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EXECUTIVE SUMMARY 

This report presents the Site Screening Process (SSP) Investigation results for Site 69 – Building 1018 

(Oxidizer Process Building) and Area of Concern (AOC) 31 – Building 259 (Old Storehouse / Detonator 

Production) at Naval Support Facility Indian Head (NSFIH) located in Indian Head, Maryland.  Tetra Tech, 

Inc. (Tt) prepared this report for the Naval Facilities Engineering Command (NAVFAC) Washington under 

the Navy Comprehensive Long-Term Environmental Action Navy (CLEAN) Contract No. N62470-08-D-

1001, Contract Task Order (CTO) JU14. 

Site 69 was identified during demolition preparatory activities (sampling and decontamination) for 

Building 1018 and surrounding features (e.g., loading dock, hydraulic lift, and railroad tracks) in 2010 and 

2011.  The building was used for perchlorate grain unloading from railcars and to grind perchlorate grains 

into powder form for use throughout the compound.  Sampling conducted prior to its demolition in 2012 

indicated elevated perchlorate concentrations in surrounding soil and standing water (under hydraulic lift) 

(Applied Environmental, 2011). 

AOC 31 was identified during demolition preparatory activities (sampling and decontamination) for 

Building 259 and an associated concrete-lined trench.  The building was used as a storehouse and the 

concrete-lined trench was used for cooling during detonator production.  Sampling conducted prior to their 

demolition in 2011 indicated elevated lead and mercury concentrations in vicinity soil (NSFIH, 2010).  

The SSP Investigation fieldwork occurred in summer 2013.  Soil, groundwater, sediment, and surface water 

samples were collected at Site 69 and analyzed for perchlorate based on historical site practices.  

Groundwater also was analyzed for nitrate and nitrite.  Only soil samples were collected at AOC 31, 

because surface water and sediment were not present, and shallow groundwater was not encountered.  

The samples were analyzed for perchlorate, select explosives, and select metals based on historical site 

practices. 

Site 69 data and risk evaluation results indicate elevated concentrations of perchlorate in soil, groundwater, 

and surface water above human health risk screening values.  The source area is confirmed at former 

Building 1018, where perchlorate grains were unloaded and ground, and where building wash water was 

released consistently.  Erosive / overland flow is the dominant perchlorate soil transport mechanism o (to 

surrounding and downhill soils and to the surface water of Town Gut Creek).  Groundwater perchlorate 

concentrations indicate infiltration from the surface in the source area as well; however, groundwater 

concentrations diminish farther away from the source area prior to reaching Town Gut Creek. 

AOC 31 data and risk evaluation results indicate elevated mercury concentrations in soil above human 

health risk screening values and ecological risk benchmarks.  Likely sources of contamination are unknown 

release(s) of materials stored in Building 259 and historical detonator production practices at the site.  No 
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contamination was found beneath the former cooling trench outside of Building 259.  Overland and 

infiltration chemical transport does not seem to be a factor at this flat, vegetated site with no shallow 

groundwater (low permeability clay subsurface). 

Based on the findings of the SSP Investigation, a Remedial Investigation (RI) is recommended for Site 69 

to further delineate perchlorate contamination at the site and to and better evaluate human health risks in 

soil and groundwater.  Sediment and surface water perchlorate contamination may be examined further in 

Town Gut Creek.  For AOC 31, a non-time-critical removal action is recommended to mitigate the potential 

human health and ecological risks from mercury in soil at the site. 
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1.0 INTRODUCTION 

This report documents the Site Screening Process (SSP) Investigation results for Site Screening Areas 

(SSAs) Site 69 – Building 1018 (Oxidizer Process Building) and Area of Concern (AOC) 31 – Building 259 

(Old Storehouse/Detonator Production) at Naval Support Facility (NSF) Indian Head (NSFIH) located in 

Indian Head, Maryland (Figures 1-1 and 1-2).  Tetra Tech, Inc. (Tt) prepared this report for the United States 

(U.S.) Navy, Naval Facilities Engineering Command (NAVFAC) Washington, under the Comprehensive 

Long-Term Environmental Action Navy (CLEAN) Contract No. N62470-08-D-1001, Contract Task Order 

(CTO) JU14.  The report is for use by the Indian Head Installation Restoration Team (IHIRT), which is 

comprised of the Navy, U.S. Environmental Protection (USEPA) Agency Region 3, Maryland Department 

of the Environment (MDE), and NSFIH. 

NSFIH is located in Charles County, Maryland, 30 miles south of Washington, D.C.  The facility is positioned 

along the Potomac River at its confluence with Mattawoman Creek.  NSFIH has been active since 1890 

and assumed its current name in 2005.  The primary missions of the facility are to provide services in 

energetics for all warfare centers through engineering, fleet and operational support, manufacturing 

technology, and research, development, testing and evaluation of energetic materials, ordnance devices 

and components, and other related ordnance engineering standards including chemicals, propellants and 

their propulsion systems, explosives, pyrotechnics, warheads, and simulators. 

Site 69 was identified during pre-demolition sampling efforts for Building 1018 in 2010 through 2011 

(elevated perchlorate in soil and standing water) (see Section 1.4).  AOC 31 was identified during pre-

decontamination sampling efforts for Building 259 in 2010 through 2011 (elevated metals in soil) (see 

Section 1.4). 

1.1 PURPOSE AND REPORT ORGANIZATION  

The purpose of the SSP was to determine whether operations at SSAs Site 69 and AOC 31 have resulted 

in the release of hazardous substances, pollutants, contaminants, hazardous wastes, or hazardous 

constituents at concentrations of potential environmental concern.  This report summarizes the SSP 

Investigation activities, results, and conclusions for each site, and recommends site management 

decisions. 

The Navy is the lead federal agency for Comprehensive Environmental Response, Compensation, and 

Liability Act (CERCLA) response activities at NSFIH.  This SSP is being completed as part of the Navy’s 

Environmental Restoration Program (ERP), which identifies contamination and addresses historic releases 

at Navy and Marine Corps lands and facilities and institutes environmental remedial response activities as 

necessary.  A public web site with the CERCLA Administrative Record for NSFIH can be accessed at the 

following web page:  http://go.usa.gov/DyQF. 
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This document is organized in sections and appendices as shown in the Table of Contents.  Figures and 

tables are presented at the end of the document.  Appendices are provided electronically on the enclosed 

CD-ROM. 

1.2 OBJECTIVE AND SCOPE 

The objective of the SSP Investigation was to collect sufficient data to provide the basis for a determination 

of either of the following:  (1) A Remedial Investigation (RI), another investigation, and/or a removal action, 

as appropriate, should be performed on the area addressed by the SSP; or (2) The area does not pose a 

threat, or potential threat, to public health, welfare, or the environment, and, therefore, the area should be 

removed from further study under the NSFIH Federal Facility Agreement (FFA) guidelines (USEPA and 

Navy, 2000).  The general scope of the SSP investigation was agreed upon by the IHIRT through approval 

of the SSP Investigation Work Plan (Tt, 2013). 

The investigation process consisted of research, media sampling, and analytical data evaluation.  Soil, 

sediment, surface water, and groundwater samples were collected at Site 69, and soil samples were 

collected at AOC 31.  Analytical data were evaluated via a formal data validation process, background 

comparisons, and human health and ecological risk screening evaluations. 

1.3 FACILITY BACKGROUND 

NSFIH, formerly called Naval District Washington – Indian Head (NDW-IH), Indian Head Division, Naval 

Surface Warfare Center (IHDIV-NSWC), Naval Ordnance Station (NOS), Naval Propellant Plant, Naval 

Powder Factory, and Naval Proving Grounds, is located in Charles County, Maryland, 30 miles south of 

Washington, D.C.  The facility is positioned along the Potomac River at its confluence with Mattawoman 

Creek, as shown on Figures 1-1 and 1-2, and comprises about 3,500 acres.  The Main Area, on Cornwallis 

Neck Peninsula, is approximately 2,500 acres.  The Stump Neck Annex is approximately 1,000 acres and 

is separated from the Main Area by Mattawoman Creek.  Included as part of the Main Area are Marsh Island 

and Thoroughfare Island, which are in Mattawoman Creek.  The Bullitt Neck Annex covers approximately 

50 acres and is bounded by Mattawoman Creek to the north, east, and west and private property to the 

south.  The two islands and Bullitt Neck Annex are not on the National Priorities List with the Main 

Installation and Stump Neck Annex.  The facility is tracked by USEPA as “Indian Head Naval Surface 

Warfare Center” with USEPA ID MD7170024684.  NSFIH has been active since 1890 and assumed its 

current name in 2005. 

Operations are primarily located on the Main Area.  The main tenant is IHDIV-NSWC and their principal 

mission on the Main Area of the facility is as follows: 

• Provide services in energetics for all warfare centers through engineering, fleet and operational 

support, manufacturing technology, limited production, and industrial base support. 
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• Provide research, development, testing, and evaluation of energetic materials, ordnance devices 

and components, and other related ordnance engineering standards including chemicals, 

propellants and their propulsion systems, explosives, pyrotechnics, warheads, and simulators. 

• Provide support to all warfare centers, military departments, and the ordnance industry for special 

weapons, explosive safety, and ordnance environmental issues. 

The Stump Neck Annex of NSFIH is primarily occupied by tenant commands.  Until recently, the Stump 

Neck Annex was occupied by two tenant commands: the Naval School Explosive Ordnance Disposal 

(NAVSCOLEOD) and Naval Explosive Ordnance Disposal Technology Division (NAVEODTECHDIV).  The 

mission of NAVSCOLEOD was the training of active military personnel in performing explosive ordnance 

disposal (EOD) operations.  In 1998, most operations at NAVSCOLEOD were relocated to Pensacola, 

Florida.  Currently, NAVEODTECHDIV is the primary tenant command at the Stump Neck Annex.  The 

missions of NAVEODTECHDIV are as follows:  

• Provide EOD technology and logistics management. 

• Develop war-essential elements of intelligence, equipment, and procedures to counter munitions, 

both United States and foreign, as required to support Department of Defense (DOD) components 

and the peacetime security needs of other agencies. 

1.3.1 Surface Features 

Site 69 and AOC 31 are located on the Main Area of NSFIH (Figures 1-2, 1-3, and 1-4).  The Main Area 

has gently rolling to undulating topography with elevations ranging from mean sea level (msl) to more than 

100 feet above msl.  The eastern portion of the facility has higher elevations, and the land surface generally 

slopes to the southwest and southeast.  The portion of NSFIH along the Potomac River is characterized by 

20- to 100-foot bluffs.  The portion along Mattawoman Creek is more gently sloping. 

1.3.2 Surrounding Land Use 

The Main Area of NSFIH, located on the Cornwallis Neck Peninsula, is bound by the Potomac River on the 

northwest, west, and south, Mattawoman Creek to the south and east, and the Town of Indian Head to the 

northeast.  The peninsula is located in the Atlantic Coastal Plain Physiographic Province, approximately 8 

to 10 miles east of the fall line that marks the western extent of this physiographic province (Figure 1-1).   

The facility is generally surrounded by commercial, residential, and State Park land to the east and south 

of the main installation and Stump Neck Annex.  The nearest residential developments are located in the 

Town of Indian Head.  The Indian Head Highway (Route 210) extends eastward from the NSFIH main gate, 

attracting businesses and providing access to residential areas off the main highway.  The Potomac River 
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borders the main installation to the north and west, and Stump Neck to the west.  Mason Neck National 

Wildlife Refuge is located across the Potomac River, north of the main installation.  The Mattawoman 

Natural Environment Area is state-owned property located along the southern edge of Mattawoman Creek 

east of the main installation. 

1.3.3 Geology 

Southern Maryland is located in the Atlantic Coastal Plain, which is an eastward-thickening wedge of 

interbedded sand and clay units deposited in fluvial and marine environments.  These deposits range in 

thickness from 650 feet to 900 feet (Vroblesky and Fleck, 1991) and were deposited during the Pleistocene 

and Cretaceous Periods, when sea level was much higher (up to several hundred feet), in a bay-like 

indention of the coast line known as the Salisbury Embayment (Ward and Powars, 2004).  From the 

Cretaceous to Quaternary Periods sea level fluctuated due to a series of transgressions and regressions 

(sea level rise and fall relative to the land).  During the early Cretaceous to the middle Paleogene Periods, 

sedimentary units (either of fluvial-deltaic or shallow marine in origin) were deposited on top of earlier 

sedimentary units or, in certain instances, on top of bedrock, which has been encountered at Indian Head 

at approximately 650 to 900 feet bgs (CH2M HILL, 2003).  These sedimentary units dip gently to the east-

southeast away from the continental shelf.  The Potomac River system then cut and re-worked these units 

from the Neogene to the Quaternary Periods as the glaciers receded and the land surface rebounded.  The 

youngest geological units are fluvial, fluvial shelf, or alluvial in origin and have no regional dip.  Quaternary 

deposits comprise most of the surficial geology of southern Maryland. 

1.3.4 Climate and Meteorology 

NSFIH is located in an area described as a humid, subtropical climate.  Charles County government climate 

data show the winter average low temperature is approximately 25.9 degrees Fahrenheit, compared to a 

summer average high of 87.7 degrees Fahrenheit (www.charlescountymd.gov, 2015).  The total annual 

precipitation is approximately 42 inches, with fairly even precipitation throughout the year.  There is limited 

snowfall annually.   

1.4 SITE SCREENING AREA BACKGROUND 

1.4.1 Site 69 

Site 69 – Building 1018 (Oxidizer Process Building) is located in the center of the Main Area (Figure 1-2), 

with an approximate site boundary extending from former Building 1018 (source area) to Town Gut Creek 

and measuring more than 9 acres (Figure 1-3).  The SSA was identified during pre-demolition 

decontamination sampling efforts for Building 1018 in January 2011, when elevated perchlorate levels were 

identified in soil and standing water (Tt, 2013; Applied Environmental, 2011; NSFIH, 2011).  The loading 

dock at Building 1018 was the initial transfer location for perchlorate grains to be processed at the facility.  
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Perchlorate grains may have spilled onto the ground surface outside of Building 1018 during handling and 

transfer from train cars and trucks onto the loading dock.  The building was used for the grinding of 

ammonium perchlorate and potassium perchlorate into powder form, and the interior was washed out 

periodically onto the surrounding ground surface. 

Building 1018 and all its associated structures/features (e.g., loading dock, hydraulic lift, and railroad tracks) 

were demolished and removed by the Navy in 2012.  No CERCLA risk evaluations have been performed 

for Site 69 prior to this SSP.  The site currently is not assigned an operable unit (OU) number in USEPA’s 

tracking system. 

1.4.2 AOC 31 

AOC 31 – Building 259 (Old Storehouse / Detonator Production) is located in the north-central portion of 

the Main Area (Figure 1-2), with an approximate site boundary measuring less than (<) 0.5 acre, 

encompassing former Building 259 (source), and extending over to the wooded habitat west of the building 

(Figure 1-4).  The SSA was identified during pre-decontamination sampling efforts for Building 259 in 

January 2011, which found elevated metals and energetics concentrations in soil (Tt, 2013; NSFIH, 2010).  

Building 259 and vicinity was a storage building and area used for detonator production during World War I.  

Lead azide was produced outside the building and cooled by water within a concrete trench.   

Prior to its demolition in 2011, the building inventory included heat exchangers, mills, reactors, ovens, and 

a fume hood.  The building and the materials within it were decontaminated prior to demolition.  No CERCLA 

risk evaluations have been performed for AOC 31 prior to this SSP.  AOC 31 currently is not assigned an 

OU number in USEPA’s tracking system. 
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2.0 GENERAL INVESTIGATIVE PROCEDURES 

The SSP field investigative activities at Site 69 (Figures 1-3 and 2-1) and AOC 31 (Figures 1-4 and 2-2) 

were conducted in July 2013 in accordance with the SSP Investigation Work Plan (Tt, 2013) and the NSFIH 

Master UFP-SAP (Tt, 2009).  General field and laboratory methodologies for the investigation are described 

below.  Field activities were planned to characterize the nature and extent of perchlorate contamination at 

Site 69 and perchlorate, explosives, and metal contamination at AOC 31.   

2.1 FIELD SAMPLING 

The following field activity components were performed at each site in 2013 to complete the SSP 

Investigations.  Sampling summaries for Site 69 and AOC 31 are provided as Tables 2-1 and 2-2, 

respectively.  Sample locations for Site 69 are shown on Figure 2-1 and for AOC 31 on Figure 2-2.  Field 

and sampling results are presented in Section 4.0.  Sample log sheets and chain-of-custody forms are 

provided in Appendices C and D, respectively. 

Site 69 

• Installation of five soil borings. 

• Collection of ten surface and five subsurface soil samples for offsite laboratory analysis of 

perchlorate (Table 2-1). 

• Collection of six collocated sets of sediment and surface water samples for perchlorate analysis.  

Surface water samples were also analyzed for nitrate and nitrite. 

• Installation, development, and sampling of three monitoring wells.  Groundwater samples analyzed 

for perchlorate, nitrate, and nitrite. 

• Waste characterization followed by disposal of nonhazardous aqueous and solid investigation-

derived waste (IDW). 

AOC 31 

• Installation of four soil borings. 

• Collection of three surface and four subsurface soil samples for offsite laboratory analysis of 

perchlorate, select explosives, and select metals (Table 2-2). 

• No surface water, sediment, or groundwater media were present at the site. 

• Waste characterization and disposal of nonhazardous IDW. 

Utility clearances were performed prior to intrusive activities at each site.  NSFIH Installation Restoration 

Work Approval Permits (Comprehensive Work Approval Planning) were obtained prior to mobilizing to the 

sites.  The subsections below describe each component in more detail. 
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2.1.1 Soil Borings and Soil Sampling 

Surface soil samples were collected from depth intervals of 0 to 1 foot below ground surface (bgs).  A hand 

auger or shovel was used to remove the sod at each sampling location, if necessary.  After the sod was 

removed, dedicated, plastic, disposable trowels were used to collect the samples.   

A geoprobe-type direct-push technology (DPT) combination hollow-stem auger (HSA) drill rig was used for 

continuous and discrete drilling methods during the field investigation.  All soil macrocores were screened 

with a photoionization detector (PID), logged for lithology, and visually inspected for evidence of 

contamination.  Soil borings were installed to collect subsurface soil samples and pilot locations for 

monitoring wells.  Subsurface soil samples were collected using the DPT macrocore sampler with 

dedicated, disposable acetate liners.  At Site 69, soil borings were drilled down to either the water table or 

30 feet bgs if a monitoring well was to be installed.  At AOC 31, soil borings were drilled down to either 

5 feet bgs (below depth of concrete cooling ditch) or drilling refusal (18 feet bgs in July 2013). 

Surface and/or subsurface soil samples were collected from ten locations at Site 69 (Table 2-1 and 

Figure 2-1) and from six locations at AOC 31 (Table 2-2 and Figure 2-2).  Surface soil samples were 

collected with a hand auger from 0 to 1 foot bgs.  Subsurface soil samples were collected using the DPT 

macrocore sampler.  Soil boring logs and sample log sheets are provided in Appendix C. 

2.1.2 Monitoring Well Installation and Development 

Three monitoring wells (S69-MW01 through S69-MW03) were installed at Site 69 in July 2013 using a DPT-

drill combination rig with 6.25-inch outer diameter hollow stem augers (Table 2-3 and Figure 2-1).  No wells 

were installed at AOC 31, because groundwater was not encountered.   

Each well was constructed using 2-inch inner diameter Schedule 40 polyvinyl chloride (PVC) casing with 

0.010-inch slot, 10-foot screens.  The wells were screened from 6 to 16 feet bgs across the water table 

within a tight clay with varying amounts of silt and fine grained sand.  A sand pack was installed from the 

bottom of the screen to approximately 2 feet above the screen using No.1 silica sand.  A bentonite seal 

was placed on top of the sand pack to approximately 1 foot bgs, and allowed to hydrate.  Other than the 

water used to hydrate the bentonite, no drilling water was added to construct the monitoring wells.  All 

monitoring wells were completed as stick up wells with a lockable steel protective casing and concrete pad.  

Monitoring well construction log sheets are in Appendix C. 

The three new monitoring wells at Site 69 were developed in July 2013.  The monitoring wells were 

developed using a peristaltic pump due to the tight formation in which the wells were installed.  Each well 

was purged dry during development (low yields).  Water quality readings (dissolved oxygen [DO], 

temperature, specific conductance, oxidation-reduction potential [ORP], turbidity, temperature, and salinity) 
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were recorded using a Horiba U-52 water quality meter with a flow-through cell during development (see 

Monitoring Well Development Records in Appendix C).   

2.1.3 Groundwater Sampling 

Three monitoring wells were installed at Site 69 during the SSP Investigation.  Groundwater was not 

encountered to sample at AOC 31.  The Site 69 monitoring wells were sampled in July 2013 using USEPA 

low-flow sampling methodology.  The following water quality parameters were measured with a Horiba U-52 

water quality meter with a flow-through cell in the field prior to sampling: DO, temperature, specific 

conductance, ORP, turbidity, temperature, and salinity.  Groundwater samples were collected after 

parameter stabilization.  Ferrous iron and final DO levels were measured with field test kits.  Groundwater 

sample log sheets and low-flow purge data sheets are provided in Appendix C.  A round of synoptic 

groundwater level measurements were recorded (Table 2-3; see the Groundwater Level Measurement 

Sheet in Appendix C). 

The groundwater samples at Site 69 were analyzed for perchlorate, nitrate, and nitrite (Table 2-1).  

Perchlorate samples were collected in accordance with DoD protocol (e.g., field-filtered with 0.2-micron 

filters).  Field parameter data are included with the analytical data and results discussion in Section 4.0. 

2.1.4 Surface Water and Sediment Sampling 

The work plan proposed eight collocated surface water and sediment samples within drainage ditches and 

Town Gut Creek and commingled wetlands at Site 69 (Table 2-1 and Figure 2-1); however, surface water 

and/or sediment were not present at three locations (S69-10, -S12, and -S16; see Table 2-1).  No surface 

water or sediment samples were proposed at AOC 31 because the media were not present.  The drainage 

ditches at Site 69 can be characterized as either concrete, rip-rap with geotextile fabric, or earthen.  Water 

within these drainage ditches coalesce and drain to the south into Town Gut Creek.   

The collocated surface water and sediment samples were collected from downstream to upstream.  Two 

planned locations lacked surface water (S69-S10 and -S16) and sediment (S69-S10 and -S12).  Surface 

water samples were collected as grab samples using a peristaltic pump with dedicated-per-location, 

disposable tubing.  For the samples in Town Gut Creek, the tube intake (attached to a pole) was placed 

just above the sediment.  Perchlorate samples surface water samples were field-filtered with 0.2-micron 

filters.  Water quality measurements (pH, DO, specific conductance, ORP, turbidity, temperature, and 

salinity) were collected using the Horiba U-52 water quality meter and flow-through cell (same as used 

during groundwater sampling).  Following surface water sampling, sediment samples were collected using 

a disposable trowel and a stainless steel mixing bowl.   

The surface water samples at Site 69 were analyzed for perchlorate, nitrate, and nitrite (Table 2-1).  

Sediment samples were analyzed for perchlorate, only.  Field parameter data for surface water are included 
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with the analytical data and results discussion in Section 4.0.  Sample log sheets are provided in 

Appendix C. 

2.2 LABORATORY ANALYSIS 

All samples were analyzed offsite by DoD Environmental Laboratory Accreditation Program (ELAP)-

certified laboratories:  Test America of South Burlington, Vermont, and of Savannah, Georgia; and White 

Water Associates of Amasa, Michigan.  Sample analyses for each site are detailed in Table 2-1 (Site 69) 

and Table 2-2 (AOC 31). 

Based on site history, the soil, sediment, surface water, and groundwater samples at Site 69 were analyzed 

for perchlorate (USEPA Method 6850).  Surface water and groundwater samples at Site 69 also were 

analyzed for nitrate and nitrite (USEPA Method 353.2).   

The soil samples at AOC 31 were analyzed for perchlorate (USEPA Method 6850), select explosives 

(USEPA Method 8330B), and select metals (USEPA Method 6020A for lead and USEPA Method 

7470A/7041A for mercury).  Based on the storage and detonator production site history, potential site-

related explosives at AOC 31 consist of the following (Tt, 2013):  2,4-dinitrotoluene (DNT); 2,6-DNT; HMX; 

tetryl; RDX; 2,4,6-trinitrotoluene (TNT); 2-, 3-, and 4-nitrotoluenes; nitrobenzene; 1,3-dinitrobenzene; 4-

amino-2,6-DNT; 2-amino-4,6-DNT; and 1,3,5-trinitrobenzene.  Potential site-related metals consist of lead 

and mercury. 

2.3 QUALITY ASSURANCE 

Quality assurance (QA) and quality control (QC) samples were collected at both Site 69 and AOC 31 in 

accordance with the work plan (Tt, 2013), including field duplicate samples, equipment rinsate blanks, 

ambient field blanks, and laboratory matrix spike (MS) and matrix spike duplicate (MSD) samples.  Trip 

blanks were not needed as no volatile analyses were scheduled for the samples.  Field duplicates were 

collected for each analysis in each sample matrix (e.g., soil, groundwater) as indicated on Table 2-1 

(Site 69) and Table 2-2 (AOC 31).  Equipment rinsate blanks were generated by pouring reagent grade 

water over the sampling equipment.  QA sample log sheets are provided in Appendix C.  Chain-of-custody 

records documenting all the samples collected are provided in Appendix D with the data validation 

memoranda and laboratory data forms. 

2.4 IDW HANDLING 

The investigation-derived waste (IDW) produced during the SSP investigation included soil cuttings, purge 

water decontamination fluids, disposable sampling equipment, personnel protective equipment (PPE), and 

miscellaneous trash.  Borehole cuttings and decontamination fluids were placed in separate 55-gallon 

drums for subsequent testing and disposal.  Composite aqueous and solid waste characterization samples 
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were collected and analyzed for the characteristics of a hazardous waste (Toxicity Characteristic Leaching 

Procedure [TCLP] semivolatile organic compounds [SVOCs], TCLP metals, corrosivity, and ignitability).  

Based on this testing and generator knowledge, the IDW was hauled off site and disposed as nonhazardous 

waste at Waste Recovery Solutions in Myerstown, Pennsylvania.  Disposable sampling equipment, PPE, 

and trash were double bagged in plastic trash bags and disposed in a dumpster at the facility. 

2.5 SURVEYING 

The three new monitoring wells at Site 69 (S69-MW01, -MW02, and –MW03) will be surveyed by a 

Maryland-licensed surveyor during the next investigation phase (e.g., RI).  The horizontal (± to 0.1 foot) 

coordinates will be surveyed in North American Datum, 1983 (NAD 83), Maryland State Plane Coordinate 

System, North Zone, and the vertical (± to 0.01 foot) elevations will be surveyed based on the National 

Geodetic Vertical Datum, 1929, relative to the coordinates of established site benchmarks or the nearest 

U.S. Geological Survey (USGS) benchmark.  Soil, surface water, and sediment sample locations were 

located with a portable Global Positioning System (GPS) unit. 
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3.0 GENERAL DATA EVALUATION PROCESS 

3.1 DATA VALIDATION 

All samples were subjected to data validation.  Data validation is an objective, systematic process in which 

analytical data are reviewed to ascertain the validity of the reported results and to identify for the data user 

the possible limitations of these results.  This section summarizes the various aspects of the data validation 

process.  Appendix D contains the data validation memoranda with laboratory analytical data, forms, and 

packages. 

3.1.1 General Data Validation Procedures 

Validation of the data generated for samples collected during the field effort was completed in accordance 

with the USEPA (1993 and 1994a) National Functional Guidelines for Organic and Inorganic Data Review 

as modified for use in USEPA Region 3. 

The organic data review was based on data completeness, holding times, gas chromatograph/mass 

spectrometer tuning, initial and continuing calibrations, laboratory method blank results, surrogate spike 

recoveries, blank spike/blank spike duplicate results, internal standard recoveries, chromatographic 

resolution, compound identification, compound quantitation, field duplicate precision, and detection limits.  

The inorganic data review was based on data completeness, holding times, calibration data, laboratory 

method and preparation blanks, interference check sample results, MS results, laboratory duplicate results, 

post-digestion spike results, laboratory control sample results, field duplicate results, inductively coupled 

plasma serial dilution results, detection limits, and analyte quantitation. 

Evaluation of laboratory and field QC blanks aided in the elimination of false positive results, which were 

identified as laboratory and/or field artifacts.  Noncompliances observed during the validation process 

resulted in qualification of analytical data.  The qualifiers alert the data user to imprecise or estimated results 

and, in the worst case, unreliable or unusable data. 

The results of the validation process were summarized in sample delivery group (SDG)-specific technical 

reports consisting of a memorandum, qualified analytical results, results as reported by the laboratory, and 

supporting documentation that provided the rationale for changes and/or qualification of the data.  These 

memoranda provide a detailed explanation of the results of the data validation review.  Copies of the data 

validation memoranda are included in Appendix D.   
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3.1.2 Data Validation Qualifiers  

Various qualifiers were attached to analytical data by the laboratory and as a result of the data validation 

process.  The attachment of data qualifiers to analytical results signified the occurrence of QC 

noncompliance.  The data qualifiers assigned to the analytical results for Site 69 are defined as follows: 

• J – Indicates that the chemical was detected.  However, based on laboratory noncompliances, the 

associated numerical result is not a precise representation of the amount that is actually present in 

the sample.  The concentration reported by the laboratory is considered to be an estimated value.  

The bias (high or low) of this result cannot be determined. 

• U – Indicates that the chemical was not detected at the numerical detection limit (sample-specific 

quantitation limit) noted.  Nondetect results are reported in this manner by the laboratory. 

• UJ – Indicates that the chemical was not detected.  However, the detection limit (sample-specific 

quantitation limit) is considered to be estimated based on problems encountered during laboratory 

analysis, as noted during the data validation process.  The associated numerical detection limit is 

regarded as inaccurate or imprecise.  The bias (high or low) of this result cannot be determined. 

• UR – Indicates that the chemical may or may not be present.  The nondetect analytical result 

reported by the laboratory is considered to be unreliable and unusable.  During the data validation 

process, this qualifier is applied in cases of gross laboratory technical deficiencies (e.g., holding 

times missed by a factor two times the specified time limit, severe calibration noncompliances, and 

extremely low QC recoveries). 

The preceding data qualifiers may be categorized as indicative of major or minor problems.  Major problems 

are defined as issues that result in the rejection of data, qualified with “R” data validation qualifiers.  These 

data are considered invalid and were not used for risk screening analysis or decision-making purposes.  

One sediment perchlorate nondetect value was rejected; however, all the sediment data were similar 

nondetect values less than 1 microgram per kilogram (µg/kg).  Minor problems are defined as issues 

resulting in estimation of data, qualified with “J” data validation qualifiers.  Analytical results qualified as 

estimated or biased are suitable for risk screening analysis and decision-making purposes. 

3.2 BACKGROUND DATABASE 

A basewide background investigation was conducted in 1997 and additional samples were collected in 

2001 (Tt, 2002).  The purpose of this investigation was to establish a basewide background database that 

would be used as a tool to evaluate analytical results for soil.  The data are used to determine whether soil 

samples at NSFIH contain chemicals at concentrations that are higher than naturally occurring background 

concentrations.  With few exceptions, the inorganic concentrations reported in background soils are within 
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the range of background concentrations reported for soils in the eastern United States (Shacklette and 

Boerngen, 1984) and the State of Maryland (Dragun, 1991). 

No background values are available for perchlorate (Site 69).  The background values for surface and non-

clay-like subsurface soils at AOC 31 are presented in Table 4-5.  For the SSP, the 95 percent upper 

tolerance limit (UTL) was used as the representative background value.  Chemicals detected in soil samples 

at concentrations less than background were not considered as chemicals of potential concern (COPCs). 

3.3 HUMAN HEALTH RISK SCREENING METHODOLOGY 

The purpose of the human health risk screening was to conservatively estimate the potential risks to human 

health so that management decisions can be made (e.g., additional study or no further action).  The risk 

screening analysis conducted for SSP sites consists of the following steps, which are similar to those in a 

baseline human health risk assessment: 

• Data evaluation (i.e., selection of COPCs) 

• Exposure assessment 

• Toxicity assessment 

• Risk characterization 

The risk screening analysis is based on methodologies used to calculate the risk-based USEPA Regional 

Screening Levels (RSLs) to conservatively assess potential exposure and toxicity to human receptors.  The 

RSLs for residential soil are based on a lifetime resident for carcinogens and a child resident for 

noncarcinogens.  The RSLs for tap water are based on an adult resident for both carcinogens and 

noncarcinogens. 

3.3.1 Selection of Chemicals of Potential Concern 

The following factors were considered in the selection of COPCs for human receptors: 

• Occurrence and distribution of chemicals in environmental media 

• Chemical toxicity 

• Comparison of site concentrations with representative basewide background concentrations 

The initial list of COPCs included any chemical detected at least once in environmental samples.  COPCs 

for inorganics in soil also were selected based on a comparison of site concentrations to representative 

basewide background concentrations.  If the maximum detected concentration was greater than both the 

RSL and the representative background value, the chemical was retained as a COPC for further risk 

evaluation.  If the maximum concentration was less than the background concentration, the chemical was 

not retained as a COPC. 



3.0 GENERAL DATA EVALUATION PROCESS 

CTO JU14 3-4 \\tt.local\nus\nor\Library\CTOJU14\S69-SSP 

3.3.2 Exposure Assessment 

The human health exposure assessment defines and evaluates, quantitatively or qualitatively, the type and 

magnitude of human exposure to the COPCs.  Based on the current and anticipated future land use and 

location of the sites, military personnel, civilian employees, contractors, and trespassers are the most likely 

individuals exposed.  However, to evaluate the sites on a conservative basis, the risks were evaluated 

based on a hypothetical future residential exposure scenario. 

For purposes of the risk screening analysis, maximum detected site concentrations and exposure 

assumptions used to derive the USEPA RSLs were used to assess potential exposure to environmental 

media.  

3.3.3 Toxicity Assessment 

After the initial list of COPCs was completed, the data were further screened on the basis of chemical 

toxicity.  For purposes of this report, the values used to select COPCs based on chemical toxicity sometimes 

are referred to as “risk screening levels.”  In general, if the maximum detected concentration was greater 

than a risk screening level, the chemical was identified as a COPC.  Because of the additive 

noncarcinogenic effects of some chemicals (some chemicals impact the same target organ or exhibit similar 

mechanisms of action), one-tenth of the RSL for noncarcinogenic effects was used as the risk screening 

level.  Human health risk screening levels used to select COPCs are detailed in Section 5.1.1. 

3.3.4 Risk Characterization 

The equations and exposure factors used by USEPA to calculate RSLs based on residential land use were 

used to estimate potential carcinogenic and noncarcinogenic risks at each site.  For carcinogens, the 

incremental lifetime cancer risk (ILCR) was calculated for each COPC by dividing the maximum 

concentration by the RSL based on an ILCR of 1×10-6.  The individual ILCRs were added and compared to 

the USEPA target risk range of 1×10-6 to 1×10-4.  If the total ILCR is within or less than this range, no action 

is needed at a site based on potential carcinogenic risk.  For noncarcinogens, the hazard quotient (HQ) 

was calculated for each COPC by dividing the maximum concentration by the RSL based on an HQ of 1.0.  

The individual HQs were added to calculate the hazard index (HI), which was compared to the USEPA 

target level of 1.0.  If the HI is less than this value, no action is needed based on potential noncarcinogenic 

risk. 

3.4 ECOLOGICAL RISK SCREENING METHODOLOGY 

The screening-level ecological risk assessment (ERA) was conducted in accordance with USEPA (1997 

and 1998) guidance and Navy (1999) policy.  Steps 1 and 2 consist of a site visit, pathway 

identification/problem formulation, toxicity evaluation, exposure estimation, and risk calculation.  Step 3A of 
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the Navy approach consists of refining the conservative exposure assumptions, which may result in a 

reduced list of ecological COPCs. 

The goal of this ecological risk screening was to conduct an initial screening of the analytical data using 

conservative screening values and assumptions to determine whether the sites need to be further evaluated 

as part of a baseline ERA.  The following steps were completed for this risk screening: 

• Problem formulation 

• Exposure assessment 

• Ecological effects assessment 

• Risk characterization 

• Refinement of COPCs (Step 3A) 

3.4.1 Problem Formulation 

Problem formulation is the first step of the ERA and discusses the goals, breadth, and focus of the 

assessment.  It includes a general description of the site with emphasis on the habitats and ecological 

receptors present.  This phase also involves characterization of the site-related contaminants, contaminant 

sources, migration routes, and an evaluation of routes of contaminant exposure. 

3.4.2 Exposure Assessment 

This portion of the ecological risk screening includes identification of contaminant concentration data used 

to represent ecological exposure to various media and the selection of exposure point concentrations 

(EPCs).  The ecological risk screening uses the maximum detected concentration as the EPC. 

3.4.3 Ecological Effects Assessment 

Screening levels for toxicity of each chemical to ecological receptors are compiled for the ecological effects 

assessment in Section 6.3.1.  

3.4.4 Preliminary Risk Characterization 

The preliminary risk characterization compares maximum site concentrations to ecological screening levels.  

When maximum concentrations are less than ecological screening levels, it is an indication that ecological 

receptors are not at risk.  However, when maximum concentrations are greater than screening levels, 

additional evaluation of data is necessary to confirm with greater certainty whether ecological receptors are 

potentially at risk, especially because most screening levels are developed using conservative exposure 

assumptions or studies. 
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Chemicals that do not have screening levels were also retained as COPCs for further evaluation, but will 

only be evaluated qualitatively. 

3.4.5 Step 3A – Refinement of Chemicals of Potential Concern 

Step 3 of the eight-step ERA process is baseline ERA problem formulation.  This step consists of several 

sub-steps designed to develop the goals, breadth, and focus of the baseline ERA.  This step generally is 

beyond the scope of the initial screening-level ERA; however, the initial sub-step in the process is the 

refinement of COPCs.  The use of conservative screening levels and maximum detected concentrations in 

the ecological risk screening is necessary to ensure that potential risks are not underestimated.  However, 

if a comparison to conservative screening levels is used as the single factor for including a COPC in the 

baseline ERA without consideration of other information, additional studies such as toxicity testing or tissue 

analysis could be undertaken to investigate risks from a COPC that may not in actuality pose significant 

risk.  Step 3A involves certain tools to reduce the uncertainties and the conservative nature of the screening-

level ERA.  These items include the following: 

• Alternate guidelines 

• Background data (for inorganics) 

• Frequency of detection and spatial analysis of concentrations exceeding guidelines 
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4.0 SITE SCREENING PROCESS RESULTS 

4.1 SITE SCREENING AREAS 

4.1.1 Site 69 

Site 69 is located in the center of the Main Area (Figure 1-2), with an approximate site boundary extending 

from former Building 1018 (source area) to Town Gut Creek and measuring more than 9 acres (Figure 1-3).  

Perchlorate grains may have spilled onto the ground surface outside of former Building 1018 during 

handling and transfer from train cars and trucks onto the loading dock.  The building was used for the 

grinding of perchlorate grains into powder form, and the interior was washed out periodically onto the 

surrounding ground surface.  The building, loading dock, and hydraulic lift were demolished and removed 

in 2012.   

The site contains many buildings surrounded by pavement, elevated walkways, and access roads 

associated with perchlorate processing and storage.  Otherwise, the ground surface is grassed with some 

eroded drainage paths, some creeks and grassed drainage swales, and several concrete-lined channels 

leading to Town Gut Creek.  The ground surface slopes steeply from former Building 1018 (30 feet above 

mean sea level [msl]) to the creek (5 feet msl) (Figure 2-1). 

4.1.2 AOC 31 

AOC 31 is located in the north-central portion of the Main Area (Figure 1-2), with an approximate site 

boundary measuring < 0.5 acre, encompassing former Building 259 (source), and extending over to the 

wooded habitat west of the building (Figure 1-4).  The building and vicinity (including former concrete 

trench) was a storage building and area used for detonator production during the First World War.  Lead 

azide was produced outside the building and cooled by water within a concrete trench.   

Following demolition of the building and its features by the Navy in 2011, the site contains no features.  The 

ground surface is relatively flat with only 5 feet relief from east to west across the site (Figure 2-2).  It is 

entirely grassed with a wooded area bounding the western side of the site. 

4.2 SITE CHARACTERISTICS 

Three-dimensional interpretive conceptual site models are provided for Site 69 and AOC 31 as Figure 2-3 

and Figure 2-4, respectively.  Photograph logs of Site 69 and AOC 31 are provided in Appendix E. 
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4.2.1 Site 69 

4.2.1.1 Topography and Surface Features 

Site 69 is located in the middle of NSFIH (Figure 1-2) and can be defined as a hilly industrial area with a 

few buildings, paved roads, relatively steep earthen grass-covered bunkers, and drainage ditches.  Site 69 

is approximately 800 feet (north to south) by 500 feet (east to west).  Buildings 1017, 1018, and R-44 (rail 

car) in the northern portion of Site 69 (source area) were demolished and/or removed in 2012 and the area 

was regraded and seeded.  A small mound with some concrete rubble remains at the site where the railroad 

tracks terminated at former Building 1018 (see photo log in Appendix E).  South of Building 1018, the 

topography forms a small valley with the east-side sloping west and the west side-sloping east.  Overall, 

Site 69 has a southerly slope with a concrete drainage ditch running down the middle toward Town Gut 

Creek (Figures 1-3, 2-1, and 2-3).   

4.2.1.2 Geology 

The geology at Site 69, down to 30 feet bgs, can be characterized by gray clay with some silt and a few 

thin sand lenses that grade into a dark gray organic rich clay.  Figure 4-5 shows an interpretive cross-

section with the associated geology, monitoring wells, and sampled intervals (also see transect A-A’ on 

Figure 2-1). 

4.2.1.3 Hydrogeology 

The shallow groundwater beneath Site 69 is unconfined and was encountered at 7 to 8 feet bgs during the 

SSP Investigation.  Infiltration seems to be impeded by clays presenting at 1 to 2 feet bgs, creating 

temporary perched groundwater conditions.  Significant recharge to the aquifer at this site likely is from 

inflowing, upgradient groundwater.  These tight clays make water table identification difficult, and likely limit 

aquifer transmissivity.  It is assumed that shallow groundwater flows to the south-southwest, generally 

mimicking topography, discharging to Town Gut Creek.  Groundwater depths are provided in Table 2-3.  

The clays in the subsurface at Site 69 are similar to the clay aquitard present beneath other sites at NSFIH. 

Lined and unlined drainage ditches convey surface water at Site 69.  Surface water emanates from 

upgradient surface water tributaries, groundwater discharge (i.e., seeps from perched groundwater), and 

conveyance of precipitation onsite and upgradient of the site.  Some of the drainage features are wet only 

following precipitation events, but most of the ditches contain water year-round.  The concrete-lined 

drainage channel south of the former Building 1018 footprint was dry in July 2013.  This drainage channel 

starts on a fairly steep southerly slope and merges with other concrete drainage channels toward Town Gut 

Creek.  Cracks in the concrete allow groundwater to daylight into the channel.  Farther downstream, this 

surface water mixes with other intersecting drainage ditches and flows into Town Gut Creek, which 

ultimately discharges to Mattawoman Creek to the south. 
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4.2.1.4 Demography and Land Use 

Site 69 is in an industrial area where the processing of oxidizers still occurs.  The source area and a portion 

of the study area is located in the explosive arcs of several facility buildings, where access is limited due to 

safety concerns.  There are no residences or offices associated with the property. 

4.2.1.5 Ecology 

Site 69 is mainly industrial and has steep topography with limited grassy areas.  No particular flora or fauna 

were identified during the SSP Investigation.  Town Gut Creek, which borders the site to the south and 

receives runoff and groundwater from Site 69, provides habitat to several ecological receptors.  The 

northern part of Town Gut Creek transitions to wetlands (Figure 2-1). 

Several plants and animals are listed by the U.S. or by the State of Maryland as endangered or threatened 

in Charles County, Maryland.  However, none were identified during the limited habitat evaluations during 

the SSP Investigation. 

4.2.2 AOC 31 

4.2.2.1 Topography and Surface Features 

AOC 31 is located in the north-central portion of NSFIH (Figure 1-2) and can be defined as a relatively flat, 

grassy site with forested areas to the north and west and industrial areas to the south and east.  AOC 31 is 

relatively small area measuring 200 feet by 100 feet.  The western portion of AOC 31 gently slopes to the 

west (Figures 1-4, 2-2, and 2-4). 

4.2.2.2 Geology 

The geology at AOC 31 was characterized down to 18 feet before refusal was reached with the DPT 

macrocore rods.  On the surface, there is a very thin layer of top soil that overlies light brown silt that grades 

into a very stiff mottled (red-gray-light brown) clay.  Building 259 was demolished in 2011 and some silty 

sand fill material was observed within the former building footprint. 

4.2.2.3 Hydrogeology 

No surface water, sediment, or groundwater media were encountered at AOC 31.  The subsurface at 

AOC 31 was comprised of tight silts and clays.  This clay subsurface prevents an effective shallow 

groundwater aquifer matrix at the site, similar to conditions at the nearby “Lab Area” sites (located 150 feet 

southeast of AOC 31). 
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4.2.2.4 Demography and Land Use 

AOC 31 is within an industrial area, but since demolition and restoration activities in 2011, the site itself is 

no longer used.  There are several vicinity buildings with active operations explosive arcs, but AOC 31 is 

located outside the arcs.  There are no residences or offices associated with the property. 

4.2.2.5 Ecology 

Following demolition of Building 259 and its features in 2011, AOC 31 is a flat, grassy area bordering a 

wooded area to the west.  No particular flora or fauna were identified during the SSP Investigation.   

Several plants and animals are listed by the U.S. or by the State of Maryland as endangered or threatened 

in Charles County, Maryland.  However, none were identified during the limited habitat evaluations during 

the SSP Investigation. 

4.3 FIELD INVESTIGATION AND RESULTS 

Samples were collected at each site as described in Section 2.0 and as detailed in Table 2-1 (Site 69) and 

Table 2-2 (AOC 31).  Tables 4-1 through 4-5 present analytical and field-measured data for each medium 

at each site.  Boring logs, well completion diagrams, and sample log sheets are provided in Appendix C.  

All analytical data and data validation memoranda are provided in Appendix D.   

4.3.1 Site 69 

The SSP field activities were completed in July 2013.  The observations and findings at Site 69 were 

consistent with the CSM developed during the Tt (2013) work plan (Figure 2-3).   

4.3.1.1 Soil 

Twelve surface soil samples (including 2 duplicates) were collected from 10 locations at Site 69 (see 

Table 2-1, Table 4-1, and Figure 4-1).  Soil borings were installed at 5 of the 10 locations to collect lithology 

information and subsurface soil samples.  Soil borings at locations S04, S11, and S13 also served as pilot 

holes for new monitoring wells S69-MW01, -MW02, and -MW03 (Figure 4-1).  The surface soil samples 

were collected with disposable trowels from 0 to 1 foot bgs.  The subsurface soil samples were collected 

just above the water table with DPT macrocores.  All soil samples were analyzed for perchlorate.   

Perchlorate results in soil are screened against the USEPA residential RSL (55,000 micrograms per 

kilogram [µg/kg]) and the industrial RSL (820,000 µg/kg) in Table 4-1.  Perchlorate was detected in all the 

surface and subsurface soil samples; however, only one detection exceeded the residential RSL:  

89,000 µg/kg in subsurface soil sample SB04 in the source area at 7 to 8 feet bgs (Figure 4-1).  Surface 

soil perchlorate concentrations ranged from 0.16 µg/kg (at S06, near/upgradient of the source area) to 
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2,000 µg/kg (at S04, in the source area).  Subsurface soil concentrations ranged from 3.6 µg/kg (at S11, 

midway down surface flow paths) to 89,000 µg/kg (at S04, in the source area).  The lowest concentrations 

occurred upgradient and farther downgradient of the source area, while the maximum concentrations 

occurring within and immediately downgradient of the source area.  The data provide good coverage for 

the site at the screening-level stage, but perchlorate contamination in soil was not fully delineated by the 

SSP sampling (data gaps remain).  

4.3.1.2 Groundwater 

Groundwater samples were collected from the three newly-installed monitoring wells (S69-MW01; -MW02; 

and –MW03).  A duplicate sample was collected at well MW01.  Each sample was analyzed for perchlorate, 

nitrate, and nitrite.  The analytical results for groundwater are presented in Table 4-2 and on Figure 4-2.  

Field-measured water quality parameters also are included in Table 4-2.  Groundwater perchlorate results 

are screened against the USEPA tap water RSL (14 µg/L), federal Maximum Contaminant Level (MCL) 

(15 µg/L), and the Department of Defense (DoD) Action Level (15 µg/L).  Groundwater nitrite and nitrate 

results are screened against the tap water RSLs (32 milligrams per liter [mg/L] and 2 mg/L, respectively) 

and MCLs (10 mg/L and 1 mg/L, respectively). 

Perchlorate was detected in the groundwater samples from all three monitoring wells; however, 

concentrations were below the screening values/criteria in wells MW02 and MW03, whereas the perchlorate 

concentration at MW01 was 56,000 µg/L (S69-MW01P-072313).  Nitrate and nitrite were detected in all 

three wells, but concentrations were below the screening values/criteria in all samples.  The highest 

concentrations of nitrate and nitrite occurred in source area well MW01.  Groundwater pH was consistent 

at approximately 4.  Dissolved oxygen and oxidation-reduction potential (ORP) values were measured at 

greater than 5 mg/L and 100 millivolts (mV), respectively, in groundwater from wells MW01 and MW02.  

These data suggest oxidizing conditions in the aquifer in the source area and middle of the site. 

4.3.1.3 Surface Water 

At Site 69, the drainage ditches can be characterized as either concrete, rip-rap with geotextile fabric, or 

earthen.  Water within these drainage ditches coalesce and drain to the south into Town Gut Creek.  The 

discharge areas and the portion of the creek bordering Site 69 appears to be wetland habitat (Appendix E).  

Surface water and sediment samples were to be collected at eight locations; however, surface water and/or 

sediment was not present at several locations (Table 2-1):  S10 had no surface water or sediment; S12 had 

surface water, but no sediment; and S16 had sediment, but now surface water. 

The surface water samples from the six sampled locations (S09, S12, S14, S15, S17, and S18) were 

analyzed for perchlorate.  Four samples (and one duplicate) also were analyzed for nitrate and nitrite 

(Table 2-1).  Water quality parameters (DO, temperature, specific conductivity, ORP, turbidity, and salinity) 
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were recorded with a Horiba U-52 water quality meter for each surface water sample.  Surface water results 

are shown on Figure 4-3 and are screened against the USEPA tap water RSL, MCL, and DoD Action Level 

in Table 4-3.   

Perchlorate was detected in each of the surface water samples, ranging from 0.091 to 23 µg/L and 

exceeding the screening values/criteria at four locations:  S12, S14, S17, and S18.  The highest 

concentrations of perchlorate were detected in the drainage ditch that originates in the north-central portion 

and proceeds to run down middle of Site 69 discharging to Town Gut Creek.  Nitrate and nitrite 

concentrations in surface water all were below screening values/criteria. 

4.3.1.4 Sediment 

Surface water and sediment samples were to be collected at eight locations; however, surface water and/or 

sediment was not present at several locations (Table 2-1):  S10 had no surface water or sediment; S12 had 

surface water, but no sediment; and S16 had sediment, but now surface water. 

The sediment samples from the six sampled locations (S09, S14, S15, S16, S17, and S18) were analyzed 

for perchlorate.  Perchlorate was not detected in any of the samples (all below 0.4 µg/kg) (Table 4-4 and 

Figure 4-3).  One nondetect result (< 0.41 µg/kg) was rejected by the data validator due to lab matrix spike 

recovery problems.  The perchlorate sediment data screening against the USEPA residential and industrial 

soil RSLs indicates no exceedances. 

4.3.2 AOC 31 

The SSP field activities were completed in July 2013.  The observations and findings at AOC 31 were 

consistent with the CSM developed during the Tt (2013) work plan, except that shallow groundwater was 

not encountered during the investigation.  Consequently, the CSM has been revised as discussed below 

and shown on Figure 2-4.   

4.3.2.1 Soil 

Seven soil samples (including one duplicate) were collected from six locations at AOC 31 (see Table 2-2, 

Table 4-5, and Figure 4-4.  Two locations consisted of only surface soil samples (A31-S05 and S06), one 

location consisted of surface and subsurface soil samples (S04), and three locations consisted of 

subsurface soil samples (S01, S02, and S03).  The surface soil samples were collected with disposable 

trowels from 0 to 1 foot bgs.  The subsurface soil samples were collected with the DPT macrocore tool from 

a depth interval of 3 to 4 feet bgs, just below the depth of the former concrete cooling trench (trench removed 

during demolition of Building 289 prior to the SSP fieldwork).  All soil samples were analyzed for perchlorate, 

select explosives, and select metals.  The results are presented on Figure 4-4 and are screened against 
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the USEPA residential and industrial soil RSLs, residential RSL-based SSLs, MCL-based SSLs, and 

representative background concentrations in Table 4-5.   

No explosives were detected.  Perchlorate was detected in every soil sample at concentrations ranging 

from 0.43 to 2.0 µg/kg, well below the screening values.  Lead and mercury were detected in every soil 

sample, with the maximum concentrations both occurring at location S05, near the former drain spout 

location on the west side of former Building 259.  Lead concentrations ranged from 9.6 to 500 mg/kg and 

mercury concentrations ranged from 0.026 to 28 mg/kg. 

4.3.2.2 Groundwater 

A new groundwater monitoring well and sample were planned at location A31-S04, but no shallow water-

bearing zones were encountered during the soil boring installation (down to 18 feet bgs).  The soil in the 

macrocores had very little moisture and was dominated by a very stiff silty clay.  Based on the similar 

geology (low permeability clays) and proximity (300 feet) to the Lab Area sites, where no shallow 

groundwater is encountered (CH2M HILL, 2009), groundwater was not identified as a media/pathway for 

transport or exposure at AOC 31.  

4.3.2.3 Surface water and Sediment  

No surface water or sediment samples media were present at AOC 31.   

4.4 HUMAN HEALTH RISK SCREENING EVALUATION 

The methodology used to screen for COPCs and to estimate risks is provided in Section 3.3 and the HHRE 

entirety is presented in Section 5.0.   

4.4.1 Site 69 

The HHRE for Site 69 identified perchlorate as a COPC in subsurface soil, groundwater, and surface water.  

No COPCs were identified in surface soil.  Sediment was not evaluated (no detections).  Noncancer risk 

estimates (hazard indexes [HIs]) for residential exposures to subsurface soil and groundwater were greater 

than (>) the acceptable level of 1, while the HI for residential exposures to surface water were less than 

(<) 1.  The HI for industrial workers exposed to subsurface soil was < 1.  Perchlorate was the only 

contributor to the HIs for subsurface soil and groundwater. 

4.4.2 AOC 31 

The HHRE for AOC 31 identified lead and mercury as direct contact COPCs in surface soil and mercury as 

a direct contact COPC in subsurface soil.  Lead and mercury in surface soil and mercury in subsurface soil 

also were identified as COPCs for migration from soil to groundwater.  However, shallow groundwater was 
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not encountered at the site (tight silty clay formation with low permeability), so it was not evaluated as a 

media/pathway for transport or exposure.  The HI for residential exposures to surface soil exceeds the 

acceptable level of 1, while the HI for residential exposures to subsurface soil is < 1.  Mercury was the 

major contributor to the HI for exposures to surface soil.  HIs for industrial exposures to surface soil and 

subsurface soil are both < 1. 

Lead also was identified as a COPC for surface soil at AOC 31.  The average lead concentration was less 

than the residential screening level.  Consequently, no adverse health effects are anticipated from site-wide 

exposures to lead in surface soil at AOC 31. 

4.5 ECOLOGICAL RISK SCREENING EVALUATION 

The methodology used to screen for COPCs and to estimate risks is provided in Section 3.4.  Section 6.0 

contains the results of the ecological risk screening evaluations for each of Site 69 and AOC 31. 

4.5.1 Site 69 

Surface soil, sediment, and surface water were evaluated for ecological risk at Site 69.  There were no 

detections in sediment, and concentrations in surface water were below conservative screening levels.  

Perchlorate initially was selected as a COPC in surface soil (plants and soil invertebrates) due to a lack of 

screening levels.  However, upon COPC refinement with spatial distribution analysis, it was concluded that 

any impacts to plants and soil invertebrates from exposure to perchlorate are expected to be minimal.  The 

initial food chain modeling indicated no unacceptable issues for herbivorous mammals and invertivorous 

birds and mammals at Site 69. 

4.5.2 AOC 31 

Surface soil was evaluated for ecological risk at AOC 31.  No surface water or sediment media were present 

at the site.  Lead and mercury were initially selected as COPCs in surface soil (plants and invertebrates), 

because the maximum concentrations exceeded their respective screening levels.  Perchlorate also was 

selected as a COPC in surface soil (plants and soil invertebrates), because a screening level was not 

available. 

Upon COPC refinement, perchlorate was eliminated as a COPC, because it was concluded that any 

impacts to plants and soil invertebrates from exposure to perchlorate are expected to be minimal, and food 

chain modeling indicated no unacceptable issues.  Lead was dismissed based on refined food chain 

modeling and spatial distribution analysis (likely exposure).  However, mercury was retained as an 

ecological COPC at AOC 31 based on the additional food chain modeling. 
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5.0 HUMAN HEALTH RISK EVALUATION 

This section presents the HHRE for the Site 69 and AOC 31 at NSF Indian Head.  A summary of the SSP 

field investigation is presented in Section 2.0 and a discussion of each SSA’s background and extent of 

contamination is presented in Section 4.0.  

5.1 SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

COPCs are target analytes detected in an environmental media that are selected for evaluation in the risk 

assessment process.  In general, a chemical is selected as a COPC and retained for further quantitative 

risk evaluation when the maximum detection in a sampled medium exceeds the lowest risk-based 

concentration (RBC) and, for inorganics, is present above established background levels.  Chemicals 

eliminated from further evaluation are assumed to present minimal risks to potential human receptors. 

5.1.1 Derivation of Screening Criteria 

The primary criteria used to identify COPCs are based on USEPA RSLs (2015).  The RSLs are based on 

exposure pathways for which generally accepted methods, models, and assumptions have been developed 

(i.e., ingestion, dermal contact, and inhalation) for specific land-use conditions and do not consider impact 

to ecological receptors.  The screening concentrations based on the RSLs correspond to a systemic HQ of 

0.1 for non-carcinogens or an ILCR of 1×10-6 for carcinogens.  The RSLs for non-carcinogens are based 

on an HQ of 1, whereas the screening concentrations used in the selection of COPCs were based on an 

HQ of 0.1 to account for the potential cumulative effects of several chemicals affecting the same target 

organ or producing the same adverse noncarcinogenic effect.  The COPC screening levels used for each 

medium in the risk assessment are discussed below. 

5.1.1.1 Screening Levels for Soil and Sediment 

The RSLs for residential soil (USEPA, 2015) were used as screening levels to select COPCs for surface 

soil, subsurface soil, and sediment.  Maximum chemical concentrations in soil also were compared to 

USEPA tap water RSL-based soil screening levels (SSLs) for groundwater.  The USEPA SSLs are based 

on a dilution attenuation factor (DAF) of 1.  A DAF of 1 is very conservative, because it assumes that no 

dilution occurs during the migration from soil to groundwater (i.e. the entire contaminant mass is 

transferred).  The SSLs for migration from soil to groundwater were not used for the selection of COPCs 

for direct contact exposure; however, they do allow qualitative evaluation of the potential for chemical 

migration from soil to groundwater.  Chemicals with concentrations exceeding the SSLs could theoretically 

migrate from soil to groundwater at levels consistent with risk-based levels and therefore further 

assessment may be warranted. 
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The COPC screening levels selected to evaluate chemicals in sediments are 10 times those derived to 

evaluate chemical concentrations in soils.  The adjustment of the screening levels by a factor of 10 is 

recommended for sediment COPC screening because exposures to sediments (particularly those under 

water) are anticipated to be less than exposures to soil. 

5.1.1.2 Screening Levels for Groundwater and Surface Water 

The tap water RSLs (USEPA, 2015) and MCLs (USEPA, 2012) were used as screening levels to select 

COPCs for groundwater.  Risk-based screening levels for tap water ingestion are based on daily residential 

exposure assumptions.  In general, the use of tap water screening levels is regarded as a highly 

conservative approach to COPC selection because groundwater at the sites are not used as a potable 

water source. 

The USEPA-based COPC screening levels selected to evaluate chemicals in the surface water are 10 

times those derived to evaluate chemicals in groundwater.  This one order of magnitude difference is 

appropriate, because surface water is not a domestic drinking water source, and exposure to chemicals in 

surface water would most likely be incidental (e.g., associated with trespassers).  Human exposure to 

surface water is anticipated to be less frequent and intense, by at least an order of magnitude, than 

exposure assuming domestic use of a water supply. 

5.1.1.3 Background Evaluation 

In accordance with Navy (2004) policy on background, chemicals present at background concentrations 

were not retained as COPCs in this HHRE.  The policy presents the Navy’s interpretation of the USEPA 

(2002) guidance entitled Role of Background in the CERCLA Cleanup Program and details the methodology 

to be used in evaluating background under the Navy’s ERP.  The Navy policy has been accepted by the 

USEPA as not contradicting the USEPA guidance. 

Background data for soil are described in the Background Soil Investigation Report of Indian Head and 

Stump Neck Annex (Tt, 2002).  No background data are available for surface water and sediment, nor for 

perchlorate in groundwater; consequently, a background comparison was not performed for these media.  

For soil, the background upper tolerance limits (UTLs, representing 95 percent coverage of the soil 

population with 95 percent confidence) was used to determine whether metals are naturally occurring or 

are site-related contaminants.  In the COPC selection process, if the results of the background evaluation 

indicated that chemical concentrations detected in soils did not exceed background concentrations, that 

chemical was not selected as a COPC and was not carried through the quantitative risk assessment. 
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5.1.2 Decision Rules for Establishing COPCs 

The following decision rules were used to select initial lists of COPCs for each medium at each site: 

• A chemical detected in soil was selected as a COPC for soil if any detected chemical concentration 

exceeded the screening levels for residential exposures to soil or for migration from soil to 

groundwater and, for inorganics, if the background comparison indicates the site concentrations 

are greater than the corresponding background concentration. 

• A chemical detected in groundwater was selected as a COPC for groundwater if the maximum 

detected concentration in any onsite monitoring well exceeded screening levels for tap water. 

• A chemical detected in surface water was selected as a COPC for surface water if the maximum 

detected concentration in a potentially impacted surface water body exceeded the modified 

screening level for tap water. 

There were no chemical detections in sediment at Site 69.  Shallow groundwater, sediment, and surface 

water media were not present at AOC 31.   

5.1.3 COPCs Selected for the HHRE 

COPCs were selected for surface soil, subsurface soil, groundwater, and surface water at Site 69 and 

surface soil and subsurface soil at AOC 31 using the screening levels described above.  No chemicals were 

detected in sediment samples at Site 69.  A discussion of the chemicals identified as COPCs and the 

rationale for COPC selection is provided in the following subsections.  A discussion of the chemicals 

detected in site media is presented in Section 4.3.  COPC selection information for each medium is 

presented in Tables 5-1 through 5-4 for Site 69 and Tables 5-5 through 5-8 for AOC 31. 

5.1.3.1 Site 69 - Surface Soil 

Twelve surface soil samples (including two duplicates) were collected from ten locations at Site 69 and 

analyzed for perchlorate.  A comparison of maximum detected surface soil concentrations to COPC 

screening levels is presented in Table 5-1.  The maximum perchlorate concentration was less than the 

direct contact risk-based COPC screening level; therefore, perchlorate was not retained as a COPC for 

surface soil at Site 69. 

5.1.3.2 Site 69 - Subsurface Soil 

Five subsurface soil samples were collected from five locations at Site 69 and analyzed for perchlorate.  A 

comparison of maximum detected subsurface soil concentrations to COPC screening levels is presented 
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in Table 5-2.  The maximum perchlorate concentration exceeded the direct contact risk-based COPC 

screening level; therefore, perchlorate was retained as a COPC for subsurface soil at Site 69. 

5.1.3.3 Site 69 – Groundwater 

Four groundwater samples (including one duplicate) were collected from the three newly installed 

monitoring wells at Site 69 and analyzed for perchlorate, nitrate, and nitrite.  A comparison of maximum 

detected groundwater concentrations to COPC screening levels is presented in Table 5-3.  Concentrations 

of perchlorate exceeded the COPC screening level; therefore, perchlorate was retained as a COPC for 

direct contact with groundwater at Site 69.  Nitrate and nitrite concentrations were below screening levels. 

5.1.3.4 Site 69 – Surface Water 

Seven surface water samples (including one duplicate) were collected from six locations at Site 69 and 

analyzed for perchlorate, nitrate, and nitrite.  A comparison of maximum detected surface water 

concentrations to COPC screening levels is presented in Table 5-4.  Concentrations of perchlorate 

exceeded the COPC screening levels; therefore, perchlorate was retained as a COPC for direct contact 

with surface water at Site 69.  Nitrate and nitrite concentrations were below screening levels. 

5.1.3.5 AOC 31 - Surface Soil 

Four surface soil samples (including one duplicate) were collected from three locations at AOC 31 and 

analyzed for perchlorate, explosives, lead, and mercury.  A comparison of maximum detected surface soil 

concentrations to COPC screening levels is presented in Table 5-5.  Lead and mercury were detected at 

concentrations exceeding the screening levels and were retained as COPCs for direct contact to surface 

soil at AOC 31.  No explosives were detected.  Perchlorate concentrations were below the screening level. 

A comparison of maximum detected surface soil concentrations to USEPA SSLs (DAF of 1) for chemical 

migration from soil to groundwater is presented in Table 5-6.  Lead and mercury detections exceeded the 

SSLs, so they were retained as COPCs for migration from surface soil to groundwater at AOC 31. 

5.1.3.6 AOC 31 - Subsurface Soil 

Four subsurface soil samples were collected from four locations at AOC 31 and analyzed for perchlorate, 

explosives, lead, and mercury.  A comparison of maximum detected subsurface soil concentrations to 

COPC screening levels is presented in Table 5-7.  Only mercury was detected above the screening level 

and was retained as a COPC for direct contact to subsurface soil at AOC 31.  No explosives were detected.   
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A comparison of maximum detected subsurface soil concentrations to USEPA SSLs (DAF of 1) for chemical 

migration from soil to groundwater is presented in Table 5-8.  Mercury was detected above the SSL and 

was retained as a COPC for migration from subsurface soil to groundwater at AOC 31. 

5.2 EXPOSURE ASSESSMENT 

This section presents the exposure assessment for surface soil, subsurface soil, groundwater, and surface 

water at Site 69; and surface soil and subsurface soil at AOC 31.  Receptors considered in the evaluation 

are identified and the methodology used to determine the EPC (i.e., the concentration to which a receptor 

is exposed) is presented.  This section also summarizes earlier site characteristics information as it applies 

to the HHRE. 

5.2.1 Site 69 – Oxidizer Building 

Site 69 measures approximately 9 acres in the middle of NSFIH and can be defined as a hilly industrial 

area with a few buildings, paved roads, relatively steep earthen grass-covered bunkers, and drainage 

ditches (Figure 1-2 and Figure 1-3).  Source area buildings and features at the north end of the site (former 

Buildings 1017, 1018, and R-44) were demolished in 2012 and the area was regraded and seeded.  Site 

topography slopes down to Town Gut Creek with a predominant concrete drainage ditch running down the 

middle.   

The shallow groundwater beneath Site 69 is unconfined and surface infiltration recharge is impeded by 

clays near the surface.  The clays create temporary perched water conditions.  The true water table at 

Site 69 was generally encountered between 7 to 8 feet bgs.  It is assumed that shallow groundwater flows 

to the south-southwest, generally mimicking topography, discharging to Town Gut Creek.   

Surface water at Site 69 exists in drainage ditches and likely discharge most of the precipitation that falls 

at the site rapidly to Town Gut Creek.  Some of the drainage features are wet only following precipitation 

events, but most of the ditches contain water year-round.    

Site 69 is in an industrial area where the production of energetics and other related processes (remote 

operations, cleaning, storage, etc.) still occur.  The source area and a portion of the study area are located 

in the explosive arcs of several buildings, where access is very limited.  There are no residences or offices 

associated with the property. 

5.2.2 AOC 31 – Detonator Production 

AOC 31 measures < 0.5 acre in the north-central portion of NSFIH and can be defined as relatively flat, 

grassy, industrial with forested areas to the north and west (Figure 1-2 and Figure 1-4).  The western portion 

of AOC 31 slopes to the west.  Shallow groundwater was not encountered at AOC 31.  Sediment and 
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surface water media are not present at the site.  All structures and features were demolished and removed 

by the Navy in 2011.  There are no residences or offices associated with the property. 

5.3 RISK CHARACTERIZATION 

Section 5.1 identified chemicals detected at concentrations above COPC screening levels in subsurface 

soil, groundwater, and surface water at Site 69, and surface soil and subsurface soil at AOC 31.  In order 

to present some perspective on the magnitude of exceedances, HIs were estimated for those chemicals 

identified as COPCs in Section 5.1.  There are no carcinogenic toxicity criteria available for the particular 

chemicals retained as COPCs; consequently, cancer risks could not be calculated. 

Noncarcinogenic risk estimates are presented in the form of HQs.  The HQ was derived by dividing the 

noncarcinogenic RBC for a particular medium (e.g., soil) into the EPC.  The USEPA RSLs were used as 

the RBCs in this evaluation.  Compounds potentially resulting in noncarcinogenic (systemic) effects are 

evaluated using the following equations: 

RBC
C  HQ i

i =
 

∑
=

=
n

1  i
iHQ  HI
 

where: HQi = Hazard quotient for compound i 

Ci = Exposure point concentration (mg/kg or µg/L) for compound i 

RBC = Risk-based concentration (mg/kg or µg/L) for compound i 

HI = Hazard index 

The HQs for all COPCs were summed to account for potential noncarcinogenic effects associated with 

multiple chemical exposures (i.e., the HI was calculated).  The total HI was then compared to the USEPA’s 

target level of 1.  “Acceptable” exposure levels are generally concentration levels that represent a HI less 

than or equal to 1.  However, because all chemicals do not exhibit the same mechanism of action or impact 

the same target organ, the exceedance of this value does not necessarily constitute an “unacceptable” 

noncarcinogenic risk.  If the estimated HI was greater than 1, noncarcinogenic effects were segregated 

according to the affected target organs and target organ HIs were calculated, which represent the sum of 

those chemicals that impact similar target organs or exhibit similar mechanisms of action.  Generally, 

estimated HIs greater than 1 for the same target organs are considered to be “unacceptable."  HIs were 

estimated assuming industrial and hypothetical residential land use. 

For surface soil, subsurface soil, and surface water at Site 69, the EPC was the 95 percent upper 

confidence limit (UCL) on the arithmetic mean calculated using USEPA’s ProUCL software.  There were 
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an insufficient number of samples to calculate UCLs for groundwater at the Site 69 and surface soil and 

subsurface soil at AOC 31; therefore, respective maximum detected concentrations were used as the 

EPCs.  ProUCL Outputs are included in Appendix A. 

The estimated risks for the Site 69 are presented in Tables 5-9 through 5-12, for AOC 31 are presented in 

Tables 5-13 through 5-16, and for both sites are discussed below. 

5.3.1 Site 69 

HIs for residential and industrial exposures to perchlorate in subsurface soil, groundwater, and surface 

water at the Site 69 are summarized below.  No carcinogenic toxicity criteria are available for perchlorate; 

consequently, ILCRs were not calculated. 

Media 
Hazard Index 

Residential Industrial 
Subsurface Soil 2 0.1 
Groundwater 4,000 NA 
Surface Water 0.2 NA 
Total 4,000 0.1 

NA – Not applicable. 

HIs for residential exposures to subsurface soil and groundwater exceeded 1, while the HI for residential 

exposures to surface water were less than the acceptable level of 1.  Perchlorate was the major contributor 

to the HIs for subsurface soil and groundwater.  The HI for industrial workers exposed to subsurface soil 

was < 1. 

5.3.2 AOC 31 

Mercury was retained as a COPC in surface and subsurface soil at AOC 31.  HIs for residential and 

industrial exposures to mercury in surface soil and subsurface soil at AOC 31 are summarized below.  No 

carcinogenic toxicity criteria are available for the identified COPCs in surface soil and subsurface soil; 

therefore, ILCRs could not be estimated. 

Media 
Hazard Index 

Residential Industrial 
Surface Soil 3 0.7 
Subsurface Soil 0.4 0.1 
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The HI for residential exposures to surface soil exceeds the acceptable level of 1, while the HI for residential 

exposures to subsurface soil is < 1.  Mercury was the major contributor to the HI for exposure to surface 

soil.  HIs for industrial exposures to surface soil and subsurface soil were < 1. 

Lead was also identified as a COPC for surface soil at AOC 31.  The maximum detected concentration in 

surface soil of 500 mg/kg exceeds the EPA OSWER soil screening level of 400 mg/kg for residential land 

use, but is less than the industrial value of 800 mg/kg.  Exposures to lead are evaluated using average site 

concentrations (USEPA, 1994, 2009).  The average lead concentration of 109 mg/kg is less than the 

OSWER screening level, consequently no adverse health effects are anticipated from exposures to lead in 

surface soil at AOC 31. 

5.4 HUMAN HEALTH RISK SUMMARY  

An HHRE was conducted as part of the SSP Investigation for Site 69 and AOC 31 at NSF Indian Head.  

COPCs were identified by comparing chemical concentrations in surface soil, subsurface soil, groundwater, 

and surface water to USEPA RSLs, MCLs, and background levels.  No chemicals were detected in 

sediment samples at Site 69.  Risk estimates were developed based on development of ratios of 

concentrations of COPCs in surface soil and subsurface soil to the RSLs for residential and industrial soil 

exposures, COPCs in groundwater to RSLs for tap water, and COPCs in surface water to modified RSLs 

for tap water.  The results of the HHRE are summarized below. 

At Site 69, perchlorate was identified as a COPC in subsurface soil, groundwater, and surface water.  No 

COPCs were identified for surface soil or sediment. 

At AOC 31, lead and mercury were identified as direct contact COPCs in surface soil and mercury was 

identified as a direct contact COPC in subsurface soil.  Lead and mercury in surface soil and mercury in 

subsurface soil were also flagged as potential COPCs for migration from soil to groundwater. 

Noncancer risk estimates were developed based on development of ratios of the detected chemical 

concentrations for surface soil, subsurface soil, groundwater, and surface water against USEPA RSLs for 

residential and industrial soils and tap water.  No carcinogenic toxicity criteria are available for the identified 

COPCs; therefore, cancer risk estimates were not possible.  At Site 69, noncancer risk estimates (i.e., HIs) 

for residential exposures to subsurface soil and groundwater exceeded 1, while the HI for residential 

exposures to surface water were less than the acceptable level of 1.  The HI for industrial workers exposed 

to subsurface soil was < 1.  Perchlorate was the major contributor to the HIs for subsurface soil and 

groundwater. 

At AOC 31, the HI for residential exposures to surface soil exceeds the acceptable level of 1, while the HI 

for residential exposures to subsurface soil is < 1.  Mercury was the major contributor to the HI for exposures 

to surface soil.  HIs for industrial exposures to surface soil and subsurface soil are < 1. 
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Lead was also identified as a COPC for surface soil at AOC 31.  However, the average lead concentration 

was less than the OSWER residential screening level, consequently no adverse health effects are 

anticipated from exposures to lead in surface soil at AOC 31. 
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6.0 ECOLOGICAL RISK ASSESSMENT 

The goal of this screening-level ERA for Site 69 and AOC 31 is to evaluate the potential for adverse 

ecological impacts resulting from site-related contamination.  This goal is accomplished by identifying 

ecological COPCs detected at concentrations above screening levels, identifying the locations of these 

exceedances, and concluding whether or not further investigation and/or remedial action at Site 69 and 

AOC 31 is warranted from an ecological perspective.   

6.1 INTRODUCTION 

The screening-level ERA methodology used herein is in accordance with Navy and USEPA guidance 

documents (Navy, 1997, 1999; USEPA, 1997, 1998).  This ERA consists of Steps 1, 2, and 3a of the eight-

step ecological risk evaluation process discussed in USEPA (1997 and 1998) guidance and the Navy (1999) 

Policy for Conducting ERAs.  The first two screening steps comprise the screening-level ERA and 

correspond with Tier 1 of the Navy policy, during which conservative exposure estimates are compared to 

screening levels and threshold toxicity values.  Step 3a is the first step of a baseline ERA and consists of 

refining the Tier 1 assumptions following Steps 1 and 2 to further focus the ERA process on the chemicals 

of greatest concern at a site.  Step 3a corresponds with the first part of Tier 2 of the Navy policy.  Steps 3b 

through 7 are conducted if additional evaluations or investigations are necessary.  Aspects of Step 8 (risk 

management) are addressed throughout the ERA process in cooperation with regulators.  A schematic 

diagram of the general risk assessment process is provided as Figure 6-1.   

6.2 TIER 1, STEP 1:  SCREENING-LEVEL PROBLEM FORMULATION  

The screening-level problem formulation is the first step of the screening-level ERA and includes 

identification of potential receptor groups, COPCs, and the mechanisms for contaminant fate, transport, 

and toxicity.  The complete exposure pathways that exist at a site are determined at this point to facilitate 

receptor selection.  The problem formulation process enables the risk assessor to identify the following:  

the ecological resources to be protected (known as assessment endpoints); the measurements that were 

used to evaluate risks to those resources (known as measurement endpoints); and the chemicals, 

geographic areas, and environmental media relevant to the risk assessment.   

As part of receptor identification, site habitat(s) and potential ecological receptors, as they apply to 

ecological risk, are described in the following subsections. 

6.2.1 Environmental Setting 

Site 69 measures approximately 9 acres in the middle of NSFIH and can be defined as a hilly industrial 

area with a few buildings, paved roads, relatively steep earthen grass-covered bunkers, and drainage 

ditches (Figure 1-2 and Figure 1-3; see photos in Appendix E).  Source area buildings and features at the 
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north end of the site (former Buildings 1017, 1018, and R-44) were demolished in 2012 and the area was 

regraded and seeded.  Most of the site is covered with mowed grass, and forested areas are located along 

the site boundaries and within the southern portion of the site.  Topography slopes steeply down to Town 

Gut Creek with a predominant concrete drainage ditch running down the middle.  Groundwater flow is 

understood to flow to the south through the site following site topography. 

Surface water is present at Site 69 in Town Gut Creek, streams, and in site drainage ditches, which are 

concrete, rip-rap with geotextile fabric, or earthen.  Most of these ditches have water flowing through them 

year round due to groundwater discharging into them, but a few only have water during significant rain 

events.  The ditches are only a few feet wide and typically only have a few inches of water.  Some streams 

are present on the boundaries of the site in wooded areas.  The main concrete drainage ditch south of the 

former Building 1018 was dry during the sampling event.  Farther down the channel, groundwater (perched 

or otherwise) seeps through cracks in the concrete channel.  The drainage discharges into an emergent 

wetland habitat that’s part of Town Gut Creek.  Town Gut Creek discharges to Mattawoman Creek to the 

south through several culverts. 

AOC 31 measures < 0.5 acre in the north-central portion of NSFIH and can be defined as relatively flat, 

grassy, and industrial with forested areas to the north and west (Figure 1-2 and Figure 1-4; see photos in 

Appendix E).  The flat topography slopes gently to the west.  Former Building 259 and the concrete cooling 

trench were demolished and removed in 2011, and the locations have been backfilled and regraded with 

clean fill.  The former concrete trench presumptively drained to the west toward the wooded area.  Shallow 

groundwater was not encountered at AOC 31.  Sediment and surface water media are not present at the 

site. 

6.2.2 Potential Sources of Contamination 

Section 1.3 of this report includes information on the facility background.  Site background is provided in 

Section 1.4 and site characteristics are discussed in Section 4.2.  

Site 69 was identified during pre-demolition sampling efforts for Building 1018 in January 2011, which 

identified elevated perchlorate concentrations in soil (Tt, 2013).  Processes that occurred in Building 1018 

(Oxidizer Process Building) included grinding ammonium and potassium perchlorate into powder form.  

Perchlorate grains may have spilled onto the ground surface outside of Building 1018 during transfer from 

train cars and trucks onto the loading dock.  Also, rinse water from Building 1018 was historically released 

to soil surrounding the building.   

AOC 31 was identified during pre-decontamination sampling efforts for Building 259 in January 2011, which 

found elevated metals and energetics concentrations in soil.  Building 259 (Old Storehouse / Detonator 
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Production) was used for detonator production during World War I.  Lead azide was produced outside the 

building and cooled by water within the former concrete trench.   

6.2.3 Potential Exposure Pathways 

Chemicals may have entered soil, sediment, surface water, and/or groundwater from historical site activities 

(Figure 6-2).  For Site 69, perchlorate grain spills during unloading and handling, and rinse water from 

Building 1018 released to soil surrounding the building, may have impacted soil and the surficial aquifer 

groundwater.  Groundwater daylighting into the concrete drainage ditches may contribute to surface water 

flow in drainage ditches.  Surface water and sediment at Site 69 may have been impacted by contaminants 

that entered the drainage ditches.  For AOC 31, potential releases from lead azide production activities that 

occurred outside the building may have released contaminants to soil.  The following sections describe the 

potential exposure pathways (also see Figure 6-2). 

6.2.3.1 Surface Soil 

Several groups of terrestrial ecological receptors can be exposed to contaminants in surface soil from 

Site 69 and AOC 31.  Invertebrates such as earthworms are exposed to contaminants as they move through 

the soil and ingest soil particles while searching for food.  Plants are exposed to contaminants via direct 

contact as contaminants are absorbed through the roots, and contaminants are then translocated to 

different parts of the plants (e.g., leaves, seeds).  These pathways are evaluated in the ERA. 

Small mammals/birds may be exposed to contaminants in soil via several exposure routes.  They may be 

exposed by direct contact as they search for food or burrow into the soil.  However, exposure of terrestrial 

wildlife to contaminants in the soil via dermal contact is unlikely to represent a major exposure pathway 

because fur, feathers, and chitinous exoskeletons are expected to minimize transfer of contaminants across 

dermal tissue.  Small mammals also may be exposed to contaminants in soil via incidental ingestion of soil 

and ingestion of plants and/or invertebrates that have accumulated contaminants from the soil.  For this 

project, the surface soil depth interval was 0 to 1 foot bgs for Site 69 and AOC 31.   

6.2.3.2 Groundwater 

Ecological exposure to groundwater does not occur until the groundwater discharges as a seep or as it 

passes through the sediment discharging to surface water.  Therefore, the ERA only evaluated risks to 

ecological receptors exposed to surface water and sediment.  Drainage ditches where groundwater may 

be daylighting were sampled if surface water was present.   
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6.2.3.3 Surface Water/Sediment 

Surface water and sediment samples from Site 69 were collected from drainage channels that flow south 

to Town Gut Creek and within Town Gut Creek.  Sediment invertebrates and other aquatic organisms can 

be exposed to chemicals in surface water and sediment within the drainage ditches and Town Gut Creek, 

although they may not be present in concrete drainage channels.  Risks to these receptors from the direct 

exposure to the chemicals in surface water and sediment were evaluated in the ERA. 

Although birds and mammals receptors may be exposed to contaminants in surface water and sediment 

from Site 69 via incidental ingestion of surface water, sediment, and invertebrates that have accumulated 

contaminants from the surface water or sediment, this is not expected to be a significant exposure pathway 

because of the limited habitat in the ditches.  Therefore, risks to piscivorous birds and mammals were not 

evaluated in this ERA.  Chemicals in surface water typically only add a small portion of risk to birds and 

mammals; however, risks from exposure to surface water were evaluated for terrestrial birds and mammals 

for the same chemicals in surface soil that were retained for food chain modeling.    

6.2.4 Assessment Endpoints and Measurement Endpoints 

Assessment endpoints are explicit expressions of the environmental value that is to be protected (USEPA, 

1997).  The selection of these endpoints is based on the habitats present, migration pathways of probable 

contaminants, and relevant exposure routes for the receptors.  Measurement endpoints are estimates of 

measurable biological impacts (e.g., mortality, growth, and reproduction) that are used to evaluate the 

assessment endpoints.  The assessment endpoints and measurement endpoints for Site 69 and AOC 31 

are presented in Table 6-1.   

6.2.4.1 Assessment Endpoints 

Based on the habitat at Site 69 and AOC 31, which consists of grass, nearby forested areas, the surface 

water drainage pathways at Site 69 flowing to Town Gut Creek, and the chemicals present at the sites, the 

assessment endpoints include protection of the following groups of receptors from adverse effects of 

contaminants on their growth, survival, and reproduction:  

• Terrestrial vegetation 

• Soil invertebrates 

• Sediment invertebrates (Site 69, only) 

• Aquatic organisms (Site 69, only) 

• Herbivorous birds and mammals 

• Invertivorous birds and mammals 
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Terrestrial Vegetation:  Terrestrial vegetation at the sites consists of grasses, shrubs, and trees.  They 

serve as a food source and provide shade and cover for many organisms, and they help to prevent soil 

erosion, among other important functions.  They also can accumulate some contaminants that can then be 

transferred to the higher trophic-level organisms that consume plants.   

Soil Invertebrates:  Soil invertebrates are present in soil.  They aid in the formation of soil and the 

redistribution and decomposition of organic matter in the soil, and they serve as a food source for higher 

trophic-level organisms.  They also can accumulate contaminants that can then be transferred to the higher 

trophic-level organisms that consume soil invertebrates. 

Sediment Invertebrates:  Sediment invertebrates present in sediment within the drainage channels and 

Town Gut Creek at Site 69 serve as a food source for higher trophic-level organisms (i.e., fish, amphibians).  

As discussed above, because of the small size and limited amount of habitat in the ditches, invertebrates 

in the ditch would only provide a small percentage of daily food for mammals and birds. 

Aquatic Organisms:  Aquatic organisms such as amphibians, insects, and other invertebrates present in 

surface water within Town Gut Creek and the drainage channels at Site 69 serve as a food source for 

higher trophic-level organisms (i.e., fish, amphibians).   

Herbivorous Birds and Mammals:  Herbivorous birds and mammals (i.e., animals that consume only 

plant tissue) forage in some portions of the sites.  Their role in the community is essential, because without 

them, higher trophic levels could not exist (Smith, 1966).  They may be exposed to and accumulate 

contaminants present in the plants they consume. 

Invertivorous Birds and Mammals:  Invertivorous birds and mammals are present throughout the NSFIH 

in different terrestrial habitats (e.g., forested, open field) and are present at the sites.  They consume 

primarily invertebrates.  They may be exposed to and accumulate contaminants present in the food items 

they consume. 

As indicated in USEPA (1997) guidance, “it is not practical or possible to directly evaluate risks to all of the 

individual components of the ecosystem at a site.  Instead, assessment endpoints focus the risk 

assessment on particular components of the ecosystem that could be adversely affected by contaminants 

from the site.”  Therefore, this ERA focused on the endpoints that would tend to yield the highest risks, 

which were expected to account for endpoints associated with lower risks.   

Large carnivorous birds and mammals were not selected as assessment endpoints because their home 

range (hundreds of acres) is much larger than Site 69 (approximately 9 acres) and AOC 31 (< 0.5 acre), so 

they would only consume a small portion of food from the sites.  Therefore, risks would be greater to small 

mammals and birds that may obtain all of their food from the sites.   
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6.2.4.2 Measurement Endpoints 

The specific measurement endpoints used to evaluate the assessment endpoints are presented in 

Table 6-1.  In general, the measurement endpoints used in the ERA are as follows: 

• Ecological screening values - Mortality, growth, and reproduction of plants, soil invertebrates, 

sediment invertebrates, and aquatic organisms were evaluated by comparing the measured 

concentrations of chemicals in surface soil, sediment, and surface water to screening values 

designed to be protective of ecological receptors. 

• Wildlife toxicity reference values (TRVs) - Mortality, reproductive, and/or developmental effects of 

birds and mammals were evaluated by comparing the estimated dose incurred (based on 

conservative and average assumptions) from ingestion of contaminants in surface soil, surface 

water, plants, and invertebrates, to wildlife TRVs.   

6.2.4.3 Selection of Receptor Species 

Many receptors in the soil/sediment/surface water environment (Site 69, only) are typically grouped into 

general categories such as soil/sediment invertebrates, aquatic organisms, and vegetation.  This is a 

reflection of the nature of the threshold values, effects values, or criteria typically used to characterize risk 

for such organisms.  However, for vertebrate receptors, selection of a representative species is required 

such that risks to these upper-level species incurred by intake through eating and drinking can be estimated. 

Ingestion is the primary route of exposure for most mammals and birds.  The selection of species used to 

represent the receptor groups identified in Section 6.2.4.1 was based on considerations of their preferred 

habitat, body size, sensitivity to contaminants, home range, abundance, commercial or sport utilization, 

legal status, and functional role (e.g., predators).  The availability of exposure parameters such as body 

mass, feeding rate, and drinking rate was also a factor in selecting surrogate species.  The following 

surrogate species were used in the food chain modeling conducted as part of this ERA.  Receptor profiles 

for each of the species above are presented in Appendix B. 

• Herbivorous mammal - Meadow vole 

• Herbivorous bird -  Bobwhite quail 

• Invertivorous mammal - Short-tailed shrew 

• Invertivorous bird - American robin 

6.2.5 Conceptual Site Model  

A CSM in problem formulation is a written description and visual representation of predicted relationships 

between ecological entities and the stressors to which they may be exposed.  The conceptual model 
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consists of two primary components:  predicted relationships among stressors, exposure, and assessment 

endpoint response; and a diagram that illustrates the relationships (USEPA, 1998).  The ecological CSM is 

discussed below and shown on Figure 6-2. 

The primary sources of known or potential contamination at Site 69 and AOC 31 were identified based on 

past operations and disposal practices and the physical characteristics of the site.  The primary sources of 

contamination are spills and/or disposal of chemicals from site operations to surface soil at Site 69 and 

AOC 31.  At Site 69, these wastes may have also impacted downgradient surface water/sediment as storm 

water run-off could transport contaminated soil and dissolved contaminants across the surface toward 

drainage channels at the site.  The primary stressors to ecological receptors are contaminants in surface 

soil (Site 69 and AOC 31), sediment (Site 69), and surface water (Site 69).  The primary receptors in surface 

soil are plants, soil invertebrates, and birds and mammals.  The primary receptors in sediment are sediment 

invertebrates.  The primary receptors in surface water are aquatic organisms and birds and mammals. 

There were no contaminant (perchlorate) detections in sediments in Town Gut Creek or the drainage 

features at Site 69, so the exposure pathway is not complete and, thus, risks to sediment invertebrates are 

not considered further in this evaluation.   

6.3 TIER 1, STEP 2:  SCREENING-LEVEL EXPOSURE ESTIMATE AND RISK QUOTIENTS 

6.3.1 Ecological Effects Evaluation 

The preliminary ecological effects evaluation is an investigation of the relationship between the magnitude 

of exposure to a chemical, and the nature and magnitude of adverse effects resulting from exposure.  In 

addition to being a toxicological evaluation, it may also include descriptions of apparent effects seen during 

the site visit (e.g., stressed vegetation).  Toxicity thresholds are usually expressed in units of concentration 

when the medium of concern is in intimate contact with the receptor, such as soil for soil invertebrates.  For 

other receptors, such as terrestrial vertebrates, toxicity data are typically available as doses, with units 

equal to mass of contaminant per unit of body mass per unit of time (usually mg/kg per day [mg/kg-day]).  

As the first step in the ecological effects evaluation, toxicity thresholds such as ecological screening levels 

and TRVs were identified and compiled as discussed below. 

6.3.1.1 Surface Soil Screening Levels 

Screening levels were compiled for the following four primary groups of ecological receptors, when 

available:  plants, invertebrates, birds, and mammals.  The screening levels, which were considered in the 

following hierarchy, consisted of USEPA ecological SSLs (USEPA, 2005) followed by Oak Ridge National 

Laboratory (ORNL) toxicological benchmarks for invertebrates (Efroymson et al., 1997a) and plants 

(Efroymson et al., 1997b), National Oceanic and Atmospheric Administration (NOAA) Screening Quick 

Reference Table (SQuiRT) surface soil benchmarks (Buchman, 2008), USEPA Region 3 Biological 
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Technical Assistance Group (BTAG) screening levels (USEPA, 1995), and Los Alamos National Laboratory 

(LANL) ECORISK database values (version 3.1; LANL, 2012).  The LANL database was reviewed, but no 

values were applicable.  Table 6-2 presents the ecological SSLs plant, invertebrate, mammal, and bird for 

each chemical and the sources of each value. 

Terrestrial Plants and Invertebrates:  Potential risks to terrestrial plants and invertebrates resulting from 

exposure to chemicals in surface soil at Site 69 and AOC 31 were evaluated by comparing site chemical 

concentrations to ecological SSLs (as discussed in Section 6.3.1.1).   

Aquatic Organisms:  Potential risks to aquatic organisms resulting from exposure to perchlorate in surface 

water at Site 69 were evaluated by comparing site concentrations to a chronic ambient water quality 

criterion from Dean et al. (2004).  The National Recommended Water Quality Criteria for freshwater and 

saltwater (USEPA, 2013) and the Maryland water quality criteria for protection of aquatic life (MDE, 2014) 

also were reviewed, but no values were available.  

Birds and Mammals:  Risk to birds and mammals from exposure to chemicals in surface soil were 

evaluated by first comparing chemical concentrations to ecological SSLs (as discussed in Section 6.3.1.1).  

If a chemical concentration in surface soil exceeded its screening level or a screening level was not 

available for chemicals in surface soil, the chemical was evaluated using food chain models for risks to 

mammals and birds.  

Risks to mammals and birds from exposures to chemicals in surface soil were determined by estimating 

Chronic Daily Intakes (CDIs) using food chain models and comparing the CDIs to TRVs representing 

acceptable daily doses in mg/kg-day.  The TRVs were developed from No Observable Adverse Effect 

Levels (NOAELs) and Lowest Observed Adverse Effect Levels (LOAELs) obtained from wildlife studies.  

The majority of the TRVs were obtained from the ORNL Toxicological Benchmarks for Wildlife (Sample et 

al., 1996) and USEPA ecological SSL resources, and were supplemented with other toxicity information 

when necessary.  Only bioaccumulative chemicals were included in the food chain model with a few 

exceptions.  Bioaccumulative chemicals that were detected at concentrations less than their bird and 

mammal screening levels are not included in the food chain model.  Also, non-bioaccumulative chemicals 

that were detected at concentrations greater than their bird and mammal screening levels are included in 

the food chain model.  

Chemicals in surface water typically only add a small portion of risk in the food chain model, so they were 

included in the food chain model only if they were retained for food chain modeling in soil. 

Tables 1 and 2 in Appendix B present the TRVs and the sources of the TRVs (i.e., NOAELs and LOAELs) 

used in this screening-level ERA.  If a subchronic study was used to develop the TRV, the final value was 

multiplied by a factor of 0.1 to account for uncertainty between subchronic and chronic effects.  Also, the 
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LOAEL was multiplied by a factor of 0.1 to estimate the NOAEL TRV if only an LOAEL study was available.  

The chemical-specific ecological SSL documents provide both NOAELs and LOAELS for various studies, 

but TRVs are generally calculated only for NOAELs.  The geometric mean of the chemical-specific growth 

and reproduction LOAELs from the chemical-specific ecological SSL documents were used as the LOAEL-

based TRVs. 

6.3.2 Exposure Characterization 

To determine whether a chemical has the potential to impact an ecological receptor, a chemical 

concentration or dose must first be determined.  That concentration/dose is then compared to the ecological 

effects data presented above.  The following paragraphs describe the concentrations/doses used for each 

set of ecological receptors. 

Plants, soil invertebrates, and/or aquatic organisms are exposed to chemicals in the surface soil or surface 

water through direct contact and/or ingestion.  Because the screening values developed for these receptors 

are in units of chemical concentration in each medium, maximum chemical concentrations were used in the 

screening step to select ecological COPCs. 

Doses (i.e., CDIs) in mg/kg-day were estimated for terrestrial wildlife (mammals and birds) using exposure 

dose equations (i.e., food chain models).  The following equation was used to calculate the exposure dose 

for terrestrial wildlife from exposure to chemicals in soil, surface water, and associated food items (e.g., 

plants and invertebrates): 

( ) ( ) ( )[ ]
BW

H*Is*Cs Iw*Cw If*CfCDI ++
=

 

where: CDI = chronic daily intake (mg/kg-day) 

  Cf = chemical concentration in food (mg/kg) (see discussion below) 

  Cw = chemical concentration in surface water (mg/L) 

  Cs = chemical concentration in surface soil (mg/kg) 

  If = food ingestion rate (kg/day) 

  Is = incidental soil ingestion rate (kg/day) 

  H = portion of food intake from the contaminated area (unitless) 

  BW = body weight (kg) 

Tables 3 and 4 in Appendix B summarize the exposure factors used for the food chain model, and present 

the derivation of those parameters.  The receptor profiles for the surrogate species also are presented in 

Appendix B.  The exposure assumptions (e.g., ingestion rate, body weight) were obtained primarily from 

the Wildlife Exposure Factors Handbook (USEPA, 1993) along with other sources used as necessary.  Food 

ingestion rates were presented on a dry-weight basis, and chemical concentrations in the food items were 
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estimated in dry-weight concentrations to be consistent with chemical concentrations in soil, which are 

reported on a dry-weight basis. 

Chemical concentrations in food items for soil insectivorous and herbivorous receptors were calculated 

using soil-to-invertebrate or soil-to-plant bioaccumulation factors (BAFs) or regression equations.  The 

following equation was used to calculate chemical concentrations in plants or invertebrates when BAFs 

were used: 

Cf = Cs*BAF 

where: Cf = chemical concentration in food (mg/kg) 

Cs = chemical concentration in surface soil (mg/kg) 

BAF = biota-soil bioaccumulation factor (unitless) 

A default value of 1.0 was used for the BAF when chemical-specific data were not available.  Sources of 

BAFs are documented in Table 5 of Appendix B. 

The food chain model scenarios were calculated using various exposure assumptions to present a range 

of potential risks.  For selecting chemicals as COPCs, the following set of conservative exposure 

assumptions was used: 

• Maximum soil concentrations  

• Conservative receptor body weight and ingestion rates 

• Receptors spend 100 percent of their time at the site 

6.3.3 Risk Characterization 

An Ecological Effects Quotient (EEQ) approach was used to characterize the risk to ecological receptors.  

This approach characterizes potential effects by comparing exposure concentrations with effects data.  The 

EEQs for surface soil receptors were calculated as follows: 

SSSL
CssEEQ =  

where: EEQ = Ecological Effects Quotient (unitless) 

Css = chemical concentration in surface soil (µg/kg or mg/kg) 

  SSSL = surface soil screening level (µg/kg or mg/kg) 
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The EEQs for aquatic organisms were calculated as follows: 

SwSL
CswEEQ =  

where: EEQ = Ecological Effects Quotient (unitless) 

 Csw = chemical concentration in surface water (µg/L) 

  SwSL = surface water screening level (µg/L) 

The EEQs for mammals and birds were calculated as follows: 

TRV
CDIEEQ =  

where: EEQ = Ecological Effects Quotient (unitless) 

  CDI = chronic daily intake dose (mg/kg-day) 

  TRV = toxicity reference value (NOAEL or LOAEL) (mg/kg-day) 

An EEQ above 1.0 was considered to indicate potential risk; although, such values do not necessarily 

indicate that an effect will occur, but only that a low (i.e., conservative) threshold has been exceeded. 

6.3.4 Tier 1, Step 2:  Selection of Ecological COPCs 

This section presents the results initial selection of ecological COPCs, which was conducted using the 

following rules: 

• Chemicals with maximum concentrations greater than screening levels were selected as COPCs, 

because they have a potential to cause risk to ecological receptors (see Tables 6-2, 6-3, and 6-4). 

• Chemicals with EEQs above 1.0 based on the conservative food chain model were selected as 

COPCs, because they have the potential to cause risks to mammals and birds (see Table 6-5).   

• Chemicals without screening values were selected as COPCs, but were only evaluated 

qualitatively. 

Table 6-3 presents the initial ecological COPC selection in surface soil for potential risks to plants and 

invertebrates.  This table also shows the chemicals selected for food chain modeling for mammals and 

birds.  Table 6-4 presents the initial ecological COPC screening in surface water (Site 69, only) for potential 

risk to aquatic organisms—no ecological COPCs were retained in surface water at Site 69.  Contaminants 

retained as initial ecological COPCs in Tier 1, Step 2 were further evaluated as part of Tier 2, Step 3a of 

the eight-step ERA process. 
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6.3.4.1 Ecological COPCs Selected at Site 69 

Terrestrial Plants and Soil Invertebrates:  Perchlorate was selected as a COPC for further evaluation in 

surface soil for plants and soil invertebrates, because a screening level was not available (Table 6-3). 

Aquatic Organisms:  Perchlorate was not selected as a COPC for further evaluation in surface water for 

aquatic organisms, because the maximum concentration was less than the screening level (Table 6-4).   

Birds and Mammals:  Perchlorate was not selected as a COPC for further evaluation in surface soil for 

birds and mammals, because the EEQs were < 1.0 in the food chain model for terrestrial receptors using 

maximum concentrations and Tier 1 input parameters (Table 6-5). 

6.3.4.2 Ecological COPCs Selected at AOC 31 

Terrestrial Plants:  Lead and mercury were selected as COPCs for further evaluation in surface soil for 

plants, because the maximum concentrations exceeded respective screening levels (Table 6-3).  

Perchlorate was selected as a COPC in surface soil for plants, because a screening level was not available. 

Soil Invertebrates:  Mercury was selected as a COPC for further evaluation in surface soil for soil 

invertebrates, because the maximum concentration exceeded its screening level (Table 6-3).  Perchlorate 

was selected as a COPC in surface soil for soil invertebrates, because a screening level was not available. 

Birds and Mammals:  Lead and mercury were selected as COPCs for further evaluation in surface soil for 

birds and mammals, because the EEQs were > 1.0 in the food chain model for terrestrial receptors using 

maximum concentrations and Tier 1 input parameters (Table 6-5).  Perchlorate was not selected as a 

COPC, because the EEQs were < 1.0 in the food chain model for terrestrial receptors using maximum 

concentrations and Tier 1 input parameters (Table 6-5). 

6.4 TIER 2, STEP 3A:  COPC REFINEMENT  

Step 3a consists of refining the conservative exposure assumptions/concentrations used to evaluate 

potential risks to ecological receptors and re-evaluating the analytical data using benchmarks that are more 

appropriate for the assessment endpoints.  The objective of the Step 3a refinement was to better define 

those chemicals that contribute to potentially unacceptable levels of ecological risk, and to identify and 

eliminate from further consideration those COPCs that were retained due to very conservative exposure 

scenarios.  The Step 3a evaluation is designed to eliminate chemicals from further evaluation for certain 

groups of receptors.  This is important, because if the site proceeds further to a baseline ERA, the studies 

in the baseline ERA should only focus on the receptors that are at potential risk. 
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For chemicals evaluated further in Step 3a, the following factors were evaluated, as appropriate, to 

determine if the risks are great enough to warrant additional evaluations.  Note that all factors are not 

discussed for all chemical and/or receptor groups. 

• Magnitude of criterion exceedance:  Although the magnitude of risks may not relate directly to the 

magnitude of a criterion exceedance, the magnitude of the criterion exceedance may be one item 

used in a lines-of-evidence approach to determine the need for further site evaluation.  The greater 

the criterion exceedance, the greater the probability and concern that an unacceptable risk exists. 

• Frequency of chemical detection and spatial distribution:  A chemical detected at a low frequency 

typically is of less concern than a chemical detected at higher frequency if toxicity and 

concentrations and spatial areas represented by the data are similar.  All else being equal, 

chemicals detected frequently were given greater consideration than those detected relatively 

infrequently.  In addition, the spatial distribution of a chemical may be evaluated to determine the 

area that a sample represents. 

• Alternate benchmarks:  Alternate benchmarks are used to further evaluate risks to ecological 

receptors from chemicals that exceeded conservative screening levels. 

• Food Chain Modeling:  Exposure via the food chain is a major pathway of concern for chemicals 

known to significantly bioaccumulate and/or biomagnify.  Thus, potential risk to upper-level 

receptors was evaluated using food chain models.  The Tier 1 exposure doses for terrestrial wildlife 

were re-calculated using the following Tier 2, Step 3a exposure assumptions and chemical 

concentrations:   

- Average soil concentrations. 

- Average receptor body weights and ingestion rates. 

• Habitat:  Although exceedances of criteria may occur, potential risks to ecological receptors may 

be minimal if there is little habitat for those receptors.  Therefore, the extent of habitat was used 

qualitatively when considering additional evaluation.  Areas with little habitat were less of a concern 

than areas with suitable habitat to support the receptors of interest. 

• Background:  Surface soil concentrations were compared to background values from Tt (2002) (see 

Section 3.2).  Site concentrations below background are not likely related to historical site 

operations.  No chemicals in surface soil were eliminated from the evaluation based the comparison 

to background.  No background data is available for surface water and sediment. 
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6.4.1 Tier 2, Step 3a for Site 69 

6.4.1.1 Terrestrial Plants and Soil Invertebrates 

Perchlorate was detected at a maximum concentration of 2,000 µg/kg in surface soil just south of 

Building 1018 at location S69-SS04.  The next highest perchlorate concentrations were detected 

approximately 100 feet south of Building 1018 at locations SS08 (520 µg/kg) and SS07 (150 µg/kg).  Limited 

data indicates that perchlorate does not have an effect on plants and earthworms at concentrations below 

10,000 µg/kg (Yoo et al., 2007).  Plants were slightly more sensitive than earthworms to perchlorate toxicity.  

When a sodium perchlorate solution was added to soil for a 28-day seedling growth test for lettuce, growth 

was more sensitive than germination or survival (USEPA, 2002).  A screening benchmark of 4,000 µg/kg 

wet-weight was calculated from a 14-day acute lethality test (USEPA, 2002).  Based on earthworms 

exposure to soil irrigated with sodium perchlorate, a screening benchmark of 1,000 µg/kg wet-weight was 

calculated using large uncertainty factors to extrapolate from the lethal concentration in 50 percent (LC50) 

of earthworms to chronic effects on other invertebrate species.  Although, the percent solids for the soil 

used to develop the benchmark is not known, the benchmark likely would be slightly higher if reported on 

a dry-weight basis.  Only the maximum concentration of perchlorate detected exceeds this soil invertebrate 

benchmark and most concentrations were well below this benchmark.  Based on the available data, any 

impacts to plants and soil invertebrates from perchlorate are expected to be minimal; therefore, perchlorate 

was eliminated as an ecological COPC for plants and soil invertebrates at Site 69.   

6.4.1.2 Aquatic Organisms 

Perchlorate was not selected as an ecological COPC for aquatic organisms at Site 69. 

6.4.1.3 Birds and Mammals 

The EEQs from the terrestrial food chain modeling were < 1.0 using maximum chemical concentrations in 

soil and conservative exposure assumptions (see Section 6.3.4.1).  Therefore, perchlorate was not selected 

as an ecological COPC for birds and mammals at Site 69. 

6.4.2 Tier 2, Step 3a for AOC 31 

6.4.2.1 Terrestrial Plants 

Perchlorate was selected initially as an ecological COPC in surface soil for plants, because a screening 

level was not available.  The maximum detected concentration of perchlorate (1.4 µg/kg) was well below 

the no effect concentration of 10,000 µg/kg (Yoo et al., 2007) and the 4,000 µg/kg wet-weight benchmark 

based on lettuce growth (see Section 6.4.1.1).  Therefore, perchlorate is not expected to impact plants 
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based on the low concentrations detected—perchlorate is eliminated as an ecological COPC for plants at 

AOC 31. 

Lead and mercury were selected initially as ecological COPCs in surface soil for plants, because the 

maximum concentration exceeded their respective screening levels.  The maximum concentration of lead 

(500 mg/kg) in a duplicate sample from location A31-SS05 adjacent to Building 259 exceeded the screening 

level (120 mg/kg).  However, the concentration of lead in the parent sample at SS05 was only 92 mg/kg, 

below the screening level.  The other two surface soil samples had lead concentrations below the screening 

level as well.  The probable reason for the high lead concentration in the one sample duplicate is thought 

to be from poor homogenization and a lead paint chip left over from the building demolition.  Lead does not 

appear to be elevated across the site, because the concentrations in the subsurface soil samples were also 

low (i.e., ranging from 9.6 mg/kg to 14 mg/kg) (see Figure 4-4).  Therefore, any impacts to plants from lead 

are expected to be minimal—lead is eliminated as an ecological COPC for plants. 

Concentrations of mercury exceeded its screening value (0.3 mg/kg) in all three samples.  This value is 

based on unspecified toxic effects on plants and the primary reference data describing the study was not 

available for review (Efroymson et al., 1997b).  Confidence in the mercury benchmark was low, because it 

was based on a secondary reference, and the toxicity threshold in a second study was more than two orders 

of magnitude higher (Efroymson et al., 1997b).  A more appropriate benchmark for mercury is the Canadian 

SQG of 12 mg/kg for plants and invertebrates, because it is based on a much more robust data set 

(Canadian Council of Ministers of the Environment [CCME], 1999).  Two of the three samples had mercury 

concentrations exceeding this benchmark.  The maximum concentration of mercury was in a duplicate 

sample from location A31-SS05 (28 mg/kg) adjacent to Building 259.  The sample from A31-SS06, which 

also had a mercury concentration (19 mg/kg) that exceeded the alternate benchmark, was off of the west 

end of the concrete trench where cooling water would have historically drained.  Because concentrations 

exceed the benchmark and mercury concentrations are not bounded, mercury is retained as a COPC for 

plants.   

6.4.2.2 Soil Invertebrates 

Perchlorate was selected as a COPC in surface soil for soil invertebrates, because a screening level was 

not available.  The maximum detected concentration of perchlorate (1.4 µg/kg) was well below the no effect 

concentration of 10,000 µg/kg (Yoo, et al, undated) and a 1,000 µg/kg wet-weight benchmark based on 

risks to earthworms (see Section 6.4.1.1).  Therefore, perchlorate is not expected to impact soil 

invertebrates based on the low concentrations detected, and, thus it is eliminated as a COPC for soil 

invertebrates. 

Mercury was selected as a COPC in surface soil for soil invertebrates, because the maximum concentration 

exceeded its screening level.  Concentrations of mercury exceeded its screening value (0.1 mg/kg) in all 
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three samples.  The screening value is based on the ORNL benchmark for invertebrates (Efroymson et al., 

1997a).  The ORNL document states that there is significant uncertainty in the value because of the limited 

data set.  A more appropriate benchmark for mercury is the Canadian SQG for plants and invertebrates of 

12 mg/kg, because it is based on a much more robust data set (CCME, 1999).  Two of the three samples 

had mercury concentrations (ranging from 19 mg/kg to 28 mg/kg) exceeding this benchmark.  However, 

the benchmark of 12 mg/kg is based on effects on seedling emergence of plants.  The toxicity of mercury 

to earthworms is variable.  Toxicological studies evaluated for the development of Canadian SQG included 

a no effect level of 100 mg/kg and LC50 of 60 mg/kg (CCME, 1999).  Although, the studies indicate that soil 

invertebrates are less sensitive to mercury than plants, mercury is retained as a COPC for soil invertebrates, 

because concentrations exceed the Canadian benchmark, which is based on protecting plants and 

invertebrates, and because mercury concentrations are not bounded.   

6.4.2.3 Birds and Mammals 

Lead and mercury were selected as ecological COPCs in surface soil for birds and mammals, because the 

EEQs each were calculated at >1.0 in the food chain model for terrestrial receptors using maximum 

concentrations and Tier 1 input parameters (Table 6-5).  The following summarizes the results of food chain 

modeling for terrestrial receptors using average concentrations and the Tier 2, Step 3a input parameters 

(Table 6-6):  

• Herbivorous receptors:  The EEQs for mercury were > 1.0 using the NOAEL as the TRV for the 

quail and vole.  The LOAEL EEQs for mercury also were > 1.0 for the quail (13) and vole (3.1).  

Therefore, mercury is retained as an ecological COPC for risks to herbivorous birds and mammals.  

• Invertivorous bird:  The EEQ for lead of 3.9 was > 1.0 using the NOAEL as the TRV for the robin.  

However, the LOAEL EEQ for lead for the robin was < 1.0.  Therefore, risks to invertivorous birds 

from lead are expected to be minimal and lead is eliminated as an ecological COPC.  The EEQ for 

mercury of 85 was > 1.0 using the NOAEL as the TRV for the robin.  The LOAEL EEQ for mercury 

of 8.5 for the robin was also > 1.0.  Therefore, mercury is retained as an ecological COPC for risks 

to invertivorous birds. 

• Invertivorous mammal:  The EEQ for mercury of 7.9 was > 1.0 using the NOAEL as the TRV for 

the shrew.  The LOAEL EEQ for mercury of 1.6 for the shrew was slightly above 1.0.  Therefore, 

mercury is retained as an ecological COPC for risks to invertivorous mammals. 

6.5 ECOLOGICAL RISK UNCERTAINTY ANALYSIS 

This section discusses uncertainties associated with the screening-level ERAs at the sites. 
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6.5.1 Uncertainty in Assessment Endpoints and Measurement Endpoints 

Measurement endpoints were used to evaluate the assessment endpoints selected for the ERA.  For the 

ERA, the measurement endpoints were not the same as the assessment endpoints.  Measurement 

endpoints were used to predict effects to the assessment endpoints by selecting surrogate species to be 

evaluated.  For example, a decrease in reproduction of an American robin was used to assess a decrease 

in reproduction of the invertivorous bird population.  However, predicting a decrease in reproduction of an 

American robin may either under- or over-protect the invertivorous bird population based on differences in 

ingestion rates, toxicity, food preferences, home ranges, etc. between different species. 

6.5.2 Uncertainty in Exposure Characterization 

The contaminant dose to terrestrial wildlife was calculated using an equation that incorporates ingestion 

rates, body weights, BAFs, and other exposure factors.  These exposure factors were obtained from 

literature studies or predicted using various equations.  Ingestion rates and body weights vary among 

species, especially among species inhabiting different habitats. 

Bioaccumulation of contaminants into various biological media (e.g., plants, invertebrates, and small 

mammals) depends on characteristics of the media such as pH, organic carbon, etc.  Therefore, actual 

BAFs at the sites may be different than those used in the ERA and obtained from the literature.  Also, the 

bioavailability of contaminants reported in toxicity studies is typically greater than the contaminants in 

environmental media.  Typically, highly bioavailable forms of the chemicals are used when conducting 

toxicity tests and/or conducting dosing studies for wildlife.   

There is uncertainty in the chemical data collected at the site.  Measured levels of chemicals are only 

estimates of true site chemical concentrations.  At AOC 31, the elevated concentrations of mercury are not 

bounded so the actual size of the impacted area is not known.  Wildlife that typically roam over multiple 

sample locations are unlikely to obtain all of their food from within the most contaminated areas at the sites. 

6.5.3 Uncertainty in Ecological Effects Data 

Uncertainty exists in the ecological effects data, including the screening levels and wildlife TRVs.  Several 

of the screening levels are very conservative, and typically are based on studies where the bioavailability 

of the chemical is much greater than it is in the environment.  Also, toxicity data was not available or was 

limited for some chemicals so other studies from the literature were reviewed and used in this evaluation.   

The NOAELs and LOAELs used for the wildlife endpoints species are based on species other than the 

endpoint species (e.g., rats, mice).  Uncertainty exists in the application of toxicity data across species 

because the contaminant may be more or less toxic to the endpoint species than it was to the test study 

species. 
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6.5.4 Uncertainty in Risk Characterization 

Risks are possible if an EEQ is greater than or equal to 1.0 regardless of the magnitude of the EEQ.  

However, the magnitude of effects to ecological receptors cannot be inferred based on the magnitude of 

the EEQ.  Rather, an EEQ above 1.0 simply indicates that the dose used to derive the toxicity reference 

value was exceeded.   

Finally, there is uncertainty in how the predicted risks to a species at a site translate into risk to the 

population in the area as a whole. 

6.6 ECOLOGICAL RISK SUMMARY  

This ERA evaluated surface soil, sediment, and surface water at Site 69 and surface soil at AOC 31.  

Surface water, sediment, and groundwater media were not encountered at AOC 31.  Based on the initial 

screening of the chemical data, several chemicals were initially selected as COPCs in surface soil because 

they were detected at concentrations that exceeded conservative screening levels or because they did not 

have screening levels.  No chemicals were retained as ecological COPCs in surface water or sediment at 

Site 69.   

The chemicals were then further evaluated to refine the list of COPCs, and to better characterize risks to 

ecological receptors.  Only mercury in surface soil at AOC 31 was retained as an ecological COPC for risks 

to plants, soil invertebrates, and herbivorous and invertivorous birds and mammals.  
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7.0 CONCLUSIONS AND RECOMMENDATIONS 

The following conclusions and recommendations are provided from the SSP Investigation for each of 
Site 69 – Building 1018 (Oxidizer Process Building) and AOC 31 – Building 259 (Old Storehouse / 
Detonator Production). 

7.1 SITE 69 – OXIDIZER PROCESS BUILDING 

The historical releases of perchlorate from operations at Building 1018 and vicinity were confirmed at Site 

69 during the SSP Investigation.  No ecological risks were identified at Site 69 during the screening-level 

ERA.  However, unacceptable human health risks were identified by the HHRE for [nonindustrial] exposure 

to perchlorate in subsurface soil, groundwater, and surface water at the site.  There were no unacceptable 

risks for industrial or construction workers.  Because of the potential risks posed by exposure to perchlorate 

in subsurface soil, groundwater, and surface water, an RI is recommended for Site 69.   

7.2 AOC 31 – OLD STOREHOUSE / DETONATOR PRODUCTION 

Unknown releases of mercury were confirmed in the vicinity of Building 259 at AOC 31 during the SSP 

Investigation.  Lead was detected in surface soil in one sample duplicate above the residential screening 

level, but was present below this level in the associated parent sample and in all other samples at the site.  

The magnitudes and spatial distribution of lead in soil at the site do not warrant a CERCLA response action 

for the protection of human health and the environment.  Unacceptable human health risks were identified 

by the HHRE for [nonindustrial] exposure to mercury in surface soil at the site.  There were no unacceptable 

risks for industrial or construction workers.  Unacceptable ecological risks also were identified from 

exposure to mercury in surface soil at the site.  Because of the potential human health and ecological risks 

posed by exposure to mercury in surface soil at this relatively small site, a non-time-critical removal action 

is recommended for AOC 31. 
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TABLE 2-1
SAMPLE SUMMARY FOR SITE 69

SITE 69 - BUILDING 1018 (OXIDIZER PROCESS BUILDING)
SITE SCREENING PROCESS INVESTIGATION

NSF INDIAN HEAD, MARYLAND

Sample ID Station ID Sample Date
Sample Depth    

(feet bgs) Analysis
Surface Soil Samples

S69-SS01-0001 S01 7/17/2013 0 - 1 Perchlorate
S69-SS02-0001 S02 7/17/2013 0 - 1 Perchlorate
S69-SS03-0001 S03 7/16/2013 0 - 1 Perchlorate
S69-SS04-0001 S04 / MW01 7/16/2013 0 - 1 Perchlorate
S69-SS05-0001 S05 7/16/2013 0 - 1 Perchlorate
S69-SS06-0001 7/17/2013 0 - 1 Perchlorate
S69-SS06P-0001 7/17/2013 0 - 1 Perchlorate (duplicate)
S69-SS07-0001 S07 7/16/2013 0 - 1 Perchlorate
S69-SS08-0001 S08 7/16/2013 0 - 1 Perchlorate
S69-SS011-0001 7/16/2013 0 - 1 Perchlorate
S69-SS011P-0001 7/16/2013 0 - 1 Perchlorate (duplicate)
S69-SS013-0001 S13 7/17/2013 0 - 1 Perchlorate

Subsurface Soil Samples
S69-SB04-0708 S04 7/16/2013 7 - 8 Perchlorate
S69-SB07-0607 S07 7/16/2013 6 - 7 Perchlorate
S69-SB08-0203 S08 7/16/2013 2 - 3 Perchlorate
S69-SB011-0708 S11 / MW02 7/16/2013 7 - 8 Perchlorate
S69-SB013-0708 S13 / MW03 7/17/2013 7 - 8 Perchlorate

Surface Water Samples
S69-SW09-072313 S09 7/23/13 At Depth * Perchlorate
S69-SW10  (none) S10
S69-SW12-072313 S12 7/23/2013 At Depth * Perchlorate
S69-SW14-071513 7/15/2013 At Depth * Perchlorate, Nitrate, Nitrite
S69-SW14P-071513 7/15/2013 At Depth * Perchlorate, Nitrate, Nitrite (duplicate)
S69-SW15-071513 S15 7/15/2013 At Depth * Perchlorate, Nitrate, Nitrite
S69-SW16  (none) S16
S69-SW17-071713 S17 7/17/2013 0.5 Perchlorate, Nitrate, Nitrite
S69-SW18-071713 S18 7/18/2013 0.5 Perchlorate, Nitrate, Nitrite

Sediment Samples
S69-SD09-0001 S09 7/23/2013 0 - 1 Perchlorate
S69-SD10  (none) S10
S69-SD12  (none) S12
S69-SD14-0001 7/15/2013 0 - 1 Perchlorate
S69-SD14P-0001 7/15/2013 0 - 1 Perchlorate (duplicate)
S69-SD15-0001 S15 7/15/2013 0 - 1 Perchlorate
S69-SD16-0001 S16 7/15/2013 0 - 1 Perchlorate
S69-SD17-0001 S17 7/17/2013 0 - 1 Perchlorate
S69-SD18-0001 S18 7/17/2013 0 - 1 Perchlorate

Monitoring Well Groundwater Samples
S69-MW01-072313 7/23/2013 6 - 16 Perchlorate, Nitrate, Nitrite
S69-MW01P-072313 7/23/2013 6 - 16 Perchlorate, Nitrate, Nitrite (duplicate)
S69-MW02-072313 S11 / MW02 7/23/2013 6 - 16 Perchlorate, Nitrate, Nitrite
S69-MW03-072313 S13 / MW03 7/23/2013 6 - 16 Perchlorate, Nitrate, Nitrite

Notes:
Water quality meter used to measure field parameters for groundwater and surface water samples.

bgs : below ground surface

* Surface water samples collected "At Depth," just above the sediment surface.

Sediment sample depth measured in feet below sediment surface

S06

S04 / MW01

S14

S14

No sediment sample collected: concrete ditch channel with no sediment.

No sediment sample collected: concrete ditch channel with no sediment.

No surface water sample collected: earthen ditch channel with no water.

No surface water sample collected: concrete ditch channel with no water.

S11



 



TABLE 2-2
SAMPLE SUMMARY FOR AOC 31

AOC 31 - BUILDING 259 (OLD STOREHOUSE / DETONATOR PRODUCTION)
SITE SCREENING PROCESS INVESTIGATION

NSF INDIAN HEAD, MARYLAND

Sample ID Station ID
Sample 

Date
Sample Depth    

(feet bgs) Analysis
Surface Soil Samples

A31-SS04-0001 S04 7/18/2013 0 - 1 Perchlorate, Select Explosives,* Select Metals**
A31-SS05-0001 S05 7/18/2013 0 - 1 Perchlorate, Select Explosives,* Select Metals**
A31-SS06-0001 S06 7/18/2013 0 - 1 Perchlorate, Select Explosives,* Select Metals**

Subsurface Soil Samples
A31-SB01-0304 S01 7/18/2013 3 - 4 Perchlorate, Select Explosives,* Select Metals**
A31-SB02-0304 S02 7/18/2013 3 - 4 Perchlorate, Select Explosives,* Select Metals**
A31-SB03-0304 S03 7/18/2013 3 - 4 Perchlorate, Select Explosives,* Select Metals**
A31-SB04-0304 S04 7/18/2013 3 - 4 Perchlorate, Select Explosives,* Select Metals**

Notes:
AOC - Area of Concern No sediment, surface water, or groundwater media were present at the site.

** Select metals - Based on site history, potential site-related metals consist of the following: Lead and Mercury.

* Select Explosives - Based on site history, potential site-related explosives consist of the following:  2,4-Dinitrotoluene; 2,6-Dinitrotoluene; HMX; Tetryl; 
RDX; 2,4,6-Trinitrotoluene; 2-Nitrotoluene; 3-Nitrotoluene; 4-Nitrotoluene; Nitrobenzene; 1,3-Dinitrobenzene; 4-Amino-2,6-Dinitrotoluene; 2-Amino-4,6-
Dinitrotoluene; and 1,3,5-Trinitrobenzene.



 



TABLE 2-3
MONITORING WELL CONSTRUCTION SUMMARY FOR SITE 69

SITE 69 - BUILDING 1018 (OXIDIZER PROCESS BUILDING)
SITE SCREENING PROCESS INVESTIGATION

NSF INDIAN HEAD, MARYLAND

Monitoring Well 
ID

Installation 
Date

Total Depth 
(feet below 

TOC) 

Screened 
Interval Depth 

(feet bgs) 

Reference 
Elevation TOC 

(feet MSL)

Ground 
Surface 

Elevation (feet 
MSL)

Depth to 
Groundwater 
(August 2013)

Groundwater 
Elevation 

(August 2013)
S69-MW01 7/17/2013 18.96 6 - 16 tbd tbd 14.45 tbd
S69-MW02 7/17/2013 18.94 6 - 16 tbd tbd 0.6 tbd
S69-MW03 7/18/2013 19.35 6 - 16 tbd tbd 6.46 tbd

Notes:
bgs - below ground surface
msl - [above] mean sea level
TOC - top of casing
tbd - to be determined
Wells to be surveyed after additional wells are installed during next investigation phase



 



TABLE 4-1
SOIL RESULTS FOR SITE 69

SITE 69 - BUILDING 1018 (OXIDIZER PROCESS BUILDING)
SITE SCREENING PROCESS INVESTIGATION

NSF INDIAN HEAD, MARYLAND

Station ID S01 S02 S03 S05
Sample ID

Sample Date 7/17/2013 7/17/2013 7/16/2013 7/16/2013 7/16/2013 7/16/2013
Sample Depth (feet bgs)
Oxidizer (µg/kg)

Perchlorate 55,000 820,000 0.99 J 7.2 J 29 J 2,000 J 89,000 J 17 J

Station ID
Sample ID

Sample Date 7/17/2013 7/17/2013 7/16/2013 7/16/2013 7/16/2013 7/16/2013
Sample Depth (feet bgs)
Oxidizer (µg/kg)

Perchlorate 55,000 820,000 0.33 J 0.16 J 150 J 1,200 J 520 J 870 J

Station ID
Sample ID

Sample Date 7/16/2013 7/16/2013 7/16/2013 7/17/2013 7/17/2013
Sample Depth (feet bgs)
Oxidizer (µg/kg)

Perchlorate 55,000 820,000 98 J 23 J 3.6 J 92 J 9.2 J

Notes:
Bold, shaded value exceeds EPA Residential RSL
µg/kg : microgram(s) per kilogram
EPA RSL - U.S. Environmental Protection Agency Regional Screening Level (June 2015 update).  RSLs based on Hazard Index (HI) equal to 1 (not adjusted).
bgs - below ground surface J - Estimated value

S69-SB008-0203

S69-SS001-0001 S69-SS002-0001 S69-SS003-0001 S69-SS004-0001 S69-SB004-0708

S69-SS006-0001 S69-SS006P-0001
(duplicate)

S69-SS007-0001 S69-SB007-0607 S69-SS008-0001

EPA 
Residential 

Soil RSL
(HI=1)

EPA 
Industrial 
Soil RSL

(HI=1)

EPA 
Residential 

Soil RSL
(HI=1)

EPA 
Industrial 
Soil RSL

(HI=1)

EPA 
Residential 

Soil RSL
(HI=1)

EPA 
Industrial 
Soil RSL

(HI=1)

S04

0 - 1

S06 S07 S08

0 - 10 - 1 0 - 1 0 - 1 7 - 8

S69-SS005-0001

0 - 1

0 - 1 7 - 8 0 - 1 7 - 8

S13S11

0 - 1

S69-SS011-0001 S69-SS011P-0001
(duplicate)

S69-SB011-0708 S69-SS013-0001 S69-SB013-0708

2 - 30 - 16 - 70 - 10 - 1



 



TABLE 4-2
MONITORING WELL GROUNDWATER RESULTS FOR SITE 69

SITE 69 - BUILDING 1018 (OXIDIZER PROCESS BUILDING)
SITE SCREENING PROCESS INVESTIGATION

NSF INDIAN HEAD, MARYLAND

Station ID MW02 (S11) MW03 (S13)
Sample ID S69-MW001-072313 S69-MW001P-072313

(duplicate)
S69-MW002 S69-MW003

Sample Date 7/23/2013 7/23/2013 7/23/2013 7/23/2013
Sample Depth (feet bgs) * 6 - 16 6 - 16 6 - 16 6 - 16
Oxidizer (µg/L)

Perchlorate 14 15 15 55,000 56,000 0.68 4.9
Wet Chemistry (mg/L)

Nitrate (as Nitrogen) 32 10 NA 6.3 J 9 J 0.21 J 0.39 J
Nitrite (as Nitrogen) 2 1 NA 0.12 J 0.21 J 0.017 J 0.025 J

Water Quality Parameters (Field-Measured)
pH (S.U.) NA NA NA 4.42 4.42 4.8 3.99
Specific Conductivity (mS/cm) NA NA NA 1.06 1.06 0.695 6.77
Dissolved Oxygen (mg/L)
 - Horiba Water Quality Meter NA NA NA 8.78 8.78 6.45 3.3

Dissolved Oxygen (mg/L)
 - CHEMETRICS Field Test Kit NA NA NA 7 7 6 2

Temperature (°C) NA NA NA 20.5 20.5 20.7 22.6
Oxygen-Reduction Potential (mV) NA NA NA 272 272 184 228
Turbidity (NTU) NA NA NA 2.7 2.7 2.2 2.4
Salinity (%) NA NA NA 0.5 0.5 0.3 3.7
Iron II - Ferrous Iron (ppm)
 - HACH Field Test Kit NA NA NA 0 0 0.4 1

NOTES:
Bold, shaded value exceeds EPA Residential RSL NA - not applicable, not available, or not analyzed
J - estimated value S.U. - standard unit(s) * Sample depth is the monitoring well screen interval depth in feet below ground surface (ft bgs)
µg/L : microgram(s) per liter Specific conductance is the electrical conductivity value standardized to 25°C (degrees Celsius)
mg/L - milligram(s) per liter mS/cm - millisiemen(s) per centimeter;  1 siemen = 1/ohm = mho.
bgs - below ground surface °C - degrees Celsius mV - millivolts ppm - parts per million NTU - Nephelometric Turbidity Unit(s)

Field-measured water quality parameter data collected using Horiba U-52 (or equivalent) water quality meter with flow-through cell, CHEMETRICS field test kit, and HACH field test kit.

EPA RSL - U.S. Environmental Protection Agency Regional Screening Level (June 2015 update). RSLs based on Hazard Index (HI) equal to 1 (not adjusted).
DoD (Department of Defense) Action Level - DoD (2009) Memorandum: Perchlorate Release Management Policy. 
  Signed by Deputy Under Secretary of Defense (Installations and Environment) on April 22.

Nitrate (as Nitrogen) - Total nitrate (NO3
-) reported as total nitrogen (N).  The concentration of NO3

- is found by multiplying the concentration as N by the 
molecular weight of NO3

- (62.00) and dividing by the atomic weight of N (14.01).
Nitrite (as Nitrogen) - Total nitrite (NO2

-) reported as total nitrogen (N).  The concentration of NO2
- is found by multiplying the concentration as N by the 

molecular weight of NO2- (46.01) and dividing by the atomic weight of N (14.01).

MW01 (S04)

Federal MCL (Maximum Contaminant Level) - EPA (April 2012) Drinking Water Standards & Health Advisories .  EPA 822-S-12-001. Office of Water. 
Washington, D.C.  For perchlorate, the effective MCL is the EPA Health Advisory Level. 

EPA 
Tapwater 

RSL
(HI=1)

Federal 
MCL

DoD 
Action 
Level



 



TABLE 4-3
SURFACE WATER RESULTS FOR SITE 69

SITE 69 - BUILDING 1018 (OXIDIZER PROCESS BUILDING)
SITE SCREENING PROCESS INVESTIGATION

NSF INDIAN HEAD, MARYLAND

Station ID
Sample ID S69-SW009-072313 S69-SW012-072313 S69-SW014-071513 S69-SW014P-071513

(duplicate)
S69-SW015-071513 S69-SW017-071713 S69-SW018-071713

Sample Date 7/23/13 7/23/13 7/15/2013 7/15/2013 7/15/2013 7/17/2013 7/17/2013
Sample Depth (feet) *
Oxidizer (µg/L)

Perchlorate 14 15 15 0.091 J 23 18 18 0.76 19 19
Wet Chemistry (mg/L)

Nitrate (as Nitrogen) 32 10 NA NA NA 0.6 0.6 0.025 U 0.62 0.51
Nitrite (as Nitrogen) 2 1 NA NA NA 0.01 J 0.011 J 0.025 J 0.01 J 0.012 J

Water Quality Parameters (Field-Measured)
pH (S.U.) NA NA NA 7.45 7.15 6.13 6.13 7.67 8.81 9.43
Specific Conductivity (mS/cm) NA NA NA 0.806 0.394 0.476 0.476 0.234 0.371 0.385
Dissolved Oxygen (mg/L)
 - Horiba Water Quality Meter NA NA NA 5.02 8.03 4.51 4.51 6.25 7.08 9.01

Dissolved Oxygen (mg/L)
 - CHEMETRICS Field Test Kit NA NA NA NA NA 5 5 5 NA NA

Temperature (°C) NA NA NA 26.8 25.7 33.7 33.7 37.5 33.1 33.6
Oxygen-Reduction Potential (mV) NA NA NA 127 92 48 48 96 169 154
Turbidity (NTU) NA NA NA 226 6.6 704 704 139 37.1 29
Salinity (%) NA NA NA 0.4 0.2 0.2 0.2 0.1 0.2 0.2
Iron II - Ferrous Iron (ppm)
 - HACH Field Test Kit NA NA NA NA NA 0 0 0.2 NA NA

NOTES:
Bold, shaded value exceeds EPA Tapwater RSL NA - not applicable, not available, or not analyzed
J - estimated value     U - not detected S.U. - standard unit(s) * At Depth - surface water samples were collected at the bottom of the water column above the sediment surface.
µg/L : microgram(s) per liter Specific conductance is the electrical conductivity value standardized to 25°C (degrees Celsius)
mg/L - milligram(s) per liter mS/cm - millisiemen(s) per centimeter;  1 siemen = 1/ohm = mho.
bgs - below ground surface °C - degrees Celsius mV - millivolt(s) ppm - part(s) per million NTU - Nephelometric Turbidity Unit(s)
Field-measured water quality parameter data collected using Horiba U-52 (or equivalent) water quality meter with flow-through cell, CHEMETRICS field test kit, and HACH field test kit.
Nitrate (as Nitrogen) - Total nitrate (NO3

-) reported as total nitrogen (N).  The concentration of NO3
- is found by multiplying the concentration as N by the molecular weight of NO3

- (62.00) and dividing by the atomic weight of N (14.01).
Nitrite (as Nitrogen) - Total nitrite (NO2

-) reported as total nitrogen (N).  The concentration of NO2
- is found by multiplying the concentration as N by the molecular weight of NO2- (46.01) and dividing by the atomic weight of N (14.01).

Federal MCL (Maximum Contaminant Level) - EPA (April 2012) Drinking Water Standards & Health Advisories.  EPA 822-S-12-001. Office of Water. Washington, D.C.  For perchlorate, the effective MCL is the EPA Health Advisory Level. 
EPA RSL - U.S. Environmental Protection Agency Regional Screening Level (June 2015 update).  RSLs based on Hazard Index (HI) equal to 1 (not adjusted).
DoD (Department of Defense) Action Level - DoD (2009) Memorandum: Perchlorate Release Management Policy. Signed by Deputy Under Secretary of Defense (Installations and Environment) on April 22.
  

EPA Tap 
Water 
RSL
(HI=1)

Federal 
MCL

DoD 
Action 
Level At Depth * At Depth *

S09 S12 S15 S17 S18S14

At Depth * At Depth * At Depth *At Depth *



 



TABLE 4-4
SEDIMENT RESULTS FOR SITE 69

SITE 69 - BUILDING 1018 (OXIDIZER PROCESS BUILDING)
SITE SCREENING PROCESS INVESTIGATION

NSF INDIAN HEAD, MARYLAND

Station ID S09 S14 S15 S16 S17 S18
Sample ID S69-SD009-0001

S69-SD014-0001
S69-SD014P-0001

(duplicate) S69-SD015-0001 S69-SD016-0001 S69-SD017-0001 S69-SD018-0001
Sample Date 7/23/2013 7/15/2013 7/15/2013 7/15/2013 7/15/2013 7/17/2013 7/17/2013
Sample Depth (feet) * 0 - 1 0 - 1 0 - 1 0 - 1 0 - 1 0 - 1 0 - 1
Oxidizer (µg/kg)

Perchlorate 55,000 820,000 0.53 U 0.36 U 0.38 U 0.41 UR 0.25 U 0.4 UJ 0.38 UJ

Notes:
No exceedances of EPA Residential RSL in sediment samples.
µg/kg : micrograms per kilogram
EPA RSL - U.S. Environmental Protection Agency Regional Screening Level (June 2015 update).  RSLs based on Hazard Index (HI) equal to 1 (not adjusted).
* Sediment sample depth measured in feet below sediment surface
J - Estimated value U - Not detected
R - rejected; unusable.  Value was rejected by data validator due to laboratory surragate recovery noncompliance.

EPA 
Residential 

Soil RSL
(HI=1)

EPA 
Industrial 
Soil RSL

(HI=1)



 



TABLE 4-5
SOIL RESULTS FOR AOC 31

AOC 31 - BUILDING 259 (OLD STOREHOUSE / DETONATOR PRODUCTION)
SITE SCREENING PROCESS INVESTIGATION

NSF INDIAN HEAD, MARYLAND

Station ID S01 S02 S03 S06

Sample ID
A31-SB01-0304 A31-SB02-0304 A31-SB03-0304 A31-SS04-0001 A31-SB04-0304 A31-SS05-0001 A31-SS05P-0001

(duplicate)
A31-SS06-0001

Sample Date 7/18/2013 7/18/2013 7/18/2013 7/18/2013 7/18/2013 7/18/2013 7/18/2013 7/18/2013
Sample Depth (feet bgs) 3 - 4 3 - 4 3 - 4 0 - 1 3 - 4 0 - 1 0 - 1 0 - 1
Explosives (µg/kg)

Dinitrobenzene, 1,3- 6,300 82,000 1.8 NA NA 750 12 U 12 U 12 U 12 U 12 U 12 U 12 U 12 U
Dinitrotoluene, 2,4- 1,700 7,400 0.32 NA NA NA 25 U 24 U 25 U 24 U 25 U 24 U 24 U 25 U
Dinitrotoluene, 2,6- 360 1,500 0.067 NA NA NA 12 U 12 U 12 U 12 U 12 U 12 U 12 U 12 U
Dinitrotoluene, 2-Amino-4,6- 150,000 2,300,000 30 NA NA NA 12 U 12 U 12 U 12 U 12 U 12 U 12 U 12 U
Dinitrotoluene, 4-Amino-2,6- 150,000 2,300,000 30 NA NA NA 12 U 12 U 12 U 12 U 12 U 12 U 12 U 12 U
HMX 3,900,000 57,000,000 1,300 NA NA NA 12 U 12 U 12 U 12 U 12 U 12 U 12 U 12 U
Nitrobenzene 5,100 22,000 0.092 NA NA NA 31 U 30 U 31 U 30 U 31 U 31 U 30 U 31 U
Nitroglycerin 6,300 82,000 0.85 NA NA NA 740 U 730 U 740 U 720 U 740 U 730 U 720 U 740 U
Nitrotoluene, 2- (ortho-) 3,200 15,000 0.29 NA 150 NA 25 U 24 U 25 U 24 U 25 U 24 U 24 U 25 U
Nitrotoluene, 3- (meta-) 6,300 82,000 1.6 NA 210 NA 31 U 30 U 31 U 30 U 31 U 31 U 30 U 31 U
Nitrotoluene, 4- (para-) 34,000 140,000 3.9 NA NA NA 31 U 30 U 31 U 30 U 31 U 31 U 30 U 31 U
RDX 6,100 28,000 0.27 NA NA NA 12 U 12 U 12 U 12 U 12 U 12 U 12 U 12 U
Tetryl 160,000 2,300,000 370 NA NA NA 25 U 24 U 25 U 24 U 25 U 24 U 24 U 25 U
Trinitrobenzene, 1,3,5- 2,200,000 32,000,000 2,100 NA NA NA 12 U 12 U 12 U 12 U 12 U 12 U 12 U 12 U
Trinitrotoluene, 2,4,6- 21,000 96,000 15 NA NA NA 25 U 24 U 25 U 24 U 25 U 24 U 24 U 25 U

Oxidizer (µg/kg)
Perchlorate 55,000 820,000 NA NA NA NA 1.9 J 2.0 J 0.43 J 1.4 J 1.1 J 0.28 J 0.12 J 0.97 J

Metals (mg/kg)
Lead 400 800 NA 14 62.5 38.6 9.6 J 9.6 J 11 J 14 J 14 J 92 J 500 J 16 J
Mercury 9.4 40 0.033 0.1 0.16 0.14 0.035 0.026 3.7 0.91 2.3 23 28 19

Notes:
Bold, shaded value exceeds EPA Residential RSL NA - not applicable, not available, or not analyzed
µg/kg : microgram(s) per kilogram mg/kg : milligram per kilogram SSL - Soil Screening Level
bgs - below ground surface J - Estimated value U - not detected DAF - Dilution Attenuation Factor
HMX - Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine RDX - Hexahydro-1,3,5-trinitro-1,3,5-triazine Tetryl - Trinitrophenylmethylnitramine
EPA RSL - U.S. Environmental Protection Agency Regional Screening Level (June 2015 update).  RSLs for noncarcinogens (n) based on Hazard Index (HI) equal to 1 (not adjusted).  RSLs for carcinogens (c) based on Incremental Lifetime Cancer Risk (ILCR) equal to 1x10-6.
NSFIH Background Values - 95 percent Upper Tolerence Limit (95%UTL) values for (1) Surface Soil and (2) "Non-Clay-Like" Subsurface Soil.  
Tetra Tech NUS (2002) Background Soil Investigation Report for Indian Head and Stump Neck Annex, Naval Suface Warefare Center Indian Head, Maryland.
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TABLE 5-1
OCCURRENCE, DISTRIBUTION, AND SELECTION OF COPCs FOR SITE 69

DIRECT CONTACT WITH SURFACE SOIL
SITE 69 - BUILDING 1018 (OXIDIZER PROCESS BUILDING)

SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

Scenario Timeframe:  Current/Future
Medium: Surface Soil
Exposure Medium: Surface Soil

Site 69
14797-73-0 Perchlorate 0.16 J 2,000 J ug/kg S69-SS04-0001 10/10 - 2,000 NA 5,500 N NA NA No BSL

Footnotes: Definitions:
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations ARAR/TBC = Applicable or Relevant and Appropriate Requirements To Be Considered
2 - Values presented are sample-specific quantitation limits. COPC = Chemical Of Potential Concern
3 - The maximum detected concentration is used for screening purposes. J = Estimated value
4 - No background data is available. N = Noncarcinogen
5 - USEPA Regional Screening Levels for Chemical Contaminants at Superfund Sites, June 2015.  The noncarcinogenic values (denoted with a "N" flag) NA = Not Applicable/Not Available
     are the screening level divided by 10 to correspond to a target hazard quotient of 0.1.
6 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level.
Shaded criterion indicates that the maximum detected concentration exceeds one or more screening criteria.  Shaded chemical name indicates that the Rationale Codes:
chemical was retained as a COPC. For selection as a COPC:

 ASL = Above Screening Level
Associated Samples
S69-SS01-0001 For elimination as a COPC:
S69-SS02-0001  BSL = Below COPC Screening Level
S69-SS03-0001
S69-SS04-0001
S69-SS05-0001
S69-SS06-0001
S69-SS06-0001-D
S69-SS07-0001
S69-SS08-0001
S69-SS11-0001
S69-SS11-0001-D
S69-SS13-0001

UnitsExposure 
Point

CAS 
Number Chemical

Minimum 
Concentration(1)

Maximum 
Concentration(1)

Potential 
ARAR/TBC

Potential 
ARAR/TBC 

Source

COPC 
Flag

Rationale for 
Contaminant 
Deletion or 
Selection(6)

Sample of Maximum 
Concentration

Frequency 
of 

Detection

Range of 
Nondetects(2)

Concentration 
Used for 

Screening(3)

Range of 
Background 

Concentrations(4)

Adjusted
USEPA RSL

Residential Soil(5)



 



TABLE 5-2
OCCURRENCE, DISTRIBUTION, AND SELECTION OF COPCs FOR SITE 69

DIRECT CONTACT WITH SUBSURFACE SOIL
SITE 69 - BUILDING 1018 (OXIDIZER PROCESS BUILDING)

SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

Scenario Timeframe:  Current/Future
Medium: Subsurface Soil
Exposure Medium: Subsurface Soil

Site 69
14797-73-0 Perchlorate 3.6 J 89,000 J ug/kg S69-SB04-0708 5/5 - 89,000 NA 5,500 N NA NA Yes ASL

Footnotes: Definitions:
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations. ARAR/TBC = Applicable or Relevant and Appropriate Requirements To Be Considered
2 - Values presented are sample-specific quantitation limits. COPC = Chemical Of Potential Concern
3 - The maximum detected concentration is used for screening purposes. J = Estimated value
4 - No background data is available. N = Noncarcinogen
5 - USEPA Regional Screening Levels for Chemical Contaminants at Superfund Sites, June 2015.  The noncarcinogenic values (denoted with a "N" flag) NA = Not Applicable/Not Available
     are the screening level divided by 10 to correspond to a target hazard quotient of 0.1.
6 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level.
Shaded criterion indicates that the maximum detected concentration exceeds one or more screening criteria.  Shaded chemical name indicates that the Rationale Codes:
chemical was retained as a COPC. For selection as a COPC:

  ASL = Above Screening Level
Associated Samples
S69-SB04-0708 For elimination as a COPC:
S69-SB07-0607   BSL = Below COPC Screening Level
S69-SB08-0203
S69-SB11-0708
S69-SB13-0708

Potential 
ARAR/TBC

Potential 
ARAR/TBC 

Source

COPC 
Flag

Rationale for 
Contaminant 
Deletion or 
Selection(6)

Sample of Maximum 
Concentration

Frequency 
of 

Detection

Range of 
Nondetects(2)

Concentration 
Used for 

Screening(3)

Range of 
Background 

Concentrations(4)

Adjusted
USEPA RSL

Residential Soil(5)
UnitsExposure 

Point
CAS 

Number Chemical
Minimum 

Concentration(1)
Maximum 

Concentration(1)



 



TABLE 5-3
OCCURRENCE, DISTRIBUTION, AND SELECTION OF COPCs FOR SITE 69

DIRECT CONTACT WITH GROUNDWATER
SITE 69 - BUILDING 1018 (OXIDIZER PROCESS BUILDING)

SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

Scenario Timeframe:  Current/Future
Medium: Groundwater
Exposure Medium: Groundwater

Site 69
14797-73-0 Perchlorate 0.68 56,000 ug/L S69-MW01-072313-D 3/3 - 56,000 NA 1.4 N 15 Yes ASL
Miscellaneous Parameters
14797-55-8 Nitrate 0.21 J 9 ug/L S69-MW01-072313-D 3/3 - 9 NA 3,200 N 10,000 No BSL
14797-65-0 Nitrite 0.017 J 0.21 J ug/L S69-MW01-072313-D 3/3 - 0.21 NA 200 N 1,000 No BSL

Footnotes: Definitions:
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations. COPC = Chemical Of Potential Concern
2 - Values presented are sample-specific quantitation limits. J = Estimated value
3 - The maximum detected concentration is used for screening purposes. N = Noncarcinogen
4 - No background data is available. NA = Not Applicable/Not Available
5 - USEPA Regional Screening Levels for Chemical Contaminants at Superfund Sites, June 2015.  The noncarcinogenic values (denoted with a "N" flag)
     are the screening level divided by 10 to correspond to a target hazard quotient of 0.1. Rationale Codes:
6 - 2012 Edition of the Drinking Water Standards and Health Advisories (USEPA, April 2012). For selection as a COPC:
7 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level.   ASL = Above Screening Level
Shaded criterion indicates that the maximum detected concentration exceeds one or more screening criteria.  Shaded chemical name indicates that the 
chemical was retained as a COPC. For elimination as a COPC:

  BSL = Below COPC Screening Level
Associated Samples
S69-MW01-072313
S69-MW01-072313-D
S69-MW02-072313
S69-MW03-072313

UnitsExposure 
Point

CAS 
Number Chemical

Minimum 
Concentration(1)

Maximum 
Concentration(1)

USEPA
MCL(6)

COPC 
Flag

Rationale for 
Contaminant 
Deletion or 
Selection(7)

Sample of Maximum 
Concentration

Frequency 
of 

Detection

Range of 
Nondetects(2)

Concentration 
Used for 

Screening(3)

Range of 
Background 

Concentrations(4)

Adjusted
USEPA RSL
Tapwater(5)



 



TABLE 5-4
OCCURRENCE, DISTRIBUTION, AND SELECTION OF COPCs FOR SITE 69

DIRECT CONTACT WITH SURFACE WATER
SITE 69 - BUILDING 1018 (OXIDIZER PROCESS BUILDING)

SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

Scenario Timeframe:  Current/Future
Medium: Surface Water
Exposure Medium: Surface Water

Site 69
14797-73-0 Perchlorate 0.091 J 23 ug/L S69-SW12-072313 6/6 - 23 NA 14 N 15 Yes ASL
Miscellaneous Parameters
14797-55-8 Nitrate 0.51 0.62 ug/L S69-SW17-071713 3/4 0.025 - 0.025 0.62 NA 32,000 N 10,000 No BSL
14797-65-0 Nitrite 0.01 J 0.025 J ug/L S69-SW15-071513 4/4 - 0.025 NA 2,000 N 1,000 No BSL

Footnotes: Definitions:
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations. COPC = Chemical Of Potential Concern
2 - Values presented are sample-specific quantitation limits. J = Estimated value
3 - The maximum detected concentration is used for screening purposes. N = Noncarcinogen
4 - No background data is available. NA = Not Applicable/Not Available
5 - USEPA Regional Screening Levels (RSLs) for Chemical Contaminants at Superfund Sites, June 2015. Values have been multiplied by 10 for anticipated reduced
     exposure to surface water.  The noncarcinogenic values (denoted with a "N" flag) are the screening level divided by 10. Rationale Codes:
6 - 2012 Edition of the Drinking Water Standards and Health Advisories (USEPA, April 2012). For selection as a COPC:
7 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level.   ASL = Above Screening Level
Shaded criterion indicates that the maximum detected concentration exceeds one or more screening criteria.  Shaded chemical name indicates that the 
chemical was retained as a COPC. For elimination as a COPC:

  BSL = Below COPC Screening Level
Associated Samples
S69-SW09-072313
S69-SW12-072313
S69-SW14-071513
S69-SW14-071513-D
S69-SW15-071513
S69-SW17-071713
S69-SW18-071713

UnitsExposure 
Point

CAS 
Number Chemical

Minimum 
Concentration(1)

Maximum 
Concentration(1)

USEPA
MCL(6)

COPC 
Flag

Rationale for 
Contaminant 
Deletion or 
Selection(7)

Sample of Maximum 
Concentration

Frequency 
of 

Detection

Range of 
Nondetects(2)

Concentration 
Used for 

Screening(3)

Range of 
Background 

Concentrations(4)

Adjusted
USEPA RSL
Tapwater(5)



 



TABLE 5-5
OCCURRENCE, DISTRIBUTION, AND SELECTION OF COPCs FOR AOC 31

DIRECT CONTACT WITH SURFACE SOIL
AOC 31 - BUILDING 259 (OLD STOREHOUSE / DETONATOR PRODUCTION)

SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

Scenario Timeframe:  Current/Future
Medium: Surface Soil
Exposure Medium: Surface Soil

AOC 31
14797-73-0 Perchlorate 0.12 J 1 J ug/kg A31-SS04-0001 3/3 - 1.4 NA 5,500 N NA NA No BSL

Metals
14797-73-0 Lead 14 J 500 J mg/kg A31-SS05-0001-D 3/3 - 500 62.5 400 NA NA Yes ASL
14797-73-0 Mercury 0.91 28 mg/kg A31-SS05-0001-D 3/3 - 28 0.16 0.94 N NA NA Yes ASL

Footnotes: Definitions:
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations. ARAR/TBC = Applicable or Relevant and Appropriate Requirements To Be Considered
2 - Values presented are sample-specific quantitation limits. COPC = Chemical Of Potential Concern
3 - The maximum detected concentration is used for screening purposes. J = Estimated value
4 - Background Soil Investigation Report of Indian Head and Stump Neck Annex. Tetra Tech, October 2002. N = Noncarcinogen
5 - USEPA Regional Screening Levels for Chemical Contaminants at Superfund Sites, June 2015.  The noncarcinogenic values (denoted with a "N" flag) NA = Not Applicable/Not Available
     are the screening level divided by 10 to correspond to a target hazard quotient of 0.1. UTL = Upper Tolerance Limit
6 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level.
     and is determined to be greater than site background. Rationale Codes:
Shaded criterion indicates that the maximum detected concentration exceeds one or more screening criteria.  Shaded chemical name indicates that the For selection as a COPC:
chemical was retained as a COPC.  ASL = Above Screening Level

Associated Samples For elimination as a COPC:
A31-SS04-0001  BKG = Less than Background Concentration
A31-SS05-0001  BSL = Below COPC Screening Level
A31-SS05-0001-D
A31-SS06-0001

UnitsExposure 
Point

CAS 
Number Chemical

Minimum 
Concentration(1)

Maximum 
Concentration(1)

Potential 
ARAR/TBC

Potential 
ARAR/TBC 

Source

COPC 
Flag

Rationale for 
Contaminant 
Deletion or 
Selection(6)

Sample of Maximum 
Concentration

Frequency 
of 

Detection

Range of 
Nondetects(2)

Concentration 
Used for 

Screening(3)

95% UTL 
Background 

Concentration(4)

Adjusted
USEPA RSL

Residential Soil(5)



 



TABLE 5-6
OCCURRENCE, DISTRIBUTION, AND SELECTION OF COPCs FOR AOC 31

MIGRATION FROM SURFACE SOIL TO GROUNDWATER
AOC 31 - BUILDING 259 (OLD STOREHOUSE / DETONATOR PRODUCTION)

SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

Scenario Timeframe:  Current/Future
Medium: Surface Soil
Exposure Medium: Surface Soil

AOC 31
14797-73-0 Perchlorate 0.12 J 1 J ug/kg A31-SS04-0001 3/3 - 1.4 NA NA NA NA No NTX
Metals
14797-73-0 Lead 14 J 500 J mg/kg A31-SS05-0001-D 3/3 - 500 62.5 14 (7) NA NA Yes ASL
14797-73-0 Mercury 0.91 28 mg/kg A31-SS05-0001-D 3/3 - 28 0.16 0.033 NA NA Yes ASL

Footnotes: Definitions:
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations ARAR/TBC = Applicable or Relevant and Appropriate Requirements To Be Considered
2 - Values presented are sample-specific quantitation limits. COPC = Chemical Of Potential Concern
3 - The maximum detected concentration is used for screening purposes. J = Estimated value MCL - Maximum Contaminant Level
4 - Background Soil Investigation Report of Indian Head and Stump Neck Annex. Tetra Tech, October 2002 N = Noncarcinogen
5 - USEPA Regional Screening Levels for Chemical Contaminants at Superfund Sites, June 2015 NA = Not Applicable/Not Available
6 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level. UTL = Upper Tolerance Limit
      and is determined to be greater than site background.
7 - Value is Maximum Contaminant Level (MCL)-based Soil Screening Level (SSL). Rationale Codes:
Shaded criterion indicates that the maximum detected concentration exceeds one or more screening criteria.  Shaded chemical name indicates that the For selection as a COPC:
chemical was retained as a COPC.  ASL = Above Screening Level

Associated Samples For elimination as a COPC:
A31-SS04-0001  BKG = Less than Background Concentration
A31-SS05-0001  BSL = Below COPC Screening Level
A31-SS05-0001-D  NTX = No toxicity criteria available
A31-SS06-0001
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TABLE 5-7
OCCURRENCE, DISTRIBUTION, AND SELECTION OF COPCs FOR AOC 31

DIRECT CONTACT WITH SUBSURFACE SOIL
AOC 31 - BUILDING 259 (OLD STOREHOUSE / DETONATOR PRODUCTION)

SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

Scenario Timeframe:  Current/Future
Medium: Subsurface Soil
Exposure Medium: Subsurface Soil

AOC 31
14797-73-0 Perchlorate 0.43 J 2 J ug/kg A31-SB02-0304 4/4 - 2 NA 5,500 N NA NA No BSL
Metals
14797-73-0 Lead 9.6 J 14 J mg/kg A31-SB04-0304 4/4 - 14 38.6 400 NA NA No BSL, BKG
14797-73-0 Mercury 0.026 3.7 mg/kg A31-SB03-0304 4/4 - 3.7 0.14 0.94 N NA NA Yes ASL

Footnotes: Definitions:
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations ARAR/TBC = Applicable or Relevant and Appropriate Requirements To Be Considered
2 - Values presented are sample-specific quantitation limits. COPC = Chemical Of Potential Concern
3 - The maximum detected concentration is used for screening purposes. J = Estimated value
4 - Background Soil Investigation Report of Indian Head and Stump Neck Annex. Tetra Tech, October 2002 N = Noncarcinogen
5 - USEPA Regional Screening Levels for Chemical Contaminants at Superfund Sites, June 2015.  The noncarcinogenic values (denoted with a "N" flag) NA = Not Applicable/Not Available
     are the screening level divided by 10 to correspond to a target hazard quotient of 0.1. UTL = Upper Tolerance Limit
6 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level.
Shaded criterion indicates that the maximum detected concentration exceeds one or more screening criteria.  Shaded chemical name indicates that the Rationale Codes:
chemical was retained as a COPC. For selection as a COPC:

 ASL = Above Screening Level
Associated Samples
A31-SB01-0304 For elimination as a COPC:
A31-SB02-0304  BKG = Less than Background Concentration
A31-SB03-0304  BSL = Below COPC Screening Level
A31-SB04-0304

UnitsExposure 
Point

CAS 
Number Chemical

Minimum 
Concentration(1)
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TABLE 5-8
OCCURRENCE, DISTRIBUTION, AND SELECTION OF COPCs FOR AOC 31

MIGRATION FROM SUBSURFACE SOIL TO GROUNDWATER
AOC 31 - BUILDING 259 (OLD STOREHOUSE / DETONATOR PRODUCTION)

SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

Scenario Timeframe:  Current/Future
Medium: Subsurface Soil
Exposure Medium: Subsurface Soil

AOC 31
14797-73-0 Perchlorate 0.43 J 2 J ug/kg A31-SB02-0304 4/4 - 2 NA NA NA NA No NTX
Metals
14797-73-0 Lead 9.6 J 14 J mg/kg A31-SB04-0304 4/4 - 14 38.6 14 (7) NA NA No BSL, BKG
14797-73-0 Mercury 0.026 3.7 mg/kg A31-SB03-0304 4/4 - 3.7 0.14 0.033 NA NA Yes ASL

Footnotes: Definitions:
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations ARAR/TBC = Applicable or Relevant and Appropriate Requirements To Be Considered
2 - Values presented are sample-specific quantitation limits. COPC = Chemical Of Potential Concern
3 - The maximum detected concentration is used for screening purposes. J = Estimated value
4 - Background Soil Investigation Report of Indian Head and Stump Neck Annex. Tetra Tech, October 2002 N = Noncarcinogen
5 - USEPA Regional Screening Levels for Chemical Contaminants at Superfund Sites, June 2015 NA = Not Applicable/Not Available
6 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level. UTL = Upper Tolerance Limit
7 - Value is Maximum Contaminant Level (MCL)-based Soil Screening Level (SSL).
Shaded criterion indicates that the maximum detected concentration exceeds one or more screening criteria.  Shaded chemical name indicates that the Rationale Codes:
chemical was retained as a COPC. For selection as a COPC:

 ASL = Above Screening Level
Associated Samples
A31-SB01-0304 For elimination as a COPC:
A31-SB02-0304  BKG = Less than Background Concentration
A31-SB03-0304  BSL = Below COPC Screening Level
A31-SB04-0304  NTX = No toxicity criteria available

Potential 
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Potential 
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Number Chemical
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TABLE 5-7
OCCURRENCE, DISTRIBUTION, AND SELECTION OF COPCs FOR AOC 31

DIRECT CONTACT WITH SUBSURFACE SOIL
AOC 31 - BUILDING 259 (OLD STOREHOUSE / DETONATOR PRODUCTION)

SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

Scenario Timeframe:  Current/Future
Medium: Subsurface Soil
Exposure Medium: Subsurface Soil

AOC 31
14797-73-0 Perchlorate 0.43 J 2 J ug/kg A31-SB02-0304 4/4 - 2 NA 5,500 N NA NA No BSL
Metals
14797-73-0 Lead 9.6 J 14 J mg/kg A31-SB04-0304 4/4 - 14 38.6 400 NA NA No BSL, BKG
14797-73-0 Mercury 0.026 3.7 mg/kg A31-SB03-0304 4/4 - 3.7 0.14 0.94 N NA NA Yes ASL

Footnotes: Definitions:
1 - Sample and duplicate are considered as two separate samples when determining the minimum and maximum concentrations ARAR/TBC = Applicable or Relevant and Appropriate Requirements To Be Considered
2 - Values presented are sample-specific quantitation limits. COPC = Chemical Of Potential Concern
3 - The maximum detected concentration is used for screening purposes. J = Estimated value
4 - Background Soil Investigation Report of Indian Head and Stump Neck Annex. Tetra Tech, October 2002 N = Noncarcinogen
5 - USEPA Regional Screening Levels for Chemical Contaminants at Superfund Sites, June 2015.  The noncarcinogenic values (denoted with a "N" flag) NA = Not Applicable/Not Available
     are the screening level divided by 10 to correspond to a target hazard quotient of 0.1. UTL = Upper Tolerance Limit
6 - The chemical is selected as a COPC if the maximum detected concentration exceeds the risk-based COPC screening level.
Shaded criterion indicates that the maximum detected concentration exceeds one or more screening criteria.  Shaded chemical name indicates that the Rationale Codes:
chemical was retained as a COPC. For selection as a COPC:

 ASL = Above Screening Level
Associated Samples
A31-SB01-0304 For elimination as a COPC:
A31-SB02-0304  BKG = Less than Background Concentration
A31-SB03-0304  BSL = Below COPC Screening Level
A31-SB04-0304

UnitsExposure 
Point

CAS 
Number Chemical

Minimum 
Concentration(1)

Maximum 
Concentration(1)

Potential 
ARAR/TBC

Potential 
ARAR/TBC 

Source

COPC 
Flag

Rationale for 
Contaminant 
Deletion or 
Selection(6)

Sample of Maximum 
Concentration
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of 

Detection

Range of 
Nondetects(2)

Concentration 
Used for 

Screening(3)

95% UTL 
Background 

Concentration(4)

Adjusted
USEPA RSL

Residential Soil(5)



 



TABLE 5-9
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs FOR SITE 69

RESIDENTIAL EXPOSURES TO SUBSURFACE SOIL
SITE 69 - BUILDING 1018 (OXIDIZER PROCESS BUILDING)

SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

Estimated Non-Carcinogenic Hazard Quotient (HQ)
Exposure Point 
Concentration 

(ug/kg)(1)

Residential 
RSL(2)

(mg/kg)
Estimated ILCR Primary Target Organ

Residential 
RSL(2)

(ug/kg)

Estimated
HQ

Perchlorate 89,000 NA NA Thyroid 55,000 2
Total ILCR NA Total HI 2

1 - The calculated 95% upper confidence limit calculated with ProUCL 5.0.00 is greater than the maximum detected concentration, therefore
     the maximum detected concentration is used as the exposure point concentration.
2 - USEPA Regional Screening Level Table (RSL) (June 2015).
NA - Not applicable.  There is no cancer slope factor (CSF) for perchlorate.

Chemical

Incremental Lifetime Carcinogenic Risk (ILCR)



 



TABLE 5-10
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs FOR SITE 69

INDUSTRIAL EXPOSURES TO SUBSURFACE SOIL
SITE 69 - BUILDING 1018 (OXIDIZER PROCESS BUILDING)

SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

Estimated Non-Carcinogenic Hazard Quotient (HQ)
Exposure Point 
Concentration 

(ug/kg)(1)

Industrial RSL(2)

(mg/kg)
Estimated ILCR Primary Target Organ Industrial RSL(2)

(ug/kg)
Estimated

HQ

Perchlorate 89,000 NA NA Thyroid 720,000 0.1
Total ILCR NA Total HI 0.1

1 - The calculated 95% upper confidence limit calculated with ProUCL 5.0.00 is greater than the maximum detected concentration, therefore
     the maximum detected concentration is used as the exposure point concentration.
2 - USEPA Regional Screening Level Table (RSL) (June 2015).
NA - Not applicable.  There is no cancer slope factor (CSF) for perchlorate.

Chemical

Incremental Lifetime Carcinogenic Risk (ILCR)



 



TABLE 5-11
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs FOR SITE 69

DIRECT CONTACT WITH GROUNDWATER - RESIDENTIAL 
SITE 69 - BUILDING 1018 (OXIDIZER PROCESS BUILDING)

SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

Incremental Lifetime Carcinogenic Risk (ILCR) Estimated Non-Carcinogenic Hazard Quotient (HQ)
Exposure Point 
Concentration 

(ug/L)(1)

Tap Water RSL(2)

(ug/L)
Estimated ILCR Primary Target Organ Tap Water RSL(2)

(ug/L)
Estimated

HQ

Perchlorate 56,000 NA NA Thyroid 14 4,000
Total ILCR NA Total HI 4,000

1 - Exposure point concentration is the maximum detected concentration in groundwater.
2 - USEPA Regional Screening Level Table (RSL) (June 2015).
NA - Not applicable.  There is no cancer slope factor (CSF) for perchlorate.

Chemical



 



TABLE 5-12
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs FOR SITE 69

DIRECT CONTACT WITH SURFACE WATER
SITE 69 - BUILDING 1018 (OXIDIZER PROCESS BUILDING)

SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

Incremental Lifetime Carcinogenic Risk (ILCR) Estimated Non-Carcinogenic Hazard Quotient (HQ)
Exposure Point 
Concentration 

(ug/L)(1)

Adjusted Tap 
Water RSL(2)

(ug/L)
Estimated ILCR Primary Target Organ

Adjusted Tap 
Water RSL(2)

(ug/L)

Estimated
HQ

Perchlorate 21.6 NA NA Thyroid 140 0.2
Total ILCR NA Total HI 0.2

1 - Exposure point concentration is the 95% upper confidence limit calculated by ProUCL Version 5.0.00.
2 - USEPA Regional Screening Levels (RSLs) for Chemical Contaminants at Superfund Sites, June 2015. Values have been multiplied 
     by 10 for anticipated reduced exposure to surface water.
NA - Not applicable.  There is no cancer slope factor (CSF) for perchlorate.

Chemical



 



TABLE 5-13
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs FOR AOC 31

RESIDENTIAL EXPOSURES TO SURFACE SOIL
AOC 31 - BUILDING 259 (OLD STOREHOUSE / DETONATOR PRODUCTION)

SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

Incremental Lifetime Carcinogenic Risk (ILCR) Estimated Non-Carcinogenic Hazard Quotient (HQ)
Exposure Point 
Concentration 

(mg/kg)(1)

Residential 
RSL(2)

(mg/kg)
Estimated ILCR Primary Target Organ

Residential 
RSL(2)

(mg/kg)

Estimated
HQ

Mercury 28 NA NA Central Nervous System 9.4 3
Total ILCR NA Total HI 3

1 - Exposure point concentration is the maximum detected concentration in surface soil.
2 - USEPA Regional Screening Level Table (RSL) (June 2015).
NA - Not applicable.  There are no cancer slope factors (CSF) for lead or mercury.

Chemical



 



TABLE 5-14
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs FOR AOC 31

INDUSTRIAL EXPOSURES TO SURFACE SOIL
AOC 31 - BUILDING 259 (OLD STOREHOUSE / DETONATOR PRODUCTION)

SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

Incremental Lifetime Carcinogenic Risk (ILCR) Estimated Non-Carcinogenic Hazard Quotient (HQ)
Exposure Point 
Concentration 

(mg/kg)(1)

Industrial RSL(2)

(mg/kg)
Estimated ILCR Primary Target Organ Industrial RSL(2)

(mg/kg)
Estimated

HQ

Mercury 28 NA NA Central Nervous System 40 0.7

1 - Exposure point concentration is the maximum detected concentration in surface soil.
2 - USEPA Regional Screening Level Table (RSL) (June 2015).
NA - Not applicable.  There are no cancer slope factors (CSF) for lead or mercury.

Chemical



 



TABLE 5-15
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs FOR AOC 31

RESIDENTIAL EXPOSURES TO SUBSURFACE SOIL
AOC 31 - BUILDING 259 (OLD STOREHOUSE / DETONATOR PRODUCTION)

SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

Incremental Lifetime Carcinogenic Risk (ILCR) Estimated Non-Carcinogenic Hazard Quotient (HQ)
Exposure Point 
Concentration 

(mg/kg)(1)

Residential 
RSL(2)

(mg/kg)
Estimated ILCR Primary Target Organ

Residential 
RSL(2)

(mg/kg)

Estimated
HQ

Mercury 3.7 NA NA Central Nervous System 9.4 0.4

1 - Exposure point concentration is the maximum detected concentration in subsurface soil.
2 - USEPA Regional Screening Level Table (RSL) (June 2015).
NA - Not applicable.  There is no cancer slope factor (CSF) for mercury.

Chemical



 



TABLE 5-16
SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs FOR AOC 31

INDUSTRIAL EXPOSURES TO SUBSURFACE SOIL
AOC 31 - BUILDING 259 (OLD STOREHOUSE / DETONATOR PRODUCTION)

SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

Incremental Lifetime Carcinogenic Risk (ILCR) Estimated Non-Carcinogenic Hazard Quotient (HQ)
Exposure Point 
Concentration 

(mg/kg)(1)

Industrial RSL(2)

(mg/kg)
Estimated ILCR Primary Target Organ Industrial RSL(2)

(mg/kg)
Estimated

HQ

Mercury 3.7 NA NA Central Nervous System 40 0.1

1 - Exposure point concentration is the maximum detected concentration in subsurface soil.
2 - USEPA Regional Screening Level Table (RSL) (June 2015).
NA - Not applicable.  There is no cancer slope factor (CSF) for mercury.

Chemical



 



 
 

TABLE 6-1 
ECOLOGICAL ASSESSMENT ENDPOINTS AND MEASUREMENT ENDPOINTS 

SITE 69 – BUILDING 1018 (OXIDIZER PROCESS BUILDING) 
AOC 31 – BUILDING 259 (OLD STOREHOUSE / DETONATOR PRODUCTION) 

SITE SCREENING PROCESS INVESTIGATION 
NSF INDIAN HEAD, MARYLAND 

 
Assessment Endpoint Measurement Endpoint 

Adverse effects on the survival, 
reproduction, and/or growth of 
terrestrial plants 

Survival, growth, and/or reproduction of terrestrial plants 
were evaluated by comparing the measured 
concentrations of chemicals in the surface soil to plant soil 
screening levels.   

Adverse effects on the survival, 
reproduction, and/or growth of 
soil invertebrates  

Survival, growth, and/or reproduction of soil invertebrates 
were evaluated by comparing the measured 
concentrations of chemicals in the surface soil to 
invertebrate soil screening levels. 

Adverse effects on the survival, 
reproduction, and/or growth of 
sediment invertebrates  

Survival, growth, and/or reproduction of sediment 
invertebrates were evaluated by comparing the measured 
concentrations of chemicals in the sediment to sediment 
screening levels. 

Adverse effects on the survival, 
reproduction, and/or growth of 
aquatic organisms 

Survival, growth, and/or reproduction of aquatic organisms 
were evaluated by comparing the measured 
concentrations of chemicals in the surface water to surface 
water screening levels. 

Adverse effects on the survival, 
reproduction, and/or increase in 
development effects of 
herbivorous birds and mammals 

Survival, reproduction, and/or increase in development 
effects of birds and mammals were evaluated by 
comparing the estimated ingested dose of contaminants in 
the surface soil, surface water, and plants to No Observed 
Adverse Effects Levels (NOAELs) and Lowest Observed 
Adverse Effects Levels (LOAELs) for surrogate wildlife 
species.   

Adverse effects on the survival, 
reproduction, and/or increase in 
development effects of 
invertivorous birds and 
mammals 

Survival, reproduction, and/or increase in development 
effects of birds and mammals were evaluated by 
comparing the estimated ingested dose of contaminants in 
the surface soil, surface water, and earthworms to 
NOAELs and LOAELs for surrogate wildlife species.   

 



 



 TABLE 6-2
ECOLOGICAL SOIL SCREENING LEVELS

SITE 69 - BUILDING 1018 (OXIDIZER PROCESS BUILDING)
AOC 31 - BUILDING 259 (OLD STOREHOUSE / DETONATOR PRODUCTION)

 SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

Value Source Value Source Value Source Value Source
Metals (mg/kg)

Lead 120 Eco SSL 1700 Eco SSL 11 Eco SSL 56 Eco SSL
Mercury 0.3 ORNL 0.1 ORNL 0.058 R3 BTAG 1.58 NOAA

Miscellaneous (ug/kg)
Perchlorate NA NA NA NA NA NA NA NA

Notes:
NA - Not available
Sources in order of preference
   Eco SSL - EPA Ecological Soil Screening Levels (USEPA, 2007)
   ORNL - Oak Ridge National Laboratory Toxicological Benchmarks for plants and invertebrates  (Efroymson, et al., 1997a, 1997b)
   NOAA - National Oceanic and Atmospheric Administration (NOAA) Screening Quick Reference Table (SQuiRT) surface soil benchmarks (Buchman 2008)
   R3 BTAG - Region 3 Biological Technical Assistance Group (BTAG) screening levels (USEPA, 1995)
   LANL - Los Alamos National Laboratory ecorisk database 3.1 screening values (LANL, 2012).  Source reviewed; no applicable values.

Parameter Plants Invertebrates Birds Mammals



 



TABLE 6-3
ECOLOGICAL COPC SELECTION FOR SURFACE SOIL

 SITE 69 - BUILDING 1018 (OXIDIZER PROCESS BUILDING)
AOC 31 - BUILDING 259 (OLD STOREHOUSE / DETONATOR PRODUCTION)

 SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

Plants Inverte-
brates Avian Mammals Plants Inverte-

brates Avian Mammals COPC 
(yes/no)? Rationale Evaluated 

(yes/no)? Rationale

Oxidizers (µg/kg)
Perchlorate 10/10 0.16 J 2000 J S69-SS04-0001 288 288 NA NA NA NA NA NA NA NA NA YES NSL YES BIO

Metals (mg/kg)
Lead 3/3 14 J 500 J A31-SS05-0001-D 109 109 62.5 120 1700 11 56 4.2 0.29 45 8.9 YES ASL YES ASL, BIO
Mercury 3/3 0.91 28 A31-SS05-0001-D 15.3 15.3 0.16 0.3 0.1 0.058 1.58 93 280 483 18 YES ASL YES ASL, BIO

Oxidizers (µg/kg)
Perchlorate 3/3 0.12 J 1.4 J A31-SS04-0001 0.86 0.86 NA NA NA NA NA NA NA NA NA YES NSL YES BIO

Ecological effects quotients are shaded if the maximum detected concentration exceeds a screening level or a screening level is not available.  Other cells are shaded  COPC Selection Rationale:
if the chemical is retained as a COPC for plants or invertebrates or if the chemical is retained for food chain modeling.      ASL = Above Screening Level

     BIO = Bioaccumulative chemical
Footnotes:      NSL = No Screening Level
1 - Average of all analytical results including one-half of the detection limit for non-detects.
2 - Average of detected concentrations only.
3 - 95% Upper Tolerance Limit from Background Soil Investigation Report of Indian Head and Stump Neck Annex. Tetra Tech, October 2002. Abbreviations:
4 - Sources of ecological screening levels are presented in Table 6-2. COPC - Chemical of Potential Concern
5 - Ecological Effects Quotients (EEQs) were calculated by dividing the maximum detected concentration by the ecological screening level.  Values are unitless.  EEQ - Ecological Effects Quotient
6 - Chemicals with EEQs for birds or mammals greater than 1.0 or bioaccumulative chemicals without bird or mammal screening values are retained for food chain modeling. NA - Not applicable/not available

AOC 31

SITE 69

Overall 
Average(1)Parameter

Frequency 
of 

Detection

Minimum 
Concentration

Maximum 
Concentration

Sample of 
Maximum 

Concentration

Average 
Positive 
Result(2)

Screening Levels(4) EEQs(5)
Deletion or Selection 

of COPCs for 
Invertebrates/Plants

Further Evaluated in 
Terrestrial Food Chain 

Modeling(6)NSFIH 
Background(3)



 



TABLE 6-4
ECOLOGICAL COPC SELECTION FOR SURFACE WATER

 SITE 69 - BUILDING 1018 (OXIDIZER PROCESS BUILDING)
 SITE SCREENING PROCESS INVESTIGATION

NSF INDIAN HEAD, MARYLAND

Parameter
Frequency of 

Detection
Sample of Maximum 

Detection
Average of 

Detections(1)
Average of 

All Results(2)
Screening 

Level(3) EEQ(4)
COPC 

(yes/no)?

Rationale for 
COPC 

selection
SITE 69
Oxidizers  (µg/L)

Perchlorate 6/6 0.091 J 23 S69-SW12-072313 13.3 13.3 9300 0.0025 NO BSL
Wet Chemistry  (mg/L)

Nitrate 3/4 0.51 0.62 S69-SW17-071713 0.58 0.44 NA NA NA NA
Nitrite 4/4 0.01 J 0.025 J S69-SW15-071513 0.014 0.014 NA NA NA NA

No chemicals were selected as a ecological COPCs in surface water at Site 69, because no EEQs exceed 1.

1 - Average of detected concentrations only.
2 - Average of all analytical results including one-half of the detection limit for non-detects.
3 - Value for Dean et al., (2004). 
4 - EEQ is calculated by dividing the maximum detected chemical concentration by its screening level.  Value is unitless.

Abbreviations:
COPC - Chemical of Potential Concern
EEQ - Ecological Effects Quotient
J - Estimated value
NA - Not applicable

Rationale Codes for COPC Selection:
BSL - Below COPC Screening Level

Minimum 
Detection

Maximum 
Detection



 



TABLE 6-5
TERRESTRIAL FOOD CHAIN MODEL - TIER 1 SCENARIO 

 SITE 69 - BUILDING 1018 (OXIDIZER PROCESS BUILDING)
AOC 31 - BUILDING 259 (OLD STOREHOUSE / DETONATOR PRODUCTION)

 SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

NOAEL-based LOAEL-based NOAEL-based LOAEL-based NOAEL-based LOAEL-based NOAEL-based LOAEL-based
SITE 69
Oxidizers

Perchlorate 1.9E-02 9.4E-03 3.7E-02 7.4E-03 2.9E-02 1.5E-02 3.5E-02 7.1E-03
AOC 31
Metals

Lead 5.1E+00 1.9E-01 5.8E-01 1.5E-02 2.0E+01 7.4E-01 3.1E+00 7.8E-02
Mercury 2.4E+03 2.4E+02 4.9E+02 9.7E+01 2.0E+02 2.0E+01 1.4E+01 2.8E+00

Oxidizers
Perchlorate 1.3E-05 6.5E-06 2.5E-05 5.0E-06 2.0E-05 1.0E-05 2.4E-05 4.8E-06

Cells are shaded if the value is greater than 1.0

NOAEL - No Observed Adverse Effects Level
LOAEL - Lowest Observed Adverse Effects Level
EEQ - Ecological Effects Quotient

Chemical

Herbivorous Receptors EEQs Invertivorous Receptors EEQs
Bobwhite Quail Meadow Vole American Robin Short-Tailed Shrew



 



TABLE 6-6
AOC 31 - TERRESTRIAL FOOD CHAIN MODEL - TIER 2, STEP 3A SCENARIO
AOC 31 - BUILDING 259 (OLD STOREHOUSE / DETONATOR PRODUCTION)

SITE SCREENING PROCESS INVESTIGATION
NSF INDIAN HEAD, MARYLAND

NOAEL-based LOAEL-based NOAEL-based LOAEL-based NOAEL-based LOAEL-based NOAEL-based LOAEL-based
AOC 31
Lead 4.9E-01 1.8E-02 5.2E-02 1.3E-03 3.9E+00 1.4E-01 6.9E-01 1.7E-02
Mercury 1.3E+02 1.3E+01 1.5E+01 3.1E+00 8.5E+01 8.5E+00 7.9E+00 1.6E+00

Cells are shaded if the value is greater than 1.0

NOAEL - No Observed Adverse Effects Level
LOAEL - Lowest Observed Adverse Effects Level
EEQ - Ecological Effects Quotient

Chemical

Herbivorous Receptors EEQs Invertivorous Receptors EEQs
Bobwhite Quail Meadow Vole American Robin Short-Tailed Shrew
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INTERPRETIVE CONCEPTUAL SITE MODEL 

AOC 31 - BUILDING 259 
SITE SCREENING PROCESS INVESTIGATION 

NSF INDIAN HEAD, MARYLAND

FIGURE 2-4
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Site 69 Soil
Sample Results

Site Screening Process Investigation
Naval Support Facility Indain Head

Indian Head, MD

FIGURE 4-1
112G03448

S69-SS013-0001
       µg/kg 

Perchlorate      92 J
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Perchlorate      9.2 J

S69-SS011-0001
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       DUP
Perchlorate      98 J     23 J
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 µg/kg 

Perchlorate     0.99 J

S69-SS002-0001
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Perchlorate     7.2 J

S69-SS006-0001
     µg/kg 

 DUP
Perchlorate     0.33 J   0.16 J

S69-SS005-0001
       µg/kg 

Perchlorate     17 J

S69-SS003-0001
       µg/kg 

Perchlorate     29 J

S69-SS004-0001
       µg/kg 

Perchlorate     2,000 J
S69-SB004-0708
Perchlorate     89,000 J
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Surface Water/Sediment
Sample Location

&<

Surface Soil/Soil Boring/
Monitoring Well Sample Location
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ND: Not Detected
µg/kg: microgram per kilogram
DUP: Duplicate

S69-SS007-0001
       µg/kg 

Perchlorate     150 J
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Perchlorate     1,200 J

S69-SS008-0001
       µg/kg 

Perchlorate     520 J
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Site 69 Groundwater Sample Results
Site Screening Process

Naval Support Facility Indain Head
Indian Head, MD

FIGURE 4-2
112G03448

S69-MW003-072313
                       µg/L 
Perchlorate      4.9

S69-MW002-072313
                       µg/L 
Perchlorate      0.68

S69-MW001-072313
                       µg/L 
                                      DUP
Perchlorate     55,000   56,000

Legend
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Surface Soil
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Surface Soil/
Soil Boring Location
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Surface Water/Sediment
Sample Location
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Surface Soil/Soil Boring/
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µg/L: microgram per liter
DUP: Duplicate
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FIGURE 4-3
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S69-SD018-0001
                       µg/kg 
Perchlorate      ND

S69-SD017-0001
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Perchlorate      ND

S69-SD014-0001
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                                   DUP
Perchlorate      ND      ND
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No Sample*
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S69-SD010-0001
No Sample*
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Exit Criteria for the Screening Risk Assessment (SRA):  Decision for 
exiting or continuing the ecological risk assessment. 

(1) Site passes SRA.  A determination is made that the site poses acceptable 
risk and shall be closed out for ecological concerns. 

(2) Site fails SRA:  The site must have both complete pathway and 
unacceptable risk.  As a result, the site will either have an interim cleanup 
or moves to the Tier 2. 

 

Tier 1. Screening Risk Assessment (SRA):  Identify pathways and 
compare exposure point concentrations to benchmarks. 

Step 1:  Site visit; Pathway Identification/Problem Formulation; 
Toxicity Evaluation 

Step 2: Exposure Estimate; Risk Calculation (SMDP)(1) 

Proceed to Exit Criteria 
for SRA 
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Exit Criteria Step 3a Refinement 
(1) If re-evaluation of the 

conservative exposure 
assumptions (SRA) supports an 
acceptable risk determination, 
then the site exits the ecological 
risk assessment process. 

(2) If re-evaluation of the 
conservative exposure 
assumptions (SRA) does not 
support an acceptable risk 
determination, then the site 
continues in the BERA process.  
Proceed to Step 3b. 

Exit Criteria Baseline Risk Assessment 
1) If the site poses acceptable risk, then no further evaluation and no 

remediation from an ecological perspective is warranted. 
2) If the site poses unacceptable ecological risk and additional evaluation 

in the form of remedy development and evaluation is appropriate, 
proceed to Tier 3. 

Tier 3. Evaluation of Remedial Alternative (RAGS C) 
A. Develop site-specific, risk-based cleanup values. 
B. Qualitatively evaluate risk posed to the environment by implementation of each 

alternative (short-term) impacts and estimate risk reduction provided by each (long-
term) impacts; provide quantitative evaluation where appropriate.  Weigh alternative 
using the remaining CERCLA 9 Evaluation Criteria.  Plan for monitoring and site 
closeout. 

Notes: 1 See USEPA’s 8 Steps ERA Process for requirements for each Scientific Management Decision Point (SMDP).          
 2 Refinement includes but is not limited to background, bioavailability, detection frequency, etc. 
 3 Risk management is incorporated throughout the tiered approach. 
 

Tier 2.  Baseline Ecological Risk Assessment (BERA):            
Detailed assessment of exposure and hazard to “assessment 
endpoints” (ecological qualities to be protected). Develop site-
specific values that are protective of the environment. 

Step 3a: Refinement of Conservative Exposure Assumptions(2) 

(SRA)----Proceed to Exit Criteria for Step 3a 
 
Step 3b: Problem Formulation - Toxicity Evaluation; 

Assessment Endpoints; Conceptual Model; Risk 
Hypothesis (SMDP) 

Step 4: Study Design/DQO - Line of Evidence; Measurement  
     Endpoints; Work Plan and Sampling & Analysis Plan 

(SMDP) 
Step 5: Verification of Field Sampling Design (SMDP) 
Step 6: Site Investigation and Data Analysis (SMDP) 
Step 7: Risk Characterization 

Proceed to Exit Criteria for BERA 

FIGURE 6-1 
NAVY ECOLOGICAL RISK ASSESSMENT TIERED APPROACH 

SITE 69 AND AOC 31 
SITE SCREENING PROCESS INVESTIGATION 

NSF INDIAN HEAD, MARYLAND 
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  = Complete Exposure Pathway
  = Complete Exposure Pathway, but not evaluated because it is considered to be insignificant
  = Incomplete Expsure Pathway (no detected results; therefore, no evaluation was performed)

Blank space indicates incomplete exposure pathway or relatively insignificant, or not applicable, potential exposure.
1 - Only present at Site 69.

FIGURE 6-2
ECOLOGICAL CONCEPTUAL SITE MODEL

SITE 69 AND AOC 31
SITE SCREENING PROCESS INVESTIGATION

NSF INDIAN HEAD, MARYLAND
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APPENDIX A 

SUPPORTING INFORMATION FOR HUMAN HEALTH RISK ASSESSMENT 



PROUCL OUTPUTS 



Subsurface Soil 



PROUCL OUTPUT - SITE 69 SUBSURFACE SOIL DATA

5% K-S Critical Value 0.391 Detected data appear Gamma Distributed at 5% Significance Level

Detected data appear Gamma Distributed at 5% Significance Level

5% A-D Critical Value 0.791 Detected data appear Gamma Distributed at 5% Significance Level

K-S Test Statistic 0.319 Kolmogrov-Smirnoff Gamma GOF Test

Gamma GOF Test

A-D Test Statistic 0.462 Anderson-Darling Gamma GOF Test

95% Student's-t UCL 55945 95% Adjusted-CLT UCL (Chen-1995) 66228

95% Modified-t UCL (Johnson-1978) 58893

Data Not Normal at 5% Significance Level

Assuming Normal Distribution

95% Normal UCL 95% UCLs (Adjusted for Skewness)

Lilliefors Test Statistic 0.466 Lilliefors GOF Test

5% Lilliefors Critical Value 0.396 Data Not Normal at 5% Significance Level

Normal GOF Test

Shapiro Wilk Test Statistic 0.564 Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value 0.762 Data Not Normal at 5% Significance Level

Note: Sample size is small (e.g., <10), if data are collected using ISM approach, you should use

guidance provided in ITRC Tech Reg Guide on ISM (ITRC, 2012) to compute statistics of interest.

For example, you may want to use Chebyshev UCL to estimate EPC (ITRC, 2012).

Chebyshev UCL can be computed using the Nonparametric and All UCL Options of ProUCL 5.0

Coefficient of Variation 2.172 Skewness 2.235

Maximum 89000 Median 870

SD 39573 Std. Error of Mean 17697

Number of Missing Observations 0

Minimum 3.6 Mean 18217

General Statistics

Total Number of Observations 5 Number of Distinct Observations 5

Number of Bootstrap Operations 2000

PERCHLORATE

From File ProUCL Data Subsurface Soil Site 69.xls

Full Precision OFF

Confidence Coefficient 95%

UCL Statistics for Uncensored Full Data Sets

User Selected Options

Date/Time of Computation 12/13/2013 11:38:52 AM

Version 5.0.00 Page 1 of 2



PROUCL OUTPUT - SITE 69 SUBSURFACE SOIL DATA

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.

For additional insight the user may want to consult a statistician.

PERCHLORATE (Continued)

Recommended UCL exceeds the maximum observation

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and Iaci (2002)

Suggested UCL to Use

95% Adjusted Gamma UCL 520933

90% Chebyshev(Mean, Sd) UCL 71309 95% Chebyshev(Mean, Sd) UCL 95358

97.5% Chebyshev(Mean, Sd) UCL 128737 99% Chebyshev(Mean, Sd) UCL 194304

95% Hall's Bootstrap UCL 1572759 95% Percentile Bootstrap UCL 53401

95% BCA Bootstrap UCL 53814

95% CLT UCL 47326 95% Jackknife UCL 55945

95% Standard Bootstrap UCL 44107 95% Bootstrap-t UCL 1568844

Nonparametric Distribution Free UCL Statistics

Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

95% Chebyshev (MVUE) UCL 95086 97.5% Chebyshev (MVUE) UCL 128334

99% Chebyshev (MVUE) UCL 193644

Assuming Lognormal Distribution

95% H-UCL 1.185E+23 90% Chebyshev (MVUE) UCL 71131

Maximum of Logged Data 11.4 SD of logged Data 4.097

Lognormal Statistics

Minimum of Logged Data 1.281 Mean of logged Data 5.751

5% Lilliefors Critical Value 0.396 Data appear Lognormal at 5% Significance Level

Data appear Lognormal at 5% Significance Level

5% Shapiro Wilk Critical Value 0.762 Data appear Lognormal at 5% Significance Level

Lilliefors Test Statistic 0.206 Lilliefors Lognormal GOF Test

Lognormal GOF Test

Shapiro Wilk Test Statistic 0.929 Shapiro Wilk Lognormal GOF Test

Assuming Gamma Distribution

95% Approximate Gamma UCL (use when n>=50) 235232 95% Adjusted Gamma UCL (use when n<50) 520933

Adjusted Level of Significance 0.0086 Adjusted Chi Square Value 0.0723

MLE Mean (bias corrected) 18217 MLE Sd (bias corrected) 40057

Approximate Chi Square Value (0.05) 0.16

Theta hat (MLE) 99164 Theta star (bias corrected MLE) 88082

nu hat (MLE) 1.837 nu star (bias corrected) 2.068

Gamma Statistics

k hat (MLE) 0.184 k star (bias corrected MLE) 0.207
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Surface Water 
 



PROUCL OUTPUT - SITE 69 SURFACE WATER

From File ProUCL Data Surface Water Site 69.xls

Full Precision OFF

Confidence Coefficient 95%

UCL Statistics for Uncensored Full Data Sets

User Selected Options

Date/Time of Computation 12/13/2013 11:40:07 AM

General Statistics

Total Number of Observations 6 Number of Distinct Observations 5

Number of Bootstrap Operations 2000

PERCHLORATE

Maximum 23 Median 18.5

SD 10.13 Std. Error of Mean 4.135

Number of Missing Observations 0

Minimum 0.091 Mean 13.31

Note: Sample size is small (e.g., <10), if data are collected using ISM approach, you should use

guidance provided in ITRC Tech Reg Guide on ISM (ITRC, 2012) to compute statistics of interest.

For example, you may want to use Chebyshev UCL to estimate EPC (ITRC, 2012).

Chebyshev UCL can be computed using the Nonparametric and All UCL Options of ProUCL 5.0

Coefficient of Variation 0.761 Skewness -0.838

Lilliefors Test Statistic 0.345 Lilliefors GOF Test

5% Lilliefors Critical Value 0.362 Data appear Normal at 5% Significance Level

Normal GOF Test

Shapiro Wilk Test Statistic 0.775 Shapiro Wilk GOF Test

5% Shapiro Wilk Critical Value 0.788 Data Not Normal at 5% Significance Level

95% Student's-t UCL 21.64 95% Adjusted-CLT UCL (Chen-1995) 18.6

95% Modified-t UCL (Johnson-1978) 21.4

Data appear Approximate Normal at 5% Significance Level

Assuming Normal Distribution

95% Normal UCL 95% UCLs (Adjusted for Skewness)

5% A-D Critical Value 0.73 Data Not Gamma Distributed at 5% Significance Level

K-S Test Statistic 0.416 Kolmogrov-Smirnoff Gamma GOF Test

Gamma GOF Test

A-D Test Statistic 0.958 Anderson-Darling Gamma GOF Test

5% K-S Critical Value 0.347 Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance Level

Version 5.0.00 Page 1 of 2



PROUCL OUTPUT - SITE 69 SURFACE WATER

Gamma Statistics

k hat (MLE) 0.591 k star (bias corrected MLE) 0.407

MLE Mean (bias corrected) 13.31 MLE Sd (bias corrected) 20.87

Approximate Chi Square Value (0.05) 1.097

Theta hat (MLE) 22.52 Theta star (bias corrected MLE) 32.73

nu hat (MLE) 7.092 nu star (bias corrected) 4.879

Assuming Gamma Distribution

95% Approximate Gamma UCL (use when n>=50)) 59.2 95% Adjusted Gamma UCL (use when n<50) 111.4

Adjusted Level of Significance 0.0122 Adjusted Chi Square Value 0.583

5% Shapiro Wilk Critical Value 0.788 Data Not Lognormal at 5% Significance Level

Lilliefors Test Statistic 0.386 Lilliefors Lognormal GOF Test

Lognormal GOF Test

Shapiro Wilk Test Statistic 0.736 Shapiro Wilk Lognormal GOF Test

Lognormal Statistics

Minimum of Logged Data -2.397 Mean of logged Data 1.541

5% Lilliefors Critical Value 0.362 Data Not Lognormal at 5% Significance Level

Data Not Lognormal at 5% Significance Level

Assuming Lognormal Distribution

95% H-UCL 750833 90% Chebyshev (MVUE) UCL 95.24

Maximum of Logged Data 3.135 SD of logged Data 2.328

Nonparametric Distribution Free UCL Statistics

Data appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLs

95% Chebyshev (MVUE) UCL 125.5 97.5% Chebyshev (MVUE) UCL 167.6

99% Chebyshev (MVUE) UCL 250.2

95% Hall's Bootstrap UCL 17.16 95% Percentile Bootstrap UCL 19.5

95% BCA Bootstrap UCL 18.67

95% CLT UCL 20.11 95% Jackknife UCL 21.64

95% Standard Bootstrap UCL 19.57 95% Bootstrap-t UCL 20.43

Note: For highly negatively-skewed data, confidence limits (e.g., Chen, Johnson, Lognormal, and Gamma) may not be

reliable. Chen's and Johnson's methods provide adjustments for positvely skewed data sets.

PERCHLORATE (Continued)

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

These recommendations are based upon the results of the simulation studies summarized in Singh, Singh, and Iaci (2002)

and Singh and Singh (2003). However, simulations results will not cover all Real World data sets.

For additional insight the user may want to consult a statistician.

Suggested UCL to Use

95% Student's-t UCL 21.64

90% Chebyshev(Mean, Sd) UCL 25.71 95% Chebyshev(Mean, Sd) UCL 31.33

97.5% Chebyshev(Mean, Sd) UCL 39.13 99% Chebyshev(Mean, Sd) UCL 54.45
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 APPENDIX B.1 
 

TOXICITY REFERENCE VALUES



TABLE 1

TOXICITY REFERENCE VALUES
SITE 69 AND AOC 31 SSP INVESTIGATION

NSF INDIAN HEAD, MARYLAND

Mammal Bird
NOAEL LOAEL NOAEL LOAEL

Metals
Lead 4.7 186.4 1.63 44.6
Mercury 0.032 0.16 0.0064 0.064
Miscellaneous
Perchlorate 6.4 32 13 26

Notes:

The sources of these NOAELS and LOAELS are presented in the table titled "Sources and
Endpoints for NOAELS and LOAELS for Terrestrial Wildlife" in this appendix.

The NOAELS and LOAELS in the source table were divided by 10 if a subchronic study was the
basis for the value. Also, if only a NOAEL was available, the value was multiplied by 10 to
estimate the LOAEL. If only a LOAEL was available, the value was divided by 10 to estimate
the NOAEL.

PARAMETER



TABLE 2

SOURCES AND ENDPOINTS FOR NOAELS AND LOAELS FOR TERRESTRIAL WILDLIFE
SITE 69 AND AOC 31 SSP INVESTIGATION

NSF INDIAN HEAD, MARYLAND

Concentration Chronic/
Parameters (mg/kg-day) Endpoint Effect Subchronic Species Primary Reference Source of Reference
Metals

Lead 44.6 LOAEL
reproduction &

growth chronic birds USEPA, 2005

Lead 186.4 LOAEL
reproduction &

growth chronic mammals USEPA, 2005

Lead 1.63 NOAEL
reproduction &

growth chronic chicken USEPA, 2005

Lead 4.7 NOAEL
reproduction &

growth chronic rat USEPA, 2005
Mercury 0.064 LOAEL reproductive chronic mallard duck Heinz, 1979 Sample et.al., 1996
Mercury 0.16 LOAEL reproductive chronic rat Verschuuren et al., 1976 Sample et.al., 1996
Mercury 0.032 NOAEL reproductive chronic rat Verschuuren et al., 1976 Sample et.al., 1996
Miscellaneous

Perchlorate 6.4 NOAEL nervous system chronic rabbits Von Burg, 1995 US Army CHPPM, 2007

Perchlorate 32 LOAEL nervous system chronic rabbits Von Burg, 1995 US Army CHPPM, 2007
Perchlorate 13 NOAEL thyroid chronic bobwhite quail chicks McNabb et al, 2004 US Army CHPPM, 2007
Perchlorate 26 LOAEL thyroid chronic bobwhite quail chicks McNabb et al, 2004 US Army CHPPM, 2007

Notes:
NOAEL = No Observed Adverse Effects Level
LOAEL = Lowest Observed Adverse Effects Level
The LOAELs used for lead were calculated as the geometric mean of growth and reproduction data from the Ecological Soil Screening Levels (USEPA, 2005).

References for the NOAELS and LOAELs are presented in this Attachment and Titled "TRV Source and Endpoint References".
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The following sections present the receptor profiles for the short-tailed shrew, American robin, meadow vole, 

and northern bobwhite quail.  The majority of the information for the profiles was obtained from the Wildlife 

Exposure Factors Handbook (USEPA, 1993).  The data for the incidental soil ingestion rates were obtained 

from the USEPA Ecological Soil Screening Guidance (USEPA, 2007).   

 

The food ingestion rates are listed in g/g (of body weight)-day on a wet weight basis but were converted to dry 

weight for the ERA.  The home ranges are presented in hectares in USEPA (1993) but were converted to 

acres by multiplying the number of hectares by 2.471.  Also note that the estimated percent of soil in the diets 

are listed in dry weight.  Table 3 of this appendix presents the exposure parameters used for food chain 

modeling.  Table 4 of this appendix presents the calculation of the exposure parameters and how the 

calculations were done.   

 

Short-Tailed Shrew (Blarina brevicauda) 
 

Shrews inhabit a wide variety of habitats and are common in areas with abundant vegetative cover. They need 

cool, moist habitats because of their high metabolic and water-loss rates.  The short-tailed shrew is primarily 

carnivorous, eating insects such as earthworms, slugs, and snails.   

 

The adult body weight for the short-tailed shrew in various habitats ranged from 0.015 to 0.01921 kg with an 

average of 0.0161 kg.  The listed food ingestion rates for shrews are 0.49 and 0.62 g/g-day (wet-weight).  The 

water ingestion rate was listed as 0.223 g/g-day.  The food and water ingestion rates in kg/day and L/day, 

respectively, were calculated as shown in the attached table.  The food ingestion rates were then multiplied by 

0.16, which is the percent solids of worms (Sample et al., 1997) to convert the ingestion rate from a wet-weight 

value to a dry-weight value.  The incidental soil ingestion rate was calculated by multiplying the ingestion rate 

by the percentage of soil that is incidentally ingested (assumed 3 percent for conservative food chain model 

and 0.9 percent for the average food chain model) from USEPA (2007).  3 percent is the 90th percentile value 

and 0.9 percent is the 50th percentile value from USEPA (2007).  The home range for the shrew (0. 9699 

acres) was calculated using data from a tamarek bog in Manitoba (only value available). 

 

American Robin (Turdus migratorius) 
 

American robins’ habitats include parks, lawns, moist forests, swamps, open woodlands, and orchards.  

Robins forage on the ground in open areas, along habitat edges, or the edges of streams. They also may 

forage above ground in shrubs and within the lower branches of trees.  In the months preceding and during the 

breeding season, robins feed primarily on invertebrates and on some fruits.  During the rest of the year their 

diet consists primarily of fruits.  
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The adult body weight for the American robin in New York woodlands and forests and in Pennsylvania ranged 

from 0.0773 to 0.0862 kg with an average of 0.0804 kg.  The only listed food ingestion rates were for robins in 

Kansas (1.52 g/g-day) and California (0.89 g/g-day), with an average of 1.205 g/g-day.  Studies calculating 

ingestion rates for the robin included in the USEPA (1993) are based on a diet comprised of berries.  Based on 

these studies, the food and water ingestion rates in kg/day and L/day, respectively, were calculated as shown 

in the attached table.  The food ingestion rates were then multiplied by 0.23, which is the percent solids of fruit 

(Sample et al., 1997) to convert the ingestion rate from a wet-weight value to a dry-weight value.  However, 

because it is assumed that the robin 100 percent of the robin’s diet are worms for the food chain models, the 

ingestion rate for the robin was calculated using field metabolism scaling as presented on the attached table 

(Nagy et al., 1999).  These are the values that will be used in the food chain model for this site.  

 

The water ingestion rate was estimated as 0.14 g/g-day.  The incidental soil ingestion rate was calculated by 

multiplying the ingestion rate by the percentage of soil that is incidentally ingested (assumed 16.4 percent for 

the conservative food chain model and 6.4 percent for the average food chain model) from USEPA (2007).   

The 16.4 percent and 6.4 percent values are based on the American woodcock.   

 

The home range for the robin was calculated using data from Tennessee and a New York dense conifer forest. 

 The values ranged from 0.27 to 1.04 acres with an average home range of 0.6095 acres. 

 

Meadow Vole (Microtus pennsylvanicus) 
 

Meadow voles inhabit grassy fields, marshes, and bogs; however, they prefer fields with more grass, more 

cover, and fewer woody plants.  They typically consume green succulent vegetation, sedges, seeds, roots, 

bark, fungi, insects, and animal matter.  However, green succulent vegetation makes up the majority of their 

diet. 

 

The adult body weight for the vole ranges from 0.017 to 0.0524 kg with an average of 0.0358 kg. The only 

listed food ingestion rates for voles range from 0.30 to 0.35 g/g-day (wet-weight), with an average of 0.325 g/g-

day. The water ingestion rates are 0.14 (estimated) and 0.21 g/g-day, with an average of 0.175 g/g-day. The 

food and water ingestion rates in kg/day and L/day, respectively, were calculated as shown in the attached 

table.  The food ingestion rates were then multiplied by 0.15, which is the percent solids of vegetation (Sample 

et al., 1997) to convert the ingestion rate from a wet-weight value to a dry-weight value.  The incidental soil 

ingestion rate was calculated by multiplying the ingestion rate by the percentage of soil that is incidentally 

ingested (assumed 3.2 percent for conservative food chain model and 1.2 percent for the average food chain 

model) from USEPA (2007).  3.2 percent is the 90th percentile value and 1.2 percent is the 50th percentile 
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value from USEPA (2007).  The home range for the meadow vole ranges from 0.000494 to 0.2051 acres with 

an average home range of 0.0659 acres. 

 

Northern Bobwhite Quail (Colinus virginianus) 
 

Quails inhabit grasslands, idle fields, pastures, and large clumps of grasses.  Bobwhite quails forage in areas 

with open vegetation, some bare ground, and light litter.  Seeds from weeds, woody plants, and grasses 

comprise the majority of an adult’s diet, although green vegetation has been found to dominate the diet of this 

species in winter in the southern areas of the United States. 

 

The adult body weight for the bobwhite quail ranges from 0.154 to 0.1939 kg with an average of 0.1751 kg. 

The listed food ingestion rates for quails range from 0.067 to 0.093 g/g-day (dry-weight), with an average of 

0.078 g/g-day. The water ingestion rate is estimated as 0.10 and 0.11 g/g-day, and measured as 0.10 to 0.13 

g/g-day, for an average water ingestion rate of 0.11 g/g-day. The food and water ingestion rates in kg/day and 

L/day, respectively, were calculated as shown in the attached table.  The food ingestion rates were already 

presented as dry-weight values because bird seed was the food source.  The incidental soil ingestion rate was 

calculated by multiplying the ingestion rate by the percentage of soil that is incidentally ingested (assumed 

13.9 percent for conservative food chain model and 6.1 percent for the average food chain model) from 

USEPA (2007).  The 13.9 percent and 6.1 percent values are based on the mourning dove.  The home range 

for the quail ranges from 8.9 to 41.3 acres with an average home range of 18.8 acres. 
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TABLE 3

EXPOSURE PARAMETERS FOR THE TERRESTRIAL WILDLIFE MODEL
SITE 69 AND AOC 31 SSP INVESTIGATION

NSF INDIAN HEAD, MARYLAND

Conservative Inputs Average Inputs
Values Units Values Units

Bobwhite Quail

Body Weight = BW 1.540E-01 kg 1.751E-01 kg
Food Ingestion Rate = If 1.628E-02 kg/day 1.361E-02 kg/day
Water Ingestion Rate = Iw 2.276E-02 L/day 1.926E-02 L/day
Soil Ingestion Rate = Is 2.263E-03 kg/day 8.304E-04 kg/day
Home Range = HR 1.880E+01 acres
Meadow Vole

Body Weight = BW 1.700E-02 kg 3.580E-02 kg
Food Ingestion Rate = If 1.878E-03 kg/day 1.744E-03 kg/day
Water Ingestion Rate = Iw 7.513E-03 L/day 6.261E-03 L/day
Soil Ingestion Rate = Is 6.010E-05 kg/day 2.093E-05 kg/day
Home Range = HR 6.590E-02 acres
American Robin

Body Weight = BW 7.73E-02 kg 8.04E-02 kg
Food Ingestion Rate = If 1.25E-02 kg/day 1.19E-02 kg/day
Water Ingestion Rate = Iw 1.21E-02 L/day 1.13E-02 L/day
Soil Ingestion Rate - Is 2.046E-03 kg/day 7.601E-04 kg/day
Home Range = HR 6.095E-01 acres
Short-Tailed Shrew

Body Weight = BW 1.500E-02 kg 1.610E-02 kg
Food Ingestion Rate = If 1.600E-03 kg/day 1.433E-03 kg/day
Water Ingestion Rate = Iw 4.280E-03 L/day 3.600E-03 L/day
Soil Ingestion Rate - Is 4.801E-05 kg/day 1.289E-05 kg/day
Home Range = HR 9.699E-01 acres

Notes:
The soil ingestion rates were calculated by multiplying the food ingestion rates

by the following incidental soil ingestion rates:

Conservative Average Source
Bobwhite quail 13.90% 6.10% 1, 2
Meadow Vole 3.20% 1.20% 1
American Robin 16.40% 6.40% 1,3
Short-tailed Shrew 3% 0.90% 1

1 - USEPA, 2007. Attachment 4-1. Ecological Soil Screening Level Guidance,
Office of Emergency and Remedial Response. February.

2 - Based on the mourning dove.
3 - Based on the American woodcock.

Species/Exposure Inputs

Assume 100% on site

Assume 100% on site

Assume 100% on site

Assume 100% on site



TABLE 4

DRY WEIGHT DERIVATION OF BODY WEIGHT, FOOD INTAKE, AND WATER INTAKE FACTORS FOR TERRESTRIAL FOOD CHAIN MODELS
SITE 69 AND AOC 31 SSP INVESTIGATION

NSF INDIAN HEAD, MARYLAND
PAGE 1 OF 2

Data from EPA (1993)
Age/Sex/ Study

Species/Factor Cond./Seas. Value Average Calculation of Values Notes
American Robin
Body Weight (g) A B 77.3 77.3 Minimum Value 0.0773 kg

Maximum Value 0.0862 kg
A M nonbreeding 86.2 Overall Study Average 0.0804 kg
A F nonbreeding 83.6 84.9

A M breeding 77.4
A F breeding 80.6 79

Food Ingestion Rate (g/g-day) B B free-living 0.89 For Eating Mostly Fruit

Conservative value: 0.0281 kg/day Maximum ingestion rate * Average Body weight * 0.23(1)

- B free-living 1.52
Average value 0.0223 kg/day Average ingestion rate * Average Body weight * 0.23(1)

(1) - 0.23 = percent solids in fruit to convert to a dry weight ingestion rate
Overall Study Average 1.21

Based on Metabolic Scaling

0.01247 kg/day Used maximum body weight in below equation

0.01188 kg/day Used average body weight in below equation

Food ingestion rates were calculated from Nagy et al., (1999) for insectivores as follows:
FI = (9.7*BW(g)0.705)/18kJ/g/1000

Water Ingestion Rate (g/g-day) A B 0.14 Conservative value: 0.012 L/day Ingestion rate * Maximum Body weight

Average value 0.011 L/day Ingestion rate * Average Body weight

Short-Tailed Shrew
Body Weight (g) A B 15 15 Minimum Value 0.0150 kg

Maximum Value 0.01921 kg
M summer 19.21 17.27 Overall Study Average 0.01613 kg
F summer 17.4
M fall 16.87
M fall 15.58

Food Ingestion Rate (g/g-day) A B 0.49 Conservative value: 0.0016 kg/day Maximum ingestion rate * Average Body weight * 0.16(1)

A B 0.62 Average value 0.00143 kg/day Average ingestion rate * Average Body weight * 0.16(1)

Overall Study Average 0.555 (1) - 0.16 = percent solids in earthworms to convert to a dry weight ingestion rate
Water Ingestion Rate (g/g-day) A B 0.223 Conservative value: 0.00428 L/day Ingestion rate * Maximum Body weight

Average value 0.00360 L/day Ingestion rate * Average Body weight

Derivation of Factors for Modeling
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DRY WEIGHT DERIVATION OF BODY WEIGHT, FOOD INTAKE, AND WATER INTAKE FACTORS FOR TERRESTRIAL FOOD CHAIN MODELS
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Data from EPA (1993)
Age/Sex/ Study

Species/Factor Cond./Seas. Value Average Calculation of Values Notes

Derivation of Factors for Modeling

Meadow Vole
Body Weight (g) A M summer 40 36.7 Minimum Value 0.017 kg

A F summer 33.4 Maximum Value 0.052 kg
Overall Study Average 0.0358 kg

A M spring 52.4 48.0
A F spring 43.5

A B spring 26 21.2
A B summer 24.3
A B fall 17
A B winter 17.5

A M 35.5 37.3
A F 39

Food Ingestion Rate (g/g-day) 0.3 0.33 Conservative value: 0.001878 kg/day Maximum ingestion rate * Average Body weight * 0.15 (1)

0.35
Average value 0.001744 kg/day Average ingestion rate * Average Body weight * 0.15(1)

(1) - 0.15 = percent solids in plant foilage to convert to a dry weight ingestion rate
Water Ingestion Rate A B 0.21 0.18 Conservative value: 0.007513 L/day Maximum ingestion rate * Average Body weight

A B 0.14 Average value 0.006261 L/day Average ingestion rate * Average Body weight
Northern Bobwhite Quail
Body Weight (g) A B fall 189.9 191 Minimum Value 0.154 kg

A B winter 193.9 Maximum Value 0.194 kg
A B spring 190 Overall Study Average 0.1751 kg

A M winter 181 177
A M summer 163
A F winter 183
A F summer 180

A M winter 161 157
A M summer 154
A F winter 157
A F summer 157

Food Ingestion Rate (g/g-day) A B winter 0.093 0.078 Conservative value: 0.01628 kg/day Maximum ingestion rate * Average Body weight
A B spring 0.067
A B summer 0.079 Average value 0.01361 kg/day Average ingestion rate * Average Body weight
A B fall 0.072

Dry weight to wet weight conversion factor not needed because food items on a dry
weight basis in the wildlife exposure factors handbook.

Water Ingestion Rate (g/g-day) A M summer 0.1 0.11 Conservative value: 0.022762 L/day Maximum ingestion rate * Average Body weight
A F summer 0.13
A M summer 0.11 Average value 0.01926 L/day Average ingestion rate * Average Body weight
A F summer 0.1

Notes:
A = Adult
F = Female, M = Male, B = Both
BW = Body Weight
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TABLE 5

TERRESTRIAL FOOD CHAIN MODEL - BAF VALUES 
SITE 69 AND AOC 31 SSP INVESTIGATION

NSF INDIAN HEAD, MARYLAND

Conservative Average Conservative Average
Metals
LEAD USEPA, 2007 USEPA, 2007
MERCURY 5 0.652 ORNL, Sept 1998 Sample et al., 1998
Miscellaneous
PERCHLORATE 1 1 1 1

Notes:
A default value of 1.0 was assigned to chemicals with unknown BAFs.  No footnotes are listed by these values.
When available, conservative value is 90th percentile; average value is median value.

Sources:

ORNL (Oak Ridge National Laboratory).  1998.  Empirical Model for the Uptake of Inorganic Chemicals from Soil by Plants. BJC/OR-133.  September.

Several tissue concentrations calculated using regression equations (where C is the soil concentration) from USEPA (2007), Attachment 4-1, Tables 4a (for 
inorganics).

Earthworm Bioaccumulation FactorsPlant Bioaccumulation Factors

Sample, B.E., J.J. Beauchamp, R.A. Efroymson, G.W., Suter II, and T.L. Ashwood.  1998.  Development and Validation of Bioaccumulation Models for 
Earthworms.  Oak Ridge National Laboratory.  February. ES/ER/TM-220.

EXP(0.561*LN(C)-1.328) EXP(0.807*LN(C)-0.218)

Chemical

EXP(0.3369*LN(C)+0.0781)

USEPA, 2007. Guidance for Developing Ecological Soil Screening Level, Attachment 4-1, Exposure Factors and Bioaccumulation Models for Derivation of 
Wildlife Eco-SSLs.  Office of Solid Waste and Emergency and Response. OSWER Directive 9285.7-55.  April.



APPENDIX B.4 
 

FOOD CHAIN MODELING 
 



CHEMICAL CONCENTRATIONS IN SURFACE SOIL AND TISSUE
SITE 69 AND AOC 31 SSP INVESTIGATION

NSF INDIAN HEAD, MARYLAND

Surface Water Concentrations (mg/L)

SITE 69
Perchlorate 2.00E+00 2.88E-01 2.88E-01 2.88E-01 2.30E-02 1.33E-02 1.33E-02 1.33E-02 1.00E+00 1.00E+00 2.00E+00 2.88E-01 1.00E+00 1.00E+00 2.00E+00 2.88E-01
AOC 31
Lead 5.00E+02 1.09E+02 1.09E+02 1.09E+02 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.21E+02 3.54E+01 8.66E+00 3.68E+00
Mercury 2.80E+01 1.53E+01 1.53E+01 1.53E+01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 3.32E+00 2.71E+00 5.00E+00 6.52E-01 1.40E+02 9.98E+00
Perchlorate 1.40E-03 8.60E-04 8.60E-04 8.60E-04 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.00E+00 1.00E+00 1.40E-03 8.60E-04 1.00E+00 1.00E+00 1.40E-03 8.60E-04

Surface water is not present at AOC 31.

Average of
All Results

Earthworm Concentrations
(mg/kg)

Surface Soil Concentrations (mg/kg)

Average of
All Results

Average of
Positive
Results

Average(1)

Average
Average (1)

Average of
Positive
Results

Chemical
Average

Plant Concentrations
(mg/kg)

Conservative Average Conservative

1 - Average concentration is the mean concentration of all samples, using 1/2 the detection limit for non-detects, unless the value is greater than the maximum concentration. In that case, the average concentration is the mean of the positive detections.

Maximum
Detection

Maximum
Detection

Regession equation from Eco SSL
Regession - Sample et al (1998)

Regession equation from Eco SSL

Plant Bioaccumulation Factors
Earthworm Bioaccumulation

Factors

AverageConservative Conservative



Soil Max SW Vegetation Dose (mg/kg/d) from: Total
Conc. Conc. Conc. Surface Dose NOAEL LOAEL Hazard Quotients

(mg/kg) (mg/L) (mg/kg) Soil Water Veget. (mg/kg/d) (mg/kg/d) (mg/kg/d) NOAEL LOAEL
SITE 69
Perchlorate 2.00E+00 2.30E-02 2.00E+00 7.07E-03 1.02E-02 2.21E-01 2.38E-01 6.40E+00 3.20E+01 3.7E-02 7.4E-03
AOC 31
Lead 5.00E+02 0.00E+00 8.66E+00 1.77E+00 0.00E+00 9.56E-01 2.72E+00 4.70E+00 1.86E+02 5.8E-01 1.5E-02
Mercury 2.80E+01 0.00E+00 1.40E+02 9.90E-02 0.00E+00 1.55E+01 1.56E+01 3.20E-02 1.60E-01 4.9E+02 9.7E+01
Perchlorate 1.40E-03 0.00E+00 1.40E-03 4.95E-06 0.00E+00 1.55E-04 1.60E-04 6.40E+00 3.20E+01 2.5E-05 5.0E-06

Cells are shaded if the value is greater than 1.0
Body Weight = (BW) 1.70E-02 kg Dose (soil) = (Cs * Is)(H)/BW Conc = Concentration
Food Ingestion Rate = (If) 1.88E-03 kg/day Dose (vegetation) = (Cv * If)(H)/BW LOAEL = Lowest Observed Adverse Effects Concentration
Water Ingestion Rate = (Iw) 7.51E-03 L/day Dose (water) = (Cw * Iw)(H)/BW NOAEL = No Observed Adverse Effects Concentration
Soil Ingestion Rate = (Is) 6.01E-05 kg/day Cs = Contaminant concentration in soil
Home Range = (HR) Assume 100% on site Cv = Contaminant concentration in vegetation
Contaminated Area = (CA) Assume equal to home range Cw = Contaminant concentration in water

Total Dose = Dose (soil) + Dose (water) + Dose (vegetation)
H=CA/HR (Assume = to 1)

Chemical

MEADOW VOLE - TIER 1 INPUTS
TERRESTRIAL WILDLIFE MODEL ECOLOGICAL EFFECTS QUOTIENT CALCULATION

NSF INDIAN HEAD, MARYLAND
SITE 69 AND AOC 31 SSP INVESTIGATION



Soil Avg SW Vegetation Dose (mg/kg/d) from: Total
Conc. Conc. Conc. Surface Dose NOAEL LOAEL Hazard Quotients

Chemical (mg/kg) (mg/L) (mg/kg) Soil Water Veget. (mg/kg/d) (mg/kg/d) (mg/kg/d) NOAEL LOAEL
SITE 69
Perchlorate 2.88E-01 1.33E-02 2.88E-01 1.68E-04 2.33E-03 1.40E-02 1.65E-02 6.40E+00 3.20E+01 2.6E-03 5.2E-04
AOC 31
Lead 1.09E+02 0.00E+00 3.68E+00 6.37E-02 0.00E+00 1.79E-01 2.43E-01 4.70E+00 1.86E+02 5.2E-02 1.3E-03
Mercury 1.53E+01 0.00E+00 9.98E+00 8.94E-03 0.00E+00 4.86E-01 4.95E-01 3.20E-02 1.60E-01 1.5E+01 3.1E+00
Perchlorate 8.60E-04 0.00E+00 8.60E-04 5.03E-07 0.00E+00 4.19E-05 4.24E-05 6.40E+00 3.20E+01 6.6E-06 1.3E-06

Cells are shaded if the value is greater than 1.0
Body Weight = (BW) 3.58E-02 kg Dose (soil) = (Cs * Is)(H)/BW Conc = Concentration
Food Ingestion Rate = (If) 1.74E-03 kg/day Dose (vegetation) = (Cv * If)(H)/BW LOAEL = Lowest Observed Adverse Effects Concentration
Water Ingestion Rate = (Iw) 6.26E-03 L/day Dose (water) = (Cw * Iw)(H)/BW NOAEL = No Observed Adverse Effects Concentration
Soil Ingestion Rate = (Is) 2.09E-05 kg/day Cs = Contaminant concentration in soil
Home Range = (HR) 6.59E-02 acres Cv = Contaminant concentration in vegetation
Contaminated Area = (CA) Assume equal to home range Cw = Contaminant concentration in water

Total Dose = Dose (soil) + Dose (water) + Dose (vegetation)
H=CA/HR (Assume = to 1)

MEADOW VOLE - TIER 2, STEP 3A INPUTS
TERRESTRIAL WILDLIFE MODEL ECOLOGICAL EFFECTS QUOTIENT CALCULATION

NSF INDIAN HEAD, MARYLAND
SITE 69 AND AOC 31 SSP INVESTIGATION



Soil Max SW Vegetation Dose (mg/kg/d) from: Total
Conc. Conc. Conc. Surface Dose NOAEL LOAEL Hazard Quotients

(mg/kg) (mg/L) (mg/kg) Soil Water Veget. (mg/kg/d) (mg/kg/d) (mg/kg/d) NOAEL LOAEL
SITE 69
Perchlorate 2.00E+00 2.30E-02 2.00E+00 2.94E-02 3.40E-03 2.11E-01 2.44E-01 1.30E+01 2.60E+01 1.9E-02 9.4E-03
AOC 31
Lead 5.00E+02 0.00E+00 8.66E+00 7.35E+00 0.00E+00 9.15E-01 8.26E+00 1.63E+00 4.46E+01 5.1E+00 1.9E-01
Mercury 2.80E+01 0.00E+00 1.40E+02 4.12E-01 0.00E+00 1.48E+01 1.52E+01 6.40E-03 6.40E-02 2.4E+03 2.4E+02
Perchlorate 1.40E-03 0.00E+00 1.40E-03 2.06E-05 0.00E+00 1.48E-04 1.69E-04 1.30E+01 2.60E+01 1.3E-05 6.5E-06

Cells are shaded if the value is greater than 1.0
Body Weight = (BW) 1.54E-01 kg Dose (soil) = (Cs * Is)(H)/BW Conc = Concentration
Food Ingestion Rate = (If) 1.63E-02 kg/day Dose (vegetation) = (Cv * If)(H)/BW LOAEL = Lowest Observed Adverse Effects Concentration
Water Ingestion Rate = (Iw) 2.28E-02 L/day Dose (water) = (Cw * Iw)(H)/BW NOAEL = No Observed Adverse Effects Concentration
Soil Ingestion Rate = (Is) 2.26E-03 kg/day Cs = Contaminant concentration in soil
Home Range = (HR) Assume 100% on site Cv = Contaminant concentration in vegetation
Contaminated Area = (CA) Assume equal to home range Cw = Contaminant concentration in water

Total Dose = Dose (soil) + Dose (water) + Dose (vegetation)
H=CA/HR (Assume = to 1)

Chemical

NSF INDIAN HEAD, MARYLAND

BOBWHITE QUAIL - TIER 1 INPUTS
TERRESTRIAL WILDLIFE MODEL ECOLOGICAL EFFECTS QUOTIENT CALCULATION

SITE 69 AND AOC 31 SSP INVESTIGATION



Soil Avg SW Vegetation Dose (mg/kg/d) from: Total
Conc. Conc. Conc. Surface Dose NOAEL LOAEL Hazard Quotients

Chemical (mg/kg) (mg/L) (mg/kg) Soil Water Veget. (mg/kg/d) (mg/kg/d) (mg/kg/d) NOAEL LOAEL
SITE 69
Perchlorate 2.88E-01 1.33E-02 2.88E-01 1.37E-03 1.46E-03 2.24E-02 2.52E-02 1.30E+01 2.60E+01 1.9E-03 9.7E-04
AOC 31
Lead 1.09E+02 0.00E+00 3.68E+00 5.17E-01 0.00E+00 2.86E-01 8.03E-01 1.63E+00 4.46E+01 4.9E-01 1.8E-02
Mercury 1.53E+01 0.00E+00 9.98E+00 7.26E-02 0.00E+00 7.76E-01 8.48E-01 6.40E-03 6.40E-02 1.3E+02 1.3E+01
Perchlorate 8.60E-04 0.00E+00 8.60E-04 4.08E-06 0.00E+00 6.69E-05 7.09E-05 1.30E+01 2.60E+01 5.5E-06 2.7E-06

Cells are shaded if the value is greater than 1.0
Body Weight = (BW) 1.75E-01 kg Dose (soil) = (Cs * Is)(H)/BW Conc = Concentration
Food Ingestion Rate = (If) 1.36E-02 kg/day Dose (vegetation) = (Cv * If)(H)/BW LOAEL = Lowest Observed Adverse Effects Concentration
Water Ingestion Rate = (Iw) 1.93E-02 L/day Dose (water) = (Cw * Iw)(H)/BW NOAEL = No Observed Adverse Effects Concentration
Soil Ingestion Rate = (Is) 8.30E-04 kg/day Cs = Contaminant concentration in soil
Home Range = (HR) 1.88E+01 acres Cv = Contaminant concentration in vegetation
Contaminated Area = (CA) Assume equal to home range Cw = Contaminant concentration in water

Total Dose = Dose (soil) + Dose (water) + Dose (vegetation)
H=CA/HR (Assume = to 1)

NSF INDIAN HEAD, MARYLAND
SITE 69 AND AOC 31 SSP INVESTIGATION

BOBWHITE QUAIL - TIER 2, STEP 3A INPUTS
TERRESTRIAL WILDLIFE MODEL ECOLOGICAL EFFECTS QUOTIENT CALCULATION



Soil Max SW Invertebrate Dose (mg/kg/d) from: Total
Conc. Conc. Conc. Surface Dose NOAEL LOAEL Hazard Quotients

(mg/kg) (mg/L) (mg/kg) Soil Water Invert. (mg/kg/d) (mg/kg/d) (mg/kg/d) NOAEL LOAEL
SITE 69
Perchlorate 2.00E+00 2.30E-02 2.00E+00 6.40E-03 6.56E-03 2.13E-01 2.26E-01 6.40E+00 3.20E+01 3.5E-02 7.1E-03
AOC 31
Lead 5.00E+02 0.00E+00 1.21E+02 1.60E+00 0.00E+00 1.29E+01 1.45E+01 4.70E+00 1.86E+02 3.1E+00 7.8E-02
Mercury 2.80E+01 0.00E+00 3.32E+00 8.96E-02 0.00E+00 3.54E-01 4.44E-01 3.20E-02 1.60E-01 1.4E+01 2.8E+00
Perchlorate 1.40E-03 0.00E+00 1.40E-03 4.48E-06 0.00E+00 1.49E-04 1.54E-04 6.40E+00 3.20E+01 2.4E-05 4.8E-06

Cells are shaded if the value is greater than 1.0
Body Weight = (BW) 1.50E-02 kg Dose (soil) = (Cs * Is)(H)/BW Conc = Concentration
Food Ingestion Rate = (If) 1.60E-03 kg/day Dose (invertebrate) = (Ci * If)(H)/BW LOAEL = Lowest Observed Adverse Effects Concentration
Water Ingestion Rate = (Iw) 4.28E-03 L/day Dose (water) = (Cw * Iw)(H)/BW NOAEL = No Observed Adverse Effects Concentration
Soil Ingestion Rate = (Is) 4.80E-05 kg/day Cs = Contaminant concentration in soil
Home Range = (HR) Assume 100% on site Ci = Contaminant concentration in invertebrate
Contaminated Area = (CA) Assume equal to home range Cw = Contaminant concentration in water

Total Dose = Dose (soil) + Dose (water) + Dose (invertebrate)
H=CA/HR (Assume = to 1)

Chemical

NSF INDIAN HEAD, MARYLAND

SHORT-TAILED SHREW - TIER 1 INPUTS
TERRESTRIAL WILDLIFE MODEL ECOLOGICAL EFFECTS QUOTIENT CALCULATION

SITE 69 AND AOC 31 SSP INVESTIGATION



Soil Avg SW Invertebrate Dose (mg/kg/d) from: Total
Conc. Conc. Conc. Surface Dose NOAEL LOAEL Hazard Quotients

Chemical (mg/kg) (mg/L) (mg/kg) Soil Water Invert. (mg/kg/d) (mg/kg/d) (mg/kg/d) NOAEL LOAEL
SITE 69
Perchlorate 2.88E-01 1.33E-02 2.88E-01 2.31E-04 2.97E-03 2.56E-02 2.88E-02 6.40E+00 3.20E+01 4.5E-03 9.0E-04
AOC 31
Lead 1.09E+02 0.00E+00 3.54E+01 8.73E-02 0.00E+00 3.15E+00 3.24E+00 4.70E+00 1.86E+02 6.9E-01 1.7E-02
Mercury 1.53E+01 0.00E+00 2.71E+00 1.23E-02 0.00E+00 2.41E-01 2.53E-01 3.20E-02 1.60E-01 7.9E+00 1.6E+00
Perchlorate 8.60E-04 0.00E+00 8.60E-04 6.89E-07 0.00E+00 7.65E-05 7.72E-05 6.40E+00 3.20E+01 1.2E-05 2.4E-06

Cells are shaded if the value is greater than 1.0
Body Weight = (BW) 1.61E-02 kg Dose (soil) = (Cs * Is)(H)/BW Conc = Concentration
Food Ingestion Rate = (If) 1.43E-03 kg/day Dose (invertebrate) = (Ci * If)(H)/BW LOAEL = Lowest Observed Adverse Effects Concentration
Water Ingestion Rate = (Iw) 3.60E-03 L/day Dose (water) = (Cw * Iw)(H)/BW NOAEL = No Observed Adverse Effects Concentration
Soil Ingestion Rate = (Is) 1.29E-05 kg/day Cs = Contaminant concentration in soil
Home Range = (HR) 9.70E-01 acres Ci = Contaminant concentration in invertebrate
Contaminated Area = (CA) Assume equal to home range Cw = Contaminant concentration in water

Total Dose = Dose (soil) + Dose (water) + Dose (invertebrate)
H=CA/HR (Assume = to 1)

NSF INDIAN HEAD, MARYLAND
SITE 69 AND AOC 31 SSP INVESTIGATION

SHORT-TAILED SHREW - TIER 2, STEP 3A INPUTS
TERRESTRIAL WILDLIFE MODEL ECOLOGICAL EFFECTS QUOTIENT CALCULATION



Soil Max SW Invertebrate Dose (mg/kg/d) from: Total
Conc. Conc. Conc. Surface Dose NOAEL LOAEL Hazard Quotients

(mg/kg) (mg/L) (mg/kg) Soil Water Invert. (mg/kg/d) (mg/kg/d) (mg/kg/d) NOAEL LOAEL
SITE 69
Perchlorate 2.00E+00 2.30E-02 2.00E+00 5.30E-02 3.60E-03 3.23E-01 3.80E-01 1.30E+01 2.60E+01 2.9E-02 1.5E-02
AOC 31
Lead 5.00E+02 0.00E+00 1.21E+02 1.33E+01 0.00E+00 1.96E+01 3.29E+01 1.63E+00 4.46E+01 2.0E+01 7.4E-01
Mercury 2.80E+01 0.00E+00 3.32E+00 7.43E-01 0.00E+00 5.37E-01 1.28E+00 6.40E-03 6.40E-02 2.0E+02 2.0E+01
Perchlorate 1.40E-03 0.00E+00 1.40E-03 3.71E-05 0.00E+00 2.26E-04 2.64E-04 1.30E+01 2.60E+01 2.0E-05 1.0E-05

Cells are shaded if the value is greater than 1.0
Body Weight = (BW) 7.73E-02 kg Dose (soil) = (Cs * Is)(H)/BW Conc = Concentration
Food Ingestion Rate = (If) 1.25E-02 kg/day Dose (invertebrate) = (Ci * If)(H)/BW LOAEL = Lowest Observed Adverse Effects Concentration
Water Ingestion Rate = (Iw) 1.21E-02 L/day Dose (water) = (Cw * Iw)(H)/BW NOAEL = No Observed Adverse Effects Concentration
Soil Ingestion Rate = (Is) 2.05E-03 kg/day Cs = Contaminant concentration in soil
Home Range = (HR) Assume 100% on site Ci = Contaminant concentration in invertebrate
Contaminated Area = (CA) Assume equal to home range Cw = Contaminant concentration in water

Total Dose = Dose (soil) + Dose (water) + Dose (invertebrate)
H=CA/HR (Assume = to 1)

Chemical

NSF INDIAN HEAD, MARYLAND

AMERICAN ROBIN - TIER 1 INPUTS
TERRESTRIAL WILDLIFE MODEL ECOLOGICAL EFFECTS QUOTIENT CALCULATION

SITE 69 AND AOC 31 SSP INVESTIGATION



Soil Avg SW Invertebrate Dose (mg/kg/d) from: Total
Conc. Conc. Conc. Surface Dose NOAEL LOAEL Hazard Quotients

Chemical (mg/kg) (mg/L) (mg/kg) Soil Water Invert. (mg/kg/d) (mg/kg/d) (mg/kg/d) NOAEL LOAEL
SITE 69
Perchlorate 2.88E-01 1.33E-02 2.88E-01 2.73E-03 1.87E-03 4.26E-02 4.72E-02 1.30E+01 2.60E+01 3.6E-03 1.8E-03
AOC 31
Lead 1.09E+02 0.00E+00 3.54E+01 1.03E+00 0.00E+00 5.25E+00 6.28E+00 1.63E+00 4.46E+01 3.9E+00 1.4E-01
Mercury 1.53E+01 0.00E+00 2.71E+00 1.45E-01 0.00E+00 4.01E-01 5.46E-01 6.40E-03 6.40E-02 8.5E+01 8.5E+00
Perchlorate 8.60E-04 0.00E+00 8.60E-04 8.15E-06 0.00E+00 1.27E-04 1.35E-04 1.30E+01 2.60E+01 1.0E-05 5.2E-06

Cells are shaded if the value is greater than 1.0
Body Weight = (BW) 8.04E-02 kg Dose (soil) = (Cs * Is)(H)/BW Conc = Concentration
Food Ingestion Rate = (If) 1.19E-02 kg/day Dose (invertebrate) = (Ci * If)(H)/BW LOAEL = Lowest Observed Adverse Effects Concentration
Water Ingestion Rate = (Iw) 1.13E-02 L/day Dose (water) = (Cw * Iw)(H)/BW NOAEL = No Observed Adverse Effects Concentration
Soil Ingestion Rate = (Is) 7.62E-04 kg/day Cs = Contaminant concentration in soil
Home Range = (HR) 6.10E-01 acres Ci = Contaminant concentration in invertebrate
Contaminated Area = (CA) Assume equal to home range Cw = Contaminant concentration in water

Total Dose = Dose (soil) + Dose (water) + Dose (invertebrate)
H=CA/HR (Assume = to 1)

NSF INDIAN HEAD, MARYLAND
SITE 69 AND AOC 31 SSP INVESTIGATION

AMERICAN ROBIN - TIER 2, STEP 3A INPUTS
TERRESTRIAL WILDLIFE MODEL ECOLOGICAL EFFECTS QUOTIENT CALCULATION



 



Appendix C 

Field Documentation and Log Sheets 

































































































































































Appendix D 

Data Validation Memoranda and Analytical Data 











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 



Appendix E 

Photograph Log





APPENDIX E-1 
SITE 69 PHOTO LOG 

 

 
Photo 1:  Standing on asphalt road, south of Build 1039, looking northwest towards S69-MW001.   

S69-S007 (stake in top left), S008 (stake in center), and middle drainage ditch are also visible. 

 
Photo 2:  Near S69-S005 (stake in bottom-right) looking west towards S69-MW001 and S69-S003 (stake in top-left).   

Small mound observable in center of picture where Building 1018 once stood. 



APPENDIX E-1 
SITE 69 PHOTO LOG 

 

 
Photo 3:  Standing just north of Building 1029 looking north up middle drainage ditch.   

Note very little water and sediment in concrete ditch with water seeping into ditch. 



APPENDIX E-1 
SITE 69 PHOTO LOG 

 

 
Photo 4:  At middle drainage ditch (water drains around concrete near leafs) where it combines with a storm  

sewer that originates in the eastern portion of the Site 69 near S69-S009. 

 
Photo 5:  Standing just north of S69-MW003 looking north up middle drainage ditch with S69-S012 in  

view (pin flag on right). 



APPENDIX E-1 
SITE 69 PHOTO LOG 

 

 
Photo 6:  At S69-MW003 looking southeast at middle drainage ditch with S69-S014 in view (pin flag left of rig). 

 
Photo 7:  At S69-S018 (sample location just off picture to left) looking north up Town Gut Creek towards Site 69. 



APPENDIX E-1 
SITE 69 PHOTO LOG 

 

 
Photo 8:  At S69-S015 (pin flag) looking northeast up rip rap ditch.  This ditch intersects the middle drainage ditch 

approximately 75 feet to the southwest. 

 
Photo 9:  Drill rig set up at S69-MW003 before first auger was advanced. 



APPENDIX E-1 
SITE 69 PHOTO LOG 

 

 
Photo 10:  Soil cores at S69-S004 before installing well S69-MW01 

 in descending order from right (5 to10 foot interval) to left (25 to 30 foot interval). 



APPENDIX E-2 
AOC 31 PHOTO LOG 

 
Photo 1:  Near A31-S006 looking northeast across AOC 31 with A31-S001 (farthest stake) through 

A31-S004 (closest stake) and A31-S005 (left) in view. 

 
Photo 2:  Standing on the eastern portion of AOC 31 looking west. 



APPENDIX E-2 
AOC 31 PHOTO LOG 

 
Photo 3:  At A31-S005 (stake) with marked utility in view.   

Former concrete drainage channel in top left sloping away to west. 

 
Photo 4:  View of A31-S006 in trees in the western portion of AOC 31. 
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