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RAO  Remedial Action Objective  

RBA  relative bioavailability factor 

RCRA  Resource Conservation and Recovery Act 

REAC  Response, Engineering, and Analytical Contract  

RI  Remedial Investigation  

ROD  Record of Decision  

RSL Regional Screening Level 

SARA  Superfund Amendments and Reauthorization Act of 1986  

SOP Standard Operating Procedure 

SSL  soil screening level 

SU sampling unit 

TAL  Target Analyte List  

TBC  To Be Considered  

TCLP  Toxicity Characteristic Leaching Procedure  

TOC total organic carbon  

TRV toxicity reference value  

TRW  Technical Review Workgroup  

UCL  upper confidence limit 

URS URS Group, Incorporated  

USACE  U.S. Army Corps of Engineers  

USCB  U.S. Census Bureau  

USDA  U.S. Department of Agriculture 

USFWS  U.S. Fish and Wildlife Service  

UXO  unexploded ordnance  

VF  volatilization factor 

XRF   X-ray Fluorescence 

 



Executive Summary 

 5-JUN-14\\ ES-1 

ES.1 BACKGROUND 

This document is the Remedial Investigation (RI) and Feasibility Study (FS) for the Trap and 
Skeet Range 17, a former trap and skeet range originally part of Fort George G. Meade (FGGM). 
In 1991, 7,600 acres including the Trap and Skeet Range 17 were transferred from the 
Department of the Army to the Department of the Interior. Currently, the Trap and Skeet Range 
17 is part of the North Tract of the Patuxent Research Refuge (PRR-NT) in Maryland.  

ES.2 RI CONTAMINATION NATURE AND EXTENT 

ES.2.1 Groundwater 

Dissolved metals groundwater monitoring results indicate that arsenic was not detected, 
antimony was detected below its maximum contaminant level (MCL), and lead was detected 
below its action level. Total metals groundwater monitoring results indicate that arsenic and 
antimony were detected below their respective Federal MCLs; however, lead was detected above 
its action level.  

Potential PAH and NG impacts to groundwater have not yet been assessed. For this reason the 
Army plans to further address the Site groundwater as a separate operable unit in the future.  

ES.2.2 Discrete Soil Sampling Results 

Metals were assessed by discrete soil sampling, and the primary discrete soil investigation 
findings are: 

• Lead concentrations in surface soil similar to those described by U.S. Fish and Wildlife 
Service / Environmental Protection Agency (USFWS/EPA, 2004) 

• Broad occurrence of elevated concentrations of antimony, arsenic, and lead shot 

• Rapid vertical attenuation of lead, lead shot, arsenic, and antimony 

• Rapid attenuation of lead, lead shot, arsenic, and antimony along the ephemeral drainage 
channel, indicating that this drainage channel does not effectively facilitate offsite 
contaminant transport 

• Deeper (12 to 48 inches below ground surface [bgs]) mixing of these constituents along 
the small, manmade berm that crosses the site 

ES.2.3 Incremental Soil Sampling Results 

PAHs were accessed by incremental sampling in Decision Units (DUs) 1 through 5, which 
represent the following areas: 

• DU1: Down-range area with suspected PAH impacts based on visual evidence of clay 
target fragments 

• DUs 2 and 3: Bounding areas with no suspected PAH impacts based on no visual 
evidence of clay target fragments 

• DU4: Area near the firing lines with suspected PAH impacts based on visual evidence of 
clay target fragments 
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• DU5: Reference (background) area with only non-anthropogenic PAH impacts  

NG was also assessed by incremental sampling in the following areas: 

• DU 6: area near the first of two firing lines with the assumed greatest probability of 
impact by NG 

• DU 7: area near the second of two firing lines with the assumed greatest probability of 
impact by NG 

The PAH concentrations in DU5 (background unit) ranged from 0.204 to 0.276 milligrams per 
kilogram (mg/kg). The PAH concentrations in the bounding units (DUs 2 and 3) were similar, 
implying no range-related PAH impacts. 

The PAH results for DUs 1 and 4 where roughly two to three orders of magnitude higher than 
observed for DU5, indicating range-related PAH impacts at DUs 1 and 4. DU1 surface soil (0 to 
6 inches bgs) PAH concentrations ranged from about 91 to 380 mg/kg. DU1 subsurface soil (6 to 
12 inches bgs) PAH concentrations ranged from about 27 to 54 mg/kg. DU4 surface soil (0 to 6 
inches bgs) PAH concentrations ranged from about 22 to 653 mg/kg. DU4 subsurface soil (6 to 
12 inches bgs) was not sampled but is assumed to be impacted as observed at DU1. 

The measured NG concentrations were 4.8 and 3.8 mg/kg, respectively for DU6 and DU7. 
Background NG concentrations are assumed to be non-detect.  

ES.3 HUMAN HEALTH RISK ASSESSMENT 

ES.3.1 Contaminants of Potential Concern 

Soil: arsenic, antimony, lead, PAHs, and NG.   

Groundwater: Based on the total (unfiltered) monitoring results the groundwater Contaminants 
of Potential Concern (COPCs) are arsenic, antimony, and lead. Antimony (dissolved and total) 
and arsenic (total only) were detected above tap water screening levels, but were detected below 
their respective Federal MCLs. Lead does not have a tap water screening level, but total lead was 
detected above its action level in groundwater.   

ES.3.2 Exposure Assessment 

The RI human health risk assessment addressed the following current and future land use 
scenarios receptors: 

Current/Future Land Use Receptors: Future Land Use Receptors: 

• PRR Worker/Intern • Industrial Worker 

• Adult Visitor/Hunter • Construction Worker 

• Child Visitor/Hunter • Resident 

ES.3.3 Risk Characterization Results 

The results are described separately for soil and groundwater. 
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ES.3.3.1 Soil 

Current/Future Land Use Scenario: Neither the cancer or non-cancer thresholds are exceeded 
for antimony, arsenic, PAHs or NG, indicating no unacceptable threats to human health. For 
lead, blood lead modeling using the Adult Lead Methodology (ALM) and Integrated Exposure 
Uptake Biokinetic (IEUBK) models predict that exposure to lead in surface soil at the site will 
not result in unacceptable predicted blood lead concentrations (PbBs) for current/future PRR 
receptors. 

Future Land Use Scenario: Both the cancer and non-cancer thresholds are exceeded for the 
resident and industrial worker due to exposure to arsenic, antimony, and PAHs in soil. NG does 
not cause any threshold exceedances. For lead, both the ALM and IEUBK models predict 
unacceptable PbBs for the future child resident and adult worker receptors. 

ES.3.3.2 Groundwater  

The following results are for arsenic, lead and antimony but are exclusive of PAH or NG because 
groundwater monitoring for PAH and NG has not yet been conducted. For this reason the Army 
plans to further address the Site groundwater as a separate operable unit in the future. 

Current/Future Land Use Scenario: Neither the cancer or non-cancer thresholds are exceeded 
because groundwater is not currently used and exposure is not assumed. 

Future Land Use Scenario: Neither cancer or non-cancer thresholds are exceeded based on 
dissolved results. The total groundwater risk results for the resident equals the target cancer risk 
of 1×10-4 due to ingestion of arsenic in drinking water. The site is to remain a wildlife refuge and 
future development of the site for residential use is unlikely. The maximum detected 
concentration of arsenic in the total groundwater is below the Federal MCL. 

ES.4 ECOLOGICAL RISK ASSESSMENT 

ES.4.1 Contaminants of Potential Concern 

The ecological risk assessment soil COPCs are: 

• Lead and lead shot, based on the site-wide discrete soil sampling and USFWS/EPA 
(2004) site assessment 

• PAHs for DUs 1 and 4, based on the incremental soil sampling 

• NG for DUs 6 and 7, based on the incremental soil sampling  

ES.4.2 Potential Receptors 

The ecological risk assessment assessed the following terrestrial indicator species: 

• Terrestrial invertebrates – earthworm (Eisenia foetida) 

• Small insectivorous mammals – short-tailed shrew (Blarina brevicauda) 

• Insectivorous birds – American robin (Turdus migratorius) 

• Gallinaceous birds – mourning dove (Zenaida macroura) 
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ES.4.3 Complete Exposure Pathways 

Based on the physical characteristics of the site and surrounding areas, the COPCs present at the 
site, and the ecological receptors likely to have habitats at and near the site, the following 
potential exposure pathways have been identified: 

• Direct exposure to surface soil (invertebrate) 

• Ingestion of food items and soil (insectivorous mammal and bird) 

• Ingestion of particles for use as food or grit (gallinaceous bird) 

ES.4.4 Assessment and Measurement Endpoints 

Assessment and measurement endpoints for the various potential receptors are: 

• Terrestrial invertebrates (earthworm) 

• Small insectivorous mammals (short-tailed shrew) 

• Insectivorous birds (American robin) 

• Gallinaceous birds (mourning dove) 

ES.4.5 Ecological Risk Assessment Findings 

The findings are discussed below for lead, lead shot, PAHs, and NG. 

Lead: Site-wide No Observable Adverse Effect Level (NOAEL)-based HQs ranged from 137 
(terrestrial invertebrates) to 188 (insectivorous bird). Lowest Observed Adverse Effect Level 
(LOAEL)-based HQs range from 15 (small mammal) to 24 (terrestrial invertebrates). 

Lead shot: The probability that a gallinaceous bird will ingest one lead shot during its lifetime is 
estimated at 92 percent. 

NG: There are no NOAEL or LOAEL threshold exceedances. 

PAHs: The results for each of the DUs are summarized below. NOAEL and LOAEL HQ values 
are mentioned only if they exceeded the threshold of 1.0: 

• DU1 (surface): NOAEL-based HQs range up to 67. LOAEL-based HQs range up to 1.1 

• DU1 (subsurface): NOAEL-based HQs range up to 10 

• DU2: No HQ threshold exceedances 

• DU3: No HQ threshold exceedances 

• DU4: NOAEL-based HQs range up to 59 

• DU5: No HQ threshold exceedances 
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ES.5 FEASIBILITY STUDY 

ES.5.1 Preliminary Remedial Goals 

The following range of preliminary remediation goals (PRGs) were evaluated in the feasibility 
study.  

Lead: 

• 9,406 mg/kg, plus land use controls (LUCs) to protect future industrial and construction 
workers, and residents 

• 800 mg/kg, plus LUCs also to protect future industrial and construction workers, and 
residents 

• 260 mg/kg to protect ecologic receptors and PRR workers/visitors, future industrial and 
construction workers, and residents 

Arsenic and Antimony: none, because remediating lead to any of the lead PRGs listed above 
also addresses arsenic and antimony because these metals are co-located with the lead. The only 
exception is that the future child resident would not be protected from exposure to arsenic and 
antimony at the lead PRG of 9,406 and; therefore, the LUCs associated with this lead PRG 
would also be protecting for arsenic and antimony. 

PAHs: 

• The considered ecological-based PRGs are: 

o 38.4 mg/kg (LOAEL-based and protective of ecologic receptors). This value 
would require no remediation of any portion of DUs 1 and 4. 

o 0.6 mg/kg (NOAEL-based and protective of ecologic receptors). This value would 
require remediation of all of DUs 1 and 4. 

o Assuming a preference for the LOAEL-based PRG rather than the NOAEL-based 
PRG, these ecological PRGs support a decision to not remediate DUs 1 and 4. 

• The considered human health PRGs are based on the most toxic PAHs [benzo(a)pyrene 
and dibenz(a,h)anthracene] and are: 

o 43 mg/kg (protective of future construction workers and current/future PRR 
receptors). This value would require no remediation of any portion of DUs 1 and 
4, but would require LUCs protective of potential future industrial or residential 
receptors. 

o 2.0 mg/kg (protective of future industrial receptors). This value would require 
remediation of all of DUs 1 and 4, unless LUCs protective of potential future 
industrial receptors were implemented. 

o 0.2 mg/kg (protective of future residential receptors). This value would require 
remediation of all of DUs 1 and 4, unless LUCs protective of potential future 
residential receptors were implemented.  
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o Assuming LUCs to prohibit industrial or residential development of the property, 
these human health PRGs would also support a decision to not remediate DUs 1 
and 4.  

• The FS also evaluates remedial scenarios that include remediation of DUs 1 or 4, for the 
following reasons. The HHRA results indicate that future risks/hazards do not exceed 
threshold levels for future PRR workers/interns or hunter/visitors based on the reasonable 
assumption that future exposure frequencies would not likely exceed the conservative 
current land use estimate of about 13 days per year. However, in the future it will not be 
possible to prove that the exposure frequencies did not exceed 13 days per year because it 
is not feasible to monitor individual receptors. If exposure frequencies did exceed 13 days 
per year, risk/hazard thresholds would be exceeded. An engineered LUC such as a fence 
could ensure non-exceedance of this exposure frequency; however, this LUC is rejected 
because fencing is not compatible with the operation of the property as an open-access 
wildlife refuge and would entail significant long-term monitoring and maintenance costs. 

Based on these PRG considerations, six possible ‘remedial scenarios’ (A through F) are 
formulated for detailed analysis in the FS: 

Remedial 
Scenario 

PRGs / Remedial Decision 

Lead (mg/kg) PAHs 

A 260 Remediate DUs 1 and 4 

B  800 Remediate DUs 1 and 4 

C 9,406 Remediate DUs 1 and 4 

D 260 Do Not Remediate DUs 1 and 4 

E 800 Do Not Remediate DUs 1 and 4 

F 9,406 Do Not Remediate DUs 1 and 4 

 
Some of the evaluated Trap and Skeet Range 17 PRGs are not totally protective of future onsite 
receptors such as residents or industrial workers. For these PRGs LUCs are also necessary to 
limit exposure to acceptable levels for such receptors. Below are summarized these LUC 
requirements for Remedial Scenarios A through F. 
 

R
em

ed
ia

l 
S

ce
n

a
ri

o
 

Remedial Goal Are LUCs Required for the Indicated Contaminant? 

Lead 
(mg/kg) 

PAHs 

Current/Future PRR 
Workers/Visitors 

Future Industrial 
Workers 

Future Residences 

Lead 
Sb & 
As (a) 

PAHs Lead 
Sb & 
As (a) 

PAHs Lead 
Sb & 
As (a) 

PAHs 

A 260 Remediate DUs 1 and 4 No No No No No Yes No No Yes 

B 800 Remediate DUs 1 and 4 No No No No No No Yes No No 

C 9406 Remediate DUs 1 and 4 No No No Yes No No Yes No No 

D 260 
Do Not 

Remediate DUs 1 and 4 
No No Yes (b) No No Yes No No Yes 

E 800 
Do Not 

Remediate DUs 1 and 4 
No No Yes (b) No No Yes Yes No Yes 
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Remedial Goal Are LUCs Required for the Indicated Contaminant? 

Lead 
(mg/kg) 

PAHs 

Current/Future PRR 
Workers/Visitors 

Future Industrial 
Workers 

Future Residences 

Lead 
Sb & 
As (a) 

PAHs Lead 
Sb & 
As (a) 

PAHs Lead 
Sb & 
As (a) 

PAHs 

F 9406 
Do Not 

Remediate DUs 1 and 4 
No No Yes (b) Yes No Yes Yes Yes Yes 

(a) Residual risks from Sb and As are within the acceptable risk range and hazard estimates are less than 1, assuming remediation of soil to attain 
the indicated lead and PAH remedial goals. 

(b) Assumes the conservative exposure frequency of 13 days/year cannot, in the future, be confirmed to not be exceeded; therefore requiring an 
engineered LUC such as a fence. Otherwise "Yes" would be "no". 

 

ES.5.2 Remedial Alternatives 

The following remedial alternatives were evaluated: 

• Alternative 1—No Action 

• Alternative 2—In-Situ Stabilization and Cover 

• Alternative 3—Excavation and Offsite Treatment and Disposal 

• Alternative 4—Excavation, Ex-situ Stabilization, and Offsite Disposal  

• Alternative 5—Excavation, Soil Washing, and Onsite Reuse 

ES.5.3 Alternatives Cost Estimates 

The estimated costs for the 24 different combinations of the six remedial scenarios and four 
action remedial alternatives are summarized below. All estimates are present value, calculated 
assuming an inflation rate of 2.6 percent and a nominal discount rate of 4.1 percent. The 
resulting real discount rate is the difference between these two percentages (1.5 percent).  

Remedial 
Scenario 

PRG Alt. 2 
In-Situ 

Stabilization 
and Cover 

Alt. 3 
Excavation 
and Offsite 
Treatment 

and 
Disposal 

Alt. 4 
Excavation, 

Ex-Situ 
Stabilization, 
and Offsite 

Disposal 

Alt. 5 
Excavation, 

Soil 
Washing, 

and Onsite 
Reuse 

Lead 
(mg/kg) 

PAHs 

A 260 Remediate DUs 1 and 4 $9.0 $6.2 $7.6 $7.9 

B 800 Remediate DUs 1 and 4 $7.7 $6.1 $8.4 $7.6 

C 9,406 Remediate DUs 1 and 4 $5.4 $4.2 $5.2 $5.7 

D 260 Do Not Remediate DUs 1 and 4 $7.0 $5.2 $6.3 $6.7 

E 800 Do Not Remediate DUs 1 and 4 $5.3 $4.0 $5.0 $5.4 

F 9,406 Do Not Remediate DUs 1 and 4 $2.5 $2.1 $2.5 $3.4 

 

These costs primarily correlate with the soil volume and surface area that would need to be 
remediated. The soil volumes associated with the different combinations of remedial scenario 
and PRGs are: 
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Remedial 
Scenario 

PRGs 
Ground Surface 
Footprint Area 

(acres) 

Soil Treatment Volume 
(cubic yards) 

Lead 
(mg/kg) 

PAHs Lead PAHs TOTAL Lead PAHs TOTAL 

A 260 Remediate DUs 1 and 4 11.13 4.10 15.23 9,950 6,619 16,569 

B 800 Remediate DUs 1 and 4 7.75 4.10 11.85 6,537 6,619 13,156 

C 9,406 Remediate DUs 1 and 4 1.75 4.10 5.85 1,408 6,619 8,027 

D 260 Do NOT Remediate DUs 1 and 4 11.13 0 11.13 9,950 0 9,950 

E 800 Do NOT Remediate DUs 1 and 4 7.75 0 7.75 6,537 0 6,537 

F 9,406 Do NOT Remediate DUs 1 and 4 1.75 0 1.75 1,408 0 1,408 

 

ES.5.4 Alternatives Evaluation 

Each alternative was evaluated on the basis of two threshold criteria and five balancing criteria: 

Threshold Criteria: 

• Overall protection of human health and the environment 

• Compliance with Applicable or Relevant and Appropriate Requirements (ARARs) 

The five balancing criteria: 

• Long-term effectiveness and permanence 

• Reduction of toxicity, mobility, or volume through treatment 

• Short-term effectiveness 

• Implementability 

• Cost 

On the basis of these criteria, the preferred remedial alternative is Alternative 3: Excavation and 
Offsite Treatment and Disposal. 

ES.5.5 Recommendations 

The combination of Alternative 3 and remedial Scenario A are recommended. Alternative 3 is 
Excavation and Offsite Treatment and Disposal (i.e., soil treatment at an offsite Subtitle C 
Facility and disposal at an offsite facility permitted to accept the treated soil). Remedial Scenario 
A represents remediating soil lead to 260 mg/kg and PAHs in DUs 1 and 4. This 
recommendation involves these primary actions: 

• Remove UXO from the planned lead and PAH excavation areas 

• Excavate all soil with soil lead concentrations exceeding the lead PRG of 260 mg/kg and 
conduct confirmation sampling to confirm attainment of this PRG 
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• Excavate PAH impacted soil at DUs 1 and 4 to a depth of 12-inches bgs (confirmation 
sampling is not necessary) 

• Off-site soil transport, treatment and disposal at a permitted facility(ies) 

• Establish LUCs to prohibit future residential or industrial use of the Site  

Total, capital, and O&M costs (present value) are estimated to be: 

• Total: $6.2 Million 

• Capital: $6.1 Million 

• O&M: $0.1 Million 

The area of lead and PAH contaminated areas to be addressed by the recommended alternative 
are illustrated in Figure ES-1. 

The Trap and Skeet Range 17 groundwater will be addressed as a separate OU at a later date. 
The 1991 Land Transfer Assembly currently prohibits the use of groundwater from the Site as a 
potable resource at the PRR-NT.
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1.0 INTRODUCTION 

This document is the Remedial Investigation (RI) and Feasibility Study (FS) for the Trap and 
Skeet Range 17, a former trap and skeet range originally part of Fort George G. Meade (FGGM). 
In 1991, 7,600 acres including the Trap and Skeet Range 17 were transferred from the 
Department of the Army to the Department of the Interior (DOI). Currently, the Trap and Skeet 
Range 17 is part of the North Tract of the Patuxent Research Refuge (PRR-NT) in Maryland.  

The Army Environmental Database-Restoration refers to this site as “Trap and Skeet Range 17” 
and also as “FGGM 94.” The RI was conducted in two stages. The initial URS planning 
documents (URS 2009a) focused on metals are dated October 2009, and the initial RI field work 
was conducted during the months of October 2009 through March 2010. After reviewing the 
resulting Draft RI/FS report (URS, 2010) the Maryland Department of the Environment (MDE) 
requested additional site soil characterization for polycyclic aromatic hydrocarbons (PAHs) and 
nitroglycerin (NG). The Work Plan addendum addressing the requested additional soil PAH 
assessment was finalized in April 2013, and the associated field work was conducted in May 
2013. The RI/FS is being conducted by URS Group, Inc. (URS) for the U.S. Army Corps of 
Engineers (USACE) Baltimore District under contracts W912WJ-05-D-0005, Delivery Order 
0021 and W912DR-09-D-0017, Delivery Order 0032. 

1.1 PURPOSE OF REPORT 

The purpose of the RI portion of the report is to: 

• Describe the nature and extent of contamination 

• Describe the significance of the contamination as it relates to the baseline human health 
and ecological risk assessments 

• Calculate residual contaminant concentrations that correspond to the acceptable human 
and ecological risk thresholds (preliminary remediation goals or PRGs) 

The purpose of the FS portion of the report is to: 

• Identify technologies to mitigate or manage site contamination 

• Assemble the applicable technologies into site remedial/management alternatives that 
fulfill the PRGs 

• Estimates capital and operations and maintenance (O&M) costs for each alternative 

• Evaluate the alternatives using the Environmental Protection Agency’s (EPA’s) threshold 
and balancing criteria 

• Propose a preferred alternative 

Collectively, the RI/FS findings are the basis for the Proposed Plan (PP) and Record of Decision 
(ROD) for the Trap and Skeet Range 17. The PP and ROD will be separate reports. 

1.2 SITE HISTORY 

FGGM has been a permanent U.S. Government installation since 1917. It once occupied 
approximately 13,500 acres of land in northwest Anne Arundel County, MD along the Little 
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Patuxent and Patuxent Rivers, midway between Baltimore, MD and Washington, DC. In 
December 1988, the Base Realignment and Closure (BRAC) Commission recommended closing 
the FGGM range and training areas and realigning FGGM as an administrative center. In 
accordance with defense appropriation bills, 8,100 acres were transferred to the U.S. Fish and 
Wildlife Service (USFWS), 7,600 acres in 1991 and 500 acres in 1992. These properties are 
referred to as the PRR-NT, which is used as a multi-purpose wildlife refuge. The Land Transfer 
Assembly for the 7,600- and 500-acre properties describes, among other things, restoration 
actions to be conducted by the Government. Figure 1-1 illustrates the location of the PRR-NT. 
Figure 1-2 illustrates the location of the Trap and Skeet Range 17 at the PRR-NT. 

Vyas et al. (2000), cited in USFWS/ U.S. Environmental Protection Agency (2004), report that 
the Trap and Skeet Range 17 opened in the mid-1970s. Vyas et al. (2000) further report that, 
after transfer of the property to the DOI in 1991, the Trap and Skeet Range 17 was used one or 
two nights a week until its closure in 1999. 

URS’ review of a series of aerial photographs (years 1997, 1990, 1984, 1973, 1965, and 1954) 
reveals that the Trap and Skeet Range 17 was present as early as 1965. The important 
observations from the aerial photographs are: 

• 1954: No evidence of either a trap or skeet range 

• 1965: The skeet range is evident (Figure 1-3) 

• 1984: A trap house has been added to the skeet range (i.e., it can now be used for trap and 
skeet), and a new trap range has been constructed to the immediate south of the combined 
trap and skeet range (Figure 1-4) 

Figure 1-3 is the 1965 aerial photograph of the Trap and Skeet Range 17. The image quality is 
somewhat degraded because of the scale of the original photograph and its enlargement to 
emphasize the Trap and Skeet Range 17 features. The following features are evident in the 1965 
aerial photograph: high house, low house, concrete walkways used by the shooters, and a rather 
heavily forested area, which is absent by 1984. This forested area would have influenced the 
flight of shot, causing it to fall to the ground before it otherwise would have if the forested area 
were absent. The implication is that shot could have become concentrated on the ground 
coincident with the western edge of this historic tree line. There is no evidence of a trap range in 
the 1965 photograph. 

Figure 1-4 is the 1984 aerial photograph, which reveals the trap house and concrete walkways 
used by the shooters. By 1984, additional vegetation is cleared, and the tree line more closely 
approximates the present day tree line. 

Aerial photograph reviews and site visits confirm that there were three shooting ranges 
associated with the Trap and Skeet Range 17: two trap ranges (each with one trap house) and one 
skeet range (with one high house and one low house). 

1.3 SITE DESCRIPTION 

1.3.1 Configuration 

The configuration of a trap and skeet range influences the nature and extent of debris such as 
lead shot. Figure 1-5 illustrates the layout of a skeet range (International Shooting Sports 
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Federation [ISSF], 2005). A skeet range has eight shooting positions from which shooters fire at 
clay targets launched from both high and low houses. The targets are launched in the same 
pattern, but the angle of shot varies because the shooter moves to different shooting positions. 
The resulting shooting angles tend to create a semicircular pattern of lead shot as it falls to the 
ground. The center of mass of the skeet range fallout area should be on the down-range portion 
of the line drawn through shooting positions 8 and 4, assuming the range was always used as 
intended. This theoretical shot fall pattern is illustrated in Figure 1-6 (National Shooting Sports 
Foundation [NSSF], 1997). It indicates that most of the lead shot is expected to fall within the 
down-range zone of 375 to 600 feet from the shooter. In practice, forests frequently serve as 
backstops at skeet ranges (as is true at the Trap and Skeet Range 17) and stop shot before it 
reaches the theoretical maximum distances illustrated in Figure 1-6.  

Figure 1-7 illustrates the layout of a trap range (ISSF, 2005). A trap range has five shooting 
positions from which shooters fire at clay targets launched from three target launching machines 
in the center trap house. The targets are launched at different angles away from the trap house, 
and the shooter assumes various shooting positions behind the trap house. The resulting shooting 
angles tend to create a semicircular pattern of lead shot. The center of mass of the trap range 
fallout area should be on the down-range portion of the line drawn through the trap house and 
shooting position 3, assuming the range was always used as intended. This theoretical shot fall 
pattern is illustrated in Figure 1-8 (NSSF, 1997). It indicates that most of the lead shot is 
expected to fall within the down-range zone of 375 to 600 feet from the shooter. As with skeet 
ranges, in practice, forests frequently serve as backstops that stop shot before it reaches the 
theoretical maximum distances illustrated in Figure 1-8. 

In summary, a skeet range has a potential shot fall zone that covers a broader area than a trap 
range fall zone because skeet range shooters occupy a greater variety of shooting positions 
between the high and low houses. Consequently, depending on the shooter’s position and the 
house from which the clay pigeons are launched, shotgun pellets at a skeet range can be directed 
over a broader area in comparison to a trap range. 

Figure 1-9 is an overlay of the theoretical trap and skeet firing stations and shot fall zones on the 
Trap and Skeet Range 17 map, illustrating the area where shot occurrence is most probable. The 
theoretical fall zones extend beyond the edge of the forest line that serves as a backstop at the 
Trap and Skeet Range 17. Thus, a higher concentration of shot along the forest line at the Trap 
and Skeet Range 17 is anticipated.  

1.3.2 Adjacent and Overlapping Ranges 

Historic range maps dated 1962, 1976, and 1980 were reviewed to identify historic ranges that 
overlap or are adjacent to the subject Trap and Skeet Range 17. These ranges are inactive. They 
are part of the High Explosives Impact (HEI) area which comprises most of the PRR-NT. The 
historic range boundaries are mapped in Figure 1-10 and labeled using the exact range names 
and numbers used in the corresponding historical documents. Oddly, none of the historic range 
maps identify the subject Trap and Skeet Range 17 as “Range 17.” Rather, the historical 
documents identify the elements of the site as “1962 Skeet Range” and “1976 Trap Range” (as 
labeled in Figure 1-10). The historical documents identify “Range 17” as a separate range with 
its firing line located approximately 3,000 feet north of the subject Trap and Skeet Range 17 (as 
illustrated in Figure 1-10). 
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Figure 1-10 indicates that the skeet range (1962) predates the trap range (1976), which is 
confirmed by the aerial photographs. However, the historic range boundaries illustrated in Figure 
1-10 are only approximate, based on aerial photographs. The historic range maps show the 
following adjacent or overlapping ranges:  

• Adjacent (north) of the Trap and Skeet Range 17: Range 15 (Record Range, 16 Lanes) based 
on the 1962 historic range map. Also called Range 25 (Trainfire Range, Pop-up Targets, 164 
to 984 feet) based on the 1976 historic range map. Range 25 had the same boundaries as 
Range 15. 

• Adjacent (east) of the Trap and Skeet Range 17: Rifle Range (not numbered) based on the 
1980 historic range map. 

• Overlapping and adjacent (west) of the Trap and Skeet Range 17: Range 16 (Target 
Detection, 25 Points) based on the 1962 historic range map. 

In addition to adjacent and overlapping mapped ranges, historical data indicate that the Trap and 
Skeet Range 17 is located on land formerly used for training and maneuvers (USACE, 2008). 
USFWS/EPA (2004) reported that an empty 155mm shell casing and several impact craters have 
been observed at the Trap and Skeet Range 17. Accordingly, it is assumed that unexploded 
ordnance (UXO) may be present. 

Munitions and Explosives of Concern (MEC) unrelated to the practice shooting at the range are 
confirmed at the Trap and Skeet Range 17. OHM Remediation Services Corporation (OHM, 
1995) conducted an ordnance survey of 7,600 acres of the PRR-NT (excluding about 200 
inaccessible acres). All of the Trap and Skeet Range 17 was surveyed. Magnetometer contacts 
identified during the survey were intrusively investigated to a depth of 6 inches below ground 
surface (bgs). Ordnance items within this interval were described as UXO or suspect UXO and 
either destroyed in place or removed for proper management and disposal (OHM, 1995). 
Contacts deeper than 6 inches bgs were not removed (OHM, 1995) and may still be present. 
Figure 1-11 shows the locations of removed UXO and suspect UXO below 6 inches bgs (OHM, 
1995). Removed UXO items at the Trap and Skeet Range 17 were: 

• Projectile, 155mm, High Explosive (HE) (four removed) 

• Projectile, 105mm, HE (two removed) 

• Projectile, 75mm, HE (one removed) 

• Projectile, 60mm, HE (two removed) 

Of the eight suspect UXO items below 6 inches bgs plotted in Figure 1-11, there is high 
probability that they consist of one or more of the above types of removed UXO. 

1.4 PREVIOUS INVESTIGATIONS 

Per EPA (1988), the purpose of the USFWS/EPA (2004) investigation was to develop the 
Conceptual Site Model (CSM), which describes the potential migration and exposure pathways 
and the preliminary assessment of human health and environmental impacts. USFWS/EPA 
(2004) conducted a preliminary investigation of the Trap and Skeet Range 17 and produced 
useful information for the initial evaluation. 
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1.4.1 Scope and Findings of the USFWS/EPA (2004) Range 17 Preliminary Site 
Assessment 

This section summarizes the scope and findings of the USFWS/EPA (2004) Range 17 
Preliminary Site Assessment, which focused on surface soil sampling and analysis. The results 
are summarized below for metals and organics. 

1.4.1.1 Metals 

Soil metals analysis by USFWS/EPA (2004) consisted of the following (Table 1-1): 

• X-ray Fluorescence (XRF) focused on antimony, arsenic, copper, and lead. The Method 
Detection Limits (MDLs) for these metals were 100, 33, 81, and 39 milligrams per kilogram 
(mg/kg), respectively. 

• Inductively Coupled Argon Plasma (ICAP) Spectroscopy also focused on antimony, arsenic, 
copper, and lead. The arsenic MDLs varied but the mean arsenic MDL was 1 mg/kg. This is 
also true for antimony and lead. The copper MDLs varied but the mean copper MDL was 0.5 
mg/kg. Table 4 from USFWS/EPA (2004) listed benchmarks (mg/kg) for these metals as 
follows: arsenic: 10; copper: 40; antimony: 3.5; and lead: 50. The reported range of MDLs is 
less than these benchmarks for all metals. 

• Full suite Target Analyte List (TAL) Metals Analysis: The MDL ranges for antimony, 
arsenic, copper, and lead were: 0.86 to 11 mg/kg; 0.86 to 1.1 mg/kg; 0.43 to 0.56 mg/kg; and 
0.86 to 5.1 mg/kg, respectively.  

• XRF: Seventy-four surface soil samples (includes seven duplicates) were collected from 67 
locations and analyzed by XRF for antimony, arsenic, copper, and lead. Also, one surface 
soil sample was collected from behind the firing positions and was described as a “reference 
sample” in the 2004 study. The reference sample data were not used for screening; the 
objectives of these samples were not described in the document or the results.  

Figure 1-12 is a contour map of the soil lead XRF results (copy of Figure 2 from USFWS/EPA, 
2004), revealing the area of elevated soil lead at the Trap and Skeet Range 17.  

XRF—High lead concentrations can interfere with XRF detection of arsenic. This appears to be 
the case at the Trap and Skeet Range 17. Arsenic was not detected in 68 of the 74 samples and 
not below 33 mg/kg, implying a detection limit on the order of 33 mg/kg. It is a site contaminant, 
evidenced by a maximum concentration of 220 mg/kg based on TAL analysis. 

UICAPU—Conducted by USFWS/EPA (2004) for XRF confirmation quality assurance purposes. 
Ten surface soil samples were analyzed for antimony, arsenic, copper, and lead using ICAP 
(USFWS/EPA, 2004) (exact ICAP method was not specified). Table 1-1 summarizes the ICAP 
results. The relative order of magnitude of the detected maximum for each metal was the same 
for XRF and ICAP except for copper, whose ICAP results were lower. The minimum detections 
by ICAP were lower than detections by XRF for all metals. 

TAL—Full suite soil metals analysis was conducted by USFWS/EPA (2004) to screen for 
ecological contaminants of potential concern (COPCs). TAL metals analysis was conducted 
using the following Environmental Response Team Center (ERTC) Response, Engineering, and 
Analytical Contract (REAC) Standard Operating Procedures (SOPs) (USFWS/EPA, 2004): 
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• Number 1811; Determination of Metals by Inductively Coupled Plasma (ICP) Methods 

• Number 1818; Determination of Metals by Graphite Furnace Atomic Absorption (GFAA) 
Methods Number 1832; Determination of Mercury by Cold-Vapor Atomic Absorption 
(CVAA) Methods 

The TAL results for antimony, arsenic, copper, and lead are summarized in Table 1-1, revealing 
overall agreement with the XRF and ICAP results. In addition to these four metals, many others 
(19) were analyzed for ecological COPC selection and risk assessment purposes. The additional 
metals results are presented in Section 1.4.2.2, which discusses the USFWS/EPA (2004) 
ecological risk assessment results. 

Figure 1-13 updates the surface soil lead results contour map previously presented in Figure 1-12 
by including the following additional information: 

• Surface soil lead data from USFWS/EPA’s (2004) ICAP-focused Quality 
Assurance/Quality Control (QA/QC) evaluation and TAL-focused toxicity assessment 
analyses 

• All available USFWS/EPA’s (2004) surface soil arsenic results 

• The USFWS/EPA’s (2004) reference sample location, along with the associated surface 
soil lead and arsenic results (USFWS/EPA, 2004) and FGGM background soil lead and 
arsenic concentrations (Malcolm Pirnie, 2001) 

• If more than one analytical result was available for a sample location (e.g., XRF and 
ICAP results, or duplicate XRF result) then Figure 1-13 presents the highest result 

Figure 1-13 reveals that soil arsenic concentrations (measured by ICAP or TAL methods) are 
elevated only where soil lead concentrations are very high (i.e., over 500 mg/kg). This is 
expected because arsenic is intentionally alloyed (at about 1 percent) with lead to manufacture 
lead shot (Guruswamy, 1999). Arsenic increases the surface tension of molten lead, which results 
in more spherical lead shot, a desirable characteristic of lead shot used in shotguns.  

Evidence that soil arsenic concentrations are elevated only where soil lead concentrations are 
high is further illustrated in Table 1-2, which tabulates the non-XRF soil arsenic and lead data 
collected by USFWS/EPA (2004). It reveals that soil lead concentrations up to 540 mg/kg occur 
without a corresponding increase in soil arsenic above the reference (background) concentration 
of 3 mg/kg. Figure 1-14 plots the non-XRF soil lead and arsenic results and reveals: 1) an 
apparent linear relationship between these two metals (further supporting the interpretation that 
the lead shot is the source of the elevated arsenic), and 2) below-background arsenic 
concentrations for all lead concentrations at or below 540 mg/kg. 

1.4.1.2 Organics 

USFWS/EPA (2004) analyzed soil samples for the following organic chemical classes to assess 
the potential impacts from clay pigeon targets: total organic carbon (TOC) and base-neutral-acid 
extractables (BNAs). Also, for select soil samples where there was a response in the earthworm 
toxicity test, pesticides and polychlorinated biphenyls (PCBs) were also analyzed. USFWS/EPA 
(2004) reported the following results and concluded that the Trap and Skeet Range 17 is not 
contaminated by any of these organics, despite visible clay pigeon target fragments on the 
surface: 
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• TOC: Concentrations ranged from 1.8 to 9.1 percent in site samples and 5.2 percent at the 
reference (background) location west of Wildlife Loop Road. 

• BNAs: None were detected in any sample above the MDL; however, the common 
laboratory contaminant [bis-2(ethylhexyl) phthalate] was detected at estimated 
concentrations at three locations. The BNA MDLs varied from 0.3 to 0.5 mg/kg. 

• Pesticides: None detected above the MDL; however, dichlorodiphenyldichloroethylene 
(p,p‘DDE) was detected at a low concentration (presumably near the method detection 
limit) in one sample, which was qualified as estimated. The pesticide MDLs varied from 
0.003 to 0.004 mg/kg. 

• PCBs: None detected. The PCB MDLs varied as described for pesticides. 

1.4.1.3 Lead Shot 

Nine site surface soil samples (upper 1 inch) and one from the reference location were analyzed 
for lead shot. Each soil sample was collected from a 1-square-foot area to a depth of 1 inch. 
Based on the assumption that the shot sizes fired at the range were No. 7 (2.41 mm diameter) and 
No. 8 (2.29 mm), it was concluded that all shot would pass through a 2.8 mm mesh sieve and 
would be retained on a 0.5 mm mesh sieve (Table 1-3 lists the American Standard Birdshot 
Sizes). The soil sample was wet-sieved through a 2.8 mm sieve, and passing material was 
retained on a 0.5 mm sieve, oven-dried at 100 degrees Celsius, and then sieved again (0.5 mm 
sieve) to remove fine organic material. Lead shot and small lead particles were recovered and 
enumerated. 

No lead shot were observed in the reference sample. Site sample lead shot counts varied from 10 
per square foot (ft2) to 2,946 per ft2. Figure 1-13 shows the locations where the lead shot count 
samples were collected and the results, and illustrates that the highest lead shot counts were 
associated with samples collected central to the anticipated lead shot fall zone. The relationship 
between lead shot count and soil lead concentration is illustrated in Figure 1-15.  

1.4.2 Preliminary Environmental Impact Assessment 

USFWS/EPA (2004) conducted full suite soil metals analysis, and screened the results to select 
ecological COPCs and assess potential ecological risks. After selecting COPCs and conducting a 
risk assessment, USFWS/EPA (2004) concluded that only lead poses an ecological risk of 
concern. The following sections discuss this procedure in detail. 

1.4.2.1 USFWS/EPA (2004) Selection of COPCs 

Based primarily on the non-detection of organics (see Section 1.4.1.2), USFWS/EPA (2004) 
focused on metals as potential COPCs. Table 1-4 presents the USFWS/EPA (2004) full suite 
TAL metals screening results. USFWS/EPA (2004) concluded the following concerning these 
screening results: 

• Beryllium, cadmium, sodium, and thallium were not detected in any sample. Screening 
benchmarks were not available for sodium and the MDLs were below the screening 
benchmarks for the other metals; therefore, these four metals were eliminated as COPCs. 

• Barium, cobalt, copper, mercury, nickel, silver, and zinc were detected at concentrations 
below their screening benchmarks; therefore, all except copper were eliminated as 
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potential COPCs. Copper was retained as a COPC based on the USFWS/EPA (2004) 
report that it is an impurity in lead shot. 

• Calcium, magnesium, and potassium were detected but have no screening benchmarks; 
therefore, they were retained as COPCs. 

• Aluminum, antimony, arsenic, chromium, iron, lead, manganese, selenium, and 
vanadium were detected and have screening benchmarks that were exceeded; therefore, 
they were retained as COPCs. 

In summary, 13 metals (identified in Table 1-4) were selected by USFWS/EPA (2004) as 
ecological COPCs. 

1.4.2.2 USFWS/EPA (2004) Ecological Risk Assessment 

The USFWS/EPA (2004) ecological risk assessment evaluated four different endpoints: 

• Endpoint 1: Survival and growth of terrestrial invertebrates, based on earthworm toxicity 
testing 

• Endpoint 2: Reproductive success of insectivorous birds, based on food chain modeling 
(American robin) 

• Endpoint 3: Reproductive success of insectivorous mammals, based on food chain 
modeling (short-tailed shrew) 

• Endpoint 4: Survival of gallinaceous birds (mourning dove) ingesting lead shot as grit 

Regarding Lowest Observed Adverse Effect Levels (LOAELs) mentioned below, USFWS/EPA 
(2004) describes following EPA endpoints for determining LOAELs. 

Endpoint 1 Discussion: Based on the earthworm toxicity test results, USFWS/EPA (2004) 
identified the lead LOAEL as 260 mg/kg, representing the soil lead concentration above which 
risks are posed. 

For the other metal COPCs, USFWS/EPA (2004) evaluated the earthworm toxicity test results to 
assess whether the other metals posed a risk to biota. For all other metals, except antimony, they 
report no correlation between percent survival and concentration. Also, the concentration of each 
metal in the reference (background) location sample exceeded the concentration at a location 
where significant mortality (due to lead) was observed. Accordingly, USFWS/EPA (2004) 
concluded that only lead, and possibly antimony, posed risks to biota. Further evaluation of 
antimony resulted in the conclusion that lead should be the only COPC for the evaluation of 
endpoints 2 through 4. 

Endpoints 2 and 3 Discussion: Lead LOAELs calculated by USFWS/EPA (2004) for endpoints 2 
and 3 were 320 and 440 mg/kg, respectively. These concentrations represent the soil lead 
concentration above which risks are posed.  

Endpoint 4 Discussion: Based on a grit ingestion probability model (Peddicord and LaKind, 
2000) and an assumed lead shot ingestion probability of 10 percent, USFWS/EPA (2004) 
calculated a LOAEL for lead shot in the range of 3 to 13 per ft2. 

Table 1-5 summarizes all of the USFWS/EPA (2004) LOAELs and lead shot count range derived 
for Endpoints 1 through 4. 
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1.5 REPORT ORGANIZATION 

The remainder of this RI/FS report is organized as follows, in general accordance with EPA’s 
RI/FS Guidance (EPA, 1988a): 

• Section 2: Physical Characteristics of the Study Area 

• Section 3: Study Area Investigation 

• Section 4: Nature and Extent of Contamination 

• Section 5: Contaminant Fate and Transport 

• Section 6: Baseline Human Health Risk Assessment 

• Section 7: Baseline Ecological Risk Assessment 

• Section 8: Feasibility Study 

• Section 9: Conclusions and Recommendations 
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2.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA 

2.1 DEMOGRAPHY AND LAND USE 

The following information describing the demography and land use of the Trap and Skeet Range 
17 environs (Anne Arundel County) are from the U.S. Census Bureau (USCB) 
(http://quickfacts.census.gov/qfd/states/24/24003.html). 

2.1.1 Demography 

Table 2-1 summarizes the following information for Anne Arundel County: 

• Population size and age 

• Race distribution 

• Households 

For 2012 the USCB population estimate for Anne Arundel County was 550,500, or about 9 
percent of the entire population of the State of Maryland. This represents approximately 1,300 
people per square mile considering Anne Arundel County encompasses approximately 415 
square miles. 

For the county, approximately 77 percent are white, 16 percent black, with the remainder 
consisting of other races. USCB estimates that for the years of 2007–2011, approximately 75 
percent of the county population owned homes, representing about 214,500 housing units with a 
median value of about $362,000 

In the immediate vicinity of the Trap and Skeet Range 17, no permanent or temporary residences 
are present because the Trap and Skeet Range 17 is centrally located in the PRR-NT. 

2.1.2 Land Use 

Anne Arundel County describes the following general county land uses 
(http://www.aacounty.org/PlanZone/Resources/GISZoning.pdf): 

• Open Space 

• Residential (8 different classifications) 

• Commercial (4 different classifications) 

• Small Business 

• Mixed Use (4 different classifications) 

• Town Center 

• Industrial (3 different classifications) 

• Maritime (5 different classifications) 

The PRR-NT (including the Trap and Skeet Range 17) is classified as open space. The land that 
borders the PRR-NT is classified as Residential and Commercial. 
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2.2 METEOROLOGY/CLIMATE 

The climate at the PRR-NT is temperate, influenced by the Chesapeake Bay and the Atlantic 
Ocean to the east and the Appalachian Mountains to the west. The winter weather in the area is 
influenced primarily by cold, dry, continental-polar winds from the west and northwest, and less 
frequent maritime-tropical winds from the south and southwest that bring warm, often humid air 
to the region. During the summer, the dominance of these two air masses is reversed and warm, 
humid weather dominates. 

Local weather data are compiled by the National Oceanic and Atmospheric Administration’s 
Climatic Data Center for the Baltimore-Washington International Airport weather station. 
Annual precipitation averages approximately 40 inches per year. The distribution is essentially 
even throughout the year, varying between 2.8 and 3.5 inches for all months. 

The annual mean daily temperature for the PRR-NT area is 61 degrees Fahrenheit (°F), with a 

daily annual maximum of 72°F and a minimum of 45°F. Annual temperature extremes vary from 

-6°F to 101°F (USACE, 2003). 

2.3 ECOLOGY/BIOME 

The PRR-NT consists mostly of a large, contiguous forest (approximately 6,400 acres). This 
forest is connected to the Central and South Tracts of the PRR and the Beltsville Agricultural 
Research Center to the south. Together, these lands constitute the largest (more than 13,000 
acres) contiguous forest in the coastal plain of Maryland. Within the largely upland oak and pine 
forests lie extensive bottomland hardwood forests along the Little Patuxent and Patuxent Rivers. 
The PRR-NT is located in an area known as the Great Fork, so named because of the presence of 
these two rivers. The largely undisturbed bottomland hardwood forest serves to protect the water 
quality in the Chesapeake Bay. A large portion of the North Tract, including the Trap and Skeet 
Range 17, lies within a 100-year floodplain; therefore, this area is part of the Chesapeake Bay 
Critical Area. The Critical Area Act is a resource protection act that was passed in 1984 by the 
Maryland General Assembly. The Act identified the “Critical Area” as land within 1,000 feet of 
the mean high water line of tidal waters or the landward edge of tidal wetlands, and all waters of 
and lands under the Chesapeake Bay and its tributaries (cited in USFWS/EPA, 2004). 

The vegetation around the trap houses and within the zone where lead shot is expected to fall has 
not been cut since closing the Trap and Skeet Range 17 in 1999 and is in the early successional 
stages between old-field and scrub-shrub habitat. The areas to the north and south of the trap 
range are forested, while the area along the eastern edge is composed of a transition area of pine 
and bramble leading to a forested area. While the range was in use, the large deciduous trees 
blocked most of the lead shot from entering the wooded area (Vyas, et al., 2000). The site slopes 
slightly toward the east, and a shallow ephemeral drainage channel, apparently dry for most of 
the year, contains lead shot and appears to allow movement of shot off the site (USFWS/EPA, 
2004). 

2.4 TOPOGRAPHY AND SOILS 

The PRR-NT lies within the Coastal Plain physiographic province, which is characterized by 
broad, low-rolling uplands and low-gradient streams. Figure 2-1 is an aerial photograph with 
topographic contour lines of the Trap and Skeet Range 17 illustrating that ground surface 
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elevations vary from about 43 to 49 meters (140 to 160 feet) above mean sea level (msl). The 
ground surface slopes gently eastward from Wildlife Loop Road, then northeastward farther 
down-range from the trap and skeet houses. 

Figure 2-2 illustrates the Trap and Skeet Range 17 soil types, as mapped by the U.S. Department 
of Agriculture (USDA) Natural Resources Conservation Service (NRCS) 
(http://websoilsurvey.nrcs.usda.gov/app/). The soil types consist primarily of Russett-Christiana-
Hambrook complex, 0 to 5 percent slopes (RhB), and Russett-Christiana-Hambrook complex, 5 
to 10 percent slopes (RhC). In general these soils are loam, variable from fine sandy loam to clay 
loam. Table 2-2 provides more detailed soil descriptions, including setting, properties and 
qualities, and typical vertical profile. 

2.5 SURFACE WATER 

There are no surface water bodies in the immediate vicinity of the Trap and Skeet Range 17; 
however, the Little Patuxent River is located about 1 mile east of the range. USFWS/EPA (2004) 
mapped an ephemeral drainage (Figure 2-1) approximately 400 feet downrange from the trap and 
skeet houses. URS observed evidence of sheet wash during a site visit associated with 
preparation of this report, suggesting that rain events cause soil and lead shot erosion and 
transport into the ephemeral drainage. Similarly, USFWS/EPA (2004) states the following 
concerning the ephemeral drainage: 

“An ephemeral drainage was encountered near the center of the site and [lead] 
shot [was] visible on the soil surface within this drain. Because the flow from this 
ephemeral drain discharges into an upland-woodland and not an intermittent or 
perennial stream, the channel is not considered a water of the United States.” 

URS mapped the location of this ephemeral drainage using a global positioning system (GPS), 
and this mapped location is also illustrated in Figure 2-1. 

2.6 WETLANDS 

USFWS/EPA (2004) reported: 

“In addition [to the ephemeral drainage not being water of the United States], no 
hydric soils were encountered within the potential impact zone of the range. 
Therefore, no jurisdictional wetlands are located within the boundary of Range 17 
[referring to the subject Trap and Skeet Range 17]. However, two wetland 
complexes were encountered in close proximity to the range. If the project 
proceeds to a cleanup phase, these areas should be protected from runoff and 
heavy equipment.” 

Figure 2-3 supplements these observations by illustrating the locations of the nearby wetlands, as 
reported in the National Wetlands Inventory (HUhttp://dnrweb.dnr.state.md.us/gis/data/data.aspUH). 
The National Wetlands Inventory cautions that their maps do not necessarily show all wetlands 
because the mapped wetland areas are derived from aerial photo-interpretation with varying 
limitations due to scale, photograph quality, inventory techniques, and other factors. Figure 2-3 
supports the USFWS/EPA (2004) finding that no jurisdictional wetlands are located at the Trap 
and Skeet Range 17. 
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2.7 REGIONAL GEOLOGY 

The Trap and Skeet Range 17 is located just within the western boundary of the Coastal Plain 
physiographic province (Coastal Plain). The Coastal Plain geology is characterized by a wedge 
of unconsolidated Cretaceous and Quaternary alluvial sediments (unconsolidated sands, silts, and 
clays) that dip and thicken toward the Atlantic Ocean. These deposits have a total thickness of 
about 700 feet at the Trap and Skeet Range 17 (USACE, 1999). Underlying the Coastal Plain 
deposits is Precambrian crystalline bedrock composed predominately of gabbro, gneiss, and 
schist. 

The formations comprising the Coastal Plain deposits proximal to the Trap and Skeet Range 17 
are listed and generally described in Table 2-3 (USACE, 1999). 

2.8 LOCAL GEOLOGY 

The Trap and Skeet Range 17 is immediately underlain by Pleistocene age river terrace deposits 
of the Little Patuxent River (USACE, 1999). Eastward from the Trap and Skeet Range 17 toward 
the Little Patuxent River are younger deposits called “recent alluvial deposits.” Both the river 
terrace and alluvial deposits are of Quaternary age. Also, both are generally described as poorly 
consolidated sand, gravel, silt, and clay layers, generally deposited in fining-upward sequences 
(USACE, 1999). USACE (1999) also provides these more detailed descriptions: 

“Recent Alluvial Deposits (thickness 5 to 15 feet): Interbedded sand, silt-clay, and 
subordinate gravel. Alluvium comprises very heterogeneous sediments, with 
poorly sorted muddy sand and silt [being] the dominant lithologies. Organic 
matter, including leaves, branches, and logs, is a common component. In places, 
thin peats occur. Color is generally tan, brown, or gray, depending upon the 
amount of organic debris and dark minerals such as glauconite. Dark-gray organic 
muds are prevalent in tidal marsh areas. Beach sands are generally well-sorted, 
fine- to medium-grained pale quartzose sands, [and] in places quartz-glauconite 
sands. 

River Terrace Deposits (thicknesses 3 to 60 feet): Interbedded sand and gravel, 
lesser amounts of silt-clay, and gravel concentrated in the lower portion. Gravel 
predominantly quartzose but containing cobbles and boulders of mostly mafic 
rock boulders may reach 4 feet in diameter. Sediment color is tan, brown, gray, or 
mottled. Limonite-cemented conglomerate ledges are locally common. Sand 
glauconite occurs in places. Silt-clay beds are thin and discontinuous. Dark-gray, 
organic silt-clay is rare. Sand is predominantly clean, fairly well-sorted, but 
becoming clayey in upper portions of terraces.” 

Existing monitoring well GS-4D (un-related to the Trap and Skeet Range 17) is located about 
2,400 feet northeast of the Trap and Skeet Range 17. The boring log for this well (USACE, 
1999) indicates that at a depth of 68 feet bgs (elevation of about 40 feet msl), a very thick gray 
and dark red lean clay (Arundel Clay Formation) was encountered. Based on the Trap and Skeet 
Range 17 ground elevation (about 150 feet msl), the depth to the top of the Arundel Clay 
Formation at the Trap and Skeet Range 17 is estimated to be about 110 feet bgs, though in some 
areas the top of the formation may be somewhat deeper due to regional dip. 
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3.0 STUDY AREA INVESTIGATION 

Activities associated with site characterization were: 

• Soil sampling and analysis 

• Groundwater sampling and analysis 

• GPS mapping of the ephemeral drainage and berm-like mounded soil feature 

3.1 SOIL SAMPLING AND ANALYSIS RATIONALE AND SCOPE 

The rationale and scope for soil sampling and analysis is described for: 

• Lead Shot (Shot per ft2), Antimony, Arsenic, and Lead (mg/kg) 

• Cation Exchange Capacity (CEC), pH, and Toxicity Characteristic Leaching Procedure 
(TCLP) 

• PAHs and NG 

Appendix A describes the soil sample collection and processing procedures followed for all of 
the discrete soil samples collected for analysis for lead shot, antimony, arsenic, lead, CEC, pH, 
and TCLP. Appendix B describes the same for all of the incremental samples (IS) collected for 
analysis for PAHs and NG.  

3.1.1 Lead Shot, Antimony, Arsenic, and Lead 

The previous investigation (USFWS/EPA, 2004) included analysis of nine surface soil samples 
(no subsurface samples) for lead shot. Lead shot counts in these samples were quantified 
primarily to support gallinaceous bird risk assessment rather than lead shot distribution. To 
further evaluate lead shot horizontal and vertical distribution, the RI included additional soil 
samples for lead shot quantitation. 

The preliminary human health impacts assessment conducted during the RI/FS planning phase 
(URS, 2009) found that soil lead and arsenic are human health COPCs, in addition to the 
USFWS/EPA (2004) finding that soil lead and lead shot are ecological COPCs. Also during the 
planning phase, the EPA human health toxicologist recommended carrying forward antimony as 
an ecological COPC. Accordingly, the RI included additional soil sampling to further evaluate 
the horizontal and vertical distribution of antimony, arsenic, and lead. 

The field work was conducted October 2009 through March 2010. Figure 3-1 illustrates the 
radial grid soil discrete sampling locations for this RI. The sample locations were established on 
a radial grid with 17 radii identified as R1 through R17. Along each radius there are up to 10 
sample locations identified as A through J. The surface interval (0 to 3 inches bgs) was sampled 
at the Figure 3-1 locations and corresponds to the interval where the highest concentrations of 
the subject constituents were anticipated. 

The cost of some remedial alternatives depends on contamination depth (i.e., remedial soil 
volume). Therefore, to assess potential vertical spread of contamination, the following additional 
intervals were sampled at many of the Figure 3-1 locations: 0 to 3, 3 to 6, 6 to 9, and 9 to 12 
inches bgs.  
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Table 3-1 tabulates the radial grid discrete soil samples for analysis of lead shot, antimony, 
arsenic, and lead. The sample locations (A through J) presented across the top of Table 3-1 
correspond to the last character of the sample location ID numbers illustrated in Figure 3-1. 
Similarly, the radii down the left side of Table 3-1 correspond to the radii illustrated in this 
figure. 

Supplemental to the radial grid sampling scope, additional deep and “feature-associated” discrete 
soil samples were sampled and analyzed for lead shot, antimony, arsenic, and lead. These 
additional soil samples (Table 3-2 and Figure 3-2) consist of: 

• Soil Berm Samples: Two samples (depth intervals 12 to 24 and 36 to 48 inches bgs) were 
collected from each of three locations (Berm 1 through Berm 3) along the soil berm. The 
purpose of these samples was to assess the possibility of deeper mixing of contamination 
along the berm. 

• Ephemeral Drainage Samples: Two samples (depth intervals 0 to 3 and 9 to 12 inches 
bgs) were collected from each of three locations (Trib 1 through Trib 3) along the 
ephemeral drainage. The purpose of these samples was to assess the possibility of 
contamination migration as a consequence of occasional surface water flow along the 
drainage. 

• Deep Soil Samples: Two samples (depth intervals 12 to 24 and 36 to 48 inches bgs) were 
collected from each of three locations (R10E, R7E, and R8G) centrally located within the 
anticipated shot fall zone. The purpose of these samples was to assess the possibility of: 
1) deeper antimony, arsenic, and lead contamination occurrence as a result of possible 
leaching, and 2) deeper lead shot occurrence as a result of deep soil mixing caused by any 
unanticipated soil mixing mechanisms.  

3.1.2 CEC, pH, and TCLP 

The mobility of lead, antimony, and arsenic are influenced by CEC and pH. For example, higher 
CEC and neutral pH tend to reduce lead mobility, whereas, lower CEC and high or low pH tend 
to increase lead mobility (Cao, et al., 2003). Accordingly, soil CEC and pH were included in the 
RI scope to assist with the interpretation of the groundwater chemistry, particularly if 
groundwater was found to be contaminated by antimony, arsenic, or lead.  

Since remedial alternatives evaluated by the FS include offsite soil disposal, TCLP analyses were 
conducted to assess whether site soil qualifies as TCLP-hazardous or TCLP-nonhazardous, and 
to determine what pre-treatment requirements, in any, may apply. 

Table 3-3 shows the discrete soil sample locations and intervals analyzed for CEC, pH, TCLP-
arsenic and TCLP-lead. Antimony is not a TCLP parameter. The 3-dimensional distribution of 
these parameters is not of paramount concern since they are not COPCs; therefore, fewer 
samples were analyzed for these parameters compared to antimony, arsenic, lead, and lead shot.  

3.1.3 Polycyclic Aromatic Hydrocarbons and Nitroglycerin 

IS was conducted to collect the soil samples for PAH and NG analysis. IS is a sampling 
technique used to create a representative, homogeneous aliquot for laboratory analysis 
(essentially a composite sample composed of a large number of subsamples or increments). It is 
intended to provide a more reliable estimate of the average concentration of a given analyte, and 
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is especially useful in situations where contamination occurrence may be variable and there is a 
desire to avoid a large number of discrete soil samples that would otherwise be necessary to deal 
with the variability.  

The concepts of a sampling unit (SU) and decision unit (DU) apply to the IS technique. An SU is 
the area and depth of soil (the sampled population) to be characterized by the average 
concentration of the multi-incremental sample. A DU may contain several SUs that are sampled 
using multi-incremental techniques or may consist of just one SU (USACE, 2009 and ADEC, 
2009). For this Site, the DU and SU are the same and, hereafter, the term DU is used to represent 
both units in this report. Table 3-4 summarizes the number of incremental and replicate samples 
collected from each of the seven DUs defined for the Site. 

Figures 3-3 and 3-4 identify the DUs for PAHs and NG, respectively. Appendix B describes the 
IS procedures and provides figures of the IS sample locations recorded using GPS when the 
samples were collected. The following DUs were sampled: 

• DU1 (PAHs) – This is the clay pigeon target fall area located east of the firing lines and 
is likely contaminated with PAHs based on visual evidence of clay target fragments. It is 
located between the firing lines of the two trap/skeet ranges and the area identified in 
Phase I of the RI where soil contaminated with lead may be remediated (green boundary 
area). Surface and subsurface soil samples were collected at DU1 because the soil is 
suspected to be contaminated (primary clay pigeon fall zone).  

• DU2 (PAHs) – This area bounds DU1 to the northwest and is suspected to be clean of 
PAHs. Only surface soil was sampled because, absent contamination, downward vertical 
migration is not a concern. 

• DU3 (PAHs) – This area bounds DU1 to the southwest and is suspected to be clean of 
PAHs. Only surface soil was sampled because, absent contamination, downward vertical 
migration is not a concern.  

• DU4 (PAHs) – This area bounds DU1 to the west (behind the firing line) and is suspected 
to be clean of PAHs. Only surface soil was sampled because, absent contamination, 
downward vertical migration is not a concern. 

• DU5 (PAHs) – Background PAHs are expected to exist at the Site; therefore a sample 
was collected from the forested area west of the Site to provide comparison data. 

• DU6 (NG) – This area encompasses the immediate vicinity of the firing line for the 
northern-most trap and skeet range. This DU is expected to be clean of NG. Only surface 
soil was sampled because, absent contamination, downward vertical migration is not a 
concern.  

• DU7 (NG) – This area encompasses the immediate vicinity of the firing line for the 
southern-most trap and skeet range. This DU is expected to be clean of NG. Only surface 
soil was sampled because, absent contamination, downward vertical migration is not a 
concern.  

The PAH and NG sampling field work was conducted during the week of May 13, 2013. 
Appendix B describes the IS and laboratory procedures. Figures B-1 through B-7 in Appendix B 
shows the walking line and the 50 increment sample locations in each DU. At each increment 
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location, three samples were collected (i.e., replicates A, B, and C). Dedicated soil sampling 
probes were used for each replicate. All A soil increments were combined into a single large soil 
sample that was then delivered to the lab for grinding and analysis. The same procedure was 
followed for the B and C increments. 

At DU1 where surface (0 to 6 inches bgs) and subsurface (6 to 12 inches bgs) samples were 
required by the April 2013 Work Plan, the probe was pushed to 12 inches bgs, opened, and the 
12-inch soil core was divided into two halves using a stainless steel putty knife, thus becoming 
0- to 6-inch and 6- to 12-inch samples (surface and subsurface). Visual evidence of skeet target 
fragments in the 6- to 12-inch soil interval was identified in approximately 20 of the 50 
increment locations collected at DU1. 

3.2 GROUNDWATER SAMPLING AND ANALYSIS 

Shallow temporary groundwater wells were installed at the locations illustrated in Figure 3-5 to 
assess concentrations of antimony, arsenic, and lead in groundwater, and evaluate the elevation 
of the water table. The water table elevation needed to be ascertained to estimate the water table 
seepage direction, which is generally eastward based on topography. To date, groundwater 
monitoring for PAHs or NG has not occurred. The groundwater will be addressed as a separate 
OU at a later date. The 1991 Land Transfer Assembly prohibits the use of groundwater from the 
site as a potable resource at the PRR-NT. 

3.3 EPHEMERAL DRAINAGE AND BERM MAPPING 

URS mapped the ephemeral drainage that crosses the site in a general west-east direction by 
walking along it and recording positions on a GPS. 

URS mapped a berm-like structure with low relief (possibly created during earth moving 
activities that may have occurred during range construction or maintenance) in a similar fashion. 
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4.0 NATURE AND EXTENT OF CONTAMINATION 

The nature and extent of contamination is discussed first for soil, then for groundwater.  

4.1 SOIL 

The RI soil results are presented in this order: 

• Antimony, Arsenic, Lead, and Lead Shot 

• TCLP, CEC, and pH  

• PAHs and NG 

The results are presented as follows: 1) radial grid discrete sample locations, and 2) berm, 
ephemeral drain, and deep soil samples. 

4.1.1 Antimony, Arsenic, Lead, and Lead Shot 

4.1.1.1 Radial Grid Discrete Sample Locations 

Tables 4-1 through 4-4 present the antimony, arsenic, and lead results for the intervals 0-3, 3-6, 
6-9, and 9-12 inches bgs, respectively. Table 4-5 presents the lead shot count results for the 
intervals 0-3, 3-6, and 6-9 inches bgs, respectively (as planned, radial grid samples were not 
analyzed for lead shot at the 9- to 12-inch interval). 

Table 4-6 summarizes all of these results, generally indicating decreasing metals concentrations 
and shot counts with increasing depth. 

The observations are summarized below for each of the sampled intervals. Useful reference 
concentrations and shot counts to consider while reading these discussions are summarized in 
Table 4-7.  

Sample 
Interval 

(inches bgs) 

Lead (mg/kg) Lead Shot (shot/ft2) Arsenic (mg/kg) Antimony (mg/kg) 

Range of 
Detections 

Mean 
Count 
Range 

Mean 
Range of 

Detections 
Mean 

Range of 
Detections 

Mean 

0- to 3  44 to 130,000 5,930 0 to 6,617 635 1.6 to 1,900 58 0.3 to 2,700 57 

3- to 6 12 to 6,400 602 0 to 2,772 127 1.4 to 39 6 0.2 to 250 15 

6- to 9 6 to 980 170 0 to 191 45 1.2 to 9 3 0.2 to 23 2 

9- to 12 10 to 380 72 (a) (a) 0.4 to 6 3 0.1 to 6 1 

Note: 

(a) Lead shot counts are generally very low for depths below 9 inches, as discussed in Section 4.1.1.2 (Berm, 
Ephemeral Drain, and Deep Soil Samples). 

 
Exceedances of Regional Screening Levels (RSLs) and Malcolm Pirnie (2001) background 
values are primarily associated with lead and arsenic. Accordingly, the spatial distribution of 
arsenic, lead, and lead shot are illustrated in the following sequence of figures: 
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Interval (bgs) 
Interval (inches bgs) 

0-3 3-6 6-9 9-12 

Lead Figure 4-1 Figure 4-2 Figure 4-3 Figure 4-4 

Lead Shot Figure 4-5 Figure 4-6 Figure 4-7 — 

Arsenic Figure 4-8 Figure 4-9 Figure 4-10 Figure 4-11 

 
For lead, the RI data were combined with the USFWS/EPA (2004) XRF results because of the 
good reliability of these XRF data with respect to lead. 

Lead 

Figure 4-1 (0- to 3-inch interval) reveals that the highest soil lead concentrations correspond with 
the theoretical shot fall pattern illustrated in Figure 1-6. The rationale for the contour intervals 
identified with flags in Figure 4-1 is: 

• 260 mg/kg: Ecological receptor (earthworm) LOAEL (USFWS/EPA 2004) 

• 800 mg/kg: Human health-based Industrial RSL (EPA 2013b) 

• 9,406 mg/kg: Human health-based PRG based on site-specific assessment (see discussion 
in Section 6.5.3 of this report) 

The figures corresponding to the deeper intervals (Figures 4-2 through 4-4) reveal that the lead 
concentrations rapidly decrease with increasing depth. Due to fewer soil samples being collected 
from the deeper soil intervals, there are some locations where there is increased uncertainty 
associated with the 260 mg/kg concentration contour. These areas are indicated by the dashed 
260 mg/kg line segments on Figure 4-2.  

For all intervals, the areas encompassing lead concentrations exceeding the lead RSL (800 
mg/kg) also encompass all antimony concentrations exceeding the antimony RSL (41 mg/kg). 

Lead Shot 

Figure 4-5 (0- to 3-inch interval) reveals that the highest soil lead shot concentrations correspond 
to the areas of high soil lead concentrations.  

The figures corresponding to the deeper intervals (Figures 4-6 and 4-7) reveal that the lead shot 
counts rapidly decrease with increasing depth. Because fewer soil samples were collected from 
the deeper soil intervals, there are some locations where there is increased uncertainty associated 
with the 7 shot/ft2 contour. 

This is particularly evident in Figure 4-6 (3- to 6-inch interval) along the western boundary, 
because soil samples were not collected from this interval west of the line connecting locations 
R17-F and R1-F. The orange concentration area (concentration range 242 to 549 shot/ft2) north 
of sample R16-E, where the lead shot count is 252 shot/ft2, is an artifact of the contouring 
program estimating concentrations between location R16-E and this line. 

Arsenic 

Figure 4-8 (0- to 3-inch interval) reveals that the highest soil arsenic concentrations correspond 
with the high soil lead concentrations, which was expected since arsenic is an alloy in lead shot. 
The rationale for the contour intervals identified with flags in Figure 4-8 is: 



Nature and Extent of Contamination 

 5-JUN-14\\ 4-3 

• 4.8 mg/kg: Surface soil background upper confidence limit (UCL) (Malcolm Pirnie, 
2001) 

• 20 mg/kg: Arbitrary 

• 40 mg/kg: Arbitrary 

• 265 mg/kg: Standard EPA outdoor industrial worker, derived as discussed in Section 
6.3.1 of this report 

The dashed contour line segments are used for the reasons previously discussed for lead. 

The figures corresponding to the deeper intervals (Figures 4-9 through 4-11) reveal that the 
arsenic concentrations rapidly decrease with increasing depth.  

4.1.1.2 Berm, Ephemeral Drain, and Deep Soil Samples 

Table 4-8 presents the antimony, arsenic, and lead results for the berm, ephemeral drain, and 
deep soil samples (see Figure 3-2 for locations). 

Berm Samples and Deep Soil Samples 

Table 4-9 presents an integrated summary of the lead, lead shot, arsenic, and antimony results for 
the berm samples. Measured metals concentrations and shot counts range as follows: 

Interval (bgs) 
Lead 

(mg/kg) 
Lead Shot 
(shot/ft2) 

Arsenic 
(mg/kg) 

Antimony 
(mg/kg) 

12- to 24-inch 32 to 1,100 0 to 464 2.3 to 5.9 0.22 to 14 

36- to 48-inch 6.6 to 360 0 to 59 2.5 to 5.4 0.18 to 16 

 
The data indicate that the berm is affected by site-related metals and shot, and that mixing to a 
depth of at least 48 inches bgs has occurred, especially at location Berm 1 (Figure 3-2), which is 
central to the area where the highest metals concentrations and lead shot counts are illustrated in 
Figures 4-1 through 4-11. Table 4-9 reveals that the metals concentrations and lead shot counts 
are similar at locations Berm 2 and Berm 3, both generally much lower than at location Berm 1. 
Locations Berm 2 and Berm 3 are beyond the area of highest metals concentrations and lead shot 
counts illustrated in Figures 4-1 through 4-11. 

Table 4-10 presents an integrated summary of the lead, lead shot, arsenic, and antimony results 
for the deep soil samples and the corresponding shallow subsurface (0 to 12 inches bgs) radial 
grid soil samples. The deep interval (12 to 24 and 36 to 48 inches bgs) results are similar to the 
shallow-subsurface radial grid soil results, all generally indicating rapidly decreasing metals 
concentrations and lead shot counts with depth. One exception is at location R8G-Deep. Here the 
lead shot counts for the two deep intervals (12 to 24 and 36 to 48 inches bgs) are elevated 
compared to the deepest shallow interval (3 to 6 inches bgs). 

Ephemeral Drain Samples 

Table 4-9 also presents an integrated summary of the lead, lead shot, arsenic, and antimony 
results for the ephemeral drain samples. Measured metals concentrations and shot counts range 
as follows: 
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Interval (bgs) 
Lead 

(mg/kg) 
Lead Shot 
(shot/ft2) 

Arsenic 
(mg/kg) 

Antimony 
(mg/kg) 

0 to 3-inch 1,500 to 14,000 2 to 206 7.7 to 63 9.3 to 120 

9 to 12-inch 26 to 400 0 to 35 3.6 to 5.2 0.48 to 16 

 
The ephemeral drain sample intervals are shallow compared to the berm samples because less 
vertical mixing along the ephemeral drain is reasonably assumed. The primary ephemeral drain 
mixing mechanism is near-surface sediment transport associated with occasional water flow 
rather than gross mixing caused by, for example, earth moving operations that occurred at the 
berm. 

The data indicate the ephemeral drain is affected by metals and lead shot. Metals concentrations 
and lead shot counts rapidly decrease with increasing depth, as was observed and previously 
discussed for the radial grid soil samples (see Section 4.1.1.1). At the farthest downgradient 
ephemeral drain sample locations (Trib 2 and Trib 3; Figure 3-2), lead shot counts are very low, 
suggesting that the ephemeral drain is not transporting large amounts of lead shot. However, 
based on field observations, where the ephemeral drain crosses areas of high lead shot 
occurrence, pockets of lead shot often accumulate along the ephemeral drain.  

4.1.2 TCLP, CEC, and pH 

Table 4-11 presents the soil TCLP, CEC, and pH results. 

4.1.2.1 TCLP 

Per 40 Code of Federal Regulations (CFR) Part 261.24, the TCLP standards for lead and arsenic 
are both 5 milligrams per liter (mg/L). Antimony is not a TCLP analyte. 

Lead 

The TCLP lead standard is exceeded. TCLP lead results vary from 0.037 mg/L [sample R7-G(6-
12)] up to 240 mg/L [sample R9-E(0-6)]. The TCLP lead standard is exceeded in five out of the 
20 analyzed samples: R7-E(0-6), R9-C(0-6), R9-E(0-6), R9-G(0-6), and R11-E(0-6). 

Arsenic 

The TCLP arsenic standard is not exceeded by any sample. TCLP arsenic results vary from 
0.039 mg/L [sample R9-G(0-6)] up to 1.9 mg/L [sample R11-E(0-6)]. 

4.1.2.2 CEC and pH 

Soil CEC and pH influence metals mobility (see Section 5.0). 

Measured soil CEC results vary from 4.3 milliequivalents per 100 grams (meq)/100g [sample 
R9-G(6-12)] up to 31.4 meq/100g [sample R14-E(0-6)]. Measured soil pH results vary from 4.2 
to 5.6 pH units, indicating slightly acidic soil. 

4.1.3 PAHs and NG 

Table 4-12 presents the PAH results as total PAHs. DU5 is the background or reference DU and 
has total PAH values less than about 275 micrograms per kilogram (µg/kg) for all three replicate 
samples (A through C). The bounding units (DUs 2 and 3) have similar concentrations to those 
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measured in DU5, indicating no impacts to DUs 2 and 3 from the Trap and Skeet Range 17. DUs 
1 and 4, on the other hand, are impacted, as evidenced by total PAH concentrations that are about 
two to three orders of magnitude higher. These findings correlate well with visual observations 
of clay target fragments at DUs 1 and 4 but not at DUs 2, 3, and 5. Further, at DU1 surface (0 to 
6 inches bgs) and subsurface replicates were collected. Total PAH concentrations decrease by up 
to about one order of magnitude between the surface and subsurface intervals, indicating rapid 
vertical attenuation of total PAHs with increasing depth. Table 4-13 presents the individual PAH 
results. 

Table 4-14 presents the NG results. The NG concentrations are 4,800 and 3,800 µg/kg, 
respectively, for DUs 6 and 7. 

4.2 GROUNDWATER 

The four RI, temporary, 1-inch-diameter monitoring wells (Figure 4-12) were installed using a 
hand-auger during the period of February 23 through 26, 2010. Appendix C presents the 
temporary well boring logs and well construction diagrams.  

Groundwater was encountered in MW-2 through MW-4, associated with water-bearing sands or 
gravels encountered at depths of 7.5 feet bgs (MW-3), 9 feet bgs (MW-2), and 19 feet bgs (MW-
4). No groundwater was encountered in upgradient monitoring well MW-1, located on the west 
side of Wildlife Loop Road, despite a completion depth of 24 feet bgs. At MW-1, only clay was 
encountered from the surface to 24 feet bgs. 

4.2.1 Groundwater Chemistry—Metals 

Table 4-15 tabulates the dissolved (filtered) and total (unfiltered) groundwater chemistry results. 
Dissolved metals concentrations ranged as follows: 

• Lead: non-detect to 3.7 micrograms per liter (µg/L) (EPA Action Level is 15 µg/L) 

• Arsenic: non-detect (maximum contaminant level [MCL] is 10 µg/L) 

• Antimony: non-detect to 2.0 µg/L (MCL is 6 µg/L) 

Total metals concentrations ranged as follows: 

• Lead: non-detect to 46 µg/L 

• Arsenic: non-detect to 5.1 µg/L 

• Antimony: non-detect to 1.6 µg/L 

Dissolved metals were not detected in groundwater above regulatory levels. For MW-3, total and 
dissolved metals concentrations were below regulatory levels. For the other sampled wells, 
measured and observed turbidity at the time of sampling indicate that the total metals results are 
artifacts of turbidity and are not representative of actual drinking water quality if the shallow 
groundwater were ever developed for drinking water use. 

Groundwater field parameters were measured during well purging associated with sampling. At 
the end of the purge period the followings parameter values were measured: 
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Well Temp (oC) pH 
Conductivity DO Redox 

(mMohs/cm) (ppm) (mv) 

MW-1 8.9 5.4 0.143 3.74 229 

MW-2 3.9 5 0.026 5.4 297 

MW-3 7.3 4.4 0.031 5.3 315 

MW-4 8 5.2 0.47 2.01 105 

 

4.2.2 Groundwater Chemistry—PAHs and NG 

The PAH and NG protection of groundwater soil screening levels (SSLs) are exceeded by the 
recently measured soil PAH and NG concentrations (see Tables 4-12 and 4-13). However, PAHs 
and NG were not analyzed for in the groundwater. The Army plans to address the groundwater 
as a separate OU at a later date. The 1991 Land Transfer Assembly prohibits the use of 
groundwater from the site as a potable resource at the PRR-NT. 

4.2.3 Groundwater Elevations 

Table 4-16 tabulates the groundwater elevation data, and based on these data, Figure 4-12 
presents a groundwater table elevation contour map. The map implies that the apparent 
groundwater flow direction is roughly northeastward based on topography and the location of the 
Little Patuxent River.  

4.3 DATA VALIDATION RESULTS AND LABORATORY DELIVERABLES 

4.3.1 Metals 

All data results (100 percent) were validated by a third party validator. Data validation was 
conducted in accordance with the project Quality Assurance Project Plan (QAPP; URS, 2013) 
and the Department of Defense Quality Systems Manual Version 3, and qualified according to 
the protocols defined in the National Functional Guidelines for Inorganic Data Review (EPA, 
2004a), updated for Region III Modifications (EPA 1993a) and EPA Region III Innovative 
Approaches to Data Validation (EPA, 1995a). The data were evaluated based on the following 
parameters: 

• Chain of Custody/Sample Condition 

• Holding Time and Preservation 

• Blanks 

• Initial Calibration 

• Continuing Calibration 

• Interference Check Samples 

• Laboratory Control Spike 

• Matrix Spike/Matrix Spike Duplicates 

• Serial Dilution for ICP Analysis 
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• Field Duplicates 

• Analyte Quantitation and Reporting Limits 

• Completeness 

The validation criteria for all analytical samples were met (Appendix D), except for two 
antimony exceptions. Two total antimony results (monitoring wells MW-3 and MW-4) were 
rejected because the matrix spikes displayed percent recoveries less than a lower control limit of 
30 percent. (The associated field sample results were not detected.) The remaining validation 
flags indicate estimated results due to marginal exceedances of the project quality control 
parameters. Because of the large size of the data validation and laboratory results reports, both 
are presented in electronic format (See CD). 

4.3.2 PAHs and NG 

The review was based on the specifics of the analytical method referenced and provisions of the 
approved project-specific Quality Assurance Project Plan (URS, 2013). The review was qualified 
according to Innovative Approaches for Validation of Organic and Inorganic Data – Standard 

Operating Procedures (EPA, 1995a). This qualification meets the M-3/IM-2 level of review, 
which is equivalent to EPA Contract Laboratory Program National Functional Guidelines for 

Superfund Organic Methods Data Review (EPA, 2008) or EPA Contract Laboratory Program 

National Functional Guidelines for Inorganic Superfund Data Review (EPA, 2010a), modified 
by Region III Modifications to the National Functional Guidelines for Organic Data Review 

(EPA, 1994a) or Region III Modifications to the National Functional Guidelines for Evaluating 

Inorganic Analyses (EPA, 1993a). 

There were no major anomalies. Minor anomalies are discussed in the data validation report 
presented in Appendix D. Because the data validation and laboratory results reports are very 
large, both are presented in electronic form on this report’s CD. 

4.3.3 Chemical Data Quality 

A Tier III Data Validation Report was prepared for each Sample Delivery Group as assigned by 
the laboratory; Data Validation Reports are included in Appendix D of this report. The review 
performed is based on the specifics of the analytical method referenced and provisions of the 
approved project-specific QAPP; it is qualified according Innovative Approaches for Validation 

of Organic and Inorganic Data – Standard Operating Procedures, June 1995 to meet the M-
3/IM-2 level of review which is equivalent to USEPA Contract Laboratory Program National 

Functional Guidelines for Superfund Organic Methods Data Review, EPA-540-R-08-01, June 
2008 or USEPA Contract Laboratory Program National Functional Guidelines for Inorganic 

Superfund Data Review, OSWER 9240.1-51, EPA 540-R-10-011, January 2010 modified by 
Region III Modifications to the National Functional Guidelines for Organic Data Review, 
September 1994 or Region III Modifications to the National Functional Guidelines for 

Evaluating Inorganic Analyses, April 1993, respectively.   

Review of the reporting limits with respect to the sensitivity goals were reviewed during the 
planning process and are discussed in the risk assessment for this project. While reviewing the 
data for precision, accuracy, representativeness, completeness, and comparability goals, issues 
identified resulted in the application of letter qualifiers to the data. These qualifiers were added 
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to concentrations, when appropriate, to ensure reported concentrations were accurately 
represented. Inclusion or exclusion of data for further analysis was based on review of analytical 
qualifiers: 

• Analytical results bearing the B qualifier indicate that the analyte was not detected at a 
concentration greater than five times the blank background. These flags represent data points 
that fell outside of the accuracy, representativeness, and comparability goals of the project 
QAPP.  Three soil results for antimony received a B qualifier; these qualified results were 
retained in the data set and considered non-detects.   

• Analytical results bearing the J qualifier indicate that the analyte was detected and the 
associated concentration is estimated.  The J qualifier was applied to two pH field sample 
results due to anomalies in the matrix spike percent recoveries or field duplicate precision for 
metals and the holding time for pH.  These flags represent data points that fell outside of the 
precision, accuracy, and comparability goals of the project QAPP. The following number of 
soil results received J qualifiers: Antimony (21), arsenic (6), and lead (4). These results were 
retained in the data set at the measured concentration. 

• Analytical results bearing the K qualifier indicate that the analyte was detected and the 
associated concentration is estimated with a high bias.  The K qualifier was applied to field 
sample results when the matrix spike percent recoveries were greater than the upper accuracy 
goal of the project QAPP.  Eighteen soil results for antimony received a K qualifier; these 
results were retained in the data set at the measured concentration.   

• Analytical results bearing the L qualifier indicate that the analyte was detected and the 
associated concentration is estimated with a low bias.  The L qualifier was applied to field 
sample results when the matrix spike percent recoveries were less than the lower accuracy 
goal of the project QAPP. The following number of soil results received L qualifiers: 
antimony (39) and arsenic (36). Two water results for antimony also received L qualifiers. 
These results were retained in the data set at the measured concentration. 

• Analytical results bearing the UL qualifier indicate that the analyte was not detected and the 
associated concentration is estimated with a low bias.  The UL qualifier was applied to field 
sample results due to negative instrument blank concentrations; these results represent a 
minor anomaly for the representativeness and bias goals of the project QAPP. The following 
number of water results received UL qualifiers: dissolved arsenic (4) and total arsenic (4).  
These results were retained in the data set and considered non-detects. 

• Analytical results bearing the R qualifier indicate rejected data points.  Three groundwater 
sampling locations were tested for total antimony; two of these results were rejected due to 
low matrix spike percent recoveries.  The completeness goal for this analyte in this matrix 
was not achieved; although, the overall completeness for this analyte in all matrices was 
attained.  Specifically, the matrix spike pair performed on field sample MW-2 and submitted 
in sample delivery group 36295-26 displayed percent recoveries less than 30% for total 
antimony (27% / 24%).  Positive associated field sample results were flagged L,m (MW-2 
and MW-2 Dup) while non-detects were flagged R,m (MW-3 and MW-4). The matrix spike 
pair performed on field sample MW-2 and submitted in sample delivery group 36295-26 
displayed percent recoveries less than 30% for total antimony (27% / 24%).  Positive 
associated field sample results were flagged L,m (MW-2 and MW-2 Dup) while non-detects 
were flagged R,m (MW-3 and MW-4). 
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5.0 CONTAMINANT FATE AND TRANSPORT 

Inorganics are discussed first, followed by organics. 

5.1 INORGANICS 

This section discusses the potential fate and transport (i.e., leaching) of the site COPCs: arsenic, 
antimony, and lead. Theoretically, there is the potential for these soil constituents to leach from 
the soil and migrate to greater depths within the soil column and into groundwater. However, 
actual site soil and groundwater monitoring data (see Section 4.0) indicate that, regardless of the 
theoretical leaching potential, actual leaching of these metals is not evident. 

The degree to which a chemical may leach is influenced by the chemical’s tendency to partition 
to the solid or aqueous phases, which is largely a function of the chemical’s solubility and 
particle affinity. In addition, the mobility of most metals, including lead, antimony, and arsenic, 
is influenced by specific soil properties such as CEC and pH. CEC and pH, in turn, are 
influenced by factors such as soil clay and humic content, and overall soil mineralogy. In 
general, element mobility is low in soils with higher CEC values, and higher in soils with low pH 
values (Cao et al., 2003). 

CEC is classified as very low (<6 meq/100g), low (6-12 meq/100g), moderate (12-25 meq/100g), 
high (25-40 meq/100g), and very high (>40 meq/100g; Martin and Nolin, 1991). Values of pH in 
soil are classified as very low (<4.5), low (4.5-6.0), moderate (6.0-7.0), high (7.0-8.3), and very 
high (>8.3). 

CEC in surface soils (i.e., 0 to 6 inches bgs) at the Trap and Skeet Range 17 are variable and 
range from 6.8 to 31.4 meq/100g. The median CEC value in surface soil is 13.25 meq/100g 
(moderate); thus, element mobility appears to be hindered in surface soils at the Site, where the 
majority of lead is found.  

In soils from 6 to 12 inches bgs, CEC values are less variable and range from 15.3 to 4.3 
meq/100g. The median CEC value in soils from 6 to 12 inch bgs is 9.9 meq/100g (low); thus, 
element mobility may be higher with increasing depth at the Site. The decrease in CEC values 
with increasing depth likely relates to decreasing humic matter with increasing depth. 

All soil pH measurements at the Site are very low to low, with a site-wide median value of 4.6 
(typical for humid region soils). These soil pH values at the site suggest a likelihood of element 
mobility; however, site soil and groundwater monitoring data (see Section 4.0) indicate that 
actual leaching of these metals is not evident. 

5.1.1 Lead 

The dissolution and mobility of lead derived from lead bullets and shot are ultimately dictated by 
a number of geochemical processes, including oxidation/reduction, precipitation/dissolution, 
adsorption/desorption, and complexation/chelation. Of these geochemical processes affecting the 
mobility of lead in soil, adsorption/desorption and precipitation/dissolution are dominant. Lead 
mobility in soils is generally related to adsorption to clay minerals, and lead typically 
concentrates in the upper few centimeters of soil and diminishes with depth (Adriano, 2001).  

Metallic lead is generally immobile, but can be oxidized to more mobile forms during 
weathering. Once oxidized, lead can be precipitated in a variety of forms, including hydroxides, 
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sulfates, sulfides, carbonates, and phosphates. Each of these precipitates is soluble, but solubility 
is controlled largely by the site-specific water chemistry to which they are exposed. In general, 
lead is much more soluble under acidic (low pH) conditions than at neutral or alkaline (high pH) 
conditions. Some precipitates, especially phosphates and sulfides, are particularly effective at 
controlling lead solubility, often resulting in maintenance of very low lead concentrations in 
water. At site-specific soil conditions (i.e., a soil pH of about 4.5) and under typical oxidizing 
soil conditions, lead will likely be present as lead sulfate, a relatively immobile sulfide. In 
addition, lead has a strong affinity to silicate clays such as those found at the Site. 

Very low concentrations of lead in groundwater suggest that, under these site conditions, lead 
has limited solubility and mobility in the soil. 

In addition to migration in the dissolved phase, lead migration can occur via physical movement 
of lead shot or lead-contaminated soil particles. This is particularly true at locations where 
surface water velocities may occasionally be elevated such as along the ephemeral drain that 
crosses the site. A small portion of the surface water runoff from the Trap and Skeet Range 17 
enters this drain and intermittently flows northeastward along the drain. This is evidenced by 
measured elevated lead concentrations in soil samples from the drain.   

5.1.2 Arsenic and Antimony 

As described for lead in Section 5.1.1, physical arsenic and antimony migration can occur along 
the ephemeral drain at the Trap & Skeet Range 17. Geochemical processes that influence arsenic 
and antimony fate and transport are discussed below. 

Arsenic retention in soils is related to (1) chemical speciation, (2) the type and content of clay in 
the soil, and most importantly (3) the content of iron and aluminum oxides in soil (Jacobs et al., 
1970, Corwin et al., 1999). Antimony behaves, geochemically, much like Arsenic (Adriano, 
2001) and these COPCs are treated together here. 

Chemical speciation influences the sorption affinity of arsenic in soil. Arsenate (V) and arsenite 
(III) are the primary species of arsenic in soils and natural waters, dependent on pH and redox 
potential (Eh) (Adriano, 2001). Under Trap and Skeet Range 17 conditions (soil pH ranges from 
4.2 to 5.6 and shallow groundwater Eh values from about 100 to 300 millivolts (mV) based on 
the purge records in Appendix C) arsenic likely occurs as As(V), which is less soluble and less 
mobile than As(III). 

The capacity of soil to retain arsenic is dependent predominantly on arsenic adsorption to 
amorphous and crystalline aluminum and iron oxides (Jacobs et al., 1970). With low pH levels 
(i.e., <4), arsenic is released as amorphous oxides begin to dissolve, whereas at high pH level 
(i.e., >11), arsenic is displaced by oxide structures due to a ligand exchange reaction caused by 
increased hydroxide concentrations (Adriano, 2001). At site-specific soil conditions (i.e., a soil 
pH of about 4.5) and under typical oxidizing soil conditions, it is likely that arsenic mostly binds 
with crystalline aluminum and iron oxides that are in a stable phase. 

Non-detectable concentrations of arsenic in groundwater suggest that, under these site 
conditions, arsenic has limited solubility and mobility in the soil. 

Antimony, like arsenic, is a metalloid belonging to Group 15 of the periodic table, has an s2p3 
outer orbital electron configuration and; therefore, has the same range of oxidation states in the 
environment (-3 to +5) (Wilson, et al., 2010). Antimony most commonly occurs as an oxide, 
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hydroxide, or oxyanion either in the +5 state in relatively oxic environments or in the +3 state in 
anoxic environments (Wilson, et al., 2010).  

Typical +5 aqueous antimony species are antimonic acid [Sb(OH)5] and antimonate [(Sb(OH)6 or 
Sb(O)3].  Typical +3 aqueous antimony species are antimonous acid [Sb(OH)3 or HSbO2)] and 
antimonite [(Sb(OH)2 or Sb(OH)4] or various sulfide complexes [Dodd, et al. (1992); Jenkins, et 
al. (1998); and Filella, et al. (2002a & b); all cited in Wilson, et al., 2010]. 

Johnson, et al., (2005) report that the mobilization of antimony at a shooting range depends 
primarily on the corrosion of the bullets, and the processes that facilitate oxidation of antimony 
from Sb(0) (metallic form) to Sb (III) and Sb(V). They note that mineral surfaces are likely to 
play an important role because Sb (III) oxidation in a homogeneous solution with O2 is 
extremely slow; whereas, the oxidation reaction is fast when Sb(III) is sorbed to manganese 
oxides, for example. 

5.2 ORGANICS 

5.2.1 PAHs 

PAHs are a group of chemicals that occur naturally in coal, crude oil, and gasoline. PAHs also 
are present in products made from fossil fuels, such as coal-tar pitch, creosote, and asphalt (EPA, 
2013a). ATSDR (1995) provides the following PAHs fate and transport information:  

“Transport and partitioning of PAHs in the environment are determined to a large 
extent by physicochemical properties such as water solubility, vapor pressure, 
Henry’s law constant, octanol- water partition coefficient (Kow), and organic 
carbon partition coefficient (Koc). In general, PAHs have low water solubilities. 
The Henry’s law constant is the partition coefficient that expresses the ratio of the 
chemical’s concentrations in air and water at equilibrium and is used as an 
indicator of a chemical’s potential to volatilize. The Koc indicates the chemical’s 
potential to bind to organic carbon in soil and sediment. The Kow is used to 
estimate the potential for an organic chemical to move from water into lipid and 
has been correlated with bioconcentration in aquatic organisms. Some of the 
transport and partitioning characteristics (e.g., Henry’s law constant, Koc values, 
and Kow, values) of the 17 PAHs are roughly correlated to their molecular 
weights and, therefore, PAHs are grouped as follows: 

• Low molecular weight compounds (152-l 78 g/mol)-acenaphthene, 
acenaphthylene, anthracene, fluorene, and phenanthrene;  

• Medium molecular weight compounds (202 g/mol)-fluoranthene and pyrene; and  

• High molecular weight compounds (228-278 g/mol)-benz[a]anthracene, 
benzo[b]fluoranthene, benzo[j]fluoranthene, benzo[k]fluoranthene, 
benzo[g,h,i]perylene, benzo[a]pyrene, benzo[e]pyrene, chrysene, 
dibenz[a,h]anthracene, and indeno[ 1,2,3-c,d]pyrene.” 

Accordingly, at the Trap and Skeet Range 17 site, relative PAH mobility is expected to be low 
molecular weight PAHs > medium molecular weight PAHs > high molecular weight PAHs. In 
general, however, all PAHs are expected to have relatively low mobility compared to compounds 
with higher water solubility and lower tendencies to adsorb to soil. 
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5.2.2 NG 

Mirecki, et al. (2006) describe the fate and transport of NG as follows: 

“Nitroglycerin is an aliphatic nitrate ester, which will gelatinize nitrocellulose for 
use in double- and triple-base propellants. Nitroglycerin is a viscous liquid at 
room temperature, and has moderate aqueous solubility. Spanggord et al. (1980b) 
inferred second-order, base-catalyzed hydrolysis rates, characterized by half-lives 
ranging between 96 and 37 days (18 and 25 ºC, respectively), at pH 9. Alkaline 
hydrolysis of nitroglycerin will proceed at temperatures between 10 and 25 ºC, 
and pH between 11.9 and 12.5. The predominant products of alkaline hydrolysis 
of NG by calcium hydroxide are calcium nitrate and calcium nitrite (Capellos et 
al. 1984).” 

“Nitroglycerin disappeared within one week in sterile, anoxic solutions with 
mineral salts, presumably by an abiotic, aqueous reaction (Adrian 1996). 
Nitroglycerin has low log Kow values that suggest hydrophilic behavior, and low 
log Koc values that indicate limited sorption. Nitroglycerin is mobile in soil 
environments. Microbe-mediated transformation of nitroglycerin (NG; or glycerol 
trinitrate) has been documented under aerobic (Bhaumik et al. 1997; Accashian et 
al. 1998; Accashian et al. 2000; White et al. 1996; Marshall and White 2001) and 
anaerobic (Wendt et al. 1978; Christodoulatos et al. 1997b; Bhaumik et al. 1997) 
conditions, by pure and mixed microbe cultures and cell extracts (Ducrocq et al. 
1989; Meng et al. 1995; Blehert et al. 1997; Accashian et al. 1998), and fungal 
cell cultures and extracts (Zhang et al. 1997). Both aerobic and anaerobic 
transformation pathways are described as successive denitrification reactions, 
from glycerol-trinitrate, to -dinitrate, then -mononitrate isomer intermediates, 
ultimately to form glycerol.” 

These NG characteristics summarized by Mirecki, et al. (2006) suggest that NG in soil at the 
Trap & Skeet Range 17 is susceptible to biotransformation, which will tend to naturally decrease 
the NG soil concentrations over time. However, owing to the high solubility of NG in water and 
its limited sorption to soil, NG is expected to potentially leach from Trap and Skeet Range 17 
soil and potentially impact shallow groundwater. 
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6.0 BASELINE HUMAN HEALTH RISK ASSESSMENT 

A human health risk assessment (HHRA) was performed to conform to EPA’s Risk Assessment 

Guidance for Superfund (RAGS) (EPA, 1989 and subsequent RAGS guidance including EPA, 
1991; EPA, 2001; EPA, 2004; and EPA, 2009a). A risk assessment can be a qualitative or 
quantitative process that characterizes site conditions and determines applicable risk to human 
health and the environment, based on potential exposure scenarios.  

The HHRA results are presented in accordance with RAGS Volume 1, Part D, the standard 
planning table format (EPA, 2001). This HHRA is organized into the following five steps within 
the risk assessment process: 

• Data Collection and Evaluation (Section 6.1) 

• Identification of COPCs (Section 6.2) 

• Exposure Assessment (Section 6.3) 

• Toxicity Assessment (Section 6.4) 

• Risk Characterization (Section 6.5) 

In addition, an uncertainty assessment (Section 6.6) is included to address key uncertainties 
identified during the HHRA process so that a level of confidence in the risk estimates can be 
considered when risk management decisions are made. A summary of the HHRA conclusions are 
provided in Section 6.7. Appendix E provides the risk calculations in EPA RAGS Part D format 
along with modeling output and supporting calculation tables. 

6.1 DATA COLLECTION AND EVALUATION 

Only soil and groundwater media were evaluated in the HHRA to represent both current and 
future site conditions at the site. Surface water and sediment are not present at the site. Some 
discrete soil samples were collected from along an ephemeral drain (Figure 3-2) that is normally 
dry and, thus, the samples collected along the drain are treated as soil samples rather than 
sediment samples. The drain was dry when sampled.  

The discrete soil sample data are broken into two data groups for the HHRA: surface soil (0 to 3 
inches bgs) and mixed soil (0 to 48 inches bgs). The mixed soil data group includes soil samples 
collected from radial samples (0 to 12 inches bgs) and two deeper sample intervals: 12 to 24 and 
36 to 48 inches bgs. Direct contact with the deeper intervals is possible for future scenarios, 
assuming that excavation activities bring subsurface soils to the surface for land redevelopment. 
For field duplicate samples, the greater or most conservative result was used in the HHRA. 

Table 6-1 identifies the Exposure Units (EUs) used to evaluate the IS soil data groups in the 
HHRA. EUs A through G are identified in Table 6-1. Surface soil is defined as 0 to 6 inches bgs 
and subsurface soil is 6 to 12 inches bgs. EU-A is the only EU with both surface and subsurface 
soil data groups; the surface and subsurface soil were not combined into a mixed soil data group 
like the discrete sample data.  

For groundwater, both total and dissolved metal results were separately evaluated in the HHRA.  
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Human exposure to lead shot by inhalation, ingestion, and dermal contact is not evaluated 
because such exposure to lead shot is unlikely. Lead shot exposure is evaluated through direct 
contact with soils contaminated by lead shot weathering.  

Human exposure to explosive safety hazards (e.g., UXO and MEC) is possible at the Trap and 
Skeet Range 17 because of its historic use as a training and maneuvers area; however, the 
explosive hazards are not addressed in this HHRA. The PRR and USFWS currently address this 
safety hazard using land use controls (LUCs), which are discussed in the FS. 

6.2 IDENTIFICATION OF CONTAMINANTS OF POTENTIAL CONCERN 

6.2.1 Identification of COPCs in Soils 

Two sets of soil screening criteria were used to identify soil COPCs at the Trap and Skeet Range 
17: direct contact residential soil RSLs and groundwater protection SSLs (EPA, 2009a). The 
COPCs were selected by comparing the maximum detected concentrations to the screening 
criteria. Concentrations for which the maximum detected concentration exceeds the screening 
criteria were retained in the HHRA.  

The RSLs and SSLs that were based on non-cancer endpoints were adjusted from a target hazard 
quotient of 1 to 0.1, to account for additive health effects from multiple COPCs. For the direct 
contact exposure pathway, RAGS Part D, Tables 2.1 and 2.2, in Appendix E of this RI report 
present the direct contact screening results for the discrete surface soil and mixed soil data 
groups, respectively. The following direct-contact soil COPCs were identified for surface and 
mixed soils: arsenic, antimony, and lead.  

RAGS Part D Tables 2.3 and 2.4 in Appendix E present the direct contact screening results for 
the IS surface soil and subsurface soil data groups. Even though some PAHs were detected 
below the residential soil RSLs, all detected PAHs are carried forward into the HHRA as soil 
COPCs. NG was detected above its RSL and is carried forward as a COPC for EU-G.  

RAGS Part D Table 2.5 in Appendix E presents the discrete screening results for mixed soils for 
the migration from soil-to-groundwater pathway. Antimony, arsenic, and lead were detected 
above the groundwater protection SSLs; therefore, migration from soil-to-groundwater is 
considered a potentially complete migration pathway. RAGS Part D Tables 2.6 and 2.7 in 
Appendix E present the IS soil-to-groundwater screening results for surface and mixed soil, 
respectively. PAHs and NG were detected above their groundwater protection SSLs; therefore, 
migration from soil-to-groundwater is a complete migration pathway for PAHs and NG. 

6.2.2 Identification of COPCs in Groundwater 

COPCs for groundwater at the site were selected by comparing the maximum detected 
concentrations with residential tap water RSLs and Federal MCLs or action levels (ALs), where 
available (See RAGS Part D, Table 2.8, in Appendix E). The total groundwater screening results 
identified antimony, arsenic, and lead as groundwater COPCs; antimony and arsenic were 
detected above tap water RSLs, but below MCLs, and lead was detected above its AL. The total 
groundwater results for MW-2 and MW-4 were likely influenced by turbidity.  

The dissolved groundwater screening results identified antimony as a groundwater COPC; the 
maximum detected concentration for dissolved antimony (2 µg/L) was detected above the tap 
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water RSL of 1.5 µg/L, but not above the MCL of 6 µg/L; also, the concentration is a “J-
flagged” value, indicating that it is an estimated value. Arsenic was not detected, and the 
maximum detected concentration of dissolved lead (3.7 µg/L) was below its action level of 15 
µg/L (see RAGS Part D, Table 2.8, in Appendix E). The total groundwater COPCs (antimony, 
arsenic, and lead) and dissolved groundwater COPCs (antimony) were carried forward and 
evaluated separately in the HHRA. 

No groundwater data are available for PAHs or NG. The Army plans to further evaluate the 
groundwater as a separate OU at a later date. The 1991 Land Transfer Assembly prohibits the 
use of groundwater from the site as a potable resource at the PRR-NT  

6.3 EXPOSURE ASSESSMENT 

Exposure assessment is the qualitative or quantitative evaluation of the magnitude, frequency, 
duration, and route of exposure to COPCs at a site. Table 6-2 identifies the exposure scenarios 
and exposure pathways evaluated in the HHRA. Figure 6-1 illustrates the human health CSM 
used to gain the current understanding of the Site’s conditions with respect to known and 
suspected contaminant sources, potential transport mechanisms and migration pathways, and 
human receptors. 

RAGS Part D, Table 1, in Appendix E provides the rationale for selection or exclusion of onsite 
receptors and exposure pathways. Potential offsite receptors were not evaluated in this HHRA 
because the site is centrally located in the PRR.  

The original release mechanism for lead, arsenic, and antimony is deposition of lead shot during 
shotgun firing at the Trap and Skeet Range 17. The clay pigeon fragments may be a source of 
PAHs from the coal tar used to make the pigeons. The shotguns firing may have released NG 
near the shooting stations.  

The Trap and Skeet Range 17 potentially may have buried MEC and/or UXO in the subsurface. 
Contacts deeper than 6 inches bgs were not removed during the 1995 ordnance survey and may 
still be present (OHM, 1995). Onsite human receptors may be exposed to potential explosive 
safety hazards; however, the explosive hazards are not addressed in the HHRA. The PRR and 
USFWS address the safety hazard using LUCs, which are addressed in the FS. 

Migration of constituents in surface soil can occur through generation of dust, although grasses, 
other vegetation, and impermeable surfaces inhibit this migration pathway. Some of the PAHs 
are volatile (e.g., naphthalene), so volatilization from soil to ambient air is a potentially complete 
exposure pathway.  

An ephemeral drain was encountered near the center of the site during field sampling activities; 
lead shot was visible on the soil surface. The flow from this ephemeral drain discharges into an 
upland-woodland; the ephemeral drainage is not an intermittent or perennial stream, and is 
therefore not considered a water of the United States. Surface water is not evaluated in this 
HHRA. However, dry sediment samples were collected from the drain and treated as surface soil 
data.  

The current use of the site as PRR property is not likely to change; the PRR and USFWS want 
the site to return to its natural state. Should the future land use change, minor vertical mixing of 
constituents is expected as a result of localized earth moving operations and natural processes 
such as soil erosion and frost heave. As a result, human receptors could potentially be exposed to 
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subsurface soils following land redevelopment where the subsurface soil is brought to the 
surface, as well as via windblown particulates and vapors from soils-to-ambient air.  

Also, leaching/desorption of constituents from surface to subsurface soil can contribute to 
downward migration. The screening results indicate that antimony, arsenic, lead, PAHs, and NG 
exceed groundwater protection SSLs; therefore, leaching from subsurface to groundwater is a 
potentially complete migration pathway.  

The groundwater screening results identified antimony, arsenic, and lead as total groundwater 
COPCs and antimony as a dissolved groundwater COPC. Both sets of groundwater COPCs were 
evaluated in the HHRA. 

No shallow drinking water wells are present at the Trap and Skeet Range 17; therefore, exposure 
to shallow groundwater doesn’t occur. Nevertheless, the HHRA evaluates potable use of 
groundwater for the future industrial worker and residential scenarios for informational purposes 
only. 

6.3.1 Potential Exposure Receptors 

Table 6-2 summarizes the exposure scenarios and exposure pathways evaluated for the site. 
Potential onsite receptors/populations that could theoretically be exposed to soil or shallow 
groundwater COPCs were evaluated for this exposure assessment. No offsite receptors were 
evaluated in the HHRA. Surface soil exposure discussed below includes both the discrete (0 to 3 
inches bgs) and the IS (0 to 6 inches bgs) surface soil data groups. Subsurface soil exposure 
includes both the discrete mixed soil (0 to 48 inches bgs) and IS subsurface soil (6 to 12 inches 
bgs) data groups.  

The current/future PRR worker/intern is an outdoor worker assumed to perform inspection or 
outdoor maintenance activities at the Site. The employee is assumed to work at the Site for 8 
hours per visit, one visit per month, 12 months per year, for 25 years. This receptor is also 
considered protective of a temporary adult intern who assists wildlife biologists at the PRR. 
USFWS and PRR employees were consulted early during the 2009 Work Plan to define the 
appropriate level of exposure for their employees and wildlife biologists who might visit the site.  

The current receptor is assumed to be exposed to surface soil and the future receptor is exposed 
to mixed/subsurface soil data groups, assuming a land use change occurs. Soil-related exposure 
pathways include incidental ingestion, dermal contact, and inhalation of wind-blown particulates 
and vapors from soil. 

The current/future adult visitor/hunter participates in PRR-sponsored programs such as bird 
watching, hiking, or hunting. The adult visitor/hunter is assumed to be present at the site for 4 
hours per visit, one visit per month, 12 months per year, for 24 years. This receptor is protective 
of a hunter who has limited access to the PRR (only in designated hunting areas, and only during 
hunting season). The current receptor is assumed to be exposed to surface soil and the future 
receptor is exposed to mixed/subsurface soil data groups, assuming a land use change occurs. 
Soil-related exposure pathways include incidental ingestion, dermal contact, and inhalation of 
wind-blown particulates and vapors from soil. Ingestion of wild game (e.g., wild turkey, deer, or 
mourning doves) was not evaluated for the visitor/hunter scenario because the prey is not likely 
to stay within Trap and Skeet Range 17 boundaries (i.e., home ranges and foraging areas are 
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larger). The hunting activities are likely recreational (not subsistence) at the refuge; the 
infrequency of kills and eating prey from the site is limited due to hunting season restrictions.  

The current/future child visitor/hunter (6 to 16 years of age) participates in PRR-sponsored 
programs such as bird watching, hiking, and hunting. The child visitor/hunter is assumed to be 
present at the site for 4 hours per visit, one visit per month, 12 months per year, for 10 years. 
These assumptions are protective of a temporary youth volunteer who assists with PRR-
sponsored programs, and a young hunter who has limited access to the PRR (only in designated 
hunting areas, and only during hunting season). The current receptor is assumed to be exposed to 
surface soil and the future receptor is exposed to mixed/subsurface soil data groups, assuming a 
land use change occurs. Soil-related exposure pathways include incidental ingestion, dermal 
contact, and inhalation of wind-blown particulates and vapors from soil. For the same reasons 
stated above for the adult visitor/hunter, the ingestion of wild game pathway was not evaluated 
for this receptor. 

The hypothetical future industrial worker scenario was evaluated in the unlikely event that 
land use changes at the PRR. This scenario is based on the standard EPA industrial worker 
scenario for soils (outdoor) and groundwater (indoor) exposure. This receptor is assumed to work 
at the site for 8 hours/day, 250 days/year, for 25 years. The current receptor is assumed to be 
exposed to surface soil and the future receptor is exposed to mixed/subsurface soil data groups, 
assuming a land use change occurs. Soil-related exposure pathways include incidental ingestion, 
dermal contact, and inhalation of wind-blown particulates and vapors from soil. 

It is assumed that the future industrial worker uses groundwater as a tap water source. The 
worker spends 8 hours/day, 250 days/year, for 25 years (i.e., indoor industrial worker exposure). 
Groundwater-related exposure pathways include ingestion as drinking water (1 liter per day) and 
dermal contact from washing hands, dishes, and general cleaning. A showering or bathing 
scenario was not evaluated.  

The hypothetical future construction worker scenario was evaluated in the unlikely event that 
land use changes at the PRR. This scenario is based on the standard EPA construction worker 
scenario for intense, short-term (i.e., subchronic) exposure to soils. The outdoor receptor is 
assumed to work at the site for 8 hours/day for a 6 month-long construction project (125 
days/year) within the course of a year. The hypothetical construction worker is exposed to onsite 
surface soil and mixed/subsurface soil. Soil-related exposure pathways include incidental 
ingestion, dermal contact, and inhalation of wind-blown particulates and vapors from soil. 
Groundwater exposure was not evaluated for this receptor. 

The hypothetical future resident (child and adult) scenario was evaluated in the unlikely 
event that land use changes at the PRR. This scenario is used to explore the potential for 
unrestricted land use. Currently, the Transfer Assembly documents prohibit any extraction and 
use of shallow groundwater for any purpose other than conducting environmental studies. The 
PRR and USFWS implement LUCs to enforce the groundwater restrictions.  

Standard EPA child and adult resident exposure parameters are used (e.g., 350 days/year for 30 
years [lifetime exposure]). The hypothetical resident is exposed to onsite surface soil and 
mixed/subsurface soil. Soil-related exposure pathways include incidental ingestion, dermal 
contact, and inhalation of wind-blown particulates and vapors from soil. Potable use of 
groundwater is evaluated; exposure pathways include ingestion of groundwater as tap water and 
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dermal contact while bathing/showering. Inhalation of vapors while showering was not evaluated 
because volatile constituents in groundwater were not evaluated at the site. 

6.3.2 Exposure Point Concentrations 

RAGS Part D, Tables 3.1 through 3.8, in Appendix E present the exposure point concentrations 
(EPCs) used in the HHRA. The table below identifies the corresponding RAGS Part D table for 
the discrete and IS data groups with each exposure medium. 

Exposure Media Discrete Data Groups IS Data Groups 

Surface Soil Table 3.1 Table 3.4 

Mixed/Subsurface Soil Table 3.2 Table 3.5 

Modeled Soil-to-
Ambient Air 

Table 3.3 (particulates) 
Table 3.6 (particulates) 

Table 3.7 (vapors) 

Groundwater Table 3.8 -- 

 

For the soil-to-air exposure pathway, the default EPA RSL particulate emission factor (PEF) of 
1.36 × 109 was used for each soil COPC (EPA, 2013b). The default PEF was used for the PRR 
worker/intern, visitor/hunter, industrial worker, and resident scenarios. The default PEF was 
adjusted higher by a factor of 10 (1.36 × 108) for the construction worker scenario to account for 
heavier release of particulates during excavation activities. EPA’s (2002a) Supplemental Soil 
Screening guidance was used to derive a chemical-specific volatilization factor (VF) for 
naphthalene, which is a volatile organic compound (EPA, 2002a). 

To derive representative EPCs for the Trap and Skeet Range 17, EPA’s ProUCL 5.0 was used to 
calculate the UCLs of the mean with the discrete surface soil and mixed soil data groups for the 
metals; ProUCL 5.0 output tables are provided in the support calculations section of Appendix E 
(EPA, 2013d). The maximum detected concentration of the replicate sample results was used as 
the soil EPC for the PAHs and NG per direction from EPA (2014) in the response to comments 
on the draft RI/FS. Following the Integrated Exposure Uptake Biokinetic (IEUBK) model and 
Adult Lead Methodology (ALM) guidance, the mean concentration in soils was used as the EPC 
for the lead modeling (EPA, 1994b and 2010b).  

For the groundwater data, the maximum detected concentrations of the total and dissolved 
groundwater data were used in the HHRA calculations. ProUCL 5.0 generally requires 8 to 10 
samples to derive a representative UCL (EPA, 2013d); only four groundwater samples were 
collected at the Trap and Skeet Range 17. The small data set is likely to generate skewed or 
overly large UCLs (i.e., higher than the maximum detected concentration); these values are not 
likely to be representative of the detected concentrations at the Site.  

6.3.3 Quantification of Exposure: Calculation of Daily Intakes and Exposure 
Concentrations 

For each receptor and pathway, chronic daily intake (CDI, expressed as milligrams of COPC per 
kilogram of body weight per day) for each COPC is estimated by combining the EPC with 
exposure parameters such as ingestion rate, frequency of contact, duration, and frequency of 
exposure. In addition, intake parameters are selected so the combination of intake variables 
results in an estimate of the reasonable maximum exposure for that pathway (EPA, 1989).  
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For inhalation pathways, the RAGS Volume 1, Part F guidance is followed (EPA, 2009a). 
Instead of a CDI being calculated, an exposure concentration (EC, expressed as milligrams per 
cubic meter) is derived in keeping with EPA’s inhalation dosimetry methodology and derivation 
of inhalation toxicity values.  

RAGS Part D, Tables 4-1 through 4-17, in Appendix E document the CDI and EC equations and 
the exposure parameters used to evaluate each complete exposure pathway for the current/future 
PRR worker/intern, current/future visitor/hunter (adult and child), future industrial worker, future 
construction worker, and future resident. Mutagen equations are used for the carcinogenic PAHs 
identified as mutagens (EPA, 2005a). 

Chemical-specific data used in the dermally absorbed dose calculations (soil and groundwater) as 
well as the soil-to-outdoor air PEF and VF calculations are provided in the support calculations 
section of Appendix E. 

6.3.4 Exposure Parameters Used in the Adult Lead Methodology 

Exposure parameters used in the ALM are shown in Table 6-3 for the current PRR worker/intern, 
adult visitor, and child visitor scenarios, and in Table 6-4 for the hypothetical future industrial 
worker scenario. ALM guidance recommends that central tendency values be used for the EPC, 
soil ingestion, and exposure frequency (EF) (EPA, 2010b). 

Because the ALM requires a minimum exposure to soil of at least 1 day per week for at least 3 
months (EPA, 2010b), a minimum exposure receptor was used as a surrogate to represent the 
current/future PRR worker/intern, adult visitor, and child visitor scenarios (each anticipated to be 
exposed for only 1 day per month for 12 months per year). This very conservative, health-
protective approach, which was used because of constraints in the ALM, likely greatly 
overestimate predicted blood lead concentrations (PbBs) for these scenarios. For the minimum 
exposure receptor, EPA (2003a) standard default ALM values were used for the fetal/maternal 
blood lead ratio (Rfetal/maternal,), target 95th percentile blood lead concentration in the fetus 
(PbBfetal,0.95,goal), and biokinetic slope factor (BKSF). Updated EPA (2009b) default ALM values 
were used for individual blood lead geometric standard deviation (GSDi) of 1.8 and baseline 
blood lead concentration (PbB0) of 1.0 micrograms per deciliter (µg/dL). The arithmetic mean 
concentration of lead in surface soil at the site of 6,316 mg/kg was used as the EPC, as 
recommended in ALM guidance (EPA 2010b). EPA’s ALM guidance does not have default soil 
ingestion rates for part-time workers or recreational scenarios. A soil ingestion rate of 50 
milligrams per day was considered to be a reasonable, conservative, central tendency estimate 
for current PRR workers/interns, adult visitors, and child visitor/hunters, who are each assumed 
to be exposed to soil for only 4 hours per day. The ALM standard default value of 0.12 was used 
for the oral absorption fraction from soil (AFs) for the minimum exposure receptor. 

For hypothetical future industrial workers exposed to soil, EPA (2003a) standard default ALM 
values for an indoor worker were used for all parameters except for GSDi and PbB0. A central 
tendency exposure frequency of 219 days/year and an exposure duration of 25 years were used. 
Updated EPA (2009b) default ALM values were used for GSDi (1.8) and PbB0 (1.0 µg/dL). The 
arithmetic mean concentrations of lead in surface soil of 6,316 mg/kg and lead in mixed soil of 
2,896 mg/kg were used as the EPCs. 

EPA does not currently have a methodology for using the ALM to evaluate adult exposure to 
lead in water. Because the maximum concentration of dissolved lead in groundwater of 3.7 µg/L 
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is less than the allowable concentration of lead in drinking water of 15 µg/L (EPA, 2010c), there 
was no further evaluation of lead in groundwater at the site. 

6.3.5 Exposure Parameters Used in the Integrated Exposure Uptake Biokinetic Model 

EPA’s IEUBK model (IEUBKwin1-1 Build 11) (EPA, 2010d) was used to predict PbBs in 
hypothetical child residents exposed to lead in surface soil and in mixed/subsurface soil at the 
Site. Default values were used in the IEUBK model for all parameter values except for Outdoor 
Soil Lead Concentrations. To be protective, hypothetical child residents were assumed to be 
exposed to background levels of lead in air, drinking water, and the diet, in addition to their 
exposure to lead in soil. The IEUBK model predicts the chance that a typical child would have a 
PbB exceeding 10 µg/dL for background exposure plus site-related exposure to lead. EPA’s 
target is to limit the risk to a typical child to no more than a 5 percent chance of exceeding the 
10 µg/dL PbB level of concern (EPA, 1994b and ATSDR, 2007). IEUBK model inputs and 
results are shown in the support calculations section of Appendix E. 

6.4 TOXICITY ASSESSMENT 

RAGS Part D, Tables 5.1, 5.2, 6.1, and 6.2, in Appendix E present the toxicity data used in the 
HHRA. EPA (2003b) guidance was used in the selection of toxicity values for the HHRA. 
RAGS Part D Table 5.1 presents the non-cancer chronic and subchronic oral/dermal toxicity 
data, and Table 5.2 provides the non-cancer chronic and subchronic inhalation toxicity data. 
RAGS Part D Tables 5.1 and 5.2 also provide target organ information for each exposure route 
(oral/dermal and inhalation). 

RAGS Part D, Tables 6.1 and 6.2, in Appendix E present the oral/dermal and inhalation cancer 
toxicity data, respectively. In addition to the toxicity values used in the HHRA, these tables 
provide supporting documentation such as the cancer guideline classification for carcinogens and 
the information sources. 

For evaluating risk/hazard from dermal routes of exposure, the EPA Region 3 Technical 
Guidance Manual and EPA RAGS Part E dermal guidance were used (EPA, 1995b and 2004b). 
Oral toxicity values were adjusted using gastrointestinal absorption factors to evaluate dermal 
exposure routes. EPA recommends using a gastrointestinal absorption factor of 15 percent for 
antimony and no adjustment (100 percent) for arsenic (EPA, 2004b). The equations used for 
deriving dermal toxicity values are provided in the RAGS Part D, Tables 5.1 and 6.1, in 
Appendix E. 

The toxicity of an ingested chemical depends, in part, on the degree to which it is absorbed from 
the gastrointestinal tract into the body. Oral reference doses and cancer slope factors (CSFs) are 
generally expressed in terms of ingested dose (rather than absorbed dose); accounting for 
potential differences in absorption between different exposure media can be important in 
estimating cancer risks and/or non-cancer hazards in a risk assessment (EPA, 1989). Metals can 
exist in a variety of chemical and physical forms in the environment, and not all forms of a given 
metal are absorbed to the same extent. The relative bioavailability factor (RBA) is the fraction of 
an ingested dose that crosses the gastrointestinal epithelium and becomes available for 
distribution to internal target tissues and organs (EPA, 2007a). The HHRA uses an RBA of 0.6 to 
account for the difference in oral bioavailability of arsenic in soils (EPA, 2007a and EPA, 
2013b). An RBA of 1 is assumed for all the other soil COPCs. 
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With the exception of benzo(a)pyrene, the oral CSFs for the remaining carcinogenic PAHs are 
derived using benzo(a)pyrene’s CSF from EPA’s Integrated Risk Information System (IRIS) 
(EPA, 2013c) and toxicity equivalency factors found in EPA’s Provisional Guidance for 

Quantitative Risk Assessment of Polycyclic Aromatic Hydrocarbons (EPA, 1993b). Also, the 
California Environmental Protection Agency (Cal EPA) Office of Environmental Health Hazard 
Assessment recommends using cancer potency values for deriving inhalation unit risk (IUR) 
toxicity values for carcinogenic PAHs (Cal EPA, 2009 and 2011). 

Because most human health effects data for lead are correlated with concentrations in the blood 
rather than a specific dosage, the traditional approach for evaluating health effects cannot be 
applied to lead. Lead is therefore evaluated separately from carcinogens and noncarcinogens. 
EPA has developed models for predicting the effect of lead exposure on blood lead 
concentrations in adults exposed to lead. EPA’s target for women (i.e., female worker) of child-
bearing age is to limit the risk to a typical developing fetus to no more than a 5 percent chance of 
exceeding the 10 µg/dL level of concern. The 10 µg/dL value is the “concern threshold” 
recommended by EPA (ATSDR, 2007). 

6.5 RISK CHARACTERIZATION 

Tables 6-5 through 6-9 summarize the cancer risk and non-cancer hazards for each receptor at 
the Trap and Skeet Range 17. Tables 6-5 and 6-6 present the cancer risk and non-cancer hazard 
results for the discrete sample data group analysis. Tables 6-7 and 6-8 present the cancer risk and 
non-cancer hazard results, respectively, for the PAHs detected at EU-A, EU-B, EU-C, EU-D and 
EU-F. Table 6-9 presents the cancer risk and non-cancer hazard results for NG detected at EU-G. 
The DUs associated with each EU is provided in Tables 6-7 through 6-9. 

RAGS Part D, Tables 7s for the discrete and IS data groups, in Appendix E provide the non-
cancer hazards and cancer risks for each receptor. RAGS Part D, Table 9s for the discrete and IS 
data groups, in Appendix E summarize the receptor risks and hazards associated with each 
COPC. A table of contents is provided in Appendix E to direct the reader to each data group’s 
results. No EPA RAGS Part D Table 8s (EPA, 2001) were required for this HHRA; EPA’s 
standard Table 8s are used to address radionuclides, which were not identified as COPCs at this 
site. 

The site remediation goal set forth in the National Contingency Plan (NCP) allows a cumulative 
cancer risk of 1×10-4 (one in 10,000) to 1×10-6 (one in one million). In effect, estimated risks that 
are less than 1×10-6 are generally considered negligible. Risks that are greater than 1×10-4 are 
usually considered sufficient justification for undertaking remedial action. Risks in the 
intermediate range between these two values can be considered acceptable on a case-by-case 
basis. For the discrete data groups, the cancer risk of 1×10-6 is used as the risk goal for individual 
carcinogens, with a not-to-exceed site risk of 1×10-4 for all carcinogens.  

For the discrete data group non-cancer hazards, potential adverse health effects cannot be ruled 
out if the target hazard index (HI) is greater than 1. If the HI exceeds 1, chemicals may be 
segregated based on the target organ, and separate hazard indices may be calculated. Only 
chemicals that act upon the same target organ would actually be expected to be additive. 

At the May 25, 2012 planning meeting with the Army and EPA, Jennifer Hubbard (EPA Region 
3 Toxicologist) recommended using different risk goals for the IS data groups. The meeting 
participants agreed that the target cancer risk of 1×10-4 and target HI of 1 may not be 
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conservative enough for the HHRA because the calculated mean concentrations for each EU may 
dilute potential hot spots. Therefore, EPA Region 3 recommended using a target cancer risk of 
5×10-5 and an HI of 0.5; if the cancer risk/non-cancer hazards are below these thresholds, no 
further action is needed for that EU. If the cumulative cancer risk estimate is between 5×10-5 and 
1×10-4 and/or the cumulative HI is between 0.5 and 1, then the Army and EPA will discuss 
options and determine whether remedial activities are warranted. If the cancer risk is greater than 
1×10-4 and/or the non-cancer HI is greater than 1, then remedial activities are warranted. The 
meeting minutes are provided in the 2013 Addendum Work Plan (URS, 2013). 

In summary, the target thresholds for the HHRA are as follows: 

Data Group 

Cumulative 
Cancer Risk 
Threshold 

Cumulative  
Non-Cancer HI 

Threshold  

Discrete (metals) 1×10-4 1 

Incremental (PAHs and NG) 5×10-5 0.5 

6.5.1 Cancer Risk Results 

The discrete data group cancer risk results in Table 6-5 indicate that the current/future PRR 
worker/intern and visitor/hunter scenarios are below the not-to-exceed site risk of 1×10-4 for all 
carcinogens. The cumulative cancer risk estimates fall within the lower end of the acceptable 
cancer risk range (1×10-6 to 1×10-4). The future lifetime residential cumulative cancer risk 
estimates exceed 1×10-4 and is attributed to arsenic in surface soil (3×10-4), mixed soil (1×10-4), 
and total groundwater (1×10-4). The future residential scenario assumes that shallow groundwater 
will be used as a potable water source. No cancer risk estimate was calculated for dissolved 
groundwater because no COPCs with cancer health effects were identified. The discrete data 
group cumulative cancer risk results for the future construction worker scenario falls within the 
acceptable cancer risk range (1×10-6 to 1×10-4). The industrial worker, when exposed to surface 
soil and total groundwater, equals but does not exceed the target cancer risk of 1×10-4. Again, 
arsenic is the primary risk driver. For the future industrial worker, potable use of shallow 
groundwater is assumed. 

The IS data group cumulative cancer risk estimates in Tables 6-7 and 6-9 indicate that the 
current/future PRR worker/intern and visitor/hunter scenarios for all the EUs are below the EPA 
Region 3 target cancer risk of 5×10-5. As shown in Table 6-7, the cumulative cancer risk 
estimates for the current/future scenarios at EU-B and EU-C (PAH bounding units, DUs 2 and 3) 
and EU-F (PAH background unit, DU5) range from 2×10-9 to 2×10-8 and are below 1×10-6 
(lower end of the acceptable risk range). The cumulative cancer risk estimates for the 
current/future receptors at EU-A (DU1) and EU-D (DU4) fall within the acceptable cancer risk 
range with values ranging from 2×10-6 to 4×10-5. The field investigation identified visible clay 
fragments scattered on the ground at EU-A (DU1) and EU-D (DU4).  

The IS data group cumulative cancer risk results are above the EPA Region 3 target cancer risk 
of 5×10-5 for the following future scenarios:  

• Industrial worker, EU-A (DU1) surface soil, 3×10-4 

• Industrial worker, EU-D (DU4) surface soil, 5×10-4  

• Lifetime resident, EU-A (DU1) surface soil, 5×10-3; and subsurface soil, 6×10-4  
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• Lifetime resident, EU-D (DU4) surface soil, 8×10-3 

Carcinogenic PAHs are driving the risk. The cumulative cancer risk estimates for the future 
scenarios at EU-B and EU-C (PAH bounding units, DUs 2 and 3) have similar results with EU-F 
(PAH background unit, DU5) and are all below 1×10-6 (lower end of the acceptable risk range); 
only the future lifetime resident scenario has cancer risk estimates equal to or above 1×10-6.  

As shown in Table 6-9, the cumulative cancer risk estimates for the current/future and future 
scenarios at EU-G (DUs 6 and 7) are below 1×10-6 (lower end of the acceptable risk range). NG 
is not a carcinogenic chemical of concern (COC).    

6.5.2 Non-Cancer Hazard Results 

Table 6-6 summarizes the cumulative non-cancer hazard results for the discrete data groups. A 
target organ-specific HI analysis is presented in the RAGS Part D, Table 9s, in Appendix E for 
any receptor with a non-cancer HI greater than or equal to 1. Table 6-6 presents the target organ-
specific HIs that are equal to or greater than 1. The cumulative non-cancer hazard results for the 
current/future scenarios are all below the target HI of 1. For the future scenarios, exposure to 
surface soil for the construction worker and industrial worker results in a non-cancer HI equal to 
or greater than 1; as shown in Table 6-6, no target organ-specific HIs were above 1.  

The future hypothetical child and adult residents have cumulative HIs equal to or greater than 1. 
With the exception of the child resident (with total groundwater results), incidental ingestion and 
dermal contact with antimony and arsenic concentrations in soil are driving the non-cancer 
hazards. The ingestion of arsenic in groundwater (total) contributes to the vascular system and 
skin target organ-specific HIs for the child resident. 

Table 6-8 summarizes the cumulative non-cancer hazard results for PAHs detected at EU-A, EU-
B, EU-C, EU-D, and EU-F (i.e., DUs 1 through 5). The current/future and future scenarios have 
non-cancer HIs below the EPA Region 3 target HI of 0.5. Table 6-9 presents the cumulative non-
cancer hazard results for NG detected at EU-G (DUs 6 and 7). The future child resident has a 
cumulative HI and blood target organ-specific HI of 0.8 (attributed to antimony) which is within 
the range of 0.5 and 1. Since the future land use is a wildlife refuge, the likelihood of the site 
being developed for residential use is very low. The remaining current/future and future 
scenarios at EU-G (DUs 6 and 7) have non-cancer HIs below the EPA Region 3 target HI of 0.5.  

6.5.3 Lead Model Results 

The ALM predicted a 1.6 percent chance of exceeding the 10 µg/dL PbB of concern for the fetus 
of a minimum exposure receptor exposed to lead in surface soil at the site (Table 6-10). EPA’s 
target for women of child-bearing age is to limit the risk to a typical developing fetus to no more 
than a 5 percent chance of exceeding the 10 µg/dL level of concern. Therefore, the ALM predicts 
that exposure to lead in surface soil at the site will not result in unacceptable PbBs for fetuses of 
current PRR workers/interns and visitor/hunters. 

The ALM predicted a 43.5 and 9.7 percent chance of exceeding the 10 µg/dL level of concern 
for a fetus of a hypothetical future industrial worker exposed to lead in surface soil and mixed 
surface and subsurface soil, respectively (Tables 6-11 and 6-12). These predictions exceed 
EPA’s target for women of child-bearing age, to limit the risk to a typical developing fetus to no 
more than a 5 percent chance of exceeding the 10 µg/dL level of concern. Therefore, the ALM 
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predicts that exposure to lead in surface soil or mixed soil at the site will result in unacceptable 
PbBs for fetuses of hypothetical future industrial workers. 

The IEUBK model predicted a 99.1 and 91.3 percent chance of exceeding the 10 µg/dL level of 
concern for a hypothetical future child exposed to lead in surface soil and mixed surface and 
subsurface soil, respectively (support calculations section of Appendix E). These PbB 
predictions each greatly exceed EPA’s target to limit the risk to a typical child to no more than a 
5 percent chance of exceeding the 10 µg/dL level of concern (ATSDR, 2007). Therefore, the 
IEUBK model predicts that exposure to lead in surface soil or mixed soil at the site will result in 
unacceptable PbBs for hypothetical future child residents. 

Because the maximum concentration of dissolved lead in groundwater of 3.7 µg/L is less than 
the allowable concentration of lead in drinking water of 15 µg/L (EPA, 2010c), there was no 
further evaluation of lead in groundwater at the site. 

6.5.4 Preliminary Remediation Goals 

Human health-based PRGs are individually discussed below for lead, arsenic and antimony, and 
PAHs. NG is not discussed because, only the HI for the most conservative receptor (future child 
resident) exceeded the preliminary HI goal of 0.5; however, the HI did not exceed 1. For lead, 
arsenic, antimony and PAHs, site-specific PRGs and EPA default “to be considered” PRGs are 
discussed and represent a range of PRGs for consideration in the FS (Section 8.0). Table 6-13 
summarizes these human health-based PRGs. 

PRGs can be compared to discrete RI soil sample results in the area of lead-contaminated soil to 
identify areas and soil volumes (Section 8.0) where soil chemical concentrations exceed the 
PRGs. Also, during actual site remediation (i.e., lead contaminated soil excavation), PRGs are 
useful for comparing to confirmation soil sample results to confirm that ‘clean’ soil compliant 
with the PRGs has been attained at the limits of the excavation area or treatment zone. 

6.5.4.1 Lead 

The ALM was used with the parameter values listed in Tables 6-3 and 6-4 to calculate the 
following site-specific soil lead PRGs: 

• 9,406 mg/kg for the minimum exposure receptor representative of current and future PRR 
workers/Interns (see Table 6-14 for the ALM results) 

• 2,240 mg/kg for the hypothetical future industrial worker (see Table 6-15 for the ALM 
results) 

• 3,924 mg/kg for the hypothetical future construction worker (see Table 6-16 for the ALM 
results)  

A site-specific soil lead PRG was not developed for current adult and child visitor/hunter 
because they are non-conservative compared to the PRR worker/intern PRG described above. 

Default EPA Region 3 soil lead PRGs are also considered: 

• 400 mg/kg from the November 2013 RSL table (EPA, 2013b), corresponding to default 
EPA residents. [At such time as EPA may adopt the CDC BLL reference value of 5 
ug/dL (CDC 2012a and 2012b) the corresponding residential soil lead PRG would be 158 
mg/kg rather than 400 mg/kg. If site soil was remediated to a value greater than 158 
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mg/kg and EPA adopted 5 ug/dL, then LUCs to prohibit residential land use would be 
necessary]. 

• 800 mg/kg from the November 2013 RSL table (EPA, 2013b), corresponding to default 
EPA industrial workers 

6.5.4.2 Arsenic and Antimony 

Site-specific PRGs were calculated for antimony and arsenic (see RAGS Part D, Table 10.1, in 
Appendix E). The equations used to calculate the cancer risk and non-cancer hazard results for 
each receptor were modified to solve for the allowable soil concentration (i.e., PRG) at the Trap 
and Skeet Range 17, using a target cancer risk of 1×10-5 and a target HI of 1.  

The resulting site-specific arsenic PRGs are: 

• 498 mg/kg (current PRR workers/interns) 

• 24 mg/kg (future industrial worker) 

• 265 mg/kg (future construction worker) 

The resulting site-specific antimony PRGs are: 

• 5,914 mg/kg (current PRR workers/interns) 

• 284 mg/kg (future industrial worker) 

• 206 mg/kg (future construction worker) 

Default EPA Region 3 soil PRGs for arsenic and antimony that are also considered are: 

• Arsenic: 24 mg/kg (future industrial worker) and 6 mg/kg (future resident) 

• Antimony: 410 mg/kg (future industrial worker) and 26 mg/kg (future resident) 

A groundwater PRG was not derived for arsenic even though the total groundwater risk results 
for the resident equals the target cancer risk of 1×10-4. The site is to remain a wildlife refuge and 
is unlikely to be developed for residential use. Also, the maximum detected concentration of 
arsenic in total groundwater is below the Federal MCL. 

6.5.4.3 PAHs 

For the current and probable future land use (wildlife refuge) threshold human health risk and 
hazard levels are not exceeded, indicating no requirement to calculate PRGs if LUCs are to be 
enforced that would preclude different future land uses such as industrial, residential, etc. 
However, absent LUCs, PAH PRGs provide useful information. 

Using a target cancer risk of 1×10-5, the site-specific PRG for PAHs calculated for the future 
construction worker is 43 mg/kg based on benzo[a]pyrene and dibenz[a,h]anthracene.  

Default EPA Region 3 soil PRGs considered for PAHs for industrial workers are: 

• 2 mg/kg for benzo[a]pyrene and dibenz[a,h]anthracene 

• 20 mg/kg for benz[a]anthracene, benzo[b]fluoranthene, and indeno[1,2,3-c,d]pyrene 

Default EPA Region 3 soil PRGs considered for PAHs for residents are: 
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• 0.2 mg/kg for benzo[a]pyrene and dibenz[a,h]anthracene 

• 2 mg/kg for benz[a]anthracene, benzo[b]fluoranthene, and indeno[1,2,3-c,d]pyrene 

6.6 UNCERTAINTY ASSESSMENT 

Uncertainties are associated with each step in the risk assessment process, including 
identification of COPCs, exposure assessment, toxicity assessment, and risk characterization. 

6.6.1 Uncertainties Associated with the Identification of COPCs 

Samples Representing Site Media – If the samples did not adequately represent media at the 
Site, hazard/risk estimates could be overestimated or underestimated. The Trap and Skeet Work 
Plan (2009) and Addendum (2013) were designed to confirm expected locations of antimony, 
arsenic, lead, lead shot, PAH, and NG concentrations, and delineate areas of concern. The Army 
met with EPA prior to the 2013 sampling event (May 25, 2012 planning meeting) to ensure that 
the IS sampling plan adequately met EPA’s standards for characterizing the site. Therefore, there 
was less chance that the hazard/risk estimates would be biased low. 

Analytical Methods Used to Test Samples – If the analytical methods used did not apply to 
some constituents at the Site, risk could be underestimated. Since the analytical methods at the 
Site were selected to address all constituents known or suspected to be present on the basis of 
site history, the potential for underestimation was reduced. 

Qualified Data for COPCs – The data validation process did not reject any of the measurement 
results. Data validation identified “B”-flagged data for antimony and PAHs. These results were 
still carried forward into the HHRA. No “B”-flagged data were identified for arsenic or lead in 
soils or groundwater. Also, some PAH results for 1-methylnaphthalene, 2-methylnaphthalene, 
and acenaphthylene were “J”-flagged, indicating the result was estimated and was between the 
limit of detection and the limit of quantitation. The “J”-flagged results were carried forward into 
the HHRA.  

Detection Limit Adequacy – The soil and groundwater minimum detection limits for antimony, 
arsenic, and lead were below the RSLs used to identify COPCs. 

6.6.2 Uncertainties Associated with the Exposure Assessment 

Pathways Not Evaluated – The HHRA assessed the primary exposure pathways (i.e., ingestion, 
dermal contact, and inhalation) for soils and groundwater media. Hypothetical use of 
groundwater as a source of tap water was also evaluated, even though the tap water exposure 
route is unlikely. Therefore, the hazard/risk estimates are likely biased high with the inclusion of 
the tap water exposure pathway. 

Ingestion of wild game was not quantified for the visitor/hunter (child and adult) scenario. It is 
assumed that this exposure pathway is infrequent (i.e., recreational hunting, restricted hunting 
seasons, etc.). The wild turkey and mourning doves are gallinaceous and likely to intake lead 
shot at the site. The hazard/risk estimates for this scenario are likely underestimated. 

Use of Measured Concentrations to Represent Current and Future Concentrations in the 
Exposure Media – Because concentrations of organic chemicals (but not necessarily inorganics) 
in media may decrease over time as chemicals transform, risk estimates for the current scenarios 
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do not necessarily represent future risk. The rate and extent of contamination in soils and 
groundwater are affected by environmental factors, characteristics of the microbial population, 
and the physical and chemical properties of the detected COPCs. The hazard/risk estimates are 
likely biased high for the future scenarios, because present day detected results were used to 
represent future conditions. 

The chance that excavation could uncover subsurface contamination was addressed with the 
future scenarios being exposed to mixed/subsurface soil. Therefore, the possibility that 
subsurface soil may be uncovered by natural phenomena or human activities will not result in a 
greater risk to human receptors. In fact, the HHRA risk/hazards results are lower for subsurface 
soil exposure. Excavation of soils at the Trap and Skeet Range 17 are unlikely, because the PRR 
intends to keep the refuge area in its natural state. The hazard/risk estimates are likely biased 
high for the future scenarios because the land use is not likely to change or require development.  

Estimation of Exposure Point Concentration – EPA’s ProUCL 5.0 was used to derive 95 
percent UCLs for the discrete soil data groups, but not the groundwater medium. The number of 
sample points for groundwater was below 10; therefore, ProUCL 5.0 was not used. Use of the 
maximum detected concentrations for groundwater may bias the hazard/cancer risk results high.  

For the IS soil data groups, the maximum detected concentration for the PAHs and NG was 
selected from the replicate results. The calculated mean concentration and maximum detected 
concentration were close values, indicating that the high number of increments (50) collected for 
each replicate produced a homogeneous aliquot and representative site concentration. Also, all 
detected PAHs were carried forward in the risk calculations (i.e., none were eliminated during 
the risk-based screening).  

Modeling Environmental Transport and Fate – A site-specific PEF and VFs were used to 
estimate concentrations in air from windblown dust and vapors from soil, respectively. There is 
generally a higher level of uncertainty associated with the use of modeled concentrations than in 
the use of measured concentrations if valid measurement data are available for the exposure 
medium and exposure location. 

For the soil-to-outdoor air pathway, the impact of this uncertainty on estimated risk is minimal. 
Pathway-specific risk estimates for inhalation of dust and vapors at the Trap and Skeet Range 17 
are much lower than risk estimates for ingestion and dermal contact with soil and do not 
significantly contribute to the cumulative cancer risk and non-cancer hazard results. 

The ingestion of wild game was not modeled or quantified for this HHRA. The estimated cancer 
risk and/or non-cancer hazards for the adult and child visitor/hunter may be underestimated for 
not addressing this exposure pathway, even though the contribution of the wild game to their diet 
is likely to be small.  

Exposure Parameter Estimation – Most of the exposure parameter values for the reasonable 
maximum exposure are a mix of average and high-end estimates of exposure; it is unknown if 
the estimated cancer risks and non-cancer hazard estimates are biased high or low.   

6.6.3 Uncertainties Associated with the Toxicity Assessment 

Bases for Derivation of Toxicity Values – Sources of uncertainty in the derivation of toxicity 
values (e.g., modifying factors) affect all HHRAs and are not specific to the HHRA for this Site.  
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Subchronic toxicity data were used, where available, for the construction worker scenario. The 
RAGS Part D, Tables 5.1 and 5.2, in Appendix E present the subchronic toxicity values. The 
subchronic values are mostly provisional and not published in IRIS; it is unknown if the 
construction worker non-cancer hazard results for chemicals with provisional toxicity values 
may be biased higher or lower. Chemicals for which chronic toxicity values were used in future 
construction worker calculations are likely biased high for the non-cancer results.  

Toxicity values for oral exposures used in the risk assessment for PAHs, except benzo(a)pyrene, 
are provisional values that have not been verified and listed in IRIS. A higher level of 
uncertainty is associated with provisional values than with consensus values listed in IRIS. Use 
of provisional values could overestimate or underestimate risk/hazard. 

As discussed previously, Cal EPA recommends using potency values to derive IURs for the 
carcinogenic PAHs; benzo(a)pyrene’s IUR is still provisional and has not been verified by IRIS. 
Application of the potency factors to the provisional IUR for benzo(a)pyrene introduces a high 
level of uncertainty with respect to the inhalation pathway of exposure. However, the cancer risk 
estimates for the carcinogenic PAHs are driven by the oral and dermal exposure pathways; the 
effect on the cumulative cancer risk results is minimized. 

The dermal risks for PAHs currently only address absorbed effects and not point-of-entry effects, 
biasing low the estimated risks. 

6.6.4 Uncertainties Associated with the Risk Characterization 

Risk characterization uncertainties include possible synergistic or antagonistic effects of 
exposure to multiple chemicals, and the applicability of cancer risk estimation methodology to 
less than lifetime exposure duration. These uncertainties are generic to the risk assessment 
process, and not specific to this Site. 

6.6.5 Uncertainties Associated with the Lead Modeling 

There is uncertainty associated with evaluating the risks from exposure of human receptors to 
lead in soil and groundwater at the site. Sources of uncertainty include using EPA (2009b) 
updated values for PbB0 and GSDi, using a minimum exposure receptor to evaluate current 
scenarios, and using parameter values for adults to predict PbB in older child visitors. However, 
many conservative assumptions were used throughout the process that likely resulted in an 
overestimation of PbBs for receptors at the site.  

6.6.5.1 Updated PbB0 and GSDi Values 

Updated PbB0 (1.0 µg/dL) and GSDi values (1.8) were used in the ALM as recommended by 
EPA (2009b). The previous EPA methodology for estimating PbB0 and GSDi was based on an 
analysis of PbB data from the National Health and Nutrition Examination Survey (NHANES) III 
(1988 to 1994) by EPA (2002b). PbB0 and GSDi values were updated by EPA (2009b) based on 
an analysis of more recent PbB data from the NHANES III (1999 to 2004), which showed 
decreased PbBs among age and ethnic groups. EPA’s Technical Review Workgroup (TRW) 
Lead Committee states that the updated PbB0 and GSDi values are appropriate for lead risk 
assessments for non-residential exposures, both in assessing risk and in developing PRGs for 
sites (EPA, 2010b). However, the TRW has cautioned that lead risk assessments that include 
non-residential land use should report new toxicity information from EPA (2006) indicating the 
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possibility for adverse health effects at PbBs below 10 µg/dL, down to 5 µg/dL and possibly 
lower (EPA, 2010b). The new toxicity information for lead has not yet been incorporated into 
any EPA methodologies for evaluating the exposure of children or adults to lead. EPA considers 
10 µg/dL to be the PbB of concern for fetuses and children (ATSDR, 2007). 

Updated PbB0 and GSDi values were used in this HHRA instead of the previous EPA 
methodology, in which geographical region and race/ethnicity were used to estimate PbB0 and 
GSDi (EPA, 2002b). The population in Anne Arundel County is 79.2 percent white, 4.5 percent 
Hispanic of any race, and 15.4 percent black (Census, 2000). Using this information and EPA’s 
previous approach would result in selecting a PbB0 for the site of 1.30 µg/dL and a GSDi for the 
site of 2.04 (each based on values for non-Hispanic whites in the southern geographical region of 
the United State obtained from EPA [2002b]). Using these PbB0 and GSDi values, the ALM 
predicts a slightly greater than 5 percent (5.1 percent) chance of exceeding the 10 µg/dL level of 
concern for the fetus of a minimum exposure receptor exposed to surface soil at the site. In 
contrast, using the updated PbB0 and GSDi values in the HHRA resulted in only a 1.6 percent 
chance of exceeding the 10 µg/dL level of concern.  

EPA’s TRW no longer recommends using regional and ethnic information to estimate PbB0 and 
GSDi values because populations move between regions, and exposure is not typically ethnically 
homogeneous. Using any PbB0 or GSDi values from the EPA (2002) document would likely 
overestimate PbBs at the site because PbB0 and GSDi values from the EPA (2002b) document 
are based on an analysis of PbBs for women ages 17 to 45 in NHANES III (1988 to 1994). PbBs 
for women in that age group have subsequently decreased based on NHANES III 1999 to 2004 
data. Therefore, using EPA (2009b) recommended PbB0 and GSDi values based on NHANES III 
1999–2004 data likely resulted in a reasonable, conservative estimate of PbBs at the site. 

Using PbB0 and GSDi values of 1.30 µg/dL and 2.04, respectively (selected using the 2002 EPA 
methodology) would not change the overall results for the hypothetical future industrial worker 
at the site, because the ALM already predicted a greater than 5 percent chance of exceeding the 
10 µg/dL level of concern. 

6.6.5.2 Minimum Exposure Receptor 

The minimum exposure receptor was used as a surrogate scenario to obtain an estimate of PbBs 
for the three current receptor scenarios: PRR worker/intern, adult visitor, and child visitor. The 
minimum exposure receptor scenario yielded estimates of PbBs based on the lowest allowable 
amount of exposure for the ALM (1 day per week for 3 months, a total of 13 exposures). The 
actual exposure of the three current receptors (only 3 days in the 3-month exposure period) is 
much less than assumed for the minimum exposure receptor scenario. Therefore, actual PbBs for 
the three current scenarios would likely be lower than the PbBs predicted in this HHRA. 

6.6.5.3 Child Visitor Scenario 

As discussed above, the ALM was used with the minimum exposure scenario to predict PbBs in 
current receptors, including children (ages 6 to 16 years) who may visit the site for 2 hours per 
day, 1 day per month, for 12 months per year. This is a hypothetical scenario for most children, 
because the ALM assumes receptors at the site may be pregnant. However, the EPA TRW has 
indicated that it is reasonable to apply the ALM to non-residential scenarios with older children, 
since exposure during these years may result in a body burden of lead that is available to transfer 
to the fetus later in life (EPA, 2010b). It would not be appropriate to use the EPA’s IEUBK 
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model for predicting PbBs for child visitors at the site (ages 6 to 16 years), because the IEUBK 
model is only recommended for children ages 0 to 6 years. 

EPA does not have a specific methodology for evaluating children older than 6 years who are not 
yet adolescents (i.e., children 7 to 12 years of age). EPA’s TRW have noted that it is reasonable 
to apply the ALM to non-residential adolescent receptors, provided appropriate parameter values 
can be identified for PbB0, GSDi, AFs, and BKSF (EPA, 2010b). Brody et al. (1994) evaluated 
NHANES data and reported low PbB0 levels for children ages 12 to 18 years, relative to PbB0 
values for adults at that time (EPA, 2010b). Therefore, using the PbB0 value recommended in the 
ALM for adults as the PbB0 value for children at the site may overestimate PbBs for children at 
the site who are 12 to 16 years old. Current EPA default values for GSDi are available for young 
children, 0 to 6 years of age (1.6) (EPA, 2009c), and adults (1.8) (EPA, 2009b). The more 
conservative of the two values (1.8) was used in the ALM to predict PbBs in child visitors. The 
EPA default values for BKSFs are available for young children, 0 to 6 years of age (0.3) (EPA, 
2009c), and for adults (0.4) (EPA, 2003a). The more conservative of the two values (0.4) was 
used in the ALM to predict PbBs in child visitors. EPA default values for AFs are 0.3 for 
children 0 to 6 years old (EPA, 2009c), and 0.12 for pregnant woman (EPA, 2003a). No 
information was located on absorption of lead from soil for children 6 to 16 years of age. The 
EPA default AFs value of 0.12 for adults was used in the ALM to predict PbBs in child visitors 6 
to 16 years of age. Depending on the actual AFs values for children 6 to 16 years of age, the use 
of an AFs of 0.12 could overestimate or underestimate PbB in child visitors at the site. 

There is uncertainty in the evaluation of exposure to lead by child visitors (6 to 16 years of age) 
because EPA does not have a specific methodology for evaluating children older than 6 years 
who are not yet adolescents (i.e., children 7 to 12 years of age). To address this uncertainty, 
conservative EPA default values for PbB0, GSDi, and BKSF were used in the ALM. 

6.6.5.4 Overall Uncertainty with Lead 

There is uncertainty associated with using the ALM to predict PbBs at the site. However, 
conservative assumptions (including quadrupling the amount and rate of actual exposure for all 
current receptors) were used throughout the process that likely resulted in an overestimation of 
PbBs for receptors at the site. 

6.7 RISK ASSESSMENT SUMMARY 

The HHRA results are discussed separately for the discrete soils and groundwater (total and 
dissolved) for metals (Tables 6-5 and 6-6), PAHs (Tables 6-7 and 6-8), and NG (Table 6-9). The 
receptors with cancer risk/non-cancer hazard results above the target thresholds provided in 
Section 6.5 are discussed below. 

Metals Evaluation 

As shown in Tables 6-5 and 6-6, the exposure to metals in soils presents minimal risk for the 
current/future PRR worker/intern, adult visitor, and child visitor. The cancer risk estimates fall 
within the acceptable cancer risk range of 1×10-6 to 1×10-4, and the cumulative non-cancer HIs 
and target organ HIs are below the target HI of 1.  

The cumulative cancer risk estimates for the future construction worker from exposure to surface 
and mixed soils fall within the acceptable cancer risk range of 1×10-6 to 1×10-4. However, the 
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construction worker’s cumulative non-cancer HI for surface soil is above the target HI of 1, but 
the target organ-specific HI for blood (antimony) equals, but does not exceed 1.  

For the discrete surface soil and groundwater (total) exposure media, the cancer risk estimate 
(1×10-4) for the future industrial worker scenario is equal to the upper end of the cancer risk 
range, and the non-cancer HI equals, but does not exceed, the target HI of 1. The target organ-
specific HIs are below the target HI of 1. Arsenic is the main contributor to the cancer risk 
estimate for the future industrial worker. For mixed soil and groundwater (total) media, the 
future industrial worker cancer risk estimate (6×10-5) is within the acceptable cancer risk range. 
The cumulative non-cancer HI of 0.8 is below 1. The results for the future industrial worker are 
based on the premise that the future land use will change and that groundwater will be used as a 
drinking water source at the Trap and Skeet Range 17. However, it is unlikely that the land use 
will change for the PRR. 

The cancer risk estimates for the hypothetical resident (lifetime) are above the upper end of the 
cancer risk range (1×10-4) due to ingestion and dermal contact with arsenic in soils and 
groundwater (total). Arsenic is not a risk driver in the dissolved groundwater medium, but is a 
risk driver in the total groundwater medium. The cumulative non-cancer HIs for the child and 
adult resident are above the target HI of 1; the target organ-specific HIs for blood (antimony), 
vascular system (arsenic), and skin (arsenic) are above 1. The results for the future residential 
scenario are based on the premise that the future land use will change and that groundwater will 
be used as a drinking water source at the Trap and Skeet Range 17. However, it is unlikely that 
the land use will change for the PRR. The residential evaluation is provided for information 
purposes only. 

The standard EPA ALM was used with site-specific parameter values to calculate PbBs and 
PRGs for current PRR workers/interns, current adult visitors, current child visitors, and 
hypothetical future industrial workers at the site. Due to constraints in the ALM that require that 
receptors be exposed to soil at least 1 day per week for 3 months (EPA, 2010b), a minimum 
exposure receptor was used as a surrogate for the three current receptors, who will have very 
limited exposure to lead in soil at the Site (a total of approximately 12 to 24 hours of exposure at 
the Site per year). The ALM predicted a 1.6 percent chance of exceeding the 10 µg/dL level of 
concern for the fetus of a minimum exposure receptor exposed to surface soil at the site. The 
ALM results are below the concern threshold (i.e., the 5 percent chance of exceeding the 10 
µg/dL level). Therefore, the ALM predicts that exposure to lead in surface soil at the site will not 
result in unacceptable PbBs for current PRR workers/intern, adult visitor/hunter, or child 
visitor/hunter. 

The ALM predicted a 43.5 percent (exposure to surface soil only) and 10.8 percent chance 
(exposure to mixed surface and subsurface soil) of exceeding the 10 µg/dL level of concern for 
the fetus of a hypothetical future industrial worker. The ALM results are above the concern 
threshold. Therefore, the ALM predicts that exposure to lead in surface soil or mixed soil at the 
site will result in unacceptable PbBs for hypothetical future industrial workers. 

Because the maximum concentration of dissolved lead in groundwater of 3.7 µg/L is less than 
the allowable concentration of lead in drinking water of 15 µg/L (EPA, 2010c), there was no 
further evaluation of lead in groundwater at the site. 
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PAH Evaluation 

As shown in Tables 6-7 and 6-8, the exposure to PAHs in soils presents minimal risk for the 
current/future PRR worker/intern, adult visitor, and child visitor at EU-A, EU-B, EU-C, EU-D, 
and EU-F (i.e., DUs 1 through 5). The cancer risk estimates fall below the EPA Region 3 target 
cancer risk threshold of 5×10-5, and the cumulative non-cancer HIs and target organ HIs are 
below the EPA Region 3 target HI of 0.5. 

The cumulative cancer risk estimates for the future construction worker are also below EPA 
Region 3 target cancer risk of 5×10-5, and the cumulative non-cancer HIs are below the EPA 
Region 3 target HI of 0.5. 

The surface soil EU-A (DU1) and EU-D (DU4) cumulative cancer risk estimates (3×10-4 and 
5×10-4, respectively) for the future industrial worker are above the EPA Region 3 target cancer 
risk threshold of 5×10-5. The surface and subsurface soil cumulative cancer risk estimates (5×10-

3 and 6×10-4, respectively) for the hypothetical future resident (lifetime) at EU-A (DU1) are 
greater than the EPA Region 3 target cancer risk threshold of 5×10-5. The surface soil cumulative 
cancer risk estimate (8×10-3) for the lifetime resident at EU-D (DU4) was also above 5×10-5. 
These results correspond with the 2013 field team observations, which noted clay fragments 
along the surface of EU-A (DU1) and EU-D (DU4), the most likely areas to have clay pigeon 
fragment fallout from the historic skeet shooting.  

The cumulative cancer risk estimates for EU-B and EU-C (bounding units, DUs 2 and 3) are 
similar to the background cancer risk estimates for EU-F (background PAH unit, DU5); these 
estimates are below the EPA Region 3 target cancer risk threshold of 5×10-5. The cumulative 
non-cancer HIs for EU-A, EU-B, EU-C, EU-D, and EU-F (i.e., DUs 1 through 5) are below the 
EPA Region 3 target HI of 0.5.  

NG Evaluation 

Table 6-9 presents the results of the NG evaluation for the current/future and future scenarios at 
EU-G (DUs 6 and 7). The cumulative cancer risk estimates for all scenarios are below the EPA 
Region 3 target cancer risk threshold of 5×10-5. With the exception of the child resident, the 
cumulative non-cancer HIs are below the EPA Region 3 target HI of 0.5. The child resident has a 
cumulative non-cancer HI and blood target organ-specific HI of 0.8 due to ingestion and dermal 
contact with NG in surface soil. The results for the future residential scenario are based on the 
premise that the future land use will change at the Trap and Skeet Range 17 to unrestricted use, 
which is unlikely for the PRR-NT. The residential evaluation is provided for information 
purposes only. 

Summary 

The risk-driving chemicals at the Trap and Skeet Range 17 are antimony and arsenic in surface 
and subsurface soil; arsenic in total groundwater; benzo(a)pyrene, benz(a)anthracene, 
benzo(b)fluoranthene, dibenz(a,h)anthracene, and indeno(1,2,3-c,d)pyrene in EU-A (DU1) 
surface soil; benzo(a)pyrene, benzo(b)fluoranthene, and dibenz(a,h)anthracene in EU-A (DU1) 
subsurface soil; and benzo(a)pyrene, benz(a)anthracene, benzo(b)fluoranthene, and 
dibenz(a,h)anthracene in EU-D (DU4) soil. These risk drivers pertain to the future scenarios (i.e., 
industrial worker, construction worker, and resident). The site is to remain a wildlife refuge (i.e., 
return to its natural state) and future development of the site is unlikely. The cancer risk 
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estimates and/or non-cancer hazard estimates associated with these chemicals are below EPA 
thresholds for the current/future scenarios (i.e., PRR worker/intern and visitor/hunter). 

Conclusion 

In conclusion, the cancer risk and non-cancer hazard results for the current/future scenarios at the 
Trap and Skeet Range 17 are within or below the acceptable cancer risk range and below the 
non-cancer HI thresholds. The land use is likely to remain a wildlife refuge, so the Trap and 
Skeet Range 17 is not likely to cause adverse human health effects for the current/future 
scenarios. 

The hypothetical future scenarios have cancer risk estimates and/or non-cancer HIs above the 
target thresholds. Also, ALM and IEUBK lead modeling predict that exposure to lead in surface 
soil or mixed soil at the site will result in unacceptable PbBs for hypothetical future industrial 
worker and child resident, respectively. The hypothetical future scenarios assume that the land 
use would change from a wildlife refuge and that shallow groundwater would be used as a 
potable drinking water source. However, the Army plans to address the groundwater as a 
separate OU at a later date. The 1991Land Transfer Assembly prohibits the use of groundwater 
from the site as a potable resource at the PRR-NT.  

If the land use changes from a wildlife refuge and the shallow groundwater is used for potable 
purposes, adverse human health effects are possible at the Trap and Skeet Range 17. The 
likelihood of the future land use changing is low; the results of these future scenarios are 
provided for information purposes only. 
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7.0 BASELINE ECOLOGICAL RISK ASSESSMENT 

This section presents the results of the Ecological Risk Assessment (ERA), performed in 
accordance with the methodology outlined in Ecological Risk Assessment for Superfund: Process 

for Designing and Conducting Ecological Risk Assessments (EPA, 1997). Specific methods used 
in the Baseline Ecological Risk Assessment (BERA) are described in the planning documents for 
the Trap and Skeet Range 17 (URS, 2009 and 2013). 

7.1 PROBLEM FORMULATION 

The problem formulation process establishes the goals, complexity, and focus of the ecological 
risk assessment. The assessment is intended to evaluate potential threats resulting from operation 
of the Trap and Skeet Range to the receptors from exposure to lead shot, metals, PAHs, and NG 
in soil. The problem formulation process includes identifying COPCs, developing a conceptual 
model to identify exposure pathways and assessment endpoints, and identifying testable 
hypotheses and measurement endpoints. Elements of this process are presented in the following 
sections. 

7.1.1 Environmental Setting 

Currently, the Trap and Skeet Range 17 is in the early successional stages between old-field and 
scrub-shrub habitat. Since closing the Trap and Skeet Range 17 in 1999, the vegetation around 
the trap houses and within the fall zone has not been cut. The areas to the north and south of the 
trap range are forested, while the area along the eastern edge is composed of a transition area of 
pine and bramble leading to a forested area. The site slopes gently to the east toward a shallow 
ephemeral drainage channel. 

There are no surface water bodies in the immediate vicinity of the Trap and Skeet Range 17; 
however, the Little Patuxent River is located about 1 mile east of the range. USFWS/EPA (2004) 
mapped an ephemeral drainage (Figure 2-1) located approximately 400 feet downrange from the 
trap and skeet houses. This ephemeral drainage discharges into an upland-woodland. The 
ephemeral drainage contains water only after precipitation events and is not an intermittent or 
perennial stream. Previous site investigations by USFWS did not encounter hydric soils within 
the potential impact zone of the range and determined that no jurisdictional wetlands are located 
within the boundaries of the site (USFWS/EPA, 2004). 

Within the largely upland oak and pine forests lie extensive bottomland hardwood forests along 
the Little Patuxent and Patuxent Rivers. The North Tract is in an area known as the Great Fork 
Area, named for the presence of these two rivers. The largely undisturbed bottomland hardwood 
forest serves to protect the water quality in the Chesapeake Bay. A large portion of the North 
Tract is within a 100-year floodplain, and thus this area is part of the Chesapeake Bay Critical 
Area. The Critical Area Act was a resource protection program that was passed in 1984 by the 
Maryland General Assembly. The act identified Critical Area as land within 1,000 feet of the 
mean high water line of tidal waters, or the landward edge of tidal wetlands, and all waters of 
and lands under the Chesapeake Bay and its tributaries (USFWS/EPA, 2004).  

The North Tract has several unique wetland systems that are largely associated with the 
bottomland hardwoods. Systems include a cranberry bog, several oxbow marshes along the Little 
Patuxent River, and mature forested wetlands along the Patuxent River. One wetland near the 
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cranberry bog contains a nematode species known to control mosquitoes. Also, wet sphagnum 
bogs are scattered throughout the uplands. Open fields and meadows occur sporadically within 
the North Tract. Most of these non-forested areas are associated with former gunnery ranges on 
the eastern half of the tract and within the former Walter Reed Medical Farm in the far western 
corner (USFWS/EPA, 2004). 

7.1.2 Contaminants at the Site 

7.1.2.1 Inorganics 

Inorganic COCs for the site were identified based on the results of TAL metals analysis, 
screening against ecological benchmarks, and toxicity testing performed by USFWS during an 
BERA for the site published in 2004 (USFWS/EPA, 2004). During their assessment, soil 
samples were analyzed for TAL metals. The maximum concentration of each TAL metal was 
compared to an ecological benchmark. Those metals with maximum concentrations exceeding 
the benchmarks were retained as COPCs. Results of this TAL metal screening are summarized 
below.  

Beryllium, cadmium, and thallium were not detected and had ecological benchmarks greater than 
their detection limits. Sodium was not detected and had no ecological benchmark. All of these 
metals were eliminated from consideration as COCs.  

Barium, cobalt, mercury, nickel, silver, and zinc were detected at maximum concentrations 
below their respective ecological benchmarks, so these metals were eliminated from 
consideration as COCs.  

Metals retained by USFWS/EPA as COCs after the screening against ecological benchmarks 
include aluminum, antimony, arsenic, chromium, iron, lead, manganese, selenium, and 
vanadium. Copper was also retained because it is a known impurity in lead shot.  

During the USFWS/EPA ERA, samples of soil from the site were evaluated using a 28-day 
earthworm toxicity test. There was significant mortality during the test, and it was determined 
that there was a positive correlation between percent survival and decreasing concentrations of 
lead and antimony in soil. Based on the results of toxicity testing, aluminum, arsenic, chromium, 
iron, manganese, selenium, vanadium, and copper were eliminated from consideration as COCs 
because: 1) concentrations of these metals did not correlate with percent survival, and 2) for 
samples where mortality was significant these metals, concentrations were less than the 
concentrations measured in the reference samples.  

USFWS/EPA (2004) determined that the concentrations of lead and antimony in soil samples 
were positively correlated. It was concluded that, although there may be a risk from antimony, it 
may be masked by the higher concentration of lead. Consequently, antimony was eliminated 
from further consideration, leaving lead as the only metal considered as a COC in the 2004 
BERA (USFWS/EPA, 2004). The results of the USFWS/EPA 2004 screening and toxicity 
testing were used to identify lead as a COC for this ERA.  

7.1.2.2 Organics (PAHs and NG) 

Soil samples were collected from seven separate DUs, with analysis for either PAHs (DUs 1 
through 5) or NG (DUs 6 and 7). A screening process was used to determine which of the 
analytes detected in each DU should be evaluated in the BERA. For each decision unit, this 
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process involved comparing the maximum soil concentration of each detected chemical to soil 
screening values for invertebrates, mammals, and birds.  

For PAHs (DUs 1 through 5), screening levels for invertebrates and mammals were the 
Ecological Soil Screening Levels (Eco-SSLs) (EPA, 2007b). PAHs are made up of carbon and 
hydrogen atoms grouped into at least two condensed aromatic ring structures. Separate screening 
levels were used for low molecular weight PAHs (fewer than four rings) and high molecular 
weight PAHs (four or more rings). For avian receptors, the screening levels for PAHs were the 
EPA Region 3 Biological Technical Assistance Group (BTAG) concentrations. Results of the 
screening for these DUs are provided in Tables 7-1 through 7-5. Based on the screening results, 
PAH COCs are associated with DUs 1 and 4 (areas of visible target fragments), but not DUs 2, 3, 
or 5 where no target fragments were observed. 

For NG (DUs 6 and 7), a soil screening level was obtained for invertebrates (SERDP, 2012). No 
soil screening levels were available for mammals or avian receptors. Typically, if a screening 
level is not available for a chemical or receptor, the chemical is carried forward to the BERA. 
Based on studies using the northern bobwhite, NG is non-toxic to birds in environmental settings 
(USACHPPM, 2007). Therefore, this chemical was not considered for avian receptors in the 
BERA despite the lack of screening value. The NG screening values for DUs 6 and 7 are 
provided in Tables 7-6 and 7-7, indicating NG is a COC in both DUs. 

Table 7-8 summaries the receptor-specific COCs for all DUs discussed above.  

7.1.3 Contaminant Transport 

Transport of COCs within, and potentially from, the Trap and Skeet Range could occur primarily 
through the following pathways: 

• Movement of contaminants sorbed to suspended particles with surface water runoff to a 
location where invertebrates and higher trophic level receptors could be exposed to them 

• Movement of contaminants sorbed to soil particles suspended as windblown dust 

This is a theoretically complete pathway, but is not likely to result in significant exposure. 
Windblown dust, while a viable mode of transport, is not likely to be significant because of the 
presence of vegetation over much of the site. In addition, if particulate matter containing 
contaminants becomes airborne, it would be dispersed over a wide area and would not 
accumulate in significant concentrations at any single location. 

• Movement of soluble contaminants with groundwater and discharge of groundwater into 
a surface water body 

This is an incomplete exposure pathway. Based on the depth to groundwater (estimated to be 10 
to 20 feet bgs) and the ground surface elevation in the vicinity of the Trap and Skeet Range, 
discharge of groundwater to a surface water body is highly unlikely.  

• Volatilization of chemicals from groundwater through the vadose zone into ambient air 
and transport from the site 

This is an incomplete pathway. None of the COCs at the site are volatile and they would not 
partition from groundwater to the vapor phase.  
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7.1.4 Ecotoxicity 

The COCs selected for consideration in the BERA are lead, PAHs, and NG. Lead shot is 
considered separately because it potentially affects different receptors by a different mechanism.  

7.1.4.1 Lead 

Lead is one of the most ubiquitous pollutants in the developed areas of the world. Lead is 
nonvolatile, with solubility depending on pH and other factors. It is strongly sorbed to sediments 
at a rate correlated to grain size and organic content, and tends to combine with a variety of 
complexing species. Lead uptake in wildlife depends on exposure time, aqueous concentration, 
pH, temperature, salinity, and diet. When released to soil, lead is normally converted from 
soluble lead compounds to relatively insoluble sulfate or phosphate derivatives (EPA, 2005b).  

In terrestrial wildlife, lead exposure may cause birth abnormalities and premature death. 
Waterfowl poisoned by lead shot may suffer damage to the nervous system, kidneys, or liver. 
High brain lead concentrations have been associated with kidney disease, testicular and liver 
lesions, and neurological disorders in mourning doves. For aquatic organisms, all life stages are 
sensitive to the toxic effects of lead, particularly embryos. Gill, liver, kidney, and erythrocytes 
accumulate lead from aqueous sources in proportion to the time and concentration of exposure 
(Sample et al, 1996).  

An Eco-SSL of 1,700 mg/kg for lead in soil has been developed for invertebrates. This value is 
considered to be a No Observable Adverse Effect Level (NOAEL). Based on site-specific 
toxicity testing, USFWS/EPA (2004) developed NOAEL and LOAEL values of 46 mg/kg and 
260 mg/kg, respectively, for lead in soil. These values are significantly lower than the Eco-SSL 
values. It was determined that this may be due to low soil pH at the site, which has been 
documented to increase the uptake of lead by invertebrates USFWS/EPA (2004). The 
USFWS/EPA NOAEL and LOAEL values were used in the RI because they were derived from 
toxicity tests using soil samples collected directly from the Site.  

NOAELs and LOAELs for lead for terrestrial receptors available in current literature were 
reviewed. A variety of NOAEL and LOAEL values from different sources were evaluated, 
including those used by the USFWS/EPA in their 2004 BERA for the range, and those provided 
in Sample et al. (1996). The values USFWS/EPA used and those recommended in Sample et al. 
(1996) were from comparable studies and were either the same or very similar. The values used 
by the USFWS/EPA were used for this RI assessment because of their similarity to other 
preferred literature values, and to provide consistency between the two ERAs.  

The selected NOAEL and LOAEL for avian receptors are 1.5 mg/kg of body weight per day 
(BW/day) and 15 mg/kg BW/day, respectively. These are based on a study by Edens et al. 
(1976), which involved exposing Japanese quail to lead acetate and monitoring egg production 
and hatching.  

The selected NOAEL and LOAEL for mammalian receptors are 7.7 mg/kg BW/day and 77 
mg/kg BW/day, respectively. These are based on a study by Azar et al. (1973), which involved 
exposing rats to lead and monitoring changes to reproduction and growth over three generations.  
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7.1.4.2 Lead Shot 

Birds may ingest lead shot while foraging in search of food or grit. Grit is the small stones or 
similar hard materials that are retained in the gizzard of a bird and used to help grind hard food 
items.  

The toxicity of lead shot ingested by birds depends on a number of variables, including the 
condition of the bird, climate, gender, age, and diet. Ingested lead can partially or completely 
dissolve in the acid environment of a bird’s stomach. There are differences among bird species in 
stomach acidity and the degree of abrasion that lead shot is subjected to in the bird’s gizzard.  

Exposure to lead shot is generally lower in a bird consuming a soft diet that does not require 
much grinding (Kendall et al., 1996). A diet that is composed of harder materials, such as corn or 
grain, will require more grinding in the gizzard. If lead shot is present in the gizzard, this 
grinding can cause substantial amounts of lead to be released, resulting in significant lead uptake 
and toxicity (Massachusetts Department of Environmental Protection, 2009).  

Lead shot retention is an important factor in toxicity and varies based on species, diet, body size, 
and season. When grit is available, birds ingest and eliminate considerable amounts daily. Grit 
elimination is reduced when access to grit is reduced. Hard food diets may increase both grit 
consumption rates and retention times (Stafford and Best, 1999). 

Numerous studies published in the literature document the lethal and sub-lethal effects of 
ingestion of lead shot by birds in laboratory experiments. Several investigators have reported 
toxicity and mortality from ingesting one or two lead shot fragments. A single oral dose of two 
shot fragments (254 mg) in a black duck resulted in weight loss, emaciation, and mortality 
(Chasko et al., 1984). A single oral dose of one No. 8 shot (72 mg) administered to mourning 
doves resulted in 24 percent mortality in 4 weeks (Buerger et al., 1986). 

7.1.4.3 Polycyclic Aromatic Hydrocarbons  

PAHs are organic substances made up of carbon and hydrogen grouped into at least two aromatic 
ring structures. These can be divided into two categories: low molecular weight compounds (less 
than four rings) and high molecular weight compounds (four or more rings). PAHs originate 
from both natural and anthropogenic sources and are found throughout the environment in all 
media. They can bind with soil particles or leach into the groundwater. Particle-bound PAHs can 
be transported long distances in the atmosphere and are ultimately removed through rain and dry 
deposition. Vertebrates can readily metabolize PAHs, but lower forms (insects and worms) 
cannot metabolize PAHs as quickly.  

The primary mode of toxicity for PAHs in soil dwelling terrestrial invertebrates is non-specific 
nonpolar necrosis. Uptake by earthworms results primarily from direct contact with interstitial 
pore water. Bioaccumulation factor (BAF) values for earthworms are 3.04 for low molecular 
weight PAHs and 2.6 for high molecular weight PAHs (EPA, 2007b). Animals may be exposed 
to PAHs by either direct ingestion of soil or indirect ingestion of food items. Toxicity of PAHs to 
animals generally increases as the PAH molecular weight increases. Animal studies have shown 
that exposure to PAHs can cause harmful effects on the skin, hematopoietic system, small 
intestine, kidneys, mammary gland, and immune response. 

Eco-SSLs were derived separately for low molecular weight and high molecular weight PAHs 
for soil invertebrates and mammalian wildlife. The Eco-SSL for invertebrates resulted from an 
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extensive literature search. For low molecular weight PAHs, 11 studies were considered, and the 
invertebrate Eco-SSL was the geometric mean of the maximum achievable control technology 
(MACT) and EC10 values for four test species under different test conditions. The resulting Eco-
SSL is 29 mg/kg. For high molecular weight PAHs, six studies were considered and the Eco-SSL 
was the geometric mean of the MACT and EC10 values for four test species under different test 
conditions. The resulting invertebrate Eco-SSL is 18 mg/kg BW/day (EPA, 2007b). For 
invertebrates, the Eco-SSLs are also considered to be no effect levels. Data concerning PAH 
concentrations in soil which could be used to derive low effect concentrations was limited. A low 
effect concentration of 750 mg/kg associated with reproductive effects was reported by 
Neuhauser and Callahan (1990). This soil concentration was used as the low effect level for 
invertebrates for both low and high molecular weight PAHs.  

For mammalian receptors, the literature search conducted for Eco-SSL development resulted in 
76 results for low molecular weight PAHs that were considered acceptable. The soil screening 
level resulting from this analysis was 29 mg/kg. NOAEL results for growth and reproduction 
were considered along with LOAEL results to derive a toxicity reference value (TRV). The 
resulting NOAEL recommended for use is 65.6 mg/kg BW/day. The LOAEL for low molecular 
weight PAHs was derived by calculating the geometric mean of the LOAEL values resulting 
from studies that met the acceptance criteria for use in Eco-SSL development. Studies with 
endpoints of growth and reproduction were considered. The resulting mean LOAEL was 356 
mg/kg BW/day for low molecular weight PAHs.  

For high molecular weight PAHs, the literature search resulted in 45 acceptable results. The soil 
screening level resulting from this analysis was 18 mg/kg. The NOAEL values from these 
studies were considered along with LOAELs, and the recommended TRV is a NOAEL of 0.615 
mg/kg BW/day. The LOAEL for high molecular weight PAHs was derived by calculating the 
geometric mean of the LOAEL values resulting from studies that met the acceptance criteria for 
use in Eco-SSL development. These studies included those with endpoints of growth and 
reproduction. The resulting mean LOAEL was 38.4 mg/kg BW/day for high molecular weight 
PAHs.  

For avian receptors, a soil Eco-SSL was not developed for either low or high molecular weight 
PAHs because the available data were insufficient. Soil screening levels for PAHs for avian 
receptors were not available from sources recommended by EPA Region 3 BTAG. 
Consequently, the screening level of 0.1 mg/kg from the 1995 Region 3 BTAG Table was used.  

The NOAEL for low molecular weight PAHs for avian receptors was obtained from a study 
involving exposure of bobwhite quail to naphthalene (Landis Associates, Inc., 1985). This was 
the only study that was accepted for consideration for Eco-SSL development for low molecular 
weight PAHs. The NOAEL of 1,653 mg/kg BW/day reported by this study was used for the 
ERA. No studies were available that reported a LOAEL for low molecular weight PAHs. 
Consequently, the NOAEL value of 1,653 mg/kg BW/day will also be used for the LOAEL.   

The NOAEL for high molecular weight PAHs for avian receptors was obtained from a study 
involving exposure of European starlings to 7,12-dimethylbenzo(a)anthracene (Trust et al., 
1994). This was the only study that was accepted for consideration for Eco-SSL development for 
high molecular weight PAHs. NOAEL and LOAEL values of 2.0 and 20.0 mg/kg BW/day, 
respectively, were reported by this study and will be used for the ERA. 
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None of the above PAH NOAEL or LOAEL values consider the possibility that gallinaceous 
birds possibly could select clay target fragments as grit. The probability of this occurring is 
unknown. 

7.1.4.4 Nitroglycerin 

NG is used as a component of propellants and explosives and also for medicinal purposes. It is a 
liquid with high water solubility and moderate vapor pressure, and is expected to have moderate 
mobility in soil. NG is expected to have low persistence and low bioaccumulation potential 
(EPA, 2010e). Environmental degradation of NG appears to occur primarily through 
biodegradation and photolysis. It is rapidly absorbed, metabolized, and eliminated in laboratory 
animals and humans. Bioaccumulation studies have concluded that there is no accumulation of 
nitroglycerin in earthworms (SERDP, 2012). For purposes of analysis, a BAF of 0.1 was 
conservatively assumed for this assessment.  

A screening level for NG in terrestrial invertebrates of 13 mg/kg BW/day was derived after 
considering several definitive, multi-year ecotoxicity studies which were initiated and conducted 
to fill data gaps and allow derivation of Eco-SSLs for NG and other energetics for soil 
invertebrates. Measurement endpoints in the selected studies were reproduction including cocoon 
production and juvenile production. The resulting screening value is considered conservative 
(SERDP, 2012).   

No soil screening level was available for mammalian receptors. A NOAEL was developed for 
NG based on a chronic study by Ellis et al. (1978) where no adverse effects in weight loss or 
hepatic lesions were observed. The NOAEL of 3 mg/kg BW/day was derived from the most 
sensitive species (rat) and sex (male) tested (USACHPPM, 2007). A LOAEL was developed for 
mammals based on the original work by Ellis et al. (1978). Mild hepatic lesions were observed 
along with incidences of weight loss in chronically exposed male rats. The selected LOAEL of 
32 mg/kg BW/day was less than those associated with other endpoints such as reproduction, and 
was considered to be protective of other reported effects (USACHPPM, 2007).   

No soil screening level was available for avian receptors. For effects to avian receptors, Fink et 
al. (1980) conducted an 8-day dietary study using the northern bobwhite. Birds were given feed 
containing either 562 mg/kg, 1,000 mg/kg, 1,780 mg/kg, 3,160 mg/kg, or 5,620 mg/kg NG. All 
birds were monitored for weight gain and feed consumption for 8 days, with a 3-day recovery 
period. No adverse effects were attributed to treatment, and it was concluded that NG is non-
toxic to birds in environmental settings. 

7.1.5 Conceptual Site Model 

The CSM considers the attributes of the habitat in the site area along with the characteristics of 
the site to identify ecological receptors, exposure pathways, and assessment endpoints.  

7.1.5.1 Potential Receptors 

The Trap and Skeet Range contains favorable habitat for a variety of terrestrial ecological 
receptors because of the variety of vegetative cover types and somewhat limited human activity. 
The quality of the habitat is enhanced because it is contiguous to other large tracts of 
undeveloped land, which allows the potential for wildlife migration over an extended area. 
Currently, the site is in the early successional stages between old-field and scrub-shrub habitat.  
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Vegetation around the trap houses and within the fall zone has not been cut since 1999. The areas 
to the north and south of the trap range are forested, while the area along the eastern edge is 
composed of a transition area of pine and bramble leading to a forested area.  

A varied invertebrate community is present, which is important for nutrient cycling and as a 
source of food (and potentially contaminants) for upper trophic-level organisms. Mammals are 
also present in the open field/forest habitat. Small mammals that feed on invertebrates are 
present, and larger omnivorous mammals also inhabit this area. During field activities at the site, 
numerous mammals, including squirrels, rabbits, and deer, were observed. Bird species typical of 
terrestrial habitat present in the area include insectivorous birds, which feed on invertebrates, as 
well as larger carnivorous birds, which feed on small mammals. Bird species most frequently 
observed at the site during field activities included turkeys and hawks. 

Terrestrial plants are potential receptors to COCs at the site, but it is unlikely that the adverse 
effects to plant communities would be significant. During the site reconnaissance and field 
activities at the site, no signs of contaminant-stressed vegetation were observed, even in the shot 
fall zone, where the highest concentrations of lead were detected. Although the plant 
communities present at the site contribute to favorable habitat for animals, there are no unique or 
sensitive plant communities at the site. Potential adverse effects to plants were not evaluated 
quantitatively in the ERA.  

The following terrestrial indicator species were used in the ERA: 

• Terrestrial invertebrates – earthworm (Eisenia foetida) 

• Small insectivorous mammals – short-tailed shrew (Blarina brevicauda) 

• Insectivorous birds – American robin (Turdus migratorius) 

• Gallinaceous birds – mourning dove (Zinaida macroura) 

7.1.5.2 Complete Exposure Pathways 

Based on the physical characteristics of the site and surrounding areas, the COCs present at the 
site, and the ecological receptors likely to be present in habitats at and near the site, the following 
potential exposure pathways have been identified: 

• Direct exposure to surface soil (invertebrate) 

• Ingestion of food items and soil (insectivorous mammal or bird) 

• Ingestion of particles for use as food or grit (gallinaceous bird) 

Surface soil was used for the BERA, because most biological activity occurs in this stratum. In 
addition, at a trap and skeet range, the majority of lead shot, elemental lead, PAHs from clay 
targets, and NG from shotgun shell propellant are concentrated in the top 3 inches of soil.  

7.1.6 Assessment and Measurement Endpoints 

For the ERA, assessment endpoints are any adverse effects to ecological receptors, where 
receptors are animal populations and communities, habitats, and sensitive environments. Adverse 
effects on populations can be inferred from measures related to impaired reproduction, growth, 
and survival. Adverse effects on communities can be inferred from changes in community 
structure or function. Adverse effects on habitats can be inferred from changes in composition 
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and characteristics that reduce the habitats’ ability to support animal populations and 
communities. The ecological assessment and measurement endpoints for the trap and skeet range 
and surrounding areas are provided in Table 7-9. 

7.2 EXPOSURE ESTIMATE AND RISK CALCULATION 

This section explains estimation of exposure levels and quantification of ecological risks.  

7.2.1 Exposure Estimates 

To estimate exposures for the ecological risk calculation, complete exposure pathways were 
evaluated. For these, the mean onsite contaminant concentration for each environmental medium 
was used to estimate exposures. For assessment of lead and lead shot, the site was considered to 
be the area within the shot-fall zone, estimated to be approximately 15 acres. Data from samples 
collected from the ground surface to a depth of 3 inches were used because at a trap and skeet 
range, the upper surface soil tends to have much higher lead shot density and lead concentration 
than lower horizons. In addition, the upper surface soil is the horizon with which foraging birds 
and mammals have the most contact. For PAHs and NG, the site was divided into seven DUs of 
various sizes. Data from the ground surface to a depth of 6 inches were used. Subsurface soil 
from a depth of 6 to 12 inches was also considered for DU1, where concentrations of PAHs were 
expected to be greatest and there was a high potential for PAHs to be present in subsurface soil.  

7.2.1.1 Risk Calculation: Invertebrate, Insectivorous Mammal, and Insectivorous Bird 

A quantitative risk was estimated using exposure estimates and ecotoxicity values. For the risk 
calculation, the hazard quotient approach, which compares point estimates of ecotoxicity values 
and exposure values, was used to estimate risk. The hazard quotient is expressed as the ratio of a 
potential exposure level to the NOAEL or LOAEL. 

 (1) 

Where: 

HQ  =  Hazard Quotient 

Dose  =  estimated contaminant intake at the site (e.g., mg contaminant/kg body 
weight per day) 

EEC  = estimated environmental concentration at the site (e.g., mg contaminant/kg 
soil, mg contaminant/kg food) 

NOAEL  =  No Observed Adverse Effects Level (in units that match the dose or EEC) 

LOAEL  =  Lowest Observed Adverse Effects Level (in units that match the dose or 
EEC) 

For invertebrates, the HQ is calculated as the EEC for soil (mg/kg) divided by the NOAEL or 
LOAEL, also in units of mg/kg.  

For the shrew and the robin, a food chain model is used to calculate the dose of contaminant. 
This dose (mg contaminant/kg body weight per day) is divided by a NOAEL or LOAEL, derived 

LOAELor  NOAEL

EEC
  HQor 

LOAELor  NOAEL

Dose
  HQ ==
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from laboratory studies and expressed in similar units, to obtain the HQ. The food chain model 
used in this BERA to calculate the dose for both the shrew and the robin uses the formula below:  

 (2) 

Where: 

 FI = food ingestion rate (kg/day) 

 Cti = concentration of COC in terrestrial invertebrates (mg/kg) 

 Cs = concentration of COC in soil (mg/kg) 

 SI = soil ingestion rate (kg/day) 

 BW = body weight (kg) 

 AUF = area use factor (unitless) 

And, 

 (3) 

Where: 

 BAFti = bioaccumulation factor for terrestrial invertebrates (unitless) 

An HQ less than 1 (unity) indicates that the contaminant alone is unlikely to cause adverse 
ecological effects. An HQ of greater than 1 indicates the potential for an adverse effect due to 
exposure to the contaminant in excess of the acceptable level. An HQ less than (or greater than) 
1 does not indicate the absence (or presence) of ecological risk; rather, it should be interpreted 
based on the severity of the effect reported and the magnitude of the calculated quotient. As 
certainty in the exposure concentrations and the NOAEL or LOAEL increases, there is greater 
confidence in the predictive value of the Hazard Quotient model. 

7.2.1.2 Exposure Parameters: Food Chain Modeling 

For parameters needed to estimate exposures for which detailed site-specific information is 
lacking, assumptions were made or values were developed using information obtained from the 
literature, general site characteristics, or similar sources.  

Parameters used in the food chain model included in the BERA are listed below: 

• Area-use factor – Home range of the receptor (obtained from the literature) divided by 
site area.  

• Bioavailability – Assumed to be 100 percent for lead, PAHs, and NG. 

• Body weight – Average value from literature. 

• Food ingestion rate – Average value from literature. 

• Bioaccumulation factor for invertebrates – For lead, a value cited by USFWS/EPA 
(2004) from work at another trap and skeet range (0.39) was used. This value was very 
similar to a calculated value provided in Sample et al. (1998). For PAHs, values for low 
molecular weight (3.04) and high molecular weight (2.6) were obtained from the Eco-
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SSL document (EPA, 2007b). It was determined in studies reported by Strategic 
Environmental Research and Development Program (SERDP; 2012), that NG does not 
accumulate in earthworms. As a conservative measure, a default BAF of 0.1 was assumed 
for NG. 

• Dietary components – The diets for the shrew and the robin were assumed to consist 
primarily of invertebrates. The diet of the shrew typically consists of approximately 80 
percent invertebrates. The invertebrate component of the diet of the robin in the eastern 
United States may be as low as 37 percent, with the remainder consisting of plant 
material. It was determined that modeling a diet consisting of mostly plant material 
would not have a significant effect on the results of the ERA. While plant material 
typically has a much lower concentration of lead than invertebrates, the amount 
consumed is significantly greater.  

Input parameters used for food chain modeling are provided in Table 7-10. 

7.2.1.3 Risk Calculation: Gallinaceous Bird 

Risk attributable to pellet consumption by the gallinaceous bird was estimated using a 
probability model (Peddicord and LaKind, 2000; and Peddicord, 2010). This model was used in 
a similar analysis conducted by USFWS/EPA in 2004. The model calculates the probability (Pt) 
that a bird will ingest a single lead pellet during its lifetime. Based on several studies in current 
literature, it is assumed that one lead pellet will result in mortality or significant adverse effects. 
The formula and input parameters for the model are described below. 

Pt = 1 - (1 - P)
N
 (4) 

Where, 

Pt = Probability that a bird will ingest at least one lead shot in a lifetime 

P = Probability that a single selected particle will be a lead shot 

N = Number of particles selected and retained in the gizzard in a lifetime 

 

The formula for calculating P is as follows: 

P = S *Ps + (1 - S) Po  (5) 

Where, 

Ps = Fraction of grit-sized particles onsite that is lead shot 

Po = Fraction of grit-sized particles offsite that are lead shot 

S = Fraction of foraging time onsite (also called AUF) 

The formula for calculating Ps is as follows: 

Ps = Average number lead shot per sample/average number of total particles per sample 

The average number of lead shots per sample was calculated using the average lead shot count 
(498 shots per sample) for surface soil samples from the 15-acre site area, and adjusting this 
result to represent a sample area of 1 ft2. The resulting adjusted value is 635 shots per ft2.  
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The average number of particles per sample is the average number of lead shot particles in the 
sample plus the average number of non-lead grit particles in soil in the vicinity of the site. The 
average number of grit particles in site area soil was calculated using data collected by 
USFWS/EPA during field work conducted as part of their 2004 ERA. During that effort, 10 
surface soil samples were collected (nine from the site area and one from a reference location), 
and the number of grit particles in each sample was determined. For purposes of this assessment, 
the average number of grit particles in the 10 USFWS samples (3,987 particles per sample) was 
used. The grit particle count data and calculation of the average number of particles are 
summarized in Table 7-11. 

For the variable ‘Po’ (fraction of grit-sized particles offsite that are lead shot), it was assumed 
that no grit-sized lead shot particles are present offsite; therefore, Po = 0 and so does the term (1 - 

S) Po in equation 5. 

The variable ‘S’ (fraction of foraging time onsite, or AUF) was calculated using the home range 
of the mourning dove (218 hectares, or 538 acres) divided by the site area (15 acres for the shot 
fall zone). The resulting value of 0.03 was used. The 2004 USFWS/EPA BERA uses a value of 
1.0 for S and provides the following explanation: 

“Although mourning doves have a relatively large home range, the following 
rationale was used to select a value of 1.0 for an AUF (defined as S in the above 
model). Vyas et al. (2000) measured free-erythrocyte protoporphyrin levels in 
blood from passerine birds mist netted at this range. Juncos (Junco hyemalis) had 
significantly higher protoporphyrin levels than birds collected from an 
uncontaminated site. Free erythrocyte protoporphyrin is used as an indicator of Pb 
poisoning in birds (Beyer et al. 1994) and the levels are positively correlated with 
blood Pb levels (Pain 1989). Juncos are migratory birds and their primary food 
source is seeds. Mourning doves are also migratory and primarily eat seeds. 
Therefore, because of the evidence that indigenous birds are exposed to Pb at this 
site, an AUF of 1.0 was used in the shot ingestion model.” 

The information cited in the USFWS/EPA 2004 BERA does not seem to justify use of a value of 
1.0 for S. A value of S = 1 assumes that the bird never forages beyond the boundaries of the site. 
Vyas et al. (2000) found that juncos (a migratory species that consume seeds) that were mist-
netted at the site had elevated protoporphyrin levels. Beyer et al. (1994) determined that elevated 
protoporphyrin levels are indicative of lead poisoning in birds. This information supports the 
conclusion that migratory birds captured while at the site (Beyer et al., 1994) had indications of 
lead poisoning. This information does not support the assumption that these migratory birds 
spend all of their time at the site. It was concluded that the information in the sources cited by 
USFWS/EPA does not justify use of a value for S other than that based on the documented home 
range of the mourning dove and the area of the Site.  

The formula for calculating N is as follows: 

N =Y * De * Dp   (6) 

Where, 

N= No. of particles from the site selected and retained in gizzard in lifetime. 

Y = Number of years a bird lives. The assumed value for the mourning dove is 1.5 
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years, as published by McConnell (1967) and cited by USFWS/EPA (2004).  

De = Number of days per year that a bird forages in the area. The assumed value for the 
mourning dove is 245 days, which is consistent with the USFWS/EPA (2004) 
assumption based on the species being migratory and in the area from March 15 
to November 15. 

Dp = Number of particles retained in the gizzard per day which, in turn, is equal to the 
average number of particles in the gizzard divided by the number of days a 
particle is retained in the gizzard. The value of Dp is 1.67 based on assuming an 
average of 10 particles in the gizzard (McConnell [1967] cited in USFWS [2004]) 
divided by a particle retention time of 6 days (Gionfriddo and Best [1996] cited in 
Bennett, et al. [2011]). USFWS/EPA (2004) also assumed a particle retention 
time of 6 days. 

7.2.2 Ecological Risk Assessment Results 

The Trap and Skeet Range is suitable habitat for invertebrates, birds, and mammals and is 
contiguous to other large areas of excellent habitat. The site does not contain any threatened or 
endangered species or areas of sensitive or unique habitat; however, such attributes exist in other 
portions of the contiguous Patuxent Research Refuge. BERA results for each of the measurement 
endpoint species are provided below. 

7.2.2.1 Assessment Endpoint 1 (Terrestrial Invertebrates) 

Assessment Endpoint 1 is stated as “Protecting soil invertebrate communities to maintain 
nutrient cycling (trophic structure); providing a food source for higher-level consumers; and 
ensuring that contaminant levels in invertebrate tissues are low enough to minimize the risk of 
bioaccumulation and/or other negative effects to higher trophic levels.” (USFWS/EPA 2004) 

Entire site – BERA results for the terrestrial invertebrate exposure to lead are provided in Table 
7-12. Using the mean concentration of lead in shallow surface soil over the entire site (6,316 
mg/kg) and the NOAEL results in an HQ value of 137. If the NOAEL is replaced with a 
LOAEL, the HQ is 24. These results indicate that lead levels in soil may result in adverse effects 
to terrestrial invertebrates.  

Based on the NOAEL and LOAEL values used for the earthworm with the direct contact model, 
concentrations of lead in soil below 46 mg/kg are unlikely to result in adverse effects to 
terrestrial invertebrates, while concentrations of lead in soil above 260 mg/kg are likely to result 
in adverse effects. These values represent potential remedial action objectives for consideration. 

DU1 – surface soil BERA results for the terrestrial invertebrate exposure to PAHs are provided 
in Table 7-13. Using the mean concentrations of individual PAHs from the three incremental 
samples of surface soil collected in DU1 and their respective NOAELs results in the following 
HQ values: benzo(a)anthracene (1.4); benzo(a)pyrene (1.9); benzo(b)fluoranthene (2.2); 
benzo(g,h,i)perylene (1.3); chrysene (1.4); fluoranthene (1.5); indeno(1,2,3-cd)pyrene (1.0); and 
pyrene (1.7). If the NOAELs are replaced with LOAELs, the HQs are as follows: 
benzo(a)anthracene (0.03); benzo(a)pyrene (0.05); benzo(b)fluoranthene (0.05); 
benzo(g,h,i)perylene (0.03); chrysene (0.03); fluoranthene (0.04); indeno(1,2,3-cd)pyrene (0.02); 
and pyrene (0.04) . These results indicate that PAH levels in surface soil from DU1 have very 
limited potential to result in adverse effects to terrestrial invertebrates. 



Baseline Ecological Risk Assessment 

7-14 \\5-JUN-14  

DU4 – BERA results for the terrestrial invertebrate exposure to PAHs are provided in Table 7-
14. Using the mean concentrations of individual PAHs from the three incremental samples of 
surface soil collected in DU4 and their respective NOAELs results in the following HQ values: 
benzo(a)anthracene (1.3); benzo(a)pyrene (1.6); benzo(b)fluoranthene (2.0); 
benzo(g,h,i)perylene (1.2); benzo(k)fluoranthene (0.4); chrysene (1.2); fluoranthene (1.4); 
indeno(1,2,3-cd)pyrene (0.9); phenanthrene (0.9); and pyrene (1.5). If the NOAELs are replaced 
with LOAELs, the HQs are as follows: benzo(a)anthracene (0.03); benzo(a)pyrene (0.04); 
benzo(b)fluoranthene (0.05); benzo(g,h,i)perylene (0.03); benzo(k)fluoranthene (0.01); chrysene 
(0.03); fluoranthene (0.03); indeno(1,2,3-cd)pyrene (0.02); phenanthrene (0.02); and pyrene 
(0.03) . These results indicate that PAH levels in surface soil from DU4 have very limited 
potential to result in adverse effects to terrestrial invertebrates. 

There were no COCs identified for terrestrial invertebrates in Decision Area 1 – subsurface soil, 
DU2, DU3, DU5, DU6 or DU7.   

7.2.2.2 Assessment Endpoint 2 (Small Insectivorous Mammal – Short-Tailed Shrew) 

Assessment Endpoint 2 is stated as “Protecting small insectivorous mammals that feed on soil 
invertebrates to ensure that ingestion of contaminants in prey does not have a negative impact on 
growth, survival, or reproduction” (USFWS/EPA 2004). 

Entire Site – BERA results for small insectivorous mammals for exposure to lead over the entire 
site area are provided in Table 7-15. Using the mean concentration of lead in shallow surface soil 
over the entire site (6,316 mg/kg) and the NOAEL results in an HQ value of 150. If the NOAEL 
is replaced with a LOAEL, the HQ is 15. These results indicate that lead levels in soil may result 
in adverse effects to small insectivorous mammals.  

Based on the NOAEL and LOAEL values used for the shrew with the food chain model, 
concentrations of lead in soil below 42 mg/kg are unlikely to result in adverse effects, while 
concentrations of lead in soil above 420 mg/kg are likely to result in adverse effects. These 
values represent potential remedial action objectives for consideration.  

DU1 – surface soil BERA results for the small insectivorous mammal exposure to PAHs are 
provided in Table 7-16. Using the mean concentrations of individual PAHs from the three 
incremental samples of surface soil collected in DU1 and their respective NOAELs results in the 
following HQ values: benzo(a)anthracene (42); benzo(a)pyrene (57); benzo(b)fluoranthene (67); 
benzo(g,h,i)perylene (40); benzo(k)fluoranthene (19); chrysene (41); dibenz(a,h)anthracene (7); 
fluoranthene (45); indeno(1,2,3-cd)pyrene (30); and pyrene (51). If the NOAELs are replaced 
with LOAELs, the HQs are as follows: benzo(a)anthracene (0.7); benzo(a)pyrene (0.9); 
benzo(b)fluoranthene (1.1); benzo(g,h,i)perylene (0.6); benzo(k)fluoranthene (0.3); chrysene 
(0.7); dibenz(a,h)anthracene (0.1); fluoranthene (0.7); indeno(1,2,3-cd)pyrene (0.5); and pyrene 
(0.8). These results indicate that PAH levels in surface soil from DU1 have the potential to cause 
adverse effects to small insectivorous mammals. 

DU1 – subsurface soil BERA results for the small insectivorous mammal exposure to PAHs are 
provided in Table 7-17. Using the mean concentrations of individual PAHs from the three 
incremental samples of subsurface soil collected in DU1 and their respective NOAELs results in 
the following HQ values: benzo(a)anthracene (6); benzo(a)pyrene (9); benzo(b)fluoranthene 
(10); benzo(g,h,i)perylene (6); benzo(k)fluoranthene (3); chrysene (6); fluoranthene (8); 
indeno(1,2,3-cd)pyrene (5); and pyrene (8). If the NOAELs are replaced with LOAELs, the HQs 
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are as follows: benzo(a)anthracene (0.1); benzo(a)pyrene (0.1); benzo(b)fluoranthene (0.2); 
benzo(g,h,i)perylene (0.1); benzo(k)fluoranthene (0.1); chrysene (0.1); fluoranthene (0.1); 
indeno(1,2,3-cd)pyrene (0.1); and pyrene (0.1) . These results indicate that PAH levels in 
subsurface soil from DU1 have limited potential to cause adverse effects to small insectivorous 
mammals. The subsurface soil samples were collected from 6 to 12 inches below ground surface. 
It is likely that most biological activity would occur closer to the ground surface. This soil 
horizon was evaluated to gain some insight into the potential for adverse effects to ecological 
receptors should the site be regraded in the future.   

DU4 – surface soil BERA results for the small insectivorous mammal exposure to PAHs are 
provided in Table 7-18. Using the mean concentrations of individual PAHs from the three 
incremental samples of surface soil collected in DU4 and their respective NOAELs results in the 
following HQ values: benzo(a)anthracene (38); benzo(a)pyrene (49); benzo(b)fluoranthene (59); 
benzo(g,h,i)perylene (36); benzo(k)fluoranthene (11); chrysene (36); dibenz(a,h)anthracene (5); 
fluoranthene (42); indeno(1,2,3-cd)pyrene (27); and pyrene (43). If the NOAELs are replaced 
with LOAELs, the HQs are as follows: benzo(a)anthracene (0.6); benzo(a)pyrene (0.8); 
benzo(b)fluoranthene (0.9); benzo(g,h,i)perylene (0.6); benzo(k)fluoranthene (0.2); chrysene 
(0.6); dibenz(a,h)anthracene (0.1); fluoranthene (0.7); indeno(1,2,3-cd)pyrene (0.4); and pyrene 
(0.7). These results indicate that PAH levels in surface soil from DU4 have the potential to cause 
adverse effects to small insectivorous mammals but that such effect may not be occurring.  

DU6 – surface soil BERA results for the small insectivorous mammal exposure to NG are 
provided in Table 7-19. Using the mean concentration of NG from the three incremental samples 
of surface soil collected in DU6 and its NOAEL results in a HQ of 0.1. If the NOAEL is replaced 
with a LOAEL, the HQ is 0.01. These results indicate that NG levels in surface soil from DU6 
would not cause adverse effects to small insectivorous mammals.  

DU7 – surface soil BERA results for the small insectivorous mammal exposure to NG are 
provided in Table 7-20. Using the mean concentration of NG from the three incremental samples 
of surface soil collected in DU7 and its NOAEL results in a HQ of 0.1. If the NOAEL is replaced 
with a LOAEL, the HQ is 0.01. These results indicate that NG levels in surface soil from DU7 
would not cause adverse effects to small insectivorous mammals. 

7.2.2.3 Assessment Endpoint 3 (Insectivorous Bird – American Robin) 

Assessment Endpoint 3 is stated as “Protecting insectivorous birds that feed on soil invertebrates 
to ensure that ingestion of contaminants in prey does not have a negative impact on growth, 
survival, or reproduction. (USFWS/EPA 2004)” 

Entire site – BERA results for insectivorous birds are provided in Table 7-21. Using the mean 
concentration of lead in shallow surface soil over the entire site (6,316 mg/kg) and the NOAEL 
results in an HQ value of 188. If the NOAEL is replaced with a LOAEL, the HQ is 19. These 
results indicate that lead levels in soil may result in adverse effects to insectivorous birds.  

Based on the NOAEL and LOAEL values used for the robin with the food chain model, 
concentrations of lead in soil below 34 mg/kg are unlikely to result in adverse effects, while 
concentrations of lead in soil above 336 mg/kg are likely to result in adverse effects. These 
values represent potential remedial action objectives for consideration. 

DU1 – surface soil BERA results for insectivorous bird exposure to PAHs are provided in Table 
7-22. Using the mean concentrations of individual PAHs from the three incremental samples of 
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surface soil collected in DU1 and their respective NOAELs results in the following HQ values: 
1-methylnaphthalene (0.000035); 2-methylnaphthalene (0.00007); acenaphthene (0.0007); 
anthracene (0.0007); benzo(a)anthracene (3); benzo(a)pyrene (4); benzo(b)fluoranthene (5); 
benzo(g,h,i)perylene (3); benzo(k)fluoranthene (1.4); chrysene (3); dibenz(a,h)anthracene (0.5); 
fluoranthene (3); fluorene (0.0003); indeno(1,2,3-cd)pyrene (2); naphthalene (0.0002); 
phenanthrene (0.003); and pyrene (4). If the NOAELs are replaced with LOAELs, the HQs are as 
follows: 1-methylnaphthalene (0.00004); 2-methylnaphthalene (0.00007); acenaphthene 
(0.0007); anthracene (0.0007); benzo(a)anthracene (0.3); benzo(a)pyrene (0.4); 
benzo(b)fluoranthene (0.5); benzo(g,h,i)perylene (0.3); benzo(k)fluoranthene (0.14); chrysene 
(0.3); dibenz(a,h)anthracene (0.05); fluoranthene (0.3); fluorene (0.0003); indeno(1,2,3-
cd)pyrene (0.2); naphthalene (0.0002); phenanthrene (0.003); and pyrene (0.4). These results 
indicate that PAH levels in surface soil from DU1 have limited potential to cause adverse effects 
to insectivorous birds.  

DU1 – subsurface soil BERA results for insectivorous bird exposure to PAHs are provided in 
Table 7-23. Using the mean concentrations of individual PAHs from the three incremental 
samples of surface soil collected in DU1 and their respective NOAELs results in the following 
HQ values: acenaphthene (0.00009); anthracene (0.00013); benzo(a)anthracene (0.5); 
benzo(a)pyrene (0.6); benzo(b)fluoranthene (0.8); benzo(g,h,i)perylene (0.5); 
benzo(k)fluoranthene (0.2); chrysene (0.4); dibenz(a,h)anthracene (0.08); fluoranthene (0.6); 
fluorene (0.00006); indeno(1,2,3-cd)pyrene (0.4); naphthalene (0.00002); phenanthrene (0.0005); 
and pyrene (0.6). If the NOAELs are replaced with LOAELs, the HQs are as follows: 
acenaphthene (0.00009); anthracene (0.00013); benzo(a)anthracene (0.05); benzo(a)pyrene 
(0.06); benzo(b)fluoranthene (0.08); benzo(g,h,i)perylene (0.05); benzo(k)fluoranthene (0.02); 
chrysene (0.04); dibenz(a,h)anthracene (0.01); fluoranthene (0.06); fluorene (0.00006); 
indeno(1,2,3-cd)pyrene (0.04); naphthalene (0.00002); phenanthrene (0.0005); and pyrene 
(0.06). These results indicate that PAH levels in subsurface soil from DU1 are unlikely to cause 
adverse effects to insectivorous birds.  

DU4 – surface soil BERA results for insectivorous bird exposure to PAHs are provided in Table 
7-24. Using the mean concentrations of individual PAHs from the three incremental samples of 
surface soil collected in DU4 and their respective NOAELs results in the following HQ values: 
1-methylnaphthalene (0.00003); 2-methylnaphthalene (0.00005); acenaphthene (0.0004); 
anthracene (0.0005); benzo(a)anthracene (3); benzo(a)pyrene (0.4); benzo(b)fluoranthene (4); 
benzo(g,h,i)perylene (3); benzo(k)fluoranthene (0.8); chrysene (3); dibenz(a,h)anthracene (0.4); 
fluoranthene (3); fluorene (0.002); indeno(1,2,3-cd)pyrene (2); naphthalene (0.0001); 
phenanthrene (0.003); and pyrene (3). If the NOAELs are replaced with LOAELs, the HQs are as 
follows: 1-methylnaphthalene (0.00003); 2-methylnaphthalene (0.00005); acenaphthene 
(0.0004); anthracene (0.0005); benzo(a)anthracene (0.3); benzo(a)pyrene (0.04); 
benzo(b)fluoranthene (0.4); benzo(g,h,i)perylene (0.3); benzo(k)fluoranthene (0.1); chrysene 
(0.3); dibenz(a,h)anthracene (0.04); fluoranthene (0.3); fluorene (0.002); indeno(1,2,3-cd)pyrene 
(0.2); naphthalene (0.0001); phenanthrene (0.003); and pyrene (0.3). These results indicate that 
PAH levels in surface soil from DU4 have limited potential to cause adverse effects to 
insectivorous birds.  
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7.2.2.4 Assessment Endpoint 4 (Gallinaceous Bird – Mourning Dove) 

Assessment Endpoint 4 is stated as “Protecting gallinaceous birds that forage for seeds and grit 
to ensure that ingestion of lead shot does not have a negative impact on growth, survival, or 
reproduction.”(USFWS/EPA 2004) 

ERA results for gallinaceous birds are provided in Table 7-25. The probability model used for 
evaluation of risk for the gallinaceous bird uses site-specific data and assumptions concerning 
the feeding habits and life history of the mourning dove to estimate a probability that a dove will 
ingest a single lead shot during its lifetime. Using the mean density of lead shot pellets in 
shallow surface soil over the entire site (641 pellets per ft2) the probability that a single lead 
pellet would be consumed during a lifetime is 92 percent. For purposes of this assessment, it is 
conservatively assumed that consumption of a single shot will result in significant adverse 
effects or mortality to the bird.  

The USFWS/EPA 2004 BERA selected an acceptable probability of 10 percent and provided the 
following explanation. 

“Suter et al. (2000) indicate that an acceptable exposure level is 20% based on the level 
of effect that is considered biologically significant for an ecological community or 
population. The authors indicate that adverse effects to a community or population that 
occur at a frequency less than 20% are indistinguishable from the natural variability 
inherent in natural biological systems and are considered biologically insignificant. 

However, as the mission of this refuge is to conserve and protect the nation’s wildlife and 
habitat through research and wildlife management techniques, a more conservative 
endpoint was selected for this risk assessment. For this BERA, a probability of 10% was 
selected to determine risk to gallinaceous birds.” 

The lead shot density corresponding to a probability of 10 percent and AUF of 0.03, and below 
which adverse effects would not be expected, is on the order of 23 lead shot pellets per ft2. At a 
probability of 20 percent and AUF of 0.03, the lead shot density below which adverse effects 
would not be expected is 49 shots per ft2. 

7.3 UNCERTAINTY ANALYSIS 

Results of the BERA are influenced somewhat by variability and uncertainty, which need to be 
considered when interpreting results. Major sources of uncertainty include natural variability, 
and incomplete knowledge of site-specific biological processes and fate and transport 
mechanisms. Uncertainties, which may affect the results of the ERA, are briefly described 
below. 

7.3.1 Complexity of Natural Systems 

Natural systems, such as the various habitat types near the Trap and Skeet Range, are extremely 
complex and involve the interaction of myriad physical, chemical, and biological systems. 
Physical movement of soil and surface water within the study area is influenced by natural 
events such as weather and the actions of humans. Chemical interactions may include the 
partitioning of chemicals between soil, water, air, and biological components, and are driven by a 
variety of chemical processes, such as transformation, degradation, hydrolysis, and photolysis. 
Biological systems involve complex food webs, including many different species. The ecological 
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risk assessment attempts to model these interactions to the extent possible and requires many 
significant simplifying assumptions. Direct measurements of chemical concentrations were used 
along with observations made at the site and information from current scientific literature to 
model the interactions occurring in natural systems. The assumptions made and models used, and 
how well or poorly these assumptions and models reproduce the interactions taking place in the 
natural system, introduce uncertainty in the ecological risk assessment. An effort has been made 
to use conservative assumptions so that the risk to ecological receptors would not be 
underestimated. 

7.3.2 Data Completeness 

An important contributor to uncertainty is the completeness of the data or information upon 
which the risk assessment is based. Risk calculations were based on mean COC levels in media. 
Although the site investigation included a relatively large number of samples, using more sample 
points would lead to higher confidence in the development of a single point concentration to 
which the receptors are likely to be exposed. The direction and magnitude of this uncertainty are 
not measurable. 

7.3.3 Dermal Absorption and Inhalation 

Contaminant uptakes via dermal absorption and inhalation were not considered when calculating 
the dose for the shrew or robin. Although it is believed that the contribution of these exposure 
routes to the calculated dose would be negligible, not quantifying exposure via these routes could 
cause the calculated risk to be lower than the actual risk.  

7.3.4 Toxicity Data from Laboratory Studies Using Different Species  

NOAELs and LOAELs used for the BERA were calculated based on data obtained primarily 
from laboratory studies using test species different from the measurement endpoint species for 
the Trap and Skeet Range. For the shrew, NOAELs and LOAELs were from laboratory studies 
using rats. For the robin, NOAELs and LOAELs were based on laboratory studies using 
Japanese quail. The size and metabolism of the test species are different from those of the 
modeled species. This causes uncertainty for the resulting HQ values. It is not known whether 
use of these test species increased or decreased the estimated risk to ecological receptors.  

7.3.5 Estimation of NOAELs and LOAELs  

In some instances, the literature search conducted to obtain NOAELs and LOAELs was 
successful in obtaining one value, but not the other. In such cases, a factor of 10 was used to 
convert the LOAEL to a NOAEL or to convert a NOAEL to a LOAEL. Such conversions add a 
factor of uncertainty to the ERA results.  

7.3.6 Single Chemical Laboratory Studies 

Uncertainty is introduced by the use of results from laboratory studies that use a single chemical 
under highly controlled conditions. These studies do not consider the potential synergistic or 
antagonistic effects of multiple chemicals or the effect of myriad other environmental factors.  
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7.3.7 Population Level Effects 

Related to the use of single-species, single-contaminant laboratory studies is the issue of 
determining ecological effects at the population level. The risk assessment used toxicological 
data that were collected on an individual basis, not on a population level. Therefore, the HQs 
represent potential risk to a single individual organism, not to a population or community. This 
potential risk was extrapolated to include the entire population as a whole. The direction and 
magnitude of this uncertainty are not measurable. 

7.3.8 Use of Exposure Parameters from Literature 

Values from published studies were used as input parameters for food chain or lead shot 
consumption probability modeling. Examples include values for food ingestion rate, dietary 
composition, soil ingestion rate, home range, and lifespan. The studies from which these values 
were derived may have been conducted at a different time of year, at a different location, and 
under different conditions from those that exist at the Trap and Skeet Range. These values may 
not accurately reflect the species at the site, and may underestimate or overestimate the risk of 
adverse effects to ecological receptors.  

7.3.9 Feeding Habits of Gallinaceous Birds 

The probability model for lead shot consumption assumes that gallinaceous birds at the site 
would ingest lead shot in place of grit. It is not known definitively whether this activity occurs 
for the species evaluated. It may be possible that some species of birds have the ability to 
distinguish lead shot from other grit particles and avoid ingesting the shot. It is also possible that 
these birds may regurgitate or excrete the shot shortly after consumption. If birds do not 
mistakenly ingest and retain lead shot, the probability model will overestimate the risk to 
gallinaceous birds. The possibility that gallinaceous birds possibly could select clay target 
fragments as grit is not addressed because the probability of this occurring is not known, and the 
lack of health effects data for this exposure route. 

7.3.10 Life History of Gallinaceous Birds 

Assumptions were made about the lifespan, foraging habits, frequency of grit particle exchanges, 
and grit retention time for gallinaceous birds. These assumptions were made based on 
information available from existing studies, but may not accurately reflect the habits of 
individuals of the populations present at the Site.  

7.3.11 Assumption of Grit Particle Ingestion Frequency for the Gallinaceous Bird 

The lead shot ingestion probability model implicitly assumes that the frequency of grit particle 
ingestion is equal to the retention time for a grit particle in the gizzard. The actual grit ingestion 
frequency could be greater than or less than the grit particle retention time. This adds an element 
of uncertainty to the estimate of lead shot ingestion probability for the gallinaceous bird. It is not 
known whether this assumption would tend to increase or decrease the estimate of shot ingestion 
probability. 
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7.3.12 Significant Figures for Input Factors for Lead Shot Ingestion Probability Model  

The lead shot ingestion probability model incorporates a number of input parameters which are 
expressed with varying numbers of significant figures. Although all of the input parameters are 
expressed as precisely as possible, the number of significant figures for the resulting lead shot 
ingestion probability would be limited by the input parameter expressed with the smallest 
number of significant figures. This adds an element of uncertainty to the estimate of lead shot 
ingestion probability for the gallinaceous bird. It is not known whether this assumption would 
tend to increase or decrease the estimate of shot ingestion probability.  

7.4 CONCLUSIONS 

Activities at the Trap and Skeet Range have resulted in the deposition of lead shot and lead over 
the entire shot fall zone. PAHs, resulting from clay targets, are also distributed through portions 
of the site. The results of the BERA indicate that species that have a limited home range and 
could potentially spend all or most of their lives at the site are most likely to be adversely 
affected by contaminants at the site. The results also indicate that the mourning dove, which has 
a significantly greater home range than the other measurement endpoint species, may also be 
adversely affected. 

The following assessment endpoint discussions summarize: 1) Hazard Quotients, and 2) residual 
soil concentrations for lead and lead shot that would not be expected to have adverse ecological 
effects. Table 7-26 summarizes items 1 and 2 for the four different assessment endpoints. 

7.4.1 Assessment Endpoint 1 (Terrestrial Invertebrates) 

7.4.1.1 Lead 

For the invertebrate, the average concentration of lead in soil from the entire shot fall area (6,316 
mg/kg) results in NOAEL and LOAEL HQ values of 137 and 24, respectively. These HQ values 
indicate that current conditions are likely to cause adverse effects to invertebrates. 
Concentrations of lead in soil that would result in NOAEL and LOAEL HQ values of 1.0 are 46 
mg/kg and 260 mg/kg, respectively.  

7.4.1.2 PAHs and NG 

PAHs were evaluated in discreet DUs at the site. For invertebrates, screening resulted in 
elimination of all units except DU1 (surface soil) and DU4 (surface soil). For DU1 (surface soil), 
evaluation of no-effect concentrations resulted in a maximum HQ of 2.2 (benzo(b)fluoranthene). 
All HQ values for low-effect concentrations were significantly less than 1.0 (maximum of 0.05 
for benzo(a)pyrene and benzo(b)fluoranthene. These results indicate very limited potential for 
adverse effects from PAHs in surface soil at DU1. 

PAHs were detected in DU1 subsurface soil at maximum concentrations below the screening 
levels for invertebrates. Consequently, PAHs in in DU1 subsurface soil are not chemicals of 
concern and were not evaluated further. 

For DU4 (surface soil), evaluation of no-effect concentrations resulted in a maximum HQ of 2.0 
[benzo(b)fluoranthene]. All HQ values for low-effect concentrations were significantly less than 
1.0 (maximum of 0.05 for benzo(b)fluoranthene. These results indicate very limited potential for 
adverse effects from PAHs in surface soil at DU4. 
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NG was detected in both DUs 6 and 7 at maximum concentrations below the screening level for 
invertebrates. Consequently, NG in DUs 6 and 7 is not a COC and was not evaluated further. 

7.4.2 Assessment Endpoint 2 (Small Insectivorous Mammal – Short-Tailed Shrew) 

7.4.2.1 Lead 

For the small, insectivorous mammal, the average concentration of lead in soil from the entire 
shot fall area results in NOAEL and LOAEL HQ values of 150 and 15, respectively. These HQ 
values indicate that current conditions are likely to cause adverse effects to small, insectivorous 
mammals. The concentrations of lead in soil resulting in NOAEL and LOAEL HQ values of 1.0 
are 42 mg/kg and 420 mg/kg, respectively.  

7.4.2.2 PAHs and NG 

For PAH effects to mammalian receptors, screening resulted in elimination of all units except 
DU1 (surface soil), DU1 (subsurface soil), and DU4 (surface soil). For DU1 (surface soil), 
evaluation of no-effect concentrations resulted in a maximum HQ of 67 (benzo(b)flouranthene). 
HQ values for low-effect concentrations exceeded 1.0 only for benzo(a)pyrene (1.1). These 
results indicate the potential for adverse effects from PAHs in surface soil at DU1. 

For DU1 (subsurface soil), evaluation of no-effect concentrations resulted in a maximum HQ of 
10 (benzo(b)fluoranthene). All HQ values for low-effect concentrations were significantly less 
than 1.0 (maximum of 0.2 for benzo(b)fluoranthene. These results indicate limited potential for 
adverse effects from PAHs in subsurface soil at DU1. 

For DU4 (surface soil), evaluation of no-effect concentrations resulted in a maximum HQ of 59 
(benzo(b)fluoranthene). HQ values for low-effect concentrations were less than 1.0 (maximum 
of 0.9 for benzo(b)fluoranthene). These results indicate limited potential for adverse effects from 
PAHs in subsurface soil at DU4. 

For DUs 6 and 7 (NG only), both the NOAEL and LOAEL HQ values were significantly less 
than 1.0. This indicates that NG concentrations at these units are not a concern for mammalian 
receptors. 

7.4.3 Assessment Endpoint 3 (Insectivorous Bird – American Robin) 

7.4.3.1 Lead 

For the insectivorous bird, the average concentration of lead in soil from the entire shot fall area 
results in NOAEL and LOAEL HQ values of 188 and 19, respectively. These HQ values indicate 
that current conditions are likely to cause adverse effects to insectivorous birds. The 
concentrations of lead in soil resulting in NOAEL and LOAEL HQ values of 1.0 are 336 mg/kg 
and 34 mg/kg, respectively.  

7.4.3.2 PAHs and NG 

For PAH effects to avian receptors, the screening eliminated all the units except DU1 (surface 
soil), DU1 (subsurface soil), and DU4 (surface soil). For DU1 (surface soil), evaluation of no-
effect concentrations resulted in a maximum HQ of 4.9 (benzo(b)fluoranthene). All HQ values 
for low-effect concentrations were less than 1.0 (maximum of 0.5 for benzo(b)fluoranthene). 
These results indicate limited potential for adverse effects from PAHs in surface soil at DU1. 
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For DU1 (subsurface soil), evaluation of no-effect concentrations resulted in HQ values of less 
than 1.0 (maximum HQ of 0.8 for benzo(b)fluoranthene). All HQ values for low-effect 
concentrations were significantly less than 1.0 (maximum of 0.1 for benzo(b)fluoranthene). 
These results indicate that adverse effects from PAHs in subsurface soil at DU1 are unlikely. 

For DU4 (surface soil), evaluation of no-effect concentrations resulted in a maximum HQ of 4.3 
(benzo(b)fluoranthene). All HQ values for low-effect concentrations were less than 1.0 
(maximum of 0.4 for benzo(b)fluoranthene). These results indicate limited potential for adverse 
effects from PAHs in surface soil at DU4. 

For DUs 6 and 7 (NG only), adverse effects to avian receptors were not evaluated because 
available literature indicated that effects to these receptors from environmental exposure to NG 
is unlikely.  

7.4.4 Assessment Endpoint 4 (Gallinaceous Bird – Mourning Dove) 

For the gallinaceous bird, the average density of lead shot in soil from the entire shot fall area 
results in a lifetime probability for ingestion of a single lead shot of 92 percent. This probability 
is greater than the target probability of 20 percent and indicates that the density of lead shot at 
the site may result in adverse effects to gallinaceous birds. 

The lead shot density corresponding to a probability of 10 percent and AUF of 0.03, and below 
which adverse effects would not be expected, is on the order of 23 per ft2. At a probability of 20 
percent and AUF of 0.03, the lead shot density below which adverse effects would not be 
expected is 49 per ft2. 

7.4.5 Potential Remedial Goals Protective of Ecological Receptors 

PRGs protective of ecological receptors are discussed for lead, lead shot and PAHs. They 
correspond to the maximum concentrations of these constituents that would not pose 
unacceptable risks to the ecological receptors. The NG concentrations measured in DUs 6 and 7 
surface soil are already below acceptable concentrations, as evidenced by LOAEL-based HQ 
values well below 1.0; therefore, NG PRGs are not derived. Table 7-27 summarizes the 
ecological-based PRGs further discussed below.  

7.4.5.1 Lead 

The concentrations of lead in soil resulting in LOAEL HQs of 1.0 are as follows for the indicated 
assessment endpoints: 

• 260 mg/kg for assessment Endpoint 1 (Terrestrial Invertebrates) 

• 420 mg/kg for assessment Endpoint 2 (Small Insectivorous Mammal – Short-Tailed 
Shrew) 

• 336 mg/kg for assessment Endpoint 3 (Insectivorous Bird – American Robin) 

These concentrations can be compared to the discrete soil sampling results to identify the portion 
of the Trap and Skeet Range 17 exceeding these concentrations. 
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7.4.5.2 Lead Shot 

The concentrations of lead shot in soil resulting in acceptable exposure probabilities of 10 or 20 
percent are: 

• 49 shot counts per ft2 (20% probability) 

• 23 shot counts per ft2 (10% probability) 

These values can be compared to the discrete soil sampling shot count results to identify the 
portion of the Trap and Skeet Range 17 exceeding these values. 

7.4.5.3 PAHs 

The LOAEL-based risk assessment findings strongly support concluding that no DU be 
remediated for PAHs because none of the LOAEL-based HQs exceed 1.0 for any endpoint, with 
the minor exception of the HQ of 1.1 for benzo(b)fluoranthene for assessment Endpoint 2 (small 
insectivorous mammal – short-tailed shrew) and for only DU1 surface soil. However, this 
contrary evidence is mitigated by the finding that the HQs for the other eight PAH COCs for this 
DU/endpoint are all less than 1.0. 

Further support for concluding that PAH remediation is not necessary for any DU relates to the 
highly conservative method by which the soil samples were processed in accordance with IS 
requirements. All soil (and clay target fragments) passing the 2mm opening sieve was 
pulverized, increasing the opportunity for PAHs to become dissolved in the soil extract during 
analysis. Under natural site conditions, such complete pulverization does not occur, and PAHs 
would therefore be much less distributed through the soil. 

To calculate the LOAEL-based PAH PRG, the values for “Mean Surface Soil Concentration 
(mg/kg)” were iterated to achieve a LOAEL HQ value of 1.0 for the short-tailed shrew. The 
resulting PRG value is 38.4 mg/kg for each of the PAHs. None of the mean PAH concentrations 
measured in DU1 surface soil exceed this value except for benzo(b)fluoranthene (40.3 mg/kg). 
The average PAH concentration in DU1 surface soil is 28.1 mg/kg which is below the PRG of 
38.4 mg/kg. 

For informational purposes, the NOAEL based PRG is 0.6 mg/kg for the short-tailed shrew, 
calculated in the same fashion as described above for the LOAEL-based PRG.  
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8.0 FEASIBILITY STUDY 

The feasibility study is organized as follows: 

• Identification and Screening of Remedial Action Technologies 

• Development of Soil Remedial Action Objectives 

• Identification of General Response Actions 

• Identification and Screening of Technologies 

• Development of Remedial Action Alternatives 

• Cost Estimates for the Remedial Action Alternatives 

• Detailed Analysis of Alternatives 

• Comparative Analysis of Alternatives 

Groundwater quality (total and dissolved metals) currently complies with MCLs (arsenic and 
antimony) and the lead action level; therefore, groundwater is not addressed in the FS. From a 
risk assessment perspective it is noteworthy that, due to total arsenic, the groundwater risk is 
1×10-4. The Army plans to address groundwater as a separate OU at a later date. The 1991 Land 
Transfer Assembly prohibits the use of groundwater from the site as a potable resource at the 
PRR-NT. 

8.1 IDENTIFICATION AND SCREENING OF REMEDIAL ACTION TECHNOLOGIES 

8.1.1 Introduction 

The following activities were conducted to identify and screen remedial action technologies for 
possible use at the Trap and Skeet Range 17: 

• Identify Applicable or Relevant and Appropriate Requirements (ARARs) 

• Develop Remedial Action Objectives (RAOs) 

• Identify general response actions for soil cleanup, such as in situ treatment, that can be 
undertaken to satisfy the remedial action objectives 

• Identify site-specific remedial technologies potentially applicable to each general 
response action 

The objective of the screening process is to identify the technologies best suited for further 
consideration in developing remedial alternatives for the Site. Technologies found to be 
inapplicable on the basis of waste characteristics and site conditions, or incapable of meeting the 
RAO, are eliminated from further consideration. The remaining candidate technologies that pass 
the screening process are combined into remedial action alternatives. 

8.1.2 Applicable and Relevant and Appropriate Requirements 

Section 121(d) of the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA), as amended by Superfund Amendments and Reauthorization Act of 1986 (SARA), 
requires that remedial actions comply with requirements or standards developed pursuant to 
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Federal and State environmental laws. In general, remedial actions must comply with ARARs for 
the contaminants or conditions that exist at a site. However, CERCLA does allow the selection 
of remedial actions that do not meet ARARs under some circumstances. Primary sources of 
information concerning ARARs are EPA’s Guidance for Conducting Remedial Investigations 

and Feasibility Studies Under CERCLA (EPA, 1988a) and CERCLA Compliance with Other 

Laws Manuals (EPA, 1988b). 

8.1.2.1 Definition of ARARs 

According to EPA’s NCP (40 CFR Part 300.430), a requirement may be either “applicable” or 
“relevant and appropriate” to a remedial action, but not both. The terms are defined below. 

• Applicable requirements means those cleanup standards, standards of control, and other 
substantive requirements, criteria, or limitations promulgated under Federal 
environmental or state environmental or facility siting laws that specifically address a 
hazardous substance, pollutant, contaminant, remedial action, location, or other 
circumstance found at a CERCLA site. Only those state standards that are identified by a 
state in a timely manner and that are more stringent than Federal requirements may be 
applicable. 

• Relevant and appropriate requirements means those  cleanup standards, standards of 
control, and other substantive requirements, criteria, or limitations promulgated under 
Federal environmental or state environmental or facility siting laws that, while not 
‘‘applicable’’ to a hazardous substance, pollutant, contaminant, remedial action, location, 
or other circumstance at a CERCLA site, address problems or situations sufficiently 
similar to those encountered at the CERCLA site that their use is well suited to the 
particular site. Only those state standards that are identified in a timely manner and are 
more stringent than Federal requirements may be relevant and appropriate. 

8.1.2.2 Types of ARARs 

EPA provides guidance illustrating three categories of ARARs that address a pollutant, action, 
location, or other circumstance at a site. The three types of ARARs, promulgated under Federal 
or State law, are discussed below. 

• Ambient or chemical-specific requirements set health- or risk-based concentration limits 
or ranges for specific substances in various environmental media (i.e., MCLs for public 
drinking water). If a given chemical has more than one such requirement, the more 
stringent ARAR should be met. Because relatively few chemicals are covered by such 
pre-established requirements, EPA’s ARAR guidance stipulates that it may frequently be 
necessary to turn to chemical-specific advisory levels, such as carcinogenic potency 
factors or reference doses, to establish cleanup levels. 

• Performance, design, or other action-specific requirements set controls or restrictions on 
specific activities related to the management of hazardous substances (i.e., Clean Water 
Act pretreatment standards for discharges to publicly owned treatment works, or 
Resource Conservation and Recovery Act [RCRA] standards for the design and operation 
of hazardous waste management facilities). These requirements are not chemical-specific, 
but rather are specific to given remedial actions. However, they may specify acceptable 
methods meeting technology-based performance standards. 



Feasibility Study 

 5-JUN-14\\ 8-3 

• Location-specific requirements set restrictions on activities depending on characteristics 
of the site or its immediate environs (i.e., Federal and State siting laws, or ordinances 
pertaining to development in a 100-year floodplain). These requirements may apply if the 
CERCLA site is located in such a restricted area. 

8.1.2.3 “To Be Considered” Criteria 

In addition to the three types of ARARs, “To Be Considered” (TBC) criteria may also be 
evaluated. TBC criteria are proposed standards, advisories, and guidance developed by Federal 
and State environmental and health programs intended to provide useful information and 
recommendations, but which are not legally binding. TBC criteria should be used only when they 
are scientifically defensible and in the absence of a specific ARAR. 

TBC criteria for the Trap and Skeet Range 17 include: 1) RSLs (EPA, 2013b) prior listed in 
Table 6-10, and 2) Executive Order (EO) 13514. The purpose of EO 13514 is to encourage 
sustainability and reduce greenhouse gas emissions.  EO 13514 requires Federal agencies to:  

• Increase energy efficiency 

• Measure, report, and reduce greenhouse gas emissions from direct and indirect sources 

• Conserve and protect water resources through efficiency, reuse, and storm water 
management 

• Eliminate waste, recycle, and prevent pollution  

• Leverage agency acquisitions to foster markets for sustainable technologies and 
environmentally preferable materials, products, and services 

• Design, construct, maintain, and operate high performance buildings in sustainable 
locations  

• Strengthen vitality and livability of communities where Federal facilities are located 

8.1.2.4 Compliance Waivers from ARARs 

Compliance with an ARAR may be waived under certain conditions, provided that human health 
and the environment are protected. Pursuant to 40 CFR Part 300.430(f)(3), a remedial action that 
does not attain a level of control at least equivalent to an ARAR can still be selected if certain 
conditions exist at the site. CERCLA Section 121 identifies these circumstances when an 
alternative may be selected as the preferred alternative despite incomplete attainment of ARARs: 

• The selected alternative is only part of a total remedial action that will otherwise attain 
the level or standard of control when completed, 

• Compliance with the ARAR will result in greater risk to human health or the 
environment, 

• Compliance with the ARAR is impracticable from an engineering perspective, 

• The selected alternative will attain a standard of performance equivalent to that required 
by the ARAR through the use of another method or approach, and 
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• The ARAR in question is a State standard, and the State has not consistently applied (or 
demonstrated the intention to consistently apply) the requirement in similar 
circumstances at other sites. 

8.1.2.5 Application of ARARs to Remedial Alternatives 

Remedial alternatives are evaluated in part on the basis of compliance with air quality, water 
quality, waste management, and other standards that may be potential ARARs. Potential ARARs 
for the Trap and Skeet Range 17 are listed in Table 8-1. 

8.2 DEVELOPMENT OF REMEDIAL ACTION OBJECTIVES 

The RAOs for Trap and Skeet Range 17 are:  

• Control exposure of human and ecological receptors to contaminated site soil that 
exceeds unacceptable risk levels 

• Reduce the soil contaminant concentrations to levels that do not produce unacceptable 
risks to human and ecological receptors 

• Prevent potential future offsite contamination migration along the ephemeral stream 

Achievement of the RAOs results from attainment of PRGs during the implementation of a 
remedial alternative. PRGs protective of a variety of human and ecological receptors were prior 
derived in Sections 6.5.4 and 7.4.5, respectively. PRG values selected from Sections 6.5.4 and 
7.4.5 and used to develop soil remedial alternatives are individually discussed below for lead, 
arsenic and antimony, and PAHs. The selected values discussed below encompass the range of 
values from Sections 6.5.4 and 7.4.5. 

8.2.1 Lead PRGs 

Table 8-2 lists the soil lead PRGs considered in the FS for the purpose of estimating soil 
remedial areas/volumes. The considered soil lead PRGs are: 

• 9,406 mg/kg, plus LUCs 

• 800 mg/kg, plus LUCs 

• 260 mg/kg 

The significance of these lead PRGs can be visualized by mapping the areas where the various 
values (260, 800, or 9,406 mg/kg) are exceeded by the measured soil concentrations. Figure 8-1 
illustrates the surface soil areas (0 to 6 inches bgs) where these three lead PRG values are 
exceeded. Figure 8-2 illustrates the same for the subsurface soil interval (6 to 12 inches bgs). The 
illustrated remediation areas decrease rapidly between the 0- to 6-inch and 6- to 12-inch 
intervals. There are no areas where the lead PRG value of 9,406 mg/kg is exceeded in the 6- to 
12-inch bgs interval. 

8.2.2 Arsenic and Antimony PRGs 

Soil arsenic and antimony contamination is co-located with the soil lead contamination. 
Therefore, soil remediation that addresses lead will also address arsenic and antimony, and the 
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arsenic and antimony PRGs discussed in Sections 6.5.4 and 7.4.5 are not used to define soil 
remediation areas.   

Table 8-3 summarizes the residual soil risks from arsenic and antimony corresponding to each of 
the three soil lead PRGs. Similarly, Table 8-4 summaries the residual soil hazards corresponding 
to the soil lead PRGs. 

8.2.3 Lead Shot PRGs 

Lead shot is co-located with the soil lead contamination. Therefore, soil remediation that 
addresses lead will also address lead shot. The residual lead shot corresponding to the soil lead 
PRGs of 260, 800, and 9,406 mg/kg are presented in Table 8-5 and are summarized below:  

• For the 0- to 3- inch bgs interval the average residual lead shot counts are 291, 22, and 
11, respectively, for the lead PRG values of 9,406 mg/kg, 800 mg/kg, and 260 mg/kg 

• For the 3- to 6-inch bgs interval the average residual lead shot counts are 67, 3, and 1, 
respectively, for the lead PRG values of 9,406 mg/kg, 800 mg/kg, and 260 mg/kg 

• For the 6- to 9-inch bgs interval the average residual lead shot counts are 24, 0, and 0, 
respectively, for the PRGs values of 9,406 mg/kg, 800 mg/kg, and 260 mg/kg 

8.2.4 PAH PRGs 

Table 8-2 lists the soil PAH PRGs considered in the FS. The considered ecological soil PAH 
PRGs are: 

• 38.4 mg/kg (LOAEL-based and protective of ecologic receptors). This value would 
require no remediation of any portion of DUs 1 and 4.0.6 mg/kg (NOAEL-based and 
protective of ecologic receptors). This value would require remediation of all of DUs 1 
and 4. 

Assuming a preference for the LOAEL-based PRG rather than the NOAEL-based PRG, these 
ecological PRGs support a decision to not remediate DUs 1 and 4. 

The considered human health soil PAH PRGs are based on the most toxic PAHs [benzo(a)pyrene 
and dibenz(a,h)anthracene] and are: 

• 43 mg/kg (protective of future construction workers and current/future PRR receptors). 
This value would require no remediation of any portion of DUs 1 and 4, but would 
require LUCs protective of potential future industrial or residential receptors. 

• 2.0 mg/kg (protective of future industrial worker receptors). This value would require 
remediation of all of DUs 1 and 4, unless LUCs protective of potential future industrial 
receptors were implemented. 

• 0.2 mg/kg (protective of future resident receptors). This value would require remediation 
of all of DUs 1 and 4, unless LUCs protective of potential future residential receptors 
were implemented.  

Assuming LUCs to prohibit industrial or residential development of the property, these human 
health PRGs support a decision to not remediate DUs 1 and 4. For all of the above reasons, this 
FS evaluates remedial scenarios that do not include remediation of DUs 1 or 4. 
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The FS also evaluates remedial scenarios that include remediation of DUs 1 or 4, for the 
following reasons. The HHRA results indicate that future risks/hazards do not exceed threshold 
levels for the future PRR worker/intern or visitor/hunter scenarios based on the reasonable 
assumption that future exposure frequencies would not likely exceed the conservative current 
land use estimate of about 12 days per year1. However, in the future it will not be possible to 
prove that the exposure frequency of 12 days per year was not exceeded (i.e., not feasible to 
monitor individual receptors). An engineered LUC such as a fence could limit the number of 
days of exposure; however, this LUC is rejected because fencing is not compatible with 
operation of the property as an open-access wildlife refuge and would entail significant long-
term monitoring and maintenance costs.  

Table 8-6 summarizes the influence that the different lead PRGs and PAH decisions have on: 1) 
the amount of land (acres) where the PRG is exceeded, and 2) the associated soil volume (cubic 
yards). For the discretely sampled lead-contaminated soil area, the size of the remedial area and 
soil volumes increase as the lead PRG value becomes lower. 

8.3 IDENTIFICATION OF GENERAL RESPONSE ACTIONS 

General response actions are the steps that can be taken to achieve the health-based RAOs 
protective of human health and the environment; they are actions that control exposure to site 
contaminants. General response actions for the Trap and Skeet Range 17 are: 

• No Action 

• LUCs 

• Covering 

• Treatment 

• Removal 

No Action does not satisfy the RAOs but must be used as the baseline for comparison for the 
other response actions and alternatives. 

LUCs involve application of administrative actions and controls that reduce or eliminate receptor 
exposure to contaminated soil. They are typically more easily implemented for human receptors 
than for environment receptors.  Some of the evaluated Trap and Skeet Range 17 PRGs are not 
totally protective of future onsite receptors such as residents or industrial workers, based on the 
reasonable assumption that the future land use will be wildlife refuge. For such PRGs LUCs to 
control exposure to the site are included in the remedial alternatives to address the unlikely 
possibility that the future land use is other than wildlife refuge. Table 8-7 indicates which 
remedial scenarios require LUCs. LUCs are not necessary for Remedial Scenario A which 
involves soil lead remediation to below the residential standard and involves remediation of soil 
PAHs in DUs 1 and 2. LUCs may include: 

                                                 
1 An exposure frequency of 12 days per year was used to estimate risks/hazards for chemical exposure (e.g., PAHs, 
metals, and NG) for the PRR worker/intern and visitor/hunter. An exposure frequency of 13 days per year was used 
for estimating exposure to lead; lead models would not accept an exposure frequency less than 13 days/year. 
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• Proprietary Controls: Examples include deed restrictions, restrictive covenants, and 
“negative easements” (i.e., easements that restrict use).  

• Governmental controls:  Examples include zoning, building codes, and groundwater use 
regulations.  

• Informational devices: Examples include recorded deed notices, state registries of 
contaminated sites, and fish consumption advisories. They generally do not provide 
enforceable restrictions. 

The specific LUCs to be enforced at the Trap and Skeet Range 17 will be determined during the 
conduct of a LUCs remedial design (LUCRD), which is outside the scope of this FS. 

Covering eliminates receptor contact with affected soils, thus reducing exposure to soil 
contaminants. Typically it also involves a future commitment to inspect and maintain the cover. 

Treatment eliminates, reduces, or binds soil contaminants, thus reducing receptor contaminant 
exposure. 

Removal involves movement of affected soil from the location where exposure could occur to 
some other area where exposure cannot occur or is minimized. 

8.4 IDENTIFICATION AND SCREENING OF TECHNOLOGIES 

Fourteen technologies have been identified that are applicable to achieving the general response 
actions. These technologies are described in Table 8-8 and consist of: 

• LUCs 

• UXO Removal 

• Demolition of Above-Ground 
Structures 

• Covering 

• Cover Maintenance 

• Excavation 

• Hazardous Waste Transport and 
Disposal 

• Non-Hazardous Waste Transport 
and Disposal 

• Ex-Situ, Onsite Stabilization 

• In-Situ Stabilization 

• Onsite Soil Washing and Lead 
Recycling 

• Onsite Reuse of Treated Soil 

• Consolidation 

• Soil Vacuuming 

Of these, the following are excluded from development into remedial alternatives: 

• Consolidation by excavating the contaminated soil and placing the untreated soil back at the 
site is excluded because MDE has previously commented that this action would require 
construction of a permitted landfill, which the Army will not commit to. 

• Soil Vacuuming via the use of a vacuum truck, in place of excavation, is excluded because of 
performance uncertainties, particularly in light of the presence of clay in the site soils and a 
dense vegetative root mat. In addition, the potential presence of MEC prevents use of 
vacuum trucks for intrusive soil removal, whereas armored excavators could be used if 
necessary for technologies that do not involve vacuuming. 
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8.5 DEVELOPMENT OF REMEDIAL ACTION ALTERNATIVES 

The retained technologies identified in Table 8-8 and discussed in Section 8.4 are assembled into 
the following five Trap and Skeet Range 17 Remedial Alternatives (Table 8-9): 

• Alternative 1—No Action 

• Alternative 2—In-Situ Stabilization and Cover 

• Alternative 3—Excavation and Offsite Treatment and Disposal 

• Alternative 4—Excavation, Ex-Situ Stabilization, and Offsite Disposal 

• Alternative 5—Excavation, Soil Washing, and Onsite Reuse 

Brief descriptions of these alternatives are presented below (additional details are provided in 
Section 8.6). All of the alternatives except the No Action alternative include UXO removal and 
removal of the following remaining Trap and Skeet Range 17 structures: high house, low house, 
trap houses, and fire line walkways. 

Alternative 1—No Action involves no remedial actions. 

Alternative 2—In-Situ Stabilization and Cover involves UXO removal, in-situ 
stabilization/solidification of soil exceeding PRGs, covering with a non-woven geo-synthetic 
liner, followed by covering with approximately 24 inches of clean fill to prevent the exposure 
pathway to human and ecological receptors. The soil cover would be vegetated and would be 
maintained indefinitely (30 years assumed for costing purposes). It has the advantage of reduced 
up-front costs because contaminated soils are not removed or treated. However, long-term costs 
are higher because of the prolonged operation and maintenance requirements, which include 
inspection and occasional removal of trees and shrubs that could disrupt the cover. 

Alternative 3—Excavation and Offsite Treatment and Disposal involves first removing UXO and 
then excavating and removing soil exceeding PRGs. The soil which is TCLP hazardous is 
transported to a RCRA Part B hazardous waste treatment facility where it is treated to stabilize 
the lead and lead shot, followed by disposal in a landfill permitted to accept the treated waste. 
This alternative has the advantage of removing contamination and eliminating long-term cover 
inspection and maintenance costs. It has the disadvantage of increased capital costs associated 
with excavation, transportation, and offsite treatment and disposal fees.  

Alternative 4—Excavation, Ex-Situ Stabilization, and Offsite Disposal is the same as Alternative 
3 except the excavated soil is treated at the site to render the soil non-hazardous prior to soil 
transport to a non-hazardous waste disposal facility permitted to accept the treated waste. The 
onsite treatment includes delivery of stabilizing agents to the site, onsite soil processing, testing, 
partial reprocessing, and then loading for offsite transport. The landfill disposal costs would be 
reduced compared to Alternative 3 because the landfill would not have to stabilize the soil. 

Alternative 5—Excavation, Soil Washing, and Onsite Reuse involves UXO removal and then use 
of ex-situ water-based processes for mechanically screening, scrubbing, and leaching waste 
constituents from the soil exceeding PRGs for recovery and treatment. The process removes 
contaminants from soils by dissolving or suspending them in the wash solution or by 
concentrating them into a smaller volume of soil through simple particle size separation 
techniques. It is during this mechanical fine-screening step in the process that lead shot and other 
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metal fragments are removed and containerized for disposal. The majority of the washed soil is 
then placed back at the site, while the filter cake (with lead shot) is sent offsite for disposal as 
RCRA hazardous waste. No backfill from an offsite source would be necessary under this 
alternative. There is some uncertainty about the effectiveness of soil washing to achieve the 
PRGs; therefore, a pilot study would be necessary. 

8.6 COST ESTIMATES FOR THE REMEDIAL ACTION ALTERNATIVES 

8.6.1 Remedial Scenarios 

A PRG consensus is most easily reached with an understanding of the cost implications 
associated with the range of PRGs. Accordingly, cost estimates are provided for these six 
different PRG scenarios: 

• Each of the three lead PRGs (260, 800, and 9,406 mg/kg) and assuming remediation of 
PAHs at DUs 1 and 4 (Remedial Scenarios A, B, and C) 

• Each of the three lead PRGs (260, 800, and 9,406 mg/kg) and assuming no remediation 
of PAHs at DUs 1 and 4 (Remedial Scenarios D, E, and F) 

Remedial Scenarios A through F and are listed in Table 8-10, which also summarizes the land 
areas and soil volumes for each remedial scenario. For each of these six remedial scenarios, four 
different action alternatives are evaluated, resulting in a total of 6 x 4 = 24 cost estimates. 

8.6.2 Cost Estimate Summary 

Table 8-11 summarizes the 24 cost estimates, which range from $2.1 million to $9.0 million. 
These estimates are total costs, cumulative for the duration of the project. The total cumulative 
costs include these long-term activities: LUCs, O&M, long-term monitoring and reporting, and 
5-year reviews. These long-term activities represent future funding obligations, but not near-term 
or capital funding obligations. To distinguish between capital and long-term funding obligations 
(analogous to capital versus O&M costs), Table 8-12 presents the cost estimates in the format of: 

• Capital Costs 

• Long-Term Costs 

• Total Costs 

Up-front costs correspond with these activities for each remedial alternative: 

• Design 

• UXO Removal 

• Site Preparation 

• Remediation Execution (varies by alternative) 

Long-term costs correspond with these activities for each remedial alternative: 

• LUCs 

• Annual Sampling/Analysis (years 1-5) 
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• Biannual Sampling/Analysis (years 6-30) 

• Site Visits and Reporting 

• Five-Year Review 

• Site Close Out (Only applicable to Remedial Scenario A) 

8.6.3 Cost Estimating Approach 

Cost estimates for each remedial alternative were developed in accordance with A Guide to 

Developing and Documenting Cost Estimates During the Feasibility Study (EPA, 2000).  

First, unit costs for each component of the remedial action were estimated using the Remedial 
Action Cost Engineering and Requirements (RACER) program (AECOM, 2010).  Vendor quotes 
were used as RACER input for the offsite treatment/disposal component of Alternative 3 and for 
the offsite disposal component of Alternative 4. Otherwise, RACER default pricing was used. 
RACER price estimates for labor, materials, and equipment were adjusted to the Fort Meade area 
in Maryland. 

Second, EPA guidance (EPA, 2000) requires that all costs for each alternative be presented as 
present-value costs (i.e., are discounted to a base year). Present-worth analysis allows the cost of 
remedial action alternatives to be compared on the basis of a single figure representing the 
amount of money that, if invested in the base year and disbursed as needed, would be sufficient 
to cover all costs associated with the life of the remedial action. For future costs, a present value 
analysis was performed in a separate spreadsheet (Appendix F) for each alternative. The 
following financial assumptions were made in the present value analysis: 

• Inflation rate: 2.6 percent (EM 1110-2-1304, March 2013) 

• Nominal discount rate: 4.1 percent 

• Real discount rate: 1.5 percent 

The nominal discount rate is based on review of the 30-year home mortgage interest rates 
published on various Web sites, such as refiadvisor.com. Over the recent months, interest rates 
have fluctuated from 3.5% (March 2013) to the current average rate of 4.7% (August 2013). 
Because of the high variability in recent interest rates, the 6-month rolling interest rate average of 
4.1% measured in August 2013 is used for this Feasibility Study. The real discount rate is 
calculated as the difference between the nominal discount rate and the inflation rate. 

All alternatives are assumed to begin in 2014, followed by 2 design and construction years, 
followed by the O&M and long-term monitoring (LTM) periods. The post-construction 
O&M/LTM periods are 30 years, except for Alternatives 3 through 5 under Remedial Scenario A 
which have a short 5 year LTM period due to remediation of PAHs and lead down to the lowest 
lead PRG of 260 mg/kg. For Alternative 2 under Remedial Scenario A the O&M/LTM periods is 
30 years because all contaminated soil remains at the at the site after covering. For Alternatives 3 
through 5 under Remedial Scenario A, the 5-year O&M/LTM period ends with a 5-year review 
and site closeout. 

Third, the cost estimate results for each alternative are discussed in the following sections. 
Detailed costing information is provided in Appendix F, which contains these reports:  
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• Items and Sub-Items Descriptions 

• Estimate Documentation Reports 

• Present Value of Future Cost Summaries 

• Five-Year Review Definition and Application 

• Site Closeout Documentation Definition and Application 

• Plant Seeding Remediation Technical Data 

8.6.4 Cost Estimating Results 

8.6.4.1 Alternative 1 – No Action 

There are no costs associated with the implementation of Alternative 1.  

8.6.4.2 Alternative 2 – In-Situ Stabilization and Cover 

The total present value estimates for Alternative 2 range from $2.5 million to $9.0 million, 
depending on the remedial scenario. The costs vary by remedial scenario as follows, where 
“total,” “capital,” and “long-term” are defined as discussed in Section 8.6.2: 

Alt. 2 
In-situ 

Stabilization 
and Cover 

Costs (x1,000) 

Scenario: 
Lead and PAHs Lead Only 

A B C D E F 

TOTAL: $8,954 $7,723 $5,371 $6,965 $5,349 $2,542 

Capital:  $7,725 $6,275 $4,316 $5,603 $4,168 $1,706 

Long Term:  $1,229 $1,448 $1,055 $1,362 $1,181 $836 

Note: Remedial Scenarios A, B, and C assume remediation of PAHs at DU 1 and 4; lead is remediated using lead 
PRGs of 260, 800, and 9,406 mg/kg, respectively. Remedial Scenarios D, E, and F assume no remediation of PAHs 
at DUs 1 and 4; lead is remediated using lead PRGs of 260, 800, and 9,406 mg/kg, respectively. 

The major cost items are: 

• Item 01-Remedial Design 

• Item 02-UXO Removal 

• Item 03-Site Preparation 

• Item 04-In-Situ Stabilization and Cover 

• Item 05-Operations and Maintenance 

• Item 06-LUCs (applicable only to Remedial Scenarios B through F) 

• Item 07-Site Visits and Reporting 

• Item 08-Five-Year Review 

Table 8-13 identifies additional sub-items associated with the above eight major cost items. 

Item 01 (Remedial Design) includes sub-items related to Project Planning, Treatability and 
Other Studies, Design (30, 60, 90 and 100 percent), and Bid documents. 
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Item 02 (UXO Removal) includes sub-items related to MEC removal and residual waste 
management. MEC removal includes searching for, marking, and removing UXO, discarded 
military munitions, and munitions constituents from munitions-contaminated property. The 
definition of munitions and explosive waste is any chemical substance or physical item related to 
munitions that is designed to cause damage to personnel or material through explosive force, 
incendiary action, or toxic effects. Residual waste management includes loading, transport, and 
disposal of residual wastes generated by removal of MEC. 

Item 03 (Site Preparation) includes sub-items related to clearing and grubbing, and demolition 
of remaining structures at the Trap and Skeet Range 17, such as the high and low houses, the two 
trap houses, and the concrete fire line walkways at both fire line areas. 

Clearing is a method of removing vegetation such as trees, shrubs, and brush. Grubbing is a 
method of removing stumps, roots, and debris from the soil by using dozers or other heavy 
equipment.  

Demolition of the high, low, and trap houses includes demolition by non-explosive methods, 
loading, hauling, and disposal in a properly permitted disposal facility. It is assumed that all 
debris generated from the building demolition process can be disposed of as non-hazardous 
waste. Transportation and disposal of debris containing hazardous materials can be estimated 
using one of the disposal technologies, and is estimated on a percentage basis. Demolition of fire 
line walkways/sidewalks includes removing, loading, hauling, and disposing of demolished 
sidewalk refuse in a properly permitted disposal facility. The work assumes that all debris 
generated from the demolition process can be disposed of as non-hazardous waste. 
Transportation and disposal of debris containing hazardous materials can be estimated using one 
of the disposal technologies. 

Item 04 (In-Situ Stabilization and Cover) includes sub-items related to in-situ soil 
stabilization, capping the stabilized soil with a synthetic liner and 24 inches of soil, construction 
and operation of decontamination facilities, residual waste management, and cleanup and 
landscaping. In this treatment process, chemical reagents are mixed with waste to make use of 
complex chemical and physical reactions to improve physical properties and reduce contaminant 
solubility, toxicity, and/or mobility. Treated soils become solidified and stabilized. The 
solidification and stabilization process immobilizes heavy metal (i.e., arsenic, lead, and 
antimony) and organic (i.e., PAHs) contaminants in soils by binding them in a concrete-like, 
leach-resistant matrix (EPA, 1990). Capping refers to covering the stabilized soil with a non-
woven geo-synthetic liner, 24-inch-thick cap composed of natural soils, and a native grass-like 
vegetative cover on the soil cap to control erosion and contribute to the esthetic quality of the 
cover. 

Decontamination concerns removing or neutralizing contaminants accumulated on personnel or 
equipment to ensure the health and safety of hazardous waste workers, and preventing 
uncontrolled transportation of contaminants from the site. Decontamination protects workers 
from hazardous substances that may contaminate and eventually permeate protective clothing, 
respiratory equipment, tools, vehicles, and other equipment used onsite; decontamination 
protects all site personnel by minimizing the transfer of harmful materials into clean areas. 

Residual waste management includes loading, transport, and disposal of residual wastes 
generated by the decontamination facility during in-situ stabilization activities. 
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Cleanup applies to general area cleanup and removal of any onsite debris, including required 
load and haul. Cleanup includes pavement sweeping for roads and parking lots and occurs only 
after all contaminants have been either completely treated or removed from the site. 

Landscaping involves seeding portions of the Trap and Skeet Range 17 with plant species 
capable of sequestering soil lead, for the two remedial scenarios where the soil lead PRG is 800 
mg/kg (remedial scenarios B and E, per Table 8-10). For these two scenarios, the seeding area is 
the area between the 800 and 260 mg/kg excavation area intervals illustrated in Figure 8-1. 
Conducting in-situ stabilization only on the area with soil lead concentrations above 800 mg/kg 
(remedial scenarios B and E) results in areas where soil lead still exceeds the ecological PRG of 
260 mg/kg, potentially posing undesirable residual ecological risk. Adding the plant species to 
remedial scenarios A and B addresses this issue. URS has identified the following suitable 
plants: 

Plant 

Scientific Name Common Name 

Brassica juncea L. Indian mustard 

Helianthus annuus Sunflower 

Medicago sativa L. Alfalfa 

Ambrosia trifida Ragweed 

Vetiveria zizanioides and V. nemoralis Vetiver grass  

Zea mays Corn 

Agrostis capillaris Common bent 

 

Seeding activities would be focused on mitigating only soil lead (not also arsenic and antimony) 
for the following reason. Twenty-four surface soil samples (0 to 6 inch bgs) were collected from 
the area where soil lead concentrations range between 800 and 260 mg/kg, and underwent 
laboratory analysis for arsenic and antimony. The average arsenic and antimony concentrations 
were 3.8 mg/kg and 2.6 mg/kg, respectively. Both concentrations are low enough to not warrant 
additional arsenic or antimony remedial efforts in this area. 

Item 05 (Operation and Maintenance) includes sub-items related to operation and maintenance 
of the cover over the stabilized soil. It includes actions such as inspections and recordkeeping, 
labor, parts, and other supplies and equipment to perform routine operation and maintenance. 

Item 06 (LUCs) includes identifying and implementing LUCs following construction, including 
preparation of the LUC Remedial Design (LUCRD), LUC Implementation Plan (LUCIP) and 
LUC Assurance Plan (LUCAP). 

Item 07 (Site Visits and Reporting) represents long-term MEC monitoring of the Trap and 
Skeet Range 17. This monitoring/reporting would occur every 5 years following completion of 
construction and would extend throughout the 30-year O&M period. MEC is addressed in this 
monitoring because the Trap and Skeet Range 17 remediation will have included MEC removal. 

Item 08 (Five-Year Review) includes sub-items related to evaluating the implementation and 
performance of the remedy to determine if the remedy is or will be protective of human health 
and the environment. Protectiveness is generally defined in the NCP by the risk range and the HI. 
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Evaluation of the remedy and determination of protectiveness should be based on and 
sufficiently supported by data and observations.  

Five-year reviews are conducted either to meet the statutory mandate under CERCLA §121(c) or 
as a matter of EPA policy. Consequently, 5-year reviews are classified as either "statutory" or 
"policy." The Five-Year Review requirement applies to all remedial actions selected under 
CERCLA §121. Regions may also conduct other 5-year reviews at their discretion.  

A number of factors are considered when determining whether to conduct a 5-year review. In 
general, 5-year reviews are required whenever a remedial action results in hazardous substances, 
pollutants, or contaminants remaining onsite. Under the EPA’s interpretation contained in the 
NCP, the requirement in CERCLA §121(c) is triggered when hazardous substances, pollutants, 
or contaminants remaining onsite are above levels that allow for "unlimited use and unrestricted 
exposure." See 40 CFR §300.430(f)(4)(ii).  

8.6.4.3 Alternative 3 – Excavation and Offsite Treatment and Disposal  

The total present value estimates for Alternative 3 range from $2.1 million to $6.2 million, 
depending on the remedial scenario. The costs vary by remedial scenario as follows, where 
“total,” “capital,” and “long-term” are defined as discussed in Section 8.6.2: 

Alt. 3 
Excavation 
and Offsite 

Disposal 

Costs (x1,000) 

Scenario: 
Lead and PAHs Lead Only 

A B C D E F 

TOTAL: $6,151 $6,071 $4,231 $5,214 $4,046 $2,092 

Capital: $6,080 $5,190 $3,351 $4,323 $3,131 $1,177 

Long Term: $71 $881 $880 $891 $915 $915 

Note: Remedial Scenarios A, B, and C assume remediation of PAHs at DU 1 and 4; lead is 
remediated using lead PRGs of 260, 800, and 9,406 mg/kg, respectively. Remedial Scenarios D, E, 
and F assume no remediation of PAHs at DUs 1 and 4; lead is remediated using lead PRGs of 260, 
800, and 9,406 mg/kg, respectively. 

The major cost items are: 

• Item 01-Remedial Design 

• Item 02-UXO Removal 

• Item 03-Site Preparation 

• Item 04-Excavation and Offsite Disposal 

• Item 05-LUCs 

• Item 06-Annual Sampling/Analysis (years 1-5) 

• Item 07-Biannual Sampling/Analysis (years 6-30) 

• Item 08-Site Visits and Reporting 

• Item 09-Five-Year Review 

• Item 10-Site Close Out (Only applicable to Remedial Scenario A) 
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Table 8-13 identifies additional sub-items associated with the above ten major cost items. The 
item and sub-item descriptions are the same as described for Alternative 2 in Section 8.6.4.2 
except for the following: 

Item 04 (Excavation and Offsite Disposal) involves soil excavation, loading soil into 
hazardous waste transport trucks, and transporting hazardous soil to a hazardous waste facility. 
At the facility, the lead-contaminated soil is pre-treated (stabilized) prior to landfilling. 
Excavation is a standard construction practice; equipment and construction methods appropriate 
to the excavation and handling of contaminated materials are readily available. Typical 
excavation equipment includes bulldozers, scrapers, excavators, track loaders, and wheel loaders, 
all of which are available in a wide variety of sizes. Excavation is one of the most effective 
means of site remediation because it involves the physical removal of contaminated materials. 

Cleanup and landscaping, decontamination facilities, and residual waste management are the 
same as discussed for Alternative 2 in Section 8.6.4.2. 

Item 6 (Annual Sampling/Analysis (years 1-5) involves limited soil and surface water (if 
present) sampling to confirm no offsite migration of residual contamination. 

Item 7 (Biannual Sampling/Analysis (years 6-30) is the same as Item 6 except for the reduced 
frequency. 

Item 10 (Site Closeout) refers to the point at which there is no longer a need to actively manage 
or monitor an environmental site restoration, and no additional environmental funds are to be 
expended unless the need for additional remedial action is demonstrated. When risks have been 
reduced and cleanup goals have been met, sites should be closed out and categorized as “No 
Further Action needed.” The closeout of sites under CERCLA follow the process defined in the 
implementing regulations (NCP, 40 CFR 300) and related guidance. Site restoration under 
CERCLA also entails two additional requirements: 5-year reviews of remedy protectiveness and 
deletion of National Priority List installations from the National Priority List.  

8.6.4.4 Alternative 4 – Excavation, Ex-Situ Stabilization, and Offsite Disposal  

The total present value estimates for Alternative 4 range from $2.5 million to $8.4 million, 
depending on the remedial scenario. The costs vary by remedial scenario as follows, where 
“total,” “capital,” and “long-term” are defined as discussed in Section 8.6.2: 

Alt. 4 
Excavation, 

Ex-situ 
Stabilization, 
and Offsite 

Disposal 

Costs (x1,000) 

Scenario: 
Lead and PAHs Lead Only 

A B C D E F 

TOTAL: $7,613 $8,452 $5,173 $6,343 $4,951 $2,479 

Capital: $7,542 $7,572 $4,292 $5,452 $4,036 $1,564 

Long Term: $71 $880 $881 $891 $915 $915 

Note: Remedial Scenarios A, B, and C assume remediation of PAHs at DU 1 and 4; lead is 
remediated using lead PRGs of 260, 800, and 9,406 mg/kg, respectively. Remedial Scenarios D, E, 
and F assume no remediation of PAHs at DUs 1 and 4; lead is remediated using lead PRGs of 260, 
800, and 9,406 mg/kg, respectively. 

The major cost items are: 

• Item 01-Remedial Design 

• Item 02-UXO Removal 
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• Item 03-Site Preparation 

• Item 04-Excavation, Ex-Situ Stabilization, and Offsite Disposal 

• Item 05-LUCs 

• Item 06-Annual Sampling/Analysis (years 1-5) 

• Item 07-Biannual Sampling/Analysis (years 6-30) 

• Item 08-Site Visits and Reporting 

• Item 09-Five-Year Review 

• Item 10-Site Closeout (Only applicable to Remedial Scenario A) 

Table 8-13 identifies additional sub-items associated with the above ten major cost items. The 
item and sub-item descriptions are the same as described for Alternative 3 in Section 8.6.4.3 
except for the following: 

Item 04 (Excavation, Ex-Situ Stabilization and Offsite Disposal) involves soil excavation, 
onsite stabilization, loading stabilized soil into hazardous waste transport trucks, and transporting 
soil to a hazardous waste landfill. At the landfill, the lead-contaminated soil need not be 
additionally stabilized prior to placement in the landfill. Excavation is a standard construction 
practice; equipment and construction methods appropriate to the excavation and handling of 
contaminated materials are readily available. Typical excavation equipment includes bulldozers, 
scrapers, excavators, track loaders, and wheel loaders, all of which are available in a wide variety 
of sizes. Excavation is one of the most effective means of site remediation because it involves 
the physical removal of contaminated materials.  

Cleanup and landscaping, decontamination facilities, and residual waste management are the 
same as discussed for Alternative 2 in Section 8.6.4.2. 

8.6.4.5 Alternative 5 – Excavation, Soil Washing, and Onsite Reuse  

The total present value estimates for Alternative 5 range from $3.4 million to $7.9 million, 
depending on the remedial scenario. The costs vary by remedial scenario as follows, where 
“total,” “capital,” and “long-term” are defined as discussed in Section 8.6.2: 

Alt. 5 
Excavation, 

Soil Washing, 
and Onsite 

Reuse 

Costs (x1,000) 

Scenario: 
Lead and PAHs Lead Only 

A B C D E F 

TOTAL: $7,901 $7,603 $5,720 $6,676 $5,439 $3,445 

Capital: $7,830 $6,723 $4,840 $5,785 $4,524 $2,530 

Long Term: $71 $880 $880 $891 $915 $915 

Note: Remedial Scenarios A, B, and C assume remediation of PAHs at DU 1 and 4; lead is 
remediated using lead PRGs of 260, 800, and 9,406 mg/kg, respectively. Remedial Scenarios D, E, 
and F assume no remediation of PAHs at DUs 1 and 4; lead is remediated using lead PRGs of 260, 
800, and 9,406 mg/kg, respectively. 

The major cost items are: 

• Item 01-Remedial Design 
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• Item 02-UXO Removal 

• Item 03-Site Preparation 

• Item 04-Excavation, Soil Washing, and Onsite Reuse 

• Item 05-LUCs 

• Item 06-Annual Sampling/Analysis (years 1-5) 

• Item 07-Biannual Sampling/Analysis (years 6-30) 

• Item 08-Site Visits and Reporting 

• Item 09-Five-Year Review 

• Item 10-Site Closeout (Only applicable to Remedial Scenario A) 

Table 8-13 identifies additional sub-items associated with the above eight major cost items. The 
item and sub-item descriptions are the same as described for Alternative 3 in Section 8.6.4.3 
except for the following: 

Item 04 (Excavation, Soil Washing, and Onsite Reuse) involves soil excavation followed by 
onsite soil washing. Soil washing is an ex-situ, water-based process for mechanically screening, 
scrubbing, and leaching waste constituents from contaminated soil for recovery and treatment. 
The process removes contaminants from soils by dissolving or suspending them in the wash 
solution or by concentrating them into a smaller volume of soil through simple particle size 
separation techniques. It is during this mechanical fine-screening step in the process that lead 
shot and other metal fragments are removed and containerized for disposal. 

Soil washing units are arranged in series. The soil is first mechanically screened to remove rocks 
and other debris. The next mechanical screening step captures other material that is of larger 
gradation than the soils, and then it enters a soil scrubbing unit where it is sprayed with washing 
fluid, agitated, and then rinsed. In the next step, the fluid and soil are separated, with the soil 
being separated further into fines and coarse materials. The fines are then processed to remove 
contamination. The remaining filter cake will be sampled and tested, and normally will be 
disposed of as hazardous waste pending test results. 

8.7 DETAILED ANALYSIS OF ALTERNATIVES 

8.7.1 Evaluation Criteria 

This section presents the analysis and assessment of each alternative with respect to seven of the 
nine evaluation criteria specified by the NCP (EPA, 1988a). The State Acceptance and 
Community Acceptance evaluation criteria are addressed later in the CERCLA process. The 
remaining seven criteria are comparison of two threshold criteria and five balancing criteria. 

The two threshold criteria are: 

• Overall protection of human health and the environment 

• Compliance with ARARs and EO 13514 

The five balancing criteria are: 
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• Long-term effectiveness and permanence 

• Reduction of toxicity, mobility, or volume through treatment 

• Short-term effectiveness 

• Implementability 

• Cost 

The seven criteria are used to evaluate alternatives in this FS. Two additional criteria—State 
acceptance and community acceptance—are modifying criteria that will be evaluated after 
review of the FS by State agencies and receipt of public comments.  

Following the detailed analysis of each alternative is a comparative analysis of the five 
alternatives (Section 8.8). The comparative analysis assesses the relative performance of each 
alternative with respect to the specific evaluation criteria. The purpose of the comparative 
analysis is to identify the advantages and disadvantages of each alternative relative to each other. 

8.7.1.1 Threshold Criteria 

To be eligible for selection, an alternative must meet the two threshold criteria described below, 
or in the case of ARARs, must justify why a waiver is appropriate. 

Overall protection of human health and the environment: Under this criterion, alternatives 
are assessed to determine whether they can adequately protect human health and the 
environment, in both the short- and long-term, from unacceptable risks posed by hazardous 
substances, pollutants, or contaminants present at the site. Protection can be achieved by 
eliminating, reducing, or controlling exposure to levels established during development of 
remediation goals consistent with 40 CFR 300.430(e)(2)(i) through treatment, engineering 
controls, or institutional controls. Overall protection of human health and the environment draws 
on the assessments of other evaluation criteria, especially long-term effectiveness and 
permanence, short-term effectiveness, and compliance with ARARs. 

Compliance with ARARs and EO 13514: The alternatives are assessed to determine whether 
they attain ARARs and address EO 13514 under Federal environmental laws and State 
environmental or facility siting laws, or provide grounds for invoking one of the waivers under 
paragraph (f)(1)(ii)(C) of 40 CFR 300.430. Compliance with chemical-specific, location-
specific, and action-specific ARARs are assessed for each alternative. 

8.7.1.2 Balancing Criteria  

The five criteria listed below are the criteria upon which the detailed evaluation and comparative 
analysis of alternatives are based. The level of detail required to analyze each alternative under 
these NCP evaluation criteria depends on the nature and complexity of the site, the types of 
technologies and alternatives being considered, and other project-specific considerations. The 
analysis is performed in sufficient detail to understand the significant aspects of each alternative 
and to identify the uncertainties associated with the evaluation. 

Long-term effectiveness and permanence: Alternatives are assessed for the long-term 
effectiveness and permanence they afford, along with the degree of certainty that the alternative 
will prove successful. Factors appropriate for consideration include the following: 
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(a) The magnitude of residual risk remaining from untreated waste or treatment residuals 
remaining at the conclusion of the remedial activities. The characteristics of the residuals 
were considered to the degree that they remain hazardous, taking into account their 
volume, toxicity, mobility, and propensity to bioaccumulate. 

(b) The adequacy and reliability of controls such as containment systems and institutional 
controls necessary to manage treatment residuals and untreated waste. In particular, this 
factor addresses the uncertainties associated with land disposal for providing long-term 
protection from residuals; the assessment of the potential need to replace technical 
components of the alternative such as a cap, and the potential exposure pathways and 
risks posed should the remedial action need replacement. 

Reduction of toxicity, mobility, or volume through treatment: The alternatives are assessed 
to determine the degree to which they employ recycling or treatment that reduces toxicity, 
mobility, or volume. In addition, the alternatives are assessed to determine how treatment is used 
to address the principal threats posed by the site. Factors that are appropriate to consider include 
the following: 

(a) The treatment or recycling processes the alternatives employ and the materials they will 
treat. 

(b) The amount of hazardous substances, pollutants, or contaminants that will be destroyed, 
treated, or recycled. 

(c) The degree of expected reduction of the waste due to treatment or recycling and the 
specification to which reduction is occurring. 

(d) The degree to which the treatment is irreversible. 

(e) The type and quality of residuals that will remain following treatment, considering the 
persistence, toxicity, mobility, and propensity to bioaccumulate hazardous substances and 
their constituents. 

(f) The degree to which treatment reduces the inherent hazards posed by principal threats at 
the site. 

Short-term effectiveness: The short-term impacts of alternatives assessed include the following: 

(a) Short-term risks that might be posed to the community during implementation of an 
alternative. 

(b) Potential impacts on workers during remedial action and the effectiveness and reliability 
of protective measures. 

(c) Potential environmental effects of the remedial action and the effectiveness and reliability 
of mitigative measures during implementation. 

(d) Time until protection is achieved. 

Implementability: The ease or difficulty of implementing the alternatives is assessed by 
considering the following types of factors, as appropriate: 

(a) Technical feasibility, including the technical difficulties and the unknowns associated 
with the construction and operation of a technology, the reliability of the technology, the 
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ease of undertaking additional remedial actions, and the ability to monitor the 
effectiveness of the remedy. 

(b) Administrative feasibility, including the activities needed to coordinate with other offices 
and agencies and the ability and time required to obtain necessary approvals and permits 
from other agencies (for offsite actions).  

(c) Availability of services and materials, including the availability of adequate offsite 
treatment, storage capacity and disposal capacity and services, the availability of 
necessary equipment and specialists and provisions to ensure any necessary additional 
resources, the availability of services and materials, and the availability of prospective 
technologies. 

Cost: The types of costs that are assessed include the following: 

(a) Capital (construction) costs, including both direct and indirect costs. 

(b) Annual and periodic O&M or LTM costs. 

CERCLA and the NCP require that every remedy selected in the ROD must be cost effective 
(EPA, 1999a). The overall effectiveness of each alternative is based on long-term effectiveness 
and permanence; reduction in toxicity, mobility, and volume; and short-term effectiveness. 
Present-value cost is then compared to overall effectiveness to determine whether the alternative 
is cost effective.  

8.7.2 Alternative 1 – No Action 

Under the No Action alternative, no further action will be taken for soil at the Trap and Skeet 
Range 17.  

8.7.2.1 Overall Protection of Human Health and the Environment 

The No Action alternative is not protective of human health and the environment. Under current 
site conditions, unacceptable risks are posed to ecological receptors and future human receptors.  

8.7.2.2 Compliance with ARARs and EO 13514 

Alternative 1 is not compliant with ARARs because they require that the Trap and Skeet Range 
17 be managed in a fashion protective of human health and the environment. The human health 
and ecological risk assessments indicate that in the absent of remedial action, these protections 
are not assured. Table 8-14 reveals that Alternative 1 scores a 1.7 out of a maximum of 3.0 
relative to attaining the EO 13514 goals, as per the footnotes in this table.  

8.7.2.3 Long-Term Effectiveness and Permanence 

Under this alternative, untreated contamination would remain in the soil. The contaminant levels 
present unacceptable risks to human and ecological receptors. Therefore, the No Action 
alternative does not provide long-term effectiveness. 

8.7.2.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

Since actions to treat or remove contaminated soil would not be taken, there would not be an 
active reduction in contaminant toxicity, mobility, or volume under the No Action alternative.  



Feasibility Study 

 5-JUN-14\\ 8-21 

8.7.2.5 Short-Term Effectiveness 

Because no action for soil would be taken, there would be no additive short-term impacts to the 
environment, community, or workers associated with the implementation of this alternative. 
However, the time until protection is achieved would be infinite, as no action would be 
undertaken to achieve protection of human health and the environment. Therefore, the No Action 
alternative does not provide short-term effectiveness.  

8.7.2.6 Implementability 

Since no action would be taken under this alternative, it would be easily implemented. 

8.7.2.7 Cost 

The No Action alternative would not incur any costs. 

8.7.3 Alternative 2 – In-Situ Stabilization and Cover 

Under Alternative 2, UXO would be removed, and then soil exceeding PRGs would undergo in-
situ stabilization/solidification, covering with a non-woven geo-synthetic liner, then covering 
with approximately 24 inches of clean fill to prevent the exposure pathway to human and 
ecological receptors. The soil cover would be vegetated and would be maintained indefinitely 
(30 years assumed for costing purposes). It has the advantage of reduced capital costs because 
contaminated soils are not removed or treated. However, long-term costs are higher because of 
the prolonged operation and maintenance requirement, which includes inspection and occasional 
removal of trees and shrubs that could disrupt the cover. 

8.7.3.1 Overall Protection of Human Health and the Environment 

Stabilizing and covering soil is a form of containment, which is one of the EPA presumptive 
remedies for metal-contaminated soil (EPA 1999). The soil cover in Alternative 2 would result in 
incomplete exposure pathways for human receptors under current and reasonably anticipated 
future land use. The thickness of the soil cover would be sufficient to prevent exposure to 
ecological receptors, including birds and burrowing mammals. The cover would be vegetated 
with grass, and any trees or shrubs that begin to grow in the cover would be removed during 
annual O&M activities for the cover. The location of the site within a wildlife refuge ensures that 
land use will not change from the current land use, and 5-year reviews would be employed to 
monitor land use at the site. Therefore, Alternative 2 is protective of human health and the 
environment. 

8.7.3.2 Compliance with ARARs and EO 13514 

This alternative would comply with all potential chemical-, action-, and location-specific 
ARARs. Based on TCLP data for the site, much of the soil that would be treated and covered is 
characterized as RCRA hazardous waste. EPA guidance for metal-contaminated sites (EPA, 
1999b) indicates that covering the contaminated soil in place within an area of contamination 
does not constitute “placement” or “land disposal” of hazardous waste that would trigger RCRA 
land disposal requirements (LDRs). For this reason, LDRs would not apply to this alternative. 
Table 8-14 reveals that Alternative 2 scores a 2.5 out of a maximum of 3.0 relative to attaining 
the EO 13514 goals, as per the footnotes in this table. 
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8.7.3.3 Long-Term Effectiveness and Permanence 

Elevated concentrations of contaminants would remain in the covered soil at the Trap and Skeet 
Range 17. However, a soil cover, if properly maintained, is an effective long-term tool for 
preventing exposure to the contaminated soil. PRR management could easily limit the land use to 
the current exposure scenarios, and 5-year reviews would ensure that the remedy continues to be 
protective of human health and the environment. Therefore, Alternative 2 is effective in the long-
term and permanently. 

8.7.3.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

The mobility of the site contaminants would be controlled via the combination of in-situ 
stabilization/solidification and covering. Toxicity would not be reduced, although exposure 
potential would be because of reduced contact potential and bioavailability resulting from 
chemical stabilization. The volume of soil material would increase because soil stabilizing agents 
would be added. Overall, however, Alternative 2 is considered effective with regard to this 
evaluation criterion. 

8.7.3.5 Short-Term Effectiveness 

Any short-term impacts to remedial workers or the environment during the implementation of 
this alternative could be easily mitigated through proper work practices. Risk to remedial 
workers due to MEC at the site would be mitigated via MEC removal prior to construction. In 
addition, on-call MEC construction support may be employed during the excavation if the results 
of the initial MEC removal indicate any uncertainty regarding the potential presence of residual 
MEC at the site. The time until protection is achieved would be relatively short. Alternative 2 is 
effective in the short-term.  

8.7.3.6 Implementability 

Alternative 2 would be relatively easy to implement both technically and administratively. As 
previously discussed, RCRA LDRs would not apply to this alternative.  

8.7.3.7 Cost 

For remedial scenarios A through F, Alternative 2 is generally the most expensive. O&M costs 
are a bigger portion of the total costs for Alternative 2 compared to the other alternatives because 
the Alternative 2 O&M includes significant costs associated with waste cover inspection and 
maintenance. 

8.7.4 Alternative 3 – Excavation and Offsite Treatment and Disposal 

Under Alternative 3, UXO would be removed and then soil exceeding the PRGs would be 
excavated and removed from the PRR-NT. This alternative has the advantage of removing 
contamination and eliminating long-term cover inspection and maintenance costs. It has the 
disadvantage of increased capital costs associated with excavation, transportation, and offsite 
hazardous waste disposal fees. Such disposal fees would include soil stabilization at the landfill 
prior to disposal in the hazardous waste landfill. 
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8.7.4.1 Overall Protection of Human Health and the Environment 

Removal and offsite disposal of the soil exceeding the PRGs under Alternative 3 would be 
protective of human health and the environment because contaminated soil would be removed 
from the site. 

8.7.4.2 Compliance with ARARs and EO 13514 

This alternative would comply with all potential chemical-, action-, and location-specific 
ARARs. Based on TCLP data for the site, most of the soil that would be removed is 
characterized as RCRA hazardous waste. For this reason, treatment/disposal of the soil at a 
RCRA Subtitle C facility is necessary to comply with ARARs. Table 8-14 reveals that 
Alternative 3 scores a 2.2 out of a maximum of 3.0 relative to attaining the EO 13514 goals, as 
per the footnotes in this table. 

8.7.4.3 Long-Term Effectiveness and Permanence 

Removal of the soil exceeding the PRGs would immediately reduce risks to acceptable levels for 
human and ecological receptors. Therefore, Alternative 3 is effective in the long-term and 
permanently.  

8.7.4.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

Although the removal of the soil exceeding PRGs would immediately reduce the volume of 
contaminated soil at the site, EPA does not consider removal to be a form of treatment. However, 
the solidification/stabilization of the excavated material at the disposal facility does constitute 
treatment that would effectively reduce the mobility of the contaminants through treatment. 
Therefore, Alternative 3 meets the criterion of mobility reduction. 

8.7.4.5 Short-Term Effectiveness 

Any short-term impacts to remedial workers or the environment during implementation of this 
alternative could be easily mitigated through proper work practices. Risk to remedial workers 
due to MEC at the site would be mitigated by MEC removal prior to construction. In addition, 
on-call MEC construction support may be employed during the excavation if the results of the 
initial MEC removal indicate any uncertainty regarding the potential presence of residual MEC 
at the site. The time until protection is achieved would be relatively short. Alternative 3 is 
effective in the short-term. 

8.7.4.6 Implementability 

Alternative 3 would be relatively easy to implement both technically and administratively.  

8.7.4.7 Cost 

For remedial scenarios A through F, Alternative 3 is generally the least expensive. O&M costs 
are a relatively smaller portion of the total costs compared to Alternative 2. Although the offsite 
disposal unit rate costs are more than those for Alternative 4, Alternative 3 does not involve the 
significant onsite soil treatments costs and uncertainties which encumber Alternative 4. 

8.7.5 Alternative 4 – Excavation, Ex-Situ Stabilization, and Offsite Disposal 

Alternative 3 is the same as Alternative 3 except the excavated soil would be stabilized at the site 
prior to transport to a hazardous waste disposal facility to avoid landfill soil treatment costs. The 
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landfill disposal costs would be lower than Alternative 3 because the landfill would not have to 
stabilize the soil. 

8.7.5.1 Overall Protection of Human Health and the Environment 

Removal, ex-situ stabilization, and offsite disposal of the soil exceeding the PRGs under 
Alternative 4 would be protective of human health and the environment because contaminated 
soil would be removed from the site. 

8.7.5.2 Compliance with ARARs and EO 13514 

This alternative would comply with all potential chemical-, action-, and location-specific 
ARARs. Based on TCLP data for the site, most of the soil that would be removed is 
characterized as RCRA hazardous waste. For this reason, disposal of the soil at a Subtitle D 
facility requires pre-treatment prior to disposal, and this can be accomplished onsite. Table 8-14 
reveals that Alternative 4 scores a 2.2 out of a maximum of 3.0 relative to attaining the EO 
13514 goals, as per the footnotes in this table. 

8.7.5.3 Long-Term Effectiveness and Permanence 

Removing soil exceeding the PRGs would immediately reduce risks to acceptable levels for 
human and ecological receptors. Therefore, Alternative 4 is effective in the long-term and 
permanently.  

8.7.5.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

The onsite solidification/stabilization of the excavated material in Alternative 4 would 
effectively reduce the mobility of the contaminants, thereby satisfying the criterion of reduction 
of toxicity, mobility, or volume through treatment.  

8.7.5.5 Short-Term Effectiveness 

Any short-term impacts to remedial workers or the environment during the implementation of 
this alternative could be easily mitigated through proper work practices. Risk to remedial 
workers due to MEC at the site would be mitigated via MEC removal prior to construction. In 
addition, on-call MEC construction support may be employed during the excavation if the results 
of the initial MEC removal indicate any uncertainty regarding the potential presence of residual 
MEC at the site. The time until protection is achieved would be relatively short. Alternative 4 is 
effective in the short-term. 

8.7.5.6 Implementability 

Alternative 4 would be relatively easy to implement both technically and administratively, 
though slightly more difficult than Alternative 3 because of the on-site, ex-situ soil stabilization 
activities. 

8.7.5.7 Cost 

For remedial scenarios A through F, Alternative 4 is slightly less expensive than Alternatives 2 
and 5, but significantly more expensive than Alternative 3. Cost savings associated with reducing 
disposal costs at the landfill (by not requiring stabilization at the landfill) are offset by the 
combination of onsite stabilization costs and increased transportation costs resulting from 
increased soil volumes (due to the addition of the stabilizing agents). 
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8.7.6 Alternative 5 – Excavation, Soil Washing, and Onsite Reuse 

Under Alternative 5, UXO would be removed, and then soil exceeding the PRGs would be 
excavated; the soil would then be washed to concentrate the soil contaminants. The majority of 
the washed soil would then be placed back at the site, while the filter cake (with lead shot) would 
be sent offsite for disposal as RCRA hazardous waste. No backfill from an offsite source would 
be necessary under this alternative. There is some uncertainty about the effectiveness of soil 
washing to achieve the PRGs; therefore, a pilot study would be necessary. 

8.7.6.1 Overall Protection of Human Health and the Environment 

Removal and offsite disposal of soil exceeding the PRGs under Alternative 5 would be protective 
of human health and the environment because contaminants would be removed from the soil. 

8.7.6.2 Compliance with ARARs and EO 13514 

This alternative would comply with all potential chemical-, action-, and location-specific 
ARARs. Based on TCLP data for the site soil, the filter cake/lead shot from the soil washing 
process is assumed to be characterized as RCRA hazardous waste. For this reason, disposal of 
the filter cake and lead shot at a RCRA Subtitle C facility, with solidification/stabilization of the 
material at that facility prior to disposal, was assumed to be necessary to comply with ARARs. 
Table 8-14 reveals that Alternative 5 scores a 2.5 out of a maximum of 3.0 relative to attaining 
the EO 13514 goals, as per the footnotes in this table. 

8.7.6.3 Long-Term Effectiveness and Permanence 

Onsite treatment of the soil exceeding the PRGs would immediately reduce risks to acceptable 
levels for human and ecological receptors. There is some uncertainty about the effectiveness of 
soil washing to achieve the PRGs; therefore, a pilot study would be necessary. Assuming a 
positive pilot study outcome, Alternative 4 would be effective in the long-term and permanently.  

8.7.6.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

The onsite treatment of the excavated material in Alternative 5 through soil washing would 
reduce the mobility and volume of the contaminants through treatment.  

8.7.6.5 Short-Term Effectiveness 

Any short-term impacts to remedial workers or the environment during the implementation of 
this alternative could be easily mitigated through proper work practices. Risk to remedial 
workers due to MEC at the site would be mitigated by an aggressive approach to locate and 
remove MEC prior to the remedial action. In addition, onsite MEC construction support may be 
employed during the excavation if the results of the initial MEC removal indicate any uncertainty 
regarding the potential presence of residual MEC at the site. The time until protection is achieved 
would be relatively short. Alternative 5 is effective in the short-term. 

8.7.6.6 Implementability 

Alternative 5 would be relatively more challenging to implement both technically and 
administratively because of the complexities of soil washing and the requirement for a pilot 
study.  
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8.7.6.7 Cost 

For remedial scenarios A through F, Alternative 5 is generally the second most expensive. 
Contributing to the higher costs are the pilot study and the technical requirements associated with 
construction, execution, and monitoring of a soil washing operation. 

8.8 COMPARATIVE ANALYSIS OF ALTERNATIVES 

This section presents a comparison of the relative performance of each alternative with respect to 
the seven threshold and balancing criteria. The comparative analysis results are summarized in 
Table 8-15. 

8.8.1 Overall Protection of Human Health and the Environment 

Under current conditions, unacceptable risks are posed to ecological receptors and also to future 
human receptors if the future land use became similar to an industrial type of land use. 
Alternative 1 (no action) includes no means to reduce these risks, and does not meet the 
threshold criterion of protection of human health and the environment. Alternatives 2 through 5 
are judged to be equivalent with regard to meeting this criterion by controlling or eliminating 
ecological or human exposure to site contaminants. In other words, Alternatives 2 through 5 are 
ranked as follows: Alt. 2 = Alt. 3 = Alt. 4 = Alt. 5. 

8.8.2 Compliance with ARARs 

All of the alternatives, except the No Action alternative, would comply with all potential 
chemical-, action-, and location-specific ARARs. They are ranked as follows with regard to this 
criterion: Alt. 2 = Alt. 3 = Alt. 4 = Alt. 5. 

8.8.3 Long-Term Effectiveness and Permanence 

Alternative 1 would not provide long-term effectiveness, because untreated contamination would 
remain in soil at levels exceeding the PRGs. Alternatives 2 through 5 would provide long-term 
effectiveness by covering, removing, or treating the soil contaminants in areas exceeding the soil 
PRGs. The long-term effectiveness of Alternative 2 would be evaluated by 5-year reviews 
throughout the 30 year O&M period. There is some uncertainty concerning the effectiveness of 
soil washing to achieve the PRGs; therefore, a pilot study would be necessary. The relative long-
term effectiveness of Alternatives 2 through 5 is judged to be: Alt. 3 = Alt. 4 > Alt. 5 > Alt. 2. 

8.8.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

Alternative 1 does not include any active reduction in contaminant toxicity, mobility, or volume 
through treatment. Alternative 2 achieves reduction of mobility through in-situ stabilization and 
covering. However, compared to Alternatives 3 and 4, which both involve placement of the 
stabilized soil in an offsite permitted landfill, the degree of mobility reduction may be less for 
Alternative 2. Alternative 5 reduces mobility by reducing the amount of contamination present in 
the soil that would be placed back at the site; however, assuming not 100 percent of the 
contamination would be removed by Alternative 5 (only removal of enough to attain PRGs), 
Alternative 5 mobility reduction is less compared to Alternatives 3 and 4. Alternatives 2, 3, and 4 
actually would result in an increase in soil volume because of the soil treatment additives. 
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Overall, the relative reduction of toxicity, mobility, and volume for Alternatives 2 through 5 is 
judged to be Alt. 5 > Alt. 3 = Alt. 4 > Alt. 2. 

8.8.5 Short-Term Effectiveness 

Alternative 1 is not effective in the short term. Alternatives 2 through 5 would all be effective in 
the short term, with each employing similar measures to ensure the safety of remedial workers 
within a very similar timeframe to achieve protection of human health and the environment. 
Overall, the relative short-term effectiveness for Alternatives 2 through 5 is judged to be Alt. 2 = 
Alt. 3 = Alt. 4 = Alt. 5. 

8.8.6 Implementability 

Alternative 1 is most easily implemented because it involves doing nothing. Alternative 3 is the 
next most implementable because its individual elements are rather simple and do not involve 
special soil treatment at the site. Implementability decreases for Alternatives 2 and 4 because 
they both involve onsite stabilization. Alternative 5 is most difficult to implement because it 
involves extensive soil handling (washing) and a pilot study to assess soil washing effectiveness. 
Overall, the relative implementability of Alternatives 2 through 5 is judged to be Alt. 3 > Alt. 2 = 
Alt. 4 > Alt. 5 

8.8.7 Cost 

Table 8-12 presents the total present-value, capital capital costs, and long-term O&M costs for 
Alternatives 1 through 5. Excluding the No Action alternative, the estimated total present value 
costs range (depending on the remedial scenarios A through F) summarized below, generally in 
order of least to most expensive: 

• Alternative 3 (Excavation and Offsite Treatment and Disposal): $2.1 to $6.2 million 

• Alternative 4 (Excavation, Ex-Situ Stabilization, and Offsite Disposal): $2.5 to $8.4 million 

• Alternative 5 (Excavation, Soil Washing, and Onsite Reuse): $3.4 to $7.9 million 

• Alternative 2 (In-Situ Stabilization and Cover): $2.5 to $9.0 million 

Accordingly, the relative preference of Alternatives 2 through 5 is ranked as follows from the 
cost perspective: Alt. 3 > Alt. 4 = Alt. 5 > Alt. 2. 
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9.0 CONCLUSIONS AND RECOMMENDATIONS 

Conclusions and recommendations are discussed below. 

9.1 CONCLUSIONS 

Past activities at the Trap and Skeet Range 17 have resulted in release of the following chemicals 
of concern: antimony, arsenic, lead, NG, and PAHs. All are present in soil at concentrations that, 
collectively: 

• Do not pose elevated (in excess of EPA thresholds) risks/hazards to current human 
receptors 

• Pose elevated risks/hazards to potential human receptors who may utilize the property in 
the future in a manner that would cause greater exposure than presently occurs 

• Pose elevated hazards to local environmental receptors both currently and in the future 

Metals have been detected in groundwater, but at dissolved concentrations that do not pose 
current or future elevated risks/hazards to human or environmental receptors. The total 
groundwater cancer risk estimate for the resident equaled the target cancer risk threshold of 
1×10-4 due to ingestion of arsenic as drinking water; however, the maximum detected 
concentration for arsenic is below its MCL, and the 1991 Land Transfer Assembly prohibits the 
use of groundwater from the Site as a potable resource at the PRR-NT.  Groundwater has not yet 
been monitored for NG or PAHs. Groundwater will be further addressed as a separate OU at a 
later date. 

Various remedial alternatives have been evaluated that could reduce human and environmental 
exposure to acceptable levels. Excluding the No Action alternative, they are: 

• Alternative 2—In-Situ Stabilization and Cover 

• Alternative 3—Excavation and Offsite Treatment and Disposal 

• Alternative 4—Excavation, Ex-Situ Stabilization, and Offsite Disposal 

• Alternative 5—Excavation, Soil Washing, and Onsite Reuse 

For each of these alternatives, the following soil PRGs options were evaluated in the FS: 

• Lead: 

� 9,406 mg/kg, plus LUCs 

� 800 mg/kg, plus LUCs 

� 260 mg/kg 

• Arsenic and Antimony: none, because remediating lead to any of the lead PRGs listed 
above also addresses arsenic and antimony because these metals are co-located with the 
lead. The only exception is that the future child residence would not be protected from 
exposure to arsenic and antimony at the lead PRG of 9,406 and; therefore, this PRG 
would also require LUCs.  

• For PAHs two remedial options were considered in the FS: 
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� Remediation of DUs 1 and 4 based on the assumption that: 1) future PRR 
worker/visitor exposure frequencies not exceeding about 12 days per year2 cannot be 
guaranteed without an engineered LUC such as a fence, and 2) the fact that fencing is 
unacceptable because it is not compatible with operation of the property as an open-
access wildlife refuge and would entail significant long-term monitoring and 
maintenance costs. 

� No remediation of DUs 1 and 4 based on: 1) the NOAEL-based ecologic HQs 
generally below 1.0, 2) the option of using LUCs to manage risks posed to potential 
future residential or industrial receptors, 3) potential future construction worker risks 
below the acceptable risk threshold, and 4) current/future PRR workers and visitor 
risks below the acceptable risk threshold, assuming a 12 day per year exposure 
frequency. 

Based on the above lead and PAH remedial options, the following six remedial scenarios (A 
through F) were developed for evaluation in the FS. For scenarios B and E, it is assumed that all 
areas with soil lead concentrations between 260 and 800 mg/kg would undergo seeding with 
plant species capable of sequestering lead. 

Remedial 
Scenario 

PRGs 

Lead (mg/kg) PAHs 

A 260 Remediate DUs 1 and 4 

B  800 Remediate DUs 1 and 4 

C 9,406 Remediate DUs 1 and 4 

D 260 Do Not Remediate DUs 1 and 4 

E 800 Do Not Remediate DUs 1 and 4 

F 9,406 Do Not Remediate DUs 1 and 4 
 

Below are summarized the estimated costs for the 24 different combinations of remedial 
scenarios (six) and action remedial alternatives (four). All estimates are present value, calculated 
assuming an inflation rate of 2.6 percent and a nominal discount rate of 4.1 percent. The 
resulting real discount rate is the difference between these two percentages (1.5 percent). 

Remedial 
Scenario 

PRG Alt. 2 
In-Situ 

Stabilization 
and Cover 

Alt. 3 
Excavation 
and Offsite 
Treatment 

and 
Disposal 

Alt. 4 
Excavation, 

Ex-Situ 
Stabilization, 
and Offsite 

Disposal 

Alt. 5 
Excavation, 

Soil Washing, 
and Onsite 

Reuse Lead 
(mg/kg) 

PAHs 

A 260 Remediate DUs 1 and 4 $9.0 $6.2 $7.6 $7.9 

B 800 Remediate DUs 1 and 4 $7.7 $6.1 $8.4 $7.6 

C 9,406 Remediate DUs 1 and 4 $5.4 $4.2 $5.2 $5.7 

D 260 Do Not Remediate DUs 1 and 4 $7.0 $5.2 $6.3 $6.7 

E 800 Do Not Remediate DUs 1 and 4 $5.3 $4.0 $5.0 $5.4 

F 9,406 Do Not Remediate DUs 1 and 4 $2.5 $2.1 $2.5 $3.4 

                                                 
2 An exposure frequency of 12 days per year was used to estimate risks/hazards for chemical exposure (e.g., PAHs, 
metals, and NG) for the PRR worker/intern and visitor/hunter. An exposure frequency of 13 days per year was used 
for estimating exposure to lead; lead models would not accept an exposure frequency less than 13 days per year. 
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These costs primarily correlate with the soil volume and surface area that would need to be 
remediated. The soil volumes associated with the different combinations of remedial scenario 
and PRGs are: 

Remedial 
Scenario 

PRGs 
Ground Surface 

Footprint Area (acres) 
Soil Treatment Volume 

(cubic yards) 

Lead 
(mg/kg) 

PAHs Lead PAHs TOTAL Lead PAHs TOTAL 

A 260 Remediate DUs 1 and 4 11.13 4.10 15.23 9,950 6,619 16,569 

B 800 Remediate DUs 1 and 4 7.75 4.10 11.85 6,537 6,619 13,156 

C 9,406 Remediate DUs 1 and 4 1.75 4.10 5.85 1,408 6,619 8,027 

D 260 Do Not Remediate DUs 1 and 4 11.13 0 11.13 9,950 0 9,950 

E 800 Do Not Remediate DUs 1 and 4 7.75 0 7.75 6,537 0 6,537 

F 9,406 Do Not Remediate DUs 1 and 4 1.75 0 1.75 1,408 0 1,408 

 

Each alternative was evaluated on the basis of two threshold criteria and five balancing criteria. 

The two threshold criteria are: 

• Overall protection of human health and the environment 

• Compliance with ARARs and EO 13514 

The five balancing criteria are: 

• Long-term effectiveness and permanence 

• Reduction of toxicity, mobility, or volume through treatment 

• Short-term effectiveness 

• Implementability 

• Cost 

9.2 RECOMMENDATIONS 

The combination of Alternative 3 and remedial Scenario A are recommended. Alternative 3 is 
Excavation and Offsite Treatment and Disposal where soil treatment occurs at an offsite Subtitle 
C Facility and the disposal is at an offsite facility permitted to accept the treated soil. Remedial 
Scenario A represents remediating soil lead to 260 mg/kg and PAHs in DUs 1 and 4. This 
recommendation involves these primary actions: 

• Remove UXO from the planned lead and PAH excavation areas 

• Excavate all soil with soil lead concentrations exceeding the lead PRG of 260 mg/kg and 
conduct confirmation sampling to confirm attainment of this PRG 

• Excavate PAH impacted soil at DUs 1 and 4 to a depth of 12-inches bgs (confirmation 
sampling not necessary) 

• Off-site soil transport, treatment and disposal at a permitted facility(ies) 

• Establish LUCs to prohibit future residential or industrial use of the Site  
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Total, capital, and O&M costs (present value) are estimated to be: 

• Total: $6.2 Million 

• Capital: $6.1 Million 

• O&M: $0.1 Million 

 

The Trap and Skeet Range 17 groundwater will be addressed as a separate OU at a later date. 
The 1991 Land Transfer Assembly currently prohibits the use of groundwater from the Site as a 
potable resource at the PRR-NT.
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Figure 1-5 
Skeet Range Layout 

 



 
 
 
 
 
 
 

 
Source: NSSF, 1997 
 

 
 
 
 
 
 
 
 
 
 

Figure 1-6 
Skeet Range Theoretical Shot Fall Pattern 
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Figure 1-7 

Trap Range Layout 
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Figure 1-8 
Trap Range Theoretical Shot Fall Pattern 
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Source: USFWS/EPA (2004) 
Notes: 

1) The following sample locations were excluded by USFWS/EPA (2004) because GPS coordinates were not obtained. 
2) Excluded from this figure are the TAL and ICAP surface soil lead results. 

 
 

Figure 1-12 
 

Contour map of USFWS/EPA (2004) XRF Surface Soil Lead Concentrations. 
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(a) Data source: USFWS/EPA (2004). 

 
 
 
 
 

Figure 1-14 
Scatter Diagram of USFWS/EPA (2004) Non-XRF Soil Arsenic and Lead Concentrations 
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(a) The results for the most contaminated location (0-150D) with lead and arsenic results of 44,000 and 220 mg/kg, 

respectively, are excluded so that the other data points remain visible.  
(b) Data source: USFWS/EPA (2004). 

 
 
 
 
 

Figure 1-15 
Scatter Diagram of USFWS/EPA (2004) Non-XRF Soil Arsenic and Lead Concentrations 
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7 FIGURE 6-1.  Human Health Conceptual Site Model (CSM)
Trap and Skeet Range 17, Patuxent Research Refuge, Laurel MD
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Ordnance (UXO) and 
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Concern (MEC)

No drinking water wells currently exist at the Trap and Skeet Range 
17. However, the metals detected in groundwater is evaluated for the 
industrial outdoor worker and resident (potable use). Army will 
address groundwater as a separate OU at a later date.

5

4

Incidental Ingestion/ 
Dermal Contact

FTap Water

If future land use changes, construction/excavation activities may 
bring subsurface soils to the surface.

X

F

Vapors and Wind-
Blown Dust

Trap and Skeet 
Range 17 (1)

An ephemeral drain was encountered near the center of the site and 
Pb shot were visible on the soil surface. Because the flow from this 
ephemeral drain discharges into an upland-woodland and not an 
intermittent or perennial stream, the channel is not considered a 
water of the United States.  Surface water is not evaluated in the risk 
assessment. However, dry samples collected within the drain are 
treated as surface soil data.

Soil (6)
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FSurface Soil

X F

X F

FF

F F

F

X

F

Surface Water 
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Game/Fish/Prey (5)

Subsurface Soil Excavation (6)

Surface Soil

F

Outdoor Air Inhalation

Incidental Ingestion/ 
Dermal Contact

Incidental Ingestion/ 
Dermal Contact

No vegetable gardens are currently grown on site. The current and 
future land use of the site is wildife refuge. USFWS plans to keep the 
area in its natural state.

The Trap and Skeet Range was used between the mid-1970s and 
1999 for target practice shooting. The backstop of the range is a 
forest where most of the shot is likely to be located. UXO and

Metals (antimony, 
arsenic, lead, and 

lead shot), PAHs, and 
NG

Deposition on Soil

Vegetable Gardens 
(4)

Well InstallationGroundwater (7)

F

F

F

2.29 mm and 2.41 mm 
lead shot at 8 Shooting 

Positions (2)
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Outdoor Air Inhalation

F

CURRENT/ 
FUTURE FUTURE

6

The range consists of a trap range with five shooting positions and a 
skeet range with eight shooting positions from which shooters fire at 
clay targets. Most of the lead shot is expected to fall within the down-
range zone of 375 to 600 feet from the shooter. Fall out of the clay 
pigeon fragments are expected to occur within Exposure Unit A.

The resident is a hypothetical scenario used to explore the potential 
for unrestricted land use. It provides baseline cancer risk and non-
cancer hazard results for the no further action alternative evaluation 
of the FS.

8

Hunting is permitted in certain areas of FGGM.  The visitor/hunter 
scenario is used to address direct contact with soils while hunting. 
Consumption of wild game is not addressed because the Trap and 
Skeet site is only a small portion of the hunting areas at FGGM. The 
home ranges for turkey, mourning doves, and deer are much larger 
than the Site.

Vapors and Wind-
Blown Dust F
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TABLES 



Maximum

Detected

Minimun

Detected
Reference

Antimony 1 73 74 160 160 - -
Arsenic 6 68 74 180 33 - -
Copper 7 67 74 120 88 - -
Lead 59 15 74 22,000 39 - -

Antimony 5 5 10 190 1.3 - -
Arsenic 10 0 10 130 1.9 - -
Copper 10 0 10 51 3.6 - -
Lead 10 0 10 18,000 19 - -

Antimony 3 2 5 340 0.97 U
Arsenic 5 0 5 220 2.1 3
Copper 5 0 5 25 3.4 9.2
Lead 5 0 5 44,000 260 46

Lead 9 0 9 2,946 10 0

Source: USFWS/EPA, 2004. Ecological Risk Assessment for Range 17 (Trap and Skeet Range),

March 2004. U.S. Fish and Wildlife Service, Chesapeake Bay Field Office, Annapolis, MD, and

USEPA Environmental Response Team, Edison, N.J.

Notes:

ICAP = Inductively Coupled Argon Plasma spectroscopy

TAL = Target Analyte List

XRF = X-ray Fluorescence

Detections
Non-

Detections

Number of

Samples
(a)

XRF

Lead Shot Count
(b)

Concentration (mg/kg)

(a) Excluding the reference sample.

(b) Per square foot.

Table 1-1
Summary of Soil Results for Antimony, Arsenic, Copper, and Lead

ICAP

TAL

Metal



Arsenic Lead
0-150D 220 44,000 TAL
0-150D 130 18,000 ICAP
100L-50D 19 5,800 ICAP
100R-50D 12 3,000 TAL
50L-200D 11 2,300 ICAP
100L-100D 7.5 2,100 ICAP
100R-150D 5.9 720 ICAP
100R-100D 2.9 540 TAL
150R-50D 1.9 510 ICAP
150R-100D 2.7 300 ICAP
150R-50D 2.1 270 TAL
150R-100D 2.8 260 TAL
0L-0D 2.3 120 ICAP
250R-50D 2.6 54 ICAP
Reference 3 46 TAL
200R-0D 2.6 19 ICAP

Source: USFWS/EPA, 2004. Ecological Risk Assessment for Range

17 (Trap and Skeet Range), March 2004. U.S. Fish and Wildlife

Service, Chesapeake Bay Field Office, Annapolis, MD, and

USEPA Environmental Response Team, Edison, N.J.

Notes:

ICAP = Inductively Coupled Argon Plasma spectroscopy

TAL = Target Analyte List

XRF = X-ray Fluorescence

Table 1-2
Non-XRF Soil Arsenic and Lead Concentrations

Concentration (mg/kg)
Sample Method



Table 1-3 

American Standard Birdshot Sizes 

 

 

 



Table 1-4 

Comparison of Target Analyte List Metals to Ecological Benchmarks (USFWS/EPA, 2004) 

 

 
Non-detects cannot be defensibly reported to MDLs, as these quantities were designed minimize false positives, not false negatives. 



Assessment Endpoint Soil Lead LOAEL (mg/kg)
Lead Shot Count Range 

(shot per ft
2
)

No. 1: Survival and Growth of Terrestrial Invertibrates 260 na

No. 2: Reproductive Success of Insectivorous Birds 320 na

No. 3: Reproductive Success of Insectivorous 

Mammals
440 na

No. 4: Survival of Gallinaceous Birds na 3 to 13

Source: USFWS/EPA, 2004. Ecological Risk Assessment for Range  17 (Trap and Skeet Range),

March 2004.  U.S. Fish and Wildlife Service, Chesapeake Bay Field Office, Annapolis, MD, and 

USEPA Environmental Response Team, Edison, N.J.

Notes:

LOAEL = Lowest Observed Adverse Effect Level

na = not applicable

Table 1-5

Soil Lead LOAEL Values and Acceptable Lead Shot Count Range

Estimated by USFWS/EPA (2004)



Population, 2008 estimate 512,790
Persons under 5 years old, percent, 2008 6.6%
Persons under 18 years old, percent, 2008 23.9%
Persons 65 years old and over, percent, 2008 11.4%

White persons, percent, 2008 (a) 79.2%
Black persons, percent, 2008 (a) 15.4%
Other 5.40%

Housing units, 2008 204,199
Homeownership rate, 2000 75.5%
Housing units in multi-unit structures, percent, 2000 16.6%
Median value of owner-occupied housing units, 2000 $159,300

(a) Includes persons reporting only one race.

Population

Race

Housing

Table 2-1
Anne Arundel County Demography Statistics



Soil Name/Complex

Percentage
Description

0 to 5 Percent Slopes

( RhB )

5 to 10 Percent Slopes

( RhC )

Setting

Properties and Qualities

Typical Profile

Table 2-2
Description of the Russett-Chridtiana-Hambrook Soil Type Complex

Russett / 30%

(3 pages)



Soil Name/Complex

Percentage
Description

0 to 5 Percent Slopes

( RhB )

5 to 10 Percent Slopes

( RhC )

Table 2-2
Description of the Russett-Chridtiana-Hambrook Soil Type Complex

(3 pages)

Setting

Properties and Qualities

Typical Profile

Christiana / 25%



Soil Name/Complex

Percentage
Description

0 to 5 Percent Slopes

( RhB )

5 to 10 Percent Slopes

( RhC )

Table 2-2
Description of the Russett-Chridtiana-Hambrook Soil Type Complex

(3 pages)

Setting

Properties an Qualities

Typical Profile

Hambrook / 20%



Table 2-3: Formations and Aquifers in the Vicinity of the Trap and Skeet Site

Formation Unit Description

Quaternary
Alluvium

Recent Alluvial and River Terrace
Deposits

Mixed Sand, Gravel, Silt and
Clay

Potomac
Group

Upper Patapsco Aquifer Sand and Gravel

Middle Patapsco Confining Unit Silt and Clay

Lower Patapsco Aquifer Sand and Gravel

Arundel Clay Confining Unit Silt and Clay

Patuxent Aquifer Sand, Gravel, and Clay

Source: USACE, 1999. Basic Data Report, Site-Wide Groundwater Study, Fort George G Meade,
Anne Arundel County, Maryland. Prepared by Engineering Division, U.S. Army Engineer District,
Baltimore, August 1999.



Sample 

Locations:

Analyte: Shot As Sb Pb Shot As Sb Pb Shot As Sb Pb Shot As Sb Pb Shot As Sb Pb Shot As Sb Pb Shot As Sb Pb Shot As Sb Pb Shot As Sb Pb Shot As Sb Pb

Interval

a X X X X X X X X X X X X X X X X

b X X X X

c X X X

d

Interval

a X X X X X X X X X X X X

b X X X X X X X X

c X X X X X X

d X X X

Interval

a X X X X X X X X X X X X X X X X

b X X X X X X X X

c X X X X X X

d X X X

Interval

a X X X X X X X X X X X X X X X X X X X X

b X X X X X X X X X X X X

c X X X X X X X X X

d X X X

Interval

a X X X X X X X X X X X X X X X X X X X X X X X X X X X X

b X X X X X X X X

c X X X X X X

d X X X

Interval

a X X X X X X X X X X X X X X X X X X X X X X X X

b X X X X X X X X X X X X

c X X X X X X

d X X X

Interval

a X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

b X X X X X X X X X X X X X X X X X X X X X X X X

c X X X X X X X X X

d X X X X X X X X X

Interval

a X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

c X X X X X X X X X X X X X X

d X X X X X X X X X

Interval

a X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

c X X X X X X X X X X X

d X X X X X X X X X

(2 pages long)

Radii

R9-G R9-H R9-I R9-J- - R9-B R9-C R9-D R9-E R9-F

R7-E R7-F R7-G R7-H R7-I - -

R6-F R6-G - - R6-I - -

R7

- - R7-B R7-C R7-D

R6

R6-A - - R6-C - - R6-E

- - - - - -

R5-D R5-E R5-F R5-G R5-H R5-I - -

R3-B - - R3-H - - - -

R4

R4-A - - R4-C R4-G

- - R3-F

- - R4-E R4-F

R2

- - - -

R3

- -

Table 3-1

Radial Grid Soil Samples for Arsenic, Antimony, Lead, and Lead Shot Analysis

- -

R8-JR8-D R8-E R8-F R8-G

R9

R8

R8-A R8-B R8-C R8-H R8-I

- - R2-G - - - - - -

R5

- - R5-B - -

R3-D

R1

- - - - - -

R2-C - - R2-E

- -

J

R1-B R1-D R1-F R1-H - - - -

E F G H IA B C D



Sample 

Locations:

Analyte: Shot As Sb Pb Shot As Sb Pb Shot As Sb Pb Shot As Sb Pb Shot As Sb Pb Shot As Sb Pb Shot As Sb Pb Shot As Sb Pb Shot As Sb Pb Shot As Sb Pb

(2 pages long)

Radii

Table 3-1

Radial Grid Soil Samples for Arsenic, Antimony, Lead, and Lead Shot Analysis

JE F G H IA B C D

Interval

a X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

b X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

c X X X X X X X X X X X X X X

d X X X X X X X X X

Interval

a X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

b X X X X X X X X X X X X X X X X X X X X X X X X

c X X X X X X X X X X X

d X X X X X X X X X

Interval

a X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

b X X X X X X X X X X X X

c X X X X X X X X

d X X X

Interval

a X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X

b X X X X X X X X

c X X X X X X

d X X X

Interval

a X X X X X X X X X X X X X X X X

b X X X X X X X X X X X X

c X X X X X X X X X

d X X X

Interval

a X X X X X X X X X X X X X X X X

b X X X X X X X X

c X X X X X X

d X X X

Interval

a X X X X X X X X X X X X

b X X X X X X X X

c X X X X X X

d X X X

Interval

a X X X X X X X X X X X X X X X X

b X X X X

c X X X

d

NOTES:

Interval "a" = 0 to 3 inches below ground surface. As = Arsenic

Interval "b" = 3 to 6 inches below ground surface. Pb = Lead

Interval "c" = 6 to 9 inches below ground surface. Sb = Antimony

Interval "d" = 9 to 12 inches below ground surface.

- - - -R17-D - - R17-F - -

R17

- - R17-B - -

R16-G - -- - R16-E - -

R17-H

- - - -

- - - - - -

R15-H - - - -

R14-E R14-F R14-G

R16

- - - - R16-C

R13-F R13-G R13-H R13-I - -

R14

- - - - R14-C - -

R13

- - R13-B R13-C R13-D R13-E

R11-I R11-J

R12-G R12-H R12-I - -

R10-J

R11

- - R11-B R11-C R11-D R11-E R11-F R11-G R11-H

R10-D R10-E R10-F R10-G R10-H R10-I

R15

- - R15-B - - R15-D - -

R12

- - R12-B R12-C

- -R15-F

R12-D R12-E R12-F

R10

R10-A R10-B R10-C



12 to 24 36 to 48 Shot As Sb Pb

Berm 1 X X X X X X

Berm 2 X X X X X X

Berm 3 X X X X X X

0 to 3 9 to 12 Shot As Sb Pb

Trib 1 X X X X X X

Trib 2 X X X X X X

Trib 3 X X X X X X

12 to 24 36 to 48 Shot As Sb Pb

R10E-Deep X X X X X X

R7E-Deep X X X X X X

R8G-Deep X X X X X X

Notes:

As = Arsenic

bgs = below ground surface

Pb = Lead

Sb = Antimony

Berm Soil Samples

Sample ID
Intervals (inches bgs) Analytes

Deep Soil Samples

Sample ID
Intervals (inches bgs) Analytes

Table 3-2

Deep and Feature-Associated Soil Samples for Arsenic, Antimony, Lead, and Lead Shot Analysis

Ephemeral Drainage Soil Samples

Sample ID
Intervals (inches bgs) Analytes



Sample 

Locations:

Analyte: CEC pH TCLP CEC pH TCLP CEC pH TCLP

Interval

a X X X

b X X X

Interval

a X X X

b X X X

Interval

a X X X X X X X X X

b X X X X X X X X X

Interval

a X X X X X X X X X

b X X X X X X X X X

Interval

a X X X

b X X X

Interval

a X X X

b X X X

NOTES:

  Interval "a" = 0 to 3 inches below ground surface.

  Interval "b" = 3 to 6 inches below ground surface.

  CEC = Cation Exchange Capacity

  TCLP = Toxicity Characteristic Leaching Procedure

R9-C

- -

Radii

R14-E - -

R14

R4

R9-G

E G

R4-E

R7

Table 3-3

Radial Grid Soil Samples for CEC, pH, and TCLP Arsenic and Lead Analysis

- -
PAHs

(8270C SIM)

- -

R7-C R7-E R7-G

R9-E

R11

- -

C

R2-E - -

- - R11-E - -

R9



Additional Analytes 

and Sample Method

Increments 

per Replicate
Replicates (a)

Total 

Increments

Increments 

per Replicate
Replicates (a)

Total 

Increments

Total 

Increments

Total 

Replicates

1 3

Target Fall Area 

(TFA) 50 3 150 50 3 150 300 6

2 0.75

Northern TFA 

Bounding Area 50 3 150 0 0 0 150 3

3 0.75

Southern TFA 

Bounding Area 50 3 150 0 0 0 150 3

4 0.75

Western TFA 

Bounding Area 50 3 150 0 0 0 150 3

5 0.75 Background Area 50 3 150 0 0 0 150 3

TOTAL: 900 18

6 0.25 1st Firing Line 50 1 50 0 0 0 50 1

7 0.25 2nd Firing Line 50 1 50 0 0 0 50 1

TOTAL: 100 2

Notes:

bgs = below ground surface; DU = Decision Unit; NG = Nitroglycerin; PAHs = polycyclic aromatic hydrocarbons; TFA = Target Fall Area

(a) Corresponds to the total number of samples to be shipped to the lab for analysis.

PAHs

(8270C SIM)

NG

(8330B)

Table 3-4

Summary of Incremental and Replicate Samples for Each Decision Unit

Incremental Sampling for the Trap and Skeet Range 17

DU
Approximate 

DU Size  (acres) 
DU Description

0 to 6-inch bgs Soil Interval 6 to 12-inch bgs Soil Interval Grand Total



Table 4-1

Antimony, Arsenic, and Lead Concentrations; Radial Grid Soil Samples; 0- to 3-inch bgs Interval

Lead (7439-92-1) Antimony (7440-36-0) Arsenic (7440-38-2)

Result MDL LOQ LF VF RC Result MDL LOQ LF VF RC Result MDL LOQ LF VF RC

R1-B (0-3) 0911223-01 11/3/09 mg/kg 1600 4.6 19 37 0.037 0.2 L m 8.2 0.028 0.47

R1-B (0-3)DUP 0911223-02 11/3/09 mg/kg 1700 2 8 37 0.034 0.18 L m 9.1 0.03 0.5

R1-D (0-3) 0911223-03 11/3/09 mg/kg 1300 2 8 19 0.035 0.19 L m 9.1 0.03 0.5

R1-F (0-3) 0911223-04 11/3/09 mg/kg 120 0.23 0.92 2.4 0.037 0.2 L m 3.1 0.028 0.46

R1-H (0-3) 0912359-49 12/17/09 mg/kg 67 0.099 0.4 B 1.3 0.035 0.19 2.9 0.03 0.5

R2-C (0-3) 0911442-01 11/16/09 mg/kg 1300 2 8 B 6.7 0.037 0.2 K m 4.5 0.03 0.5

R2-E (0-3) 0911442-08 11/16/09 mg/kg 3100 4.9 20 B 120 0.17 0.93 K m 18 0.03 0.5

R2-G (0-3) 0911442-16 11/16/09 mg/kg 52 0.099 0.4 B 1.5 0.035 0.19 K m 2.8 0.03 0.5

R3-B (0-3) 0911442-51 11/16/09 mg/kg 900 1.8 7.4 16 0.037 0.2 6.1 0.028 0.46

R3-D (0-3) 0912359-41 12/17/09 mg/kg 1500 2 8 B 13 0.037 0.2 11 0.03 0.5

R3-F (0-3) 0911442-24 11/16/09 mg/kg 1200 1.8 7.4 B 8.2 0.035 0.19 7.4 0.028 0.46

R3-H (0-3) 0911442-23 11/16/09 mg/kg 110 0.25 1 B 1.4 0.037 0.2 3.3 0.03 0.5

R4-A (0-3) 0911442-21 11/17/09 mg/kg 200 0.25 1 B 0.65 0.037 0.2 K m 2.5 0.03 0.5

R4-C (0-3) 0911442-19 11/17/09 mg/kg 34000 49 200 B 59 0.074 0.4 K m 430 0.3 5

R4-E (0-3) 0911442-28 11/17/09 mg/kg 2700 4.9 20 B 47 0.035 0.19 17 0.03 0.5

R4-F (0-3) 0911442-07 11/17/09 mg/kg 2700 4.9 20 B 31 0.037 0.2 K m 8.7 0.03 0.5

R4-G (0-3) 0911442-04 11/17/09 mg/kg 2500 4.9 20 B 28 0.037 0.2 K m 9.8 0.03 0.5

R5-B (0-3) 0912359-97 12/16/09 mg/kg 1500 2 8 9.7 0.037 0.2 6.9 0.03 0.5 L m

R5-D (0-3) 0912359-65 12/16/09 mg/kg 690 0.91 3.7 B 4.8 0.037 0.2 3 0.028 0.46

R5-D (0-3)DUP 0912359-66 12/16/09 mg/kg 780 0.99 4 B 5.8 0.037 0.2 3.9 0.03 0.5

R5-E (0-3) 0912359-44 12/17/09 mg/kg 3300 4.9 20 B 72 0.074 0.4 28 0.03 0.5

R5-F (0-3) 0912359-85 12/16/09 mg/kg 2600 4.9 20 21 0.037 0.2 15 0.03 0.5

R5-G (0-3) 0912359-89 12/16/09 mg/kg 910 0.99 4 5.2 0.037 0.2 3.9 0.03 0.5

R5-H (0-3) 0912359-45 12/17/09 mg/kg 820 0.99 4 B 7.2 0.035 0.19 5.8 0.03 0.5

R5-I (0-3) 0912359-98 12/16/09 mg/kg 70 0.099 0.4 0.84 0.037 0.2 2.4 0.03 0.5 L m

R6-A (0-3) 0912359-93 12/16/09 mg/kg 130 0.25 1 0.64 0.037 0.2 3 0.03 0.5 L m

R6-A (0-3)DUP 0912359-94 12/16/09 mg/kg 110 0.25 1 0.69 0.037 0.2 4.8 0.03 0.5 L m

R6-C (0-3) 0912360-07 12/16/09 mg/kg 690 0.99 4 7.6 0.037 0.2 5.3 0.03 0.5 L m

R6-E (0-3) 0912359-81 12/16/09 mg/kg 3200 4.9 20 71 0.13 0.73 21 0.03 0.5

R6-F (0-3) 0912359-92 12/16/09 mg/kg 1700 2.5 10 35 0.037 0.2 11 0.03 0.5 L m

R6-G (0-3) 0912360-09 12/16/09 mg/kg 500 0.99 4 2 0.034 0.19 3.1 0.03 0.5 L m

R6-I (0-3) 0912359-64 12/16/09 mg/kg 3300 4.9 20 B 15 0.035 0.19 6.9 0.03 0.5

R7-B (0-3) 0912359-95 12/16/09 mg/kg 370 0.49 2 2.1 0.037 0.2 3.7 0.03 0.5 L m

R7-C (0-3) 0912360-01 12/16/09 mg/kg 270 0.49 2 2 0.037 0.2 3.6 0.03 0.5 L m

R7-D (0-3) 0912359-91 12/16/09 mg/kg 3000 4.9 20 42 0.037 0.2 20 0.03 0.5 L m

R7-E (0-3) 0912359-19 12/15/09 mg/kg 7800 20 80 J f 210 0.37 2 51 0.06 1 J f

R7-E (0-3)DUP 0912359-20 12/15/09 mg/kg 43000 90 370 J f 200 0.37 2 220 0.27 4.6 J f

R7-F (0-3) 0912359-15 12/15/09 mg/kg 5200 9.9 40 110 0.15 0.8 34 0.03 0.5

R7-G (0-3) 0912359-72 12/15/09 mg/kg 580 0.99 4 4.8 0.037 0.2 6.6 0.03 0.5

R7-H (0-3) 0912359-78 12/15/09 mg/kg 330 0.49 2 2.4 0.037 0.2 4 0.03 0.5

R7-I (0-3) 0912359-16 12/15/09 mg/kg 590 0.99 4 6.4 0.037 0.2 5.5 0.03 0.5

R8-A (0-3) 0912412-21 12/17/09 mg/kg 330 0.49 2 B 7.1 0.037 0.2 4.7 0.03 0.5

R8-B (0-3) 0912359-46 12/17/09 mg/kg 290 0.49 2 B 1.1 0.037 0.2 2.4 0.03 0.5

R8-D (0-3) 0911379-31 11/13/09 mg/kg 2600 4.9 20 72 0.18 1 L m 16 0.03 0.5 L m

R8-E (0-3) 0912412-07 12/18/09 mg/kg 88000 180 740 350 0.37 2 340 0.28 4.7

R8-F (0-3) 0912359-09 12/15/09 mg/kg 1900 4.9 20 6.2 0.037 0.2 6.3 0.03 0.5

R8-G (0-3) 0912359-52 12/15/09 mg/kg 1600 2 8 B 2.2 0.037 0.2 5.4 0.03 0.5

R8-H (0-3) 0912359-54 12/15/09 mg/kg 340 0.49 2 B 4 0.037 0.2 5.4 0.03 0.5

R8-I (0-3) 0912359-17 12/16/09 mg/kg 52 0.09 0.36 0.36 0.037 0.2 2.7 0.027 0.45

R8-J (0-3) 0912359-11 12/15/09 mg/kg 83 0.099 0.4 0.59 0.035 0.19 3.1 0.03 0.5

R9-B (0-3) 0911379-20 11/13/09 mg/kg 160 0.46 1.9 0.34 0.037 0.2 1.7 0.028 0.47

R9-C (0-3) 0911379-23 11/13/09 mg/kg 1600 2.5 10 30 0.037 0.2 L m 8.1 0.03 0.5 L m

R9-D (0-3) 0911379-34 11/13/09 mg/kg 590 0.99 4 64 0.18 1 L m 19 0.03 0.5 L m

R9-E (0-3) 0912412-23 12/17/09 mg/kg 19000 49 200 J f 320 7.4 40 J f 120 0.15 2.5 J f

R9-E (0-3)DUP 0912412-31 12/17/09 mg/kg 10000 20 80 B J f 2700 3.7 20 J f 62 0.06 1 J f

R9-F (0-3) 0912359-79 12/15/09 mg/kg 6700 9.9 40 950 1.5 8 53 0.06 1

R9-G (0-3) 0912359-28 12/15/09 mg/kg 1100 2 8 B 32 0.037 0.2 8.2 0.03 0.5

R9-H (0-3) 0912359-13 12/15/09 mg/kg 480 0.99 4 0.95 0.037 0.2 5.1 0.03 0.5

R9-I (0-3) 0912359-58 12/15/09 mg/kg 68 0.099 0.4 B 0.68 0.037 0.2 3.5 0.03 0.5

R9-J (0-3) 0912359-07 12/15/09 mg/kg 87 0.099 0.4 0.9 0.037 0.2 2.8 0.03 0.5

R10-A (0-3) 0911223-07 11/4/09 mg/kg 120 0.25 1 1.5 0.034 0.18 L m 1.9 0.03 0.5

R10-B (0-3) 0911223-09 11/4/09 mg/kg 99 0.25 1 0.4 0.037 0.2 L m 2 0.03 0.5

Sample

Location

Sample

Interval
UNITS

Laboratory

Sample

Identification

Sample

Date



Table 4-1 (continued)
Antimony, Arsenic, and Lead Concentrations; Radial Grid Soil Samples; 0- to 3-inch bgs Interval

Lead (7439-92-1) Antimony (7440-36-0) Arsenic (7440-38-2)

Result MDL LOQ LF VF RC Result MDL LOQ LF VF RC Result MDL LOQ LF VF RC

R10-C (0-3) 0911223-12 11/4/09 mg/kg 2100 4.9 20 16 0.037 0.2 J m 6.4 0.03 0.5

R10-C (0-3)DUP 0911223-13 11/4/09 mg/kg 1500 2 8 17 0.035 0.19 L m 5.4 0.03 0.5

R10-D (0-3) 0911223-15 11/5/09 mg/kg 8000 9.3 38 140 0.18 1 L m 27 0.028 0.47

R10-E (0-3) 0912359-03 12/14/09 mg/kg 10000 25 100 200 0.37 2 200 0.3 5

R10-F (0-3) 0912359-34 12/14/09 mg/kg 34000 49 200 B 170 0.18 1 180 0.15 2.5

R10-G (0-3) 0912359-33 12/14/09 mg/kg 4100 4.9 20 B 28 0.037 0.2 15 0.03 0.5

R10-H (0-3) 0912359-35 12/14/09 mg/kg 4500 4.9 20 B 7.4 0.037 0.2 6.3 0.03 0.5

R10-I (0-3) 0912359-31 12/14/09 mg/kg 210 0.25 1 B 0.92 0.037 0.2 3.1 0.03 0.5

R10-J (0-3) 0912359-05 12/14/09 mg/kg 76 0.099 0.4 0.52 0.034 0.18 2.4 0.03 0.5

R11-B (0-3) 0911379-29 11/13/09 mg/kg 130 0.25 1 1.1 0.037 0.2 L m 3.8 0.03 0.5 L m

R11-C (0-3) 0911223-28 11/6/09 mg/kg 1000 1.8 7.3 5.5 0.037 0.2 J m 4 0.027 0.46

R11-D (0-3) 0911223-18 11/5/09 mg/kg 7700 9.9 40 200 0.37 2 L m 33 0.03 0.5

R11-E (0-3) 0911223-32 11/6/09 mg/kg 5400 9.1 37 94 0.18 1 J m 24 0.028 0.46

R11-F (0-3) 0911379-12 11/10/09 mg/kg 82000 180 730 660 0.74 4 1700 2.7 46

R11-G (0-3) 0911379-08 11/10/09 mg/kg 4300 9.2 37 5.7 0.037 0.2 9.9 0.028 0.47

R11-H (0-3) 0911379-11 11/10/09 mg/kg 1900 2.5 10 7.8 0.037 0.2 8.1 0.03 0.5

R11-I (0-3) 0911223-42 11/9/09 mg/kg 270 0.46 1.8 0.72 0.037 0.2 J m 2.8 0.028 0.46

R11-J (0-3) 0911223-44 11/9/09 mg/kg 44 0.049 0.2 0.5 0.037 0.2 2.4 0.03 0.5

R12-B (0-3) 0911379-28 11/13/09 mg/kg 79 0.25 1 0.9 0.037 0.2 L m 3.1 0.03 0.5 L m

R12-C (0-3) 0911223-20 11/5/09 mg/kg 1200 2 8 7 0.037 0.2 L m 4.8 0.03 0.5

R12-D (0-3) 0911223-22 11/5/09 mg/kg 9800 18 73 170 0.37 2 J m 61 0.055 0.92

R12-D (0-3)DUP 0911223-23 11/5/09 mg/kg 11000 18 74 1500 1.7 9.2 J m 73 0.056 0.93

R12-E (0-3) 0911223-24 11/5/09 mg/kg 130000 250 1000 46 0.034 0.19 J m 1900 3 50

R12-F (0-3) 0911379-19 11/12/09 mg/kg 20000 25 100 95 0.18 1 120 0.15 2.5

R12-G (0-3) 0911379-14 11/12/09 mg/kg 2300 4.9 20 32 0.037 0.2 11 0.03 0.5

R12-H (0-3) 0911379-18 11/10/09 mg/kg 1000 2 8 1.7 0.037 0.2 4.3 0.03 0.5

R12-I (0-3) 0911379-04 11/10/09 mg/kg 720 2 8 1.5 0.037 0.2 2.9 0.03 0.5

R13-B (0-3) 0911223-38 11/9/09 mg/kg 120 0.25 1 1.2 0.037 0.2 J m 3.4 0.03 0.5

R13-C (0-3) 0911223-39 11/9/09 mg/kg 2600 4.9 20 19 0.037 0.2 J m 9.4 0.03 0.5

R13-D (0-3) 0911379-01 11/9/09 mg/kg 1500 2.5 10 36 0.037 0.2 8.1 0.03 0.5

R13-E (0-3) 0911379-05 11/9/09 mg/kg 23000 46 190 300 0.37 2 85 0.14 2.3

R13-F (0-3) 0911223-40 11/9/09 mg/kg 3000 4.6 19 600 0.74 4 J m 8.7 0.028 0.46

R13-G (0-3) 0911379-06 11/9/09 mg/kg 5900 9.9 40 6 0.037 0.2 4 0.03 0.5

R13-H (0-3) 0911379-07 11/9/09 mg/kg 1400 2.3 9.2 15 0.037 0.2 6.8 0.028 0.46

R13-I (0-3) 0911223-46 11/9/09 mg/kg 88 0.25 1 0.3 0.037 0.2 1.6 0.03 0.5

R14-C (0-3) 0911379-55 11/17/09 mg/kg 940 2 8 26 0.037 0.2 4.7 0.03 0.5

R14-E (0-3) 0911379-45 11/17/09 mg/kg 4200 9.9 40 32 0.037 0.2 12 0.03 0.5

R14-F (0-3) 0911442-02 11/17/09 mg/kg 2300 4.9 20 B 27 0.037 0.2 K m 9.3 0.03 0.5 J f

R14-F (0-3)DUP 0911442-03 11/17/09 mg/kg 2500 4.6 19 B 35 0.037 0.2 K m 19 0.028 0.47 J f

R14-G (0-3) 0911379-51 11/17/09 mg/kg 1500 2.5 10 19 0.037 0.2 7.7 0.03 0.5

R15-B (0-3) 0911442-46 11/16/09 mg/kg 69 0.093 0.38 B 0.76 0.037 0.2 3.2 0.028 0.47

R15-B (0-3)DUP 0911442-45 11/16/09 mg/kg 79 0.099 0.4 B 0.9 0.037 0.2 2.9 0.03 0.5

R15-D (0-3) 0911442-41 11/17/09 mg/kg 2700 4.9 20 B 14 0.037 0.2 6.4 0.03 0.5

R15-F (0-3) 0911442-47 11/17/09 mg/kg 910 2 8 2.5 0.037 0.2 3.1 0.03 0.5

R15-H (0-3) 0911442-44 11/17/09 mg/kg 690 0.99 4 B 2.7 0.037 0.2 4.5 0.03 0.5

R16-C (0-3) 0911442-36 11/16/09 mg/kg 640 0.99 4 B 6.9 0.037 0.2 4.4 0.03 0.5

R16-E (0-3) 0911442-40 11/16/09 mg/kg 19000 25 100 B 60 0.074 0.4 190 0.15 2.5

R16-G (0-3) 0911379-37 11/16/09 mg/kg 1300 2.5 10 53 0.067 0.36 4.2 0.03 0.5 L m

R16-G (0-3)DUP 0911379-38 11/16/09 mg/kg 1300 2.5 10 5.3 0.035 0.19 L m 3.1 0.03 0.5 L m

R17-B (0-3) 0911442-52 11/16/09 mg/kg 170 0.49 2 0.99 0.037 0.2 3.5 0.03 0.5

R17-B (0-3)DUP 0911442-53 11/16/09 mg/kg 180 0.49 2 0.87 0.034 0.18 3.6 0.03 0.5

R17-D (0-3) 0911379-36 11/16/09 mg/kg 3100 4.9 20 19 0.037 0.2 L m 9.4 0.03 0.5 L m

R17-F (0-3) 0911379-42 11/16/09 mg/kg 520 0.99 4 3.4 0.037 0.2 L m 3.1 0.03 0.5 L m

R17-H (0-3) 0911379-41 11/16/09 mg/kg 100 0.23 0.92 0.4 0.037 0.2 L m 1.9 0.028 0.46 L m

NOTES:

MDL: method detection limit VF: validation flag RC: reason code

LOQ: limit of quantitation B: result < 5 times blank detection f: field duplicate

LF: lab flag J: estimate detection m: matrix spike recovery

B: analyte detected in blank > ½ LOQ K: estimate, positive bias o: instrument blank

J: estimate detection L: estimate, negative bias p: method blank

U: non-detect UL: non-detect, negative bias

Sample

Location

Sample

Interval

Laboratory

Sample

Identification

Sample

Date
UNITS



Table 4-2

Antimony, Arsenic, and Lead Concentrations; Radial Grid Soil Samples; 3- to 6-inch bgs Interval

Lead (7439-92-1) Antimony (7440-36-0) Arsenic (7440-38-2)

Result MDL LOQ LF VF RC Result MDL LOQ LF VF RC Result MDL LOQ LF VF RC

R1-F (3-6) 0911223-05 11/3/09 mg/kg 43 0.042 0.17 1.4 0.037 0.2 L m 2.7 0.026 0.43

R2-E (3-6) 0911442-09 11/16/09 mg/kg 600 0.99 4 B 3.2 0.034 0.19 K m 3.8 0.03 0.5

R2-G (3-6) 0911442-17 11/16/09 mg/kg 55 0.093 0.38 B 1.7 0.037 0.2 K m 2.8 0.028 0.47

R3-D (3-6) 0912359-42 12/17/09 mg/kg 190 0.25 1 B 1.7 0.034 0.19 4.1 0.03 0.5

R3-F (3-6) 0911442-25 11/16/09 mg/kg 75 0.099 0.4 B 0.51 0.037 0.2 3.3 0.03 0.5

R4-C (3-6) 0911442-20 11/17/09 mg/kg 120 0.23 0.93 B 0.59 0.037 0.2 K m 3 0.028 0.47

R4-E (3-6) 0911442-29 11/17/09 mg/kg 130 0.25 1 B 0.69 0.037 0.2 2.1 0.03 0.5

R4-G (3-6) 0911442-05 11/17/09 mg/kg 900 0.99 4 B 190 0.35 1.9 K m 12 0.03 0.5

R5-D (3-6) 0912359-67 12/16/09 mg/kg 84 0.23 0.93 0.5 0.035 0.19 2.3 0.028 0.47

R5-F (3-6) 0912359-86 12/16/09 mg/kg 240 0.45 1.8 0.9 0.037 0.2 1.8 0.028 0.46

R6-C (3-6) 0912360-08 12/16/09 mg/kg 76 0.099 0.4 0.5 0.037 0.2 4.2 0.03 0.5 L m

R6-E (3-6) 0912359-82 12/16/09 mg/kg 640 0.99 4 3.1 0.037 0.2 3.8 0.03 0.5

R6-G (3-6) 0912359-62 12/16/09 mg/kg 29 0.045 0.18 B 0.31 0.037 0.2 2.2 0.027 0.46

R7-B (3-6) 0912359-96 12/16/09 mg/kg 88 0.23 0.92 0.88 0.037 0.2 3.1 0.027 0.46 L m

R7-C (3-6) 0912360-02 12/16/09 mg/kg 31 0.046 0.19 0.35 0.037 0.2 2.5 0.028 0.47 L m

R7-D (3-6) 0912359-90 12/16/09 mg/kg 940 0.99 4 9.4 0.037 0.2 6.8 0.03 0.5 L m

R7-E (3-6) 0912359-22 12/15/09 mg/kg 64 0.099 0.4 B 1 0.037 0.2 2.8 0.03 0.5

R7-F (3-6) 0912359-27 12/15/09 mg/kg 430 0.49 2 B 4.2 0.037 0.2 3.8 0.03 0.5

R7-G (3-6) 0912359-73 12/15/09 mg/kg 220 0.46 1.9 1.6 0.037 0.2 3.2 0.028 0.47

R8-A (3-6) 0912412-22 12/17/09 mg/kg 170 0.25 1 B 2.3 0.037 0.2 3.9 0.03 0.5

R8-B (3-6) 0912359-47 12/17/09 mg/kg 30 0.045 0.18 B 0.29 0.037 0.2 1.5 0.028 0.46

R8-D (3-6) 0911379-32 11/13/09 mg/kg 610 0.93 3.8 6.2 0.037 0.2 L m 7.4 0.028 0.47 L m

R8-E (3-6) 0912412-08 12/18/09 mg/kg 5000 9.9 40 100 0.14 0.75 34 0.03 0.5

R8-F (3-6) 0912359-10 12/15/09 mg/kg 160 0.25 1 0.91 0.037 0.2 2.9 0.03 0.5

R8-G (3-6) 0912359-53 12/15/09 mg/kg 190 0.25 1 B 0.52 0.037 0.2 5.1 0.03 0.5

R8-H (3-6) 0912359-55 12/15/09 mg/kg 67 0.099 0.4 B 0.37 0.034 0.18 5.6 0.03 0.5

R8-I (3-6) 0912359-18 12/16/09 mg/kg 15 0.049 0.2 0.22 0.037 0.2 2.5 0.03 0.5

R8-J (3-6) 0912359-12 12/15/09 mg/kg 18 0.049 0.2 0.19 0.037 0.2 J 2.3 0.03 0.5

R9-B (3-6) 0911379-21 11/13/09 mg/kg 68 0.093 0.38 1.3 0.037 0.2 L m 2.2 0.028 0.47 L m

R9-C (3-6) 0911379-24 11/13/09 mg/kg 410 0.93 3.8 4.4 0.037 0.2 L m 3.9 0.028 0.47 L m

R9-D (3-6) 0911379-35 11/13/09 mg/kg 2200 4.9 20 18 0.037 0.2 L m 8 0.03 0.5 L m

R9-E (3-6) 0912412-24 12/17/09 mg/kg 2000 2.5 10 B 27 0.037 0.2 9.9 0.03 0.5

R9-F (3-6) 0912359-80 12/15/09 mg/kg 580 0.99 4 7.5 0.035 0.19 4.9 0.03 0.5

R9-G (3-6) 0912359-29 12/16/09 mg/kg 180 0.25 1 B 1.4 0.037 0.2 4.2 0.03 0.5

R9-H (3-6) 0912359-14 12/15/09 mg/kg 69 0.099 0.4 0.37 0.037 0.2 4.3 0.03 0.5

R9-I (3-6) 0912359-59 12/15/09 mg/kg 16 0.049 0.2 B 0.26 0.037 0.2 3.1 0.03 0.5

R9-J (3-6) 0912359-08 12/15/09 mg/kg 16 0.046 0.19 0.18 0.034 0.18 2.1 0.028 0.47

R10-A (3-6) 0911223-08 11/4/09 mg/kg 23 0.049 0.2 0.37 0.034 0.18 L m 2.5 0.03 0.5

R10-B (3-6) 0911223-10 11/4/09 mg/kg 12 0.045 0.18 0.16 0.035 0.19 J L m 2.1 0.027 0.46

R10-C (3-6) 0911223-14 11/4/09 mg/kg 81 0.09 0.37 1.2 0.034 0.19 L m 2 0.027 0.46

R10-D (3-6) 0911223-16 11/5/09 mg/kg 6400 9.9 40 250 0.37 2 L m 38 0.03 0.5

R10-E (3-6) 0912359-04 12/14/09 mg/kg 3300 4.9 20 68 0.15 0.8 39 0.03 0.5

R10-F (3-6) 0912359-40 12/14/09 mg/kg 710 0.99 4 B 2.1 0.037 0.2 2.9 0.03 0.5

R10-G (3-6) 0912359-36 12/14/09 mg/kg 240 0.46 1.9 B 0.48 0.037 0.2 2.7 0.028 0.47

R10-H (3-6) 0912359-37 12/14/09 mg/kg 970 1.8 7.4 B 110 0.18 1 28 0.028 0.46

R10-I (3-6) 0912359-32 12/14/09 mg/kg 18 0.049 0.2 B 0.22 0.037 0.2 2 0.03 0.5

R10-J (3-6) 0912359-06 12/14/09 mg/kg 14 0.045 0.18 0.21 0.037 0.2 2.5 0.027 0.46

R11-B (3-6) 0911379-30 11/13/09 mg/kg 48 0.092 0.37 0.78 0.037 0.2 L m 2.4 0.028 0.46 L m

R11-C (3-6) 0911223-29 11/6/09 mg/kg 93 0.25 1 1.2 0.037 0.2 J m 1.6 0.03 0.5

R11-E (3-6) 0911223-33 11/6/09 mg/kg 830 0.92 3.7 20 0.037 0.2 J m 5.7 0.028 0.47

R11-F (3-6) 0911379-13 11/10/09 mg/kg 400 0.99 4 2.2 0.037 0.2 4 0.03 0.5

R11-G (3-6) 0911379-09 11/10/09 mg/kg 130 0.25 1 0.44 0.037 0.2 3.6 0.03 0.5

R12-C (3-6) 0911223-21 11/5/09 mg/kg 580 0.99 4 7.9 0.037 0.2 L m 6.1 0.03 0.5

R12-E (3-6) 0911223-25 11/5/09 mg/kg 2100 2.2 9.1 17 0.037 0.2 J m 13 0.027 0.46

R12-G (3-6) 0911379-15 11/12/09 mg/kg 180 0.49 2 0.81 0.037 0.2 3.3 0.03 0.5

R13-D (3-6) 0911379-02 11/9/09 mg/kg 120 0.23 0.94 0.76 0.037 0.2 3.7 0.028 0.47

R13-F (3-6) 0911223-41 11/9/09 mg/kg 580 0.99 4 5.1 0.037 0.2 J m 5 0.03 0.5

R14-C (3-6) 0911379-56 11/17/09 mg/kg 410 0.91 3.7 7.6 0.037 0.2 5.2 0.027 0.46

R14-E (3-6) 0911379-46 11/17/09 mg/kg 730 2 8 3.2 0.037 0.2 4 0.03 0.5

R14-G (3-6) 0911379-52 11/17/09 mg/kg 27 0.046 0.19 0.26 0.037 0.2 1.4 0.028 0.46

R15-D (3-6) 0911442-42 11/17/09 mg/kg 1100 2 8 B 9.6 0.037 0.2 4.8 0.03 0.5

R15-F (3-6) 0911442-48 11/17/09 mg/kg 200 $ 0.49 $ 2.00 $ 0.60 $ 0.04 $ 0.19 $ 2.50 $ 0.03 $ 0.50

Sample

Location

Sample

Interval
UNITS

Laboratory

Sample

Identification

Sample

Date



Table 4-2 (continued)
Antimony, Arsenic, and Lead Concentrations; Radial Grid Soil Samples; 3- to 6-inch bgs Interval

Lead (7439-92-1) Antimony (7440-36-0) Arsenic (7440-38-2)

Result MDL LOQ LF VF RC Result MDL LOQ LF VF RC Result MDL LOQ LF VF RC

R16-E (3-6) 0911442-37 11/16/09 mg/kg 2800 4.9 20 B 43 0.037 0.2 19 0.03 0.5

R16-G (3-6) 0911379-39 11/16/09 mg/kg 190 0.49 2 0.39 0.037 0.2 L m 1.8 0.03 0.5 L m

R17-F (3-6) 0911379-43 11/16/09 mg/kg 98 0.25 1 1.4 0.037 0.2 2.3 0.03 0.5

NOTES:

MDL: method detection limit VF: validation flag RC: reason code

LOQ: limit of quantitation B: result < 5 times blank detection f: field duplicate

LF: lab flag J: estimate detection m: matrix spike recovery

B: analyte detected in blank > ½ LOQ K: estimate, positive bias o: instrument blank

J: estimate detection L: estimate, negative bias p: method blank

U: non-detect UL: non-detect, negative bias

Sample

Location

Sample

Interval

Laboratory

Sample

Identification

Sample

Date
UNITS



Table 4-3

Antimony, Arsenic, and Lead Concentrations; Radial Grid Soil Samples; 6- to 9-inch bgs Interval

Lead (7439-92-1) Antimony (7440-36-0) Arsenic (7440-38-2)

Result MDL LOQ LF VF RC Result MDL LOQ LF VF RC Result MDL LOQ LF VF RC

R1-F (6-9) 0911223-06 11/3/09 mg/kg 49 0.091 0.37 1.4 0.034 0.18 L m 3.1 0.027 0.46

R2-E (6-9) 0911442-10 11/16/09 mg/kg 310 0.46 1.9 B 1.6 0.034 0.19 K m 2.6 0.028 0.47

R2-G (6-9) 0911442-18 11/16/09 mg/kg 44 0.049 0.2 B 1.3 0.037 0.2 K m 2.5 0.03 0.5

R3-D (6-9) 0912359-43 12/17/09 mg/kg 77 0.099 0.4 B 0.72 0.037 0.2 3.8 0.03 0.5

R3-F (6-9) 0911442-26 11/16/09 mg/kg 18 0.049 0.2 B 0.28 0.034 0.18 3.1 0.03 0.5

R4-C (6-9) 0911442-22 11/17/09 mg/kg 79 0.099 0.4 B 0.39 0.035 0.19 K m 2.5 0.03 0.5

R4-E (6-9) 0911442-32 11/17/09 mg/kg 19 0.049 0.2 B 0.16 0.034 0.18 J 1.6 0.03 0.5

R4-G (6-9) 0911442-06 11/17/09 mg/kg 78 0.099 0.4 B 0.63 0.035 0.19 K m 1.9 0.03 0.5

R5-D (6-9) 0912359-68 12/16/09 mg/kg 29 0.049 0.2 0.29 0.037 0.2 1.9 0.03 0.5

R5-F (6-9) 0912359-87 12/16/09 mg/kg 25 0.049 0.2 0.18 0.035 0.19 J 1.7 0.03 0.5

R6-E (6-9) 0912359-83 12/16/09 mg/kg 220 0.45 1.8 1 0.037 0.2 2.4 0.027 0.46

R6-G (6-9) 0912359-63 12/16/09 mg/kg 12 0.049 0.2 B 0.21 0.035 0.19 2.7 0.03 0.5

R7-C (6-9) 0912360-04 12/16/09 mg/kg 18 0.046 0.19 0.2 0.037 0.2 2.4 0.028 0.46 L m

R7-E (6-9) 0912359-23 12/15/09 mg/kg 12 0.049 0.2 B 0.18 0.037 0.2 J 2.1 0.03 0.5

R7-G (6-9) 0912359-75 12/15/09 mg/kg 32 0.049 0.2 0.33 0.037 0.2 3.3 0.03 0.5

R8-B (6-9) 0912359-48 12/17/09 mg/kg 5.6 0.049 0.2 B 0.15 0.037 0.2 J B p 1.2 0.03 0.5

R8-D (6-9) 0911379-33 11/13/09 mg/kg 710 0.92 3.8 7.3 0.037 0.2 L m 4.7 0.028 0.47 L m

R8-F (6-9) 0912359-50 12/15/09 mg/kg 110 0.25 1 B 1.6 0.037 0.2 2.9 0.03 0.5

R8-H (6-9) 0912359-56 12/15/09 mg/kg 22 0.046 0.19 B 0.29 0.037 0.2 4.2 0.028 0.46

R9-C (6-9) 0911379-26 11/13/09 mg/kg 220 0.49 2 2.6 0.037 0.2 L m 2.9 0.03 0.5 L m

R9-E (6-9) 0912412-25 12/17/09 mg/kg 980 2 8 B 23 0.037 0.2 9.2 0.03 0.5

R9-G (6-9) 0912359-69 12/16/09 mg/kg 250 0.46 1.9 2.6 0.037 0.2 3.2 0.028 0.47

R10-B (6-9) 0911223-11 11/4/09 mg/kg 9.9 0.049 0.2 0.25 0.037 0.2 L m 2.2 0.03 0.5

R10-D (6-9) 0911223-17 11/5/09 mg/kg 920 2 8 11 0.037 0.2 L m 4.7 0.03 0.5

R10-F (6-9) 0912359-01 12/14/09 mg/kg 330 0.49 2 2.4 0.037 0.2 2.3 0.03 0.5

R10-H (6-9) 0912359-38 12/14/09 mg/kg 46 0.049 0.2 B 0.35 0.034 0.18 2.5 0.03 0.5

R11-C (6-9) 0911223-30 11/6/09 mg/kg 28 0.046 0.19 0.36 0.037 0.2 J m 1.4 0.028 0.47

R11-E (6-9) 0911223-34 11/6/09 mg/kg 200 0.46 1.9 1.3 0.034 0.18 J m 2.1 0.028 0.46

R11-G (6-9) 0911379-10 11/10/09 mg/kg 90 0.25 1 0.42 0.037 0.2 5 0.03 0.5

R12-E (6-9) 0911223-26 11/5/09 mg/kg 490 0.99 4 2.4 0.035 0.19 J m 4.3 0.03 0.5

R12-G (6-9) 0911379-16 11/12/09 mg/kg 69 0.23 0.92 0.43 0.037 0.2 2.3 0.028 0.46

R13-D (6-9) 0911379-03 11/9/09 mg/kg 72 0.25 1 2.3 0.037 0.2 3.3 0.03 0.5

R13-F (6-9) 0911223-43 11/9/09 mg/kg 200 0.25 1 0.97 0.037 0.2 2.1 0.03 0.5

R14-C (6-9) 0911379-57 11/17/09 mg/kg 140 0.25 1 1.7 0.037 0.2 3.3 0.03 0.5

R14-E (6-9) 0911379-47 11/17/09 mg/kg 150 0.25 1 0.91 0.034 0.19 2.9 0.03 0.5

R14-G (6-9) 0911379-53 11/17/09 mg/kg 210 0.49 2 1.4 0.037 0.2 2.2 0.03 0.5

R15-D (6-9) 0911442-43 11/17/09 mg/kg 390 0.46 1.9 B 2.6 0.037 0.2 3.3 0.028 0.47

R15-F (6-9) 0911442-49 11/17/09 mg/kg 61 0.099 0.4 0.32 0.037 0.2 2.2 0.03 0.5

R16-E (6-9) 0911442-38 11/16/09 mg/kg 160 0.23 0.92 B 1.1 0.037 0.2 1.3 0.028 0.46

R16-G (6-9) 0911379-40 11/16/09 mg/kg 82 0.25 1 0.3 0.037 0.2 L m 2.4 0.03 0.5 L m

R17-F (6-9) 0911379-44 11/16/09 mg/kg 15 0.046 0.19 0.56 0.037 0.2 2.2 0.028 0.47

NOTES:

MDL: method detection limit VF: validation flag RC: reason code

LOQ: limit of quantitation B: result < 5 times blank detection f: field duplicate

LF: lab flag J: estimate detection m: matrix spike recovery

B: analyte detected in blank > ½ LOQ K: estimate, positive bias o: instrument blank

J: estimate detection L: estimate, negative bias p: method blank

U: non-detect UL: non-detect, negative bias

Sample

Location

Sample

Interval

Laboratory

Sample

Identification

Sample

Date
UNITS



Table 4-4

Antimony, Arsenic, and Lead Concentrations; Radial Grid Soil Samples; 9- to 12-inch bgs Interval

Lead (7439-92-1) Antimony (7440-36-0) Arsenic (7440-38-2)

Result MDL LOQ LF VF RC Result MDL LOQ LF VF RC Result MDL LOQ LF VF RC

R2-E (9-12) 0911442-11 11/16/09 mg/kg 29 0.049 0.2 B 0.7 0.037 0.2 K m 2.2 0.03 0.5

R3-F (9-12) 0911442-27 11/16/09 mg/kg 9.5 0.049 0.2 B 0.2 0.037 0.2 2.9 0.03 0.5

R4-E (9-12) 0911442-33 11/17/09 mg/kg 13 0.045 0.18 B 0.19 0.037 0.2 J 1 0.027 0.46

R5-F (9-12) 0912359-88 12/16/09 mg/kg 12 0.046 0.19 0.12 0.037 0.2 J 2.3 0.028 0.46

R6-E (9-12) 0912359-84 12/16/09 mg/kg 73 0.099 0.4 0.29 0.034 0.18 2.2 0.03 0.5

R7-C (9-12) 0912360-05 12/16/09 mg/kg 23 0.046 0.19 0.18 0.037 0.2 J B o 2 0.028 0.47 L m

R7-E (9-12) 0912359-24 12/15/09 mg/kg 11 0.049 0.2 B 0.15 0.037 0.2 J 3.6 0.03 0.5

R7-G (9-12) 0912359-76 12/15/09 mg/kg 21 0.049 0.2 0.24 0.037 0.2 3.4 0.03 0.5

R8-F (9-12) 0912359-51 12/15/09 mg/kg 150 0.22 0.91 B 3 0.037 0.2 3.8 0.027 0.45

R8-H (9-12) 0912359-57 12/15/09 mg/kg 12 0.049 0.2 B 0.33 0.035 0.19 5.1 0.03 0.5

R9-C (9-12) 0911379-27 11/13/09 mg/kg 110 0.25 1 5.7 0.037 0.2 L m 2.7 0.03 0.5 L m

R9-E (9-12) 0912412-26 12/17/09 mg/kg 200 0.25 1 B 2.6 0.037 0.2 5.5 0.03 0.5

R9-G (9-12) 0912359-70 12/16/09 mg/kg 380 0.49 2 5.1 0.037 0.2 3.8 0.03 0.5

R10-D (9-12) 0911223-19 11/5/09 mg/kg 170 0.23 0.93 3 0.034 0.19 L m 3.5 0.028 0.46

R10-F (9-12) 0912359-02 12/14/09 mg/kg 75 0.091 0.37 0.28 0.037 0.2 2.6 0.028 0.46

R10-H (9-12) 0912359-39 12/14/09 mg/kg 18 0.049 0.2 B 0.19 0.037 0.2 J 2.4 0.03 0.5

R11-C (9-12) 0911223-31 11/6/09 mg/kg 10 0.045 0.18 0.14 0.037 0.2 J B o 1.8 0.027 0.46

R11-E (9-12) 0911223-35 11/6/09 mg/kg 87 0.23 0.94 0.55 0.034 0.18 J m 4.4 0.028 0.47

R11-G (9-12) 0911379-17 11/10/09 mg/kg 52 0.099 0.4 0.49 0.037 0.2 4.5 0.03 0.5

R12-E (9-12) 0911223-27 11/5/09 mg/kg 110 0.22 0.91 0.68 0.037 0.2 J m 2.9 0.027 0.46

R13-F (9-12) 0911223-45 11/9/09 mg/kg 87 0.25 1 0.48 0.037 0.2 1.6 0.03 0.5

R14-E (9-12) 0911379-48 11/17/09 mg/kg 51 0.099 0.4 0.35 0.037 0.2 1.3 0.03 0.5

R15-F (9-12) 0911442-50 11/17/09 mg/kg 15 0.049 0.2 0.32 0.037 0.2 4.2 0.03 0.5

R16-E (9-12) 0911442-39 11/16/09 mg/kg 15 0.046 0.19 B 0.12 0.037 0.2 J 0.42 0.028 0.47 J

NOTES:

MDL: method detection limit VF: validation flag RC: reason code

LOQ: limit of quantitation B: result < 5 times blank detection f: field duplicate

LF: lab flag J: estimate detection m: matrix spike recovery

B: analyte detected in blank > ½ LOQ K: estimate, positive bias o: instrument blank

J: estimate detection L: estimate, negative bias p: method blank

U: non-detect UL: non-detect, negative bias

Sample

Location

Sample

Interval

Laboratory

Sample

Identification

Sample

Date
UNITS



0 to 3 3 to 6 6 to 9

R9-J 1 0 - -

R9-I 3 0 - -

R9-H 66 0 - -

R9-G 958 10 0

R9-F 2749 152 - -

R9-E 4791 358 87

R9-D 3806 168 - -

R9-C 797 51 - -
R9-B 127 0 - -
R8-J 0 0 - -
R8-I 3 0 - -
R8-H 41 1 - -
R8-G 375 37 - -
R8-F 1019 62 5
R8-E 1218 341 - -
R8-D 2085 127 45
R8-B 62 4 - -
R8-A 62 - - - -
R7-I 8 - - - -
R7-H 17 - - - -
R7-G 312 98 - -
R7-F 466 29 - -
R7-E 608 11 - -
R7-D 2203 93 - -
R7-C 70 6 - -
R7-B 60 3 - -
R6-I 3 - - - -
R6-G 158 0 - -
R6-F 80 - - - -
R6-E 76 13 - -
R6-C 204 13 - -
R6-A 14 - - - -
R5-I 3 - - - -
R5-H 37 - - - -
R5-G 69 - - - -
R5-F 218 14 - -
R5-E 522 - - - -
R5-D 318 6 - -
R5-B 372 - - - -
R4-G 103 92 - -
R4-F 405 - - - -
R4-E 103 10 - -
R4-C 325 19 - -
R4-A 194 - - - -
R3-H 48 - - - -
R3-F 93 0 - -
R3-D 88 13 - -

Table 4-5
Lead Shot Counts; Radial Grid Soil Samples; All Intervals

Lead Shot per ft2

Interval (inches bgs)

Location



0 to 3 3 to 6 6 to 9

R3-B 0 - - - -
R2-G 0 0 - -
R2-E 158 54 - -
R2-C 234 - - - -
R1-H 10 - - - -
R1-F 61 0 - -

R1-D 57 - - - -

R1-B 103 - - - -
R17-H 20 - - - -
R17-F 64 13 - -
R17-D 278 - - - -
R17-B 33 - - - -
R16-G 252 48 - -
R16-E 50 252 - -
R16-C 65 - - - -
R15-H 29 - - - -
R15-F 115 4 - -
R15-D 189 167 - -
R15-B 27 - - - -
R14-G 94 0 - -
R14-F 125 - - - -
R14-E 338 88 - -
R14-C 57 54 - -
R13-I 24 - - - -
R13-H 24 - - - -
R13-G 76 - - - -
R13-F 517 43 - -
R13-E 112 - - - -
R13-D 241 0 - -
R13-C 271 - - - -
R13-B 43 - - - -
R12-I 17 - - - -
R12-H 29 - - - -
R12-G 399 5 0
R12-F 3154 - - - -
R12-E 1757 1288 88
R12-D 1589 - - - -
R12-C 231 120 - -
R12-B 84 - - - -
R11-J 3 - - - -
R11-I 24 - - - -
R11-H 65 - - - -
R11-G 808 6 0
R11-F 4623 65 - -
R11-E 5260 189 14
R11-D 6617 - - - -
R11-C 554 89 - -
R11-B 215 45 - -

Location

Lead Shot per ft2

Interval (inches bgs)

Table 4-5 (continued)
Lead Shot Counts; Radial Grid Soil Samples; All Intervals



0 to 3 3 to 6 6 to 9

R10-J 8 0 - -
R10-I 14 0 - -
R10-H 60 19 - -
R10-G 596 9 - -
R10-F 4231 497 19
R10-E 4175 534 - -
R10-D 2521 2772 191
R10-C 549 18 - -
R10-B 68 0 - -
R10-A 61 6 - -

Notes:
bgs = below ground surface

Table 4-5 (continued)
Lead Shot Counts; Radial Grid Soil Samples; All Intervals

Location

Lead Shot per ft2

Interval (inches bgs)



Table 4-6

Lead Antimony Arsenic

MAXIMUM 130,000 2,700 1,900 6,617

MINIMUM 44 0.3 1.6 0

MEAN 0 to 3 3 to 6 6 to 9 635

Lead Antimony Arsenic

MAXIMUM 6,400 250 39 2,772

MINIMUM 12 0.2 1.4 0

MEAN 602 15 6 127

Lead Antimony Arsenic

MAXIMUM 980 23 9 191

MINIMUM 6 0.2 1.2 0

MEAN 170 2 3 45

MAXIMUM 380 6 6 - -

MINIMUM 10 0.1 0.4 - -

MEAN 72 1 3 - -

Summary of the Antimony, Arsenic, and Lead Concentrations and Lead Shot

Counts for the Radial Grid Soil Samples

Statistic

Soil Concentrations (mg/kg)

0- to 3-Inch Interval
Lead Shot

(BBs / ft2)

Lead Shot

(BBs / ft2)

Lead Shot

(BBs / ft2)

Lead Shot

(BBs / ft2)

Soil Concentrations (mg/kg)

3- to 6-Inch Interval

Soil Concentrations (mg/kg)

6- to 9-Inch Interval

Statistic

Statistic

Statistic
Soil Concentrations (mg/kg)

9- to 12-Inch Interval



Surface Subsurface Maximum Minimum

Arsenic 2.4 4.84 1.67 - - - -
Antimony 4.1 0.57 0.39 - - - -
Lead 800 11.37 3.58 - - - -
Lead Shot - - - - - - 2,946 10

Notes:

The antimony RSL is adjusted downward by a factor of 10 to represent a hazard quotient of 0.1.

(b) Malcolm Pirnie, 2001. Soil Background Concentration Report. October 2001.

(c) U.S. Fish and Wildlife Service (USFWS)/EPA, 2004. Ecological Risk Assessment for Range 17 (Trap and Skeet Range),

March 2004. U.S. Fish and Wildlife Service, Chesapeake Bay Field Office, Annapolis, MD, and USEPA Environmental Response

Team, Edison, N.J.
EPA = U.S. Environmental Protection Agency
RSL = Regional Screening Level
UCL = Upper Confidence Limit
USFWS = U.S. Fish and Wildlife Service

USFWS/EPA (2004) (c)

(a) EPA (2013b). Regional Screening Level (RSL) Tables (dated May 2013). http://www.epa.gov/reg3hwmd/risk/human/rb-

concentration_table/.

Table 4-7

Useful Reference Concentrations and Shot Counts for Consideration

(shot per ft2)(mg/kg) (b)

Analyte

EPA RSL

(mg/kg) (a)

Background UCL



Lead (7439-92-1) Antimony (7440-36-0) Arsenic (7440-38-2)

Result MDL LOQ LF VF RC Result MDL LOQ LF VF RC Result MDL LOQ LF VF RC

Berm 1 (12-24) 0912412-12 12/17/09 mg/kg 1100 2 8 14 0.037 0.2 5.9 0.03 0.5

Berm 1 (36-48) 0912412-14 12/17/09 mg/kg 360 0.49 2 16 0.035 0.19 5.4 0.03 0.5

Berm 2 (12-24) 0912412-09 12/17/09 mg/kg 32 0.049 0.2 0.58 0.037 0.2 2.3 0.03 0.5

Berm 2 (36-48) 0912412-10 12/17/09 mg/kg 24 0.049 0.2 0.66 0.034 0.18 2.8 0.03 0.5

Berm 3 (12-24) 0912412-15 12/18/09 mg/kg 36 0.049 0.2 0.22 0.037 0.2 2.3 0.03 0.5

Berm 3 (36-48) 0912412-13 12/18/09 mg/kg 6.6 0.049 0.2 0.18 0.037 0.2 J 2.5 0.03 0.5

R7-E Deep (12-24) 0912412-20 12/18/09 mg/kg 33 0.045 0.18 0.75 0.037 0.2 3.7 0.027 0.46

R7-E Deep (36-48) 0912412-17 12/18/09 mg/kg 14 0.045 0.18 0.26 0.037 0.2 3.7 0.027 0.46

R8-G Deep (12-24) 0912412-05 12/18/09 mg/kg 19 0.049 0.2 0.56 0.037 0.2 6.4 0.03 0.5

R8-G Deep (36-48) 0912412-04 12/18/09 mg/kg 8.9 0.046 0.19 0.2 0.037 0.2 2.9 0.028 0.46

R10-E Deep (12-24) 0912412-01 12/18/09 mg/kg 330 0.49 2 2.7 0.034 0.18 6 0.03 0.5

R10-E Deep (36-48) 0912412-02 12/18/09 mg/kg 180 0.25 1 1.7 0.034 0.18 3.2 0.03 0.5

Trib 1 (0-3) 0912412-18 12/18/09 mg/kg 14000 20 80 120 0.18 1 63 0.06 1

Trib 1 (9-12) 0912412-11 12/18/09 mg/kg 300 0.49 2 16 0.037 0.2 5.2 0.03 0.5

Trib 2 (0-3) 0912412-19 12/18/09 mg/kg 7100 9.9 40 38 0.037 0.2 22 0.03 0.5

Trib 2 (9-12) 0912412-16 12/18/09 mg/kg 400 0.49 2 5.2 0.037 0.2 4.1 0.03 0.5

Trib 3 (0-3) 0912412-03 12/18/09 mg/kg 1500 2 8 9.3 0.037 0.2 7.7 0.03 0.5

Trib 3 (9-12) 0912412-06 12/18/09 mg/kg 26 0.049 0.2 0.48 0.037 0.2 3.6 0.03 0.5

MDL: method detection limit VF: validation flag RC: reason code

LOQ: limit of quantitation B: result < 5 times blank detection f: field duplicate

LF: lab flag J: estimate detection m: matrix spike recovery

B: analyte detected in blank > ½ LOQ K: estimate, positive bias o: instrument blank

J: estimate detection L: estimate, negative bias p: method blank

U: non-detect UL: non-detect, negative bias

Sample Location

Table 4-8

Antimony, Arsenic, and Lead Concentrations; Deep, Berm and Ephemeral Drain Soil Samples

Laboratory

Sample

Identification

Sample

Date
UNITS



As Pb Sb Shot As Pb Sb Shot As Pb Sb Shot

12 to 24 5.9 1100 14 464 2.3 32 0.58 0 2.3 36 0.22 5

36 to 48 5.4 360 16 59 2.8 24 0.66 7 2.5 6.6 0.18 0

Interval As Pb Sb Shot As Pb Sb Shot As Pb Sb Shot

0 to 3 63 14000 120 206 22 7100 38 3 7.7 1500 9.3 2

9 to 12 5.2 300 16 35 4.1 400 5.2 33 3.6 26 0.48 0

Interval As Pb Sb Shot As Pb Sb Shot As Pb Sb Shot

12 to 24 3.7 33 0.75 0 6.4 19 0.56 118 6 330 2.7 7
36 to 48 3.7 14 0.26 2 2.9 8.6 0.2 75 3.2 180 1.7 2

NOTES:
1) Arsenic (As), lead (Pb), and antimony (Sb) units are mg/kg.
2) Shot units are BBs per ft

2
.

bgs = below ground surface

Berm Soil Samples

Berm 1 Berm 2 Berm 3
Interval

Table 4-9
Summary of the Deep, Berm, and Ephemeral Drain Soil Sample Results

R7E-Deep R8G-Deep R10E-Deep

Deep Soil Samples

Ephemeral Drain Soil Samples

Trib 1 Trib 2 Trib 3



Interval

(inches bgs)
As Pb Sb Shot As Pb Sb Shot As Pb Sb Shot

0 to 3 51 7,800 210 608 5.4 1,600 2.2 375 200 10,000 200 4,175

3 to 6 2.8 64 1 11 5.1 190 0.52 37 39 3,300 68 534

6 to 9 2.1 12 0.18 - - - - - - - - - - 2.1 200 1.3 - -

9 to 12 3.6 11 0.15 - - - - - - - - - - - - - - - - - -

12 to 24 3.7 33 0.75 0 6.4 19 0.56 118 6 330 2.7 7

36 to 48 3.7 14 0.26 2 2.9 8.6 0.2 75 3.2 180 1.7 2

NOTES:

1) Arsenic (As), lead (Pb), and antimony (Sb) units are mg/kg.

2) Shot units are BBs per ft
2
.

3) "- -" Indicates not analyzed.

Table 4-10

Antimony, Arsenic, Lead, and Lead Shot Count Results for the Deep Soil Samples and Corresponding Shallow Subsurface Radial Grid Samples

R7E-Deep R8G-Deep R10E-Deep

R7E(6-9) R8G(6-9) R10E(6-9)

R7E(9-12) R8G(9-12) R10E(9-12)

R7E(0-3) R8G(0-3) R10E(0-3)

R7E(3-6) R8G(3-6) R10E(3-6)



TCLP Lead   (7439-92-1) TCLP Arsenic (7440-38-2) Cation Exchange Capacity pH

Result MDL LOQ Units LF VF RC Result MDL LOQ Units LF VF RC Result MDL LOQ Units LF VF RC Result MDL LOQ Units LF VF RC

R11-E(0-6) 0911223-36 11/06/09 220 16 50 mg/L 1.9 0.038 0.20 mg/L 16.9 0.1 meq/100g 4.4 0.1 0.1 pH units

R11-E(6-12) 0911223-37 11/06/09 1.5 0.063 0.20 mg/L 0.20 0.038 0.20 mg/L U 11.2 0.1 meq/100g 4.2 0.1 0.1 pH units

R14-E(0-6) 0911379-49 11/17/09 10 0.032 0.10 mg/L 0.23 0.038 0.20 mg/L 31.4 0.1 meq/100g 4.2 0.1 0.1 pH units

R14-E(6-12) 0911379-50 11/17/09 0.81 0.032 0.10 mg/L 0.20 0.038 0.20 mg/L U 15.3 0.1 meq/100g 4.6 0.1 0.1 pH units

R2-E(0-6) 0911442-13 11/16/09 8.2 0.032 0.10 mg/L 0.20 0.038 0.20 mg/L U 17.1 0.1 meq/100g 4.8 0.1 0.1 pH units

R2-E(6-12) 0911442-15 11/16/09 1.2 0.032 0.10 mg/L 0.20 0.038 0.20 mg/L U 10.4 0.1 meq/100g 4.6 0.1 0.1 pH units

R4-E(0-6) 0911442-31 11/17/09 5.9 0.32 1.0 mg/L 0.20 0.038 0.20 mg/L U 14.6 0.1 meq/100g 4.4 0.1 0.1 pH units

R4-E(6-12) 0911442-35 11/17/09 0.068 0.032 0.10 mg/L J 0.20 0.038 0.20 mg/L U 13.0 0.1 meq/100g 4.4 0.1 0.1 pH units

R7-C(0-6) 0912360-03 12/16/09 0.18 0.032 0.10 mg/L 0.20 0.038 0.20 mg/L U 10.6 0.1 meq/100g 5.6 0.1 0.1 pH units

R7-C(6-12) 0912360-06 12/16/09 0.040 0.032 0.10 mg/L J 0.20 0.038 0.20 mg/L U 12.1 0.1 meq/100g 4.6 0.1 0.1 pH units

R7-E(0-6) 0912359-25 12/15/09 70 3.2 10 mg/L 0.27 0.038 0.20 mg/L 7.4 0.1 meq/100g 5.0 0.1 0.1 pH units

R7-E(6-12) 0912359-26 12/15/09 0.053 0.032 0.10 mg/L J 0.20 0.038 0.20 mg/L U 6.3 0.1 meq/100g 4.6 0.1 0.1 pH units

R7-G(0-6) 0912359-74 12/15/09 4.9 0.32 1.0 mg/L 0.063 0.038 0.20 mg/L J 7.6 0.1 meq/100g 4.6 0.1 0.1 pH units

R7-G(6-12) 0912359-77 12/15/09 0.037 0.032 0.10 mg/L J 0.20 0.038 0.20 mg/L U 5.8 0.1 meq/100g 4.4 0.1 0.1 pH units

R9-C(0-6) 0911379-22 11/13/09 44 0.032 0.10 mg/L 0.16 0.038 0.20 mg/L J 16.8 0.1 meq/100g 5.3 0.1 0.1 pH units

R9-C(6-12) 0911379-25 11/13/09 0.94 0.032 0.10 mg/L 0.20 0.038 0.20 mg/L U 9.4 0.1 meq/100g 4.9 0.1 0.1 pH units

R9-E(0-6) 0912412-27 12/17/09 240 16 50 mg/L 0.79 0.038 0.20 mg/L 11.9 0.1 meq/100g 5.2 0.1 0.1 pH units J h

R9-E(6-12) 0912412-28 12/17/09 4.7 0.32 1.0 mg/L 0.20 0.038 0.20 mg/L U 7.8 0.1 meq/100g 4.9 0.1 0.1 pH units J h

R9-G(0-6) 0912359-30 12/16/09 23 0.032 0.10 mg/L 0.039 0.038 0.20 mg/L J 6.8 0.1 meq/100g 4.8 0.1 0.1 pH units

R9-G(6-12) 0912359-71 12/16/09 7.1 0.32 1.0 mg/L 0.20 0.038 0.20 mg/L U 4.3 0.1 meq/100g 4.7 0.1 0.1 pH units

Notes:

TCLP = Toxicity Characteristic Leaching Procedure

MDL: method detection limit

LOQ: limit of quantitation

LF: lab flags (J: estimate detection; U: non-detect)

VF: validation flag (J: estimate detection)

RC: reason code (h: holding time)

Table 4-11

Soil TCLP, Cation Exchange Capacity, and pH Results

Field Sample 

Identification

Laboratory 

Sample 

Identification

Sample 

Date



A B C

DU 1 (0 to 6") 91,496 338,936 380,301

DU 1 (6 to 12") 27,141 54,228 47,608

DU 2 (0 to 6") 138 171 146

DU 3 (0 to 6") 403 229 187

DU 4 (0 to 6") 21,827 652,740 25,381

DU 5 (0 to 6") 275.5 204.2 211.71

Table 4-12
Summary of Total PAH Concentrations in the IS Soil Samples (ug/kg)

(a) Each of the three composite samples (A, B, and C) was comprised of 50 soil increments. Surface

and subsurface increments were collected from DU1. Surface increments were collected from DUs 2

through 5.

Composite Soil Sample
Unit



Result Qual Units MDL LOD LOQ Result Qual Units MDL LOD LOQ Result Qual Units MDL LOD LOQ

1-Methylnaphthalene 89 ug/kg 1.2 4 7.6 250 ug/kg 12 40 76 280 ug/kg 12 41 76 5.1

2-Methylnaphthalene 170 ug/kg 1.1 4 7.6 470 ug/kg 11 40 76 600 ug/kg 11 41 76 14

Acenaphthene 1100 ug/kg 17 40 76 5000 ug/kg 17 40 76 5700 ug/kg 17 41 76 410

Acenaphthylene 6.6 J ug/kg 1.2 4 7.6 16 J ug/kg 12 40 76 21 J ug/kg 12 41 76 410

Anthracene 1200 ug/kg 16 40 76 5700 ug/kg 160 400 760 6100 ug/kg 16 41 76 4200

Benzo(a)anthracene 8600 ug/kg 16 40 76 31000 ug/kg 160 400 760 36000 ug/kg 160 410 760 10

Benzo(a)pyrene 11000 ug/kg 28 81 150 43000 ug/kg 140 400 760 49000 ug/kg 140 410 760 3.5

Benzo(b)fluoranthene 14000 ug/kg 40 81 150 51000 ug/kg 200 400 760 56000 ug/kg 200 410 760 35

Benzo(g,h,i)perylene 8400 ug/kg 20 40 76 30000 ug/kg 200 400 760 34000 ug/kg 200 410 760 950

Benzo(k)fluoranthene 4500 ug/kg 19 40 76 14000 ug/kg 190 400 760 15000 ug/kg 190 410 760 350

Chrysene 9800 ug/kg 18 40 76 30000 ug/kg 180 400 760 35000 ug/kg 180 410 760 1100

Dibenz(a,h)anthracene 1200 ug/kg 18 40 76 5900 ug/kg 18 40 76 6500 ug/kg 18 41 76 11

Fluoranthene 9000 ug/kg 18 40 76 35000 ug/kg 180 400 760 38000 ug/kg 180 410 760 7000

Fluorene 570 ug/kg 1.8 4 7.6 2600 ug/kg 18 40 76 2700 ug/kg 18 41 76 400

Indeno(1,2,3-cd)pyrene 6500 ug/kg 18 40 76 23000 ug/kg 180 400 760 25000 ug/kg 180 410 760 200

Naphthalene 360 ug/kg 1.4 4 7.6 1000 ug/kg 14 40 76 1400 ug/kg 14 41 76 0.47

Phenanthrene 5400 ug/kg 23 40 76 23000 ug/kg 230 400 760 25000 ug/kg 230 410 760 950

Pyrene 9600 ug/kg 21 40 76 38000 ug/kg 210 400 760 44000 ug/kg 210 410 760 950

TOTAL PAHs: 91496 ug/kg - - - - - - 338936 ug/kg - - - - - - 380301 ug/kg - - - - - - --

Result Qual Units MDL LOD LOQ Result Qual Units MDL LOD LOQ Result Qual Units MDL LOD LOQ

1-Methylnaphthalene 17 ug/kg 1.2 4 7.6 46 J ug/kg 12 40 76 38 J ug/kg 12 40 76 5.1

2-Methylnaphthalene 32 ug/kg 1.1 4 7.6 82 ug/kg 11 40 76 60 J ug/kg 11 40 76 14

Acenaphthene 310 ug/kg 1.7 4 7.6 760 ug/kg 17 40 76 500 ug/kg 17 40 76 410

Acenaphthylene 5.4 J ug/kg 1.2 4 7.6 12 U ug/kg 12 40 76 12 U ug/kg 12 40 76 410

Anthracene 390 ug/kg 1.6 4 7.6 1100 ug/kg 16 40 76 750 ug/kg 16 40 76 4200

Benzo(a)anthracene 2200 ug/kg 16 40 76 4600 ug/kg 16 40 76 4400 ug/kg 16 40 76 10

Benzo(a)pyrene 3400 ug/kg 14 40 76 6200 ug/kg 14 40 76 6000 ug/kg 14 40 76 3.5

Benzo(b)fluoranthene 4100 ug/kg 20 40 76 7900 ug/kg 20 40 76 6800 ug/kg 20 40 76 35

Benzo(g,h,i)perylene 2800 ug/kg 20 40 76 4300 ug/kg 20 40 76 4300 ug/kg 20 40 76 950

Benzo(k)fluoranthene 1400 ug/kg 19 40 76 2500 ug/kg 19 40 76 2100 ug/kg 19 40 76 350

Chrysene 2100 ug/kg 18 40 76 4400 ug/kg 18 40 76 4400 ug/kg 18 40 76 1100

Dibenz(a,h)anthracene 350 ug/kg 1.8 4 7.6 750 ug/kg 18 40 76 800 ug/kg 18 40 76 11

Fluoranthene 3100 ug/kg 18 40 76 6900 ug/kg 18 40 76 5000 ug/kg 18 40 76 7000

Fluorene 160 ug/kg 1.8 4 7.6 490 ug/kg 18 40 76 330 ug/kg 18 40 76 400

Indeno(1,2,3-cd)pyrene 2100 ug/kg 18 40 76 3500 ug/kg 18 40 76 3300 ug/kg 18 40 76 200

Naphthalene 77 ug/kg 1.4 4 7.6 200 ug/kg 14 40 76 130 ug/kg 14 40 76 0.47

Phenanthrene 1700 ug/kg 23 40 76 4500 ug/kg 23 40 76 3300 ug/kg 23 40 76 950

Pyrene 2900 ug/kg 21 40 76 6000 ug/kg 21 40 76 5400 ug/kg 21 40 76 950
TOTAL PAHs: 27141 ug/kg - - - - - - 54228 ug/kg - - - - - - 47608 ug/kg - - - - - - --

B = Detected concentration was less than 5x the concentrations detected in the method blank. 

J = Reported concentration is estimated and is between the level of detection (LOD) and the level of quantitation (LOQ).

U = The analyte was not detected and the reported concentration corresponds to the MDL.

* The most conservative of the risk-based and MCL-based groundwater protection soil screening level (SSL) is presented (EPA, 2013b).

DU1-SHA
Analyte

DU1-SHB DU1-SHC

Decision Unit 1 Subsurface Soil

Decision Unit 1 Surface Soil

Table 4-13
Individual PAH Concentrations in the IS Soil Samples

Analyte
DU1-SBA DU1-SBB DU1_SBC

Groundwater 

Protection SSL *

Groundwater 

Protection SSL *



Result Qual Units MDL LOD LOQ Result Qual Units MDL LOD LOQ Result Qual Units MDL LOD LOQ

1-Methylnaphthalene 7.1 ug/kg 0.23 0.81 1.5 5.4 ug/kg 0.23 0.81 1.5 7.3 ug/kg 0.23 0.81 1.5 5.1

2-Methylnaphthalene 11 ug/kg 0.22 0.81 1.5 9.5 ug/kg 0.22 0.81 1.5 12 ug/kg 0.22 0.81 1.5 14

Acenaphthene 1.8 B ug/kg 0.33 0.81 1.5 4.7 B ug/kg 0.33 0.81 1.5 2.6 B ug/kg 0.33 0.81 1.5 410

Acenaphthylene 1.2 J ug/kg 0.24 0.81 1.5 1.4 J ug/kg 0.24 0.81 1.5 1.6 ug/kg 0.24 0.81 1.5 410

Anthracene 1.6 B ug/kg 0.31 0.81 1.5 2.1 B ug/kg 0.31 0.81 1.5 1.6 B ug/kg 0.31 0.81 1.5 4200

Benzo(a)anthracene 7.9 B ug/kg 0.32 0.81 1.5 11 B ug/kg 0.32 0.81 1.5 7.9 B ug/kg 0.32 0.81 1.5 10

Benzo(a)pyrene 8.3 B ug/kg 0.28 0.81 1.5 10 B ug/kg 0.28 0.81 1.5 8.2 B ug/kg 0.28 0.81 1.5 3.5

Benzo(b)fluoranthene 16 B ug/kg 0.4 0.81 1.5 19 B ug/kg 0.4 0.81 1.5 16 B ug/kg 0.4 0.81 1.5 35

Benzo(g,h,i)perylene 6.2 B ug/kg 0.39 0.81 1.5 8.4 B ug/kg 0.39 0.81 1.5 6.3 B ug/kg 0.39 0.81 1.5 950

Benzo(k)fluoranthene 3.6 B ug/kg 0.37 0.81 1.5 4.9 B ug/kg 0.37 0.81 1.5 4.4 B ug/kg 0.37 0.81 1.5 350

Chrysene 9.6 B ug/kg 0.35 0.81 1.5 13 B ug/kg 0.35 0.81 1.5 10 B ug/kg 0.35 0.81 1.5 1100

Dibenz(a,h)anthracene 1.4 JB ug/kg 0.35 0.81 1.5 1.6 B ug/kg 0.35 0.81 1.5 1.3 JB ug/kg 0.35 0.81 1.5 11

Fluoranthene 16 B ug/kg 0.36 0.81 1.5 20 B ug/kg 0.36 0.81 1.5 20 B ug/kg 0.36 0.81 1.5 7000

Fluorene 3.6 B ug/kg 0.36 0.81 1.5 5.4 B ug/kg 0.36 0.81 1.5 5 B ug/kg 0.36 0.81 1.5 400

Indeno(1,2,3-cd)pyrene 5.2 B ug/kg 0.36 0.81 1.5 7 B ug/kg 0.36 0.81 1.5 5.2 B ug/kg 0.36 0.81 1.5 200

Naphthalene 7.5 B ug/kg 0.27 0.81 1.5 9.4 ug/kg 0.27 0.81 1.5 7.7 ug/kg 0.27 0.81 1.5 0.47

Phenanthrene 14 B ug/kg 0.45 0.81 1.5 20 B ug/kg 0.45 0.81 1.5 15 B ug/kg 0.46 0.81 1.5 950

Pyrene 16 B ug/kg 0.41 0.81 1.5 18 B ug/kg 0.41 0.81 1.5 14 B ug/kg 0.41 0.81 1.5 950

TOTAL PAHs: 138 ug/kg - - - - - - 171 ug/kg - - - - - - 146 ug/kg - - - - - - --

Result Qual Units MDL LOD LOQ Result Qual Units MDL LOD LOQ Result Qual Units MDL LOD LOQ

1-Methylnaphthalene 11 ug/kg 0.23 0.81 1.5 11 ug/kg 0.23 0.81 1.5 9.2 ug/kg 0.23 0.81 1.5 5.1

2-Methylnaphthalene 17 ug/kg 0.22 0.81 1.5 17 ug/kg 0.22 0.81 1.5 15 ug/kg 0.22 0.81 1.5 14

Acenaphthene 4.7 B ug/kg 0.33 0.81 1.5 2.6 B ug/kg 0.33 0.81 1.5 3.8 B ug/kg 0.34 0.81 1.5 410

Acenaphthylene 1.3 J ug/kg 0.24 0.81 1.5 1 J ug/kg 0.24 0.81 1.5 1.3 J ug/kg 0.24 0.81 1.5 410

Anthracene 4.8 ug/kg 0.31 0.81 1.5 1.9 B ug/kg 0.31 0.81 1.5 2.2 B ug/kg 0.31 0.81 1.5 4200

Benzo(a)anthracene 32 B ug/kg 0.32 0.81 1.5 15 B ug/kg 0.32 0.81 1.5 10 B ug/kg 0.32 0.81 1.5 10

Benzo(a)pyrene 39 B ug/kg 0.28 0.81 1.5 14 B ug/kg 0.28 0.81 1.5 11 B ug/kg 0.28 0.81 1.5 3.5

Benzo(b)fluoranthene 51 B ug/kg 0.41 0.81 1.5 30 B ug/kg 0.41 0.81 1.5 20 B ug/kg 0.41 0.81 1.5 35

Benzo(g,h,i)perylene 27 B ug/kg 0.4 0.81 1.5 12 B ug/kg 0.4 0.81 1.5 8.3 B ug/kg 0.4 0.81 1.5 950

Benzo(k)fluoranthene 15 B ug/kg 0.38 0.81 1.5 8.8 B ug/kg 0.38 0.81 1.5 4 B ug/kg 0.38 0.81 1.5 350

Chrysene 33 B ug/kg 0.35 0.81 1.5 20 B ug/kg 0.35 0.81 1.5 12 B ug/kg 0.36 0.81 1.5 1100

Dibenz(a,h)anthracene 4.4 B ug/kg 0.35 0.81 1.5 2.2 B ug/kg 0.35 0.81 1.5 1.6 B ug/kg 0.36 0.81 1.5 11

Fluoranthene 44 B ug/kg 0.37 0.81 1.5 24 B ug/kg 0.37 0.81 1.5 20 B ug/kg 0.37 0.81 1.5 7000

Fluorene 7.7 B ug/kg 0.37 0.81 1.5 6.3 B ug/kg 0.37 0.81 1.5 10 ug/kg 0.37 0.81 1.5 400

Indeno(1,2,3-cd)pyrene 19 B ug/kg 0.37 0.81 1.5 10 B ug/kg 0.37 0.81 1.5 6.6 B ug/kg 0.37 0.81 1.5 200

Naphthalene 14 ug/kg 0.27 0.81 1.5 12 ug/kg 0.27 0.81 1.5 12 ug/kg 0.27 0.81 1.5 0.47

Phenanthrene 32 B ug/kg 0.46 0.81 1.5 18 B ug/kg 0.46 0.81 1.5 21 B ug/kg 0.46 0.81 1.5 950

Pyrene 46 B ug/kg 0.42 0.81 1.5 23 B ug/kg 0.42 0.81 1.5 19 B ug/kg 0.42 0.81 1.5 950
TOTAL PAHs: 403 ug/kg - - - - - - 229 ug/kg - - - - - - 187 ug/kg - - - - - - --

B = Detected concentration was less than 5x the concentrations detected in the method blank. 

J = Reported concentration is estimated and is between the level of detection (LOD) and the level of quantitation (LOQ).

U = The analyte was not detected and the reported concentration corresponds to the MDL.

* The most conservative of the risk-based and MCL-based groundwater protection soil screening level (SSL) is presented (EPA, 2013b).

Decision Unit 3 Surface Soil

DU2_SHB DU2_SHC
Analyte

DU2_SHA

Decision Unit 2 Surface Soil

Table 4-13 (continued)

Analyte
DU3_SHA DU3_SHB DU3_SHC

Groundwater 

Protection SSL *

Groundwater 

Protection SSL *

Summary of PAH Concentrations for the Soil Incremental Samples



Result Qual Units MDL LOD LOQ Result Qual Units MDL LOD LOQ Result Qual Units MDL LOD LOQ

1-Methylnaphthalene 29 J ug/kg 12 40 76 430 ug/kg 23 81 150 39 J ug/kg 12 40 76 5.1

2-Methylnaphthalene 48 J ug/kg 11 40 76 810 ug/kg 22 81 150 66 J ug/kg 11 40 76 14

Acenaphthene 260 ug/kg 17 40 76 7300 ug/kg 33 81 150 250 ug/kg 17 40 76 410

Acenaphthylene 12 U ug/kg 12 40 76 24 U ug/kg 24 81 150 12 U ug/kg 12 40 76 410

Anthracene 300 ug/kg 16 40 76 7900 ug/kg 31 81 150 290 ug/kg 16 40 76 4200

Benzo(a)anthracene 1900 ug/kg 16 40 76 64000 ug/kg 320 810 1500 2700 ug/kg 16 40 76 10

Benzo(a)pyrene 2600 ug/kg 14 40 76 83000 ug/kg 280 810 1500 3300 ug/kg 14 40 76 3.5

Benzo(b)fluoranthene 3500 ug/kg 20 40 76 99000 ug/kg 400 810 1500 3500 ug/kg 20 40 76 35

Benzo(g,h,i)perylene 2000 ug/kg 20 40 76 61000 ug/kg 390 810 1500 2200 ug/kg 20 40 76 950

Benzo(k)fluoranthene 1100 ug/kg 19 40 76 18000 ug/kg 37 81 150 1000 ug/kg 19 40 76 350

Chrysene 2000 ug/kg 18 40 76 60000 ug/kg 350 810 1500 3100 ug/kg 18 40 76 1100

Dibenz(a,h)anthracene 330 ug/kg 18 40 76 8900 ug/kg 35 81 150 410 ug/kg 18 40 76 11

Fluoranthene 2300 ug/kg 18 40 76 71000 ug/kg 360 810 1500 2300 ug/kg 18 40 76 7000

Fluorene 160 ug/kg 18 40 76 4000 ug/kg 36 81 150 150 ug/kg 18 40 76 400

Indeno(1,2,3-cd)pyrene 1500 ug/kg 18 40 76 46000 ug/kg 360 810 1500 1500 ug/kg 18 40 76 200

Naphthalene 100 ug/kg 14 40 76 2400 ug/kg 27 81 150 76 ug/kg 14 40 76 0.47

Phenanthrene 1400 ug/kg 23 40 76 46000 ug/kg 450 810 1500 1600 ug/kg 23 40 76 950

Pyrene 2300 ug/kg 21 40 76 73000 ug/kg 410 810 1500 2900 ug/kg 21 40 76 950

TOTAL PAHs: 21827 ug/kg - - - - - - 652740 ug/kg - - - - - - 25381 ug/kg - - - - - - --

Result Qual Units MDL LOD LOQ Result Qual Units MDL LOD LOQ Result Qual Units MDL LOD LOQ

1-Methylnaphthalene 14 ug/kg 0.23 0.82 1.5 9.4 ug/kg 0.23 0.81 1.5 10 ug/kg 0.23 0.81 1.5 5.1

2-Methylnaphthalene 23 ug/kg 0.22 0.82 1.5 16 ug/kg 0.22 0.81 1.5 18 ug/kg 0.22 0.81 1.5 14

Acenaphthene 3.6 B ug/kg 0.34 0.82 1.5 2.4 B ug/kg 0.33 0.81 1.5 6.9 B ug/kg 0.34 0.81 1.5 410

Acenaphthylene 2.8 ug/kg 0.24 0.82 1.5 1.1 J ug/kg 0.24 0.81 1.5 0.81 J ug/kg 0.24 0.81 1.5 410

Anthracene 3.4 B ug/kg 0.32 0.82 1.5 2.6 B ug/kg 0.31 0.81 1.5 2.8 B ug/kg 0.31 0.81 1.5 4200

Benzo(a)anthracene 17 B ug/kg 0.33 0.82 1.5 11 B ug/kg 0.32 0.81 1.5 12 B ug/kg 0.32 0.81 1.5 10

Benzo(a)pyrene 13 B ug/kg 0.29 0.82 1.5 9.8 B ug/kg 0.28 0.81 1.5 9.3 B ug/kg 0.28 0.81 1.5 3.5

Benzo(b)fluoranthene 29 B ug/kg 0.41 0.82 1.5 23 B ug/kg 0.4 0.81 1.5 21 B ug/kg 0.41 0.81 1.5 35

Benzo(g,h,i)perylene 9 B ug/kg 0.4 0.82 1.5 6.1 B ug/kg 0.39 0.81 1.5 5.2 B ug/kg 0.4 0.81 1.5 950

Benzo(k)fluoranthene 7.1 B ug/kg 0.38 0.82 1.5 5.3 B ug/kg 0.37 0.81 1.5 5.3 B ug/kg 0.38 0.81 1.5 350

Chrysene 23 B ug/kg 0.36 0.82 1.5 18 B ug/kg 0.35 0.81 1.5 17 B ug/kg 0.36 0.81 1.5 1100

Dibenz(a,h)anthracene 1.8 B ug/kg 0.36 0.82 1.5 1.4 JB ug/kg 0.35 0.81 1.5 1.2 JB ug/kg 0.36 0.81 1.5 11

Fluoranthene 35 B ug/kg 0.37 0.82 1.5 25 B ug/kg 0.36 0.81 1.5 25 B ug/kg 0.37 0.81 1.5 7000

Fluorene 10 ug/kg 0.37 0.82 1.5 7.5 B ug/kg 0.36 0.81 1.5 9.6 ug/kg 0.37 0.81 1.5 400

Indeno(1,2,3-cd)pyrene 6.8 B ug/kg 0.37 0.82 1.5 5.6 B ug/kg 0.36 0.81 1.5 4.6 B ug/kg 0.37 0.81 1.5 200

Naphthalene 17 ug/kg 0.28 0.82 1.5 10 ug/kg 0.27 0.81 1.5 16 ug/kg 0.27 0.81 1.5 0.47

Phenanthrene 31 B ug/kg 0.46 0.82 1.5 23 B ug/kg 0.45 0.81 1.5 26 B ug/kg 0.46 0.81 1.5 950

Pyrene 29 B ug/kg 0.42 0.82 1.5 27 B ug/kg 0.41 0.81 1.5 21 B ug/kg 0.42 0.81 1.5 950

TOTAL PAHs: 275.5 ug/kg - - - - - - 204.2 ug/kg - - - - - - 211.71 ug/kg - - - - - - --

B = Detected concentration was less than 5x the concentrations detected in the method blank. 

J = Reported concentration is estimated and is between the level of detection (LOD) and the level of quantitation (LOQ).

U = The analyte was not detected and the reported concentration corresponds to the MDL.

* The most conservative of the risk-based and MCL-based groundwater protection soil screening level (SSL) is presented (EPA, 2013b).

Analyte
DU5_SHA DU5_SHB DU5_SHC

Decision Unit 4 Surface Soil

Decision Unit 5 Surface Soil

Analyte
DU4_SHB DU4_SHCDU4_SHA

Table 4-13 (continued)

Groundwater 

Protection SSL *

Groundwater 

Protection SSL *

Summary of PAH Concentrations for the Soil Incremental Samples



Decision Unit / Interval NG Concentration (µg/kg) Groundwater Protection SSL * (µg/kg)

DU 6 (0 to 6") 4,800 0.066
DU 7 (0 to 6") 3,800 0.066

* The most conservative of the risk-based and MCL-based groundwater protection soil screening level (SSL)
is presented (EPA, 2013b).

(a) A single composite soil sample comprised of 50 soil increments was collected

from each of Dus 6 and 7.

Table 4-14

NG Concentrations in the IS Soil Samples (µg/kg)



Field Sample

Identification
Sample Date

Result

(µg/l)
MDL LOQ LF VF RC

MCL or

Action

Level

(µg/l)

MCL or

Action

Level

Exceeded?

Result

(µg/l)

MD

L
LOQ LF VF RC

EB-GW 3/1/10 - - - - - - - - - - - - - - - - 0.7 0.22 1 J

MW-2 3/1/10 3.7 0.22 1.0 15 No 46 0.22 1

MW-2 DUP 3/1/10 2.6 0.22 1.0 15 No 41 0.22 1

MW-3 3/1/10 1.0 0.22 1.0 U 15 No 1 0.22 1 U

MW-4 3/1/10 0.25 0.22 1.0 J 15 No 13 0.22 1

EB-GW 3/1/10 - - - - - - - - - - - - - - - - 2 0.38 2 U UL o

MW-2 3/1/10 2.0 0.38 2.0 U UL o 10 No 4.2 0.38 2

MW-2 DUP 3/1/10 2.0 0.38 2.0 U UL o 10 No 3.8 0.38 2

MW-3 3/1/10 2.0 0.38 2.0 U UL o 10 No 2 0.38 2 U UL o

MW-4 3/1/10 2.0 0.38 2.0 U UL o 10 No 5.1 0.38 2

EB-GW 3/1/10 - - - - - - - - - - - - - - - - 3 0.36 3 U

MW-2 3/1/10 2.0 0.36 3.0 J 6 No 1.6 0.36 3 J L m

MW-2 DUP 3/1/10 2.0 0.36 3.0 J 6 No 0.75 0.36 3 J L m

MW-3 3/1/10 3.0 0.36 3.0 U 6 No 3 0.36 3 U R m

MW-4 3/1/10 3.0 0.36 3.0 U 6 No 3 0.36 3 U R m

NOTES:

MCL: Maximum Contaminant Level

MDL: method detection limit LF: lab flags: VF: validation flags: RC: reason codes:

LOQ: limit of quantitation J: estimate detection L: estimate, negative bias m: matrix spike recovery

U: non-detect R: rejected o: instrument blank

UL: non-detect, negative bias

Total AntmonyDissolved Antmony

Dissolved Lead

Table 4-15
Groundwater Chemistry Results

TOTALDISSOLVED

Dissolved Arsenic

Total Lead

Total Arsenic



Feet, bgs Elevation, msl Measurement Date

MW-1 2/26/2010 162.4 2.1 Below 24 (b) <138.4 3/1/2010

MW-2 2/25/2010 131.9 0.7 5.12 126.8 3/1/2010

MW-3 2/23/2010 116.8 0.5 0.2 (c) 116.7 3/1/2010

MW-4 2/24/2010 152.6 0.3 6.98 145.6 3/1/2010

NOTES:

(a) Ground elevations were estimated from a topographic map.

(b) The well was dry and 24 feet deep.

(c) The well was dry until a fine sand was encountered at 7.5 feet bgs (see boring log).

bgs = below ground surface

msl = mean sea level

Table 4-16

Groundwater Elevation Data

Static Water LevelTemorary

Well

Construction

Date

Ground Elevation

(ft, msl) (a) Stickup (ft)



Human Health Risk Assessment (HHRA)

Exposure Unit (EU)
 (1)

DU1 (PAHs) 3

This is the clay pigeon target fall area located east 

of the firing lines and is likely contaminated with 

PAHs. It is located between the firing lines of the 

two trap/skeet ranges and the area identified in 

October 2009-March 2010 investigation where 

soil contaminated with lead is recommended for 

remediation (See Figure 3-3, green boundary 

area). The surface soil (0-6 inches) was sampled; 

because the surface soil is suspected to be 

contaminated, the subsurface soil (6-12 inches) 

was also sampled.

DU1 is addressed as its own exposure unit (i.e., EU-

A). DU1 consists of early successional growth with 

sweet gum trees and a thick understory; the area is in 

the process of returning to its natural state after 

closing of the range in 2000. In terms of exposure, a 

PRR worker/intern or a site visitor/hunter might 

infrequently visit DU1. USFWS intends for this area 

to return to its natural state (i.e., no future 

development).  

DU2 (PAHs) 0.75

This area bounds DU1 to the northwest and is 

suspected to be clean. Only surface soil (0-6 

inches) was sampled, because, absent 

contamination, downward vertical migration is 

not a concern.(2)

This DU is evaluated as EU-B (0.75 acres) to derive 

cancer risk and non-cancer results for bounding PAHs 

for comparison with EPA's acceptable risk range.

DU3 (PAHs) 0.75

This area bounds DU1 to the southwest and is 

suspected to be clean. Only surface soil (0-6 

inches) was sampled, because, absent 

contamination, downward vertical migration is 

not a concern.(2)

This DU is evaluated as EU-C (0.75 acres) to derive 

cancer risk and non-cancer results for bounding PAHs 

for comparison with EPA's acceptable risk range.

DU4 (PAHs) 0.75

This area bounds DU1 to the west (behind the 

firing line) and is suspected to be clean. Only 

surface soil (0-6 inches) was sampled, because, 

absent contamination, downward vertical 

migration is not a concern.(2)

This DU is evaluated as EU-D (0.75 acres) to derive 

cancer risk and non-cancer results for bounding PAHs 

for comparison with EPA's acceptable risk range.

DU5 (PAHs) 0.75

Background PAHs are expected to exist at the 

Site; therefore a surface soil sample (0-6 inches) 

was collected from this forested area west of the 

Site to provide comparison data.
(2)

This DU is evaluated as EU-F (0.75 acres) to derive 

cancer risk and non-cancer results for background 

PAHs, to be compared to EPAs target risk range and 

to qualitatively compare to DUs 1, 2, 3, and 4.

NOTE: EU-E is specific to the ecological risk 

assessment and is not evaluated in the HHRA.

DU6 (NG) 0.25

This area encompasses the immediate vicinity of 

the firing line for the northern-most trap and skeet 

range. The DU is suspected to be clean. Only 

surface soil (0-6 inches) was sampled, because, 

absent contamination, downward vertical 

migration is not a concern.

DU7 (NG) 0.25

This area encompasses the immediate vicinity of 

the firing line for the southern-most trap and skeet 

range. The DU is suspected to be clean. Only 

surface soil (0-6 inches) was sampled, because, 

absent contamination, downward vertical 

migration is not a concern.

Notes:

(2) The Trap and Skeet Site is in an isolated area of the refuge and is located away from high traffic visitor/hunter areas; as a result, Wildlife Loop Road is not a heavily 

traveled road. Any anthropogenic effects from vehicle exhaust are likely to affect DU5 as well as EU-E; winds at the site come from the north-northwest in fall/winter 

(fumes away from DU5/toward EU-E) and the south-southwest in the spring/summer (fumes toward DU5/away from EU-E).

Table 6-1: Exposure Units for the Human Health Risk Assessment

Decision Units for 

Incremental Sampling

Size of DU 

(acres)
Description

DU6 and DU7 are combined into EU-G (0.5 acres) 

for the HHRA. 

(1) The current land use for the Trap and Skeet Site is open space within the wildlife refuge. USFWS intends for the site to return to its natural state; no development is 

planned for this area of the PRR.



Table 6-2. Baseline Human Health Risk Assessment, Exposure Scenarios, and 
Exposure Pathway Matrix 

  Current/Future Future 

MEDIA AND EXPOSURE PATHWAYS 

PR
R
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r/ 
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lt 
Vi
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)  

R
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t (8
)  

DISCRETE SAMPLE DATA GROUPS 
Surface Soil [0-3 inches bgs]           

Incidental Ingestion X X X ● ● ● 
Dermal absorption X X X ● ● ● 
Inhalation of particulates from soil X X X ● ● ● 
Inhalation of vapors from soil O O O O O O 
Mixed Soil [0-48 inches bgs] (1,2,3)           
Incidental Ingestion ● ● ● ● ● ● 
Dermal absorption ● ● ● ● ● ● 
Inhalation of particulates from soil ● ● ● ● ● ● 
Inhalation of vapors from soil O O O O O O 
Groundwater(4)           
Ingestion as drinking water       ●  ● 
Dermal absorption       ●  ● 
Inhalation of vapors while showering         O 

INCREMENT SAMPLE DATA GROUPS 
Surface Soil [0-6 inches bgs]           

Incidental Ingestion X X X ● ● ● 
Dermal absorption X X X ● ● ● 
Inhalation of particulates from soil X X X ● ● ● 
Inhalation of vapors from soil X X X ● ● ● 
Subsurface Soil [6-12 inches bgs] (1,2)           

Incidental Ingestion ● ● ● ● ● ● 
Dermal absorption ● ● ● ● ● ● 
Inhalation of particulates from soil ● ● ● ● ● ● 
Inhalation of vapors from soil ● ● ● ● ● ● 
       
NOTES:       

X = complete exposure pathway (quantified in HHRA); ● = Complete exposure pathway if land use changes 
(quantified in HHRA); O = complete exposure pathway, but not quantified in HHRA (no volatile constituents). 

      

bgs = below ground surface; PRR = Patuxent Research Refuge

(1) The current and future land use is refuge. USFWS wants the Trap and Skeet 
Range 17 to return to its natural state.  It is assumed that subsurface soil will not 
be brought to the surface unless the future land use changes from being a refuge. 



Table 6-2. Baseline Human Health Risk Assessment, Exposure Scenarios, and 
Exposure Pathway Matrix (continued) 

 

(2) The exposure point concentrations for the mixed soil data group include both 
surface and subsurface soil discrete data (0-12 inches). The surface and 
subsurface soil for the incremental sample data groups were kept separate because 
subsurface soil samples were collected at EU 1 only; the subsurface results were 
used to determine whether concentrations of PAHs and/or NG were vertically 
downward at the Site. 

(3) Two discrete deep soil samples were collected at depth intervals of 12 to 24 and 
36 to 48 inches bgs from each of three locations (Berm 1 through Berm 3), Also, 
two samples (depth intervals 12 to 24 and 36 to 48 inches bgs) were collected 
from discrete sample locations R10E, R7E, and R8G which are centrally located 
within the anticipated shot fall zone. These results were incorporated into the 
subsurface soil exposure point concentrations for the HHRA.  

(4) Groundwater was analyzed for antimony, arsenic, and lead in the October 2009 
through March 2010 investigation. The groundwater results are incorporated 
under the discrete sample data group analysis in the HHRA. Total and dissolved 
groundwater concentrations were addressed. 

(5) Food pathways were not evaluated for the visitor/hunter scenarios because the 
prey (e.g., wild turkeys, deer, and mourning doves) are not likely to stay within 
the Trap and Skeet Range 17 (home ranges are larger) and the hunting is primarily 
recreational (not subsistence) at the refuge. The infrequency of killing and eating 
prey from the Site is low and is qualitatively addressed in the HHRA. 

(6) The industrial worker is a standard EPA receptor that spends 250 days/year at the 
Site. This scenario assumes that this area of the refuge is converted into a more 
public commercial/industrial area. 

(7) The construction worker scenario assumes a 6-month construction project (125 
days) where the Site is cleared and redeveloped for a land use other than a refuge. 
This hypothetical scenario is used to address potential short-term, but intense 
exposure to soils at the Site.  

(8) The resident is a hypothetical scenario used to explore the potential for 
unrestricted land use. As noted earlier, the future land use is wildlife refuge which 
makes this scenario highly unlikely. However, it does provide baseline cancer risk 
and non-cancer hazard results for the no further action alternative evaluation of 
the FS.   
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��±²º� Ǣ±º Ë̄�#��� °«Ê «̄$Å Ë� «̄Ë ·º ª² �%± Æ± � °«$Ä ªË� «̄
��±²º%± Æ± � °«$Ä ªË� «̄



Firing Area Background

Exposure Unit 

B (DU2)

Exposure Unit 

C (DU3)

Exposure 

Unit D (DU4)

Exposure Unit 

F (DU5)

Receptors Surface Soil Subsurface Soil Surface Soil Surface Soil Surface Soil Surface Soil

Current/Future Scenarios

PRR Worker/Intern 2.E-05 2.E-06 4.E-09 1.E-08 3.E-05 5.E-09

Adult Visitor/Hunter 8.E-06 1.E-06 2.E-09 6.E-09 1.E-05 2.E-09

Child Visitor/Hunter 3.E-05 3.E-06 6.E-09 2.E-08 4.E-05 8.E-09

Future Scenarios

Industrial Worker 3.E-04 4.E-05 7.E-08 3.E-07 5.E-04 1.E-07

Construction Worker 2.E-05 2.E-06 4.E-09 1.E-08 3.E-05 5.E-09

Resident (Lifetime) 5.E-03 6.E-04 1.E-06 4.E-06 8.E-03 1.E-06

DU = Decision Unit; PAHs = polycyclic aromatic hydrocarbons; Surface Soil = 0-6 inches; Subsurface Soil = 6-12 inches

Outdoor worker and residential exposure to groundwater is addressed under the metals evaluation.

Shading indicates cumulative results greater than/equal to the cancer risk threshold of 5E-05 for the 

incremental sample investigation.

Table 6-7. Summary of Cancer Risk Results for PAHs Evaluation

Incremental Sample Data Groups, Human Health  Exposure Units A, B, C, D, and F

Fall out Area

Exposure Unit A  (DU1)

Bounding Units
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Maximum

Concentration Screening Level COC? Screening Level COC? Screening Level COC?

1-Methylnaphthalene 0.28 29.0 No 100 No 0.1 (1) Yes
2-Methylnaphthalene 0.6 29.0 No 100 No 0.1 (1) Yes
Acenaphthene 5.7 29.0 No 100 No 0.1 Yes
Acenaphthylene 0.021 29.0 No 100 No 0.1 No
Anthracene 6.1 29.0 No 100 No 0.1 Yes
Benzo(a)anthracene 36.0 18.0 Yes 1.1 Yes 0.1 Yes
Benzo(a)pyrene 49.0 18.0 Yes 1.1 Yes 0.1 Yes
Benzo(b)fluoranthene 56.0 18.0 Yes 1.1 Yes 0.1 Yes
Benzo(g,h,i)perylene 34.0 18.0 Yes 1.1 Yes 0.1 Yes
Benzo(k)fluoranthene 15.0 18.0 No 1.1 Yes 0.1 Yes
Chrysene 35.0 18.0 Yes 1.1 Yes 0.1 Yes
Dibenzo(a,h)anthracene 6.5 18.0 No 1.1 Yes 0.1 Yes
Fluoranthene 38.0 18.0 Yes 1.1 Yes 0.1 Yes
Fluorene 2.7 29.0 No 100 No 0.1 Yes
Indeno(1,2,3-cd)pyrene 25.0 18.0 Yes 1.1 Yes 0.1 Yes
Naphthalene 1.4 29.0 No 100 No 0.1 Yes
Phenanthrene 25.0 29.0 No 100 No 0.1 Yes
Pyrene 44.0 18.0 Yes 1.1 Yes 0.1 Yes

Notes:
All concentrations are mg/kg
1) Used value for naphthalene

Table 7-1
Selection of Ecological COCs

Decision Unit 1 - Surface Soil and Subsurface Soil

Invertebrate Mammal Avian

Surface Soil

Analyte



Maximum
Concentration Screening Level COC? Screening Level COC? Screening Level COC?

1-Methylnaphthalene 0.046 29.0 No 100 No 0.1 (1) No
2-Methylnaphthalene 0.082 29.0 No 100 No 0.1 (1) No
Acenaphthene 0.76 29.0 No 100 No 0.1 Yes
Acenaphthylene 0.04 29.0 No 100 No 0.1 No
Anthracene 1.1 29.0 No 100 No 0.1 Yes
Benzo(a)anthracene 4.6 18.0 No 1.1 Yes 0.1 Yes
Benzo(a)pyrene 6.2 18.0 No 1.1 Yes 0.1 Yes
Benzo(b)fluoranthene 7.9 18.0 No 1.1 Yes 0.1 Yes
Benzo(g,h,i)perylene 4.3 18.0 No 1.1 Yes 0.1 Yes
Benzo(k)fluoranthene 2.5 18.0 No 1.1 Yes 0.1 Yes
Chrysene 4.4 18.0 No 1.1 Yes 0.1 Yes
Dibenzo(a,h)anthracene 0.8 18.0 No 1.1 No 0.1 Yes
Fluoranthene 6.9 18.0 No 1.1 Yes 0.1 Yes
Fluorene 0.5 29.0 No 100 No 0.1 Yes
Indeno(1,2,3-cd)pyrene 3.5 18.0 No 1.1 Yes 0.1 Yes
Naphthalene 0.2 29.0 No 100 No 0.1 Yes
Phenanthrene 4.5 29.0 No 100 No 0.1 Yes
Pyrene 6.0 18.0 No 1.1 Yes 0.1 Yes

Notes:
All concentrations are mg/kg
1) Used value for naphthalene

Table 7-1 (Continued)
Selection of Ecological COCs

Decision Unit 1 - Surface Soil and Subsurface Soil

Analyte

Subsurface Soil
Invertebrate Mammal Avian



Maximum
Concentration Screening Level COC? Screening Level COC? Screening Level COC?

1-Methylnaphthalene 0.0073 29.0 No 100 No 0.1 (1) No

2-Methylnaphthalene 0.012 29.0 No 100 No 0.1 (1) No

Acenaphthene 0.0047 29.0 No 100 No 0.1 No

Acenaphthylene 0.0016 29.0 No 100 No 0.1 No

Anthracene 0.0021 29.0 No 100 No 0.1 No

Benzo(a)anthracene 0.011 18.0 No 1.1 No 0.1 No

Benzo(a)pyrene 0.010 18.0 No 1.1 No 0.1 No

Benzo(b)fluoranthene 0.019 18.0 No 1.1 No 0.1 No

Benzo(g,h,i)perylene 0.0084 18.0 No 1.1 No 0.1 No

Benzo(k)fluoranthene 0.0049 18.0 No 1.1 No 0.1 No

Chrysene 0.013 18.0 No 1.1 No 0.1 No

Dibenzo(a,h)anthracene 0.0016 18.0 No 1.1 No 0.1 No

Fluoranthene 0.020 18.0 No 1.1 No 0.1 No

Fluorene 0.0054 29.0 No 100 No 0.1 No

Indeno(1,2,3-cd)pyrene 0.007 18.0 No 1.1 No 0.1 No

Naphthalene 0.0094 29.0 No 100 No 0.1 No

Phenanthrene 0.020 29.0 No 100 No 0.1 No
Pyrene 0.018 18.0 No 1.1 No 0.1 No

Notes:

All concentrations are mg/kg

1) Used value for naphthalene

Analyte

Table 7-2

Selection of Ecological COCs

Decision Unit 2 - Surface Soil

Invertebrate Mammal Avian



Maximum
Concentration Screening Level COC? Screening Level COC? Screening Level COC?

1-Methylnaphthalene 0.011 29.0 No 100 No 0.1 (1) No

2-Methylnaphthalene 0.017 29.0 No 100 No 0.1 (1) No

Acenaphthene 0.0047 29.0 No 100 No 0.1 No

Acenaphthylene 0.0013 29.0 No 100 No 0.1 No

Anthracene 0.0048 29.0 No 100 No 0.1 No

Benzo(a)anthracene 0.032 18.0 No 1.1 No 0.1 No

Benzo(a)pyrene 0.039 18.0 No 1.1 No 0.1 No

Benzo(b)fluoranthene 0.051 18.0 No 1.1 No 0.1 No

Benzo(g,h,i)perylene 0.027 18.0 No 1.1 No 0.1 No

Benzo(k)fluoranthene 0.015 18.0 No 1.1 No 0.1 No

Chrysene 0.033 18.0 No 1.1 No 0.1 No

Dibenzo(a,h)anthracene 0.004 18.0 No 1.1 No 0.1 No

Fluoranthene 0.044 18.0 No 1.1 No 0.1 No

Fluorene 0.010 29.0 No 100 No 0.1 No

Indeno(1,2,3-cd)pyrene 0.019 18.0 No 1.1 No 0.1 No

Naphthalene 0.014 29.0 No 100 No 0.1 No

Phenanthrene 0.032 29.0 No 100 No 0.1 No
Pyrene 0.046 18.0 No 1.1 No 0.1 No

Notes:

All concentrations are mg/kg

1) Used value for naphthalene

Table 7-3

Selection of Ecological COCs

Decision Unit 3 - Surface Soil

Analyte

Invertebrate Mammal Avian



Maximum
Concentration Screening Level COC? Screening Level COC? Screening Level COC?

1-Methylnaphthalene 0.43 29.0 No 100 No 0.1 (1) Yes

2-Methylnaphthalene 0.81 29.0 No 100 No 0.1 (1) Yes

Acenaphthene 7.3 29.0 No 100 No 0.1 Yes

Acenaphthylene 0.024 29.0 No 100 No 0.1 No

Anthracene 7.9 29.0 No 100 No 0.1 Yes

Benzo(a)anthracene 64.0 18.0 Yes 1.1 Yes 0.1 Yes

Benzo(a)pyrene 83.0 18.0 Yes 1.1 Yes 0.1 Yes

Benzo(b)fluoranthene 99.0 18.0 Yes 1.1 Yes 0.1 Yes

Benzo(g,h,i)perylene 61.0 18.0 Yes 1.1 Yes 0.1 Yes

Benzo(k)fluoranthene 18.0 18.0 Yes 1.1 Yes 0.1 Yes

Chrysene 60.0 18.0 Yes 1.1 Yes 0.1 Yes

Dibenzo(a,h)anthracene 8.9 18.0 No 1.1 Yes 0.1 Yes

Fluoranthene 71.0 18.0 Yes 1.1 Yes 0.1 Yes

Fluorene 4.0 29.0 No 100 No 0.1 Yes

Indeno(1,2,3-cd)pyrene 46.0 18.0 Yes 1.1 Yes 0.1 Yes

Naphthalene 2.4 29.0 No 100 No 0.1 Yes

Phenanthrene 46.0 29.0 Yes 100 No 0.1 Yes
Pyrene 73.0 18.0 Yes 1.1 Yes 0.1 Yes

Notes:

All concentrations are mg/kg

1) Used value for naphthalene

Table 7-4

Selection of Ecological COCs

Decision Unit 4 - Surface Soil

Analyte

Invertebrate Mammal Avian



Maximum
Concentration Screening Level COC? Screening Level COC? Screening Level COC?

1-Methylnaphthalene 0.014 29.0 No 100 No 0.1 (1) No

2-Methylnaphthalene 0.023 29.0 No 100 No 0.1 (1) No

Acenaphthene 0.0069 29.0 No 100 No 0.1 No

Acenaphthylene 0.0028 29.0 No 100 No 0.1 No

Anthracene 0.0034 29.0 No 100 No 0.1 No

Benzo(a)anthracene 0.017 18.0 No 1.1 No 0.1 No

Benzo(a)pyrene 0.013 18.0 No 1.1 No 0.1 No

Benzo(b)fluoranthene 0.029 18.0 No 1.1 No 0.1 No

Benzo(g,h,i)perylene 0.009 18.0 No 1.1 No 0.1 No

Benzo(k)fluoranthene 0.0071 18.0 No 1.1 No 0.1 No

Chrysene 0.023 18.0 No 1.1 No 0.1 No

Dibenzo(a,h)anthracene 0.0018 18.0 No 1.1 No 0.1 No

Fluoranthene 0.035 18.0 No 1.1 No 0.1 No

Fluorene 0.010 29.0 No 100 No 0.1 No

Indeno(1,2,3-cd)pyrene 0.0068 18.0 No 1.1 No 0.1 No

Naphthalene 0.017 29.0 No 100 No 0.1 No

Phenanthrene 0.031 29.0 No 100 No 0.1 No
Pyrene 0.029 18.0 No 1.1 No 0.1 No

Notes:

All concentrations are mg/kg

1) Used value for naphthalene

Table 7-5

Selection of Ecological COCs

Decision Unit 5 - Surface Soil

Analyte

Invertebrate Mammal Avian



Maximum
Concentration Screening Level COC? Screening Level COC? Screening Level COC?

Nitroglycerine 4.8 13.0 No NV Yes NV No (1)

Notes:

All concentrations are mg/kg

NV - No Value

1) No screening level is available - Nitroglycerine is considered non-toxic to avian receptors in environmental settings (USACHPPM, 2007).

Analyte

Table 7-6

Selection of Ecological COCs

Decision Unit 6 - Surface Soil

Invertebrate Mammal Avian



Maximum
Concentration Screening Level COC? Screening Level COC? Screening Level COC?

Nitroglycerine 3.8 13.0 No NV Yes NV No (1)

Notes:

All concentrations are mg/kg

NV - No Value

1) No screening level is available - Nitroglycerine is considered non-toxic to avian receptors in environmental settings (USACHPPM, 2007).

Table 7-7

Selection of Ecological COCs

Decision Unit 7 - Surface Soil

Analyte

Invertebrate Mammal Avian



Invertebrate Mammal Avian
Benzo(a)anthracene Benzo(a)anthracene 1-Methylnaphthalene
Benzo(a)pyrene Benzo(a)pyrene 2-Methylnaphthalene
Benzo(b)fluoranthene Benzo(b)fluoranthene Acenaphthene
Benzo(g,h,i)perylene Benzo(g,h,i)perylene Anthracene
Chrysene Benzo(k)fluoranthene Benzo(a)anthracene
Fluoranthene Chrysene Benzo(a)pyrene
Indeno(1,2,3-cd)pyrene Dibenzo(a,h)anthracene Benzo(b)fluoranthene
Pyrene Fluoranthene Benzo(g,h,i)perylene

Indeno(1,2,3-cd)pyrene Benzo(k)fluoranthene
Pyrene Chrysene

Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

Invertebrate Mammal Avian
Benzo(a)anthracene Acenaphthene
Benzo(a)pyrene Anthracene
Benzo(b)fluoranthene Benzo(a)anthracene
Benzo(g,h,i)perylene Benzo(a)pyrene
Benzo(k)fluoranthene Benzo(b)fluoranthene
Chrysene Benzo(g,h,i)perylene
Fluoranthene Benzo(k)fluoranthene
Indeno(1,2,3-cd)pyrene Chrysene
Pyrene Dibenzo(a,h)anthracene

Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

Summary of Ecological COCs - All Decision Units
Table 7-8

Decision Unit 1 - Surface Soil

Decision Unit 1 - Subsurface Soil



Invertebrate Mammal Avian

Decision Unit 3 - Surface Soil
Invertebrate Mammal Avian

Invertebrate Mammal Avian
Benzo(a)anthracene Benzo(a)anthracene 1-Methylnaphthalene
Benzo(a)pyrene Benzo(a)pyrene 2-Methylnaphthalene
Benzo(b)fluoranthene Benzo(b)fluoranthene Acenaphthene
Benzo(g,h,i)perylene Benzo(g,h,i)perylene Anthracene
Benzo(k)fluoranthene Benzo(k)fluoranthene Benzo(a)anthracene
Chrysene Chrysene Benzo(a)pyrene
Fluoranthene Dibenzo(a,h)anthracene Benzo(b)fluoranthene
Indeno(1,2,3-cd)pyrene Fluoranthene Benzo(g,h,i)perylene
Phenanthrene Indeno(1,2,3-cd)pyrene Benzo(k)fluoranthene
Pyrene Pyrene Chrysene

Dibenzo(a,h)anthracene
Fluoranthene
Fluorene
Indeno(1,2,3-cd)pyrene
Naphthalene
Phenanthrene
Pyrene

Invertebrate Mammal Avian

Invertebrate Mammal Avian
Nitroglycerine

Invertebrate Mammal Avian
Nitroglycerine

Decision Unit 6 - Surface Soil

Decision Unit 7 - Surface Soil

Table 7-8 (continued)

Decision Unit 4 - Surface Soil

Decision Unit 5 - Surface Soil

No COCs Identified

Decision Unit 2 - Surface Soil

Summary of Ecological COCs - All Decision Units

No COCs Identified

No COCs Identified



Assessment Goal Assessment Endpoint Testable Hypothesis (Ho) Measurement Endpoint

Protection of

terrestrial

ecosystem

structure and

function.

Protecting soil invertebrate

communities to maintain

nutrient cycling; providing a

food source for higher-level

consumers; and ensuring that

contaminant levels in

invertebrate tissues are low

enough to minimize the risk of

bioaccumulation and/or other

negative effects to higher trophic

levels.

Levels of site contaminants

in soil are available at levels

that would not cause adverse

effects on the long-term

health of terrestrial

invertebrates.

Soil concentrations were compared directly to NOAELs and

LOAELs (developed from site-specific toxicity testing performed

by USF&WS using Eisenia foetida ) by calculation of HQ values.

Protection of

terrestrial

ecosystem

structure and

function.

(continued)

Protecting small insectivorous

mammals that feed on soil

invertebrates to ensure that

ingestion of contaminants in

prey does not have a negative

impact on growth, survival, or

reproduction.

Levels of site contaminants

in prey are insufficient to

cause adverse effects on the

long-term health and

reproductive capacity of

small insectivorous

mammals [short-tailed

shrew (Blarina

brevicauda) ] that utilize the

site and surrounding areas.

A food chain model was used to evaluate risk to small

insectivorous mammals that utilize the site. The proposed

endpoint receptor species is the short-tailed shrew (Blarina

brevicauda) . Earthworms were identified as the primary food

source for the shrew. A dietary dose was calculated on the basis

of ingestion of earthworms. The concentration of COCs in

earthworms was based on a BAF calculated by USFWS using data

from another trap and skeet range. The resulting total daily dose

was compared to existing toxicity data (e.g., NOAEL and

LOAEL) through the calculation of a HQ.

Protection of

terrestrial

ecosystem

structure and

function

(continued).

Protecting insectivorous birds

that feed on soil invertebrates

and plant matter to ensure that

ingestion of contaminants in

prey does not have a negative

impact on growth, survival, or

reproduction.

Levels of site contaminants

in prey are insufficient to

cause adverse effects on the

long-term health and

reproductive capacity of

insectivorous birds

[American robin (Turdus

migratorius )] that utilize the

site and surrounding areas.

A food chain model was used to evaluate risk to insectivorous

birds that utilize the site as a food source. The endpoint receptor

species is the American robin (Turdus migratorius ). Earthworms

were identified as the primary food source for the robin. A dietary

dose was calculated on the basis of ingestion of earthworms. The

concentration of COCs in earthworms was based on a BAF

calculated by USF&WS using data from another trap and skeet

range. The resulting total daily dose was compared to toxicity

data (e.g., NOAEL and LOAEL) through the calculation of a HQ.

Protection of

terrestrial

ecosystem

structure and

function

(continued).

Protecting gallinaceous birds

that forage for seeds and grit to

ensure that ingestion of lead shot

does not have a negative impact

on growth, survival, or

reproduction.

Levels of lead shot in

surface soil are insufficient

to cause adverse effects to

gallinaceous birds

[mourning dove (Zenaida

macroura )] that utilize the

site and surrounding areas.

An ingestion-based probability model was used to evaluate risk to

gallinaceous birds that utilize the site to forage for seeds or grit.

The endpoint receptor species is the mourning dove (Zenaida

macroura ). The model uses the ratio of grit to lead shot to

estimate the probability that a bird would ingest a lead shot. Risk

to the bird is estimated based on this probability.

NOTES:

BAF = bioaccumulation factor LOAEL = Lowest Observed Adverse Effect Level

COCs = chemicals of concern NOAEL = No Observable Adverse Effect Level

HQ = Hazard Quotient USFWS = U.S. Fish and Wildlife Service

Table 7-9
Baseline Ecological Risk Assessment, Assessment and Measurement Endpoints



Table 7-10
ERA Input Parameters

Value Comment Value Comment Value Comment Value Comment

Body Weight (kg) NV NA - - - - 0.021 9 0.0771 7

Food Ingestion Rate (kg/day) NV NA - - - - 0.00795 10 0.00696 7

Soil Ingestion Rate (kg/day) NV NA - - - - 0.00075 11 0.00072 11

Percentage of diet composed of invertebrates NV NA - - - - 100 7 100 7

Home range (acres) NV NA 538 1 <1 12 <2 10

Site Area (acres) 15 2 15 2 15 2 15 2

Area Use Factor (unitless) NV NA 0.03 3 1.0 3 1.0 3

Number of Grit Particles in Sample (Ng) NV NA 3987 4 NV NA NV NA

Fraction of Grit Size Particles Off-site that are Lead Shot (Po) NV NA 0 5 NV NA NV NA

Fraction of Foraging Time that a Bird Spends On-Site (S, AUF) NV NA 0.03 3 NV NA NV NA

Retention Time for a Shot in the Gizzard (Dp, particles/day) NV NA 1.667 6 NV NA NV NA

Number of Days per Year a Bird Forages in the Area (De, days) NV NA 245 7 NV NA NV NA

Number of Years a Bird Lives (Y, years) NV NA 1.5 1 NV NA NV NA

Target Probability that a Bird Will Ingest one Lead Shot in a Lifetime NV NA 0.2 8 NV NA NV NA

Comment Abbreviations

1) Value as used in USFWS/EPA, 2004 (reference cited was Mararchi and Baskett, 1994). NV - No Value

2) Area of potential contamination was estimated from shot fall zones for trap and skeet ranges. NA - Not Applicable

3) Area Use Factor (AUF, S) is site area divided by home range (maximum of 1.0).

4) Average of grit count from 10 samples collected by USFWS.

5) Assumed that lead is not present in off-site areas.

7) Value as used in USFWS/EPA, 2004.

9) Value as used in USFWS/EPA, 2004 (reference cited was Jones and Birney, 1988).

10) Value as used in USFWS/EPA, 2004 (reference cited was EPA, 1993).

11) Value as used in USFWS/EPA, 2004 (reference cited was Beyer et al, 1994).

12) Value as used in USFWS/EPA, 2004 (reference cited was Merrritt, 1987).

6) Calculated from: average number of particles in the gizzard (10, according to Gionfriddo and Best, 1996) divided by the number of days the particale is retained in the

gizzard (6, according to McConnell, 1967). Thus, 10 particles / 6 days = 1.67 particles per day.

8) Adverse effects to a population which occur at a frequency less than 20% are considered biologically insignificant (Suter et al, 2000 as reported by USF&WS).

Parameter

Measurement Endpoint Species

Earthworm Short-tailed Shrew American RobinMourning Dove



Table 7-11

Number of Grit Particles in Samples Collected by USFWS/EPA (2004)

Number of

Grit Particles

Reference 844

50L-200D 2,272

100L-200D 7,713

0-100D 4,803

0-200D 5,742

50R-100D 3,767

50L-100D 2,871

50L-150D 5,532

50R-150D 1,602

0-150D 4,722

Average: 3,987

Sample Location



Table 7-12

Hazard Quotients for Terrestrial Invertebrates

Entire Site

Mean NOAEL LOAEL Mean/ Mean/

Constituent of Surface Soil Critical Critical NOAEL LOAEL

Ecological Concentration Effect Value Effect Value HQ HQ

Concern (mg/kg) (mg/kg) (mg/kg)

Inorganic Analytes

Lead 6,316 46 260 137 24

Notes:

ERA = Ecological Risk Assessment

HQ = Hazard Quotient

LOAEL = Lowest Observed Adverse Effect Level

NOAEL = No Observable Adverse Effect Level

ERA Results



Table 7-13

Hazard Quotients for Terrestrial Invertebrates

Decision Unit 1 - Surface Soil

Mean NOAEL LOAEL Mean/ Mean/

Constituent of Surface Soil Critical Critical NOAEL LOAEL

Ecological Concentration Effect Value Effect Value HQ HQ

Concern (mg/kg) (mg/kg) (mg/kg)

Semi-Volatile Organic Analytes
Benzo(a)anthracene 25.2 18 750 1.4 0.03
Benzo(a)pyrene 34.3 18 750 1.9 0.05
Benzo(b)fluoranthene 40.3 18 750 2.2 0.05
Benzo(g,h,i)perylene 24.1 18 750 1.3 0.03
Chrysene 24.9 18 750 1.4 0.03
Fluoranthene 27.3 18 750 1.5 0.04
Indeno(1,2,3-cd)pyrene 18.2 18 750 1.0 0.02
Pyrene 30.5 18 750 1.7 0.04

Notes:

ERA = Ecological Risk Assessment

HQ = Hazard Quotient

LOAEL = Lowest Observed Adverse Effect Level

NOAEL = No Observable Adverse Effect Level

ERA Results



Table 7-14

Hazard Quotients for Terrestrial Invertebrates

Decision Unit 4 - Surface Soil

Mean NOAEL LOAEL Mean/ Mean/

Constituent of Surface Soil Critical Critical NOAEL LOAEL

Ecological Concentration Effect Value Effect Value HQ HQ

Concern (mg/kg) (mg/kg) (mg/kg)

Semi-Volatile Organic Analytes

Benzo(a)anthracene 22.9 18 750 1.3 0.03

Benzo(a)pyrene 29.6 18 750 1.6 0.04

Benzo(b)fluoranthene 35.3 18 750 2.0 0.05

Benzo(g,h,i)perylene 21.7 18 750 1.2 0.03

Benzo(k)fluoranthene 6.7 18 750 0.4 0.01

Chrysene 21.7 18 750 1.2 0.03

Fluoranthene 25.2 18 750 1.4 0.03

Indeno(1,2,3-cd)pyrene 16.3 18 750 0.9 0.02

Phenanthrene 16.3 18 750 0.9 0.02

Pyrene 26.1 18 750 1.5 0.03

Notes:

ERA = Ecological Risk Assessment

HQ = Hazard Quotient

LOAEL = Lowest Observed Adverse Effect Level

NOAEL = No Observable Adverse Effect Level

ERA Results



Table 7-15

Hazard Quotients for the Short-tailed Shrew

Entire Site

Mean Mean GI Mean NOAEL LOAEL Mean Mean

Constituent of Surface Soil Invertebrate Invertebrate Absorption Daily Dose Toxicity Toxicity NOAEL LOAEL

Potential Ecological Concentration BAF Concentration Factor Rate Endpoint Value Endpoint Value HQ HQ

Concern (mg/kg) (unitless) (mg/kg) (unitless) (mg/kgBW/day) (mg/kgBW/day) (mg/kgBW/day) (unitless) (unitless)

Inorganic Analytes 

Lead 6316 0.39 2,463 1 1,158 7.7 77 150 15

Shrew Constants:

Food Ingestion Rate (FI): 0.00795 kg/day BAF = Bioaccumulation Factor

Dietary fraction of 

terrestrial invertebrates 

(Fti)

1 unitless ERA = Ecological Risk Assessment

Soil Ingestion Rate 0.00075 kg/day GI = Gastrointestinal

Body Weight (BW): 0.021 kg LOAEL = Lowest Observed Adverse Effect Level

Area Use Factor (AUF): 1 unitless NOAEL = No Observable Adverse Effect Level

ERA Results



Table 7-16

Hazard Quotients for the Short-tailed Shrew

Decision Unit 1 - Surface Soil

Mean Mean GI Mean NOAEL LOAEL Mean Mean

Constituent of Surface Soil Invertebrate Invertebrate Absorption Daily Dose Toxicity Toxicity NOAEL LOAEL

Potential Ecological Concentration BAF Concentration Factor Rate Endpoint Value Endpoint Value HQ HQ

Concern (mg/kg) (unitless) (mg/kg) (unitless) (mg/kgBW/day)(mg/kgBW/day) (mg/kgBW/day) (unitless) (unitless)

Semi-Volatile Organic Analytes

Benzo(a)anthracene 25.2 2.6 66 1 26 0.615 38.4 42 0.7

Benzo(a)pyrene 34.3 2.6 89 1 35 0.615 38.4 57 0.9

Benzo(b)fluoranthene 40.3 2.6 105 1 41 0.615 38.4 67 1.1

Benzo(g,h,i)perylene 24.1 2.6 63 1 25 0.615 38.4 40 0.6

Benzo(k)fluoranthene 11.2 2.6 29 1 11 0.615 38.4 19 0.3

Chrysene 24.9 2.6 65 1 25 0.615 38.4 41 0.7

Dibenzo(a,h)anthracene 4.5 2.6 12 1 5 0.615 38.4 7 0.1

Fluoranthene 27.3 2.6 71 1 28 0.615 38.4 45 0.7

Indeno(1,2,3-cd)pyrene 18.2 2.6 47 1 19 0.615 38.4 30 0.5

Pyrene 30.5 2.6 79 1 31 0.615 38.4 51 0.8

Shrew Constants:

Food Ingestion Rate (FI): 0.00795 kg/day BAF = Bioaccumulation Factor

Dietary fraction of terrestrial invertebrates 

(Fti)
1 unitless ERA = Ecological Risk Assessment

Dietary fraction of plant material (Fp) 0 HQ = Hazard Quotient

Soil Ingestion Rate 0.00075 kg/day GI = Gastrointestinal

Body Weight (BW): 0.021 kg LOAEL = Lowest Observed Adverse Effect Level

Area Use Factor (AUF): 1 unitless NOAEL = No Observable Adverse Effect Level

ERA Results



Table 7-17

Hazard Quotients for the Short-tailed Shrew

Decision Unit 1 - Subsurface Soil

Mean Mean GI Mean NOAEL LOAEL Mean Mean

Constituent of Surface Soil Invertebrate Invertebrate Absorption Daily Dose Toxicity Toxicity NOAEL LOAEL

Potential Ecological Concentration BAF Concentration Factor Rate Endpoint Value Endpoint Value HQ HQ

Concern (mg/kg) (unitless) (mg/kg) (unitless) (mg/kgBW/day)(mg/kgBW/day) (mg/kgBW/day) (unitless) (unitless)

Semi-Volatile Organic Analytes

Benzo(a)anthracene 3.7 2.6 10 1 4 0.615 38.4 6 0.1

Benzo(a)pyrene 5.2 2.6 14 1 5 0.615 38.4 9 0.1

Benzo(b)fluoranthene 6.3 2.6 16 1 6 0.615 38.4 10 0.2

Benzo(g,h,i)perylene 3.8 2.6 10 1 4 0.615 38.4 6 0.1

Benzo(k)fluoranthene 2 2.6 5 1 2 0.615 38.4 3 0.1

Chrysene 3.6 2.6 9 1 4 0.615 38.4 6 0.1

Fluoranthene 5 2.6 13 1 5 0.615 38.4 8 0.1

Indeno(1,2,3-cd)pyrene 2.97 2.6 8 1 3 0.615 38.4 5 0.1

Pyrene 4.8 2.6 12 1 5 0.615 38.4 8 0.1

Shrew Constants:

Food Ingestion Rate (FI): 0.00795 kg/day BAF = Bioaccumulation Factor

Dietary fraction of terrestrial invertebrates 

(Fti)
1 unitless ERA = Ecological Risk Assessment

Soil Ingestion Rate 0.00075 kg/day GI = Gastrointestinal

Body Weight (BW): 0.021 kg LOAEL = Lowest Observed Adverse Effect Level

Area Use Factor (AUF): 1 unitless NOAEL = No Observable Adverse Effect Level

ERA Results



Table 7-18

Hazard Quotients for the Short-tailed Shrew

Decision Unit 4 - Surface Soil

Mean Mean GI Mean NOAEL LOAEL Mean Mean

Constituent of Surface Soil Invertebrate Invertebrate Absorption Daily Dose Toxicity Toxicity NOAEL LOAEL

Potential Ecological Concentration BAF Concentration Factor Rate Endpoint Value Endpoint Value HQ HQ

Concern (mg/kg) (unitless) (mg/kg) (unitless) (mg/kgBW/day) (mg/kgBW/day) (mg/kgBW/day) (unitless) (unitless)

Semi-Volatile Organic Analytes

Benzo(a)anthracene 22.9 2.6 60 1 23 0.615 38.4 38 0.6

Benzo(a)pyrene 29.6 2.6 77 1 30 0.615 38.4 49 0.8

Benzo(b)fluoranthene 35.3 2.6 92 1 36 0.615 38.4 59 0.9

Benzo(g,h,i)perylene 21.7 2.6 56 1 22 0.615 38.4 36 0.6

Benzo(k)fluoranthene 6.7 2.6 17 1 7 0.615 38.4 11 0.2

Chrysene 21.7 2.6 56 1 22 0.615 38.4 36 0.6

Dibenzo(a,h)anthracene 3.2 2.6 8 1 3 0.615 38.4 5 0.1

Fluoranthene 25.2 2.6 66 1 26 0.615 38.4 42 0.7

Indeno(1,2,3-cd)pyrene 16.3 2.6 42 1 17 0.615 38.4 27 0.4

Pyrene 26.1 2.6 68 1 27 0.615 38.4 43 0.7

Shrew Constants:

Food Ingestion Rate (FI): 0.00795 kg/day BAF = Bioaccumulation Factor

Dietary fraction of terrestrial invertebrates 

(Fti)
1 unitless ERA = Ecological Risk Assessment

Soil Ingestion Rate 0.00075 kg/day GI = Gastrointestinal

Body Weight (BW): 0.021 kg LOAEL = Lowest Observed Adverse Effect Level

Area Use Factor (AUF): 1 unitless NOAEL = No Observable Adverse Effect Level

ERA Results



Table 7-19

Hazard Quotients for the Short-tailed Shrew

Decision Unit 6 - Surface Soil

Mean Mean GI Mean NOAEL LOAEL Mean Mean

Constituent of Surface Soil Invertebrate Invertebrate Absorption Daily Dose Toxicity Toxicity NOAEL LOAEL

Potential Ecological Concentration BAF Concentration Factor Rate Endpoint ValueEndpoint Value HQ HQ

Concern (mg/kg) (unitless) (mg/kg) (unitless) (mg/kgBW/day)(mg/kgBW/day)(mg/kgBW/day) (unitless) (unitless)

Nitroaromatics and Nitroamines

Nitroglycerine 4.8 0.1 0.48 1 0.4 3.0 32.0 0.1 0.01

Shrew Constants:

Food Ingestion Rate (FI): 0.00795 kg/day BAF = Bioaccumulation Factor

Dietary fraction of terrestrial invertebrates 

(Fti)
1 unitless ERA = Ecological Risk Assessment

Soil Ingestion Rate 0.00075 kg/day GI = Gastrointestinal

Body Weight (BW): 0.021 kg LOAEL = Lowest Observed Adverse Effect Level

Area Use Factor (AUF): 1 unitless NOAEL = No Observable Adverse Effect Level

ERA Results



Table 7-20

Hazard Quotients for the Short-tailed Shrew

Decision Unit 7 - Surface Soil

Mean Mean GI Mean NOAEL LOAEL Mean Mean

Constituent of Surface Soil Invertebrate Invertebrate Absorption Daily Dose Toxicity Toxicity NOAEL LOAEL

Potential Ecological Concentration BAF Concentration Factor Rate Endpoint Value Endpoint Value HQ HQ

Concern (mg/kg) (unitless) (mg/kg) (unitless) (mg/kgBW/day)(mg/kgBW/day) (mg/kgBW/day) (unitless) (unitless)

Nitroaromatics and Nitroamines

Nitroglycerine 3.8 0.1 0.38 1 0.3 3.0 32.0 0.1 0.01

Shrew Constants:

Food Ingestion Rate (FI): 0.00795 BAF = Bioaccumulation Factor

Dietary fraction of terrestrial invertebrates (Fti) 1 ERA = Ecological Risk Assessment

Soil Ingestion Rate 0.00075 GI = Gastrointestinal

Body Weight (BW): 0.021 LOAEL = Lowest Observed Adverse Effect Level

Area Use Factor (AUF): 1 NOAEL = No Observable Adverse Effect Level

ERA Results



Table 7-21

Hazard Quotients for the American Robin

Entire Site

Mean Mean GI Mean NOAEL LOAEL Mean Mean

Constituent of Surface Soil Invertebrate Invertebrate Absorption Daily Dose Toxicity Toxicity NOAEL LOAEL

Potential Ecological Concentration BAF Concentration Factor Rate Endpoint Value Endpoint Value HQ HQ

Concern (mg/kg) (unitless) (mg/kg) (unitless) (mg/kgBW/day)(mg/kgBW/day) (mg/kgBW/day) (unitless) (unitless)

Inorganic Analytes 

Lead 6,316 0.39 2,463 1.00 282 1.50 15 188 19

Robin Constants:

Food Ingestion Rate (FI): 0.00696 kg/day BAF = Bioaccumulation Factor

Dietary fraction of terrestrial invertebrates (Fti) 1 unitless ERA = Ecological Risk Assessment

Soil Ingestion Rate 0.000724 kg/day GI = Gastrointestinal

Body Weight (BW): 0.0771 kg LOAEL = Lowest Observed Adverse Effect Level

Area Use Factor (AUF): 1 unitless NOAEL = No Observable Adverse Effect Level

ERA Results



Table 7-22

Hazard Quotients for the American Robin

Decision Unit 1 - Surface Soil

Mean Mean GI Mean NOAEL LOAEL Mean Mean

Constituent of Surface Soil Invertebrate Invertebrate Absorption Daily Dose Toxicity Toxicity NOAEL LOAEL

Potential Ecological Concentration BAF Concentration Factor Rate Endpoint Value Endpoint Value HQ HQ

Concern (mg/kg) (unitless) (mg/kg) (unitless) (mg/kgBW/day) (mg/kgBW/day) (mg/kgBW/day) (unitless) (unitless)

Semi-Volatile Organic Analytes

1-Methylnaphthalene 0.206 3.04 1 1 0.1 1,653 1,653 3.5E-05 3.5E-05

2-Methylnaphthalene 0.413 3.04 1 1 0.1 1,653 1,653 7.1E-05 7.1E-05

Acenaphthene 3.9 3.04 12 1 1.1 1,653 1,653 6.7E-04 6.7E-04

Anthracene 4.3 3.04 13 1 1.2 1,653 1,653 7.4E-04 7.4E-04

Benzo(a)anthracene 25.2 2.6 66 1 6.2 2 20 3.1 0.3

Benzo(a)pyrene 34.3 2.6 89 1 8.4 2 20 4.2 0.4

Benzo(b)fluoranthene 40.3 2.6 105 1 9.8 2 20 4.9 0.5

Benzo(g,h,i)perylene 24.1 2.6 63 1 5.9 2 20 2.9 0.3

Benzo(k)fluoranthene 11.2 2.6 29 1 2.7 2 20 1.4 0.14

Chrysene 24.9 2.6 65 1 6.1 2 20 3.0 0.3

Dibenzo(a,h)anthracene 4.5 2.6 12 1 1.1 2 20 0.5 0.05

Fluoranthene 27.3 2.6 71 1 6.7 2 20 3.3 0.3

Fluorene 1.96 3.04 6 1 0.6 1,653 1,653 3.4E-04 3.4E-04

Indeno(1,2,3-cd)pyrene 18.2 2.6 47 1 4.4 2 20 2.2 0.2

Naphthalene 0.92 3.04 3 1 0.3 1,653 1,653 1.6E-04 1.6E-04

Phenanthrene 17.8 3.04 54 1 5.1 1,653 1,653 3.1E-03 3.1E-03

Pyrene 30.5 2.6 79 1 7.4 2 20 3.7 0.4

Robin Constants:

Food Ingestion Rate (FI): 0.00696 kg/day BAF = Bioaccumulation Factor

Dietary fraction of terrestrial invertebrates (Fti) 1 unitless ERA = Ecological Risk Assessment

Soil Ingestion Rate 0.000724 kg/day GI = Gastrointestinal

Body Weight (BW): 0.0771 kg LOAEL = Lowest Observed Adverse Effect Level

Area Use Factor (AUF): 1 unitless NOAEL = No Observable Adverse Effect Level

ERA Results



Table 7-23

Hazard Quotients for the American Robin

Decision Unit 1 - Subsurface Soil

Mean Mean GI Mean NOAEL LOAEL Mean Mean

Constituent of Surface Soil Invertebrate Invertebrate Absorption Daily Dose Toxicity Toxicity NOAEL LOAEL

Potential Ecological Concentration BAF Concentration Factor Rate Endpoint ValueEndpoint Value HQ HQ

Concern (mg/kg) (unitless) (mg/kg) (unitless) (mg/kgBW/day)(mg/kgBW/day)(mg/kgBW/day) (unitless) (unitless)

Semi-Volatile Organic Analytes

Acenaphthene 0.523 3.04 2 1 0.1 1,653 1,653 9.0E-05 9.0E-05

Anthracene 0.747 3.04 2 1 0.2 1,653 1,653 1.3E-04 1.3E-04

Benzo(a)anthracene 3.7 2.6 10 1 1 2 20 0.5 0.05

Benzo(a)pyrene 5.2 2.6 14 1 1 2 20 0.6 0.06

Benzo(b)fluoranthene 6.3 2.6 16 1 2 2 20 0.8 0.08

Benzo(g,h,i)perylene 3.8 2.6 10 1 1 2 20 0.5 0.05

Benzo(k)fluoranthene 2 2.6 5 1 0.5 2 20 0.2 0.02

Chrysene 3.6 2.6 9 1 1 2 20 0.4 0.04

Dibenzo(a,h)anthracene 0.633 2.6 2 1 0.2 2 20 0.08 0.01

Fluoranthene 5 2.6 13 1 1 2 20 0.6 0.06

Fluorene 0.327 3.04 1 1 0.09 1,653 1,653 5.6E-05 5.6E-05

Indeno(1,2,3-cd)pyrene 2.97 2.6 8 1 1 2 20 0.4 0.04

Naphthalene 0.136 3.04 0 1 0.04 1,653 1,653 2.3E-05 2.3E-05

Phenanthrene 3.2 3.04 10 1 1 1,653 1,653 5.5E-04 5.5E-04

Pyrene 4.8 2.6 12 1 1 2 20 0.6 0.06

Robin Constants:

Food Ingestion Rate (FI): 0.00696 kg/day BAF = Bioaccumulation Factor

Dietary fraction of terrestrial invertebrates (Fti) 1 unitless ERA = Ecological Risk Assessment

Soil Ingestion Rate 0.000724 kg/day GI = Gastrointestinal

Body Weight (BW): 0.0771 kg LOAEL = Lowest Observed Adverse Effect Level

Area Use Factor (AUF): 1 unitless NOAEL = No Observable Adverse Effect Level

ERA Results



Table 7-24

Hazard Quotients for the American Robin

Decision Unit 4 - Surface Soil

Mean Mean GI Mean NOAEL LOAEL Mean Mean

Constituent of Surface Soil Invertebrate Invertebrate Absorption Daily Dose Toxicity Toxicity NOAEL LOAEL

Potential Ecological Concentration BAF Concentration Factor Rate Endpoint Value Endpoint Value HQ HQ

Concern (mg/kg) (unitless) (mg/kg) (unitless) (mg/kgBW/day) (mg/kgBW/day) (mg/kgBW/day) (unitless) (unitless)

Semi-Volatile Organic Analytes

1-Methylnaphthalene 0.166 3.04 0.5 1 0.05 1,653 1,653 2.9E-05 2.9E-05

2-Methylnaphthalene 0.308 3.04 1 1 0.1 1,653 1,653 5.3E-05 5.3E-05

Acenaphthene 2.6 3.04 8 1 1 1,653 1,653 4.5E-04 4.5E-04

Anthracene 2.8 3.04 9 1 1 1,653 1,653 4.8E-04 4.8E-04

Benzo(a)anthracene 22.9 2.6 60 1 6 2 20 2.8 0.3

Benzo(a)pyrene 2.96 2.6 8 1 1 2 20 0.4 0.04

Benzo(b)fluoranthene 35.3 2.6 92 1 9 2 20 4.3 0.4

Benzo(g,h,i)perylene 21.7 2.6 56 1 5 2 20 2.6 0.3

Benzo(k)fluoranthene 6.7 2.6 17 1 2 2 20 0.8 0.1

Chrysene 21.7 2.6 56 1 5 2 20 2.6 0.3

Dibenzo(a,h)anthracene 3.2 2.6 8 1 1 2 20 0.4 0.04

Fluoranthene 25.2 2.6 66 1 6 2 20 3.1 0.3

Fluorene 14.4 3.04 44 1 4 1,653 1,653 2.5E-03 2.5E-03

Indeno(1,2,3-cd)pyrene 16.3 2.6 42 1 4 2 20 2.0 0.2

Naphthalene 0.859 3.04 3 1 0.2 1,653 1,653 1.5E-04 1.5E-04

Phenanthrene 16.3 3.04 50 1 5 1,653 1,653 2.8E-03 2.8E-03

Pyrene 26.1 2.6 68 1 6 2 20 3.2 0.3

Food Ingestion Rate (FI): 0.00696 kg/day BAF = Bioaccumulation Factor

Dietary fraction of terrestrial invertebrates (Fti) 1 unitless ERA = Ecological Risk Assessment

Soil Ingestion Rate 0.000724 kg/day GI = Gastrointestinal

Body Weight (BW): 0.0771 kg LOAEL = Lowest Observed Adverse Effect Level

Area Use Factor (AUF): 1 unitless NOAEL = No Observable Adverse Effect Level

ERA Results



Table 7-25

Lead Shot Ingestion Probability for the Mourning Dove

Input Value 

Parameter Parameter Description Units Used 

Ns Number of Lead Shot in Sample each 641

Ng Number of Grit Particles in Sample each 3987

Ps Fraction of grit-sized particles on-site that are lead shot unitless 0.1385

Po Fraction of grit-size particles off-site that are lead shot unitless 0

S or AUF Fraction of foraging time that a bird spends on-site (Area Use Factor) unitless 0.03

Dp Retention time for a shot in the gizzard days 1.667

De Number of days per year a bird forages in the area days 245

Y Number of years a bird lives years 1.5

N Number of particles selected and retained in gizzard in a lifetime each 612.6

P Probability that a single particle selected will be lead shot unitless 0.0042

Pt Probability that a bird will ingest one lead shot in a lifetime unitless 0.92

Equations:

Pt = 1 - (1 - P)
N                 

P = S *Ps + (1 - S) Po               N =Y * De * Dp

LEAD SHOT INGESTION PROBABILITY MODEL RESULTS



Table 7-26

Summary of Ecological Risk Assessment Findings

NOAEL-based LOAEL-based

Site-wide Lead 137 24 - -

DU 1--Surface PAHs 1.0 to 2.2 0.02 to 0.05 - -

DU 1--Subsurface No COCs - - - - - -

DU 2--Surface No COCs - - - - - -

DU 3--Surface No COCs - - - - - -

DU 4--Surface PAHs 0.0 to 2.0 0.01 to 0.05 - -

DU 5--Surface No COCs - - - - - -

DU 6--Surface No COCs - - - - - -

DU 7--Surface No COCs - - - - - -

Site-wide Lead 150 15 - -

DU 1--Surface PAHs 7 to 67 0.1 to 1.1 - -

DU 1--Subsurface PAHs 3 to 10 0.1 to 0.2 - -

DU 2--Surface No COCs - - - - - -

DU 3--Surface No COCs - - - - - -

DU 4--Surface PAHs 5 to 59 0.1 to 0.9 - -

DU 5--Surface No COCs - - - - - -

DU 6--Surface NG 0.1 0.01 - -

DU 7--Surface NG 0.1 0.01 - -

Site-wide Lead 188 19 - -

DU 1--Surface PAHs 3.5E-05 to 4.9 7.1E-05 to 0.5 - -

DU 1--Subsurface PAHs 2.3E-05 to 0.8 2.3E-05 to 0.1 - -

DU 2--Surface No COCs - - - - - -

DU 3--Surface No COCs - - - - - -

DU 4--Surface PAHs 2.9E-05 to 4.3 2.9E-05 to 0.4 - -

DU 5--Surface No COCs - - - - - -

DU 6--Surface No COCs - - - - - -

DU 7--Surface No COCs - - - - - -

Endpoint No. 4

Gallinaceous Bird – 

Mourning Dove

Site-wide Lead Shot - - - - 92 Percent (a)

LOAEL = Lowest Observed Adverse Effect Level

NOAEL = No Observable Adverse Effect Level

PRG = Preliminary Remedation Goal

NOTES:

Risk Assessment Findings

Hazard Quotient (unitless)Area

Endpoint No. 2

Small Insectivorous 

Mammal – Short-Tailed 

Shrew

Shot Ingestion 

Modeling

(a) Probability that a gallinaceous bird will ingest one lead shot during its lifetime.

Endpoint Constituent

Endpoint No. 1

Terrestrial Invertebrates

Endpoint No. 3

Insectivorous Bird - 

American Robin



Table 7-27

Summary of Ecological PRGs

Area Chemical PRG Basis PRG Value Selected PRG Comment

Endpoint No. 1

Terrestrial Invertebrates
260 mg/kg

Endpoint No. 2

Small Insectivorous Mammal
420 mg/kg

Endpoint No. 3

Insectivorous Bird
336 mg/kg

Site Wide Lead Shot
Endpoint No. 4

Gallinaceous Bird
- - - -

Remediation of soil lead will 

control exposure to lead shot, 

due to co-location of lead shot 

and high soil lead 

concentrations.

Endpoint No. 2

Small Insectivorous Mammal

NOAEL

0.6 mg/kg
Remediation of DUs 1 and 4 

assumed necessary (a)

Endpoint No. 2

Small Insectivorous Mammal

LOAEL

38.4 mg/kg
Remediation of DUs 1 and 4 

assumed not necessary (b)

DUs 2, 3 and 5 PAHs
No PRGs necessary because the HQs for 

all endpoints are less than 1.0
- - - - - -

DUs 6 and 7 NG
No PRGs necessary because the HQs for 

all endpoints are less than 1.0
- - - - - -

(a) LOAEL-based hazard quotients are generally well below 1.0.

(b) NOAEL-based hazard quotients generally exceed 1.0.

Site Wide

DUs 1 and 4

Lead

PAHs

260 mg/kg

To be evaluated in the feasibility 

study, along with selected 

human health-based PRGs (see 

Section 6.0)

Both evaluated.



Federal or State Statute,

Regulation or Guidance

Hazardous Waste Land Disposal Restrictions,

40 CFR Part 268.1 through 268.3, 268.9, 268.20

through 268.50.

Identifies hazardous wastes that are restricted from land disposal without prior

treatment. Applies to excavated material which may qualify as hazardous

waste.

Relevant and

Appropriate
Action, Chemical

Standards Applicable to Generators of

Hazardous Waste, COMAR 26.13.03.02 thru

.06

Standards applicable to generators of hazardous waste, including satellite

accumulation procedures and storage time allowed before disposal off-site is

required. Applies to hazardous waste stored on-site before shipment, including

all excavated materials that are determined to be hazardous waste. Any waste

media that are actively managed or shipped offsite must be tested to determine

if they are RCRA characteristic wastes. Includes investigation-derived wastes.

Applicable Action, Chemical

Definition of and Criteria for Identifying

Hazardous Wastes, COMAR 26.13.02.02

through.15, .18, .22, and .26

Defines wastes that are subject to regulation as a RCRA hazardous waste.

Applies to excavated material which may qualify as hazardous waste.
Applicable Action, Chemical

Maryland Erosion and Sediment Control,

COMAR 26.17.01.01 (Definitions);

26.17.01.05; 26.17.01.07B (E&S Plans);

26.17.01.11 (Standards and Specifications)

Requires preparation of an erosion and sediment control plan for activities

involving land clearing, grading, and other earth disturbances greater than

5,000 square feet. The remedial action will implement the erosion and

sediment control criteria in relation to site activities. Applies to all remedy

earth-moving components.

Applicable Action

Maryland Stormwater Management, COMAR

26.17.02.02 (Definitions); 26.17.02.05;

26.17.02.06 (Min. Control Requirements);

26.17.02.08 (Stormwater Management

Measures); 26.17.02.09 (Stormwater

Management Plans)

The primary goal of the state and local stormwater management programs is to

maintain after development, as nearly as possible, the predevelopment runoff

characteristics, and to reduce stream channel erosion, pollution, siltation and

sedimentation, and local flooding. The remedial action will implement

stormwater management controls in relation to site activities.

Applicable Action

Table 8-1

Potential Federal and State ARARs

Water

Summary of Requirement

Type of

ARAR ARAR Category

Hazardous Waste



Federal or State Statute,

Regulation or Guidance

Primary Drinking Water Standards, 40 CFR

Part 141, Sections 141.61, and .62; COMAR

26.04.01.06 and .07 (if more stringent than

federal regulation)

Establishes enforceable primary drinking water standards (maximum

contaminant levels [MCLs]) for inorganic and organic substances. Primary

drinking water standard is appropriate as cleanup standards for groundwater at

Trap and Skeet Site.

Relevant and

Appropriate
Chemical

Maryland Drinking Water Quality Standards,

COMAR 26.04.01.07D (1), (5), (9) and (15) (if

more stringent than federal regulation)

These rules parallel the Federal drinking water rules; apply only to the extent

that they are more stringent than the federal standard.

Relevant and

Appropriate
Chemical

Executive Order (EO) 13514 Encourage the preferred remedial alternative to support sustainability.
Relevant and

Appropriate
To Be Considered

Maryland Well Construction Regulations,

COMAR 26.04.04.07, .08 (substantive

provisions only), and .11

Regulates well construction, completion, and abandonment procedures.

Applies to abandonment of monitoring wells at the Trap and Skeet Site.
Applicable Action

COMAR 26.11.06.03 Control of Fugitive

Particulate Matter

Applies to emission of particulates (dust) generated during excavation or other

remedial construction activities.
Applicable Action

Notes:
Action = Action-specific ARAR

ARAR = Applicable or or Relevant and Appropriate Requirement

CFR = Code of Federal Regulations

Chemical = Chemical-specific ARAR

COMAR = Code of Maryland Regulations

Location = Location-specific ARAR

MCL = Maximum Contaminant Level

RCRA = Resource Conservation and Recovery Act

TBC = To Be Considered

Table 8-1 (continued)

Summary of Requirement

Type of

ARAR ARAR Category

Hazardous Waste

Potential Federal and State ARARs

Miscellaneous



Human

Receptors

Ecological

Receptors

Lead 9,406 / 800 260
(1) All three PRGs require some amount of site soil remediation.

Arsenic - - (a) Not a COC - - (a)
Antimony - - (a) Not a COC - - (a)

DUs 1 and 4 PAHs

Future Resident: 0.2 mg/kg (b)

Future Construction Worker: 43 mg/kg (b)

Future Industrial Worker: 2 mg/kg (b)

NOAEL: 0.6 (c)

LOAEL: 38.4 (c)

(1) Selecting the PRG combination of 43 mg/kg and 38.4 mg/kg

would require no remediation of any portion of DUs 1 and 4,

but would require LUCs per Table 8-14 protective of potential

future industrial or residential receptors.

(2) Selecting the PRG combination of 0.2 mg/kg and 0.6 mg/kg

would require remediation of all of DUs 1 and 4, but would not

require any LUCs.

(c) Based on the PRG of 0.6 DUs, 1 and 4 would be remediated; however, on the basis of the PRG of 38.4 they would not be remediated. If DUs 1 and 4 are not

remediated, LUCs would be necessary to protect future human receptors.

Area Chemical
PRG (mg/kg)

Site Wide

PRG Remedial Consquence

Table 8-2
PRGs Considered to Develop the FS Soil Remedial Scenarios

(a) Co-located with lead. Remediating soil to the lead PRGs of 9,406 or 800 results in acceptable soil risks and hazards from arsenic and antimony as

summarized in Tables 8-3 and 8-4.

(b) Based on benzo[a]pyrene and dibenz[a,h]anthracene.



Antimony EPC (mg/kg): 0.712 0.714 4.164 2.679 70.69 38.77

Arsenic EPC (mg/kg): 1.243 1.935 2.576 2.8 10.89 7.618
Receptors Surface Soil Mixed Soil Surface Soil Mixed Soil Surface Soil Mixed Soil

Current/Future Scenarios

PRR Worker/ Intern 2.E-08 4.E-08 5.E-08 6.E-08 2.E-07 2.E-07

Adult Visitor/Hunter 1.E-08 2.E-08 3.E-08 3.E-08 1.E-07 8.E-08

Child Visitor/Hunter 1.E-08 2.E-08 2.E-08 2.E-08 9.E-08 6.E-08

Future Scenarios

Construction Worker 3.E-08 5.E-08 6.E-08 7.E-08 3.E-07 2.E-07

Industrial Worker 5.E-07 8.E-07 1.E-06 1.E-06 5.E-06 3.E-06

Lifetime Resident 2.E-06 3.E-06 4.E-06 5.E-06 2.E-05 1.E-05

Notes:

EPC = exposure point concentration; mg/kg = milligrams per kilogram; PRG = preliminary remediation goal

Antimony and arsenic EPCs represent the revised 95% upper confidence limit (UCL) of the mean after removal of soil sample

locations that contain lead concentrations above the lead PRG.

Table 8-3

Following Soil Remediation to Meet Lead PRGs

SOIL CANCER RISK ESTIMATES

Lead PRG: 260 mg/kg Lead PRG: 800 mg/kg Lead PRG: 9406 mg/kg

Summary of Residual Metals Cancer Risk Estimates



Antimony EPC (mg/kg): 0.712 0.714 4.164 2.679 70.69 38.77

Arsenic EPC (mg/kg): 1.243 1.935 2.576 2.8 10.89 7.618
Receptors Surface Soil Mixed Soil Surface Soil Mixed Soil Surface Soil Mixed Soil

Current/Future Scenarios

PRR Worker/ Intern 0.0003 0.0004 0.001 0.0008 0.01 0.008

Adult Visitor/Hunter 0.0001 0.0002 0.0005 0.0004 0.007 0.004

Child Visitor/Hunter 0.0003 0.0004 0.001 0.0009 0.02 0.008

Future Scenarios

Construction Worker 0.008 0.01 0.03 0.02 0.4 0.2

Industrial Worker 0.006 0.008 0.02 0.02 0.3 0.2

Adult Resident 0.007 0.01 0.03 0.02 0.3 0.2

Child Resident 0.06 0.08 0.2 0.2 3 2

Notes:

EPC = exposure point concentration; mg/kg = milligrams per kilogram; PRG = preliminary remediation goal

Shaded cells indicate non-cancer hazards that are above the target hazard threshold of 1.

Antimony and arsenic EPCs represent the revised 95% upper confidence limit (UCL) of the mean after removal of soil sample

locations that contain lead concentrations above the lead PRG.

Table 8-4

Summary of Residual Metals Non-Cancer Hazard Estimates

Following Soil Remediation to Meet Lead PRGs

SOIL NON-CANCER HAZARD ESTIMATES

Lead PRG: 260 mg/kg Lead PRG: 800 mg/kg Lead PRG: 9406 mg/kg



0 to 3-inch Interval

(105 RI Samples)

3 to 6-inch Interval

(65 RI Samples)

6 to 9-inch Interval

(10 RI Samples)

No Action 635 125 45

9,406 291 67 24

800 22 3 0

260 11 1 0

Soil Lead PRG (mg/kg)
Average Residual Lead Shot Counts (shot / ft2)

Table 8-5

Reduction in shot counts as a function of the soil lead PRG



Lead PAHs Lead PAHs Total

0 to 0.5 11.13 na 8,975 na
0.5 to 1 1.21 na 975 na
0 to 0.5 7.75 na 6,248 na
0.5 to 1 0.36 na 289 na
0 to 0.5 1.75 na 1,408 na
0.5 to 1 0.00 na 0 na
0 to 0.5 na 4.10 na 3,310
0.5 to 1 na 4.10 na 3,310
0 to 0.5 na 0 na 0
0.5 to 1 na 0 na 0

(a) Includes confirmation sampling during excavation.

PAHs: Do Not Remediate DUs 1 and 4

Table 8-6
Estimated Areas and Soil Volumes that Exceed the Soil Lead and PAH PRGs

Lead: 260 mg/kg (a)

Lead: 800 mg/kg (a)

Lead: 9,406 mg/kg (a)

PAHs: Remediate DUs 1 and 4 (b)

(b) Also addresses DUs 6 & 7 which are located entirely within DUs 1 & 4. Excludes confirmation sampling because the volume of PAH-contaminated soil

was prior defined during planning of the incremental sampling program.

Area (acres)

PRG

Depth

Interval (ft)

Volume (cubic yards)

9,950

6,537

1,408

6,619

0



Lead
Sb & 

As (a)
PAHs Lead

Sb & 

As (a)
PAHs Lead

Sb & 

As (a)
PAHs

A 260 Remediate DUs 1 and 4 No No No No No Yes No No Yes

B 800 Remediate DUs 1 and 4 No No No No No No Yes No No

C 9406 Remediate DUs 1 and 4 No No No Yes No No Yes No No

D 260
Do Not

Remediate DUs 1 and 4
No No Yes (b) No No Yes No No Yes

E 800
Do Not

Remediate DUs 1 and 4
No No Yes (b) No No Yes Yes No Yes

F 9406
Do Not

Remediate DUs 1 and 4
No No Yes (b) Yes No Yes Yes Yes Yes

(b) Assumes the conservative exposure frequency of 13 days/year cannot, in the future, be confirmed to not be exceeded; 

therefore requiring an engineered LUC such as a fence. Otherwise "Yes" would be "no".

PAHs

Table 8-7

Summary of Requirements for Land Use Controls Protective of Human Receptors

Are LUCs Required for the Indicated Contaminant?

Future ResidencesFuture Industrial Workers

Remedial Goal

Current/Future PRR 

Workers/Visitors

R
em

ed
ia

l 

S
ce

n
ar

io

Lead

(mg/kg)

(a) Residual risks from Sb and As are within the acceptable risk range and hazard estimates are less than 1, assuming 

remediation of soil to attain the indicated lead and PAH remedial goals.



General Response

Action/Technology

Contribution Toward Achieving

PRGs

Screening

Results
Comments

No Action

Does not satisfy the PRGs, but must be

used as the baseline for comparison for

the other response actions and

alternatives.

Retained - -

Land Use Controls

Application of administrative actions

and controls that reduce or eliminate

receptor exposure to contaminated soil.

Generally they are more easily

implemented for human receptors,

contrasted with environment receptors.

Retained - -

UXO Removal Necessary for safety reasons. Retained

Demolition of Above

Ground Structures

Method by which structures such as the

Trap & Skeet High House, Low House,

etc. are removed.

Retained - -

Covering

Method by which the performance of

any remedial alternative that addresses

groundwater contamination will be

assessed.

Retained - -

Cover Maintenance
Ensure that the cover remains effective

in the future.
Retained - -

Excavation

Removes the impacted soils from their

current location where human or

environmental exposure can occur.

Excavation can support on-site

consolidation of impacted soil or soil

removal to other location for treatment

or disposal.

Retained - -

Hazardous Waste Transport

and Disposal

Removes impacted soil from the site and

disposes of it as hazardous waste.
Retained - -

Non-hazardous Waste

Transport and Disposal

Removes impacted soil from the site and

disposes of it as non-hazardous waste

either by testing to confirm non-

hazardous status or treatment to change

hazardous soil to non-hazardous.

Retained - -

Ex-situ, On-site Fixation

Reduces chemical mobility so that the

soil passes TCLP and can be treated

offsite as non-hazardous waste.

Retained - -

Table 8-8

Summary of Technologies and Screening Results



General Response

Action/Technology

Contribution Toward Achieving

PRGs

Screening

Results
Comments

Consolidation

Consolidates impacted soils onsite to

limit the exposure area and simplify

covering/containment.

Retained

This could only be accomplished

through excavation of contaminated

soil and placement of the untreated

soil back at the site. MDE has prior

commented that this would require

construction of a permitted landfill,

which THE Army will not commit

to.

On-Site Soil Washing and

Lead Recycling

Removes or reduces soil contaminant

concentrations and facilitates on-site

reuse of the treated soil.

Retained - -

On-Site Re-use of treated

soil

Avoids the requirment to transport clean

fill to the site to restore the grade where

contaminated soil has been excavated.

Retained - -

In-situ Stabilization

Renders contaminants less prone to

leaching and may reduces

bioavailability.

Retained - -

Soil Vacuum

Removes impaced surface soil without

the need for heavy and disruptive

excavation equipment. Helps to

minimize clearing and grubing

requirements.

Not Retained

The use of a vacuum truck, in place

of excavation, was also discarded

due to performance uncertainties,

particularly in light of the presence

of clay in the site soils. In addition,

the potential presence of MEC

eliminates the potential use of

vacuum trucks engaged in intrusive

soil removal, whereas armored

excavators could be used if

necessary for technologies that don't

involve vacuuming.

NOTES:
MEC = Munitions and Explosives of Concern
PRG = Preliminary Remediation Goal
TCLP = Toxicity Characteristic Leaching Procedure

Table 8-8 (continued)

Summary of Technologies and Screening Results



1

No Action

2

In-Situ Stabilization 

& Cover 
(a,b)

3

Excavation and Off-

Site Treatment and 

Disposal 
(a,b)

4

Excavation, Ex-situ 

Stabilization and Off-

Site Disposal 
(a,b)

5

Excavation, Soil 

Washing,

and On-Site Reuse 
(a,b)

No Action X

Cover w/ clean soil and re-vegetate Soil cover about 24 inches thick. X

In-Situ Stabilization
Involves in-situ addition of stabilizing agents without 

actual soil excavation
X

Cover Maintenance - - X

Excavation
Realistically, minimum excavation would be 6-inch lifts.  

Confirmation soil sampling included with excavation.
X X X

Transport and disposal (T&D) of 

hazardous waste, Off-site treatment at 

a Subtitle C Facility and Disposal in a 

facility permitted to accept the treated 

waste.

Percentage of excavated soil classified as hazardous waste 

varies with the Pb PRG.
X

Transport and disposal (T&D) of 

NON-hazardous waste

Percentage of excavated soil classified as NON-hazardous 

waste varies with the Pb PRG.
X (d) X (e)

Ex-situ, on-site fixation

Involves no actual lead particle removal. Simply amend 

soil in pug mill so that it passes TCLP and becomes non-

hazardous, thus lowering transport and landfill costs. Pug 

mill probably amends better than in-situ disking (c).

X

On-site soil washing and lead 

recycling

Literature suggests that the treated soil will pass TCLP 

and be < 400 mg/kg lead; therefore avoid fixation and off-

site disposal.

X

On-site re-use of treated soil Place soil back at site. X

(a) Alternative includes clearing and chipping vegetation that is later spread over the site.

(b) Alternative includes UXO removal.

(d) Construction demolition debris.

(e) Construction demolition debris and soil treated on site prior to transport off site.

Table 8-9

Summary of Remedial Alternatives

Note:

(c)  Assumes that RCRA Subtitle D landfills will not refuse the stabilized material due to the presence of lead shot, which is likely to be the case if the samples contain both soil and shot and pass the TCLP.

Alternatives

Technology Technology Comments



Lead

(mg/kg)
PAHs

Depth

Interval

(feet)

Lead PAHs TOTAL

Depth

Interval

(feet)

Lead PAHs TOTAL

0 to 0.5 11.13 4.10 15.23 0 to 0.5 8,975 3,310
0.5 to 1 1.21 4.10 5.31 0.5 to 1 975 3,310
0 to 0.5 7.75 4.10 11.85 0 to 0.5 6,248 3,310
0.5 to 1 0.36 4.10 4.46 0.5 to 1 289 3,310
0 to 0.5 1.75 4.10 5.85 0 to 0.5 1,408 3,310
0.5 to 1 0.00 4.10 4.10 0.5 to 1 0 3,310
0 to 0.5 11.13 0 11.13 0 to 0.5 8,975 0
0.5 to 1 1.21 0 1.21 0.5 to 1 975 0
0 to 0.5 7.75 0 7.75 0 to 0.5 6,248 0
0.5 to 1 0.36 0 0.36 0.5 to 1 289 0
0 to 0.5 1.75 0 1.75 0 to 0.5 1,408 0

0.5 to 1 0.00 0 0.00 0.5 to 1 0 0

(b) Influences the soil ammendment costs associated with lead stabilization.

PRGs

Remedial

Scenario

Average Lead

Concentration

(mg/kg) (b)

Do NOT Remediate

DUs 1 and 4
8,300

1,408F 9406
Do NOT Remediate

DUs 1 and 4

Table 8-10

Feasibility Study Remedial Scenarios

C 9406

D 260 5,700

E (a) 800

(a) This cost scenario includes seeding the area encompasing soil lead concentrations between 260 and 800 mg/kg with plant species with the capacity to sequester lead.

Area

(acres)

Soil Excavation Volume

(cubic yards)

Remediate DUs 1 and 4 8,300

Remediate DUs 1 and 4 40,200

Do NOT Remediate

DUs 1 and 4

A 260 Remediate DUs 1 and 4 5,700

B (a) 800

40,200

16,569

13,156

8,027

9,950

6,537



Soil Lead Soil PAHs

A 260 mg/kg Remediate DUs 1 and 4 $0 $8,954 $6,151 $7,613 $7,901

B 800 mg/kg Remediate DUs 1 and 4 $0 $7,723 $6,071 $8,452 $7,603

C 9,406 mg/kg Remediate DUs 1 and 4 $0 $5,371 $4,231 $5,173 $5,720

D 260 mg/kg Do Not Remediate DUs 1 and 4 $0 $6,965 $5,214 $6,343 $6,676

E 800 mg/kg Do Not Remediate DUs 1 and 4 $0 $5,349 $4,046 $4,951 $5,439

F 9,406 mg/kg Do Not Remediate DUs 1 and 4 $0 $2,542 $2,092 $2,479 $3,445

Alt. 1

No Action

Alt. 2

In-Situ Stabilization

and Cover

Alt. 3

Excavation and

Offsite Disposal

(a) All estimates are present value, calculated assuming an inflation rate of 2.6 percent and a nominal discount rate of 4.1 percent. The resulting real discount rate is the difference between these two

percentages (1.5 percent).

Alt. 4

Excavation,

Ex-Situ

Stabilization, and

Offsite Disposal

Alt. 5

Excavation, Soil

Washing, and

Onsite Reuse

Alternatives Costs (x1,000) (a)

Table 8-11

Matrix of Costs versus Remedial Scenario/Objective

Remedial Scenario/Objective

Remedial

Scenario

PRG



Soil Lead Soil PAHs

Capital: $0 Capital: $7,725 Capital: $6,080 Capital: $7,542 Capital: $7,830
Long-Term: $0 Long-Term: $1,229 Long-Term: $71 Long-Term: $71 Long-Term: $71

TOTAL: $0 TOTAL: $8,954 TOTAL: $6,151 TOTAL: $7,613 TOTAL: $7,901
Capital: $0 Capital: $6,275 Capital: $5,190 Capital: $7,572 Capital: $6,723

Long-Term: $0 Long-Term: $1,448 Long-Term: $881 Long-Term: $880 Long-Term: $880

TOTAL: $0 TOTAL: $7,723 TOTAL: $6,071 TOTAL: $8,452 TOTAL: $7,603
Capital: $0 Capital: $4,316 Capital: $3,351 Capital: $4,292 Capital: $4,840

Long-Term: $0 Long-Term: $1,055 Long-Term: $880 Long-Term: $881 Long-Term: $880

TOTAL: $0 TOTAL: $5,371 TOTAL: $4,231 TOTAL: $5,173 TOTAL: $5,720

Capital: $0 Capital: $5,603 Capital: $4,323 Capital: $5,452 Capital: $5,785

Long-Term: $0 Long-Term: $1,362 Long-Term: $891 Long-Term: $891 Long-Term: $891

TOTAL: $0 TOTAL: $6,965 TOTAL: $5,214 TOTAL: $6,343 TOTAL: $6,676
Capital: $0 Capital: $4,168 Capital: $3,131 Capital: $4,036 Capital: $4,524

Long-Term: $0 Long-Term: $1,181 Long-Term: $915 Long-Term: $915 Long-Term: $915

TOTAL: $0 TOTAL: $5,349 TOTAL: $4,046 TOTAL: $4,951 TOTAL: $5,439
Capital: $0 Capital: $1,706 Capital: $1,177 Capital: $1,564 Capital: $2,530

Long-Term: $0 Long-Term: $836 Long-Term: $915 Long-Term: $915 Long-Term: $915

TOTAL: $0 TOTAL: $2,542 TOTAL: $2,092 TOTAL: $2,479 TOTAL: $3,445

800 mg/kg Do Not Remediate DUs 1 and 4

(a) All estimates are present value, calculated assuming an inflation rate of 2.6 percent and a nominal discount rate of 4.1 percent. The resulting real discount rate is the difference between these two percentages (1.5

percent).

C 9,406 mg/kg Remediate DUs 1 and 4

F 9,406 mg/kg Do Not Remediate DUs 1 and 4

D 260 mg/kg Do Not Remediate DUs 1 and 4

E

Remedial

Scenario

Objective

Alt. 1

No Action

Alt. 2

In-Situ Stabilization and

Cover

Alt. 3

Excavation and Offsite

Disposal

B 800 mg/kg Remediate DUs 1 and 4

Alt. 4

Excavation,

Ex-Situ Stabilization, and

Offsite Disposal

Alt. 5

Excavation, Soil Washing,

and Onsite Reuse

A 260 mg/kg Remediate DUs 1 and 4

Table 8-12

Matrix of Capital and Long-Term Costs versus Remedial Scenario/Objective

Remedial Scenario/Objective Alternatives Costs (x1,000) (a)



A B C D E F A B C D E F A B C D E F A B C D E F

Remedial Design (a) X X X X X X X X X X X X X X X X X X X X X X X X

UXO Removal (b) X X X X X X X X X X X X X X X X X X X X X X X X

Site Prep (c) X X X X X X X X X X X X X X X X X X X X X X X X

Alt 2--In-Situ Stab. & Cover (d) X X X X X X

Alt 3--Excavation & Off Site Disposal

(e)
X X X X X X

Alt 4--Excavation, Ex-Situ

Stabilization & Offsite Disposal (f)
X X X X X X

Alt 5--Excavation, Soil Washing &

Onsite Reuse (g)
X X X X X X

Land Use Controls (LUCs) (h) - - X X X X X - - X X X X X - - X X X X X - - X X X X X

O&M (Cap Inspection/Maintenance) X X X X X X - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O&M

(Annual/Biannual Sampling &

Analysis)

- - - - - - - - - - - - - - X X X X X - - X X X X X - - X X X X X

Site Visits & Rpt LTM

(MEC Monitoring)
X X X X X X - - X X X X X - - X X X X X - - X X X X X

Annual & Biannual Sampling &

Analysis (i)

-Annual: 1st 5 years

-Subsequent 25 yrs

- - - - - - - - - - - - - - X X X X X - - X X X X X - - X X X X X

Five Yr Review X X X X X X X X X X X X X X X X X X X X X X X X

Site Close Out - - - - - - - - - - - - X - - - - - - - - - - X - - - - - - - - - - X - - - - - - - - - -

(g) Excavation, Soil Washing & Onsite Reuse: 1-Excavation; 2-Soil Washing; 3-Cleanup & Landscaping; 4-Decon Facilities; 5-Residual Waste Management; 6-Prof Labor Management.

(h) Land Use Controls (LUCs): 1-Planning; 2-Implementation; 3-LUCAP; 4-LUCIP.

Alt 2

In-Situ Stabilization & Cover

(i) Limited soil and surface water (if present) sampling to confirm no residual contamination migration. Annual for 1st 5 years and semi-annual for subsequent 25 yrs.

Scenario Scenario Scenario Scenario

Cost Item and Sub-Items

(a) Remedial Design: 1-Project Planning; 2-Treatability & Other Studies; 3-Preliminary Design (30%); 4-Intermediate Design (60%); 5-Pre-Final Design (90%); 6-Final Design (100%); 7-Bid

Documents.

(b) UXO Removal: 1-MEC Removal Action; 2-Residual Waste Management

(c) Site Prep: 1-Clear & Grub; 2-Demo High House; 3-Demo Northern Trap House; 4-Demo Low House; 5-Demo Southern Trap House; 6-Demo Fire Line Walkways; 7-Prof Labor Management.

(d) In-Situ Stab. & Cover: 1-In-Situ Solidification/Stabilization; 2-Capping; 3-Decon Facilities; 4-Residual Waste Management; 5-Cleanup & Landscaping; 6-Prof Labor Management.

(e) Excavation and Offsite Disposal: 1-Excavation; 2-Cleanup & Landscaping; 3-Decon Facilities; 4-Residual Waste Management; 5-Prof Labor Management.

(f) Excavation, Ex-situ Stabilization & Offsite Disposal: 1-Excavation; 2-Ex-situ Stabilization; 3-Cleanup & Landscaping; 4-Decon Facilities; 5-Residual Waste Management; 6-Prof Labor

Management.

Table 8-13

Summary of Cost Items and Sub-Items

Alt 3

Excavation & Off Site Disposal

Alt 4

Excavtion, Ex-Situ Stabilization &

Offsite Disposal

Alt 5

Excavation, Soil Washing & Onsite

Reuse



Alt. 1

No Action

Alt. 2

In-Situ Stabilization and 

Cover

Alt. 3

Excavation and Offsite 

Treatment and Disposal

Alt. 4

Excavation,

Ex-Situ Stabilization, and 

Offsite Disposal

Alt. 5

Excavation, Soil Washing, 

and Onsite Reuse

1)  Increase energy efficiency (a) Good Good Poor Poor Fair

2)  Measure, report, and reduce GHG emissions 

from direct and indirect sources
(b) Good Good Poor Poor Fair

3)  Conserve and protect water resources through 

efficiency, reuse, and storm water management
(c) Poor Fair Good Good Good

4)  Eliminate waste, recycle, and prevent 

pollution
(d) Poor Fair Good Good Fair

5)  Leverage agency acquisitions to foster 

markets for sustainable technologies and 

environmentally preferable materials, products, 

and services

(e) Poor Good Good Good Good

6)  Design, construct, maintain, and operate high 

performance buildings in sustainable locations
(f) na na na na na

7)  Strengthen vitality and livability of 

communities where federal facilities are located
(g) Poor Fair Fair Fair Good

OVERALL RATING (h): - - 1.7 2.5 2.2 2.2 2.5

Table 8-14

Evaluation of the Remedial Alternatives Relative to Attaining EO 13514 Goals

Qualitative Ratings

EO 13514 Goal Notes

(h) Numerical rates are derived by assigning values of 1, 2, and 3 to poor, fair, and good, respectively, and calculating the average.

(a) Trucking soil large distance represents poor energy efficiency compared to alternatives that do not involve trucking. Soil washing is relatively less energy efficient than only stabilization or no action.

(b) GHG emmissions increase with increased use of vehicles or equirment that consume hydrocarbon fuels.Trucking soil large distance represents greater fuel use compared to alternatives that do not involve trucking. Soil 

washing would require greater fuel use than would stabilization or no action.

(c) Groundwater is best preserved by alternatives that either remove the contaminants from the soil or remove the soil from the site. Groundwater is less protected by any alternative that causes contamination to remain at the 

site. This assumes that the off-site disposal facility is constructed to prevent water resources contamination.

(d) Pollution is best prevented by alternatives that either remove the contaminants from the soil or remove the soil from the site. Pollution prevention is less for any alternative that causes contamination to remain at the site.This 

assumes that the off-site disposal facility is constructed to prevent water resources contamination.

(e) No action provides no opportunity to influence or foster markets. All 'action alternatives' provide such opportunites through the procurement prosess. 

(f) No alternative involves buildinjg construction.

(g) Soil washing which removes contamination from the soil is best. Leaving the contaminated soil at the site and close to nearby communities (Alt 2) is equivalent to transporting the soil to a landfill near another community 

(Alt 3 and 4) are considered equivalent.



Evaluation

Criteria (a)

Overall Protection of 

Human Health and the 

Environment

Compliance with 

ARARs

Long-Term 

Effectiveness and 

Permanence

Reduction of Toxicity, 

Mobility, and Volume 

through Treatment

Short-Term 

Effectiveness

Implementability

Cost

Alternative 1 is most easily implemented because it involves doing nothing. Alternative 3 is the next most easily implementable because its individual elements are easily 

implementable and do not involve special soil treatment at the site. Implementability decreases for alternatives 2 and 4 because they both involve onsite stabilization. Alternative 

5 is most difficult to implement because it involves extensive soil handling (washing) and a pilot study to assess soil washing effectiveness. Overall, the relative implement ability 

of alternatives 2 through 5 is judged to be Alt. 3 > Alt. 2 = Alt. 4 > Alt. 5.

Alternative 1 is not effective in the short term.  Alternatives 2 through 5 would all be effective in the short term, with each employing similar measures to ensure the safety of 

remedial workers within a very similar timeframe to achieve protection of human health and the environment. Overall, the relative short-term effectiveness for alternatives 2 

through 5 is judged to be Alt. 2 = Alt. 3 = Alt. 4 = Alt. 5.

See Table 8-11

ALTERNATIVE 1

No Action

(a) There are two other evaluation criteria, State and community acceptance, which will be addressed once comments from regulators and the public have been received.

ALTERNATIVE 2

In-Situ Stabilization & Cover

ALTERNATIVE 3

Excavation & Offsite Treatment 

and Disposal

ALTERNATIVE 4

Excavation, Ex-Situ 

Stabilization, & Offsite Disposal

ALTERNATIVE 5

Excavation, Soil Washing, & 

Onsite Reuse

Alternative 1 would not provide long-term effectiveness because untreated contamination would remain in soil at levels exceeding the PRGs.  Alternatives 2 through 5 would 

provide long-term effectiveness by covering, removing, or treating the soil contaminants in areas exceeding the soil PRGs. The long-term effectiveness of Alternative 2 would be 

evaluated by 5-year reviews throughout the 30 year O&M period. There is some uncertainty concerning the effectiveness of soil washing to achieve the PRGs, therefore, a pilot 

study would be necessary. The relative long-term effectiveness of alternatives 2 through 5 is judged to be Alt. 3 = Alt. 4 > Alt. 5 > Alt. 2.   

Alternative 1 does not include any active reduction in contaminant toxicity, mobility, or volume through treatment. Alternative 2 achieves reduction of mobility through in-situ 

stabilization and covering.  However, compared to Alternatives 3 and 4 which both involve placement of the stabilized soil in an offsite permitted landfill, the degree of mobility 

reduction may be less for Alternative 2. Alternative 5 reduces mobility by reducing the amount of contamination present in the soil that would be placed back at the site, 

however, assuming not 100 percent of the contamination would be remove by Alternative 5 (only removal of enough to attain PRGs) Alternative 5 mobility reduction is less 

compared to Alternatives 3 and 4. Alternatives 2, 3, and 4 actually cause volume increase due to the addition of the soil treatment additives. Overall, the relative reduction of 

toxicity, mobility, and volume for alternatives 2 through 5 is judged to be Alt. 5 > Alt. 3 = Alt. 4 > Alt. 2.

TABLE 8-15

Summary of Comparative Analysis of Remedial Alternatives 

Alternative 1 (no action) does not meet the threshold criterion of protection of human health and the environment because it does not include any measures to reduce risks at the 

site to acceptable levels.  Alternatives 2 through 5 meet this criterion. The relative degree of compliance with providing overall protection of human health and the environment 

for alternatives 2 through 5 is judged to be Alt. 2 = Alt. 3 = Alt. 4 = Alt. 5.

All alternatives, except Alternative 1, would comply with action-, location-, and chemical-specific ARARs. The relative degree of compliance with ARARs for alternatives 2 

through 5 is judged to be Alt. 2 = Alt. 3 = Alt. 4 = Alt. 5.
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DISCRETE SOIL SAMPLE COLLECTION AND PROCESSING PROCEDURES 
 

(Lead Shot, Antimony, Arsenic, Lead, CEC, pH and TCLP Analyses). 
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Discrete Soil Sample Collection and Processing Procedures 
Lead Shot, Antimony, Arsenic, Lead, COC, pH, and TCLP 

 
Field Soil Sample Collection—To Depths of 12 Inches bgs 

A 12-inch diameter stainless steel cylinder was driven into the ground at the desired 

sample location, so that the bottom edge of the cylinder was coincident with the bottom 

of the target sampling interval (e.g., 3 inches bgs for the 0 to 3-inch bgs sample interval). 

A hand trowel was used to loosen and break up the soil within the cylinder and above the 

bottom edge of the cylinder. The bulk of the loosened soil was carefully collected using a 

large stainless steel spoon so that soil from below the bottom edge of the cylinder was 

excluded. 

 

A stainless steel scraper was designed to attach to and rotate within the cylinder, such that 

the bottom edge of the scraper was coincident with the bottom edge of the cylinder and 

the bottom of the target sampling interval. The scraper facilitated: 1) removal of residual 

soil not collected by the stainless steel spoon prior to scraping, and 2) no removal of soil 

from below the target sample interval during scraping. The rotating scraper produced two 

neat linear piles of scrapped soil at the bottom of the cylinder which was then removed 

with the stainless steel spoon and added to the bulk soil sample associated with the target 

interval being sampled.  

 

The next sampling interval (e.g., 6 inches bgs for the 3 to 6-inch bgs sample interval) was 

sampled by further driving the bottom edge of the stainless cylinder to 6 inches bgs and 

then repeating the sampling procedures described above. These procedures were repeated 

for the 6 to 9 and 9 to 12 inch bgs intervals. 

 

The sampling spoon, scraper, and hand aerator were decontaminated using Alconox 

detergent between each 3 inch interval. Samplers utilized a new pair of nitrile gloves for 

each sample interval. The stainless steel cylinder was decontaminated before mobilizing 

to a new sampling location. 
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The above procedures minimized the possibility of cross-contamination between sample 

intervals. 

 

The collected soil was placed into a large, labeled sample bag and carried to the on-site 

field trailer for subsequent processing as described below (see “Laboratory Sample 

Collection”). 

 

Field Soil Sample Collection—To Depths Below 12 Inches bgs 

A total of six soil samples (‘Berm’ and ‘Deep’ soil samples discussed in the RI report) 

were collected from intervals below 12 inches bgs. These samples were collected using a 

hand auger. After the auger first entered the ground surface, loose surface soil 

surrounding the outside of the auger was gently scraped away from the auger to minimize 

the possibility of it falling into the auger hole after the auger was removed and prior of 

re-entry of the auger into the hole. Care was taken when removing or placing the auger 

into the auger hole to minimize dragging soil from shallow intervals into the auger hole.  

 

Field Processing to Produce the Soil Sample for Laboratory Analysis 

Inside the on-site field trailer the bulk soil samples collected as previously described were 

spread evenly across a 3x3 foot fiberglass tray after covering the tray with clean 

disposable plastic sheeting. The surface of the spread soil was marked using a clean 3-

foot long metal ruler to produce 16 even squares. From the center of each square an 

aliquot of soil was collected using a disposable plastic spoon and placed into a sample 

contained to be shipped to the fixed laboratory (Trimatrix) for wet chemistry analyses. 

During collection of the aliquots the sampler inspected for visible lead particles and they 

were intentionally excluded from the sample to be shipped to the laboratory. 

 

The soil that remained on the tray after collection of the laboratory sample was placed 

back into the labeled sample bag used to carry the sample from the field sampling 

location to the on site field trailer. 

 



Page 3 of 4 
 

The metal ruler was decontaminated using Alconox detergent and the plastic sheeting 

replaced after every sample. 

 

Laboratory (Trimatrix) Soil Sample Processing 

Trimatrix followed these procedures to collect from the sample jar the aliquot to be 

digested: 

• All soil was removed from the sample container. 

• The sample was homogenized and hen any rocks, weeds, roots, and (in the case of 

T&S) visible lead fragments were removed (Trimatrix noted that two Trap and 

Skeet Site soil samples each had one lead fragment removed during the course of 

the analytical program). 

• At least 30g of the mixed sample was then dried to a constant weight.  

• Prior to weighing the dried sample, the sample was again inspected for visible 

lead fragments, with the intention of removing them (Trimatrix noted that no lead 

fragments were observed during this inspection step). 

• Grinding of the dried sample was then conducted using a mortar and pestle, and 

fragments would have been removed at this step if any had been observed during 

grinding (none were observed). 

• A comprehensive description of the laboratory’s soil processing procedures is in 

the SOP (Homogenization, Drying, and Grinding of Solid Sample; SW-846 

Methods 3550C and 3050B) presented in Appendix B of this report. 

 

Lead Shot Recovery 

After collection of the sample aliquot for analysis by Trimatrix, the remaining soil sample 

that had been re-bagged was processed to recover and enumerate lead shot. 

 

The bulk soil samples were wet-screened through a 3.35 millimeter stainless steel sieve in 

a bath of water. The finer soil fraction including lead shot passed this screen while large 

pebbles and coarse organic matter (mostly roots and litter layer components) were 

retained and then discarded. Owing to the fine-grained nature of the soil, it is estimated 

(visually) that well over 95 percent of the soil samples passed the 3.35 mm screen. 
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All material passing the 3.35 mm screen was wet-sieved a second time through a fine 

screen (1.5mm). All lead shot (and similarly-sized soil particles) were retained on the fine 

and collected for subsequent of the lead by gravity separation using water and an electric-

powered fluted, spiral pan. Again, owing to the fine-grained nature of the soil, it is 

estimated (visually) that well over 95 percent of the soil samples passed the 1.5 mm 

screen. 

 

Processing by the spiral pan produced the lead shot fraction free of all soil particles. The 

purified lead shot was re-containerized and labeled for later final processing to quantify 

the amount of lead. 

 

Lead Shot Quantification  

For samples where the amount of recovered lead shot was on the order of 50 shot, the 

shot were individually counted, otherwise the number of lead shot were estimated by 

weighing the recovered shot. Using shot from the site, the weight to mass ratio was 6.2 

grams per 100 shot. Some of the samples processed by URS contained over 5,000 lead 

shot 
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INCREMENTAL SOIL SAMPLE COLLECTION AND PROCESSING 
PROCEDURES 

 
(PAHs and NG) 
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Incremental Samples Soil Collection and Processing Procedures 
PAHs and NG 

 
Field Soil Sample Collection – to Depths of 0-6 inches bgs 

Table B-1 identifies the number of increments and replicates for each of decision units 

(DU) 1 through 7. Figures B-1 to B-7 present the soil increment collection locations 

within each DU. DU boundaries were marked in the field prior to collecting the 

increments to assure that the incremental samples were collected from throughout the 

entirety of each DU. 

 

At each increment location, a Global Positioning System (GPS) instrument was used to 

log the location. A stainless steel sampler (i.e., pogo-stick hand operated coring device) 

was inserted into the ground; three samples were collected (replicates A, B, and C). 

Dedicated soil sampling probes (Probe A, Probe B, and Probe C) were used for each 

replicate. All Probe ‘A’ soil increments were combined into a polyethylene bag as a 

single large soil sample and then the sample was delivered to the lab for grinding and 

analysis. The Probe ‘B’ and ‘C’ incremental samples were also processed in this fashion. 

Clay pigeon fragments were NOT removed from any sample.  The probes were 

decontaminated between each decision unit.  

 

Field Soil Sample Collection – to Depths of 6-12 inches bgs 

At DU 1, surface soil (0-6 inches bgs) and subsurface soil (6-12 inches bgs) were 

collected. The probe was pushed to 12 inches and opened. The 12-inch core was pulled 

from the ground and divided into upper and lower halves using a stainless steel putty 

knife, thus becoming the 0-6 inch and 6-12 inch samples. Separate polyethylene bags 

were used for 0-6 inch and 6-12 inch samples.  

 

Laboratory (CT Laboratories, LLC) Soil Sample Processing 

The following physical soil processing procedures were followed: 

• After log-in the wet weight of the samples was measured and recorded. Each 

sample was then spread onto individual Teflon coated sheets, air dried, and the 

dried weight of the samples was measured and recorded.  
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• After air drying the samples were then processed through a #10 sieve (2 mm 

openings) to remove all “non-soil” sized particles. A metal plate was placed on 

top of the soil in the sieve to assist in breaking up any clay clumps which were 

present in the samples. After sieving the weight of material retained on the #10 

sieve was described, weighed and recorded. 

• The material that passed the #10 sieve was then pulverized in a puck mill. 

• All of the samples for PAH analysis were milled twice, which achieved the dual 

goals of pulverizing the sample so they would pass a # 60 sieve (0.25 mm 

openings) and minimizing sample heating due to puck mill friction. 

• To further minimize potential volatilization the temperature of the puck mill bowl 

was monitored to stay within the narrow temperature limits specified in Section 6 

of the QAPP (plus or minus 5% of the pre-milling temperature. An IR gun was 

used to determine and document the bowl’s temperature and the temperatures 

were recorded. 

• The soil samples for NG analysis were ground using five 60 second grind 

intervals with a minimum of a 2 minute cool down period between the intervals.   

• The sample was placed into the puck mill bowl and was ground for 60 seconds. 

• The ground sample was then placed into a # 60 sieve which also contained a 

dozen Teflon coated rotary mill balls to help keep the milled sample moving in 

the sieve. Even with the Teflon coated balls not all of the sample passed the #60 

sieve after only one grind. The sample that did pass through the # 60 sieve was set 

aside and the sample that was retained on the # 60 sieve was ground for a second 

60 second grind. The second grind was then placed back into a # 60 sieve with the 

Teflon coated balls and this time almost all of the sample went through the sieve. 

The amount of sample that did not go through the sieve was weighed and noted 

on the log sheet. 

• If the milled sample was “pasty”, such that it would not easily pass the # 60 

screen (e.g. due to high clay content or high skeet target bitumen content) then the 

final screening utilized a # 40 sieve (0.42 mm openings). Only one sample (DU1-

SBA) was final screened using a # 40 screen. 
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• Once the sample had been ground it was then subsampled and the sample 

submitted to the Semivolatile group for extraction and analysis. The subsampling 

procedures consisted of spreading the milled soil sample on a flat surface and 

taking 30 or more randomly located increments from the entire depth for an initial 

extract volume of 10g of soil.
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Table B-1: Summary of Incremental and Replicate Samples for Each Decision Unit 

            
        Incremental Sampling for Trap and Skeet Range 17 

  

Decision 
Unit 
(DU) 

Approximate 
DU Size  
(acres)  

DU 
Description 

0 to 6-inch bgs Soil Interval 6 to 12-inch bgs Soil Interval Gramt Total 

Additional 
Analytes and 

Sample 
Method 

Increments 
per 

Replicate 

Replicates 
(a) 

Total 
Increments 

Increments 
per 

Replicate 

Replicates 
(a) 

Total 
Increments 

Total 
Increments 

Total 
Replicates 

PAHs 
(8270C 
SIM) 

1 3 
Target Fall 
Area (TFA) 50 3 150 50 3 150 300 6 

2 0.75 

Northern 
TFA 

Bounding 
Area 50 3 150 0 0 0 150 3 

3 0.75 

Southern 
TFA 

Bounding 
Area 50 3 150 0 0 0 150 3 

4 0.75 

Western 
TFA 

Bounding 
Area 50 3 150 0 0 0 150 3 

5 0.75 
Background 

Area 50 3 150 0 0 0 150 3 

TOTAL: 900 18 

NG 
(8330B) 

6 0.25 
1st Firing 

Line 50 1 50 0 0 0 50 1 

7 0.25 
2nd Firing 

Line 50 1 50 0 0 0 50 1 

TOTAL: 100 2 

Notes: 
bgs = below ground surface; DU = Decision Unit; NG = Nitroglycerin; PAHs = polycyclic aromatic hydrocarbons; TFA = 
Target Fall Area 
(a) Corresponds to the total number of samples to be shipped to the lab for 
analysis. 
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APPENDIX C 
 
 

TEMPORARY WELL LOGS, CONSTRUCTION DIAGRAMS 
AND 

SAMPLING PURGE RECORDS 

















APPENDIX D 
 
 

LAB DELIVERABLES AND DATA VALIDATION 
 
 

(Available on CD)
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APPENDIX F 
 

RACER COST ESTIMATES 
 

[Available on CD] 
 



APPENDIX G 
 

REGULATORY COMMENTS AND RESPONSES CONCERNING 
DRAFT FINAL TRAP & SKEET RANGE 17 RI/FS REPORT DATED  

MARCH 2013 

  



Comment 

Number
Commenter Page(s) Section Line(s) Comment Response

- - EPA RPM General - - - - Here are Jennifer’s remaining concerns. Comment Noted

I have reviewed the responses to comments on the latest revision of the above-

named document. At this point, I have one remaining concern. The proposal 

not to remediate the PAHs, which are present in soil at more than 100 ppm 

(proposed PRG 43 ppm, based on benzo[a]pyrene and dibenz[a,h]anthracene 

exposure to the construction worker), relies heavily on the philosophy that, 

"The LUCs that must accompany the selected Remedial Scenario D will be 

coordinated with the Refuge manager to control future activities as necessary 

to avoid workers being on the property more than 13 days per year, or, if they 

must be, that precautions are taken to control exposure to PAH-impacted soil." 

Limiting exposure to 13 days per year, which would require a commitment to 

that effect from DOI, would be difficult to enforce in practice, and is not 

consistent with typical approaches at other sites.  If you have any questions 

about this review, please call me at x3328. 

Based on EPA's concern that it is not possible to ensure that the future exposure frequency will not exceed 13 days per year, the 

Army proposes to removed PAH-impacted soil from DUs 1 and 4. Thus, Remedial Scenario A (remediate lead and PAHs) is 

selected. For both of these DUs the upper 12 inches of soil will be removed and replaced with clean fill to bring the site back to 

the original grade. No post-excavation confirmation soil sampling is planned for DU1 and DU4 for the following reasons:

1) The conservative exposure frequency assumption of 13 days per year indicates no requirement for any PAH-impacted soil 

removal from either DU1 or DU4.

2) After the PAH-impacted soil is removed and replaced with clean fill the soil dermal contact and soil  incidental ingestion 

exposure pathways will be eliminated, rendering non-applicable any PRG based on the assumption of direct contact with the 

impacted soil, including:

--2 ppm for bap and daha

--20 ppm for other PAHs

3) RI data for DU1 for surface soil (0 to 6-inches) and subsurface soil (6 to 12-inches) indicates an average benzo-a-pyrene (bap) 

concentration reduction of nearly 700 percent. Assuming a similar rate of reduction between the subsurface soil (6 to 12-inches) 

and the next underlying soil interval of 12 to 18-inches (not sampled at any DU) implies a bap concentration of 0.8 ppm in the 12 

to 18-inch soil interval.

In a teleconference call dated 5/29/14 at 2pm EST, the Army, EPA, and MDE 

discussed the remaining issues for implementing the selected remedy, 

Excavation and Offsite Disposal (Treatment at an Offsite Subtitle C Facility 

and Disposal at an Offsite Facility Permitted to Accept Treated Waste) using 

Remedial Scenario A, to address both lead and PAH soil contamination at the 

Site. The call also addressed the groundwater medium at the Trap and Skeet 

Range 17.

The following decisions were made during the 5/29/14 call:

1) Remediation of PAH-contaminated soils will be limited to the DU1 and DU4 boundaries (horizontal extent) and to a depth of 1 

foot below ground surface (bgs) (vertical extent).  No confirmation sampling will be conducted for the PAH remediation.

2) Remediation of lead-contaminated soils will involve confirmation sampling using  lead’s ecological preliminary remediation 

goal (PRG) of 260 mg/kg.

3)The RI/FS, Proposed Plan, and Record of Decision (ROD) will be limited to soil investigation/remediation only. For 

groundwater, the reports will be modified to state the following : “The Trap and Skeet Range 17 groundwater will be addressed as 

a separate OU at a later date. The 1991 Land Transfer Assembly prohibits the use of groundwater from the Site as a potable 

resource at the PRR-NT.”

1 MDE General - - - -

The Federal Facilities Division (FFD) of the Maryland Department of the 

Environment's Land Restoration Program has completed its review of the 

above referenced document. The FFD has no comment on this document, and 

looks forward to receipt of the final version for incorporation into our site 

files.

Comment Noted

Comments for the 

Draft Final Range 17 Remedial Investigation and Feasibility Study, March 21, 2014

Fort George G Meade, Maryland

EPA TECHNICAL COMMENTS (April 17, 2014) and TELECONFERENCE CALL (May 29, 2014)

MDE Technical Comments Dated April 17, 2014

- -
EPA 

Toxicologist
General - - - -
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