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Executive Summary

Introduction

This report describes the work performed for and the results of the remedial investigation
(RT) conducted at Site 28 at Naval District Washington, Indian Head (NDWIH), in Indian
Head, Maryland. The RI was performed by CH2M HILL for the Atlantic Division of the
Naval Facilities Engineering Command, Department of the Navy, as Contract Task Order
0111 under U.S. Navy Contract N62470-95-D-6007.

Objectives and Scope of Work
The objectives of the Rl (CH2M HILL, 2003) were to:

e Verify the presence of contamination in soil, groundwater, surface water, and sediment
resulting from past activities at the site

e Define the extent of contamination

« Evaluate the need for remediation on the basis of the information developed in the
human health and ecological risk assessments

Site Background

Site 28 is in the northeast corner of the facility, on the shore of Mattawoman Creek. The site
encompasses the former site of a zinc recovery furnace, Well 14, and a shoreline burning
cage. In 1928, the zinc recovery furnace, designated Building 415, was erected. The last
station map on which the building appears is dated October 31, 1952, indicating that the
building was demolished in the early 1950s (Dolph, 2001).

Site Findings

o As expected, the area around the former zinc recovery furnace contains significant
metals contamination, especially zinc

« The concentrations of metals are significantly higher in the surface soils than the
subsurface soil (1-3 ft deep)

« Significant metals contamination, especially from zinc, was also present in the sediment
downgradient of the former zinc recovery furnace

Conclusions and Recommendations

The analytical results have adequately defined the nature and extent of the contamination
for each medium. The number of samples taken was adequate to determine the extent of
contamination at the site. None of the media contain volatile organic compounds (VOCs),
semivolatile organic compounds (SVOCs), or chemicals used in explosive devices in
significant quantities to be of concern. All risk drivers at the site are metals.
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The human health risk assessment determined that potentially unacceptable risk was
present for future adults, children, lifetime residents, and construction workers exposed to
soil and groundwater at Site 28. Risks to commercial and industrial workers from soil were
not quantitatively evaluated in the risk assessment. However, based on the calculated risk to
an adult resident exposed to soil (i.e., a noncarcinogenic hazard that only marginally
exceeded the USEPA target hazard level), which is the most directly analogous receptor to a
commercial worker, the potential risk to this receptor is likely acceptable. The analysis of the
elevated lead concentrations in the Swale 3 area (Figure 6-2) concluded that exposure to
surface soil and subsurface soil in this area would potentially be a concern for fetuses of
expectant construction workers, utility workers (if they are exposed at the upper end of the
estimated range of parameter values), and adult trespassers (if they are exposed at the
upper end of the estimated range of parameter values), and for future child residents. None
of these receptors are present at the site under current conditions, nor are they expected to
be present at the site in the future.

The screening ecological risk assessment determined that potentially unacceptable risk was
present in the soil and sediment. A Baseline Ecological Risk Assessment (BERA) is currently
underway to address potential ecological risks.

The recommendation for metals-contaminated soil in the Swale 3 area at Site 28 is to
evaluate soil removal as an interim remedial measure (IRM). This IRM will include removal
of soil to a depth and extent that will mitigate the potential risks to both human and
ecological receptors from soil at Site 28. The BERA will evaluate the potential ecological
risks from sediment, surface water, and groundwater-to-surface water exposure at Site 28,
Based on the results of the BERA, these pathways may need to be addressed in a Feasibility
Study.

While risks from groundwater to human receptors are estimated to be potentially
unacceptable, groundwater is not recommended for advancement in the CERCLA process
to the feasibility study stage. Given the proximity of Site 28 to Mattawoman Creek, low
hydraulic conductivity, and the very thin saturated thickness, shallow groundwater in the
vicinity of Site 28 is not a potable resource. One could not build a legal well in this unit,
given Maryland well construction regulations, which require a minimum of 20 feet of
isolation casing from ground surface. This unit is also not capable of meeting sustained
yield requirements of Maryland well construction regulations; a well casing greater than 200
feet would likely be required.

Risk from groundwater to ecological receptors will be evaluated in the Site 28 BERA because
groundwater does migrate to surface water swales and the Mattawoman Creek system.
Groundwater is also a potential source of metals to the near-shore sediments and surface
water and thus will be considered in the management of ecological risk for these media. The
BERA will be completed prior to the Site 28 Feasibility Study.

Also, shoreline habitat is expected to be restored as part of any remedial action, as the
current conditions are degraded and active erosion is occurring.
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SECTION1

Introduction

This report describes the work performed and the results of the remedial investigation (RI)
conducted at Site 28 (also referred to as the “Original Burning Ground,” the “Slavins Dock
Area,” and the “Wildlife Area”) at the Naval District Washington, Indian Head (NDWIH)?
in Indian Head, Maryland. The Rl was performed by CH2M HILL for the Atlantic Division
of the Naval Facilities Engineering Command, Department of the Navy, as Contract Task
Order 0111 under U.S. Navy Contract N62470-95-D-6007.

1.1 Objectives and Scope of Work
The objectives of the RI (CH2M HILL, 2003) were to:

e Verify the presence of contamination in soil, groundwater, surface water, and sediment
resulting from past activities at the site

e Define the extent of contamination

o Evaluate the need for remediation on the basis of the critical information developed in
the human health and ecological risk assessments

These objectives were established on the basis of a review and evaluation of site historical
information (Dolph, 2001).

These objectives were pursued through the following field and laboratory activities:

(1) collection and analysis of surface and subsurface soil samples; (2) collection and analysis
of in situ groundwater samples (direct push) to determine placement of monitoring wells;
(3) collection and analysis of surface water and sediment in the swales and collection of
sediment samples in Mattawoman Creek; and (4) installation and sampling of permanent
monitoring wells during phase two of the field effort.

The in situ groundwater (direct-push) data were presented at the July Indian Head
Installation Restoration Team meeting. During this meeting and a series of conference calls,
the monitoring well locations were agreed upon by the Team and installed. All of the soil
data, sediment data, and groundwater data collected from monitoring wells have
undergone a full data validation. These data were then evaluated for human health and
ecological risk.

1.2 Report Organization

This report summarizes the data collected during the RI, interprets the data, and documents
the nature and extent of contamination for affected media. Contaminant-migration
pathways and transport mechanisms for affected media are evaluated. The report also

1 On October 1, 2003, the installation management functions at Indian Head transferred from NDWIH to NDW. References to
this installation will now be Naval District Washington, Indian Head.
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presents an assessment of the potential human-health and environmental risks associated
with current site conditions and recommendations for further activities at the site.

The report is divided into eight sections and supplemented by appendices:

1. Introduction: Describes the objectives and scope of the Rl, the organization of the report,
the activity, and the history of Site 28

2. Activity and Site Physical Description: Summarizes the physical characteristics of the
facility and Site 28

3. Remedial Investigation Activities: Provides details of the sampling and data-gathering
methods used during the field activities. The sampling rationale and data-quality
objectives as dictated by the intended use of the data are discussed in this section. The
quality assurance (QA) and quality control (QC) protocols followed during the RI
activities also are provided in this section

4. Nature and Extent of Contamination: Describes the nature and extent of contamination
found in soil, surface water, sediment, and groundwater from the RI activities

5. Contaminant Fate and Transport: Describes contaminant migration at the site in the
context of the mobility and persistence of the contamination

6. Human Health Risk Assessment: Describes the potential effects of the contamination on
human health

7. Ecological Risk Assessment: Describes the potential effects of the contamination on the
environment

8. Conclusions and Recommendations: Summarizes the results of the RI and the risk
posed to human health and the environment based on the nature, extent, fate, and
transport of contaminants on the site and provides recommendations for additional
work

The appendixes contain the soil-boring and well-construction logs, well permits, well-
location and well-elevation survey data, the raw analytical data obtained during the RI
investigations, and the human-health and environmental risk assessment tables of
calculations.

1.3 Activity Description

1.3.1 Introduction

NDWIH is a military facility located in northwestern Charles County, Maryland,
approximately 25 miles southwest of Washington, D.C. (Figure 1-1). The facility consists of
two tracts of land: the main installation, on the Cornwallis Neck Peninsula, and the Stump
Neck Annex, located across Mattawoman Creek (Figure 1-2).

The main installation comprises approximately 2,500 acres and is bounded by the Potomac
River to the northwest, west, and south; Mattawoman Creek to the south and east; and the
town of Indian Head to the northeast (Figure 1-2). Included as part of the main installation
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are Marsh Island and Thoroughfare Island, which are located in Mattawoman Creek.
Elevations range from sea level to approximately 125 ft above mean sea level (msl).

The Stump Neck Annex comprises approximately 1,000 acres and is bounded by the
Mattawoman Creek, the Potomac River, and the Chicamuxen Creek (Figure 1-2). Elevations
range from sea level to approximately 10 ft above msl.

Both Cornwallis Neck Peninsula and Stump Neck Annex are on the National Priorities List
(NPL). The main installation and Stump Neck Annex are separated by Mattawoman Creek
(i.e., are noncontiguous), have separate U.S. Environmental Protection Agency (USEPA)
identification numbers, and perform dissimilar operations. Investigation of the Stump Neck
Annex is being conducted through the Resource Conservation and Recovery Act (RCRA)
Corrective Action and the Installation Restoration (IR) program. Site 28 is located at the
easternmost point of the main installation, along the shore of the Mattawoman Creek.

1.3.2 Current and Historical Uses of NDWIH

NDWIH was established in 1890 and is the Navy’s oldest continuously operating ordnance
station. At various times during its operation, NDWIH served as a gun and armor proving
ground, a powder factory, a propellant plant, and a research facility. The U.S. government
purchased Stump Neck Annex in 1901. The property provided a safety buffer for testing
larger naval guns that were fired into the Potomac River and at Stump Neck.

The original NDWIH installation was enlarged by the acquisition of 1,160 acres of adjacent
land in 1918, during World War I. This expansion included the purchase of Hopewell Farm
and Hog Island, which was then an islet in Mattawoman Creek and has since become
attached to the Cornwallis Neck peninsula. When the Dahlgren Naval Proving Ground was
established as a separate command in 1932, NDWIH was redesignated the Naval Powder
Factory (Parsons Engineering Science, Inc., 2000).

Facility missions, including producing gunpowder and developing new explosives during
World War II, resulted in the construction of several new facilities at NDWIH, as well as the
construction of Route 210 (Indian Head Highway) as a Defense Access Road in 1943.
Development and improvements at Indian Head continued throughout the 1950s and 1960s,
and in 1966, NDWIH was renamed the Naval Ordnance Station (NOS). Rum Point, an 80-
acre promontory in Mattawoman Creek near Stump Neck, was also acquired in this year.
Bullitt Neck was obtained in five small acquisitions during 1965 and 1966 in order to meet
safety and security needs arising from explosive magazines at the Indian Head station
(Parsons Engineering Science, Inc., 2000).

After the Vietnam conflict, the mission of NDWIH shifted from production to a highly
technical engineering support operation. In 1987, NOS was established as a Center for
Excellence to promote technological excellence in the following specialized fields: energetic
chemicals; guns, rockets, and missile propulsion; ordnance devices; explosives; safety and
environmental protection; and simulators and training (Parsons Engineering Science, Inc.,
2000). Current military land use includes operations and training; production; maintenance
and utilities; research, development, testing, and evaluation; explosive storage; supply and
nonexplosive storage; administration; community facilities and services; and housing,.
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Forest stands compose approximately 47 percent, or 1,603 acres, of NDWIH and include
pine, pine-hardwood, and hardwood forest cover types. Recreation areas at Indian Head
include approximately 1,150 acres of designated hunting areas, approximately 2 miles of
shoreline fishing areas, and 1.5 miles of nature trails.

1.3.3 Surrounding Land Uses

NDWIH is generally surrounded by commercial, residential, and state park land to the east
and south of the main installation and Stump Neck Annex. The town of Indian Head is
located just east of NDWIH, where most residential developments are located. Indian Head
Highway extends eastward from the NDWIH main gate, attracting businesses and
providing access to residential areas off the main highway. The Potomac River 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.

The Stump Neck Annex is bordered to the north by Mattawoman Creek, to the east by
General Smallwood State Park and Sweden Point Marina, and to the south by Chicamuxen
Creek, agricultural lands, and low-density residential development. The Chicamuxen
Wildlife Management Area is located adjacent to and south of the Stump Neck Annex.

1.4 Previous Investigations

In 1983, Naval Energy and Environment Support Activity (NEESA) conducted an Initial
Assessment Study (LAS) to evaluate sites at the NDWIH and to determine if a potential
threat to human health or the environment existed. The findings for Site 28 are provided in
the IAS report, in which the 1.8-acre site was referred to as the “original NOS burning
ground.” File searches did not provide information about the types of materials that were
burned. NEESA concluded on the basis of materials manufactured when the site was in
operation, c. 1890 to 1942, that smokeless powder may have been burned at the site. Various
contaminated wastes were also burned openly. During IAS site reconnaissance, no signs of
burned materials were observed. NEESA concluded that there was not enough information
to characterize the potential hazard of the site. The site was not recommended for a Navy
Assessment and Control of Installation Pollutants Confirmation Study.

Several soil sampling events were conducted following the 1AS. In August 1993, a soil
sample from Site 28, referred to at that time as the “Slavins Dock area,” was collected about
20 ft southwest of “Well #14” (Figure 1-3) and analyzed for soil texture, pH, and fertility.
The pH for the sandy loam soil was 6.7. The soil test results indicated that copper,
magnesium, sulphate, and zinc were present in amounts of 25, 30, 22.7, and 14,700 pounds
per acre, respectively. For zinc, this translates into 7,350 parts per million (ppm).

In May 2000, the analytical results of total lead and total zinc in a soil sample (soil sample 1)
collected from Site 28 near “Wildlife Area Well #14” indicated concentration levels of 9.37
and 515 ppm, respectively. In July 2000, a soil sample (IR2855-000712) was collected and
analyzed for various metals. The analysis detected cadmium (1.2 ppm), lead (3.8 ppm), and
selenium (1.8 ppm) in the sample.
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In October 2000, a sediment sample was collected in Mattawoman Creek just off the
shoreline of Site 28 for a Toxicity Identification Evaluation (TIE) associated with Site 42
(SAIC, 2001). The sediment sample had a measured pore water concentration of zinc of
25,000 micrograms per liter (ng/L).

TetraTech NUS's study of Mattawoman Creek included use of the Rapid Sediment
Screening technology developed by Space and Naval Warfare Systems Command
(SPAWARS) (Tetra Tech NUS, 2004). A review of the data collected for the Mattawoman
Creek study indicated that additional site-specific data are required to evaluate the effect of
Site 28 on the environment. Accordingly, additional sampling was performed (see

Section 3).

1.5 Site 28 Overview

Site 28, also referred to variously as the “Original NOS Burning Ground,” the “Slavins Dock
Area,” and the “Wildlife Area,” is located on the main installation of NDWIH (Figure 1-2).
The site encompasses the former site of a zinc recovery furnace, Well 14, and a shoreline
burning cage (Figure 1-3).

During World War I, the U.S. Navy initiated a metal-recycling program, which was vital
during World War II and continues to present day. In 1928, the zinc recovery furnace,
designated Building 415, was erected. The last station map on which the building appears is
dated October 31, 1952, indicating that the building was demolished in the early 1950s
(Dolph, 2001).

Well 14 was installed in 1918 to a depth of 430 ft using cable drilling (Public Works of the
Navy, date unknown). Initially this was used as a potable well, but it became an observation
well in 1988 and remains so today.

A small burning cage to the south of Well 14 was used to burn debris (e.g., wooden crates).
The exact location of the former burning cage is unknown. The burning ground is shown
outside of the existing perimeter fence on at least one historical map; however, burned
debris, glass, and slaglike materials were observed inside the fence in an area adjacent to the
mouth of Swale 4 (Figure 1-3).

See Section 2 for more-detailed site information.
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SECTION 2

Activity and Site Background

This section discusses the physical characteristics of NDWIH and Site 28. Section 2.1
describes the topography and climate; Section 2.2, the soils; Section 2.3, the hydrology;
Section 2.4, the geology; Section 2.5, the hydrogeology; and Section 2.6, the ecology. A
summary of ecological receptors and exposure pathways specific to Site 28 are presented in
Section 7.

2.1 Climate and Topography
211 NDWIH Climate

The climate is typical of the humid temperate continental climatic zone in which the facility
lies. This zone has hot, humid summers and relatively mild winters. Because of its
proximity to the Potomac River and its tributaries, NDWIH experiences less extreme
temperatures, higher precipitation, and higher humidity than inland areas. The average
daily maximum temperature is 67.5°F, and the average daily minimum temperature is 45°F.
The warmest part of the year is in late July, and the coldest is in late January and early
February. The growing season is approximately 190 days, from mid-April through mid-
October (USDA, 1974).

2.1.2 NDWIH Topography

NDWIH is situated on a peninsula that separates Mattawoman Creek from the Potomac
River. The terrain is characterized primarily by gently sloping hills and valleys. Elevations
range from sea level along the perimeter of the peninsula to approximately 125 ft above msl
at the bluffs in the northeastern portion of the facility (Figure 1-2).

2.1.3 Site 28 Topography

The topography of Site 28 is characterized by a relatively steep slope from the southeast to
just before the shoreline with Mattawoman Creek. The slope near the shoreline is
moderately sloped to relatively flat. A dirt road, which used to be a railroad track, lies just
north of the site. The elevation ranges from 47 ft above msl from the west along the dirt road
to sea level at the shoreline with Mattawoman Creek (Figure 2-1). There are four swales on
Site 28 that are moderately to deeply incised (Figure 2-1).

2.2 Soils

The soils at NDWIH consist of silty and sandy loams with minor amounts of gravel and
tend to have low permeability and low shrink-swell potential. Four dominant soil
associations are found at Indian Head (USDA, 1974):
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* Beltsville-Gravelly Land-Bourne: Level to moderately sloping soils, moderately well-
drained and loamy, and moderately deep. They also include dense, root-inhibiting
fragipans and steep, gravelly soil materials.

* Beltsville-Exum-Wickham: Level to moderately sloping, moderately well-drained and
well-drained loamy soils. Soils within this association are moderately deep, and include
dense, root-inhibiting fragipans and steep, gravelly soil materials.

* Evesboro-Keyport-Elkton: Level to moderately sloping, excessively drained, sandy soils
and moderately well-drained and poorly drained, level to gently sloping, loamy soils
with clayey subsoil.

* Bibb-Tidal Marsh-Swamp: Level or nearly level, poorly drained soils, generally located
on floodplains and in miscellaneous unclassified wetlands.

2.3 Hydrology

Major water bodies at NDWIH include the Potomac River, Mattawoman Creek, and
Chicamuxen Creek. The Potomac River flows almost 400 miles from its headwaters in the
Allegheny Mountains of West Virginia. Near NDWIH, the Potomac broadens and becomes
saltier from the increased influence of the Chesapeake Bay. Salinity ranges from 0.01 to 3.0
parts per thousand near NDWIH, with the highest salinity values recorded during dry
summer months. Mattawoman and Chicamuxen Creeks are tidal tributaries to the lower
Potomac River. Chicamuxen Creek is more saline than Mattawoman Creek because it is
more strongly influenced by the estuarine waters of the lower Potomac River.

The Potomac River bounds Cornwallis Neck to the north and northwest. Because of the
peninsula’s topography, most of the surface water drainage on Cornwallis Neck flows into
Mattawoman Creek, which forms its southeastern boundary. Stump Neck Peninsula is
bounded by Mattawoman Creek to the north, the Potomac River to the northwest, and
partially by Chicamuxen Creek to the southeast.

2.4 Geology
2.4.1 NDWIH Geology

The facility is in the Atlantic Coastal Plain physiographic province. This province consists of
an eastward-thickening wedge of interbedded sand and clay units that were deposited in
fluvial and marine environments. The deposits range in age from Cretaceous, consisting of
the Potomac Group, to Recent, consisting of the Upper Lowland Deposits, and in thickness
from 650 to 900 ft (Vroblesky and Fleck, 1991).

According to the geologic map provided by Hiortdahl (1997), the site is immediately
underlain by Quaternary deposits. Hiortdahl (1997) provides a geologic cross-section that
indicates that the Quaternary deposits are approximately 100 ft thick in the vicinity of the
site. They are of fluvial and estuarine origin as cut-and-fill deposits in paleochannels of the
early Potomac River system. They generally consist of medium- to coarse-grained sand and
gravel grading upward to silt and clay. Isolated cobbles and boulders may be found near the
base of the deposits. The site inspection (Ensafe/ Allen & Hoshall, 1994) reported that the
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soil profile from the ground surface to a depth of about 8 ft below ground surface (bgs)
consists of well-sorted, medium-grained sand.

Vroblesky and Fleck (1991) reported that the Patapsco Formation, the uppermost unit of the
Cretaceous Potomac Group, immediately underlies the Quaternary deposits in the vicinity
of the site. The top of the Patapsco is about 45 ft below msl. The Patapsco is characterized by
layers of fine- to medium-grained sand and silt separated by thick layers of clay. Typically,
the deposits within the Patapsco Formation grade from coarse-grained at the bottom to
finer-grained at the top. The Patapsco was not encountered during the RI drilling.

The Patapsco is immediately underlain by the tough, massive clay of the Arundel
Formation, which is then underlain by the medium- to coarse-grained sand of the Patuxent
Formation. The Patuxent is subsequently underlain by gneissic, schistosic, and gabbroic
bedrock.

2.4.2 Site 28 Geology

Site-specific geologic information was obtained from 41 direct-push soil boring locations
and 5 monitoring well soil boring locations. Seven soil borings were advanced; however,
only five monitoring wells were constructed. One soil boring was abandoned after drilling
to a depth of 1 ft because groundwater was encountered at less than 1 ft bgs. The other soil
boring was used for collection of a Shelby tube sample for hydraulic conductivity testing
and not for lithologic description. Continuous split-spoon samples were collected at each
location during direct-push and hollow-stem auger (HSA) drilling. Appendix A contains the
HSA and direct-push boring logs.

The northeast section of Site 28 Zone A does not contain any vegetation and has been
extremely eroded. The shallow subsurface geology in this area is characterized by moist
light gray, highly plastic silty clay. The southern section of Zones A and B is characterized
by fine-grained sand and silty sand with occasional trace clay. The soil on either side of the
dirt road (old railroad tracks) contains fill and consists of fine to coarse sand and gravel. The
entire site is underlain by dense, gray, highly plastic clay.

The depth to the clay ranges from 4 to 26 ft bgs, depending on surface. This unit is likely
part of the Quaternary deposit. Figure 2-1 shows the locations of soil borings used to obtain
geologic data and the location of two geologic cross-sections (A-A” and B-B’). Figure 2-2
presents cross-section A-A’, oriented approximately northwest-southeast through the site.
Figure 2-3 shows cross-section B-B’, oriented approximately west-east through the site.

2.5 Hydrogeology

2.5.1 NDWIH Hydrogeology

The water table is recharged by precipitation that infiltrates the ground surface. Some of the
water that runs off the surface of the ground at the sites flows to drainage ditches. These
ditches then drain toward the Potomac River or toward Mattawoman Creek. The Master
Work Plan (Brown and Root Environmental, 1997) reports that most natural drainage from
the facility is to Mattawoman Creek.
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Hiortdahl (1990) states that although there are numerous localized water-bearing systemns
within the Lowland Deposits, these water-bearing units are not used as a potable water
source by the facility or on the Indian Head Peninsula. The main aquifer is a series of units
within the Potomac Group; the Patapsco unit is nearest the ground surface.

The facility is the largest user of groundwater in the area and withdraws an average of 1 to
2 million gallons per day. Most of the production wells are screened in the Patapsco
Formation. One production well, Well 16A, located near Building 1728, is screened in the
Patuxent aquifer. This well is currently used for drinking water. MILCON Project P-160,
titled “Water Systems Improvement,” also includes new well installation and well repairs
(Jorgensen, 2002).

Eleven production wells are in use at the facility at present. Hiortdahl (1990) reports that
pumping in the Potomac Group aquifers has produced a cone of depression in the
potentiometric surface that extends approximately 6 miles to the northeast and southwest
and 2 to 3 miles to the northwest and southeast.

2.5.2 Site 28 Hydrogeology

As discussed in Section 2.4.2, the site is immediately underlain by fine-grained to silty sand
that is underlain by a clay layer. The sand acts as the primary water-bearing unit and the
underlying clay acts as a confining layer.

The water table was encountered at the site at depths ranging from approximately 0.85 ft
bgs in I528MWO02 to approximately 12.72 ft bgs in IS28MW03 when measured on September
10, 2003. The groundwater lies at relatively low altitudes and the flow is to the southeast
toward Mattawoman Creek. The groundwater elevation in feet above mean sea level for
each of the monitoring wells is shown in Figure 2-4. The hydraulic gradient of the site is
roughly 0.1.

Two Shelby tube samples were collected from the underlying clay layer to estimate its
hydraulic conductivity. One Shelby tube was collected upgradient of the site at IS28MW04,
and one was collected downgradient of the site at IS28MWO7 (Figure 2-4). At both locations
the clay was penetrated by approximately 2 ft. Laboratory hydraulic conductivity testing
was performed on these samples using method ASTM D5084. The estimated geometric
mean is 2.55 x 10-8cm/sec (Table 2-1, Appendix B). These values reflect the very low
permeability of this unit and its role as a confining layer. The conductivity test method used,
ASTM D5084, typically requires four consecutive tests on a sample. The extremely low
conductivity of the sample collected from boring 1IS28MW07 would have required an
unreasonably long period of time for four tests. Consequently, the hydraulic analysis of this
sample was terminated after one conductivity test. The sample, however, does conform to
ASTM D5084.

Groundwater at Site 28 discharges to Mattawoman Creek, a tidal tributary of the Potomac
River. Typically, when a hydrostratigraphic unit discharges to a tidal water body, its water
table or potentiometric surface fluctuates in a harmonic motion. The fluctuation is a
somewhat delayed and dampened reflection of the tidal fluctuation. The amplitude (or
height) of the fluctuation generally decreases with increasing distance from the shoreline.
The time lag between high tide and high water level in the hydrostratigraphic unit also
increases with increasing distance from the shore. Typically, these influences take the form
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of a pressure-front propagation, rather than large-scale penetration of surface water into
groundwater bodies.

As Figure 2-4 indicates, the hydraulic gradient from Site 28 to the Mattawoman Creek is
relatively steep (1:0.2), with the maximum groundwater elevation greater than the
maximum mean high-tide value expected in this area. Accordingly, net groundwater flow is
from Site 28 to the Creek. Short-term decreases in hydraulic gradient would occur only at
the peak of the diurnal high-tide cycle and would be limited temporally, since the hydraulic
conductivity of the aquifer provides resistance to penetrative flow. Therefore, there is little
opportunity for reversal of groundwater flow, if any, since the rate of change in the aquifer
is much slower than the rate of change in the tidal cycle. True reversals of groundwater
flow, and the concomitant penetration of Creek water into the coastal groundwater system,
would inherently be limited to the near-shore area, perhaps to the areas of Site 28 in which
static groundwater elevations are less than 2 ft above msl. Within this zone, some mixing
will occur. This phenomenon is not likely to exert a significant influence on contaminant fate
and transport or to quantification of risks to human health and the environment, since the
contaminants in soil and groundwater in the near-shore area would still be transported into
the Mattawoman system absent tidal interactions. The magnitude of these influences is
expected to be small, given the relative differences in hydraulic head and Potomac
River/Mattawoman Creek stage (28 ft above msl for wells in the vicinity of the
topographically upgradient areas of Site 28, compared to near 0 ft above msl for the
Potomac River/Mattawoman Creek).

Accordingly, any tidal influences at Site 28 likely are limited to the near-shoreline area.

Four swales at Site 28 discharge to Mattawoman Creek. Swale 4 flows perennially and is
unaffected by drought conditions or seasonal fluctuations, suggesting an anthropogenic
source, according to anecdotal evidence provided by NDWIH. Flow in the remaining three
swales is intermittent, responding to seasonal fluctuations, and appears to be groundwater
discharging to the ground surface as springs.

Possible anthropogenic sources of the Swale 4 water included losses from lines associated
with Well 14 or leakage from a pressurized hydrant system that draws its water from the
Potomac River. Investigation by NDWIH and CH2M HILL personnel determined that Well
14 was inoperable, with no electrical service, and therefore no active pumping. The base
public works department was unable to find a hydrant system leak in the vicinity of Site 28.

As a secondary investigation of the water source, certain general water quality parameters
(pH, specific conductance, and oxidation-reduction potential (ORP)) in groundwater,
surface water (Mattawoman Creek), and the swale water were compared. The objective was
to determine if the geochemical signature of the swale water more closely matched nearby
groundwater conditions or Mattawoman Creek conditions (as a surrogate for and source of
the hydrant system water). Mattawoman Creek measurements were based on U.S.
Geological Survey (USGS) monitoring of surface water quality in Mattawoman Creek (at a
point 12.6 river miles upstream of its mouth, near Pomonkey, Md.) during the period from
December 6, 2003, through January 6, 2004. This is, at best, a screening analysis, since
surface water conditions likely changé downgradient, closer to the Mattawoman Creek
intakes for the hydrant system. Water leaking from any upgradient sources would also have
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to move through the unsaturated and saturated soil at Site 28, which would alter its
geochemical signature. Both of these factors introduce uncertainty into the analysis.

The specific conductance value measured in Swale 4 was 101 pS/cm. This measurement is
consistent with Swales 1, 2, and 3, which ranged from 104 to 226 pS/cm. The specific
conductance values measured in the swales are also consistent with those measured in
groundwater, which ranged from 109 to 263 pS/cm. USGS monitoring indicates that the
specific conductance baseline ranges between 100 and 110 uS/cm in Mattawoman Creek.
Although precipitation events affect this, baseline conditions appear to reestablish rapidly.
The broad range of values measured in groundwater and swale water are very similar,
suggesting a groundwater source, in contrast to the narrow range of specific conductance
measured in surface water. Values of pH in groundwater range from 3.34 to 7.30; in swale
water from 5.55 to 6.64; and in Mattawoman Creek from 6.2 to 6.7. Both the surface water
and swale water values are bracketed by the range of values in groundwater and no
meaningful conclusions are drawn.

Based on the apparent absence of anthropogenic sources and the limited geochemical data,
the source of the water in Swale 4 appears to be groundwater. The potentiometric surface
data support the close proximity of the water table to the ground surface in the vicinity of
the head of Swale 4.

2.6 Ecology

2.6.1 Terrestrial Systems

NDWIH comprises approximately 2,000 acres of terrestrial ecological communities on
Cornwallis Neck and about 1,000 acres on Stump Neck. Terrestrial habitats in these areas
are classified as forested uplands, open uplands, and terrestrial cultural uplands. The
forested areas on NDWIH are dominated by oaks (Quercus spp.), hickories (Carya spp.),
tulip trees (Liriodendron tulipifera), and pine (Pinus spp.). Flowering dogwood (Cornus
florida), redbud (Cercis canadensis), and American holly (Ilex opaca) are typical of the upland
understory. The forests are heavily fragmented by buildings, roads, and other structures.
Terrestrial cultural uplands consist of areas that have been created, maintained, or modified
by human activities. These areas are characterized as either mowed grass/landscaped areas,
wildlife food plots, or successional fields and roadsides.

2.6.2 Wetland Systems

National Wetland Inventory (NWI) maps identify approximately 290 acres of wetlands on
NDWIH. Of this acreage, tidal estuarine systems total 234 acres, forested wetlands total 42
acres, emergent marshes and shrub swamps total 5.5 acres, and lacustrine systems make up
the remaining acreage. There are also approximately 17 miles of riverine systems in this
area.

At NDWIH, the tidal estuarine systems are associated with the Potomac River, Mattawoman
Creek, and Chicamuxen Creek. Mattawoman Creek marshes are typically dominated by
wild rice (Zizania aquatica), big cordgrass (Spartina cynosuriodes), cattail (Typha spp.), rose-
mallow (Hibiscus moscheutos), tickseed sunflowers (Bidens spp.), pickerelweed (Pontederia
cordata), and arrow arum (Peltandra virginica). Intertidal shoreline fringe marshes are
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extremely rare and are dominated by water willow (Justica americana) or American
threesquare (Scirpus pungens). The broad expansive marsh of Chicamuxen Creek contains an
extremely diverse flora. An informal survey of this marsh conducted in 1988 identified more
than 80 species of plants (Maryland Department of Natural Resources, 1992).

2.6.3 Fauna

The diverse ecological communities at NDWIH support many wildlife species. Faunal
inventories were conducted by Maryland Natural Heritage Program as part of the 1991-
1992 rare, threatened, and endangered species survey. NDWIH natural resources staff have
conducted additional waterfowl and amphibian surveys. Currently, an estimated 15 species
of damselflies, 26 of dragonflies, 48 of butterflies, 29 of mammals, 23 of reptiles, 20 of
amphibians, and 119 of birds utilize the available habitat at NDWIH (Maryland Department
of Natural Resources, 1992; Parsons Engineering Science, Inc., 2000).

2.6.4 Rare, Threatened, and Endangered Species

A survey of rare, threatened, and endangered species was conducted by the Maryland
Natural Heritage Program in 1991 and1992. The survey focused on areas with a high
potential for supporting rare, threatened, and endangered species. Of the listed species, the
bald eagle (Haliaeetus leucocephalus) is the only known federally listed threatened species
identified on NDWTH. The remainder of the species listed includes five state-listed
endangered plants, two state-listed threatened plants, one state-listed endangered
invertebrate, and 18 species of regional concern.

Three additional rare tree species were identified during the 1995 Urban Tree Inventory: the
state-threatened eastern arborvitae (Thuja occidentalis), state-rare shingle oak (Quercus
imbricaria), and potentially state-rare pussy willow (Salix discolor).

The 1991-1992 survey also identified 10 areas of ecological significance (totaling 614 acres)
that have the potential to support the long-term protection of the rare, threatened, and
endangered species. These protection areas are Bullitt Neck Point, Cornwallis Neck
Marshes, Hog Island Cove, Thoroughfare Island, Chicamuxen Creek Marsh, Magnolia Seep,
Porter Woods, Rum Point, Stump Neck Beaver Marsh, and West Stump Neck Shoreline.
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Table 2-1
Vertical Hydraulic Conductivity Test Results from Shelby Tubes
Site 28 RI Report, NDWIH, Indian Head, Maryland

Vertical
~ Hydraulic
Depth Conductivity
Boring (feet bgs) {cm per sec)
1S28MW04 6-8 4.92x10°
IS28MW07 26-28 1.89x 10°

Geometric mean 2.55 x 10°®
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SECTION 3

Remedial Investigation Activities

This section describes the scope and rationale for the field activities that were conducted
during the RI at Site 28 at NDWIH. A summary of the field activities conducted at the site is
also provided.

3.1 Field Activities

An RI field investigation was conducted at Site 28 between May and August 2003. Figure
2-1 shows Zones A and B defined for the Site 28 investigation. This work consisted of
sampling surface soil, subsurface soil, sediment, and groundwater. The objectives of this
investigation were to (1) investigate the presence of contamination in soil, groundwater,
surface water, and sediment, (2) to define the nature and extent of contamination; and (3) to
evaluate the need for remediation based on the critical information developed in the human
health and ecological risk assessments. The activities are described under sections specific to
each type of environmental medium investigated.

Tables 3-1a through 3-1c list the various parameters tested for each sample and analytical
test methods used during the field investigation. Actual detection limits for each sample and
compound are shown in the analytical result summary tables presented in Section 4 and
Appendix C. Figure 2-1 shows sample locations. Monitoring well sampling locations were
professionally surveyed. All other sample locations were determined using a backpack-style
GPS locator, which usually is accurate to several feet.

3.2 Sampling Nomenclature

3.2.1 Sample Station Identification System

Each sample station where one or more samples were taken is designated by an
alphanumeric code that identifies the sampling location and contains a sequential sample
number.

The following is a guide for the sample station identification system used:

First Segment of
Station Number: Second Segment of Third Segment of Station Number:
Station Number:

Naval Installation

Abbreviation Site Number Station Type Station Location
A ANN AA NN
Symbol Definition:
"AT = Alphabetic
“N” = Numeric
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Site Naval installation Abbreviation:

I =

Site Number:

528 =

Station Type:

SO =
MM =
SD =
SW =
SWSD =
GW =
MW =

Station Location:

NN =

One-letter abbreviation identifying the Naval Installation where the
sample was collected (I = Indian Head)

One letter and two numbers identifying the site on the facility where
the sample was collected (528 = Site 28)

Soil samples location

Multiple matrices were collected from this location
Sediment sample location

Surface water location

Surface water and sediment location

Grab groundwater sample location

- Monitoring well location

Primary samples — 2-digit number indicating sample location

3.2.2 Sampile Identification System

Each sample is designated by an alphanumeric code that identifies the site and matrix
sampled and contains a sequential sample number.

The following is a guide for the sample identification system used:

First Segment of
Sample Number:

Naval Installation

Second Segment of Third Segment of Sample Number:
Sample Number:

Sample Sample Additional Qualifiers

Abbreviation Site Number Type Location (Sample Depth, Date)
A ANN ' AA NN NNNN
Symbol Definition:
AT = Alphabetic
“N” Numeric

Site Naval installation Abbreviation:

1 =

Site Number:

528 =

3-2

One- letter abbreviation identifying the Naval Installation where the
sample was collected (I = Indian Head)

One letter and two numbers identifying the site on the facility where
the sample was collected (528 = Site 28)
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Sample Type:
SS = Surface soil sample
SB = Subsurface soil sample
SO = Sediment sample
SW = Surface water sample
GW = Grab groundwater sample
MW = Monitoring well sample
WS = Waste (solid)
TB = Trip blank
EB = Equipment blank
FB = Field blank
Sample Location:
MM = QC samples —2-digit month of sampling event
NN = Primary samples — 2-digit number indicating sample station
Additional Qualifiers:
MMYY = Monitoring well, grab groundwater and surface water, and waste
samples — 2-digit month and 2-digit year of sampling event (e.g., May
2003 = 0503)
BDED = Surface soil, subsurface soil, and grab groundwater sediment

samples — 2-digit beginning depth and 2-digit end depth rounded up

to nearest foot (e.g., 2°3”-2'6” = 0203). Sediment samples—2-digit

beginning depth and ending depth in inches (e.g., 0"-6" = 0006)
DDYY = QC samples —2-digit day and 2-digit year of sampling event

Examples of this numbering approach are:

152855040001 The surface soil sample collected at station ID number 4 from O ft to 1 ft at
Site 28

1IS28MGW020302 The 2™ second grab groundwater sample collected from IS28MWO02 at Site
28 in March 2002

1IS28WS010503 The 1 waste sample collected from drums at Site 28 in May 2003

Examples of this numbering approach for QA/QC samples are:

1IS28FB051503 Fieid blank collected at Site 28 on May 15, 2003
1S28TB051503 Trip blank collected at Site 28 on May 15, 2003
1S28EB051503 Equipment blank collected at Site 28 on May 15, 2003
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3.3 Zone A
3.3.1 Description

Zone A comprises the area between the north and south fence lines, the area outside of the
fence line to the north, and shoreline to the east, as shown on Figure 1-3. The former zinc
recovery furnace and the former burning cage are in Zone A (Figure 2-1). The former
burning cage, used to burn scraps such as wooden crates, was just south of observation well
number 14.

3.3.2 Direct-Push Surface and Subsurface Soil Sampling

Twenty-nine surface and subsurface soil samples (15285501 through 15285524, 15285526
through 15285529, and 15285542) were collected throughout Zone A between May 12 and
May 21, 2003, at the locations shown in Figure 2-1.

All surface-soil samples were collected from the top 6 in. of soil at each sample location
using a stainless-steel trowel and bowl. Subsurface soil samples were sampled using a
direct-push drill rig or a slide hammer with 2-ft split spoons. The 1- to 3-ft depth interval
was sampled. Surface soil samples were analyzed for USEPA’s Contract Laboratory
Program Target Compound List (TCL) of volatile organic compounds (VOCs), for TCL
semivolatile organic compounds (SVOCs), perchlorate, pH, total organic carbon (TOC),
USEPA’s Contract Laboratory Program Target Analyte List (TAL) of total metals, the SW-
846 8330 list of nitroaromatics and nitroamines, nitroglycerine (NG), nitroguanidine (NQ),
pentaerythritol tetranitrate (PETN), and grain size. Subsurface soil samples were analyzed
for TCL VOCs, TCL SVOCs, perchlorate, total TAL metals, the SW-846 8330 list of
nitroaromatics and nitroamines, NG, NQ, and PETN.

The following describes the specific locations for each of the soil samples.

(Note that the locations in Figure 2-1 have station-specific codes of “MM” or “SO” instead of
“S5.” “SO” indicates that only soil was sampled; “MM” indicates that direct-push
groundwater was also sampled.)

Station ID Description

1IS28MMO1 In a grassy area just west of a dirt road and just north of a drainage ditch. This
location is upgradient of the site, and is a designated background sample

IS28MMO02, IS28MMO03,  In a grassy area approximately 0 to 50 ft south of the northern perimeter fence
15285004, and line

1IS28MMO5

1S28MMO06 Approximately 15 ft east of the dirt road

1IS28MMO7 In a grassy area approximately 75 ft south of the northern perimeter fence line
and 75 ft east of the dirt road

1S28S008 through In a grassy area between the dirt road and the tree line in the center of Zone A

1IS285010

15285011 Approximately 20 ft south of the northern perimeter fence line, just north of the
confluence of Swales 1, 2, and 3

1S285012 Just north of the northern perimeter fence line
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Station ID Description

1IS285013 In a grassy area approximately 55 ft east of the dirt road

IS28MM 14 In a grassy area approximately 50 ft southeast of Well 14 and 40 ft northwest of
the tree line in the center of Zone A

18285015 At the northwest tree line in the center of Zone A

1IS28MM16 Just west of the dirt road and just south of a drainage ditch. This location is
upgradient of the site, and is a designated background sample

1S285017 Just south of Well 14

1S285018 Approximately 25 ft north of the tree line in the center of Zone A and just north of
Swale 3

1IS285019 At the southwest tree line in the center of Zone A

1S28MM20 and In a grassy area approximately 50 to 75 ft northeast of the shoreline with

15285021 Mattawoman Creek

IS28S022, IS28MM23, At the tree line approximately 100 ft from the southern perimeter fence line
and 15285524

1S285026 Just south of Swale 4

IS28MM27, 1IS28MM28,  In the woods at the southern side of Zone A
and 15285029

1S28MM42 A few feet from where Swale 4 daylights

3.3.3 Direct-Push Groundwater Sampling

Fourteen in situ groundwater samples were collected between May 12 and May 16, 2003,
throughout Zone A, shown in Figure 2-1.

Samples were collected with a direct-push technology (DPT) rig fitted with a 4-ft stainless-
steel sampling screen. The screen was not exposed until the desired depth was reached.
Samples were brought to the surface using a peristaltic pump fitted with disposable
polyethylene tubing. In situ groundwater samples were collected just below the water table.
All in situ groundwater samples, except for IS28GW11, were analyzed for TCL VOCs, TCL
SVOCs, perchlorate, field-filtered TAL metals, the SW-846 8330 list of nitroaromatics and
nitroamines, NG, NQ, PETN, and dissolved organic carbon (DOC). Sample 1S28GW11 had a
slow recharge rate, and the field team were only able to collect sufficient volume for VOCs
and field filtered metals.

The following describes the specific locations for each of the soil samples.

(The station IDs for these samples in Figure 2-1 contain “MM” instead of “GW.” The MM
abbreviation stands for mixed media, since soil was sampled along with groundwater at
these locations.)

Station ID Description

1IS28MMO1 In a grassy area just west of a dirt road and just north of a drainage ditch. This
location is upgradient of the site, and is a designated background sample
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Station ID Description

1S28MM02, 1IS28MMO03, In a grassy area approximately 10 to 50 ft south of the northern perimeter

and 1IS28MMO05 fence line

1S28MM06 Approximately 15 ft east of the dirt road

IS28MMO7 In a grassy area approximately 75 ft south of the northern perimeter fence line
and 75 ft east of the dirt road

1IS28MM11 In a clear area approximately 35 ft southwest of the northeast perimeter fence
line, on a steep slope, south of the confluence of Swales 2 and 3

1IS28MM 14 In a grassy area approximately 50 ft southeast of Well 14 and 40 ft northwest
of the tree line in the center of Zone A

1IS28MM16 Just west of the dirt road and just south of a drainage ditch. This location is
upgradient of the site, and is a designated background sample

1IS28MM20 In a grassy area approximately 80 ft off the shoreline of Mattawoman Creek

1S28MM23 Just west of Swale 4

1S28MM27 and In a wooded area just north of the southern perimeter fence line

IS28MM28

1S28MM42 Just north of Swale 4 and a culvert pipe

The proposed in situ sampling location for stations IS28MM11, 1IS28MM20, and 1S28MM42
were approximately 75 ft from the shoreline with Mattawoman Creek. These locations were
not accessible with the DPT rig due to steep terrain and a soft clay surface. The proposed in
situ sampling location for stations IS28MM23, IS28MM27, and 1S28MM28 were located at
the south end of Zone A, which was also not accessible with the DPT rig due to steep
terrain. The in situ groundwater samples taken from stations IS28MM11, IS28MM20,
IS28MM23, IS28MM?27, and 1S28MM?28 were collected using a slide hammer to reach the
desired depth and a 1-in. schedule 80 polyvinyl chloride (PVC) screen placed in the
borehole. The sample was collected using a peristaltic pump fitted with disposable
polyethylene tubing. Station IS28MM42 is located approximately 50 ft west of its proposed
location and sample IS28GW42 was collected using the DPT rig.

3.3.4 Sediment Sampling

Three sediment samples (IS285D01 through 1S285D03) were collected on May 20 and 21,
2003. Two samples (IS28SD01 and 15285D02) were collected from Swale 4, and one sample
(15285D03) was collected from the confluence of Swales 1, 2, and 3. Samples were collected
using disposable trowels. The station IDs are labeled I1S28SWSDO01 through 1528SWSD03, as
shown in Figure 2-1.

All sediment samples were collected from the top 6 in. of soil at each of the sample locations
and the samples were analyzed for TCL VOCs, TCL SVOCs, perchlorate, pH, TOC, total
TAL metals, the SW-846 8330 list of nitroaromatics and nitroamines, NG, NQ, PETN, and
grain size.
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3.3.5 Surface Water Sampling

Three surface water samples (IS28SW01 through IS285W03) were collected on May 20 and
21, 2003. Samples 15285SW01 and 1S28SW02 were collected from Swale 4 and one surface
water sample (IS285W03) was collected from the confluence of Swales 1, 2, and 3. These
samples are colocated with the three sediment samples in the previous section. The station
IDs are labeled 1S285WSD01 through 1S28SWSD03, as shown in Figure 2-1.

The samples were collected using a peristaltic pump and disposable silicone tubing. The
samples were analyzed for TCL VOCs, TCL SVOCs, perchlorate, total TAL metals,
dissolved TAL metals, the SW-846 8330 list of nitroaromatics and nitroamines, NG, NQ,
PETN, and DOC.

3.3.6 Installation of Monitoring Wells

Five shallow groundwater-monitoring wells (IS28MWO01 through 1IS28MW05) were installed
from August 19 to August 21, 2003, at the locations shown on Figure 2-1. Wells 1S28MWO01
and IS28MW02 were placed in downgradient locations, approximately 50 ft from the
Mattawoman Creek shoreline. Wells IS28MW03 and 1S28MW04 were placed in upgradient
locations. Background well IS28MWO05 is located upgradient of the site. Proposed
monitoring wells IS28MW06 and IS28MW07 were abandoned due to the absence of water.

The purpose of the wells is to monitor groundwater quality in the shallow water-bearing
anit. All well boreholes were drilled to the water table and were installed with the screen
straddling the water table.

The monitoring—well installations involved:

e Drilling with 4.25-in -inner-diameter HSAs to the desired well depths

« Taking split-spoon samples every 2 ft with 2-in.-inner-diameter, 2-ft-long split spoons

¢ Characterizing the soil types and delineating the depth to the water table

e Constructing the well according to guidelines set out in the work plan; the wells were
constructed with 2-in.-diameter PVC risers and screens

 Developing the wells by surging and pumping at least four well volumes of
groundwater from each well

All new monitoring wells were developed until clarity and stability field parameters were
obtained to remove fine-grained material that entered the well screens.

All material (primarily soil cuttings) generated during drilling of the well boreholes and all
groundwater extracted during well development were placed in 55-gallon drums for
characterization and proper disposal. The aqueous and solid investigation-derived waste
(IDW) was determined to be nonhazardous and disposed of at an offsite facility.

All wells were surveyed for vertical and horizontal reference. Elevation points surveyed
were the top of the PVC well riser, the top of protective casing, and the top of the concrete
pad.

Lithologic logs and well-construction diagrams were prepared for the new wells. Lithologic
logs are provided in Appendix A and well-construction diagrams are provided in Appendix
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D, along with copies of the State of Maryland well completion reports. Well construction
details are provided in Table 3-2.

3.3.7 Monitoring-Well Sampling

Groundwater monitoring-well samples were collected on September 9 and 10, 2003. Before
sampling, each well was purged using Grundfos Redi2flow pumps and low-flow sampling
techniques. During purging, groundwater from each monitoring well was monitored for
pH, specific conductance, ORP, turbidity, DO, and temperature. Table 3-3 contains the
values of the purge parameters. Wells IS28MW02, IS28MW03, and 1S28MW05 had low
recharge rates and the wells were purged using disposable bailers to remove three well
volumes before sampling. Before groundwater sampling, a round of water-level
measurements was collected from all five wells at Site 28 to provide data for a map of the
water table in the shallow water-bearing unit.

Groundwater samples were analyzed for TCL VOCs, TCL SVOCs, the SW-846 8330 list of
nitroaromatics and nitroamines, TAL metals (total and dissolved), NG, NQ, PETN,
perchlorate, DOC, and hardness.

3.4 Zone B

3.41 Description

Zone B is reported as the “Original Burning Ground” in the IAS and as the “Shoreline
Burning Cage” by Dolph (2001). This area, outside the NDWIH fence line but within Navy
property, is south of Zone A (Figure 2-1). The area sampled extends approximately 600 ft
south from the southern Zone A fence line. Most of the area inside the fence line is forested
and sloped.

3.4.2 Surface Soil Sampling

Ten surface soil samples (IS285532 through 15285541) were collected throughout Zone B on
May 19, 2003, at the locations shown in Figure 2-1.

Station ID Description

IS285032 and 1S28S033  In a sloped forested area. IS285S32 is about 50 ft from the dirt road and at
about the middle of the north-south axis of Zone B. 1S285S33 is in the
northeast corner of Zone B about 75 ft from the shore of Mattawoman Creek

1S285034 Just west of the dirt road, west of Zone B. This location is upgradient of the
site, and is a designated background sample. It borders the northemn half of
Zone B

1528S035 through In a sloped forested area, these three sites are all in the northern half of Zone

15285037 B. 1IS288835 is roughly equidistant from the dirt road and Mattawoman Creek.

1IS285S36 is about 50 ft from the shore of Mattawoman Creek. 1S28SS37 is in
the northwest corer of Zone B about 50 ft from the dirt road

1S285038 About 50 ft from Mattawoman Creek and at about the middle of north-south
axis of Zone B
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Station ID Description
15285039 Just west of the dirt road, west of Zone B. This location is upgradient of the
site, and is a designated background sample. It-borders the southem half of
Zone B

1S285040 and 1S285041  In a sloped forested area, both of these locations are near the southern fence
line of Zone B. 1IS285S540 is about 30 ft from the dirt road. 1S285S41 is about
50 ft from the shore of Mattawoman Creek

All surface-soil samples were collected from the top 6 in. of soil at each of the sample
locations using a stainless-steel trowel and bowl. Surface soil samples were analyzed for
TCL VOCs, TCL SVOCs, perchlorate, pH, TOC, total TAL metals, the SW-846 8330 list of

nitroaromatics and nitroamines, NG, NQ, PETN, and grain size.

3.43 Subsurface Soil Sampling

Ten subsurface soil samples (IS285B32 through 15285B42) were collected throughout Site 28
Zone B on May 19, 2003 at the locations shown on Figure 2-1. The sample locations are the
same as those described in the previous section.

Samples were collected using a slide hammer with 2-ft split spoons from depths of 1 to 3 ft
below ground surface. Samples were analyzed for TCL VOCs, TCL SVOCs, perchlorate,
total TAL metals, the SW-846 8330 list of nitroaromatics and nitroamines, NG, NQ, and
PETN.

3.5 Ecological Risk Sediment Sampling

Twenty-nine sediment samples were collected from 15 locations in Mattawoman Creek
adjacent to Site 28 (sampling locations 1S28SD01 through 1528SD15 in Figure 2-1). Sediment
samples were collected from two depth intervals (0-6 and 6-12 in.) by using a gravity
sampler to collect sediment cores at each station. Only 29 samples were collected because
refusal occurred at 6 in. below the sediment/water interface at location 1S285D08. The
surface sediment samples (up to 6 in. depth) were collected to support the ERA. The
subsurface sediment samples (6-12 in.) were collected to aid in determining the nature and
extent and potential off-site migration of chemicals into Mattawoman Creek. Five sampling
locations were located along the immediate Site 28 shoreline, five sampling locations were
located in the channel, and five sampling locations were located in the littoral zone along
the depositional bar across from Site 28. The channel samples could not be collected directly
in the center of the channel because the substrate was too hard to obtain a sediment core
from this area. Therefore, the channel samples were collected closer to the site than
originally intended in some cases, and farther downstream than originally intended in one
case (IS285D06). The sampling locations were moved until a suitable substrate was
encountered to ensure collection of a sediment core of at least 12 in. The sample locations
shown on Figure 2-1 are actual locations as recorded with a differential GPS unit. All
samples were analyzed for TAL metals. In addition, at three stations, one from each
sampling zone (i.e., Site 28 shoreline, channel, and depositional bar), the surface and
subsurface samples were analyzed for perchlorate, the SW-846 8330 list of nitroaromatics
and nitroamines, NG, NQ, and PETN (Table 3-1c).
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3.6 Ecological Inventory

An ecological inventory of the site was taken during the May sampling event. This is
discussed in Section 7.3.4.

3.7 References
Dolph, ]J. 2001. Naval Historian. Literature search summary for NDWIH Site 28. September 11.
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Table 3-1A

Sample Parameters - Zone A

Site 28 Rl Report

NDWIH
Indian Head, Maryland
Analysis
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Surface Soil Samples
1S28MMO1 15285501-0001 soil X X X X X X X X X X
1S28MMO02¢ 1S285502-0001 soil X X X X X X X X X X
1S28MM03 1S285S03-0001 soil X X X X X X X X X X
15285004 15285504-0001 soil X X X X X X X X X X
1S28MMO05 1S285S05-0001 soil X X X X X X X X X X
1S28MMO06 1S285506-0001 soil X X X X X X X X X X
1S28MMO7 1S285507-0001 soil X X X X X X X X X X
1S285008 1S285S08-0001 soil X X X X X X X X X X
15285009 1528S5S09-0001 soil X X X X X X X X X X
15285010 1S285510-0001 soil X X X X X X X X X X
1S28MM11 15285511-0001 soil X X X X X X X X X X
15285012 15285S12-0001 soil X X X X X X X X X X
15285013 1S285S513-0001 soil X X X X X X X X X X
1S28MM14 1$285514-0001 soil X X X X X X X X X X
18285015 1$5285S15-0001 soil X X X X X X X X X X
1S28MM16 18285516-0001 soil X X X X X X X X X X
15285017 1S285S517-0001 soil X X X X X X X X X X
15285018 1S285S518-0001 soil X X X X X X X X X X
15285019 1S285S19-0001 soil X X X X X X X X X X
1S28MM20 15285520-0001 soil X X X X X X X X X X
15285021 15285521-0001 soil X X X X X X X X X X
15285022 15285522-0001 soil X X X X X X X X X X
1S28MM23 15285523-0001 soil X X X X X X X X X X
15285024 15285524-0001 soil X X X X X X X X X X
15285026 1S285S26-0001 soil X X X X X X X X X X
1S28MM27 18285527-0001 soil X X X X X X X X X X
1S28MM28 15285528-0001 soil X X X X X X X X X X
15285029 15285529-0001 soil X X X X X X X X X X
1S28MMA42 15285542-0001 soil X X X X X X X X X X
IDirect Push or Slide Hammer Subsurface Soil Samples

1S28MM02 1S285B02-0103 soil X X X X X X X X
1S28MMO03 1S285803-0103 soil X X X X X X X X
1S285004 1S285B04-0103 soil X X X X X X X X
1S28MM05 1S285B05-0103 soil X X X X X X X X
1S28MMO06 1S285B06-0103 soil X X X X X X X X
1S28MMO7 1S285B07-0103 soit X X X X X X X X
1S285008 15285B808-0103 soil X X X X X X X X
18285009 1$285B09-0103 soil X X X X X X X X
1S285010 1S285B10-0103 soil X X X X X X X X
1S28MM11 15285B11-0103 soil X X X X X X X X
185285012 15285B12-0103 soil X X X X X X X X
1S285013 1528S8B13-0103 soil X X X X X X X X
1IS28MM14 1S285B14-0103 soil X X X X X X X X
15285015 1528SB15-0103 soil X X X X X X X X
1IS28MM16 1S285B16-0103 soil X X X X X X X X
15285017 1S285B17-0103 soil X X X X X X X X
15285018 15285B18-0103 soil X X X X X X X X
1S285019 1S28SB19-0103 soil X X X X X X X X
1S28MM20 1S285B20-0103 soil X X X X X X X X

X X X X X X X X

15285021 15285B21-0103

soil




Table 3-1A

Sample Parameters - Zone A

Site 28 RI Report

NDWIH
Indian Head, Maryland
Analysis
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15285022 1S285B22-0103 soil X X X X X X X X
1S28MM23 15285B23-0103 soil X X X X X X X X
1S285024 1S285B24-0103 soil X X X X X X X X
18285026 1S28SB26-0103 soil X X X X X X X X
1S28MM27 15285B27-0103 soil X X X X X X X X
1S28MM28 1S285B28-0103 s0il X X X X X X X X
15285029 1S285B29-0103 soil X X X X X X X X
1S28MM42 1S28SB42-0103 soil X X X X X X X X
fIn Situ Groundwater Samples
1S28MMO1 }1528GW01-0503 water X X X X X X X X X
1S28MM02 1S28GW02-0503 water X X X X X X X X X
1S28MM03 1S28GW03-0503 water X X X X X X X X X
1S28MM05 1S28GWO05-0503 water X X X X X X X X X
1S28MMO06 1S28GW06-0503 water X X X X X X X X X
1S28MMO7 1S28GW07-0503 water X X X X X X X X X
1S28MM11 1S28GW11-0503 water X X
1S28MM14 1S28GW14-0503 water X X X X X X X X X
1S28MM16 1S28GW16-0503 water X X X X X X X X X
1S28MM20 1S28GW20-0503 water X X X X X X X X X
1S28MM23 1S28GW23-0503 water X X X X X X X X X
1S28MM25 1S28GW25-0503 water X X X X X X X X X
1S28MM27 1S28GW27-0503 water X X X X X X X X X
1S28MM28 1828GW28-0503 water X X X X X X X X X
1S28MM42 1S28GW42-0503 water X X X X X X X X X
Surface Water Samples
1S28SWSD01 15285W420503 water X X X X X X X X X X
1S28SWSD02 1S285W430503 water X X X X X X X X X X
1S28SWSD03 1S285W440503 water X X X X X X X X X X
Sediment Samples
1S28SWSD01 15285D420503 sediment X X X X X X X X X X
1S28SWSD02 15285D430503 sediment X X X X X X X X X X
1S28SWSD03 15285D440503 sediment X X X X X X X X X X




Table 3-1B

Site 28 Ri Report

Sample Parameters - Zone B

NDWIH
Indian Head, Maryland
Analysis
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Surface Soil Samples
15285032 15285532-0001 soil X X X X X X X X X X X
15285033 15285533-0001 soil X X X X X X X X X X X
15285034 15285534-0001 soil X X X X X X X X X X X
15285035 1S285S35-0001 soil X X X X X X X X X X X
15285036 15285S36-0001 soil X X X X X X X X X X X
1S285037 1S285537-0001 soil X X X X X X X X X X X
15285038 15285538-0001 soil X X X X X X X X X X X
1S285039 15285539-0001 soil X X X X X X X X X X X
15285040 15285S540-0001 soil X X X X X X X X X X X
15285041 15283541-0001 soil X X X X X X X X X X X
Subsuface Soil Samples
15285032 15285B32-0103 soil X X X X X X X X
1S285S033 1S285B33-0103 soit X X X X X X X X
15285034 15285B34-0103 soil X X X X X X X X
15285035 15285B35-0103 soil X X X X X X X X
15285036 1S285B36-0103 soil X X X X X X X X
15285037 15285B37-0103 soil X X X X X X X X
15285038 1528SB38-0103 soil X X X X X X X X
15285039 1S285B39-0103 soil X X X X X X X X
15285040 1S285B40-0103 soil X X X X X X X X
15285041 15285B41-0103 soil X X X X X X X X
Notes:

Station IDs with a SO indicate that only soil samples were taken at this location
The last 4 digits indicate the depth of the sample. 0001 means 0-6 inches, 0103 means 1 to 3 feet.







Table 3-1C

Sample Parameters - Mattawoman Creek

Site 28 Rl Report

NDWIH
Indian Head, Maryland
Analysis
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Mattawoman Creek Sediment Samples
1IS28SD01 IS28SD010006 | Sediment X
1S28SD010612 | Sediment X
1S28SD02 1S28SD020006 | Sediment X X X X X X X X X
1S285D020612 | Sediment X X X X X X X X X
1IS28SD03 1S285D030006 | Sediment X
1S285D030612 | Sediment X
1S28SD04 1S28SD040006 | Sediment X
1S285D040612 | Sediment X
1IS28SD05 1S28SD050006 | Sediment X
1IS28SD050612 | Sediment X
1IS28SD06 1S28SD060006 | Sediment X
1S28SD060612 | Sediment X
1IS28SD07 1S28SD070006 | Sediment X
1S28SD070612 | Sediment X
1S285D08 1S28SD080006 | Sediment X
1IS28SD09 [S28SD090006 | Sediment X X X X X X X X X
1S28SD090612 | Sediment X X X X X X X X X
1IS28SD10 1S28SD100006 | Sediment X
1IS28SD100612 | Sediment X
1S285D11 1IS28SD110006 | Sediment X X X X X X X X X
1S28SD110612 | Sediment X X X X X X X X X
1IS28SD12 1IS285D120006 | Sediment X
1S285D120612 | Sediment X
1S285D13 1S28SD130006 | Sediment X
1IS28SD130612 | Sediment X
1S28SD14 1S28SD140006 | Sediment X
1IS285D140612 | Sediment X
1IS28SD15 1S28SD150006 | Sediment X
1IS285D150612 | Sediment X
Notes:

Station IDs with a SD indicate that only sediment samples were taken at this location.
The last 4 digits indicate the depth of the sample in inches.




TABLE 3-2
Monitoring Well Construction Details—Site 28 Rl Report
Site 28 RI Report, NDWIH, Indian Head, Maryland

Bottom of Screen Top of Screen
Elevation at Elevation at
Well Top of Casing Ground Surface Depth Elevation Depth Elevation
Designation (ft msl) (ft msl) (ft bgs) (ft msl) (ft bgs) (ft msl)
1S28MW01 717 4.30 6 -1.7 1 3.30
1IS28MW02 12.10 9.30 4 5.30 1 8.30
1S28MWO03 42.53 39.90 14 2590 4 35.90
1S28MW04 38.70 35.80 14 21.80 4 31.80
IS28MW05 74.06 74.10 35 39.10 25 49.10

ft msl = feet above mean sea level.
ft bgs = feet below ground surface.



TABLE 3-3
Stabilized Parameters from Groundwater Sampling—Site 28 RI Report
Site 28 Ri Report, NDWIH, Indian Head, Maryland

Conductivity Turbidity Dissolved  Temperature
Well pH ORP (millivolts)  (MicroSiemens/cm) (NTU) Oxygen (mg/l) {°C}
September 2003 Sampling Event
1S28MWO01 7.23 -10 0.208 16.6 2.43 26.80
IS28MW02* 7.30 1 0.263 53.1 6.67 24.31
IS28MW03* 513 201 0.235 - 872 10.91 21.65
1IS28MW04 3.34 295 0.109 49.9 8.63 22.40

* Due to slow recharge rates the monitoring well had to purged using a bailer to remove 3 times the well volume
and field parameters could not be taken. Values shown above are the last parameters taken before the bailer was
used.

Notes:

No field parameters were taken for monitoring well IS28MWO05 due to low water yield.
Abbreviations:

ORP = oxidation-reduction potential (measured in millivolts, mV)

uS/cm = microsiemens per centimeter

NTU = Nephelometric turbidity units

mg/L = milligrams per liter



SECTION 4

Nature and Extent of Contamination

4.1 Introduction

Section 4 summarizes the analytical data collected during the RT activities at Site 28 and
assesses the nature and extent of contamination at the site. Nature and extent are discussed
by media: surface soil, subsurface soil, sediment, surface water, in situ groundwater, and
groundwater from monitoring wells. The constituents detected in samples collected during
the RI activities are summarized in tables and presented in figures located at the end of this
section. Tables in Appendix C present all constituents analyzed for all samples, whether
detected or not.

The discussion presented below focuses on the contaminants that are most prevalent at

Site 28. Some contaminants from each contaminant group (VOCs, SVOCs, metals, etc.) are
discussed. Regulatory and human health-based criteria were not used to select
contaminants; however, preference was given to contaminants that are generally recognized
to pose the greatest risks to human health and the environment.

The focus on this “short list” of contaminants is not meant to serve as a formal screening out
of other contaminants, but simply a way to focus the discussion. The baseline HHRA and
ERA presented in Sections 6 and 7, respectively, formally screen and evaluate all chemicals
analyzed for in the various media at Site 28 in accordance with established USEPA Region
III guidance.

In order to identify metals that may be of potential concern at Site 28, the data for inorganic
analytes were compared to data presented in the Background Soil Investigation Report (BSIR)
prepared by Tetra Tech NUS (2002). The BSIR was conducted to establish a facility-wide
background database to be used for current and future investigations. Samples were
collected for the various media from areas outside the sites known to have been affected by
facility operations. The facility-wide background statistics for each medium are presented in
Appendix E.

Sampling results for inorganic analytes in various media at Site 28 were compared to
background concentrations as follows:

e Maximum detected concentrations for data collected during the investigation were
compared to the upper confidence limits (UCLs) of the facility-wide background data as
shown in Appendix F.

o Sampling means were compared to the background means.

Where an inorganic analyte exceeds background and is discussed for one medium (e.g.,
surface soil), the analyte may be discussed for another medium (e.g., subsurface soil) even if
the concentrations in the second medium do not exceed background. This is to allow a more
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INDIAN HEAD SITE 28 REMEDIAL INVESTIGATION

complete view of the nature and extent of contamination, as well as to aid in the analysis of
contaminant fate and transport.

It should be noted that the facility-wide groundwater background data set is based on
unfiltered metals concentrations. The direct push groundwater data are all field filtered, but
the analytical data generated from in situ sampling are generally considered to be more
turbid than if the sample had been sampled from a monitoring well. The monitoring well
data contains both total and filtered metals data.

The following should also be noted: (1) when generating descriptive statistics for the RI data
sets, if a compound in a particular sample was not detected, a concentration equal to half the
laboratory detection limit was used for risk assessment; (2) if a compound was detected in a
sample and a corresponding duplicate also was collected, the higher of the two values was
used; and (3) data points rejected by the data validator were excluded from the descriptive
statistics.

Background surface water and sediment samples were not collected as part of the
background investigation and, therefore, are unavailable for comparison.

4.2 Data Quality Assessment

The data quality was evaluated to assess the usability of the analytical results. The analytical
data quality is dependent on laboratory performance, matrix interference, ambient
laboratory and field conditions, and field sampling technique. Data quality is used to assess
whether the project’s data quality objectives were met. The data quality assessment
comprised reviewing the results of the laboratory QC review, the data validation reports,
and the data validation qualifiers applied to the data.

4.2.1 Laboratory Quality Control Review

Prior to the release of the analytical results, the laboratory reviewed the sample and QC data
to verify sample identity, instrument calibration, detection limits, dilution factors, numerical
computations, accuracy of transcriptions, and chemical interpretations. Additionally, the
QC data were reduced and the results were reviewed to ascertain whether they were within
the laboratory-defined limits for accuracy and precision. Nonconforming results were
identified and were discussed in the data package cover letter and associated case narrative.

4.2.2 Data Validation

The Site 28 Rl data, excluding direct push groundwater samples, were reviewed by an
independent data validator following USEPA (1993, 1994) Region III guidelines for data
validation of organic and inorganic results. Areas of review included holding time
compliance, surrogate recovery accuracy, matrix spike sample precision and accuracy, blank
contamination, initial and continuing calibration accuracy and precision, laboratory control
sample accuracy, internal standard response and retention time accuracy, instrument tune
criteria accuracy, and laboratory and field sample duplicate precision.
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4—NATURE AND EXTENT OF CONTAMINATION

4.2.3 Data Quality Evaluation

CH2M HILL conducted the data quality evaluation, which consisted of reviewing the
analytical data for systematic errors. An evaluation of the data quality is made based on the
number of, severity of, and distribution of these data qualifiers. The data qualifiers were
tallied, and data validation reports were reviewed on an as needed basis if clarification was
needed for any of the qualified data.

The data evaluation showed that the majority of the analytical results were unqualified and
acceptable as reported. The vast majority of the “J” qualifiers are present because the analyte
concentration is between the method detection limit and the instrument reporting limit.
These “]” qualified results are acceptable for use as reported.

The “},” “K,” “L,” “U],” and “UL” qualifiers indicate that the data values are estimated.
These qualifiers can indicate the presence of a quality control problem and are considered
usable by risk assessors when determining risk to human health and the environment.

The data evaluation showed that the sample results qualified with a “B,” indicating blank
contamination, are usable at their adjusted reporting limits. Analytes such as acetone and
methylene chloride are common laboratory contaminants, and the qualified results should
not, alone, be used to make project decisions. Only 4.5 percent of the data were “B”
qualified.

The “R” qualifier indicates that a sample has been rejected. It is not uncommon that some of
the data will be rejected during a large environmental sampling and analysis effort. The
results that are rejected should not be used to make project decisions. Approximately 0.6
percent of the data were “R” qualified.

With the exception of the “R” qualified results (and with caution regarding the “B” qualified
results), the remedial investigation data and the SI data for Site 28 are of sufficient quality to
support risk and site assessment. A more detailed review of the Site 28 data quality is
contained in Appendix C. The data quality objectives for this project were to collect data of
adequate quality to perform human health and ecological risk assessments, and to define
the nature and extent of contamination of the site. In this case data quality did not hinder
any of these objectives, so the data quality objectives for the project were met.

4.3 Surface Soil

Surface soil sampling activities conducted at Site 28 consisted of collecting 39 samples,
including four duplicate samples (I5285502-0001 through 15285515-0001, 15285517-0001
through 15285524-0001, 15285526-0001 through 15285529-0001, 1S285532-0001, 15285533-0001,
15285535-0001 through 15285538-0001, and 15285540-0001 through 15285542-0001). The
results of surface soil sampling are presented in Table 4-1. Selected results of the VOCs,
SVOCs, and metals are presented in Figures 4-1 and 4-2. Note that the four sample locations
west of the road (locations 15285501, 15285516, 15285534, and 15285539) are site background
surface soil samples that are upgradient of Site 28. The site background surface soil sample
results are shown in Table 4-2.
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4.3.1 VOCs and SVOCs

VOCs were detected in 22 of the 39 surface soil samples (including one duplicate sample)
collected with concentrations ranging between 0.4 pg/kg and 11 pg/kg. 15285521-0001P and
15285541-0001 had five VOC detections.

Of the 39 surface soil samples, 31 had detected concentrations of SVOCs ranging from 20
ng/kg to 12,000 pg/kg. With few exceptions these same analytes were also detected in at
least one of the background surface soil samples. The polycyclic aromatic hydrocarbons
(PAHSs) benzo(a)pyrene and dibenz(a,h)anthracene contributed to the risk for a future
resident child’s potential soil ingestion. These PAHs would not have caused the hazard
index to be above 1 on their own; the arsenic risk overshadowed the risk contributed by
these PAHSs by almost a factor of one hundred. PAH contamination at the site was generally
found to be highest at the center of the former zinc recovery furnacearea extending down to
about the fence line between Zones A and B. Lower detects of PAHs were also present
sporadically throughout Zone B. Figure 4-1 shows the extent of the most commonly
detected VOCs and SVOCs.

The concentrations in most of the RI samples for VOCs and SVOCs were generally lower
than or close to the reporting limit, and are not the primary risk drivers for the site. Thus,
they are not discussed further.

4.3.2 Explosives

The explosive analyses include the full nitroaromatics and nitroamines list published in
USEPA’s SW-846 method 8330, NG, NQ, and perchlorate. These compounds were detected
in 12 of the 39 surface soil samples at Site 28. Detections ranged from 57 ng/kg to 670
ng/kg. 15285542-0001, 15285515-0001, and 15285524-0001 had the highest frequency of
explosive detections. All three contained detectable concentrations for 2,4,6-trinitrotoluene,
2,4-dinitrotoluene, and nitrobenzene. Of these, 15285524-0001 had the highest concentrations
of all three chemicals at 450, 230, and 620 pg/kg, respectively. Nitrobenzene was detected at
a concentration of 37 ug/kg in background sample 15285516-0001. Most of the explosive
detects were in the center of the former zinc recovery furnace area, extending south to the
fenceline between Zone A and Zone B. Only two sample locations (15285032 and 15285037),
which are inland of a burning cage located south of the zinc recovery furnace, contained any
detectable levels of explosives in Zone B.

4.3.3 Metals

All 39 surface soil samples have detected concentrations of metals. The range of
concentrations is from 0.21 milligrams per kilogram (mg/kg) to 71,900 mg/kg. This
discussion focuses on the metals that were identified as risk drivers for surface soils in
Sections 6 and 7: antimony, arsenic, cadmium, copper, lead, mercury, nickel, silver, and
7Zinc.

Antimony was only detected in six samples, at concentrations ranging from 0.67 to 18.3
mg/kg. 