Skeet Range was first annotated on base maps in 1962 and it is 
assumed to have become operational, with construction of the high house, low house, and 
Storage Building 3902 in the same year. 

At the time of range operation, the firing area was bordered by woods to the north and east. 
Scattered trees were also located to the west and northwest; however, this portion of the 
range was generally open (Figure 1-4). The topography was relatively flat and sloped 
towards Desert Cove and Little Creek Channel with ground elevations ranging from 0 to 
15 feet amsl (Malcolm Pirnie, 2006). Three buildings were associated with range use: the 
high house, the low house, and a storage building (Building 3902). The high house and low 
house were used as launching platforms to fire skeets, while the storage building held 
supplies for daily operations.  

Potential sources of contamination at the former MWR Skeet Range consist of leaching of 
MC from shotgun pellets, shotgun shells, and skeet target fragments to soil and underlying 
groundwater. Primary potential MC in soil and groundwater associated with skeet range 
activities include arsenic and lead from shotgun pellets, copper and zinc from shotgun shell 
casings, and PAHs from the petroleum pitch used in clay skeet targets. Secondary potential 
MC include smokeless powder constituents, which are not expected to be present in 
measurable amounts since these constituents are consumed when the shotgun is fired.  

The area with the highest potential for contamination is within the 24.5 acre shotfall zone. 
Copper and zinc contamination would be expected to be the highest around the firing line 
resulting from the use and disposal of shotgun shells. This area also has the potential for 
arsenic, lead, and PAH contamination resulting from the storage of Skeet range materials in 
Building 3902. Shotgun pellets and skeet target fragments are expected to be concentrated 
primarily within the maximum shot fall area, located approximately 375 to 600 feet from the 
firing line; therefore, this area is expected to have highest potential for arsenic, lead, and 
PAH contamination. Pellets and fragments may also be present, at lower quantities, within 
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the zone of short shotfall (0 to 375 feet), the zone of maximum shotfall distance (600 to 
680 feet), and the zone of theoretical shotfall (680 to 900 feet). The maximum penetration 
depth of shotgun pellets observed in operational ranges is 1 foot (ITRC, 2003); therefore, 
pellets are not expected to be observed beyond the first foot of surface soil determined to be 
representative of the ground surface during range operation. Based on the orientation of the 
shotfall zone, it is unlikely that shotgun pellets or skeet targets were fired into the adjacent 
water bodies. Impacted soil may have been historically transported via storm water runoff 
to Desert Cove and the Connector Channel; however as discussed in Section 1.4.4, sediment 
data collected as part of SWMU 7 investigation does not indicate surface runoff was a 
significant transport pathway.  

In 1985, following the closure of the MWR Skeet Range and demolition of associated 
buildings, the area was re-graded and the LCAC pad and associated parking was 
constructed over approximately 16.6 acres (68 percent) of the former Skeet Range shotfall 
area. A man-made, earthen berm and concrete wall were constructed around the LCAC pad, 
which cuts across the middle of the former firing area and covers approximately 2.6 acres 
(11 percent) of the former shotfall area. Additionally, three of the existing above-ground 
storage tanks were removed and replaced with three new above-ground tanks and 
associated fuel distribution lines. The storage tanks currently cover approximately 1.2 acres 
(5 percent) of the former shotfall area. Only a small portion, approximately 4.1 acres 
(16 percent), of the former range shotfall area was not redeveloped with impervious surfaces 
or placement of additional fill material. This area includes a beach in the far west side of the 
shotfall zone, and a vegetated area in the southeastern portion. These areas are unused, 
unmaintained, and fenced off from the public.  

The subsurface geology within the area of investigation is generally characterized by two 
varieties of fill material: dredge fill and post-range closure fill. Dredge fill, where present, is 
representative of the ground surface during range operation, and is characterized by loose, 
pale brown sand with clay clasts (Appendix C). Dredge fill is currently present at the 
ground surface in the southeastern portion of the site and is underlain by native material, 
identified by a 0.1 to 0.5 feet thick organic horizon or root layer, at depths ranging from 4 to 
8 feet bgs. Native material is characterized by very loose, light brown to light gray to silty 
and/or clayey sand. During development of the site following range closure, additional fill 
material was placed over portions of the site. This fill material (post-range closure fill) is 
generally characterized by loose to stiff sandy silt and silty sand with gravel and ranges in 
thickness between 0.5 and 6.1 feet where present. Surficial aquifer groundwater was 
encountered at the site between 5.8 to 7.5 feet bgs. Sufficient groundwater elevation data is 
not available to determine groundwater flow direction; however, it is likely radial 
discharging to the adjacent water bodies. 

3.2 Distribution of Munitions Constituents 

Constituent concentrations detected and exceedances of screening criteria in soil and 
groundwater are summarized in Tables 3-1 through 3-3 and presented on Figures 3-3 

through 3-5. Raw analytical data are included in Appendix A. 
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3.2.1 Soil 

Pellets and Skeet Fragments 

In one of five samples sieved for lead shotgun pellets, one pellet was observed at sample 
location SS05. No skeet fragments were observed in soil samples collected.  

Polycyclic Aromatic Hydrocarbons 

Seventeen PAHs were detected in surface soil; 16 PAHs were detected in subsurface soil at 
various depth intervals (Table 3-1 and 3-2). PAHs were detected in 14 of 15 and 12 of 15 
surface and subsurface soil samples (including duplicates), respectively. Five PAHs 
(benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, dibenz(a,h)anthracene, and 
indeno(1,2,3-cd)pyrene) exceeded their respective residential RSLs in surface soil (Table 3-1 

and Figure 3-3) in one or more samples. One PAH (benzo(a)pyrene) slightly exceeded the 
industrial RSL in surface soil (Table 3-1 and Figure 3-3) at one sample location (SS13). Two 
PAHs (benzo(a)pyrene and dibenz(a,h)anthracene) exceeded the residential RSL in 
subsurface soil (Table 3-2 and Figure 3-4) in one or more sample. Total PAHs in surface and 
subsurface soil did not exceed the ecological soil screening value in any sample. The highest 
concentrations of PAHs were detected at surface soil sample location LSR01-SS13 near the 
former firing line and the LCAC pad berm.  

Skeet targets are composed predominantly of dolomitic limestone and petroleum pitch, 
bound together under heat and pressure. Although skeet targets may contain concentrations 
of PAHs, they are tightly bound in the petroleum pitch and limestone matrix and are 
unlikely to readily leach to the environment (Baer et al., 1995). During field investigation 
activities, no skeet target fragments were observed in the soil. 

PAHs may also have non-site-related sources, such as natural and anthropogenic sources. 
Natural sources include volcanic eruptions and forest fires. Anthropogenic sources, which 
are more common than natural sources, include automobile emissions and domestic wood 
burning. Although background UTLs for PAHs was not calculated, during the background 
investigation, ten PAHs were detected in background soil (CH2M HILL, 2000). Maximum 
concentrations of benzo(a)anthracene (210 micrograms per kilogram [µg/kg]), 
benzo(a)pyrene (310 µg/kg), benzo(b)fluoranthene (310 µg/kg), and indeno(1,2,3-cd)pyrene 
(290 µg/kg) at the site were less than or comparable to the maximum concentrations 
observed during the background study (460, 360, 640, and 270 µg/kg, respectively).   

Inorganic Constituents 

Arsenic, lead, copper and zinc were detected in surface and subsurface soil at various depth 
intervals (Tables 3-1 and 3-2). Each detected inorganic constituent is discussed below.  

 Arsenic was observed in five of 30 soil samples (including duplicates), at concentrations 
ranging from 0.56J milligrams per kilogram (mg/kg) (SS11) to 1J mg/kg (SB07). 
Although all detected concentrations exceed the residential RSL (0.39 mg/kg) they are 
all below the background UTL concentration of 5.6 mg/kg (Figures 3-3 and 3-4). 
Concentrations do not exceed the ecological screening value of 18 mg/kg. 

 Lead was observed in all 30 soil samples (including duplicates), with a maximum 
concentration of 98.6 mg/kg in surface soil (SS09) and 10.5 J mg/kg in subsurface soil 
(SB13). Concentrations of lead detected in both surface and subsurface soil were below 
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the USEPA residential child soil screening value of 400 mg/kg (USEPA, 1994; OSWER 
Directive 9355.4-12) and the surface and subsurface soil background UTL concentrations 
of 110 and 16.4 mg/kg, respectively. Concentrations do not exceed the ecological 
screening value of 120 mg/kg. The lead concentration in surface soil where the shotgun 
pellet was encountered was 2.0J mg/kg (SS05).  

 Copper was observed in both the surface and subsurface soil sample collected at 
location SO13, at concentrations of 1.4 and 1.0 mg/kg, respectively. Detected 
concentrations are below the adjusted residential (310 mg/kg) and industrial (4,100 
mg/kg) RSLs. Additionally, concentrations do not exceed the ecological screening value 
of 70 mg/kg. Although a statistical UTL background concentration is not available, 
copper was observed in seven of the ten dredge fill background samples at 
concentrations ranging from 4.2 to 14.7 mg/kg.   

 Zinc was observed in both the surface and subsurface soil samples collected at location 
SO13, at concentrations of 11.2 and 6.1 mg/kg, respectively. Detected concentrations are 
below the adjusted residential (2,300 mg/kg) and industrial (31,000 mg/kg) RSLs and 
the background UTL concentration of 123 mg/kg. Additionally, concentrations do not 
exceed the ecological screening value of 120 mg/kg. 

Inorganic constituents detected at the former MWR Skeet Range may be either site-related 
(i.e., associated with the MC) or non-site related (i.e., background). Although primary 
inorganic MCs were detected, lead shotgun pellets and skeet fragments were not readily 
observed at the site and concentrations were below background.  

3.2.2 Groundwater 

Polycyclic Aromatic Hydrocarbons 

Five PAHs were detected in two of four surficial aquifer groundwater samples (Table 3-3 
and Figure 3-5). All PAH detections were below their respective residential tap-water RSL. 
No MCLs are established for PAHs. 

Inorganic Constituents 

Dissolved arsenic, lead, and zinc were detected in surficial aquifer groundwater (Table 3-3). 
Dissolved copper was not detected. Arsenic, lead, and zinc are discussed below.  

 Dissolved arsenic was detected in one of four groundwater samples (DP02) at a 

concentration of 19.6 micrograms per liter (g/L), above the background UTL 

concentration of 4 g/L, tapwater RSL of 0.045 g/L, and MCL of 10 g/L.  

 Dissolved lead was detected in 2 of 4 groundwater samples at 2.3J g/L (DP01) and 

1.8J g/L (DP03). Concentrations of lead are below the background UTL concentration 

of 2.4 g/L and MCL of 15 g/L. No tapwater RSL has been established for lead. 

 Dissolved zinc was detected in 1 of 4 groundwater samples (DP01) at a concentration of 

87 g/L, below the adjusted tapwater RSL of 1,100 µg/L, however slightly above the 

background UTL concentration of 42 g/L. No MCL for zinc has been established.  

Although arsenic exceeds the background UTL, it is within the range of detected 

background concentrations (5.4 to 69.4 g/L). Additionally, the detected concentration 
occurred adjacent to the beach where groundwater is influenced by seawater intrusion 
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which provides the required electron acceptors for sulfate reduction; therefore promoting 
the reducing conditions that are favorable for arsenic mobilization. Copper and zinc were 
detected at concentrations below or statistically similar to background conditions.  

3.3 Human Health Risk Assessment 

It is unknown whether the PAHs detected in soil are attributed to Skeet Range Activities or 
activities unrelated to and subsequent to use of the Skeet Range. Since the source of the 
PAHs cannot be definitively identified and PAHs were detected at concentrations exceeding 
human health screening criteria, a stream-lined human health risk assessment (HHRA) was 
conducted for surface soil and combined surface and subsurface soil. The soil data collected 
(PAHs and inorganics) during this SSP were evaluated to determine if there are any 
potentially unacceptable risks associated with exposure to the soil at the site under the most 
conservative exposure scenarios, current industrial use of the site and future residential use 
of the site. No HHRA was conducted for groundwater due to the detected concentrations of 
PAHs being below tap-water RSLs and inorganics being below, statistically similar to, or 
falling within the range of detected background concentrations. 

The components of the stream-lined HHRA include: 

 Hazard Identification 

 Exposure assessment 

 Toxicity assessment 

 Risk characterization 

 Uncertainty analysis 

 Conclusions 

3.3.1 Hazard Identification 

The soil samples that were evaluated in this HHRA are identified in Table 3-4 and include 
all the surface and subsurface soil samples collected during the SSP.  These data were 
validated prior to evaluation in the stream-lined HHRA. The maximum detected 
constituents in surface soil samples (collected from 0-to-2 ft bgs) and combined surface soil 
and subsurface soil samples were screened against the current (May 2010) USEPA 
residential soil RSLs to select the constituents of potential concern (COPCs).   Constituents 
with maximum concentrations that exceeded their respective RSL were selected as a COPC.  
RSLs that are based on the chemical’s non-carcinogenic effects were divided by 10 to 
account for potential exposure to multiple constituents.  RSLs that are based on carcinogenic 
effects were used without adjustment because the target carcinogenic risk used in the RSL 
calculations is at the low end of USEPA’s risk management range (i.e., 1 x 10-6). Tables 2.1 

and 2.2 in Appendix E present the COPC screening for soil and combined surface and 
subsurface soil and summarized in Table 3-5.   
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3.3.2 Exposure Assessment 

The following current and future receptors and potential exposure pathways were 
evaluated in this stream-lined HHRA: 

 Current/Future Industrial Worker 

 Surface soil: incidental ingestion of, dermal contact with, and inhalation of fugitive 
dust  

 Future Child and Adult Residential Receptor 

 Combined surface soil and subsurface soil: incidental ingestion of, dermal contact 
with, and inhalation of fugitive dust 

3.3.3 Quantification of Exposure 

Exposure is quantified using estimations of chronic daily intakes (CDIs) for each medium 
considered, for each COPC, in each exposure pathway. CDIs are estimated using the site-
specific exposure point concentrations (EPCs) and appropriate exposure parameters for each 
scenario evaluated. 

EPCs are estimated chemical concentrations that a receptor may come in contact with and 
are specific to each exposure medium.  EPCs may be directly measured (i.e. soil 
concentrations) or estimated using environmental models (i.e. air concentrations associated 
with fugitive dust emissions from soil).  The EPCs were calculated, in accordance with 
USEPA guidance (USEPA, 2002), as the 95 percent upper confidence limit (95 percent UCL) 
of the arithmetic mean concentration as described below.  The maximum detected 
concentration was used as the EPC in cases where the estimated 95 percent UCL is greater 
than the maximum detected concentration.  

ProUCL software Version 4.00.05 (USEPA, 2010a) was used to determine the data set 
distribution and calculate the 95 percent UCLs.  ProUCL includes three possible data 
distribution tests: normal distribution, log-normal distribution, and gamma distribution.  
The UCL calculation method is selected based on the data distribution (i.e., normal, 
lognormal, gamma, or nonparametric if the data do not fit any of the distributions). The 
recommendations outlined in the ProUCL software documentation were followed to select 
the appropriate UCL (USEPA, 2010a). Appendix E, Tables 3.1 through 3.4 present the EPCs 
for the COPCs for each media and data grouping. 

Intake (or CDI) is the amount of a chemical entering the exposed receptor's body. COPC 
intakes are generally expressed as follows: 

   )(mg/kg/day  
AT x BW

ED x EF x CR x C
 = CDI

 

 
Where: 

CDI = chromium daily intake (mg/kg-day) 

C  = chemical concentration at exposure point (the EPC; mg/kg) 

CR = contact rate, or amount of contaminated medium contacted per unit 
time or event (mg/event) 
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EF = exposure frequency (days/year) 

ED = exposure duration (years) 

BW = body weight of exposed individual (kg) 

AT = averaging time, or period over which exposure is averaged (days) 

The intake equation requires specific exposure parameters for each exposure pathway and 
receptor. An additional parameter, the dermal absorption factor (DABS), is required for the 
dermal exposure to soil pathway. DABSs were obtained from USEPA’s RAGS, Part E 
(USEPA, 2004). A DABS of 0.13 was used for PAHs and a DABS of 0.03 was used for arsenic. 
Appendix E, Tables 4.1 through 4.4 present the exposure factors that were used for each 
exposure scenario at the site. 

3.3.4 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 constituent 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. Toxicity criteria (e.g., reference doses and slope factors) are derived from the 
dose-response relationship. 

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 USEPA recommends that a tiered approach be used to obtain the toxicity values, the 
reference doses (RfDs), reference concentrations (RfCs), cancer slope factors (CSFs), and 
inhalation unit risk factors (IURs) used to calculate non-cancer and cancer risks (USEPA, 
2003). The sources of toxicity values are as follows:  

 USEPA’s Integrated Risk Information System (IRIS) database (USEPA 2010b),  

 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 (STSC) 

 Other USEPA and non-USEPA sources including NCEA, Agency for Toxic Substances 
and Disease Registry, Health Effects Assessment Summary Tables (HEAST; USEPA, 
1997), California EPA (Cal EPA), USEPA’s Office of Water, and World Health 
Organization (WHO).  

The use of provisional toxicity values, such as those from the PPRTV database, increases the 
uncertainty of the quantitative risk estimate.  If no toxicity values were available for a 
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detected constituent, surrogate constituents were selected and their PRGs were used for the 
COPC selection process.  

USEPA-derived oral and inhalation chronic and subchronic RfDs and RfCs, and associated 
uncertainty factors (UFs) and modifying factors (MFs), for the COPCs are listed in 
Appendix E, Tables 5.1 and 5.2.  USEPA-derived CSFs and IURs are listed in Appendix E, 

Tables 6.1 and 6.2.   Oral RfDs and CSFs were converted to dermal RfDs and CSFs using an 
oral to dermal adjustment factor. This factor is designed to convert the orally administered 
dose toxicity factors to dermally absorbed dose toxicity factors (USEPA, 2004). The oral RfDs 
were converted to dermal RfDs by multiplying by the oral to dermal adjustment factor 
(gastrointestinal absorption factor) and the oral CSFs were converted to dermal CSFs by 
dividing by the gastrointestinal (GI) absorption factor. The dermal RfDs are included in 
Appendix E, Table 5.1.  The dermal CSFs are presented in Appendix E, Table 6.1.   

3.3.5 Risk Characterization  

Estimated excess lifetime cancer risk (ELCRs) and hazard indices (HIs) were calculated for 
identified receptor groups potentially exposed to COPCs by the exposure pathways 
discussed above. A cancer risk range of 1x10-6 to 1x10-4 is used to evaluate the calculated 
ELCR levels. Any ELCR value within or below this range is considered ―not unacceptable‖; 
an ELCR greater than 1x10-4 indicates a potential for cancer risks above the risk 
management range and warrants further evaluation. A non-carcinogenic risk of 1.0 is used 
as an upper limit to which calculated HI values are compared. An HI greater than one 
indicates that there is some potential for adverse non-carcinogenic health effects associated 
with exposure to that constituent. However, if the HI is greater than one, the target 
organ/effect specific HIs can be calculated (summing all HQs for constituents that effect the 
same target organ), to determine if the HI for a specific target organ/effect is greater than 
one. If the HI for each target organ/effect is below one, it can be assumed that there is no 
unacceptable non-carcinogenic hazard to the receptor. 

For each COPC identified in each medium (surface soil or combined surface and subsurface 
soil) with a non-carcinogenic endpoint, non-carcinogenic health risks are estimated by 
comparing the calculated intake to an RfD or RfC. The calculated intake divided by the RfD 
(or RfC) is equal to the hazard quotient (HQ): 

 HQ = Intake / RfD (or RfC) 

The intake and RfD (or RfC) represent the same exposure period (i.e., chronic or subchronic) 
and the same exposure route (i.e., oral intakes are divided by oral RfDs). To assess the 
potential for non-carcinogenic health effects posed by exposure to multiple constituents, a 
hazard index (HI) approach is used (USEPA, 1986). This approach assumes that non-
carcinogenic hazards associated with exposure to more than one constituent are additive. 
Synergistic or antagonistic interactions between constituents are not considered. The HI 
may exceed 1.0 even if all of the individual HQs are less than one. HIs are also added across 
exposure routes and media to estimate the total non-carcinogenic health effects to a receptor 
posed by exposure through multiple routes and media.  

The potential for carcinogenic effects due to exposure to site-related constituents is 
evaluated by estimating the ELCR. ELCR is the incremental increase in the probability of 
developing cancer during one’s lifetime in addition to the background probability of 
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developing cancer.  For example, an individual exposed to a carcinogen with a calculated 
cancer risk of 2x10-6 indicates that the probability of the individual getting cancer increases 
by 2 in a million above background levels. 

Carcinogenic risk is calculated by multiplying the intake by the CSF or the IUR. 

 ELCR = Intake  CSF (or 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 and 
media if an individual would be exposed through multiple routes and to multiple media.  

Consistent with the Cancer Guidelines and Supplemental Guidance (USEPA, 2005a and 
2005b), carcinogenic risks for COPCs which act via a mutagenic mode of action (MMOA) 
were estimated using age-dependent adjustment factors (ADAFs). The carcinogenic PAHs 
are categorized as constituents with an MMOA and evaluated using the MMOA method in 
the risk assessment. The calculation of carcinogenic risk using ADAFs is presented in 

Appendix E, Table 7.4.RME Supplement A.  

3.3.6 Risk Assessment Results  

The risk calculations for surface soil and combined surface and subsurface soil are presented 
in Appendix E, Tables 7.1 through 7.4.  A summary of the results is also presented in 
Table 3-6. 

Current/Future Industrial Worker (Appendix E, Table 9.1) 

The risk assessment assumed that current/future industrial workers may be exposed to 
surface soil through incidental ingestion, dermal contact, and inhalation of fugitive 
emissions from soil.  The COPCs retained for the surface soil, carcinogenic PAHs, do not 
have any non-carcinogenic effects associated with exposure; therefore, non-carcinogenic 
hazards were not quantified.  The carcinogenic risk (ELCR = 1.5x10-6) is within USEPA’s 
target risk range of 1x10-6 to 1x10-4.  Therefore, there are no unacceptable risks associated 
with exposure to surface soil by current/future industrial workers. 

Future Adult Resident (Appendix E, Table 9.2) 

The risk assessment assumed that a future adult resident could be exposed to combined 
surface and subsurface soil through incidental ingestion, dermal contact, and inhalation of 
fugitive emissions. The non-carcinogenic hazard (HI = 0.003) is below USEPA’s target HI of 
1.  Therefore, there are no unacceptable hazards associated with exposure to combined 
surface and subsurface surface soil by future adult residents. 

Future Child Resident (Appendix E, Table 9.3) 

The risk assessment assumed that a future child resident could be exposed to combined 
surface and subsurface soil through incidental ingestion, dermal contact, and inhalation of 
fugitive emissions.  The non-carcinogenic hazard (HI = 0.03) is below USEPA’s target HI 
of 1. Therefore, there are no unacceptable hazards associated with exposure to combined 
surface and subsurface surface soil by future child residents.   
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Future Lifetime (Adult/Child) Resident (Appendix E, Table 9.4) 

The risk assessment assumed that a lifetime resident could be exposed to combined surface 
and subsurface soil through incidental ingestion, dermal contact, and inhalation of fugitive 
emissions.  The carcinogenic risk (1.6x10-5) is within USEPA’s target risk range of 10-6 to 10-4.  
Therefore, there are no unacceptable risks associated with exposure to combined surface 
and subsurface surface soil by future lifetime residents. 

3.3.7 Uncertainty Associated with Human Health Assessment  

The risk measures used in human health 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 
(USEPA, 1989).  

The objective of the SSP was to determine whether a release of MC to environmental media 
has occurred, therefore the soil samples were collected from locations most likely affected 
by historic site use that had not undergone significant redevelopment following range 
closure, and the uncertainty in sampling and possibly missing a location impacted by 
historic site activities is expected to be minimal.  The uncertainty associated with the data 
analysis is minimal, as the data were fully validated prior to use in the risk assessment. 

The general assumptions used in the COPC selection process were conservative to ensure 
that true COPCs were not eliminated from the quantitative risk assessment and that the 
highest possible risk was estimated.  RSLs based on residential assumptions were used to 
select the COPCs for all of the scenarios, including non-residential scenarios.  

Uncertainty in the exposure assessment was generally treated with conservative decision 
rules and assumptions, and therefore, the uncertainty likely overestimates actual exposure 
to COPCs. The most conservative potential current and future site use scenarios were 
evaluated in the HHRA, current industrial use, and future residential use.  Therefore, it is 
more likely that risks are over-estimated than under-estimated.    

The future soil exposure scenario adds additional conservatism by assuming that the 
subsurface soil will become surface soil during any future construction activities, and that 
future receptors may come in contact with what is the current surface soil and current 
subsurface soil in the future. During many construction projects, clean fill material such as 
topsoil is placed over the soil that is disturbed during excavation projects. The topsoil 
material is generally needed to support growth of grass and other landscape plants. This 
would decrease the possibility of future exposure to both the current surface and subsurface 
soil after any construction activities. 

The future soil exposure scenario evaluates combined surface and subsurface soil, which 
assumes there would be complete mixing of the media during future construction activities. 
While some mixing is expected to occur, there is some uncertainty associated with the 
overall extent of the mixing. The assumption that the media are mixed may result in an 
under-estimation of risk due to the higher concentrations of PAHs detected in surface soils. 
However, the surface soil risks would likely not require action. Additionally, during many 
construction projects, clean fill material such as topsoil may be placed over the soil that is 
disturbed during excavation projects. The topsoil material is generally needed to support 
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growth of grass and other landscape plants. This would decrease the possibility of future 
exposure to both the current surface and subsurface soil after any construction activities.  

The uncertainty associated with CSFs is mostly associated with the low dose extrapolation 
where carcinogenicity at low doses is assumed to be a linear response. This is a conservative 
assumption, which introduces a high uncertainty into slope factors that are extrapolated 
from this area of the dose-response curve. The CSFs are based on the assumption that there 
is no threshold level for carcinogenicity; however, most of the experimental studies indicate 
existence of a threshold level. Therefore, CSFs developed by USEPA represent upper bound 
estimates. Carcinogenic risks generated in this assessment should be regarded as an upper 
bound estimate on the potential 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). 

The uncertainties identified in each component of risk assessment ultimately contribute to 
uncertainty in risk characterization. The addition of risks and HIs across pathways and 
constituents contributes to uncertainty based on the interaction of constituents such as 
additivity, synergism, potentiation, and susceptibility of exposed receptors.  The simple 
assumption of additivity used for this site may or may not be accurate and may over- or 
under-estimate risk; however, a better alternative is not available at this time. 

3.3.8 Human Health Risk Summary 

The HHRA evaluated potential risks and hazards associated with exposure to surface soil 
and combined surface and subsurface soil for the most conservative potential current and 
future exposure scenarios: current/future industrial worker and future residents.  The 
results of the HHRA indicate that there are no unacceptable risks associated with exposure 
to surface soil or combined surface and subsurface soil. 

 

. 



TABLE 3-1
Surface Soil Detections and Exceedances of Screening Criteria

Former MWR Skeet Range Site Screening Process Report
JEB Little Creek

Virginia Beach, Virginia

Station ID
Sample ID
Sample Depth
Sample Date
Chemical Name

Polycyclic Aromatic Hydrocarbons (µg/kg)
2-Methylnaphthalene -- -- 31,000 410,000 2.9 B 8.6 U 8.8 U 8.6 U 9.2 U 10 U 11 U 8.9 U
Acenaphthene -- -- 340,000 3,300,000 6.2 J 8.6 U 8.8 U 8.6 U 9.2 U 10 U 11 U 8.9 U
Acenaphthylene -- -- 340,000 3,300,000 5.2 J 8.6 UL 8.8 UL 0.64 J 9.2 UL 10 U 11 U 8.9 UL
Anthracene -- -- 1,700,000 170,000,000 9.5 8.6 U 0.72 J 0.77 J 9.2 U 10 U 11 U 8.9 U
Benzo(a)anthracene -- -- 150 2,100 68 0.78 J 5.1 J 2 J 9.2 U 0.96 J 0.73 K 8.9 U
Benzo(a)pyrene -- -- 15 210 110 1 J 6.8 J 2.5 J 9.2 U 1.1 J 2.6 J 8.9 U
Benzo(b)fluoranthene -- -- 150 2,100 120 1.8 J 10 4.9 J 9.2 U 1.5 J 1.7 J 8.9 U
Benzo(g,h,i)perylene -- -- 170,000 1,700,000 44 J 0.8 J 4.9 J 1 J 9.2 U 10 U 3.3 J 8.9 U
Benzo(k)fluoranthene -- -- 1,500 21,000 85 1.2 J 8.7 J 3.6 J 9.2 U 1.3 J 2.8 J 8.9 U
Chrysene -- -- 15,000 210,000 82 1 J 8.5 J 3.1 J 9.2 U 1.3 J 11 U 8.9 U
Dibenz(a,h)anthracene -- -- 15 210 13 8.6 U 1.2 J 8.6 U 9.2 J 10 U 0.82 J 8.9 U
Fluoranthene -- -- 230,000 2,200,000 82 8.6 U 15 5 J 9.2 U 1.8 J 11 U 8.9 U
Fluorene -- -- 230,000 2,200,000 2.1 J 8.6 U 8.8 U 8.6 U 9.2 U 10 U 11 U 8.9 U
Indeno(1,2,3-cd)pyrene -- -- 150 2,100 56 8.6 U 5.6 J 1.3 J 9.2 U 0.93 J 3.7 J 8.9 U
Phenanthrene -- -- 1,700,000 17,000,000 31 8.6 U 6.1 J 2.7 J 9.2 U 10 U 11 U 8.9 U
Pyrene -- -- 170,000 1,700,000 78 1.2 J 13 4.9 J 9.2 U 1.8 J 1.1 J 0.75 J
Total PAH (LMW) 29,000 -- -- -- 139 34.4 U 43.8 26.3 36.8 U 35.6 U
Total PAH (HMW) 18,000 -- -- -- 656 16.4 63.8 27.6 46 36.4

Total Metals (mg/kg)
Arsenic 18 5.6 0.39 1.6 0.96 U 1.2 B 0.53 B 0.52 B 1.1 U 1.2 U 0.68 J 1.1 U
Copper 70 ND 310 4,100 NA NA NA NA NA NA NA NA
Lead 120 110 400 -- 6.9 J 3.9 J 11.7 J 33.4 J 2 J 1.4 J 1.8 2 J
Zinc 120 123 2,300 31,000 NA NA NA NA NA NA NA NA

Notes:
Exceeds Adjusted Residential RSL.
Exceeds Adjusted Residential RSL and Industrial RSL.
Bold indicates exceedance of background.
NA - Not analyzed
NE - Not evaluated. Sample depth not applicable for 
ecological risk evaluation.
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
U - The material was analyzed for, but not detected
UL - Analyte not detected, quantitation limit is probably 
higher
mg/kg - Milligrams per kilogram
µg/kg - Micrograms per kilogram

NE
NE

NE
NE

Adjusted 
Residential RSL

LSR01-SO01
LSR01-SS01-0610

06/25/10

Background UTL -
Dredged Fill

Ecological Soil 
Screening Value

Adjusted 
Industrial RSL 0 - 0.5'

LSR01-SO02
LSR01-SS02-0610

06/23/10

LSR01-SO03
LSR01-SS03-0610

06/22/10
0.9 - 1.4' 0 - 0.5'

LSR01-SO04
LSR01-SS04-0610

06/25/10

LSR01-SO05
LSR01-SS05-0610

06/23/10
0 - 0.5'0 - 0.5'

LSR01-SO06
LSR01-SS06-0610

06/25/10

LSR01-SO07
LSR01-SS07-0610

06/28/10
4.0 - 4.5'2.0 - 2.5'

LSR01-SO08
LSR01-SS08-0610

06/23/10
0.5 - 1.0'
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TABLE 3-1
Surface Soil Detections and Exceedances of Screening Criteria

Former MWR Skeet Range Site Screening Process Report
JEB Little Creek

Virginia Beach, Virginia

Station ID
Sample ID
Sample Depth
Sample Date
Chemical Name

Polycyclic Aromatic Hydrocarbons (µg/kg)
2-Methylnaphthalene -- -- 31,000 410,000
Acenaphthene -- -- 340,000 3,300,000
Acenaphthylene -- -- 340,000 3,300,000
Anthracene -- -- 1,700,000 170,000,000
Benzo(a)anthracene -- -- 150 2,100
Benzo(a)pyrene -- -- 15 210
Benzo(b)fluoranthene -- -- 150 2,100
Benzo(g,h,i)perylene -- -- 170,000 1,700,000
Benzo(k)fluoranthene -- -- 1,500 21,000
Chrysene -- -- 15,000 210,000
Dibenz(a,h)anthracene -- -- 15 210
Fluoranthene -- -- 230,000 2,200,000
Fluorene -- -- 230,000 2,200,000
Indeno(1,2,3-cd)pyrene -- -- 150 2,100
Phenanthrene -- -- 1,700,000 17,000,000
Pyrene -- -- 170,000 1,700,000
Total PAH (LMW) 29,000 -- -- --
Total PAH (HMW) 18,000 -- -- --

Total Metals (mg/kg)
Arsenic 18 5.6 0.39 1.6
Copper 70 ND 310 4,100
Lead 120 110 400 --
Zinc 120 123 2,300 31,000

Notes:
Exceeds Adjusted Residential RSL.
Exceeds Adjusted Residential RSL and Industrial RSL.
Bold indicates exceedance of background.
NA - Not analyzed
NE - Not evaluated. Sample depth not applicable for 
ecological risk evaluation.
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
U - The material was analyzed for, but not detected
UL - Analyte not detected, quantitation limit is probably 
higher
mg/kg - Milligrams per kilogram
µg/kg - Micrograms per kilogram

Adjusted 
Residential RSL

Background UTL -
Dredged Fill

Ecological Soil 
Screening Value

Adjusted 
Industrial RSL

49 U 48 U 8.7 U 0.83 B 8.8 U 3.6 J 30 U
49 U 48 U 8.7 U 9 U 8.8 U 13 11 J
49 UL 48 UL 8.7 U 0.98 J 8.8 U 0.89 J 30 U

4.7 J 7.1 J 8.7 U 1.2 J 0.65 J 24 20 J
34 J 35 J 1.1 K 14 K 4.3 K 210 210
49 51 1.3 J 17 5.5 J 290 310

160 140 1.9 J 19 8 J 310 290
62 J 64 J 1 J 8.5 J 3.9 J 94 J 260

100 J 86 J 1.5 J 18 7.5 J 210 230
120 130 8.7 U 17 K 4.3 K 290 280
49 U 16 J 8.7 U 2.3 J 8.8 U 38 78
59 56 1.8 J 12 4.1 J 240 260
49 U 48 U 8.7 U 0.71 J 8.8 U 6.3 J 5.8 J
67 J 70 J 1.2 J 9.7 4.4 J 120 290
20 J 23 J 8.7 U 5.9 J 2.9 J 99 96
64 63 2 J 23 7.7 J 220 200

206 206 388 425
681 655 1,782 2,148

1.1 B 0.99 B 1 U 0.56 J 0.63 J 0.87 B 0.61 B
NA NA NA NA NA 1.4 1.2

86.7 J 98.6 1.5 25.4 12.1 15.1 J 2.8 J
NA NA NA NA NA 11.2 4.1

NE
NE

NE
NE

NE
NE

LSR01-SS09P-0610
LSR01-SO10

LSR01-SS10-0610

06/28/10

LSR01-SO09
LSR01-SS09-0610 LSR01-SS13-0610 LSR01-SS13P-0610

LSR01-SO13LSR01-SO11
LSR01-SS11-0610

06/28/10

LSR01-SO12
LSR01-SS12-0610

06/28/10
6.2 - 6.7'6.1 - 6.6'5.8 - 6.3'0 - 0.5' 1.2 - 1.7'

06/23/10 06/24/10
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TABLE 3-2
Subsurface Soil Detections and Exceedances of Screening Criteria

Former MWR Skeet Range Site Screening Process Report
JEB Little Creek

Virginia Beach, Virginia

Station ID
Sample ID
Sample Depth
Sample Date
Chemical Name

Polycyclic Aromatic Hydrocarbons (µg/kg)
Acenaphthene -- -- 340,000 3,300,000 0.66 J 8.6 U 8.7 U 9.8 U 8.7 U 9.2 U 11 U 8.5 U
Acenaphthylene -- -- 340,000 3,300,000 1.4 J 8.6 UL 8.7 UL 9.8 U 1.7 L 9.2 U 11 U 8.5 UL
Anthracene -- -- 1,700,000 170,000,000 1.6 J 8.6 U 8.7 U 9.8 U 1.2 J 9.2 U 11 U 8.5 U
Benzo(a)anthracene -- -- 150 2,100 12 2 J 1.2 J 9.8 U 8.7 J 0.88 J 11 U 8.5 U
Benzo(a)pyrene -- -- 15 210 17 2.6 J 1.1 J 0.56 J 6.2 J 0.84 J 11 U 8.5 U
Benzo(b)fluoranthene -- -- 150 2,100 17 4.7 J 1.3 J 0.79 J 6.5 J 1.5 J 11 U 8.5 U
Benzo(g,h,i)perylene -- -- 170,000 1,700,000 9.1 J 2.1 J 0.61 J 9.8 U 3 J 0.68 J 11 U 8.5 U
Benzo(k)fluoranthene -- -- 1,500 21,000 13 3.8 J 1.3 J 0.6 J 7.3 J 1 J 11 U 8.5 U
Chrysene -- -- 15,000 210,000 14 3.4 J 1.2 J 9.8 U 8.3 J 1.1 J 11 U 8.5 U
Dibenz(a,h)anthracene -- -- 15 210 2.4 J 8.6 U 8.7 U 9.8 U 8.7 U 9.2 U 11 U 8.5 U
Fluoranthene -- -- 230,000 2,200,000 19 3.8 J 2.2 J 9.8 U 15 1.9 J 11 U 8.5 U
Fluorene -- -- 230,000 2,200,000 0.55 J 8.6 U 8.7 U 9.8 U 8.7 U 9.2 U 11 U 8.5 U
Indeno(1,2,3-cd)pyrene -- -- 150 2,100 11 2.2 J 0.6 J 9.8 U 3.5 J 0.8 J 11 U 8.5 U
Phenanthrene -- -- 1,700,000 17,000,000 7.9 J 1.9 J 8.7 U 1.6 J 9 2.1 J 11 U 8.5 U
Pyrene -- -- 170,000 1,700,000 18 5.9 J 2.7 J 1.4 J 22 1.9 J 1.1 J 8.5 U
Total PAH (low molecular weight) 29,000 -- -- -- 39.9 32.7 35.9 53 34 U
Total PAH (high molecular weight) 18,000 -- -- -- 114 14.4 27.9 78.6 38.3 U

Inorganics (mg/kg)
Arsenic 18 5.6 0.39 1.6 0.54 B 0.45 B 1 U 0.89 B 0.67 B 1.1 U 1 J 0.99 U
Copper 70 ND 310 4,100 NA NA NA NA NA NA NA NA
Lead 120 16.4 400 -- 2.3 2.2 2.4 3.3 2.2 2.1 2 1.3
Zinc 120 39 2,300 31,000 NA NA NA NA NA NA NA NA

Notes:
Exceeds Adjusted Residential RSL.
Exceeds Adjusted Residential and Industrial RSL.
Bold indicates exceedance of background.
NA - Not analyzed
NE - Not evaluated. Sample depth not applicable for 
ecological risk evaluation.
B - Analyte not detected above the level reported in 
J - Analyte present, value may or may not be accurate or 
K - Analyte present, value may be biased high, actual 
L - Analyte present, value may be biased low, actual value 

U - The material was analyzed for, but not detected
UL - Analyte not detected, quantitation limit is probably 

mg/kg - Milligrams per kilogram
µg/kg - Micrograms per kilogram

NE
NE

NE
NE

NE
NE

Adjusted 
Residential RSL

LSR01-SO01
LSR01-SB01-0610

06/25/10

Background UTL-
Dredged Fill

LSR01-SO02
LSR01-SB02-0610

06/23/10

Adjusted 
Industrial RSL 0.5 - 2.0'

LSR01-SO03
LSR01-SB03-0610

06/22/10 06/28/10

LSR01-SO04
LSR01-SB04-0610

06/25/10

LSR01-SO05
LSR01-SB05-0610

06/23/10

LSR01-SO08
LSR01-SB08-0610

06/23/10

LSR01-SO06
LSR01-SB06-0610

06/25/10

LSR01-SO07
LSR01-SB07-0610Ecological Soil 

Screening 
Value

1.4 - 2.9' 1.0 - 2.5'4.5 - 6.0'2.5 - 4.0'0.5 - 2.0'0.5 - 2.0'0.5 - 2.0'
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TABLE 3-2
Subsurface Soil Detections and Exceedances of Screening Criteria

Former MWR Skeet Range Site Screening Process Report
JEB Little Creek

Virginia Beach, Virginia

Station ID
Sample ID
Sample Depth
Sample Date
Chemical Name

Polycyclic Aromatic Hydrocarbons (µg/kg)
Acenaphthene -- -- 340,000 3,300,000
Acenaphthylene -- -- 340,000 3,300,000
Anthracene -- -- 1,700,000 170,000,000
Benzo(a)anthracene -- -- 150 2,100
Benzo(a)pyrene -- -- 15 210
Benzo(b)fluoranthene -- -- 150 2,100
Benzo(g,h,i)perylene -- -- 170,000 1,700,000
Benzo(k)fluoranthene -- -- 1,500 21,000
Chrysene -- -- 15,000 210,000
Dibenz(a,h)anthracene -- -- 15 210
Fluoranthene -- -- 230,000 2,200,000
Fluorene -- -- 230,000 2,200,000
Indeno(1,2,3-cd)pyrene -- -- 150 2,100
Phenanthrene -- -- 1,700,000 17,000,000
Pyrene -- -- 170,000 1,700,000
Total PAH (low molecular weight) 29,000 -- -- --
Total PAH (high molecular weight) 18,000 -- -- --

Inorganics (mg/kg)
Arsenic 18 5.6 0.39 1.6
Copper 70 ND 310 4,100
Lead 120 16.4 400 --
Zinc 120 39 2,300 31,000

Notes:
Exceeds Adjusted Residential RSL.
Exceeds Adjusted Residential and Industrial RSL.
Bold indicates exceedance of background.
NA - Not analyzed
NE - Not evaluated. Sample depth not applicable for 
ecological risk evaluation.
B - Analyte not detected above the level reported in 
J - Analyte present, value may or may not be accurate or 
K - Analyte present, value may be biased high, actual 
L - Analyte present, value may be biased low, actual value 

U - The material was analyzed for, but not detected
UL - Analyte not detected, quantitation limit is probably 

mg/kg - Milligrams per kilogram
µg/kg - Micrograms per kilogram

Adjusted 
Residential RSL

Background UTL-
Dredged Fill

Adjusted 
Industrial RSL

Ecological Soil 
Screening 

Value

9.2 U 10 U 9.9 U 8.6 U 8.6 U 8 J 8.6 U
9.2 UL 10 UL 9.9 U 8.6 U 8.6 U 0.77 J 8.6 U
9.2 U 10 U 9.9 U 8.6 U 8.6 U 13 J 1.3 J

1 J 10 U 9.9 U 8.6 U 1.3 K 76 J 8 J
1.7 J 10 U 9.9 U 8.6 U 1.5 J 110 J 8.8 J
4.4 J 1.6 J 9.9 U 8.6 U 2 J 110 J 8.2 J
3.5 J 0.62 J 9.9 U 8.6 U 8.6 U 82 J 6.2 J
2.9 J 0.95 J 9.9 U 8.6 U 1.7 J 91 J 7.5 J
2.5 J 1.1 J 9.9 U 8.6 U 8.6 U 85 J 8.7 J
9.2 U 10 U 9.9 U 8.6 U 8.6 U 17 J 1.5 J
1.6 J 10 U 9.9 U 8.6 U 2.5 J 120 J 14 J
9.2 U 10 U 9.9 U 8.6 U 8.6 U 2.9 J 8.6 U
3.9 J 0.67 J 9.9 U 8.6 U 8.6 U 92 J 6.3 J
9.2 U 10 U 9.9 U 8.6 U 8.6 U 58 J 4.4 J
2.6 J 1.8 J 9.9 U 8.6 U 2.4 J 110 J 13 J

33.8 40 U
27.1 21.7

1.1 U 1.2 U 1.2 U 1 U 0.59 J 0.45 B 0.46 B
NA NA NA NA NA 1 0.68
3.9 4.2 J 3 1.5 2.3 2.9 J 10.5 J
NA NA NA NA NA 3.8 6.1

NE
NE

NE
NE

NE
NE

NE
NE

NE
NE

LSR01-SB09-0610

06/23/10 06/28/10

LSR01-SO12
LSR01-SB12-0610

06/28/10

LSR01-SB09P-0610

06/23/10

LSR01-SO10
LSR01-SB10-0610

06/28/10

LSR01-SO09

6.6 - 8.1'6.3 - 7.8'
LSR01-SB13-0610

06/24/10

LSR01-SB13P-0610

06/24/10

LSR01-SO13LSR01-SO11
LSR01-SB11-0610

0.5 - 2.0' 1.7 - 3.2'6.7 - 8.2'
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TABLE 3-3
Groundwater Detections and Exceedances of Screening Criteria
Former MWR Skeet Range Site Screening Process Report
JEB Little Creek
Virginia Beach, Virginia

Station ID
Sample ID
Sample Date
Chemical Name

Semivolatile Organic Compounds (µg/L)
Acenaphthene -- -- 220 0.22 U 0.2 U 0.22 U 0.22 U 0.15 J
Fluoranthene -- -- 150 0.016 J 0.015 J 0.22 U 0.22 U 0.052 J
Fluorene -- -- 150 0.22 U 0.2 U 0.22 U 0.22 U 0.058 J
Pyrene -- -- 110 0.22 U 0.2 U 0.22 U 0.22 U 0.034 J

Dissolved Metals (µg/L)
Arsenic 4 10 0.045 10 U 10 U 19.6 10 U 10 U
Lead -- 15 15 3 U 2.3 J 3 U 1.8 J 3 U
Zinc 42 -- 1,100 79.6 87 NA NA 20 U

Notes:
Exceeds Adjusted tapwater RSL and MCL.

Bold indicates exceedance of background.

NA - Not analyzed
B - Analyte not detected above the level reported in 
blanks
J - Analyte present, value may or may not be accurate 
or precise
U - The material was analyzed for, but not detected
UG/L - Micrograms per liter

Background 
UTL MCL LSR01-DP01P-0610

06/29/10

LSR01-DP01 LSR01-DP03
LSR01-DP03-0610

06/29/10

Adjusted 
Tapwater RSL LSR01-DP01-0610

06/29/10

LSR01-DP04
LSR01-DP04-0610

06/29/10

LSR01-DP02
LSR01-DP02-0610

06/29/10
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TABLE 3-4
Summary of Data Quantitatively Evaluated in Stream-lined HHRA
Former MWR Skeet Range Site Screening Process Report
JEB Little Creek
Virginia Beach, Virginia

Date of
Medium Sampling Sample Parameters

Surface Soil
06/25/10 LSR01-SS01-0610 PAHs, Metals
06/23/10 LSR01-SS02-0610 PAHs, Metals
06/22/10 LSR01-SS03-0610 PAHs, Metals
06/25/10 LSR01-SS04-0610 PAHs, Metals
06/23/10 LSR01-SS05-0610 PAHs, Metals
06/23/10 LSR01-SS08-0610 PAHs, Metals
06/23/10 LSR01-SS09-0610 PAHs, Metals
06/23/10 LSR01-SS09P-0610 PAHs, Metals
06/24/10 LSR01-SS13-0610 PAHs, Metals
06/24/10 LSR01-SS13P-0610 PAHs, Metals

Soil*
06/25/10 LSR01-SS01-0610 PAHs, Metals
06/25/10 LSR01-SB01-0610 PAHs, Metals
06/23/10 LSR01-SS02-0610 PAHs, Metals
06/23/10 LSR01-SB02-0610 PAHs, Metals
06/22/10 LSR01-SS03-0610 PAHs, Metals
06/22/10 LSR01-SB03-0610 PAHs, Metals
06/25/10 LSR01-SS04-0610 PAHs, Metals
06/25/10 LSR01-SB04-0610 PAHs, Metals
06/23/10 LSR01-SS05-0610 PAHs, Metals
06/23/10 LSR01-SB05-0610 PAHs, Metals
06/25/10 LSR01-SS06-0610 PAHs, Metals
06/25/10 LSR01-SB06-0610 PAHs, Metals
06/28/10 LSR01-SS07-0610 PAHs, Metals
06/28/10 LSR01-SB07-0610 PAHs, Metals
06/23/10 LSR01-SS08-0610 PAHs, Metals
06/23/10 LSR01-SB08-0610 PAHs, Metals
06/23/10 LSR01-SS09-0610 PAHs, Metals
06/23/10 LSR01-SS09P-0610 PAHs, Metals
06/23/10 LSR01-SB09-0610 PAHs, Metals
06/23/10 LSR01-SB09P-0610 PAHs, Metals
06/28/10 LSR01-SS10-0610 PAHs, Metals
06/28/10 LSR01-SB10-0610 PAHs, Metals
06/28/10 LSR01-SS11-0610 PAHs, Metals
06/28/10 LSR01-SB11-0610 PAHs, Metals
06/28/10 LSR01-SS12-0610 PAHs, Metals
06/28/10 LSR01-SB12-0610 PAHs, Metals
06/24/10 LSR01-SS13-0610 PAHs, Metals
06/24/10 LSR01-SS13P-0610 PAHs, Metals
06/24/10 LSR01-SB13-0610 PAHs, Metals
06/24/10 LSR01-SB13P-0610 PAHs, Metals

*Soil is combined surface and subsurface soil.
PAHs - Polycyclic Aromatic Hydrocarbons
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TABLE 3-5
Summary of Constituents of Potential Concern for the HHRA
Former MWR Skeet Range Site Screening Process Report
JEB Little Creek
Virginia Beach, Virginia

Medium COPC

Surface Soil
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)flouranthene
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene

Soil*
Arsenic
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)flouranthene
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene

*Soil is combined surface and subsurface soil
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TABLE 3-6
Summary of RME Cancer Risks and Hazard Indices
Former MWR Skeet Range Site Screening Process Report
JEB Little Creek
Virginia Beach, Virginia

Receptor Media Exposure Route Cancer Risk

Chemicals with Cancer 

Risks >10-4

Chemicals with Cancer Risks 

>10-5 and <10-4

Chemicals with Cancer Risks 

>10-6 and <10-5 Hazard Index Chemicals with HI>1
Current  Industrial Worker Surface Soil Ingestion 7.9E-07 NC
Adult Dermal Contact 6.8E-07 NC

Inhalation 2.1E-11 NC
Total 1.5E-06 Benzo(a)pyrene NC

Future Resident Soil* Ingestion NA 3.0E-03
Adult Dermal Contact NA 3.6E-04

Inhalation NA 3.1E-05

Total NA 3.4E-03

Future Resident Soil* Ingestion NA 2.8E-02
Child Dermal Contact NA 2.3E-03

Inhalation NA 3.1E-05
Total NA 3.0E-02

Future Resident Child/Adult Soil* Ingestion 1.2E-05 Benzo(a)pyrene, Arsenic NA
Dermal Contact 4.0E-06 Benzo(a)pyrene NA
Inhalation 1.0E-09 NA
Total 1.6E-05 Benzo(a)pyrene, Arsenic NA

Soil* = combined surface and subsurface soil.
NA - Exposure scenario not applicable
NC - COPCs are carcinogenic, non-carcinogenic hazard index not calculated
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FIGURE 3-1
Former MWR Skeet Range CSM (1971)
Former MWR Skeet Range Site Screening Process Report
JEB Little Creek
Virginia Beach, Virginia
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FIGURE 3-2
Former MWR Skeet Range CSM (Present Day)
Former MWR Skeet Range Site Screening Process Report
JEB Little Creek
Virginia Beach, Virginia
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Figure 3-3
Surface Soil Exceedances of Risk-Based Screening Values
Former MWR Skeet Range Site Screening Process Report

JEB Little Creek
Virginia Beach, Virginia/
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Notes:
Concentration exceeds Adjusted Residential RSL
Concentration exceeds Adjusted Residential RSL and Adjusted Industrial RSL
Bold text indicates exceedance of background UTL
* Indicates duplicate sample was collected at this location. Values presented
are the higher of the two reported values.
1No value for the individual PAH was used; the constituent was evaluated
as part of the total PAH (HMW) evaluation
bgs - Below Ground Surface
mg/kg - milligram per kilogram
ND - Not Detected
PAH - Polycyclic Aromatic Hydrocarbon
RSL - Regional Screening Level
µg/kg - microgram per kilogram
UTL - Upper Tolerance Limit
-- - Not Established

Sample ID
Sample Date
Sample Depth

No Exeedances

PAHs (µg/kg)

Inorganics (mg/kg)

LSR01-SS02-0610
6/23/2010

0.9 - 1.4' bgs

No Exeedances

Sample ID
Sample Date
Sample Depth

No Exeedances

No Exeedances

PAHs (µg/kg)

LSR01-SS03-0610
6/23/2010

Inorganics (mg/kg)

0 - 0.5' bgs

Sample ID
Sample Date
Sample Depth

No Exeedances

No Exeedances

LSR01-SS04-0610

6/25/2010

Inorganics (mg/kg)
0 - 0.5' bgs

PAHs (µg/kg)

Sample ID
Sample Date
Sample Depth

LSR01-SS05-0610
6/25/2010

Inorganics (mg/kg)

PAHs (µg/kg)

0 - 0.5' bgs

No Detections

No Exeedances

Sample ID
Sample Date
Sample Depth

PAHs (µg/kg)

2.0 - 2.5' bgs
6/25/2010

LSR01-SS06-0610

Inorganics (mg/kg)
No Exeedances

No Exeedances

Sample ID
Sample Date
Sample Depth

Arsenic 0.68 J

PAHs (µg/kg)

6/28/2010

Inorganics (mg/kg)

4.0 - 4.5' bgs

LSR01-SS07-0610

No Exeedances

Sample ID
Sample Date
Sample Depth

PAHs (µg/kg)

0.5 - 1.0' bgs

No Exeedances

No Exeedances

LSR01-SS08-0610
6/23/2010

Inorganics (mg/kg)

Sample ID
Sample Date
Sample Depth
Inorganics (mg/kg)

LSR01-SS10-0610

6/28/2010

5.8 - 6.3' bgs

No Exeedances

No Exeedances

PAHs (µg/kg)

Sample ID
Sample Date
Sample Depth

Arsenic 0.63 J

LSR01-SS12-0610
6/28/2010

Inorganics (mg/kg)
6.2 - 6.7' bgs

No Exeedances

PAHs (µg/kg)

Arsenic 5.6 0.39 1.6 18

Benzo(a)anthracene -- 150 2,100 18,0001

Benzo(a)pyrene -- 15 210 18,0001

Benzo(b)f luoranthene -- 150 2,100 18,0001

Dibenz(a,h)anthracene -- 15 210 18,0001

Indeno(1,2,3-cd)pyrene -- 150 2,100 18,0001

PAHs (µg/kg)

Constituent
Dredge Fill 

95% UTL

Screening Criteria
Adjusted 

Residential 
RSLs

Adjusted 
Industrial 

RSLs

Ecological 
Screening 

Value
Inorganics (mg/kg)

Sample ID
Sample Date
Sample Depth

Benzo(a)pyrene 110

6/25/2010

Inorganics (mg/kg)

0 - 0.5' bgs

No Exeedances

LSR01-SS01-0610

PAHs (µg/kg)

Sample ID
Sample Date
Sample Depth

Benzo(a)pyrene 51

Benzo(b)f luoranthene 160
Dibenz(a,h)anthracene 16 J

PAHs (µg/kg)

0 - 0.5' bgs

No Exeedances

LSR01-SS09-0610*
6/25/2010

Inorganics (mg/kg)

Sample ID
Sample Date
Sample Depth

Arsenic 0.56 J

Benzo(a)pyrene 17

LSR01-SS11-0610
6/28/2010

Inorganics (mg/kg)
6.1 - 6.6' bgs

PAHs (µg/kg)

Sample ID
Sample Date
Sample Depth

Benzo(a)anthracene 210

Benzo(a)pyrene 310

Benzo(b)f luoranthene 310

Dibenz(a,h)anthracene 78
Indeno(1,2,3-cd)pyrene 290

PAHs (µg/kg)
No Exeedances

1.2 - 1.7' bgs

LSR01-SS13-0610*
6/24/2010

Inorganics (mg/kg)
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Figure 3-4
Subsurface Soil Exceedances of Risk-Based Screening Values

Former MWR Skeet Range Site Screening Process Report
JEB Little Creek

Virginia Beach, Virginia/
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Legend
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!H Surface Soil/Subsurface Soil Sample Location
!A Shotfall Vertex
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Elevation Contour (5 ft)
MWR Skeet Range Boundary
Approximate Location of New
Asphalt Parking Lot

375 feet (Zone of short shotfall)
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Notes:
Concentration exceeds Adjusted Residential RSL
Bold text indicates exceedance of background UTL
* Indicates duplicate sample was collected at this location. Values presented
are the higher of the two reported values.
1No value for the individual PAH was used; the constituent was evaluated
as part of the total PAH (HMW) evaluation
bgs - Below Ground Surface
mg/kg - milligram per kilogram
ND - Not Detected
PAH - Polycyclic Aromatic Hydrocarbon
RSL - Regional Screening Level
µg/kg - microgram per kilogram
UTL - Upper Tolerance Limit
-- - Not Established

Sample ID
Sample Date
Sample Depth

PAHs (µg/kg)

Inorganics (mg/kg)

LSR01-SB02-0610
6/23/2010

1.4 - 2.9' bgs

No Exceedances

No Exceedances

Sample ID
Sample Date
Sample Depth

PAHs (µg/kg)

LSR01-SB03-0610
6/23/2010

Inorganics (mg/kg)

No Exceedances

No Exceedances

0.5 - 2.0' bgs

Sample ID
Sample Date
Sample Depth

PAHs (µg/kg)

LSR01-SB04-0610

No Exceedances

No Exceedances

Inorganics (m g/kg)

6/25/2010
0.5 - 2.0' bgs

Sample ID
Sample Date
Sample Depth

No Exceedances

PAHs (µg/kg)
No Exceedances

Inorganics (mg/kg)

6/25/2010
LSR01-SB05-0610

0.5 - 2.0' bgs

Sample ID
Sample Date
Sample Depth

6/25/2010
LSR01-SB06-0610

Inorganics (mg/kg)

2.5 - 4.0' bgs

PAHs (µg/kg)

No Exceedances

No Exceedances

Sample ID
Sample Date
Sample Depth

Arsenic 1 J

PAHs (µg/kg)

LSR01-SB07-0610
6/28/2010

Inorganics (mg/kg)

4.5 - 7.0' bgs

No Exceedances

Sample ID
Sample Date
Sample Depth

PAHs (µg/kg)
No Detections

No Exceedances

1.0 - 2.5' bgs

LSR01-SB08-0610
6/25/2010

Inorganics (mg/kg)

Sample ID
Sample Date
Sample Depth

PAHs (µg/kg)

No Exceedances

No Exceedances

0.5 - 2.0' bgs

LSR01-SB09-0610*
6/28/2010

Inorganics (mg/kg)

Sample ID
Sample Date
Sample Depth

PAHs (µg/kg)
No Detections

Inorganics (mg/kg)

No Exceedances

LSR01-SB10-0610
6/28/2010

6.3 - 7.8' bgs

Sample ID
Sample Date
Sample Depth

LSR01-SB11-0610
6/28/2010

Inorganics (mg/kg)
6.6 - 8.1' bgs

PAHs (µg/kg)

No Detections

No Exceedances

Sample ID
Sample Date
Sample Depth

Arsenic 0.59 J
PAHs (µg/kg)

6.7 - 8.2' bgs

No Exceedances

LSR01-SB12-0610
6/28/2010

Inorganics (mg/kg)

Arsenic 6 0.39 1.6 18

Benzo(a)pyrene -- 15 210 18,0001

Dibenz(a,h)anthracene -- 15 210 18,0001

Screening Criteria

Constituent
Ecological 
Screening 

Value

PAHs (µg/kg)

Adjusted 
Residential 

RSLs

Dredge Fill 
95 % UTL

Adjusted 
Industrial 

RSLs

Inorganics (mg/kg)

Sample ID
Sample Date
Sample Depth

Benzo(a)pyrene 17

No Exceedances

PAHs (µg/kg)

LSR01-SB01-0610
6/25/2010

Inorganics (mg/kg)
0.5 - 2.0' bgs

Sample ID
Sample Date
Sample Depth

Benzo(a)pyrene 110

Dibenz(a,h)anthracene 17

Inorganics (mg/kg)
1.7 - 3.2' bgs

PAHs (µg/kg)

LSR01-SB13-0610*
6/24/2010

No Exceedances
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Figure 3-5
Groundwater Exceedances of Risk-Based Screening Values

Former MWR Skeet Range Site Screening Process Report
JEB Little Creek

Virginia Beach, Virginia/
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Notes:
Concentration exceeds Adjusted Tapwater RSL
Concentration exceeds Adjusted Tapwater RSL and MCL
Bold text indicates exceedance of background UTL
* Indicates duplicate sample was collected at this location.  Values
 presented are the higher of the two reported values.
MCL - Maximum Contaminant Level
NV - No Value
PAH - Polycyclic Aromatic Hydrocarbon
RSL - Regional Screening Level
µg/L - micrograms per liter
UTL - Upper Tolerance Limit

Arsenic 4 0.045 10
Zinc 42 1,100 NV

Inorganics (µg/L)

Constituent
Groundwater 

95% UTL

Screening Criteria

Adjusted 
Tapwater RSLs MCL

Sample ID
Sample Date

Zinc 87

No Exceedances

PAHs (µg/L)

LSR01-DP01-0610*
6/29/2010

Inorganics (µg/L)

Sample ID
Sample Date

Arsenic 19.6

PAHs (µg/L)
No Detections

Inorganics (µg/L)

LSR01-DP02-0610
6/29/2010

Sample ID
Sample Date

PAHs (µg/L)

No Detections

LSR01-DP03-0610
6/29/2010

Inorganics (µg/L)

No Detections

Sample ID
Sample Date

PAHs (µg/L)
No Exceedances

No Detections

Inorganics (µg/L)
6/29/2010

LSR01-DP04-0610
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SECTION 4 

Conclusions and Recommendations 

The overall objectives of this SSP are to determine whether a release of MC to environmental 
media has occurred; if so, determine whether the release poses potentially unacceptable 
human health or ecological risks; and determine the appropriate path forward for the site. 
This section presents the conclusions of the SSP conducted at the former MWR Skeet Range 
and the proposed path forward for the site.  

4.1 Conclusions 

Conclusions regarding the data collected at the former MWR Skeet Range are as follows: 

 The surface and subsurface geology is generally characterized by two varieties of fill 
material overlying native soil: dredge fill, which is representative of the ground surface 
during range operation, and post-range closure fill, which was  placed above the dredge 
spoils following range closure (i.e., for LCAC pad and building construction). Soil 
samples were collected from within dredge-fill material. 

  Only one shotgun pellet was observed in soil during the SSP investigation. No skeet 
fragments were observed.  

 A total of 17 PAHs were observed in soil; five PAHs (benzo(a)anthracene, 
benzo(a)pyrene, benzo(b)fluoranthene, dibenz(a,h)anthracene, and indeno(1,2,3-
cd)pyrene) were detected above residential screening criteria in several samples, and 
one PAH (benzo(a)pyrene) was detected slightly above the industrial screening criteria 
in one sample. However, PAH concentrations observed at the site are similar to 
concentrations attributable to other anthropogenic sources. PAH concentrations at the 
site were less than or comparable to maximum concentrations observed in the 
background study. In addition, no fragments of skeet targets were identified in soil 
during the SSP investigation. No PAHs exceeded screening criteria in surficial aquifer 
groundwater.  

 Inorganic constituents observed in soil were attributable to background conditions. Only 
arsenic was observed above residential tap water screening criteria in one groundwater 
sample; however, concentrations are likely related to background conditions since the 
groundwater in this area is influenced by seawater intrusion, which promotes reducing 
conditions that are favorable for arsenic mobilization, and arsenic was only detected in 
one site soil sample. As a result, inorganic constituents observed at the site are 
attributable to background conditions and are not site related.  

 Five PAHs (surface and combined surface and subsurface soil) and arsenic (combined 
surface and subsurface soil only) were identified as COPCs. The results of the HHRA 
indicate that there are no unacceptable risks associated with current/future industrial 
worker exposure to surface soil or future resident exposure to combined surface and 
subsurface soil. 
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4.2 Recommendations 

Although samples were not collected from the area underlying the existing LCAC pad and 
associated parking area, data collected as part of this investigation are considered 
representative of conditions expected throughout the former MWR Skeet Range shotfall 
zone. Based on the results of the data evaluation it is concluded the MWR Skeet Range does 
not pose a threat, or potential threat to public health, welfare, or the environment, and 
therefore, the area should be removed from further study. In the event contamination 
posing an unacceptable risk to human health or the environment is discovered or the LCAC 
pad is removed after site closure, it is recommended the Navy reevaluate the area as 
deemed necessary. 
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Appendix B 
Raw Analytical Data 



Appendix B Table B-1
Surface Soil Raw Analytical Data

MWR Skeet Range Site Inspection Report
JEB Little Creek-Fort Story

NAB Little Creek
Virginia Beach, Virginia

Station ID
Sample ID
Sample Date
Chemical Name

Semivolatile Organic Compounds (UG/KG)
2-Methylnaphthalene 2.9 B 8.6 U 8.8 U 8.6 U 9.2 U 10 U 11 U 8.9 U 49 U 48 U 8.7 U 0.83 B 8.8 U 3.6 J 30 U
Acenaphthene 6.2 J 8.6 U 8.8 U 8.6 U 9.2 U 10 U 11 U 8.9 U 49 U 48 U 8.7 U 9 U 8.8 U 13 11 J
Acenaphthylene 5.2 J 8.6 UL 8.8 UL 0.64 J 9.2 UL 10 U 11 U 8.9 UL 49 UL 48 UL 8.7 U 0.98 J 8.8 U 0.89 J 30 U
Anthracene 9.5 8.6 U 0.72 J 0.77 J 9.2 U 10 U 11 U 8.9 U 4.7 J 7.1 J 8.7 U 1.2 J 0.65 J 24 20 J
Benzo(a)anthracene 68 0.78 J 5.1 J 2 J 9.2 U 0.96 J 0.73 K 8.9 U 34 J 35 J 1.1 K 14 K 4.3 K 210 210
Benzo(a)pyrene 110 1 J 6.8 J 2.5 J 9.2 U 1.1 J 2.6 J 8.9 U 49 51 1.3 J 17 5.5 J 290 310
Benzo(b)fluoranthene 120 1.8 J 10 4.9 J 9.2 U 1.5 J 1.7 J 8.9 U 160 140 1.9 J 19 8 J 310 290
Benzo(g,h,i)perylene 44 J 0.8 J 4.9 J 1 J 9.2 U 10 U 3.3 J 8.9 U 62 J 64 J 1 J 8.5 J 3.9 J 94 J 260
Benzo(k)fluoranthene 85 1.2 J 8.7 J 3.6 J 9.2 U 1.3 J 2.8 J 8.9 U 100 J 86 J 1.5 J 18 7.5 J 210 230
Chrysene 82 1 J 8.5 J 3.1 J 9.2 U 1.3 J 11 U 8.9 U 120 130 8.7 U 17 K 4.3 K 290 280
Dibenz(a,h)anthracene 13 8.6 U 1.2 J 8.6 U 9.2 J 10 U 0.82 J 8.9 U 49 U 16 J 8.7 U 2.3 J 8.8 U 38 78
Fluoranthene 82 8.6 U 15 5 J 9.2 U 1.8 J 11 U 8.9 U 59 56 1.8 J 12 4.1 J 240 260
Fluorene 2.1 J 8.6 U 8.8 U 8.6 U 9.2 U 10 U 11 U 8.9 U 49 U 48 U 8.7 U 0.71 J 8.8 U 6.3 J 5.8 J
Indeno(1,2,3-cd)pyrene 56 8.6 U 5.6 J 1.3 J 9.2 U 0.93 J 3.7 J 8.9 U 67 J 70 J 1.2 J 9.7 4.4 J 120 290
Naphthalene 2.4 B 8.6 U 8.8 U 8.6 U 9.2 U 10 U 11 U 8.9 U 49 U 48 U 8.7 U 0.97 B 8.8 U 3 B 3.6 B
Phenanthrene 31 8.6 U 6.1 J 2.7 J 9.2 U 10 U 11 U 8.9 U 20 J 23 J 8.7 U 5.9 J 2.9 J 99 96
Pyrene 78 1.2 J 13 4.9 J 9.2 U 1.8 J 1.1 J 0.75 J 64 63 2 J 23 7.7 J 220 200

Total Metals (MG/KG)
Arsenic 0.96 U 1.2 B 0.53 B 0.52 B 1.1 U 1.2 U 0.68 J 1.1 U 1.1 B 0.99 B 1 U 0.56 J 0.63 J 0.87 B 0.61 B
Copper NA NA NA NA NA NA NA NA NA NA NA NA NA 1.4 1.2
Lead 6.9 J 3.9 J 11.7 J 33.4 J 2 J 1.4 J 1.8 2 J 86.7 J 98.6 1.5 25.4 12.1 15.1 J 2.8 J
Zinc NA NA NA NA NA NA NA NA NA NA NA NA NA 11.2 4.1

Notes:
NA - Not analyzed
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
U - The material was analyzed for, but not detected
UL - Analyte not detected, quantitation limit is probably 
higher
MG/KG - Milligrams per kilogram
UG/KG - Micrograms per kilogram

LSR01-SS13P-0610
06/24/10

LSR01-SO09 LSR01-SO13LSR01-SO12
LSR01-SS12-0610

06/28/10
LSR01-SS13-0610

06/24/10

LSR01-SO10
LSR01-SS10-0610

06/28/10

LSR01-SO11
LSR01-SS11-0610

06/28/10
LSR01-SS09-0610

06/23/10
LSR01-SS09P-0610

06/23/10

LSR01-SO07
LSR01-SS07-0610

06/28/10

LSR01-SO08
LSR01-SS08-0610

06/23/10

LSR01-SO05
LSR01-SS05-0610

06/23/10

LSR01-SO06
LSR01-SS06-0610

06/25/10

LSR01-SO03
LSR01-SS03-0610

06/22/10

LSR01-SO04
LSR01-SS04-0610

06/25/10

LSR01-SO01
LSR01-SS01-0610

06/25/10

LSR01-SO02
LSR01-SS02-0610

06/23/10
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Appendix B Table B-2
Subsurface Soil Raw Analytical Data

MWR Skeet Range Site Inspection Report
JEB Little Creek-Fort Story

NAB Little Creek
Virginia Beach, Virginia

Station ID
Sample ID
Sample Date
Chemical Name

Semivolatile Organic Compounds (UG/KG)
2-Methylnaphthalene 8.8 U 8.6 U 8.7 U 9.8 U 8.7 U 9.2 U 11 U 8.5 U 9.2 U 10 U 9.9 U 8.6 U 8.6 U 8.7 U 8.6 U
Acenaphthene 0.66 J 8.6 U 8.7 U 9.8 U 8.7 U 9.2 U 11 U 8.5 U 9.2 U 10 U 9.9 U 8.6 U 8.6 U 8 J 8.6 U
Acenaphthylene 1.4 J 8.6 UL 8.7 UL 9.8 U 1.7 L 9.2 U 11 U 8.5 UL 9.2 UL 10 UL 9.9 U 8.6 U 8.6 U 0.77 J 8.6 U
Anthracene 1.6 J 8.6 U 8.7 U 9.8 U 1.2 J 9.2 U 11 U 8.5 U 9.2 U 10 U 9.9 U 8.6 U 8.6 U 13 J 1.3 J
Benzo(a)anthracene 12 2 J 1.2 J 9.8 U 8.7 J 0.88 J 11 U 8.5 U 1 J 10 U 9.9 U 8.6 U 1.3 K 76 J 8 J
Benzo(a)pyrene 17 2.6 J 1.1 J 0.56 J 6.2 J 0.84 J 11 U 8.5 U 1.7 J 10 U 9.9 U 8.6 U 1.5 J 110 J 8.8 J
Benzo(b)fluoranthene 17 4.7 J 1.3 J 0.79 J 6.5 J 1.5 J 11 U 8.5 U 4.4 J 1.6 J 9.9 U 8.6 U 2 J 110 J 8.2 J
Benzo(g,h,i)perylene 9.1 J 2.1 J 0.61 J 9.8 U 3 J 0.68 J 11 U 8.5 U 3.5 J 0.62 J 9.9 U 8.6 U 8.6 U 82 J 6.2 J
Benzo(k)fluoranthene 13 3.8 J 1.3 J 0.6 J 7.3 J 1 J 11 U 8.5 U 2.9 J 0.95 J 9.9 U 8.6 U 1.7 J 91 J 7.5 J
Chrysene 14 3.4 J 1.2 J 9.8 U 8.3 J 1.1 J 11 U 8.5 U 2.5 J 1.1 J 9.9 U 8.6 U 8.6 U 85 J 8.7 J
Dibenz(a,h)anthracene 2.4 J 8.6 U 8.7 U 9.8 U 8.7 U 9.2 U 11 U 8.5 U 9.2 U 10 U 9.9 U 8.6 U 8.6 U 17 J 1.5 J
Fluoranthene 19 3.8 J 2.2 J 9.8 U 15 1.9 J 11 U 8.5 U 1.6 J 10 U 9.9 U 8.6 U 2.5 J 120 J 14 J
Fluorene 0.55 J 8.6 U 8.7 U 9.8 U 8.7 U 9.2 U 11 U 8.5 U 9.2 U 10 U 9.9 U 8.6 U 8.6 U 2.9 J 8.6 U
Indeno(1,2,3-cd)pyrene 11 2.2 J 0.6 J 9.8 U 3.5 J 0.8 J 11 U 8.5 U 3.9 J 0.67 J 9.9 U 8.6 U 8.6 U 92 J 6.3 J
Naphthalene 8.8 U 8.6 U 8.7 U 9.8 U 8.7 U 9.2 U 11 U 8.5 U 9.2 U 10 U 9.9 U 8.6 U 8.6 U 1.9 B 0.84 B
Phenanthrene 7.9 J 1.9 J 8.7 U 1.6 J 9 2.1 J 11 U 8.5 U 9.2 U 10 U 9.9 U 8.6 U 8.6 U 58 J 4.4 J
Pyrene 18 5.9 J 2.7 J 1.4 J 22 1.9 J 1.1 J 8.5 U 2.6 J 1.8 J 9.9 U 8.6 U 2.4 J 110 J 13 J

Total Metals (MG/KG)
Arsenic 0.54 B 0.45 B 1 U 0.89 B 0.67 B 1.1 U 1 J 0.99 U 1.1 U 1.2 U 1.2 U 1 U 0.59 J 0.45 B 0.46 B
Copper NA NA NA NA NA NA NA NA NA NA NA NA NA 1 0.68
Lead 2.3 2.2 2.4 3.3 2.2 2.1 2 1.3 3.9 4.2 J 3 1.5 2.3 2.9 J 10.5 J
Zinc NA NA NA NA NA NA NA NA NA NA NA NA NA 3.8 6.1

Notes:
NA - Not analyzed
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
U - The material was analyzed for, but not detected
UL - Analyte not detected, quantitation limit is probably 
higher
MG/KG - Milligrams per kilogram
UG/KG - Micrograms per kilogram

LSR01-SO01
LSR01-SB01-0610

06/25/10

LSR01-SO02
LSR01-SB02-0610

06/23/10

LSR01-SO03
LSR01-SB03-0610

06/22/10

LSR01-SO04
LSR01-SB04-0610

06/25/10

LSR01-SO05
LSR01-SB05-0610

06/23/10

LSR01-SO06
LSR01-SB06-0610

06/25/10

LSR01-SO07
LSR01-SB07-0610

06/28/10

LSR01-SO08
LSR01-SB08-0610

06/23/10
LSR01-SB10-0610

06/28/10

LSR01-SO11
LSR01-SB11-0610

06/28/10
LSR01-SB09-0610

06/23/10
LSR01-SB09P-0610

06/23/10
LSR01-SB13P-0610

06/24/10

LSR01-SO09 LSR01-SO13LSR01-SO12
LSR01-SB12-0610

06/28/10
LSR01-SB13-0610

06/24/10

LSR01-SO10
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Appendix B Table B-3
Groundwater Raw Analytical Data

MWR Skeet Range Site Inspection Report
JEB Little Creek-Fort Story

NAB Little Creek
Virginia Beach, Virginia

Station ID
Sample ID
Sample Date
Chemical Name

Semivolatile Organic Compounds (µg/L)
2-Methylnaphthalene 0.22 U 0.2 U 0.22 U 0.22 U 0.22 U
Acenaphthene 0.22 U 0.2 U 0.22 U 0.22 U 0.15 J
Acenaphthylene 0.22 U 0.2 U 0.22 U 0.22 U 0.22 U
Anthracene 0.22 U 0.2 U 0.22 U 0.22 U 0.22 U
Benzo(a)anthracene 0.22 U 0.2 U 0.22 U 0.22 U 0.22 U
Benzo(a)pyrene 0.22 U 0.2 U 0.22 U 0.22 U 0.22 U
Benzo(b)fluoranthene 0.22 U 0.2 U 0.22 U 0.22 U 0.22 U
Benzo(g,h,i)perylene 0.22 U 0.2 U 0.22 U 0.22 U 0.22 U
Benzo(k)fluoranthene 0.22 U 0.2 U 0.22 U 0.22 U 0.22 U
Chrysene 0.22 U 0.2 U 0.22 U 0.22 U 0.22 U
Dibenz(a,h)anthracene 0.22 U 0.2 U 0.22 U 0.22 U 0.22 U
Fluoranthene 0.016 J 0.015 J 0.22 U 0.22 U 0.052 J
Fluorene 0.22 U 0.2 U 0.22 U 0.22 U 0.058 J
Indeno(1,2,3-cd)pyrene 0.22 U 0.2 U 0.22 U 0.22 U 0.22 U
Naphthalene 0.22 U 0.2 U 0.22 U 0.22 U 0.04 B
Phenanthrene 0.22 U 0.2 U 0.22 U 0.22 U 0.22 U
Pyrene 0.22 U 0.2 U 0.22 U 0.22 U 0.034 J

Dissolved Metals (µg/L)
Arsenic, Dissolved 10 U 10 U 19.6 10 U 10 U
Copper, Dissolved 5 U 2.2 B NA NA 5 U
Lead, Dissolved 3 U 2.3 J 3 U 1.8 J 3 U
Zinc, Dissolved 79.6 87 NA NA 20 U

Notes:
NA - Not analyzed
B - Analyte not detected above the level reported in 
blanks
J - Analyte present, value may or may not be accurate 
or precise
U - The material was analyzed for, but not detected
µg/L - Micrograms per liter

06/29/10

LSR01-DP03
LSR01-DP03-0610

06/29/10
LSR01-DP01-0610

06/29/10
LSR01-DP01P-0610

06/29/10

LSR01-DP04
LSR01-DP04-0610

06/29/10

LSR01-DP01 LSR01-DP02
LSR01-DP02-0610
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Appendix C 
Soil Boring Logs 



SHEET   1 OF   1

SOIL BORING LOG

PROJECT : Morale, Welfare, and Recreation Skeet Range LOCATION: Naval Amphibious Base Little Creek, Virginia Beach Virginia
ELEVATION : N/A

WATER LEVEL : 7.0 ft bgs
DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS

INTERVAL (FT) PENETRATION
RECOVERY (IN) TEST

#/TYPE RESULTS

6"-6"-6"-6"
(N)

0 __
_
_
_
_

1 __
_
_
_
_

2 __
_
_
_
_

3 __
_
_
_
_

4 __
_
_
_
_

5 __
_
_
_
_

6 __
_
_
_

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY OR 
CONSISTENCY, MOISTURE, PLASTICITY, SEDIMENTARY STRUCTURE, 
SECONDARY GRAIN SIZE INFO, MISC. INFO

Surface soil sample (LSR01-SS01-0610) 
collected from 0-0.5' bgs at 09:20 on 6-25-
10 for PAHs, arsenic, and lead.

Subsurface soil sample (LSR01-SB01-
0610) collected from 0.5-2' bgs at 08:30 
on 6-25-10 for PAHs, arsenic, and lead.

DRILLING CONTRACTOR : Parratt Wolff, Inc., driller: P. Phillips

  LOGGER : Stephen Brand

DEPTH OF CASING, DRILLING RATE, 
DRILLING FLUID LOSS, TESTS AND 
INSTRUMENTATION

PROJECT NUMBER BORING NUMBER

380974.SI.FQ LSR01-SO01

END : 08:30  06/25/10
DRILLING METHOD AND EQUIPMENT USED : Direct Push Technology, PowerProbe 9600 direct push rig with 4' acetate sleeves

START :  07:50  06/25/10

4 - 8'

0'- 0.6'- Silty sand (SM), light brownish gray (10YR 6/2), loose, dry, fine 
subrounded quartz sand, surface roots and organics.

0.6'- 3.0' - Fine sand (SP), pale yellow (2.5Y 7/4), loose, dry, some 
illregularly shaped clasts of silty sand and clay, possibly disturbed but 
unable to confirm.3.0'

4.0'

DPT-01

DPT-02

0 - 4'

4.0'- 6.2' - Fine sand (SP), pale yellow (2.5Y 7/4), loose, dry, some 
clasts of silty sand and irregularly shaped clay, possibly disturbed but 
unable to confirm.

3.0'- 4.0' - No Recovery

_
7 __

_
_
_
_

8 __
_
_
_
_

9 __
_
_
_
_

10 __
_
_
_
_

11 __
_
_
_
_

12 __
_
_
_
_

13 __
_
_
_
_

14 __
_
_
_
_

15 __
_
_
_
_

16 __

8 - 12' 4.0' DPT-03

8.9' - 13.0' - Sand and trace silt (SP), gray (10YR 5/1), loose, saturated, 
zone of silty sand (SM) grading up to pure fat clay (CH) from 10.4' - 11.1' 
then back into subrounded quartz sand and little to trace silt.

12 - 13' 1.0' DPT-04

End macrocore sampling at 13' bgs

Well point installed: 0.75" PVC well casing 
from above ground to 12.25' bgs, 5' of 
screen installed from 7.25 - 12.25', screen 
is made of 5' pre-packed screen joints

Groundwater sample (LSR01-DP01-0610) 
collected at 11:40, field duplicate sample 
(LSR01-DP01P-0610) collected at 11:50 
on 06-29-10 for PAHs, arsenic, copper, 
lead, and zinc.

6.2'- 8.9' - Sand (SP), pale yellow with some layers of iron staining (2.5Y 
8/2), loose, saturated at 7.0' ft, massive, fine subrounded quartz sand 
with trace medium sand, well-sorted, trace roots.



SHEET   1 OF   1

SOIL BORING LOG

PROJECT : Morale, Welfare, and Recreation Skeet Range LOCATION: Naval Amphibious Base Little Creek, Virginia Beach Virginia
ELEVATION : N/A

WATER LEVEL : 8.0 ft bgs
DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS

INTERVAL (FT) PENETRATION
RECOVERY (IN) TEST

#/TYPE RESULTS

6"-6"-6"-6"
(N)

0 __
_
_
_
_

1 __
_
_
_
_

2 __
_
_
_
_

3 __
_
_
_
_

4 __
_
_
_
_

5 __
_
_
_
_

6 __
_
_
_

DRILLING METHOD AND EQUIPMENT USED : Direct Push Technology, PowerProbe 9600 direct push rig with 4' acetate sleeves

0'- 0.9'- Silty sand (SM), brown (10YR 5/3), loose, dry, fine subrounded 
sand, crushed road gravel, surface roots and organics .

0.9' - 3.5' - Sand (SP), pale brown (10YR 6/3) very loose, dry, 
homogenous, massive, fine quartz sand with traces of dark minerals.

3.5'- 4.0' - No Recovery

4.0'- 6.3' - Sand (SP), pale brown (10YR 6/3) very loose, dry, 
homogenous, massive, fine quartz sand with traces of dark minerals.

0 - 4' 3.5' DPT-01

START :  14:53  06/23/10 END : 15:30  06/23/10   LOGGER : Stephen Brand

PROJECT NUMBER BORING NUMBER

380974.SI.FQ LSR01-SO02

DRILLING CONTRACTOR : Parratt Wolff, Inc., driller: P. Phillips

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY OR 
CONSISTENCY, MOISTURE, PLASTICITY, SEDIMENTARY STRUCTURE, 
SECONDARY GRAIN SIZE INFO, MISC. INFO

DEPTH OF CASING, DRILLING RATE, 
DRILLING FLUID LOSS, TESTS AND 
INSTRUMENTATION

DPT-02

Surface soil sample (LSR01-SS02-0610) 
collected from 0.9 - 1.4' bgs at 09:20 on 6-
23-10 for PAHs, arsenic, and lead.

Subsurface soil sample (LSR01-SB02-
0610) collected from 1.4 - 2.9' bgs at 
08:30 on 6-23-10 for PAHs, arsenic, and 
lead.

4 - 8' 2.3'

_
7 __

_
_
_
_

8 __
_
_
_
_

9 __
_
_
_
_

10 __
_
_
_
_

11 __
_
_
_
_

12 __
_
_
_
_

13 __
_
_
_
_

14 __
_
_
_
_

15 __
_
_
_
_

16 __

Well point installed: 0.75" PVC well casing 
from above ground to 13' bgs, 5' of screen 
installed from 8 - 13', screen is made of 5' 
pre-packed screen joints

Groundwater sample (LSR01-DP01-0610) 
collected at 10:15 on 06-29-10 for PAHs, 
arsenic, and lead.

6.3'- 8.0' - No Recovery, 0.1' of silty clay remaining at bottom of run, 
likely from 8.0', dark gray (5Y 4/1), wet at 8.0'.

8.0' - 12.0' - Sand (SP), pale brown (10YR 6/3), very loose, saturated, 
homogenous, fine clean quartz sand with traces of dark minerals.8 - 12' 4.0' DPT-03

End macrocore sampling at 12' bgs



SHEET   1 OF   1

SOIL BORING LOG

PROJECT : Morale, Welfare, and Recreation Skeet Range LOCATION: Naval Amphibious Base Little Creek, Virginia Beach Virginia
ELEVATION : N/A

WATER LEVEL : 6.0 ft bgs
DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS

INTERVAL (FT) PENETRATION
RECOVERY (IN) TEST

#/TYPE RESULTS

6"-6"-6"-6"
(N)

0 __
_
_
_
_

1 __
_
_
_
_

2 __
_
_
_
_

3 __
_
_
_
_

4 __
_
_
_
_

5 __
_
_
_
_

6 __
_
_
_

4 - 8' 3.9' DPT-02

0 - 4' 3.9' DPT-01

DRILLING METHOD AND EQUIPMENT USED : Direct Push Technology, PowerProbe 9600 direct push rig with 4' acetate sleeves

0' - 0.5'- Fine sand (SP), pale brown (10YR 6/3), very loose, dry, 
homogenous, moderately sorted fine to very fine sand, subrounded to 
subangular, slight organic horizon from 0' - 0.1' ft, roots.

Surface soil sample (LSR01-SS03-0610) 
collected from 0 - 0.5' bgs at 14:50 on 6-
22-10 for PAHs, arsenic, and lead.

START :  13:45  06/22/10 END : 15:45  06/22/10   LOGGER : Stephen Brand

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY OR 
CONSISTENCY, MOISTURE, PLASTICITY, SEDIMENTARY STRUCTURE, 
SECONDARY GRAIN SIZE INFO, MISC. INFO

DEPTH OF CASING, DRILLING RATE, 
DRILLING FLUID LOSS, TESTS AND 
INSTRUMENTATION

PROJECT NUMBER BORING NUMBER

380974.SI.FQ LSR01-SO03

DRILLING CONTRACTOR : Parratt Wolff, Inc., driller: P. Phillips

Subsurface soil sample (LSR01-SB03-
0610) collected from 0.5 - 2.0' bgs at 
15:02 on 6-22-10 for PAHs, arsenic, and 
lead.

0.5' - 3.9' - Sand (SP), pale brown (10 YR 6/3), very loose, dry, trace 
sand and brown clay clasts (10YR 5/3), moderately sorted fine to very 
fine sand with subrounded sandy clay clasts up to 0.5" diameter.

4.0' - 7.1' - Same as above (SAA), wet at 6', faint sign of fining upwards, 
sequence at approximately 5.7' - 6.5' bgs with clay clasts larger than 
diameter of core.

_
7 __

_
_
_
_

8 __
_
_
_
_

9 __
_
_
_
_

10 __
_
_
_
_

11 __
_
_
_
_

12 __
_
_
_
_

13 __
_
_
_
_

14 __
_
_
_
_

15 __
_
_
_
_

16 __

8 - 16' 2.7' DPT-04

8 - 12' 2.8' DPT-03

End macrocore sampling at 16' bgs

12.0' - 14.7' - SAA, trace clayey sand at 14.6' - 14.7'.

14.7' - 16.0' - No Recovery.

Well point installed: 0.75" PVC well casing 
from above ground to 11' bgs, 5' of screen 
installed from 6 - 11', screen is made of 5' 
pre-packed screen joint

Groundwater sample (LSR01-DP03-0610) 
collected at 08:50 on 06-29-10 for PAHs, 
arsenic, and lead.

7.1' - 7.9' -  Silt with very fine sand (ML), gray (10YR 5/1), saturated, soft 
to very soft.

7.9' - 8.0' - No Recovery.

8.0' - 10.8' - Fine Sand (SP), light brownish gray (2.5Y 6/2), very loose, 
saturated, homogenous, moderate to well sorted clean subrounded 
quartz sand, trace roots.

10.8' - 12.0' - No Recovery.



SHEET   1 OF   1

SOIL BORING LOG

PROJECT : Morale, Welfare, and Recreation Skeet Range LOCATION: Naval Amphibious Base Little Creek, Virginia Beach Virginia
ELEVATION : N/A

WATER LEVEL : 5.5 ft bgs
DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS

INTERVAL (FT) PENETRATION
RECOVERY (IN) TEST

#/TYPE RESULTS
6"-6"-6"-6"

(N)

0 __
_
_
_
_

1 __
_
_
_
_

2 __
_
_
_
_

3 __
_
_
_
_

4 __
_
_
_
_

5 __
_
_
_
_

6 __
_
_
_
_

7 __
_

Logger Comment: Fill material initially 
encountered from 0.0' - 2.0'. Dredge fill 
material encountered in second boring 
approximately 3' away, sample collected 
at second location.  The soil descriptions 
on this log are for the second boring. Fill 
consisted of Sand and Silty Sand an 
Sandy Clay intermixed.  

4.0'- 5.1' - Sand (SP), pale brown (10YR 6/3), loose, dry, clean fine 
quartz sand with few small layers of iron staining.

DRILLING METHOD AND EQUIPMENT USED : Direct Push Technology, PowerProbe 9600 direct push rig with 4' acetate sleeves

PROJECT NUMBER BORING NUMBER

380974.SI.FQ LSR01-SO04

DRILLING CONTRACTOR : Parratt Wolff, Inc., driller: P. Phillips

START :  09:40  06/25/10 END : 11:38  06/25/10   LOGGER : Stephen Brand

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY OR 
CONSISTENCY, MOISTURE, PLASTICITY, SEDIMENTARY STRUCTURE, 
SECONDARY GRAIN SIZE INFO, MISC. INFO

DEPTH OF CASING, DRILLING RATE, 
DRILLING FLUID LOSS, TESTS AND 
INSTRUMENTATION

Subsurface soil sample (LSR01-SB04-
0610) collected from 0.5 - 2.0' bgs at 
11:35 on 6-25-10 for PAHs, arsenic, and 
lead.

2.0'- 3.2' - Sand (SP), pale brown (10YR 6/3), loose, dry, clean fine 
quartz sand with few small layers of iron staining.

Surface soil sample (LSR01-SS04-
0610) collected from 0 - 0.5' bgs at 
11:30 on 6-25-10 for PAHs, arsenic, and 
l d

3.2' - 4.0' -  No Recovery.

4 - 8' 1.8'

5.1' - 5.8' -  Sand (SP), light brownish gray (10YR 6/2), loose, wet at 
5', massive, trace silt, fat gray clay clasts at boundary.

5.8' - 8.0' -  No Recovery. Water in borehole at 7'

0 - 4' 3.2' DPT-01

0'- 2.0' - Sand (SP), very pale brown (10YR 7/4), loose, dry, fine 
quartz sand, silty sand (SM), gray (10YR 5/1), loose, dry, and sandy 
clay (CL), stiff, dry, hetergeneous mix.

DPT-02

_
_
_
_

8 __
_
_
_
_

9 __
_
_
_
_

10 __
_
_
_
_

11 __
_
_
_
_

12 __
_
_
_
_

13 __
_
_
_
_

14 __
_
_
_
_

15 __
_
_
_
_

16 __

Well point installed: 0.75" PVC well 
casing from above ground to 12.25' bgs, 
5' of screen installed from 7.25 - 12.25', 
screen is made of 5' pre-packed screen 
joints

Groundwater sample (LSR01-DP04-
0610) collected at 14:20 on 06-29-10 for 
arsenic, copper, lead, zinc, and PAHs.

End macrocore sampling at 12' bgs

8 - 12' 1.8' DPT-03

8.0' - 9.8' - SAA, very loose, more silt, fat clay clast with 0.1' diameter 
at 8' bgs .

9.8' - 12' - No Recovery.



SHEET   1 OF   1

SOIL BORING LOG

PROJECT : Morale, Welfare, and Recreation Skeet Range LOCATION: Naval Amphibious Base Little Creek, Virginia Beach Virginia
ELEVATION : N/A

WATER LEVEL : 7.0 ft bgs
DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS

INTERVAL (FT) PENETRATION
RECOVERY (IN) TEST

#/TYPE RESULTS

6"-6"-6"-6"
(N)

0 __
_
_
_
_

1 __
_
_
_
_

2 __
_
_
_
_

3 __
_
_
_
_

4 __
_
_
_
_

5 __
_
_
_
_

6 __
_
_
_

DRILLING METHOD AND EQUIPMENT USED : Direct Push Technology, PowerProbe 9600 direct push rig with 4' acetate sleeves

PROJECT NUMBER BORING NUMBER

380974.SI.FQ LSR01-SO05

DRILLING CONTRACTOR : Parratt Wolff, Inc., driller: P. Phillips

START :  09:50  06/23/10 END : 10:30  06/23/10   LOGGER : Stephen Brand

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY OR 
CONSISTENCY, MOISTURE, PLASTICITY, SEDIMENTARY STRUCTURE, 
SECONDARY GRAIN SIZE INFO, MISC. INFO

DEPTH OF CASING, DRILLING RATE, 
DRILLING FLUID LOSS, TESTS AND 
INSTRUMENTATION

Subsurface soil sample (LSR01-SB05-
0610) collected from 0.5 - 2.0' bgs at 
10:28 on 6-23-10 for PAHs, arsenic, and 
lead.

4 - 8' 4.0' DPT-02

0 - 4' 2.4' DPT-01

Surface soil sample (LSR01-SS05-0610) 
collected from 0 - 0.5' bgs at 10:25 on 6-
23-10 for PAHs, arsenic, and lead.

0.0' - 1.4'- Fine sand (SP), light brownish gray (10YR 6/2), very loose, 
dry, homogenous, little medium and trace very fine quartz sand, trace 
dark subrounded minerals, leaf litter and organic humus from 0' - 0.1' ft.

1.4' - 1.9' - Clayey sand (SC), brown (10YR 5/3), medium stiff, dry.

1.9'- 2.2' - Schist cobble

2.2' - 2.4' - Fine sand (SP), light brownish gray (10 YR 6/2) very loose, 
dry, homogenous, little medium sand, trace dark subrounded minerals.

3.2' - 4.0' -  No Recovery.

4.0'- 7.0' - SAA, moist at 6', trace silt and organics at 4.8' - 4.9' and 6.2' - 
6.4'.
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16 __

7.0'- 8.0' - Silty sand (SM), gray (10YR 5/1), loose, saturated at 7.0', 
gradational contact above 6.8' -7.2'.

End macrocore sampling at 8.0' bgs



SHEET   1 OF   1

SOIL BORING LOG

PROJECT : Morale, Welfare, and Recreation Skeet Range LOCATION: Naval Amphibious Base Little Creek, Virginia Beach Virginia
ELEVATION : N/A

WATER LEVEL : 5.5 ft bgs
DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS

INTERVAL (FT) PENETRATION
RECOVERY (IN) TEST

#/TYPE RESULTS

6"-6"-6"-6"
(N)

0 __
_
_
_
_

1 __
_
_
_
_

2 __
_
_
_
_

3 __
_
_
_
_

4 __
_
_
_
_

5 __
_
_
_
_

6 __
_
_
_

0 - 4' 3.4' DPT-01

0.0' - 1.3'- Sandy silt (ML), light yellowish brown (10YR 6/4), stiff, dry, 
fine to very fine quartz sand, trace crushed gravel.

PROJECT NUMBER BORING NUMBER

380974.SI.FQ LSR01-SO06

DRILLING CONTRACTOR : Parratt Wolff, Inc., driller: P. Phillips
DRILLING METHOD AND EQUIPMENT USED : Direct Push Technology, PowerProbe 9600 direct push rig with 4' acetate sleeves

START :  12:05  06/25/10 END : 12:37  06/25/10   LOGGER : Stephen Brand

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY OR 
CONSISTENCY, MOISTURE, PLASTICITY, SEDIMENTARY STRUCTURE, 
SECONDARY GRAIN SIZE INFO, MISC. INFO

DEPTH OF CASING, DRILLING RATE, 
DRILLING FLUID LOSS, TESTS AND 
INSTRUMENTATION

1.3' - 3.4' - Sand (SP), pale brown (10YR 6/3), loose, dry, massive.

4 - 8' 3.7' DPT-02

Subsurface soil sample (LSR01-SB05-
0610) collected from 2.5 - 4.0' bgs at 
10:28 on 6-23-10 for PAHs, arsenic, and 
lead.

Surface soil sample (LSR01-SS06-0610) 
collected from 2.0 - 2.5' bgs at 12:35 on 6-
25-10 for PAHs, arsenic, and lead.

Logger Note: Looks like fill. Have not 
seen elsewhere.

4.0'- 6.5' - SAA, saturated at 5.5'.

3.4' - 4.0' -  No Recovery.
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End macrocore sampling at 8.0' bgs

6.5'- 7.7' - Sand (SP), pale brown (10YR 6/3), loose, saturated, clasts of 
silty sand or clay (SM, CL), gray (2.5Y 5/1), plastic, resembles rip-up 
clasts.

7.7' - 8.0' -  No Recovery.



SHEET   1 OF   1

SOIL BORING LOG

PROJECT : Morale, Welfare, and Recreation Skeet Range LOCATION: Naval Amphibious Base Little Creek, Virginia Beach Virginia
ELEVATION : N/A

WATER LEVEL : 5.0 ft bgs
DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS

INTERVAL (FT) PENETRATION
RECOVERY (IN) TEST

#/TYPE RESULTS

6"-6"-6"-6"
(N)

0 __
_
_
_
_

1 __
_
_
_
_

2 __
_
_
_
_

3 __
_
_
_
_

4 __
_
_
_
_

5 __
_
_
_
_

6 __
_
_
_

DRILLING METHOD AND EQUIPMENT USED : Direct Push Technology, PowerProbe 9600 direct push rig with 4' acetate sleeves

PROJECT NUMBER BORING NUMBER

380974.SI.FQ LSR01-SO07

DRILLING CONTRACTOR : Parratt Wolff, Inc., driller: P. Phillips

START :  10:40  06/28/10 END : 12:08  06/28/10   LOGGER : Stephen Brand

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY OR 
CONSISTENCY, MOISTURE, PLASTICITY, SEDIMENTARY STRUCTURE, 
SECONDARY GRAIN SIZE INFO, MISC. INFO

DEPTH OF CASING, DRILLING RATE, 
DRILLING FLUID LOSS, TESTS AND 
INSTRUMENTATION

0.0' - 3.3'- Sand (SP), light gray (10YR 7/2), loose, dry, quartz sand, odd 
shaped clay clasts scattered or mixed in sand matrix, clay/sandy clay 
(CH), gray (10YR 5/1), moist, soft, hetergeneous, roots and organic 
material at surface, looks like fill.

3.3' - 3.4' - Sand (SP), light gray (10YR 7/2), loose, moist, quartz sand.

Surface soil sample (LSR01-SS07-0610) 
collected from 4.0 - 4.5' bgs at 11:20 on 6-
28-10 for PAHs, arsenic, and lead.

3.4' - 4.0' -  No Recovery.

4 - 8' 3.4' DPT-02

0 - 4' 3.4' DPT-01

Subsurface soil sample (LSR01-SB07-
0610) collected from 4.5 - 6.0' bgs at 
12:30 on 6-28-10 for PAHs, arsenic, and 
lead.

4.0'- 6.0' - SAA, saturated at 5'.

6.0' - 6.1' -  Clay (CH), gray (10YR 5/1), saturated, soft.
6.1' - 6.4' - Organic material (PT), very dark brown (10YR 2/2), roots, 
resembles buried A-horizon.
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End macrocore sampling at 8.0' bgs

7.4' - 8.0' -  No Recovery.

6.4'- 7.4' - Sand (SP), light gray (10YR 7/2), loose, saturated, clean fine 
grained quartz sand.
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SOIL BORING LOG

PROJECT : Morale, Welfare, and Recreation Skeet Range LOCATION: Naval Amphibious Base Little Creek, Virginia Beach Virginia
ELEVATION : N/A

WATER LEVEL : 8.0 ft bgs
DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS

INTERVAL (FT) PENETRATION
RECOVERY (IN) TEST

#/TYPE RESULTS

6"-6"-6"-6"
(N)

0 __
_
_
_
_

1 __
_
_
_
_

2 __
_
_
_
_

3 __
_
_
_
_

4 __
_
_
_
_

5 __
_
_
_
_

6 __
_
_
_

DRILLING METHOD AND EQUIPMENT USED : Direct Push Technology, PowerProbe 9600 direct push rig with 4' acetate sleeves

PROJECT NUMBER BORING NUMBER

380974.SI.FQ LSR01-SO08

DRILLING CONTRACTOR : Parratt Wolff, Inc., driller: P. Phillips

  LOGGER : Stephen Brand

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY OR 
CONSISTENCY, MOISTURE, PLASTICITY, SEDIMENTARY STRUCTURE, 
SECONDARY GRAIN SIZE INFO, MISC. INFO

DEPTH OF CASING, DRILLING RATE, 
DRILLING FLUID LOSS, TESTS AND 
INSTRUMENTATION

0 - 4' 2.6' DPT-01

Subsurface soil sample (LSR01-SB07-
0610) collected from 1.0 - 2.5' bgs at 
13:50 on 6-23-10 for PAHs, arsenic, and 
lead.

Surface soil sample (LSR01-SS08-0610) 
collected from 0.5 - 1.0' bgs at 14:00 on 6-
23-10 for PAHs, arsenic, and lead.

START :  13:15  06/23/10 END : 14:08  06/23/10

0.0' - 0.5'- Loam fill over geofabric.

0.5' - 2.6' - Sand (SP), very pale brown (10YR 7/3), very loose, dry, no 
structure, fine to very find quartz sand, trace clean subrounded dark 
minerals.

2.6' - 4.0' - No Recovery.

4.0'- 7.0' - SAA, massive, clean quartz sand, water encountered at 8'.

4 - 8' 3.0' DPT-02
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7.0' - 8.0' - No Recovery.

4.0'- 7.0' - SAA, saturated.

8.0 - 12.0' 3.0' DPT-03

End macrocore sampling at 8.0' bgs

11.0' - 12.0' - No Recovery.



SHEET   1 OF   1

SOIL BORING LOG

PROJECT : Morale, Welfare, and Recreation Skeet Range LOCATION: Naval Amphibious Base Little Creek, Virginia Beach Virginia
ELEVATION : N/A

WATER LEVEL : N/A
DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS

INTERVAL (FT) PENETRATION
RECOVERY (IN) TEST

#/TYPE RESULTS

6"-6"-6"-6"
(N)

0 __
_
_
_
_

1 __
_
_
_
_

2 __
_
_
_
_

3 __
_
_
_
_

4 __
_
_
_
_

5 __
_
_
_
_

6 __
_
_
_
_

7 __
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8 __
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_

9 __
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10 __
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_

11 __
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_
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_

12 __
_
_
_
_

13 __
_
_
_
_

14 __
_
_
_
_

15 __
_
_
_
_

16 __

DRILLING METHOD AND EQUIPMENT USED : Direct Push Technology, PowerProbe 9600 direct push rig with 4' acetate sleeves

PROJECT NUMBER BORING NUMBER

380974.SI.FQ LSR01-SO09

DRILLING CONTRACTOR : Parratt Wolff, Inc., driller: P. Phillips

4.0' - 6.6' - SAA, brown organic staining and roots from 5.6' - 5.8', does 
not appear to be disturbed bed.

START :  11:25  06/23/10 END : 12:00  06/23/10   LOGGER : Stephen Brand

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY OR 
CONSISTENCY, MOISTURE, PLASTICITY, SEDIMENTARY STRUCTURE, 
SECONDARY GRAIN SIZE INFO, MISC. INFO

DEPTH OF CASING, DRILLING RATE, 
DRILLING FLUID LOSS, TESTS AND 
INSTRUMENTATION

4 - 8' 2.6' DPT-02

0 - 4' 1.8' DPT-01

End macrocore sampling at 8.0' bgs

Surface soil sample (LSR01-SS09-0610) 
collected at 11:40 and duplicate sample 
(LSR01-SS09P-0610) collected at 14:20 
on 6-23-10 from 0 - 0.5' bgs for PAHs, 
arsenic, and lead.

0.0' - 0.5'- Sand (SP), grayish brown (10YR 5/2), loose, dry, clean quartz 
sand, some silty sand, fine to very find trace medium sand.

Subsurface soil sample (LSR01-SB07-
0610) collected at 11:45 and duplicate 
samples (LSR01-SB09P-0610) collected 
at 14:25 from 0.5 - 2.0' bgs on 6-23-10 for 
PAHs, arsenic, and lead.

Logger Note: Remobed to same location 
at later time to pull duplicate sample.

0.5' - 1.8' - Sand (SP), grayish brown (10YR 5/2), loose, moist, 
homogenous, fine to very fine clean quartz sand, trace medium sand, no 
apparent bedding.

1.8' - 4.0' - No Recovery.
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SOIL BORING LOG

PROJECT : Morale, Welfare, and Recreation Skeet Range LOCATION: Naval Amphibious Base Little Creek, Virginia Beach Virginia
ELEVATION : N/A

WATER LEVEL : 10.2 ft bgs
DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS

INTERVAL (FT) PENETRATION
RECOVERY (IN) TEST

#/TYPE RESULTS

6"-6"-6"-6"
(N)

0 __
_
_
_
_

1 __
_
_
_
_

2 __
_
_
_
_

3 __
_
_
_
_

4 __
_
_
_
_

5 __
_
_
_
_

6 __
_
_
_

4 - 8' 3.7'

START :  13:20  06/28/10 END : 14:10  06/28/10   LOGGER : Stephen Brand

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY OR 
CONSISTENCY, MOISTURE, PLASTICITY, SEDIMENTARY STRUCTURE, 
SECONDARY GRAIN SIZE INFO, MISC. INFO

DEPTH OF CASING, DRILLING RATE, 
DRILLING FLUID LOSS, TESTS AND 
INSTRUMENTATION

Surface soil sample (LSR01-SS10-0610) 
collected from 5.8' - 6.3' bgs at 14:00 on 6-
28-10 for PAHs, arsenic, and lead.

PROJECT NUMBER BORING NUMBER

380974.SI.FQ LSR01-SO10

DRILLING CONTRACTOR : Parratt Wolff, Inc., driller: P. Phillips
DRILLING METHOD AND EQUIPMENT USED : Direct Push Technology, PowerProbe 9600 direct push rig with 4' acetate sleeves

3.4' - 4.0' - No Recovery.

0.0' - 3.4' - Mixed silty sand (SM) and clayey sand (SC), very dark 
grayish brown (10YR 3/2), medium stiff, moist, very heterogeneous, 
medium dense sand, appears to be fill.

4.0'- 5.8' - SAA, layer of soft gray clay from 4.8' - 5.1'.

0 - 4' 3.4' DPT-01

DPT-02
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8.0 - 12.0'

5.8' - 8.0' - Sand (SP), pale brown (10YR 6/3), moist, soft, massive, 
clean fine grained quartz sand, trace wood chunks at top of interval, 
appears to be start of dredge fill material.

11.2' - 12.0' - No Recovery.

8.0' - 11.2' - SAA, saturated at 10.2'.

Subsurface soil sample (LSR01-SB10-
0610) collected from 6.3' - 7.8' bgs at 
13:40 on 6-28-10 for PAHs, arsenic, and 
lead.

3.2' DPT-03

End macrocore sampling at 12.0' bgs
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SOIL BORING LOG

PROJECT : Morale, Welfare, and Recreation Skeet Range LOCATION: Naval Amphibious Base Little Creek, Virginia Beach Virginia
ELEVATION : N/A

WATER LEVEL : 8.0 ft bgs
DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS

INTERVAL (FT) PENETRATION
RECOVERY (IN) TEST

#/TYPE RESULTS

6"-6"-6"-6"
(N)

0 __
_
_
_
_

1 __
_
_
_
_

2 __
_
_
_
_

3 __
_
_
_
_

4 __
_
_
_
_

5 __
_
_
_
_

6 __
_
_
_

Surface soil sample (LSR01-SS11-0610) 
collected from 6.1 - 6.6' bgs at 16:40 on 6-
28-10 for PAHs, arsenic, and lead.

0.0' - 4.0'- Sandy silt (ML) and sandy clay (CH), brown (10YR 5/3), 
moist, hetergeneous, some crushed road gravel scattered throughout.  

4 - 8' 3.4' DPT-02

4.0'- 6.1' - SAA, changing to very dark gray (10YR 3/1), progressively 
sandier with depth, moist. 

6.1' - 6.4' - Organic material (PT), very dark gray (10YR 3/1) and black 
(2.5Y 2.5/1), lots of wood.  May be original ground surface.  

0 - 4' 4.0' DPT-01

PROJECT NUMBER BORING NUMBER

380974.SI.FQ LSR01-SO11

DRILLING CONTRACTOR : Parratt Wolff, Inc., driller: P. Phillips
DRILLING METHOD AND EQUIPMENT USED : Direct Push Technology, PowerProbe 9600 direct push rig with 4' acetate sleeves

START :  15:40  06/28/10 END : 16:45  06/28/10   LOGGER : Stephen Brand

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY OR 
CONSISTENCY, MOISTURE, PLASTICITY, SEDIMENTARY STRUCTURE, 
SECONDARY GRAIN SIZE INFO, MISC. INFO

DEPTH OF CASING, DRILLING RATE, 
DRILLING FLUID LOSS, TESTS AND 
INSTRUMENTATION
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Subsurface soil sample (LSR01-SB11-
0610) collected from 6.6 - 8.1' bgs at 
16:45 on 6-28-10 for PAHs, arsenic, and 
lead.

3.0' DPT-03

11.0' - 12.0' - No Recovery.

7.4' - 8.0' - No Recovery.

8.0' - 11.0' - SAA, occasional clay rip-up clasts, saturated at 11.0'.

End macrocore sampling at 12.0' bgs

8.0 - 12.0'

6.4' - 7.4' - Sand (SP), gray (10YR 6/1), loose, dry, massive fine quartz 
sand.
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SOIL BORING LOG

PROJECT : Morale, Welfare, and Recreation Skeet Range LOCATION: Naval Amphibious Base Little Creek, Virginia Beach Virginia
ELEVATION : N/A

WATER LEVEL : 12.0 ft bgs
DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS

INTERVAL (FT) PENETRATION
RECOVERY (IN) TEST

#/TYPE RESULTS

6"-6"-6"-6"
(N)

0 __
_
_
_
_

1 __
_
_
_
_

2 __
_
_
_
_

3 __
_
_
_
_

4 __
_
_
_
_

5 __
_
_
_
_

6 __
_
_
_

0.0' - 1.1'- Silty sand (SM), dark gray (10YR 4/1), very loose, dry, some 
organic matter and roots.

1.1' - 4.0' - Sandy silt (ML), yellowish brown (10YR 5/4), dry, massive, 
appears to be fill.

4.0' - 6.2' - SAA

DRILLING METHOD AND EQUIPMENT USED : Direct Push Technology, PowerProbe 9600 direct push rig with 4' acetate sleeves
START :  14:40  06/28/10 END : 15:35  06/28/10   LOGGER : Stephen Brand

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY OR 
CONSISTENCY, MOISTURE, PLASTICITY, SEDIMENTARY STRUCTURE, 
SECONDARY GRAIN SIZE INFO, MISC. INFO

DEPTH OF CASING, DRILLING RATE, 
DRILLING FLUID LOSS, TESTS AND 
INSTRUMENTATION

PROJECT NUMBER BORING NUMBER

380974.SI.FQ LSR01-SO12

DRILLING CONTRACTOR : Parratt Wolff, Inc., driller: P. Phillips

Surface soil sample (LSR01-SS12-0610) 
collected from 6.2 - 6.7' bgs at 15:15 on 6-

0 - 4' 4.0' DPT-01

4 - 8' 4.0' DPT-02
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6.2' - 8.0' - Sand (SP), light brownish gray (10YR 6/2), moist, trace 
organics in upper 0.1', trace silt in upper 0.7'.

End macrocore sampling at 12.0' bgs

Subsurface soil sample (LSR01-SB12-
0610) collected from 6.7 - 8.2' bgs at 
15:00 on 6-28-10 for PAHs, arsenic, and 
lead.

28-10 for PAHs, arsenic, and lead.

8.0 - 12.0' 3.0' DPT-03

8.0' - 11.0' - SAA, few clay rip-up clasts in sand, saturated at 12'.

11.0' - 12.0' - No Recovery.
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SOIL BORING LOG

PROJECT : Morale, Welfare, and Recreation Skeet Range LOCATION: Naval Amphibious Base Little Creek, Virginia Beach Virginia
ELEVATION : N/A

WATER LEVEL : 5.0 ft bgs
DEPTH BELOW SURFACE (FT) STANDARD CORE DESCRIPTION COMMENTS

INTERVAL (FT) PENETRATION
RECOVERY (IN) TEST

#/TYPE RESULTS

6"-6"-6"-6"
(N)

0 __
_
_
_
_

1 __
_
_
_
_

2 __
_
_
_
_

3 __
_
_
_
_

4 __
_
_
_
_

5 __
_
_
_
_

6 __
_
_
_

3.8' - 4.0' -  No Recovery.

4.0' - 6.3' - SAA, less distinct layering, saturated by 5', gradational 
boundary at bottom of interval.

6.3' - 7.0' - Silty sand (SM), dark gray (2.5Y 4/1), saturated, soft, 

0 - 4' 3.8' DPT-01

PROJECT NUMBER BORING NUMBER

380937.SI.FQ LSR01-SO13

DRILLING CONTRACTOR : Parratt Wolff, Inc., driller: P. Phillips

Logger Note: Needed additonal volume 
for the duplicate samples so moved over a 
foot or so and collected another 0-4 foot 
macrocore.  did this two times for 
suffucient volume.  One of these cores 
had what looked like pure bentonite layer 
at 2.6 feet bgs, so didn't use that sample 
for the sample volume collection.  

DRILLING METHOD AND EQUIPMENT USED : Direct Push Technology, PowerProbe 9600 direct push rig with 4' acetate sleeves

Surface soil sample (LSR01-SS13-0610) 
collected at 14:40 and duplicate sample 
(LSR01-SS13P-0610) collected at 14:40 
from 1.2 - 1.7' bgs  on 6-24-10 for PAHs, 
arsenic copper lead and zinc

Subsurface soil sample (LSR01-SB13-
0610) collected at 14:50 and duplicate 
sample (LSR01-SB13P-0610) collected at 
14:50 from 1.7' - 3.2' bgs on 6-24-10 for 
PAHs, arsenic, copper, lead, and zinc.

START :  13:12  06/24/10 END : 06/24/10 1520   LOGGER : Stephen Brand

SOIL NAME, USCS GROUP SYMBOL, COLOR, RELATIVE DENSITY OR 
CONSISTENCY, MOISTURE, PLASTICITY, SEDIMENTARY STRUCTURE, 
SECONDARY GRAIN SIZE INFO, MISC. INFO

DEPTH OF CASING, DRILLING RATE, 
DRILLING FLUID LOSS, TESTS AND 
INSTRUMENTATION

4 - 8' 3.0' DPT-02

0.0' - 1.2' - Silty sand (SM), brown (10YR 5/3), loose, dry, homogenous, 
no layering, fine quartz sand with silt, 0.1' of organic debris on top, 
appears to be disturbed. 

1.2' - 3.8' - Sand (SP), very pale brown (10YR 7/3), loose, dry, well 
sorted fine quartz sand, layers of approximately 0.1' thick of iron staining 
and some lightly clayey layers, layering light gray (10YR 7/2) or light 
brownish gray (10YR 6/2). 

_
7 __

_
_
_
_

8 __
_
_
_
_

9 __
_
_
_
_

10 __
_
_
_
_

11 __
_
_
_
_

12 __
_
_
_
_

13 __
_
_
_
_

14 __
_
_
_
_

15 __
_
_
_
_

16 __

End macrocore sampling at 8.0' bgs

homogenous, massive, fine to very fine sand and silt.

7.0' - 8.0' -  No Recovery.



 

 

Appendix D 
Data Validation Reports 

































































































































































































































































 

 

Appendix E 
HHRA RAGS Part D Tables 



TABLE 1

SELECTION OF EXPOSURE PATHWAYS

MWR Skeet Range

NAB Little Creek, Virginia Beach, Virginia

Scenario Medium Exposure Exposure Receptor Receptor Exposure On-Site/ Type of Rationale for Selection or Exclusion

Timeframe Medium Point Population Age Route Off-Site Analysis of Exposure Pathway

Current Surface Soil Surface Soil Surface Soil Industrial Worker Adult Dermal 
Absorption On-site Quant Industrial workers at the site may contact surface soil.

Ingestion On-site Quant Industrial workers at the site may contact surface soil.

Air Surface Soil Industrial Worker Adult Inhalation On-site Quant Industrial workers at the site may inhale fugitivie dust emissions from the soil.

Future Surface and 
Subsurface Soil

Surface and 
Subsurface 

Soil

Surface and Subsurface 
Soil Resident Adult Dermal 

Absorption On-site Quant
Although the site is not expected to be developed for future residential use, the
future residential scenario is the most conservative future use scenario for 
exposure to soil and was evaluated to assess unrestricted future use.

Ingestion On-site Quant
Although the site is not expected to be developed for future residential use, the
future residential scenario is the most conservative future use scenario for 
exposure to soil and was evaluated to assess unrestricted future use.

Child Dermal 
Absorption On-site Quant

Although the site is not expected to be developed for future residential use, the
future residential scenario is the most conservative future use scenario for 
exposure to soil and was evaluated to assess unrestricted future use.

Ingestion On-site Quant
Although the site is not expected to be developed for future residential use, the
future residential scenario is the most conservative future use scenario for 
exposure to soil and was evaluated to assess unrestricted future use.

Child/Adult Dermal 
Absorption On-site Quant

Although the site is not expected to be developed for future residential use, the
future residential scenario is the most conservative future use scenario for 
exposure to soil and was evaluated to assess unrestricted future use.

Ingestion On-site Quant
Although the site is not expected to be developed for future residential use, the
future residential scenario is the most conservative future use scenario for 
exposure to soil and was evaluated to assess unrestricted future use.

Air Emissions from Surface 
and Subsurface Soil Resident Adult Inhalation On-site Quant

Although the site is not expected to be developed for future residential use, the
future residential scenario is the most conservative future use scenario for 
exposure to soil and was evaluated to assess unrestricted future use.

Child Inhalation On-site Quant
Although the site is not expected to be developed for future residential use, the
future residential scenario is the most conservative future use scenario for 
exposure to soil and was evaluated to assess unrestricted future use.

Child/Adult Inhalation On-site Quant
Although the site is not expected to be developed for future residential use, the
future residential scenario is the most conservative future use scenario for 
exposure to soil and was evaluated to assess unrestricted future use.
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 Scenario Timeframe: Current/Future

 Medium: Surface Soil
 Exposure Medium: Surface Soil

Table 2.1

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

MWR Skeet Range, Little Creek

Exposure   CAS Chemical Units Location Detection Range of Concentration [2] Screening [4] COPC Rationale for [5]

Point Number of Maximum Frequency Detection Used for Toxicity Value Flag Contaminant

Concentration Limits Screening Deletion
or Selection

Surface Soil 91-57-6 2-Methylnaphthalene 3.6E-03 J 3.6E-03 J MG/KG LSR01-SS13-0610  1/8  0.0086 - 0.049 3.6E-03 3.1E+01 N NO BSL

Qualifier Qualifier

 Minimum [1]  Maximum [1]

Concentration Concentration

y p

83-32-9 Acenaphthene 6.2E-03 J 1.3E-02 MG/KG LSR01-SS13-0610  2/8  0.0086 - 0.049 1.3E-02 3.4E+02 N NO BSL

208-96-8 Acenaphthylene 6.4E-04 J 5.2E-03 J MG/KG LSR01-SS01-0610  3/8  0.0086 - 0.049 5.2E-03 3.4E+02 N NO BSL

120-12-7 Anthracene 7.2E-04 J 2.4E-02 MG/KG LSR01-SS13-0610  5/8  0.0086 - 0.049 2.4E-02 1.7E+03 N NO BSL

56-55-3 Benzo(a)anthracene 7.8E-04 J 2.1E-01 MG/KG LSR01-SS13-0610 : LSR01-SS13P-0610  6/8  0.0086 - 0.049 2.1E-01 1.5E-01 C YES ASL
50-32-8 Benzo(a)pyrene 1.0E-03 J 3.1E-01 MG/KG LSR01-SS13P-0610  6/8  0.0086 - 0.049 3.1E-01 1.5E-02 C YES ASL
205-99-2 Benzo(b)fluoranthene 1.8E-03 J 3.1E-01 MG/KG LSR01-SS13-0610  6/8  0.0086 - 0.049 3.1E-01 1.5E-01 C YES ASL
191-24-2 Benzo(g,h,i)perylene 8.0E-04 J 2.6E-01 MG/KG LSR01-SS13P-0610  6/8  0.0086 - 0.049 2.6E-01 1.7E+02 N NO BSL

207-08-9 Benzo(k)fluoranthene 1.2E-03 J 2.3E-01 MG/KG LSR01-SS13P-0610  6/8  0.0086 - 0.049 2.3E-01 1.5E+00 C NO BSL( )

218-01-9 Chrysene 1.0E-03 J 2.9E-01 MG/KG LSR01-SS13-0610  6/8  0.0086 - 0.049 2.9E-01 1.5E+01 C NO BSL

53-70-3 Dibenz(a,h)anthracene 1.2E-03 J 7.8E-02 MG/KG LSR01-SS13P-0610  5/8  0.0086 - 0.049 7.8E-02 1.5E-02 C YES ASL
206-44-0 Fluoranthene 5.0E-03 J 2.6E-01 MG/KG LSR01-SS13P-0610  5/8  0.0086 - 0.049 2.6E-01 2.3E+02 N NO BSL

86-73-7 Fluorene 2.1E-03 J 6.3E-03 J MG/KG LSR01-SS13-0610  2/8  0.0086 - 0.049 6.3E-03 2.3E+02 N NO BSL

193-39-5 Indeno(1,2,3-cd)pyrene 1.3E-03 J 2.9E-01 MG/KG LSR01-SS13P-0610  5/8  0.0086 - 0.049 2.9E-01 1.5E-01 C YES ASL
85-01-8 Phenanthrene 2.7E-03 J 9.9E-02 MG/KG LSR01-SS13-0610  5/8  0.0086 - 0.049 9.9E-02 1.7E+03 N NO BSL

129-00-0 Pyrene 7.5E-04 J 2.2E-01 MG/KG LSR01-SS13-0610  7/8  0.0086 - 0.049 2.2E-01 1.7E+02 N NO BSL

7440-50-8 Copper 1.4E+00 1.4E+00 MG/KG LSR01-SS13-0610  1/1  0.52 - 0.52 1.4E+00 3.1E+02 N NO BSLpp

7439-92-1 Lead 2.0E+00 J 9.9E+01 MG/KG LSR01-SS09P-0610  8/8  0.29 - 0.35 9.9E+01 4.0E+02 N NO BSL
7440-66-6 Zinc 1.1E+01 1.1E+01 MG/KG LSR01-SS13-0610  1/1  2.1 - 2.1 1.1E+01 2.3E+03 N NO BSL

[1] Minimum/Maximum detected concentrations.

[2] Maximum concentration is used for screening.

[3] Background values not available.

[4] Oak Ridge National Laboratory (ORNL). May, 2010. Regional Screening Levels for Chemical Contaminants at Superfund Sites.  http://epa-prgs.ornl.gov/chemicals/index.shtml

Residential Soil RSL,RSL based on non-cancer divided by 10., y

RSL value for Acenaphthene used as surrogate for Acenaphthylene.

RSL value for pyrene used as surrogate for benzo(g,h,i)perylene.

RSL value for anthracene used as surrogate for phenanthrene.

The soil value of 400 mg/kg for lead is from the Revised Interim Soil Lead Guidance for CERCLA Sites and RCRA Corrective Action

Facilities, USEPA, July 14, 1994.

[5] Rationale Codes

Selection Reason: Above Screening Levels (ASL)

Deletion Reason: No Toxicity Information (NTX)y ( )

Essential Nutrient (NUT)

Below Screening Level (BSL)
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 Scenario Timeframe: Future

 Medium: Surface and Subsurface Soil
 Exposure Medium: Surface and Subsurface Soil

Table 2.2

OCCURRENCE, DISTRIBUTION AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

MWR Skeet Range, Little Creek

Exposure   CAS Chemical Units Location Detection Range of Concentration [2] Screening [4] COPC Rationale for [5]

Point Number of Maximum Frequency Detection Used for Toxicity Value Flag Contaminant

Concentration Limits Screening Deletion
or Selection

Surface and 

Qualifier Qualifier

 Minimum [1]  Maximum [1]

Concentration Concentration

Subsurface Soil 91-57-6 2-Methylnaphthalene 3.6E-03 J 3.6E-03 J MG/KG LSR01-SS13-0610  1/26  0.0085 - 0.049 3.6E-03 3.1E+01 N NO BSL

83-32-9 Acenaphthene 6.6E-04 J 1.3E-02 MG/KG LSR01-SS13-0610  4/26  0.0085 - 0.049 1.3E-02 3.4E+02 N NO BSL

208-96-8 Acenaphthylene 6.4E-04 J 5.2E-03 J MG/KG LSR01-SS01-0610  7/26  0.0085 - 0.049 5.2E-03 3.4E+02 N NO BSL

120-12-7 Anthracene 6.5E-04 J 2.4E-02 MG/KG LSR01-SS13-0610  10/26  0.0085 - 0.049 2.4E-02 1.7E+03 N NO BSL

56-55-3 Benzo(a)anthracene 7.3E-04 K 2.1E-01 MG/KG LSR01-SS13-0610 : LSR01-SS13P-0610  19/26  0.0085 - 0.049 2.1E-01 1.5E-01 C YES ASL
50-32-8 Benzo(a)pyrene 5.6E-04 J 3.1E-01 MG/KG LSR01-SS13P-0610  20/26  0.0085 - 0.049 3.1E-01 1.5E-02 C YES ASL
205-99-2 Benzo(b)fluoranthene 7.9E-04 J 3.1E-01 MG/KG LSR01-SS13-0610  20/26  0.0085 - 0.049 3.1E-01 1.5E-01 C YES ASL
191-24-2 Benzo(g,h,i)perylene 6.1E-04 J 2.6E-01 MG/KG LSR01-SS13P-0610  17/26  0.0085 - 0.049 2.6E-01 1.7E+02 N NO BSL

207-08-9 Benzo(k)fluoranthene 6.0E-04 J 2.3E-01 MG/KG LSR01-SS13P-0610  20/26  0.0085 - 0.049 2.3E-01 1.5E+00 C NO BSL

218-01-9 Chrysene 1.0E-03 J 2.9E-01 MG/KG LSR01-SS13-0610  16/26  0.0085 - 0.049 2.9E-01 1.5E+01 C NO BSL

53-70-3 Dibenz(a,h)anthracene 8.2E-04 J 7.8E-02 MG/KG LSR01-SS13P-0610  9/26  0.0085 - 0.049 7.8E-02 1.5E-02 C YES ASL
206-44-0 Fluoranthene 1.6E-03 J 2.6E-01 MG/KG LSR01-SS13P-0610  17/26  0.0085 - 0.049 2.6E-01 2.3E+02 N NO BSL

86-73-7 Fluorene 5.5E-04 J 6.3E-03 J MG/KG LSR01-SS13-0610  5/26  0.0085 - 0.049 6.3E-03 2.3E+02 N NO BSL

193-39-5 Indeno(1,2,3-cd)pyrene 6.0E-04 J 2.9E-01 MG/KG LSR01-SS13P-0610  17/26  0.0085 - 0.049 2.9E-01 1.5E-01 C YES ASL
85-01-8 Phenanthrene 1.6E-03 J 9.9E-02 MG/KG LSR01-SS13-0610  13/26  0.0085 - 0.049 9.9E-02 1.7E+03 N NO BSL

129-00-0 Pyrene 7.5E-04 J 2.2E-01 MG/KG LSR01-SS13-0610  22/26  0.0085 - 0.049 2.2E-01 1.7E+02 N NO BSL

7440-38-2 Arsenic 5.6E-01 J 1.0E+00 J MG/KG LSR01-SB07-0610  5/26  0.96 - 1.3 1.0E+00 3.9E-01 C* YES ASL
7440-50-8 Copper 1.0E+00 1.4E+00 MG/KG LSR01-SS13-0610  2/2  0.52 - 0.53 1.4E+00 3.1E+02 N NO BSL

7439-92-1 Lead 1.3E+00 9.9E+01 MG/KG LSR01-SS09P-0610  26/26  0.29 - 0.38 9.9E+01 4.0E+02 N NO BSL
7440-66-6 Zinc 6.1E+00 1.1E+01 MG/KG LSR01-SS13-0610  2/2  2 - 2.1 1.1E+01 2.3E+03 N NO BSL

[1] Minimum/Maximum detected concentrations.

[2] Maximum concentration is used for screening.

[3] Background values not available.

[4] Oak Ridge National Laboratory (ORNL). May, 2010. Regional Screening Levels for Chemical Contaminants at Superfund Sites.  http://epa-prgs.ornl.gov/chemicals/index.shtml

Residential Soil RSL,RSL based on non-cancer divided by 10.

RSL value for Acenaphthene used as surrogate for Acenaphthylene.

RSL value for pyrene used as surrogate for benzo(g,h,i)perylene.

RSL value for anthracene used as surrogate for phenanthrene.

The soil value of 400 mg/kg for lead is from the Revised Interim Soil Lead Guidance for CERCLA Sites and RCRA Corrective Action

Facilities, USEPA, July 14, 1994.

[5] Rationale Codes

Selection Reason: Above Screening Levels (ASL)

Deletion Reason: No Toxicity Information (NTX)

Essential Nutrient (NUT)

Below Screening Level (BSL)
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 Scenario Timeframe: Current/Future
 Medium: Surface Soil
 Exposure Medium: Surface Soil

Exposure Point Chemical Units Arithmetic
of Mean

Potential
Concern Value Units Statistic Rationale

Surface Soil
Benzo(a)anthracene mg/kg 4.1E-02 1.6E-01 NP 2.1E-01 1.6E-01 mg/kg 95% KM-c 1, 3
Benzo(a)pyrene mg/kg 6.1E-02 2.3E-01 NP 3.1E-01 2.3E-01 mg/kg 95% KM-c 1, 3
Benzo(b)fluoranthene mg/kg 7.7E-02 1.5E-01 NP 3.1E-01 1.5E-01 mg/kg 95% KM-t 1, 2, 3
Dibenz(a,h)anthracene mg/kg 1.5E-02 3.6E-02 NP 7.8E-02 3.6E-02 mg/kg 95% KM-BCA 1, 3
Indeno(1,2,3-cd)pyrene mg/kg 5.4E-02 1.2E-01 NP 2.9E-01 1.2E-01 mg/kg 95% KM-t 1, 2, 3

ProUCL, Version 4.00.05 used to determine distribution of data and calculate RME EPC and arithmetic mean, following recommendations from model and
users guide (USEPA. April 2010. ProUCL, Version 4.00.05. Prepared by Lockheed Martin Environmental Services).
Options:  95% Kaplan-Meier (Chebyshev) UCL - (95% KM-c); 95% Kaplan-Meier (t) UCL - (95% KM-t); 95% Kaplan-Meier (BCA) UCL - 95% KM-BCA

(1)  Shapiro-Wilk W Test/Lilliefors test indicates data (based on detects only) are log-normally distributed.
(2)  Shapiro-Wilk W Test/Lilliefors indicates data (based on detects only) are normally distributed.
(3)  Anderson-Darling Test and/or Kolmogorov-Smirnov Test indicate data (based on detects only) are gamma distributed.
(4)  Distribution tests are inconclusive (data are not normal, log-normal, or gamma-distributed).

N = Normal mg/kg = milligrams per kilogram
T = Log-Transformed
NP = Non-Parametric
G = Gamma

Table 3.1.RME
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

MWR Skeet Range
NAB Little Creek, Virginia Beach, Virginia

(Qualifier)

Exposure Point ConcentrationMaximum95% UCL
(Distribution) Concentration
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 Scenario Timeframe: Current/Future
 Medium: Surface Soil
 Exposure Medium: Air

Exposure Point Chemical Units Arithmetic
of Mean

Potential
Concern Value Units Statistic Rationale

Air
Benzo(a)anthracene ug/m3 3.0E-08 1.1E-07 NP 1.5E-07 1.1E-07 ug/m3 95% KM-c 1, 3
Benzo(a)pyrene ug/m3 4.5E-08 1.7E-07 NP 2.3E-07 1.7E-07 ug/m3 95% KM-c 1, 3
Benzo(b)fluoranthene ug/m3 5.6E-08 1.1E-07 NP 2.3E-07 1.1E-07 ug/m3 95% KM-t 1, 2, 3
Dibenz(a,h)anthracene ug/m3 1.1E-08 2.6E-08 NP 5.7E-08 2.6E-08 ug/m3 95% KM-BCA 1, 3
Indeno(1,2,3-cd)pyrene ug/m3 4.0E-08 9.1E-08 NP 2.1E-07 9.1E-08 ug/m3 95% KM-t 1, 2, 3

ProUCL, Version 4.00.05 used to determine distribution of data and calculate RME EPC and arithmetic mean, following recommendations from model and
users guide (USEPA. April 2010. ProUCL, Version 4.00.05. Prepared by Lockheed Martin Environmental Services).
users guide (USEPA. April 2007. ProUCL, Version 4.0. Prepared by Lockheed Martin Environmental Services).
Options:  95% Kaplan-Meier (Chebyshev) UCL - (95% KM-c); 95% Kaplan-Meier (t) UCL - (95% KM-t); 95% Kaplan-Meier (BCA) UCL - 95% KM-BCA

(1)  Shapiro-Wilk W Test/Lilliefors test indicates data (based on detects only) are log-normally distributed.
(2)  Shapiro-Wilk W Test/Lilliefors indicates data (based on detects only) are normally distributed.
(3)  Anderson-Darling Test and/or Kolmogorov-Smirnov Test indicate data (based on detects only) are gamma distributed.
(4)  Distribution tests are inconclusive (data are not normal, log-normal, or gamma-distributed).

N = Normal ug/m3 = micrograms per cubic meter

T = Log-Transformed
NP = Non-Parametric
G = Gamma

(Distribution) Concentration
(Qualifier)

Table 3.2.RME
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

MWR Skeet Range
NAB Little Creek, Virginia Beach, Virginia

95% UCL Maximum Exposure Point Concentration
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 Scenario Timeframe: Future
 Medium: Surface and Subsurface Soil
 Exposure Medium: Surface and Subsurface Soil

Exposure Point Chemical Units Arithmetic
of Mean

Potential
Concern Value Units Statistic Rationale

Surface Soil
Benzo(a)anthracene mg/kg 1.8E-02 1.0E-01 NP 2.1E-01 1.0E-01 mg/kg 99% KM-c 4
Benzo(a)pyrene mg/kg 2.6E-02 1.5E-01 NP 3.1E-01 1.5E-01 mg/kg 99% KM-c 4
Benzo(b)fluoranthene mg/kg 3.1E-02 1.7E-01 NP 3.1E-01 1.7E-01 mg/kg 99% KM-c 4
Dibenz(a,h)anthracene mg/kg 6.6E-03 1.2E-02 NP 7.8E-02 1.2E-02 mg/kg 95% KM-t 1, 3
Indeno(1,2,3-cd)pyrene mg/kg 2.3E-02 1.4E-01 NP 2.9E-01 1.4E-01 mg/kg 99% KM-c 1
Arsenic mg/kg 6.1E-01 6.6E-01 NP 1.0E+00 J 6.6E-01 mg/kg 95% KM-t 1, 2, 3

ProUCL, Version 4.00.05 used to determine distribution of data and calculate RME EPC and arithmetic mean, following recommendations from model and
users guide (USEPA. April 2010. ProUCL, Version 4.00.05. Prepared by Lockheed Martin Environmental Services).
Options:  95% Kaplan-Meier (t) UCL - (95% KM-t); 95% Kaplan-Meier (Percentile Bootstrap) UCL - 95% KM-pb
     99% Kaplan-Meier (Chebyshev) UCL - (99% KM-c)

(1)  Shapiro-Wilk W Test/Lilliefors test indicates data (based on detects only) are log-normally distributed.
(2)  Shapiro-Wilk W Test/Lilliefors indicates data (based on detects only) are normally distributed.
(3)  Anderson-Darling Test and/or Kolmogorov-Smirnov Test indicate data (based on detects only) are gamma distributed.
(4)  Distribution tests are inconclusive (data are not normal, log-normal, or gamma-distributed).
(5)  Max value used because 95% UCL greater than max.

N = Normal mg/kg = milligrams per kilogram
T = Log-Transformed J = Estimated Value
NP = Non-Parametric
G = Gamma

(Distribution) Concentration
(Qualifier)

Table 3.3.RME
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

MWR Skeet Range
NAB Little Creek, Virginia Beach, Virginia

95% UCL Maximum Exposure Point Concentration
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 Scenario Timeframe: Future
 Medium: Surface and Subsurface Soil
 Exposure Medium: Air

Exposure Point Chemical Units Arithmetic
of Mean

Potential
Concern Value Units Statistic Rationale

Air
Benzo(a)anthracene ug/m3 1.3E-08 7.6E-08 NP 1.5E-07 7.6E-08 ug/m3 99% KM-c 4
Benzo(a)pyrene ug/m3 1.9E-08 1.1E-07 NP 2.3E-07 1.1E-07 ug/m3 99% KM-c 4
Benzo(b)fluoranthene ug/m3 2.3E-08 1.2E-07 NP 2.3E-07 1.2E-07 ug/m3 99% KM-c 4
Dibenz(a,h)anthracene ug/m3 4.8E-09 8.5E-09 NP 5.7E-08 8.5E-09 ug/m3 95% KM-t 1, 3
Indeno(1,2,3-cd)pyrene ug/m3 1.7E-08 1.0E-07 NP 2.1E-07 1.0E-07 ug/m3 99% KM-c 1
Arsenic ug/m3 4.5E-07 4.8E-07 NP 7.4E-07 J 4.8E-07 ug/m3 95% KM-t 1, 2, 3

ProUCL, Version 4.00.05 used to determine distribution of data and calculate RME EPC and arithmetic mean, following recommendations from model and
users guide (USEPA. April 2010. ProUCL, Version 4.00.05. Prepared by Lockheed Martin Environmental Services).
users guide (USEPA. April 2007. ProUCL, Version 4.0. Prepared by Lockheed Martin Environmental Services).
Options:  95% Kaplan-Meier (t) UCL - (95% KM-t); 95% Kaplan-Meier (Percentile Bootstrap) UCL - 95% KM-pb
     99% Kaplan-Meier (Chebyshev) UCL - (99% KM-c)

(1)  Shapiro-Wilk W Test/Lilliefors test indicates data (based on detects only) are log-normally distributed.
(2)  Shapiro-Wilk W Test/Lilliefors indicates data (based on detects only) are normally distributed.
(3)  Anderson-Darling Test and/or Kolmogorov-Smirnov Test indicate data (based on detects only) are gamma distributed.
(4)  Distribution tests are inconclusive (data are not normal, log-normal, or gamma-distributed).
(5)  Max value used because 95% UCL greater than max.

N = Normal ug/m3 = micrograms per cubic meter

T = Log-Transformed J = Estimated Value
NP = Non-Parametric
G = Gamma

(Distribution) Concentration
(Qualifier)

Table 3.4.RME
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

MWR Skeet Range
NAB Little Creek, Virginia Beach, Virginia

95% UCL Maximum Exposure Point Concentration
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 Scenario Timeframe: Current/Future
 Medium: Surface Soil
 Exposure Medium: Air

Exposure Point Chemical Units Arithmetic
of Mean

Potential
Concern Value Units Statistic Rationale

Air
Benzo(a)anthracene ug/m3 3.0E-08 1.1E-07 NP 1.5E-07 1.1E-07 ug/m3 95% KM-c 1, 3
Benzo(a)pyrene ug/m3 4.5E-08 1.7E-07 NP 2.3E-07 1.7E-07 ug/m3 95% KM-c 1, 3
Benzo(b)fluoranthene ug/m3 5.6E-08 1.1E-07 NP 2.3E-07 1.1E-07 ug/m3 95% KM-t 1, 2, 3
Dibenz(a,h)anthracene ug/m3 1.1E-08 2.6E-08 NP 5.7E-08 2.6E-08 ug/m3 95% KM-BCA 1, 3
Indeno(1,2,3-cd)pyrene ug/m3 4.0E-08 9.1E-08 NP 2.1E-07 9.1E-08 ug/m3 95% KM-t 1, 2, 3

ProUCL, Version 4.00.05 used to determine distribution of data and calculate RME EPC and arithmetic mean, following recommendations from model and
users guide (USEPA. April 2010. ProUCL, Version 4.00.05. Prepared by Lockheed Martin Environmental Services).
users guide (USEPA. April 2007. ProUCL, Version 4.0. Prepared by Lockheed Martin Environmental Services).
Options:  95% Kaplan-Meier (Chebyshev) UCL - (95% KM-c); 95% Kaplan-Meier (t) UCL - (95% KM-t); 95% Kaplan-Meier (BCA) UCL - 95% KM-BCA

(1)  Shapiro-Wilk W Test/Lilliefors test indicates data (based on detects only) are log-normally distributed.
(2)  Shapiro-Wilk W Test/Lilliefors indicates data (based on detects only) are normally distributed.
(3)  Anderson-Darling Test and/or Kolmogorov-Smirnov Test indicate data (based on detects only) are gamma distributed.
(4)  Distribution tests are inconclusive (data are not normal, log-normal, or gamma-distributed).

N = Normal ug/m3 = micrograms per cubic meter

T = Log-Transformed
NP = Non-Parametric
G = Gamma

(Distribution) Concentration
(Qualifier)

Table 3.2.RME
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

MWR Skeet Range
NAB Little Creek, Virginia Beach, Virginia

95% UCL Maximum Exposure Point Concentration
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 Scenario Timeframe: Future
 Medium: Surface and Subsurface Soil
 Exposure Medium: Surface and Subsurface Soil

Exposure Point Chemical Units Arithmetic
of Mean

Potential
Concern Value Units Statistic Rationale

Surface Soil
Benzo(a)anthracene mg/kg 1.8E-02 1.0E-01 NP 2.1E-01 1.0E-01 mg/kg 99% KM-c 4
Benzo(a)pyrene mg/kg 2.6E-02 1.5E-01 NP 3.1E-01 1.5E-01 mg/kg 99% KM-c 4
Benzo(b)fluoranthene mg/kg 3.1E-02 1.7E-01 NP 3.1E-01 1.7E-01 mg/kg 99% KM-c 4
Dibenz(a,h)anthracene mg/kg 6.6E-03 1.2E-02 NP 7.8E-02 1.2E-02 mg/kg 95% KM-t 1, 3
Indeno(1,2,3-cd)pyrene mg/kg 2.3E-02 1.4E-01 NP 2.9E-01 1.4E-01 mg/kg 99% KM-c 1
Arsenic mg/kg 6.1E-01 6.6E-01 NP 1.0E+00 J 6.6E-01 mg/kg 95% KM-t 1, 2, 3

ProUCL, Version 4.00.05 used to determine distribution of data and calculate RME EPC and arithmetic mean, following recommendations from model and
users guide (USEPA. April 2010. ProUCL, Version 4.00.05. Prepared by Lockheed Martin Environmental Services).
Options:  95% Kaplan-Meier (t) UCL - (95% KM-t); 95% Kaplan-Meier (Percentile Bootstrap) UCL - 95% KM-pb
     99% Kaplan-Meier (Chebyshev) UCL - (99% KM-c)

(1)  Shapiro-Wilk W Test/Lilliefors test indicates data (based on detects only) are log-normally distributed.
(2)  Shapiro-Wilk W Test/Lilliefors indicates data (based on detects only) are normally distributed.
(3)  Anderson-Darling Test and/or Kolmogorov-Smirnov Test indicate data (based on detects only) are gamma distributed.
(4)  Distribution tests are inconclusive (data are not normal, log-normal, or gamma-distributed).
(5)  Max value used because 95% UCL greater than max.

N = Normal mg/kg = milligrams per kilogram
T = Log-Transformed J = Estimated Value
NP = Non-Parametric
G = Gamma

(Distribution) Concentration
(Qualifier)

Table 3.3.RME
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

MWR Skeet Range
NAB Little Creek, Virginia Beach, Virginia

95% UCL Maximum Exposure Point Concentration
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 Scenario Timeframe: Future
 Medium: Surface and Subsurface Soil
 Exposure Medium: Air

Exposure Point Chemical Units Arithmetic
of Mean

Potential
Concern Value Units Statistic Rationale

Air
Benzo(a)anthracene ug/m3 1.3E-08 7.6E-08 NP 1.5E-07 7.6E-08 ug/m3 99% KM-c 4
Benzo(a)pyrene ug/m3 1.9E-08 1.1E-07 NP 2.3E-07 1.1E-07 ug/m3 99% KM-c 4
Benzo(b)fluoranthene ug/m3 2.3E-08 1.2E-07 NP 2.3E-07 1.2E-07 ug/m3 99% KM-c 4
Dibenz(a,h)anthracene ug/m3 4.8E-09 8.5E-09 NP 5.7E-08 8.5E-09 ug/m3 95% KM-t 1, 3
Indeno(1,2,3-cd)pyrene ug/m3 1.7E-08 1.0E-07 NP 2.1E-07 1.0E-07 ug/m3 99% KM-c 1
Arsenic ug/m3 4.5E-07 4.8E-07 NP 7.4E-07 J 4.8E-07 ug/m3 95% KM-t 1, 2, 3

ProUCL, Version 4.00.05 used to determine distribution of data and calculate RME EPC and arithmetic mean, following recommendations from model and
users guide (USEPA. April 2010. ProUCL, Version 4.00.05. Prepared by Lockheed Martin Environmental Services).
users guide (USEPA. April 2007. ProUCL, Version 4.0. Prepared by Lockheed Martin Environmental Services).
Options:  95% Kaplan-Meier (t) UCL - (95% KM-t); 95% Kaplan-Meier (Percentile Bootstrap) UCL - 95% KM-pb
     99% Kaplan-Meier (Chebyshev) UCL - (99% KM-c)

(1)  Shapiro-Wilk W Test/Lilliefors test indicates data (based on detects only) are log-normally distributed.
(2)  Shapiro-Wilk W Test/Lilliefors indicates data (based on detects only) are normally distributed.
(3)  Anderson-Darling Test and/or Kolmogorov-Smirnov Test indicate data (based on detects only) are gamma distributed.
(4)  Distribution tests are inconclusive (data are not normal, log-normal, or gamma-distributed).
(5)  Max value used because 95% UCL greater than max.

N = Normal ug/m3 = micrograms per cubic meter

T = Log-Transformed J = Estimated Value
NP = Non-Parametric
G = Gamma

(Distribution) Concentration
(Qualifier)

Table 3.4.RME
MEDIUM-SPECIFIC EXPOSURE POINT CONCENTRATION SUMMARY

MWR Skeet Range
NAB Little Creek, Virginia Beach, Virginia

95% UCL Maximum Exposure Point Concentration
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TABLE 4.1.RME

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

MWR Skeet Range

NAB Little Creek, Virginia Beach, Virginia

Scenario Timeframe: Current/Future

Medium:   Surface Soil

Exposure Medium: Surface Soil

     

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Ingestion Industrial Worker Adult Surface Soil CS Chemical Concentration in Soil See Table 3.1.RME mg/kg See Table F-3.4.RME Chronic Daily Intake (CDI) (mg/kg-day) =

IR-S Ingestion Rate of Soil 100 mg/day EPA, 1991 CS x IR-S x EF x ED x CF1 x 1/BW x 1/AT

EF Exposure Frequency 250 days/year EPA, 1991

ED Exposure Duration 25 years EPA, 1991

CF1 Conversion Factor  1 0.000001 kg/mg - -

BW Body Weight 70 kg EPA, 1991

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 9,125 days EPA, 1989

Dermal Industrial Worker Adult Surface Soil CS Chemical Concentration in Soil See Table F-3.4.RME mg/kg See Table F-3.4.RME CDI (mg/kg-day) =

SA Skin Surface Area Available for Contact 3,300 cm2 EPA, 2004 CS x SA x SSAF x DABS x CF1  x EF x 

SSAF Soil to Skin Adherence Factor 0.2 mg/cm2-day EPA, 2004  ED x 1/BW x 1/AT

DABS Dermal Absorption Factor Solids chem specific -- EPA, 2004

CF1 Conversion Factor  1 0.000001 kg/mg - -
EF Exposure Frequency 250 days/year EPA, 1991

ED Exposure Duration 25 years EPA, 1991

BW Body Weight 70 kg EPA, 1991

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 9,125 days EPA, 1989

Sources:

  EPA, 1989:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual, Part A.  OERR.  EPA/540/1-89/002.

  EPA, 1991:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors.  Interim Final.  OSWER Directive 9285.6-03.

  EPA, 2004 . Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment (Final). EPA/540/R/99/005. July 2004.
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TABLE 4.2.RME

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

MWR Skeet Range

Scenario Timeframe: Current/Future

Medium:   Surface Soil

Exposure Medium: Air

     

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Inhalation Industrial Worker Adult Emissions from Surface Soil CS Chemical Concentration in Soil See Table 3.1.RME mg/kg See Table 3.1.RME Ca = CS x (1/PEF)

Ca Chemical Concentration in Air See Table 3.2.RME mg/m3 See Table 3.2.RME

PEF Particulate Emission Factor 1.32E+09 m3/kg EPA, 1996 CDI (mg/m3) = Ca x EF x ED x ET

EF Exposure Frequency 250 days/year EPA, 1991      x CF1x 1/AT

ED Exposure Duration 25 years EPA, 1991

ET Exposure Time 8 hours/day EPA, 1997

CF1 Conversion Factor  1 1/24 day/hour - -

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 9,125 days EPA, 1989

Sources:

  EPA, 1989:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual, Part A.  OERR.  EPA/540/1-89/002.

  EPA, 1991:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors.  Interim Final.  OSWER Directive 9285.6-03.
  EPA, 1996:  Soil Screening Guidance: User's Guide.  EPA/540/R-96/018.
  EPA, 1997:  Exposure Factors Handbook. EPA/600/P-95/002Fa.

NAB Little Creek, Virginia Beach, Virginia
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TABLE 4.3.RME

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

MWR Skeet Range

Scenario Timeframe: Future

Medium:   Surface and Subsurface Soil

Exposure Medium: Surface and Subsurface Soil

     

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Ingestion Resident Adult Surface and Subsurface Soil CS Chemical Concentration in Soil See Table 3.3.RME mg/kg See Table 3.3.RME CDI (mg/kg-day) =

IR-S Ingestion Rate of Soil 100 mg/day EPA, 1991 CS x IR-S x EF x ED x CF1 x 1/BW x 1/AT

EF Exposure Frequency 350 days/year EPA, 1991

ED Exposure Duration 24 years EPA, 1991

CF1 Conversion Factor  1 0.000001 kg/mg - -

BW Body Weight 70 kg EPA, 1991

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 8760 days EPA, 1989

Child Surface and Subsurface Soil CS Chemical Concentration in Soil See Table 3.3.RME mg/kg See Table 3.3.RME CDI (mg/kg-day) =

IR-S Ingestion Rate of Soil 200 mg/day EPA, 1991 CS x IR-S x EF x ED x CF1 x 1/BW x 1/AT

EF Exposure Frequency 350 days/year EPA, 1991

ED Exposure Duration 6 years EPA, 1991

CF1 Conversion Factor  1 0.000001 kg/mg - -

BW Body Weight 15 kg EPA, 1991

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 2190 days EPA, 1989

Child/Adult Surface and Subsurface Soil CS Chemical Concentration in Soil See Table 3.3.RME mg/kg See Table 3.3.RME Chronic Daily Intake (CDI) (mg/kg-day) =

IR-S-A Ingestion Rate of Soil, Adult 100 mg/day EPA, 1991 CS x IR-S-Adj x EF x CF1 x 1/AT

IR-S-C Ingestion Rate of Soil, Child 200 mg/day EPA, 1991

IR-S-Adj Ingestion Rate of Soil, Age-adjusted 114 mg-year/kg-day Calculated IR-S-Adj (mg-year/kd-day) = 

EF Exposure Frequency 350 days/year EPA, 1991            (ED-C x IR-S-C / BW-C)  

ED-A Exposure Duration, Adult 24 years EPA, 1991           +  (ED-A x IR-S-A / BW-A)

ED-C Exposure Duration, Child 6 years EPA, 1991

CF1 Conversion Factor  1 0.000001 kg/mg - -

BW-A Body Weight , Adult 70 kg EPA, 1991

BW-C Body Weight, Child 15 kg

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

Dermal Resident Adult Surface and Subsurface Soil CS Chemical Concentration in Soil See Table 3.3.RME mg/kg See Table 3.3.RME CDI (mg/kg-day) =

SA Skin Surface Area Available for Contact 5,700 cm2 EPA, 2004 CS x SA x SSAF x DABS x CF1  x EF x 

SSAF Soil to Skin Adherence Factor 0.07 mg/cm2-day EPA, 2004  ED x 1/BW x 1/AT

DABS Dermal Absorption Factor Solids chem specific -- EPA, 2004

CF1 Conversion Factor  1 0.000001 kg/mg - -
EF Exposure Frequency 350 days/year EPA, 1991

ED Exposure Duration 24 years EPA, 1991

BW Body Weight 70 kg EPA, 1991

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 8,760 days EPA, 1989

NAB Little Creek, Virginia Beach, Virginia
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TABLE 4.3.RME

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

MWR Skeet Range

Scenario Timeframe: Future

Medium:   Surface and Subsurface Soil

Exposure Medium: Surface and Subsurface Soil

     

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

NAB Little Creek, Virginia Beach, Virginia

Dermal Resident Child Surface and Subsurface Soil CS Chemical Concentration in Soil See Table 3.3.RME mg/kg See Table 3.3.RME CDI (mg/kg-day) =

SA Skin Surface Area Available for Contact 2,800 cm2 EPA, 2004 CS x SA x SSAF x DABS x CF1  x EF x 

SSAF Soil to Skin Adherence Factor 0.2 mg/cm2-day EPA, 2004  ED x 1/BW x 1/AT

DABS Dermal Absorption Factor Solids chem specific -- EPA, 2004

CF1 Conversion Factor  1 0.000001 kg/mg - -
EF Exposure Frequency 350 days/year EPA, 1991

ED Exposure Duration 6 years EPA, 1991

BW Body Weight 15 kg EPA, 1991

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 2,190 days EPA, 1989

Child/Adult Surface and Subsurface Soil CS Chemical Concentration in Soil See Table 3.3.RME mg/kg See Table 3.3.RME CDI (mg/kg-day) =

SA-A Skin Surface Area Available for Contact, Ad 5,700 cm2 EPA, 2004 CS x DA-Adj x DABS x CF1  x EF x 1/AT

SA-C Skin Surface Area Available for Contact, Ch 2,800 cm2 EPA, 2004

SSAF-A Soil to Skin Adherence Factor 0.07 mg/cm2-day EPA, 2004 DA-Adj (mg-year/kd-day) = 

SSAF-C Soil to Skin Adherence Factor 0.2 mg/cm2-day EPA, 2004 [(ED-C x SA-C x SSAF-C / BW-C)  +  

DA-Adj Dermal Absorption, Age-adjusted 361 mg-year/kg-day calculated (ED-A x SA-A x SSAF-A / BW-A)]

DABS Dermal Absorption Factor Solids chem specific -- EPA, 2004

CF1 Conversion Factor  1 0.000001 kg/mg - -

EF Exposure Frequency 350 days/year EPA, 1991

ED-A Exposure Duration, Adult 24 years EPA, 1991

ED-C Exposure Duration, Child 6 years EPA, 1991

BW-A Body Weight , Adult 70 kg EPA, 1991

BW-C Body Weight, Child 15 kg EPA, 1991

AT-C Averaging Time (Cancer) 25550 days EPA, 1989

Sources:
  EPA, 1989:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual, Part A.  OERR.  EPA/540/1-89/002.
  EPA, 1991:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors.  Interim Final.  OSWER Directive 9285.6-03.
  EPA, 2004:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final.  EPA/540/R/99/005.
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TABLE 4.4.RME

VALUES USED FOR DAILY INTAKE CALCULATIONS

REASONABLE MAXIMUM EXPOSURE

MWR Skeet Range

Scenario Timeframe: Future

Medium:   Soil

Exposure Medium: Air

     

Exposure Route Receptor Population Receptor Age Exposure Point Parameter Parameter Definition Value Units Rationale/ Intake Equation/
Code Reference Model Name

Inhalation Resident Adult Emissions from Soil* CS Chemical Concentration in Soil see Table 3.3.RME mg/kg see Table 3.3.RME Ca = CS x (1/PEF)

Ca Chemical Concentration in Air see Table 3.4.RME mg/m3 see Table 3.4.RME CDI (mg/m3) = Ca x EF x ED x ET

PEF Particulate Emission Factor 1.32E+09 m3/kg EPA, 1996      x CF1 x 1/AT

EF Exposure Frequency 350 days/year EPA, 1991

ED Exposure Duration 24 years EPA, 1991

ET Exposure Time 24 hours/day EPA, 1997

CF1 Conversion Factor  1 1/24 day/hour - -

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 8,760 days EPA, 1989

Child Emissions from Soil* CS Chemical Concentration in Soil see Table 3.3.RME mg/kg see Table 3.3.RME Ca = CS x (1/PEF)

Ca Chemical Concentration in Air See Table 3.4.RME mg/m3 See Table 3.4.RME CDI (mg/m3) = Ca x EF x ED x ET

PEF Particulate Emission Factor 1.32E+09 m3/kg EPA, 1996      x CF1 x1/AT

EF Exposure Frequency 350 days/year EPA, 1991

ED Exposure Duration 6 years EPA, 1991

ET Exposure Time 24 hours/day EPA, 1997

CF1 Conversion Factor  1 1/24 day/hour - -

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

AT-N Averaging Time (Non-Cancer) 2,190 days EPA, 1989

Child/Adult Emissions from Soil* CS Chemical Concentration in Soil see Table 3.3.RME mg/kg see Table 3.3.RME Ca = CS x (1/PEF)

Ca Chemical Concentration in Air See Table 3.4.RME mg/m3 See Table 3.4.RME CDI (mg/m3) = Ca x EF x ED x ET

PEF Particulate Emission Factor 1.32E+09 m3/kg EPA, 1996      x CF1 x 1/AT

ED Exposure Duration resident lifetime 30 years EPA, 1991

EF Exposure Frequency 350 days/year EPA, 1991

CF1 Conversion Factor  1 1/24 day/hour - -

AT-C Averaging Time (Cancer) 25,550 days EPA, 1989

Sources:

  EPA, 1989:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual, Part A.  OERR.  EPA/540/1-89/002.

  EPA, 1991:  Risk Assessment Guidance for Superfund.  Vol.1:  Human Health Evaluation Manual - Supplemental Guidance, Standard Default Exposure Factors.  Interim Final.  OSWER Directive 9285.6-03.

  EPA, 1996:  Soil Screening Guidance: User's Guide.  EPA/540/R-96/018.

  EPA, 2002:  Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites, OSWER 9355.4-24, December, 2002.

NAB Little Creek, Virginia Beach, Virginia
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TABLE 5.1

NON-CANCER TOXICITY DATA -- ORAL/DERMAL

MWR Skeet Range

NAB Little Creek, Virginia Beach, Virginia

Chemical Chronic/ Oral RfD Oral Absorption Absorbed RfD for Dermal (2) Primary Combined RfD:Target Organ(s)

of  Potential Subchronic Efficiency for Dermal Target Uncertainty/Modifying
Concern Value Units Value Units Organ(s) Factors Source(s) Date(s)

(1) (MM/DD/YYYY)

Benzo(a)anthracene Chronic N/A N/A N/A N/A N/A N/A N/A N/A N/A

Subchronic N/A N/A N/A N/A N/A N/A N/A N/A N/A

Benzo(a)pyrene Chronic N/A N/A N/A N/A N/A N/A N/A N/A N/A

Subchronic N/A N/A N/A N/A N/A N/A N/A N/A N/A

Benzo(b)fluoranthene Chronic N/A N/A N/A N/A N/A N/A N/A N/A N/A

Subchronic N/A N/A N/A N/A N/A N/A N/A N/A N/A
Dibenz(a,h)anthracene Chronic N/A N/A N/A N/A N/A N/A N/A N/A N/A

Subchronic N/A N/A N/A N/A N/A N/A N/A N/A N/A

Indeno(1,2,3-cd)pyrene Chronic N/A N/A N/A N/A N/A N/A N/A N/A N/A

Subchronic N/A N/A N/A N/A N/A N/A N/A N/A N/A
Arsenic Chronic 3.0E-04 mg/kg-day 95% 3.0E-04 mg/kg-day Skin, Vascular 3/1 IRIS 10/5/2010

Subchronic 3.0E-04 mg/kg-day 95% 3.0E-04 mg/kg-day Skin 3 HEAST 7/1/1997

Definitions: HEAST = Health Effects Assessment Summary Tables

(1)  Source: Risk Assessment Guidance for Superfund. Volume 1:  Human Health IRIS = Integrated Risk Information System

       Evalution Manual (Part E, Supplemental Guidance for Dermal Risk Assessment( Interim). N/A = Not Available

       Section 4.2 and Exhibit 4-1.  USEPA recommends that the oral RfD should not be adjusted to

       estimate the absorbed dose for compounds when the absorption efficiency is greater than 50%. For IRIS values, provide the date IRIS was searched.

       Constituents that do not have oral absorption efficiencies reported on this table For HEAST values, provide the date of HEAST.

      were assumed to have an oral absorption efficiency of 100%.

(2)  See Risk Assessment text for the derivation of the "Absorbed RfD for Dermal"
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TABLE 5.2

NON-CANCER TOXICITY DATA -- INHALATION

MWR Skeet Range

NAB Little Creek, Virginia Beach, Virginia

Chemical Chronic/ Inhalation RfC Extrapolated RfD (1) Primary Combined RfC : Target Organ(s)

of  Potential Subchronic Target Uncertainty/Modifying
Concern Value Units Value Units Organ(s) Factors Source(s) Date(s)

(MM/DD/YYYY)

Benzo(a)anthracene Chronic N/A N/A N/A N/A N/A N/A N/A N/A
Subchronic N/A N/A N/A N/A N/A N/A N/A N/A

Benzo(a)pyrene Chronic N/A N/A N/A N/A N/A N/A N/A N/A
Subchronic N/A N/A N/A N/A N/A N/A N/A N/A

Benzo(b)fluoranthene Chronic N/A N/A N/A N/A N/A N/A N/A N/A
Subchronic N/A N/A N/A N/A N/A N/A N/A N/A

Dibenz(a,h)anthracene Chronic N/A N/A N/A N/A N/A N/A N/A N/A
Subchronic N/A N/A N/A N/A N/A N/A N/A N/A

Indeno(1,2,3-cd)pyrene Chronic N/A N/A N/A N/A N/A N/A N/A N/A
Subchronic N/A N/A N/A N/A N/A N/A N/A N/A

Arsenic Chronic 1.5E-05 mg/m3 4.3E-06 mg/kg-day
Development, Cardiovascular 

system, Nervous system N/A CalEPA 10/5/2010
Subchronic N/A N/A N/A N/A N/A N/A N/A N/A

(1) Extrapolated RfD = Inhalation RfC x 20 m3/day x 1/70 kg Definitions: CalEPA = California EPA

N/A = Not Available

For CalEPA values, provide date CalEPA toxicity database was searched.
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TABLE 6.1

CANCER TOXICITY DATA -- ORAL/DERMAL

Chemical Oral Cancer Oral to Dermal Adjusted Dermal Units EPA Source Date (2)

of Potential Slope Factor Adjustment Cancer Slope Factor (1) Carcinogen (MM/DD/YY)

Concern  Factor Group
   

Benzo(a)anthracene 7.3E-01 58-89% 7.3E-01 (mg/kg-day) -1 B2 IRIS 10/5/2010
Benzo(a)pyrene 7.3E+00 58-89% 7.3E+00 (mg/kg-day) -1 B2 IRIS 10/5/2010
Benzo(b)fluoranthene 7.3E-01 58-89% 7.3E-01 (mg/kg-day) -1 B2 IRIS 10/5/2010
Dibenz(a,h)anthracene 7.3E+00 58-89% 7.3E+00 (mg/kg-day) -1 B2 IRIS 10/5/2010
Indeno(1,2,3-cd)pyrene 7.3E-01 58-89% 7.3E-01 (mg/kg-day) -1 B2 IRIS 10/5/2010
Arsenic 1.5E+00 95% 1.5E+00 (mg/kg-day) -1 A IRIS 10/5/2010

N/A-Not available EPA Carcinogen Group:

IRIS = Integrated Risk Information System      A - Human carcinogen

     B1 - Probable human carcinogen - indicates that limited human data are available

     B2 - Probable human carcinogen - indicates sufficient evidence in animals and 

                  inadequate or no evidence in humans 

(1)  Refer to RAGS, Part E. July 2004.      C - Possible human carcinogen

(2)  For IRIS values, provide the date IRIS was searched.      D - Not classifiable as a human carcinogen

     E - Evidence of noncarcinogenicity

MWR Skeet Range

NAB Little Creek, Virginia Beach, Virginia
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TABLE 6.2

CANCER TOXICITY DATA -- INHALATION

MWR Skeet Range

NAB Little Creek, Virginia Beach, Virginia

Chemical Unit Risk Units Adjustment (1) Inhalation Cancer Units Weight of Evidence/ Source Date (2)

of Potential  Slope Factor Cancer Guidance  (MM/DD/YY)

Concern Description

 

Benzo(a)anthracene 1.1E-04 (µg/m3)
-1

3500 3.9E-01 (mg/kg-day) -1 B2 Cal EPA 1/6/2010
Benzo(a)pyrene 1.1E-03 (µg/m3) -1 3500 3.9E+00 (mg/kg-day) -1 B2 Cal EPA 1/6/2010
Benzo(b)fluoranthene 1.1E-04 (µg/m3) -1 3500 3.9E-01 (mg/kg-day) -1 B2 Cal EPA 1/6/2010
Dibenz(a,h)anthracene 1.2E-03 (µg/m3) -1 3500 4.2E+00 (mg/kg-day) -1 B2 Cal EPA 1/6/2010
Indeno(1,2,3-cd)pyrene 1.1E-04 (µg/m3) -1 3500 3.9E-01 (mg/kg-day) -1 B2 Cal EPA 1/6/2010

Arsenic 4.3E-03 (ug/m3) -1 3500 1.5E+01 (mg/kg-day) -1 A IRIS 2/18/2008
IRIS = Integrated Risk Information System EPA Group:
CalEPA = California EPA A - Human carcinogen

B1 - Probable human carcinogen - indicates that limited human data are available
B2 - Probable human carcinogen - indicates sufficient evidence in animals and 

(1)  Adjustment Factor applied to Unit Risk to calculate Inhalation Slope Factor =          inadequate or no evidence in humans 
      70kg x 1/20m3/day x 1000ug/mg C - Possible human carcinogen
(2)  For IRIS values, provide the date IRIS was searched. D - Not classifiable as a human carcinogen
       For CalEPA values, provide date CalEPA toxicity database was searched. E - Evidence of noncarcinogenicity
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TABLE 7.1.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

MWR Skeet Range

Scenario Timeframe:  Current/Future

Receptor Population:  Industrial Worker

Receptor Age:  Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations
Potential Concern

Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC
Hazard 

Quotient

Value Units Value Units Value Units Value Units

Surface Soil Surface Soil Surface Soil Ingestion Benzo(a)anthracene 1.6E-01 mg/kg 5.4E-08 mg/kg/day 7.3E-01 1/mg/kg-day 4.0E-08 1.5E-07 mg/kg/day N/A mg/kg/day N/A
Benzo(a)pyrene 2.3E-01 mg/kg 8.1E-08 mg/kg/day 7.3E+00 1/mg/kg-day 5.9E-07 2.3E-07 mg/kg/day N/A mg/kg/day N/A
Benzo(b)fluoranthene 1.5E-01 mg/kg 5.4E-08 mg/kg/day 7.3E-01 1/mg/kg-day 3.9E-08 1.5E-07 mg/kg/day N/A mg/kg/day N/A
Dibenz(a,h)anthracene 3.6E-02 mg/kg 1.3E-08 mg/kg/day 7.3E+00 1/mg/kg-day 9.1E-08 3.5E-08 mg/kg/day N/A mg/kg/day N/A
Indeno(1,2,3-cd)pyrene 1.2E-01 mg/kg 4.3E-08 mg/kg/day 7.3E-01 1/mg/kg-day 3.2E-08 1.2E-07 mg/kg/day N/A mg/kg/day N/A

Exp. Route Total 7.9E-07 0.0E+00

Dermal Benzo(a)anthracene 1.6E-01 mg/kg 4.6E-08 mg/kg/day 7.3E-01 1/mg/kg-day 3.4E-08 1.3E-07 mg/kg/day N/A mg/kg/day N/A
Absorption Benzo(a)pyrene 2.3E-01 mg/kg 6.9E-08 mg/kg/day 7.3E+00 1/mg/kg-day 5.1E-07 1.9E-07 mg/kg/day N/A mg/kg/day N/A

Benzo(b)fluoranthene 1.5E-01 mg/kg 4.6E-08 mg/kg/day 7.3E-01 1/mg/kg-day 3.4E-08 1.3E-07 mg/kg/day N/A mg/kg/day N/A
Dibenz(a,h)anthracene 3.6E-02 mg/kg 1.1E-08 mg/kg/day 7.3E+00 1/mg/kg-day 7.8E-08 3.0E-08 mg/kg/day N/A mg/kg/day N/A
Indeno(1,2,3-cd)pyrene 1.2E-01 mg/kg 3.7E-08 mg/kg/day 7.3E-01 1/mg/kg-day 2.7E-08 1.0E-07 mg/kg/day N/A mg/kg/day N/A

Exp. Route Total 6.8E-07 0.0E+00

Exposure Point Total 1.5E-06 0.0E+00

Exposure Medium Total 1.5E-06 0.0E+00

Air Emissions from Inhalation Benzo(a)anthracene 1.1E-07 ug/m3 9.3E-09 ug/m3 1.1E-04 (µg/m3)-1 1.0E-12 2.6E-11 mg/m3 N/A N/A
Surface Soil Benzo(a)pyrene 1.7E-07 ug/m3 1.4E-08 ug/m3 1.1E-03 (µg/m3)-1 1.5E-11 3.9E-11 mg/m4 N/A N/A

Benzo(b)fluoranthene 1.1E-07 ug/m3 9.2E-09 ug/m3 1.1E-04 (µg/m3)-1 1.0E-12 2.6E-11 mg/m5 N/A N/A
Dibenz(a,h)anthracene 2.6E-08 ug/m3 2.1E-09 ug/m3 1.2E-03 (µg/m3)-1 2.6E-12 6.0E-12 mg/m6 N/A N/A
Indeno(1,2,3-cd)pyrene 9.1E-08 ug/m3 7.4E-09 ug/m3 1.1E-04 (µg/m3)-1 8.2E-13 2.1E-11 mg/m7 N/A N/A

Exp. Route Total 2.1E-11 0.0E+00

2.1E-11 0.0E+00

2.1E-11 0.0E+00

Medium Total 1.5E-06 0.0E+00

Total of Receptor Risks Across All Media  1.5E-06 Total of Receptor Hazards Across All Media  0.0E+00

N/A = Not applicable.
Dermal absorption factors (DABs) used to calculated dermal absorption intake from soil are chemical specific.  DABS of 0.13 used for the PAHs.

Exposure Point Total

Exposure Medium Total

NAB Little Creek, Virginia Beach, Virginia
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MWR Skeet Range

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age: Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations
Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface and 
Subsurface Soil

Surface and 
Subsurface Soil

Surface and 
Subsurface Soil Ingestion

Benzo(a)anthracene 1.0E-01 mg/kg N/A N/A N/A 1.4E-07 mg/kg/day N/A mg/kg/day N/A
Benzo(a)pyrene 1.5E-01 mg/kg N/A N/A N/A 2.1E-07 mg/kg/day N/A mg/kg/day N/A
Benzo(b)fluoranthene 1.7E-01 mg/kg N/A N/A N/A 2.3E-07 mg/kg/day N/A mg/kg/day N/A
Dibenz(a,h)anthracene 1.2E-02 mg/kg N/A N/A N/A 1.6E-08 mg/kg/day N/A mg/kg/day N/A
Indeno(1,2,3-cd)pyrene 1.4E-01 mg/kg N/A N/A N/A 1.9E-07 mg/kg/day N/A mg/kg/day N/A
Arsenic 6.6E-01 mg/kg N/A N/A N/A 9.0E-07 mg/kg/day 3.0E-04 mg/kg/day 3.0E-03

Exp. Route Total N/A 3.0E-03

Dermal Benzo(a)anthracene 1.0E-01 mg/kg N/A N/A N/A 7.4E-08 mg/kg/day N/A mg/kg/day N/A
Absorption Benzo(a)pyrene 1.5E-01 mg/kg N/A N/A N/A 1.1E-07 mg/kg/day N/A mg/kg/day N/A

Benzo(b)fluoranthene 1.7E-01 mg/kg N/A N/A N/A 1.2E-07 mg/kg/day N/A mg/kg/day N/A
Dibenz(a,h)anthracene 1.2E-02 mg/kg N/A N/A N/A 8.2E-09 mg/kg/day N/A mg/kg/day N/A

Indeno(1,2,3-cd)pyrene
1.4E-01 mg/kg N/A N/A N/A 9.9E-08 mg/kg/day N/A mg/kg/day N/A

Arsenic 6.6E-01 mg/kg N/A N/A N/A 1.1E-07 mg/kg/day 3.0E-04 mg/kg/day 3.6E-04

Exp. Route Total N/A 3.6E-04

N/A 3.3E-03

N/A 3.3E-03

Air Emissions from Inhalation Benzo(a)anthracene 7.6E-08 ug/m3 N/A N/A N/A 7.3E-11 mg/m3 N/A mg/m3 N/A
Soil Benzo(a)pyrene 1.1E-07 ug/m3 N/A N/A N/A 1.1E-10 mg/m3 N/A mg/m3 N/A

Benzo(b)fluoranthene 1.2E-07 ug/m3 N/A N/A N/A 1.2E-10 mg/m3 N/A mg/m3 N/A
Dibenz(a,h)anthracene 8.5E-09 ug/m3 N/A N/A N/A 8.2E-12 mg/m3 N/A mg/m3 N/A
Indeno(1,2,3-cd)pyrene 1.0E-07 ug/m3 N/A N/A N/A 9.8E-11 mg/m3 N/A mg/m3 N/A
Arsenic 4.8E-07 ug/m3 N/A N/A N/A 4.6E-10 mg/m3 1.5E-05 mg/m3 3.1E-05

Exp. Route Total N/A 3.1E-05

N/A 3.1E-05

N/A 3.1E-05

Medium Total N/A 3.4E-03

Total of Receptor Risks Across All Media  N/A Total of Receptor Hazards Across All Media  3.4E-03

Notes-
N/A = Not applicable.
Dermal absorption factors (DABs) used to calculated dermal absorption intake from soil are chemical specific.  DABS of 0.13 used for the PAHs, DABS of 0.03 used for arsenic.

TABLE 7.2.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

Exposure Point Total

Exposure Medium Total

Exposure Medium Total

Exposure Point Total

NAB Little Creek, Virginia Beach, Virginia
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MQE Skeet Range

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age: Child

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations
Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface and 
Subsurface Soil

Surface and 
Subsurface Soil

Surface and 
Subsurface Soil Ingestion

Benzo(a)anthracene 1.0E-01 mg/kg N/A N/A N/A 1.3E-06 mg/kg/day N/A mg/kg/day N/A
Benzo(a)pyrene 1.5E-01 mg/kg N/A N/A N/A 2.0E-06 mg/kg/day N/A mg/kg/day N/A
Benzo(b)fluoranthene 1.7E-01 mg/kg N/A N/A N/A 2.2E-06 mg/kg/day N/A mg/kg/day N/A
Dibenz(a,h)anthracene 1.2E-02 mg/kg N/A N/A N/A 1.5E-07 mg/kg/day N/A mg/kg/day N/A
Indeno(1,2,3-cd)pyrene 1.4E-01 mg/kg N/A N/A N/A 1.8E-06 mg/kg/day N/A mg/kg/day N/A
Arsenic 6.6E-01 mg/kg N/A N/A N/A 8.4E-06 mg/kg/day 3.0E-04 mg/kg/day 2.8E-02

Exp. Route Total N/A 2.8E-02

Dermal Benzo(a)anthracene 1.0E-01 mg/kg N/A N/A N/A 4.8E-07 mg/kg/day N/A mg/kg/day N/A
Absorption Benzo(a)pyrene 1.5E-01 mg/kg N/A N/A N/A 7.2E-07 mg/kg/day N/A mg/kg/day N/A

Benzo(b)fluoranthene 1.7E-01 mg/kg N/A N/A N/A 7.9E-07 mg/kg/day N/A mg/kg/day N/A
Dibenz(a,h)anthracene 1.2E-02 mg/kg N/A N/A N/A 5.4E-08 mg/kg/day N/A mg/kg/day N/A
Indeno(1,2,3-cd)pyrene 1.4E-01 mg/kg N/A N/A N/A 6.5E-07 mg/kg/day N/A mg/kg/day N/A
Arsenic 6.6E-01 mg/kg N/A N/A N/A 7.0E-07 mg/kg/day 3.0E-04 mg/kg/day 2.3E-03

Exp. Route Total N/A 2.3E-03

N/A 3.0E-02

N/A 3.0E-02

Air Emissions from Inhalation Benzo(a)anthracene 7.6E-08 ug/m3 N/A N/A N/A 7.3E-11 mg/m3 N/A mg/m3 N/A
Surface and Benzo(a)pyrene 1.1E-07 ug/m3 N/A N/A N/A 1.1E-10 mg/m3 N/A mg/m4 N/A

Subsurface Soil Benzo(b)fluoranthene 1.2E-07 ug/m3 N/A N/A N/A 1.2E-10 mg/m3 N/A mg/m5 N/A
Dibenz(a,h)anthracene 8.5E-09 ug/m3 N/A N/A N/A 8.2E-12 mg/m3 N/A mg/m6 N/A
Indeno(1,2,3-cd)pyrene 1.0E-07 ug/m3 N/A N/A N/A 9.8E-11 mg/m3 N/A mg/m7 N/A
Arsenic 4.8E-07 ug/m3 N/A N/A N/A 4.6E-10 mg/m3 1.5E-05 mg/m8 3.1E-05

Exp. Route Total N/A 3.1E-05

N/A 3.1E-05

N/A 3.1E-05

Medium Total N/A 3.0E-02

Total of Receptor Risks Across All Media  N/A Total of Receptor Hazards Across All Media  3.0E-02

Notes-
N/A = Not applicable.
Dermal absorption factors (DABs) used to calculated dermal absorption intake from soil are chemical specific.  DABS of 0.13 used for the PAHs, DABS of 0.03 used for arsenic.

Exposure Medium Total

TABLE 7.3.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

NAB Little Creek, Virginia Beach, Virginia

Exposure Point Total

Exposure Medium Total

Exposure Point Total
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MWR Skeet Range

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age: Child/Adult

Medium Exposure Medium Exposure Point Exposure Route Chemical of EPC Cancer Risk Calculations Non-Cancer Hazard Calculations
Potential Concern Value Units Intake/Exposure Concentration CSF/Unit Risk Cancer Risk Intake/Exposure Concentration RfD/RfC Hazard Quotient

Value Units Value Units Value Units Value Units

Surface and 
Subsurface Soil

Surface and 
Subsurface Soil

Surface and 
Subsurface Soil Ingestion

Benzo(a)anthracene 1.0E-01 mg/kg (1) 7.3E-01 mg/kg/day 5.1E-07 N/A N/A N/A
Benzo(a)pyrene 1.5E-01 mg/kg (1) 7.3E+00 mg/kg/day 7.5E-06 N/A N/A N/A
Benzo(b)fluoranthene 1.7E-01 mg/kg (1) 7.3E-01 mg/kg/day 8.3E-07 N/A N/A N/A
Dibenz(a,h)anthracene 1.2E-02 mg/kg (1) 7.3E+00 mg/kg/day 5.7E-07 N/A N/A N/A
Indeno(1,2,3-cd)pyrene 1.4E-01 mg/kg (1) 7.3E-01 mg/kg/day 6.8E-07 N/A N/A N/A
Arsenic 6.6E-01 mg/kg 1.0E-06 mg/kg/day 1.5E+00 mg/kg/day 1.5E-06 N/A N/A N/A

Exp. Route Total 1.2E-05 N/A

Dermal Benzo(a)anthracene 1.0E-01 mg/kg (1) 7.3E-01 mg/kg/day 2.0E-07 N/A N/A N/A
Absorption Benzo(a)pyrene 1.5E-01 mg/kg (1) 7.3E+00 mg/kg/day 2.9E-06 N/A N/A N/A

Benzo(b)fluoranthene 1.7E-01 mg/kg (1) 7.3E-01 mg/kg/day 3.2E-07 N/A N/A N/A
Dibenz(a,h)anthracene 1.2E-02 mg/kg (1) 7.3E+00 mg/kg/day 2.2E-07 N/A N/A N/A
Indeno(1,2,3-cd)pyrene 1.4E-01 mg/kg (1) 7.3E-01 mg/kg/day 2.6E-07 N/A N/A N/A
Arsenic 6.6E-01 mg/kg 9.7E-08 mg/kg/day 1.5E+00 mg/kg/day 1.5E-07 N/A N/A N/A

Exp. Route Total 4.0E-06 N/A

1.6E-05 N/A

1.6E-05 N/A

Air Emissions from Inhalation Benzo(a)anthracene 7.6E-08 ug/m3 (1) 1.1E-04 (µg/m3)-1 8.8E-12 N/A N/A N/A
Surface and Benzo(a)pyrene 1.1E-07 ug/m3 (1) 1.1E-03 (µg/m3)-1 1.3E-10 N/A N/A N/A

Subsurface Soil Benzo(b)fluoranthene 1.2E-07 ug/m3 (1) 1.1E-04 (µg/m3)-1 1.4E-11 N/A N/A N/A
Dibenz(a,h)anthracene 8.5E-09 ug/m3 (1) 1.2E-03 (µg/m3)-1 1.1E-11 N/A N/A N/A
Indeno(1,2,3-cd)pyrene 1.0E-07 ug/m3 (1) 1.1E-04 (µg/m3)-1 1.2E-11 N/A N/A N/A
Arsenic 4.8E-07 ug/m3 2.0E-07 ug/m3 4.3E-03 (µg/m3)-1 8.5E-10 N/A N/A N/A

Exp. Route Total 1.0E-09 N/A

1.0E-09 N/A

1.0E-09 N/A

Medium Total 1.6E-05 N/A

Total of Receptor Risks Across All Media  1.6E-05 Total of Receptor Hazards Across All Media  N/A

Notes-
N/A = Not applicable.
Dermal absorption factors (DABs) used to calculated dermal absorption intake from soil are chemical specific.  DABS of 0.13 used for the PAHs, DABS of 0.03 used for arsenic.
(1)  See Table 7.4.RME Supplement A, for calculation of risks for chemicals that act via a mutagenic mode of action.

NAB Little Creek, Virginia Beach, Virginia

TABLE 7.4.RME

CALCULATION OF CHEMICAL CANCER RISKS AND NON-CANCER HAZARDS

REASONABLE MAXIMUM EXPOSURE

Exposure Point Total

Exposure Medium Total

Exposure Point Total

Exposure Medium Total
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TABLE 7.4.RME Supplement A

CALCULATION OF CHEMICAL CANCER RISKS FOR COPC WITH MUTAGENIC MODE OF ACTION

REASONABLE MAXIMUM EXPOSURE

MWR Skeet Range, NAB Little Creek, Virginia Beach, Virginia

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age:  Adult/Child

Chemical of EPC Cancer Risk Calculations

Medium Exposure Medium Exposure Point Exposure Route Potential Concern Intake CSF/Unit Risk

Value Units Value Value Cancer Risk

0-2 yrs 2-6 yrs 6-16 years 16-30 yrs 0-2 yrs 
(ADAF=10)

2-6 yrs 
(ADAF=3)

6-16 yrs 
(ADAF=3)

16-30 yrs 
(ADAF=1)

Surface and Surface and Surface and Ingestion Benzo(a)anthracene 1.0E-01 mg/kg 3.8E-08 7.6E-08 2.0E-08 2.8E-08 mg/kg/day 7.3E+00 2.2E+00 2.2E+00 7.3E-01 mg/kg/day 5.1E-07
Subsurface Soil Subsurface Soil Subsurface Soil Benzo(a)pyrene 1.5E-01 mg/kg 5.6E-08 1.1E-07 3.0E-08 4.2E-08 mg/kg/day 7.3E+01 2.2E+01 2.2E+01 7.3E+00 mg/kg/day 7.5E-06

Benzo(b)fluoranthene 1.7E-01 mg/kg 6.2E-08 1.2E-07 3.3E-08 4.6E-08 mg/kg/day 7.3E+00 2.2E+00 2.2E+00 7.3E-01 mg/kg/day 8.3E-07
Dibenz(a,h)anthracene 1.2E-02 mg/kg 4.2E-09 8.5E-09 2.3E-09 3.2E-09 mg/kg/day 7.3E+01 2.2E+01 2.2E+01 7.3E+00 mg/kg/day 5.7E-07
Indeno(1,2,3-cd)pyrene 1.4E-01 mg/kg 5.1E-08 1.0E-07 2.7E-08 3.8E-08 mg/kg/day 7.3E+00 2.2E+00 2.2E+00 7.3E-01 mg/kg/day 6.8E-07

Dermal Benzo(a)anthracene 1.0E-01 mg/kg 1.4E-08 2.8E-08 1.1E-08 1.5E-08 mg/kg/day 7.3E+00 2.2E+00 2.2E+00 7.3E-01 mg/kg/day 2.0E-07
Benzo(a)pyrene 1.5E-01 mg/kg 2.0E-08 4.1E-08 1.6E-08 2.2E-08 mg/kg/day 7.3E+01 2.2E+01 2.2E+01 7.3E+00 mg/kg/day 2.9E-06
Benzo(b)fluoranthene 1.7E-01 mg/kg 2.3E-08 4.5E-08 1.7E-08 2.4E-08 mg/kg/day 7.3E+00 2.2E+00 2.2E+00 7.3E-01 mg/kg/day 3.2E-07
Dibenz(a,h)anthracene 1.2E-02 mg/kg 1.5E-09 3.1E-09 1.2E-09 1.6E-09 mg/kg/day 7.3E+01 2.2E+01 2.2E+01 7.3E+00 mg/kg/day 2.2E-07
Indeno(1,2,3-cd)pyrene 1.4E-01 mg/kg 1.9E-08 3.7E-08 1.4E-08 2.0E-08 mg/kg/day 7.3E+00 2.2E+00 2.2E+00 7.3E-01 mg/kg/day 2.6E-07

Ambient Air Emissions from Inhalation Benzo(a)anthracene 7.6E-08 μg/m3 2.1E-09 4.2E-09 1.0E-08 1.5E-08 mg/kg/day 1.1E-03 3.3E-04 3.3E-04 1.1E-04 (µg/m3)-1 8.8E-12
Surface and Benzo(a)pyrene 1.1E-07 μg/m3 3.1E-09 6.2E-09 1.5E-08 2.2E-08 mg/kg/day 1.1E-02 3.3E-03 3.3E-03 1.1E-03 (µg/m3)-1 1.3E-10

Subsurface Soil Benzo(b)fluoranthene 1.2E-07 μg/m3 3.4E-09 6.8E-09 1.7E-08 2.4E-08 mg/kg/day 1.1E-03 3.3E-04 3.3E-04 1.1E-04 (µg/m3)-1 1.4E-11
Dibenz(a,h)anthracene 8.5E-09 μg/m3 2.3E-10 4.7E-10 1.2E-09 1.6E-09 mg/kg/day 1.2E-02 3.6E-03 3.6E-03 1.2E-03 (µg/m3)-1 1.1E-11
Indeno(1,2,3-cd)pyrene 1.0E-07 μg/m3 2.8E-09 5.6E-09 1.4E-08 2.0E-08 mg/kg/day 1.1E-03 3.3E-04 3.3E-04 1.1E-04 (µg/m3)-1 1.2E-11

Units Units
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TABLE 9.1.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE
MWR Skeet Range

NAB Little Creek, Virginia Beach, Virginia

Scenario Timeframe:  Current/Future

Receptor Population:  Industrial Worker

Receptor Age:  Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Surface Soil Surface Soil Surface Soil

Benzo(a)anthracene 4.0E-08 N/A 3.4E-08 7.3E-08 N/A N/A N/A 0.0E+00

Benzo(a)pyrene 5.9E-07 N/A 5.1E-07 1.1E-06 N/A N/A N/A 0.0E+00

Benzo(b)fluoranthene 3.9E-08 N/A 3.4E-08 7.3E-08 N/A N/A N/A 0.0E+00

Dibenz(a,h)anthracene 9.1E-08 N/A 7.8E-08 1.7E-07 N/A N/A N/A 0.0E+00

Indeno(1,2,3-cd)pyrene 3.2E-08 N/A 2.7E-08 5.9E-08 N/A N/A N/A 0.0E+00

Chemical Total 7.9E-07 0.0E+00 6.8E-07 1.5E-06 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Exposure Point Total 1.5E-06 0.0E+00

Exposure Medium Total 1.5E-06 0.0E+00

Air Emissions from

Surface Soil Benzo(a)anthracene N/A 1.0E-12 N/A 1.0E-12 N/A N/A N/A 0.0E+00

Benzo(a)pyrene N/A 1.5E-11 N/A 1.5E-11 N/A N/A N/A 0.0E+00

Benzo(b)fluoranthene N/A 1.0E-12 N/A 1.0E-12 N/A N/A N/A 0.0E+00

Dibenz(a,h)anthracene N/A 2.6E-12 N/A 2.6E-12 N/A N/A N/A 0.0E+00

Indeno(1,2,3-cd)pyrene N/A 8.2E-13 N/A 8.2E-13 N/A N/A N/A 0.0E+00

Chemical Total 0.0E+00 2.1E-11 0.0E+00 1.0E-12 0.0E+00 0.0E+00 0.0E+00 0.0E+00

Exposure Point Total 1.0E-12 0.0E+00

Exposure Medium Total 1.0E-12 0.0E+00

Medium Total 1.5E-06 0.0E+00

Receptor Total 1.5E-06 Receptor HI Total  0.0E+00
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TABLE 9.2.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE
MWR Skeet Range

NAB Little Creek, Virginia Beach, Virginia

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age: Adult

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Surface and Surface and Surface and

Subsurface Soil Subsurface Soil Subsurface Soil Benzo(a)anthracene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Benzo(a)pyrene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Benzo(b)fluoranthene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Dibenz(a,h)anthracene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Indeno(1,2,3-cd)pyrene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Arsenic N/A N/A N/A NA Skin, Blood 3.0E-03 N/A 3.6E-04 3.3E-03

Chemical Total NA NA NA NA 3.0E-03 0.0E+00 3.6E-04 3.3E-03

Exposure Point Total NA 3.3E-03

Exposure Medium Total NA 3.3E-03

Air Emissions from

Surface and Benzo(a)anthracene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Subsurface Soil Benzo(a)pyrene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Benzo(b)fluoranthene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Dibenz(a,h)anthracene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Indeno(1,2,3-cd)pyrene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Arsenic N/A N/A N/A NA
Development, Cardiovascular 

system, Nervous system N/A 3.1E-05 N/A 3.1E-05

Chemical Total NA NA NA NA 0.0E+00 3.1E-05 0.0E+00 3.1E-05

Exposure Point Total NA 3.1E-05

Exposure Medium Total NA 3.1E-05

Medium Total NA 3.4E-03

Receptor Total NA Receptor HI Total  3.4E-03

Page 1 of 1



TABLE 9.3.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE
MWR Skeet Range

NAB Little Creek, Virginia Beach, Virginia

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age: Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Surface and Surface and Surface and

Subsurface Soil Subsurface Soil Subsurface Soil Benzo(a)anthracene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Benzo(a)pyrene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Benzo(b)fluoranthene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Dibenz(a,h)anthracene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Indeno(1,2,3-cd)pyrene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Arsenic N/A N/A N/A NA Skin, Blood 2.8E-02 N/A 2.3E-03 3.0E-02

Chemical Total NA NA NA NA 2.8E-02 0.0E+00 2.3E-03 3.0E-02

Exposure Point Total NA 3.0E-02

Exposure Medium Total NA 3.0E-02

Air Emissions from

Surface and Benzo(a)anthracene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Subsurface Soil Benzo(a)pyrene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Benzo(b)fluoranthene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Dibenz(a,h)anthracene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Indeno(1,2,3-cd)pyrene N/A N/A N/A NA N/A N/A N/A 0.0E+00

Arsenic N/A N/A N/A NA
Development, Cardiovascular 

system, Nervous system N/A 3.1E-05 N/A 3.1E-05

Chemical Total NA NA NA NA 0.0E+00 3.1E-05 0.0E+00 3.1E-05

Exposure Point Total NA 3.1E-05

Exposure Medium Total NA 3.1E-05

Medium Total NA 3.0E-02

Receptor Total NA Receptor HI Total  3.0E-02
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TABLE 9.4.RME

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

REASONABLE MAXIMUM EXPOSURE
MWR Skeet Range

NAB Little Creek, Virginia Beach, Virginia

Scenario Timeframe:  Future

Receptor Population:  Resident

Receptor Age: Adult/Child

 

Medium Exposure Exposure Chemical Carcinogenic Risk Non-Carcinogenic Hazard Quotient

Medium Point of Potential

Concern Ingestion Inhalation Dermal Exposure Primary Ingestion Inhalation Dermal Exposure 

Routes Total Target Organ(s) Routes Total

Surface and Surface and Surface and

Subsurface Soil Subsurface Soil Subsurface Soil Benzo(a)anthracene 5.1E-07 N/A 2.0E-07 7.0E-07 N/A N/A N/A NA

Benzo(a)pyrene 7.5E-06 N/A 2.9E-06 1.0E-05 N/A N/A N/A NA

Benzo(b)fluoranthene 8.3E-07 N/A 3.2E-07 1.1E-06 N/A N/A N/A NA

Dibenz(a,h)anthracene 5.7E-07 N/A 2.2E-07 7.9E-07 N/A N/A N/A NA

Indeno(1,2,3-cd)pyrene 6.8E-07 N/A 2.6E-07 9.4E-07 N/A N/A N/A NA

Arsenic 1.5E-06 N/A 1.5E-07 1.7E-06 N/A N/A N/A NA

Chemical Total 1.2E-05 0.0E+00 4.0E-06 1.6E-05 NA NA NA NA

Exposure Point Total 1.6E-05 NA

Exposure Medium Total 1.6E-05 NA

Air Emissions from

Surface and Benzo(a)anthracene N/A 8.8E-12 N/A 8.8E-12 N/A N/A N/A NA

Subsurface Soil Benzo(a)pyrene N/A 1.3E-10 N/A 1.3E-10 N/A N/A N/A NA

Benzo(b)fluoranthene N/A 1.4E-11 N/A 1.4E-11 N/A N/A N/A NA

Dibenz(a,h)anthracene N/A 1.1E-11 N/A 1.1E-11 N/A N/A N/A NA

Indeno(1,2,3-cd)pyrene N/A 1.2E-11 N/A 1.2E-11 N/A N/A N/A NA

Arsenic N/A 8.5E-10 N/A 8.5E-10 N/A N/A N/A NA

Chemical Total 0.0E+00 1.0E-09 0.0E+00 1.0E-09 NA NA NA NA

Exposure Point Total 1.0E-09 NA

Exposure Medium Total 1.0E-09 NA

Medium Total 1.6E-05 NA

Receptor Total 1.6E-05 Receptor HI Total  NA
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