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EXECUTIVE SUMMARY

This draft report for Task Order 4, RCRA Facility Investigation (RFI) at Radford
Army Ammunition Plant (RAAP), Radford, Virginia, has been prepared for the U.S. Army
Toxic and Hazardous Materials Agency (USATHAMA) and is being submitted under the
requirements of Contract No. DAAA15-90-D-0015. RAAP is a Government-owned,
contracter-operated (GOCO) military industrial installation supplying solvent and solventless
propellant grains and TNT explosives. The present contractor-operator is Hercules
Incorporated (formerly Hercules Powder Company).

RAAP was issued a draft Permit for Corrective Action and Incinerator Opei'ation
(Permit) by the U.S. Environmental Protection Agency (EPA), on December 13, 1989. The
Permit, which became effective February 1992, requires RAAP to conduct a RFI for
suspected releases from six solid waste management units (SWMUs). A RFI Work Plan was
prepared based on the requirements of the Permit, other EPA guidance documents, and
requirements of USATHAMA.

RAAP is located in the mountains of southwest Virginia in Pulaski and Montgomery
Counties. The installation consists of two noncontiguous areas--the Radford Unit (or Main
Section) and the New River Ammunition Storage Area Unit located about 6 miles west of
the Main Section. The New River divides the Main Section of RAAP into two areas.
Within the New River meander is the "Horseshoe Area" and south of the New River is the
"Main Manufacturing Area". The Main Section of RAAP is the focus of this report.

The object of the RFI is to characterize the nature, extent, concentration, and rate
of migration of releases of hazardous wastes or hazardous contaminants from the SWMUs
into groundwater, surface water, soil, or other identified media. "The need for further RFI
efforts, for recommending interim corrective actions or a Corrective Measures Study was

also determined.

The SWMUSs were evaluated by drilling exploratory boreholes, installing groundwater
monitoring wells, performing a soil gas survey, collecting environmental media samples and

submitting the samples for chemical analysis, collecting soil samples for physical testing,
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- comparing contaminant levels in the samples to background concentrations and health based
numbers (HBN), collecting aquifer characterization data to assess site-specific hydrogeology,
and collecting quality control samples for data evaluation.

The Permit identified six SWMUs for RFI efforts that are included in this report.
The Permit provided for the grouping of SWMUSs into one investigation area if this would
result in a more thorough presentation of data and understanding of the area. This

grouping method was used for SWMUs 28, 51, angd 52.

Investigation of the RFI SWMUs consisted of drilling 54 boreholes, installing 13 wells
and piezometers, and performing one soil gas survey. Sixty-eight soil, 29 groundwater, seven
surface water, and 10 sediment samples were collected, as were nine duplicates from various
media. Quality control sample types included trip blanks, rinse water samples, equipment
blanks, matrix spikes, and method blanks.

Eight proposed action options have been developed based on the level of
contamination detected and the completeness of the RFI program in evaluating the
SWMUs:

® Collect Additional RFI Data--Contaminants have been detected but the
available data are not sufficient to complete the RFIL

L Pump and Treat Groundwater--Site contamination in groundwater has been
identified, migration is possible to off-site areas and RFI data is sufficient to
identify withdrawal locations.

® Capping--Significant contaminant migration can be accomplished by reducing
infiltration of precipitation. '

L Surface Drainage Control--Significant contamination migration can be
accomplished by diverting surface water away from the SWMU.

® Monitor Site—Regularly collect environmental sampies to monitor the

effectiveness of corrective actions.
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. Develop/Revi ing Pr ur: Ps)--Include additional

protective measures in SOPs for site workers at active areas.

. Perf Tracer —Better definition of groundwater flow patterns is
necessary to evaluate site conditions for the RFIL

Table ES-1 lists pertinent characteristics of each site with respect to whether source
contaminants have been detected, whether contaminants have been detected away from the

source, whether there is a potential health risk, and the proposed action recommended for
each SWMU.

A Corrective Measures Study (CMS) is recommended for both SWMU 51 and
SWMU O. TNT waste was disposed at SWMU 51 in a trench which was not capped upon
filling. One explosive was detected at a concentration above the HBN in adjacent wells.
Capping SWMU 51 and performing routine groundwater monitoring is the recommended
CMS zalternative. Fuel contaminated water is present below the SWMU O fuel oil storage
tanks at concentrations below HBNs, but a seep downgradient of SWMU O has fuel related
contaminants above HBNs. Treating the on-site groundwater is the recommended CMS
alternative and a soil boring program for detecting potential pools of fuel oil is also
recommended. No unacceptable risk to human health or the environment was identified
for either SWMU 51 or SWMU O in the Baseline Risk Assessment.

Two contaminants above HBNs were detected in water downgradient of SWMU 13,
but regrading this active site and improving the settling basin should remediate this problem
without the need for a CMS. Groundwater should be monitored to evaluate the efficiency
of the improved drainage system. A potential risk due to incidental inhalation/ingestion of
windblown site particles may be present, but current health advisory data are insufficient for
a quantitative calculation. Methods for dealing with the potential risk should be included
in site SOPs.

Concentrations of contaminants above HBNs were detected at SWMU 17 and the
Baseline Risk Assessment calculated an incidental inhalation/ingestion risk slightly above
the lower limit of the EPA target range for implementation of appropriate site management
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Table ES—1
Summary of RFI Conclusions
Radford Army Ammunition Plant, Virginia

Potential

Health Risk Contaminant Contamination Media for
SMWU SWMU Within EPA Source Detected Away Contarninant
Nos. Name Target Range Present from Source for Migration

Recommended

Agtion/Alternative

Footnotes:

BHBN = Below health based nomber

AHBN = Above health based number

NS = Not sampled

CMS = Corrective Measures Study

SO/N = Soil Ingestion/Inhalation Risk

(s) = Suspected, availabie health advisory data insufficient to calculate
(¢} = Calculated using available health advisory data



or corrective actions. The karst hydrogeologic environment below SWMU 17 prevented the
collection of off-site samples to check for contaminant migration. A dye tracing study to
find groundwater monitoring points is recommended as are the inclusion in current SOPs
of methods to prevent incidental inhalation/ingestion of site contaminants.
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1.0 INTRODUCTION

This document is the draft report for Task Order 4, Resource Conservation and
Recovery Act (RCRA), Facility Investigation (RFI) at Radford Army Ammunition Plant
(RAAP), Radford, Virginia, This report has been prepared for the U. S. Army Toxic and
Hazardous Materials Agency (USATHAMA) and is being submitted under the requirements
of Contract No. DAAA15-90-D-0015.

RAAP was issued a draft Permit for Corrective Action and Incinerator Operation
(Permit) by the U.S. Environmental Protection Agency (EPA), on December 13, 1989. The
permit (No. VA-21-002-0730) which became effective February 1992, under the criteria of
Section 3004(u) of the RCRA, requires RAAP to conduct a Verification Investigation (VI)
and, if necessary, a RFI for suspected releases from select solid waste management units
(SWMUs). Several SWMUSs were designed in the permit for RFI activities and are included
in this report. A separate report has been prepared for those SWMUs included in the VI
(Dames & Moore, 1992b). Activities performed to collect and analyze data presented in
this report were conducted in accordance with the RF] Work Plan (Dames & Moore,
1990a). The RFI Work Plan was prepared based on the requirements of the Permit, other
EPA guidance documents and requirements of USATHAMA.

1.1 PURPOSE OF STUDY

The objective of the RFI, as stated in the permit, is to "characterize the nature,
extent, concentration and rate of migration of releases of hazardous waste or hazardous
constituents from the SWMU into groundwater, surface water, soil, or any other identified
media; identify potential receptors; provide a detailed geologic and hydrogeologic
characterization of the area surrounding and underlying the SWMU(s); and determine the
need for and scope of corrective measures”. The objectives of Dames & Moore’s field
investigation for the RFI at RAAP were to obtain data to be used in conjunction with
existing data to evaluate the nature and extent of hazardous constituents in surface water,
groundwater, soil, and sediment at four study areas and to determine the need for further

RFI efforts or for interim corrective action measures at these areas.
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Site-specific hydrogeology was further defined through implementation of a field
program that included boring/monitoring well installation. Geotechnical and chemical
results on data collected during the field program have been evaluated in conjunction with
existing data to identify the nature and extent of contamination and migration potential of
contaminants from the selected SWMUs.

Specifically, the objectives of the RFI at RAAP were to:

. Characterize and quantify contamination in groundwater, soil, surface water,
and sediment at identified SWMUs.

. Better define the geology and hydrology in the vicinity of the SWMUSs, with
emphasis on contaminant transport.

. Assess the risks that contaminants attributable to each site may pose to
human health or the environment, if detected concentrations indicate the
possibility of adverse impacts.

. Assess the need for and scope of corrective measures.

The Permit provided for the grouping of SWMUs into single investigation areas if
geographic, historic and chemical data indicated that the grouping of SWMUs would result
in a more thorough presentation of data and understanding of the study area. This grouping
method was used for the characterization of waste from three similar SWMUs (28, 51 and
52).

12 SCOPE OF WORK
The RFI program for RAAP which was performed to fulfill the objectives and

requirements of the permit included the following:
. Investigation of a total of six SWMUs grouped into four study areas.

. Drilling of exploratory boreholes and installation of groundwater monitoring
wells.

. Performance of a soil gas survey to aid in delineation of the boundaries and
extent of contamination at one SWMU.
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. Collection and analysis of groundwater, soil, surface water, sediment, and
waste samples from the specified SWMUs.

. Collection of spil samples during drilling for physical testing.

. Comparison of contaminant levels in the samples to background comparison
criteria and health-based limits specified in the permit.

. Collection of groundwater elevation data from existing and newly installed
wells, review of existing aquifer test results, and performance of additional
slug tests to assess site-specific hydrogeology.

. Collection of off-post background soil samples for comparison and evaluation
of SWMU-specific chemical data.

. Collection and analysis of quality control (QC) samples for data evaluation.
. Conduct of an off-post well inventory.

Data derived from the above effort was used to characterize the SWMUSs, define the
degree and extent of contamination, identify actnal or potential receptors, and identify
SWMUs requiring a corrective measures study (CMS).

13 REPORT ORGANIZATION

This report consists of nine sections and ten supporting appendices. Section 2.0
presents the history, SWMUs under investigation and environmental setting at RAAP.
Section 3.0 summarizes the RFI field investigation program, and Section 4.0 provides the
quality assurance/quality control (QA/QC) program. Sections 5.0 through 8.0 present the
results of the RFIs for the four SWMU study areas. A summary of the conclusions and
recommendations for the entire RFI program is presented in Section 9.0.

Appendices A through J, included in separate volumes, present physical and chemical
data, field procedures, risk assessment methods and supporting reports on RFI related
activities.



2.0 INSTALLATION DESCRIPTION

RAAP is a Government-owned, contractor-operated (GOCO) military industrial
installation supplying solvent and solventless propellant grains and TNT explosives. The
present contractor-operator is Hercules Incorporated (formerly Hercules Powder Company).

21 LOCATION

RAAP is located in the mountains of southwest Virginia (Figure 2-1) in Pulaski and
Montgomery Counties. The installation consists of two noncontiguous areas-—-the Radford
Unit (or Main Section) and the New River Ammunition Storage Area Unit. The Main
Section is located approximately 5 miles northeast of the city of Radford, Virginia,
approximately 10 miles west of Blacksburg and 47 miles southwest of Roanoke. The New
River Unit is located about 6 miles west of the Main Section, near the town of Dublin
(Figure 2-2). The Main Section of RAAP (Figure 2-3) is the focus of this report; all uses
of the terms "RAAP" or "the installation" in this report refer to the Main Section only.

RAAP lies in one of a series of narrow valleys typical of the eastern range of
the Appalachian Mountains. Oriented in a northeast-southwest direction, the valley is
approximately 25 miles long, with a width of 8 miles at the southwest end, narrowing to 2
miles at its northeast end. The plant lies along the New River in the relatively narrow
northeast corner of the valley.

The New River divides the Mzin Section of RAAP into two areas. Within the New
River meander is the "Horseshoe Area." Located in the Horseshoe Area are the
Nitroglycerin (NG) No. 2 Area, the Cast Propellant Area, and the Continuous Solvent
Propellant Area. Many of the former landfills at RAAP are located in this area, as are the
Hazardous Waste Landfill, the currently active Sanitary Landfill, and the Waste Propellant
Burning Ground. South of the New River is the "Main Manufacturing Area,” which includes
the Finishing Area; the TNT Area; the NG, Nitrocellulose (NC), and Acid Areas; the
Automated Propellant Area; and the Administration Area.
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22 HISTORY
22.1 Facility Responsibilities
RAAP is assigned the following general responsibilities (USATHAMA, 1976):

Manufacture of explosives and propellants.

Handling and storage of strategic and critical materials as directed for other
government agencies.

Operation and maintenance, as directed, of active facilities in support of
current operations. Maintenance and/or lay-away, in accordance with
Ammunition Procurement and Supply Agency instructions, of standby
facilities, including any machinery and packaged lines received from industry,
in such conditions as will permit rehabilitation and resumption of production
within the time limitations prescribed.

Receipt, surveillance, maintenance, renovation, demilitarization, salvage,
storage, and issue of assigned Field Service Stock and industrial stock as
required or directed.

Procurement, receipt, storage, and issue of necessary supplies, equipment,
components, and essential materials.

Mobilization planning, including review and revision of plant as required.
Custodial maintenance and administrative functions of subinstallations.

Support services for tenants,

This mission is accomplished through the efforts of the operating contractor, Hercules
Inc. The Administrative Contracting Officer (ACO) and his staff provide technical
assistance and administer the contracts with the civilian operating contractors. RAAP
provides logistics support for tenant activities such as the U.S. Army Research,
Development and Acquisition Information Systems Agency, which is charged with
performing data processing activities during peacetime and mobilization,



222 Facility History

Construction of the current RAAP production facility began in 1940 with the
impending participation of the United States in World War II, and the determination by
Congress of a need for increased ammunition production facilities. Initially, RAAP
consisted of two distinct areas-a smokeless-powder plant [Radford Ordnance Works
(ROW)] and a bag-manufacturing-and-loading plant for artillery, cannon, and mortar
projectiles [New River Ordnance Works (NROW)]. These two production facilities
continued to be operated separately from 1940 to 1945. Late in 1945, ROW was designated
Radford Arsenal, and NROW was a subpost. By January 1950, NROW was made an
integral part of Radford Arsenal and no longer considered a subpost. The arsenal was
renamed Radford Ordnance Plant in 1961 and was finally redesignated RAAP in August
1963 (USATHAMA, 1984).

Since its inception as a GOCO facility in 1940, RAAP has been operated by
Hercules. Expansion of both ROW and NROW continued throughout World War II. Late
in 1945, the Radford Unit was placed on standby status. The following year, the nitric acid
area of the plant was reactivated to produce ammonium nitrate fertilizer, an activity that
continued until 1949 under contract with Hercules Powder Company (now Hercules Inc.).
In September 1945, the New River Unit was declared surplus; but in April 1946, the
magazine areas were changed from surplus status to standby. Between December 1946 and
January 1948, large parcels of the New River plant manufacturing area were sold
(USATHAMA, 1984).

Between 1952 and 1958, Goodyear Aircraft Corporation of Akron, Ohio, contracted
to manufacture component parts used in missile production at RAAP. The close
coordination required between Goodyear and Hercules led to Goodyear moving its assembly
and coating operations to RAAP. In 1958, Hercules, Inc. took over the Goodyear
operations at this plant (USATHAMA, 1984).

The continupus TNT plant was put into production in mid-1968 and remained in
operation until destroyed by an explosion in May 1974. This plant had five main operational
areas—the nitration lines, the finishing buildings, the red water concentration facility, the
acid neutralization facility, and the spent acid recovery plant. C-line in the TNT area ran
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from 1983 to 1986, when the TNT plant was placed on standby. Later, in December 1988,
a facility cleanup was conducted and the plant was prepared for long-term standby status.

A chronological listing of major RAAP facilities and activities is presented in Table
2-1.

223 Indystrial Operations

The principal end products produced at RAAP since 1941 are TNT, single-base and
multibase propellant, and cast and solventless propellant. Intermediate products produced
are oleum (concentrated sulfuric acid), nitric acid, NG, and NC.

The production mission of RAAP is accomplished at the primary and secondary

manufacturing areas. The primary manufacturing processes are the production of single-
base and multibase solvent propellants, cast and solventless propellants, and TNT. Separate

process areas are provided for the production of solvent-type propellant, referred to as
rolled powder. The process steps are essentially the same in the production of solvent-type
single-, double-, and triple-base propellants. Major differences are in the specific chemicals
and explosives ingredients added. Single-base and double-base propellants may include one
or more of the following chemicals--barium nitrate, potassium nitrate, ethyl centralite,
graphite, carbon black, potassium sulfate, lead carbonate, dibutylphthalate, diphenylamine.
Triple-base propellants comsist of ethyl centralite and potassium sulfate cryolite, while
special high energy propellants contain high melting point explosive (HMX). The secondary
manufacturing operations at RAAP are the production of oleum, sulfuric and nitric acids,
NG, and NC.

2.3 SWMUs FOR INVESTIGATION

The RCRA permit for RAAP has identified the following six SWMUs for RFI
efforts:

. SWMU 13--Waste Propellant Burning Ground

. SWMU 17--Contaminated Waste Burning Areas
- 17A--Stage and Burn Area

- 17B--Air Curtain Destructor (ACD) Staging Area

2-7



TABLE 2-1

Chronological List of Major Activities at RAAP

Date Activity
August 1940 Contract signed with Hercules Powder Company for
construction and operation of smokeless powder plant
September 1940 Construction of Radford Plant
April 1941 Production started at Radford Plant
1941 Separate New River bag loading plant constructed
1941/45 Construction of various facilities continued
1945 Consolidation of Radford and New River plants
1945 Production stopped--plant in standby
1946/49 Ammonium nitrate produced in Acid Area
1949 Limited resumption of powder production
1950 Plant reactivated for Korean Conflict
1950/51 Large areas of plant rehabilitated
1951 Multibase propellant and cast rocket grain facilities
constructed
1967/68 Contimuous TNT lines constructed
1970/72 New acid plants constructed
1971/ Preproduction project work on Continuous Automated
Multibase Line (CAMBL) started
1972/ Continuous Automated Single-Base Line (CASBL)
construction started
1972/ Continuous nitrocellulose nitration construction started
1973/ Military Construction, Army (MCA) pollution
abatement facilities construction started
May 1974 TNT plant explosion
1976/ Contimuous Automnated Single-Base Line M6/M1
conversion started
1978 Construction started on biological wastewater
treatment plant
1980 C-line Nitrocellulose Manufacturing Area closed
1983 TNT plant reopened
1986 TNT plant placed on standby
1987 C-line Nitrocellulose Manufacturing Area recpened

December 1988

TNT plant cleanup, preparation for long-term standby

SOURCE: Modified from USATHAMA, 1976.



- 17C-ACD
- 17D--ACD Ash Staging Area
- 17E--Runoff Drainage Basin

. SWMU 28--Active Sanitary Landfill

. SWMU 51--TNT Neutralization Sludge Disposal Area
. SWMU 52—Closed Sanitary Landfill

. SWMU "O"~-Underground Fuel Oil Spill

Because of the proximity of SWMUSs 28, 51, and 52, they are grouped into a.single
study area for investigation and evaluation. Located adjacent to this study area are SWMUs
16, 27, 29, 30, 48, 53, and 59; potential impacts of these seven SWMUs are considered in
the RFI. SWMUs 27, 29, 48, 53, and 59 are included for VI activities in a separate report
as required by the permit. SWMU 30 is a closed asbestos landfill, and SWMU 16 is a
closed hazardous waste landfill. Neither of these SWMUs are included in the permit issued
by EPA for VI or RFI study.

Although the permit included SWMU 13, Waste Propellant Burning Ground, for both
VI and RFI activities, it is included only in the RFI report because the VI and RFI
programs were conducted simultaneously and given the current understanding of site
conditions, it was considered more appropriate to address the SWMU as an RFI study area
and thus included in the RFI Work Plan.

24  ENVIRONMENTAL SETTING
24.1 (Climate

The climate of the area encompassing Montgomery and Pulaski Counties is classified
as "moderate continental" and is characterized by moderately mild winters and warm
summers. The climate is determined, for the most part, by the prevailing westerly wind,
with a southerly component in the warm season and a northerly component during the cold

season. The year-round average surface-air velocity is 8 miles per hour (mph).



The mean annual precipitation in the two-county area is about 39 inches, Tables 2-2
and 2-3 list the average monthly precipitation and temperature for several stations in
andaround each county. Snowfall in the same area averages 17 inches annually. Both
counties lie in one of the areas of highest occurrence of dense fog in the United States.

Dense fog can be expected to occur between 20 and 45 days per year.

242 General Topography

RAAP lies within the Valley and Ridge Province of the Appalachian Physiographic
Division. The Valley and Ridge Province is characterized by a series of long, narrow, flat-
topped mountain ridges separated by valleys of varying widths. Either of these landforms
may predominate; the mountains may be widely spaced and isolated or so closely spaced
that the lowlands are disconnected or absent. A distinctive feature of the installation area
is the absence of mountain ridges.

The topography within the installation (Insert 1) varies from a relatively flat flood
plain to elevated uplands in the extreme southeast section. The New River forms the
RAAP boundary on the north, with the elevation approximately 1,675 feet above mean sea
level (msl). The eastern boundary represents a transition from flood plain elevation (1,680
feet msl) to an elevation of 1,900 feet msl in the upland. The southern boundary traverses
terrain consisting of creek bottoms and sharply rising summits. The western boundary
follows the bluff line overlooking the New River to the point where the Norfolk and
Western Railroad crosses the lower arm of the Horseshoe Area. In the Horseshoe Area to
the north and east, the New River has a narrow flood plain. Just west of the Waste
Propellant Burning Ground, the flood plain is terminated by steep bluffs that extend
westward to the plant boundary.

The Horseshoe Area exhibits rolling karst terrain, with three prominent terraces and
escarpments that are remnants of ancient New River flood plains.

243 General Geology and Soils

2.4.31 Soils. The near-surface soil at RAAP is divided into three general soil associations
identified as "Map Units" by the Soil Conservation Service (SCS, 1985a; SCS, 1985b). One
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Station

Allisonia
Blacksburg
Floyd

Glen Lyn
Pulaski

Claytor Dam

SOURCE: NOAA, 1973,

T1-¢

Annual

Precipitation (inches)

36.14
40.73
44.73
37.38
38.23
36.53

TABLE 2-2

Average Monthly Precipitation for Locations Near RAAP

Jan  Feb
2.50  3.04
3.18 3.08
340 336
3.1 297
2.86 284
286 267

Mar
4.03
3.61
3.64
3.38
3.72
3.26

Apr
3.74
3.17
3.59
2.90
2.98
2.81

May Jun _Jul

3.21
3.713
3.97
3.23
3.44
3.31

2.86
421
4.25
31.50
3.72
349

3.96
4.70
486
4.17
4.40
4.25

Aug
3.44
3.90
431
3.92
4.42
3.34

2.96
3.03
4.56
2.54
2,70
2.78

Oct Nov De¢
2.13 160 258
277 235 303
296 266 3.17
261 227 279
202 239 279
2,74 213 2719

Years

of Record

70
28
47
18
55



az

ation _Jan
Blacksburg 353
Floyd 353
Glen Lyn 36.6

SOURCE: NOAA, 1973,

Average Monthly Temperatures (°F), 1931-1960, for Locations Near RAAP

Feb
36.5

37.8
38.0

Mar

42.5
42.7

44.3

TABLE 2-3

Apr May Jun _Jul
53.0 620 694 725
532 619 692 720
552 645 Ti7 146

Aug
714

73.6

Sep
65.4
64.8
67.5

Qct
55.0

35.1
56.9

Nov
436
439
450

Period
of Record
Dec High Low
356 100 -27
369 103 -8

365 102 -9



unit covers the higher elevation areas below the south and southeast sections of RAAP, with
two very similar associations found beneath the relatively flat-lying portions of the
Manofacturing Area and the Horseshoe Area. The following paragraphs describe the
characteristics of these three soil map units.

The Groseclose-Poplimento-Duffield association consists of deep, well-drained, gently
sloping-to-steep soils that have a clayey subsoil and have formed in limestone, shale, and
sandstone residuum and colluvium on broad, moderately dissected uplands. Sinkholes are
common in some areas. Slopes are dominantly 0 to 25 percent, but steeper slopes are
apparent near the New River and other streams.

This map unit covers the uplands on the southern and southeastern areas of RAAP,
Usually this association is about 21 percent Groseclose soils, 15 percent Poplimento soils,
and 9 percent Duffield soils. The remaining 55 percent is minor soils.

The Groseclose, Poplimento, and Duffield soils are found on broad ridgetops and
side slopes. They have a loam or silt loam surface layer and a clay subsoil. In some areas,
the surface layer is cherty.

The minor soils in this map unit are in the Berks, Caneyville, Lowell, Opequon,
Rayne, Vertrees, Ernest, McGary, Ross, and Weaver series. The well-drained Berks,
Caneyville, Lowell, Opequon, Rayne, and Vertrees soils and the moderately well-drained
Ernest soils are on ridgetops and side slopes; and the somewhat poorly drained McGary, the
well-drained Ross, and the moderately well-drained Weaver soils are on flood plains.

The soils on the broad, gently sloping ridges are suited to cultivated crops--such as
corn, small grains, and alfalfa—while the steeper soils are suited to pasture. The major
limitations for farming are the low natural fertility and acidity of the soils. The erosion
hazard is severe in steep areas. Scattered areas of stony and rocky soils are poorly suited
to cultivation. |

The clayey subsoil, slow permeability, low strength, high shrink-swell potential, and
slope limit the non-farm uses of the soils. The high slope limits urban development.

The Unison-Braddock association consists of deep, well-drained, gently
sloping-to-moderately steep soils that have a clayey subsoil. These soils have formed in old
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allovium and on stream terraces and alluvium fans. This map unit is found on the level
ground of the RAAP Manufacturing Area between the uplands and the New River.

These soils are found on remnants of old stream terraces and on alluvial fans. Most
surfaces are broad and gently sloping and sinkholes are common where the old alluvium is
underlain by limestone. Small areas of residual soils are on the steep side slopes created
by stream downcutting. A few areas of moderately steep terrace soils occur where material
from the original surface layer has been beveled or reworked. Slopes are dominantly 0 to
25 percent, but areas of steeper slopes are included.

This map unit is made up of about 34 percent Unison soils, 15 percent Brﬁddock
soils, and 51 percent minor soils. The surface layer of the Unison and Braddock soils is
fine, sandy loam or loam, and the subsoil is clay. Rounded pebbles and cobblestones are
on the surface and throughout the soil in some areas.

The minor soils in this map unit are in the Berks, Caneyville, Groseclose, Opequon,
Weikert, Duffield, Hayter, Guernsey, McGary, Ross, and Weaver series. The well-drained
Berks, Caneyville, Groseclose, Opequon, and Weikert soils are on side slopes and ridgetops;
the well-drained Duffield soils are on foot slopes, in upland depressions, and along
drainageways; the well-drained Hayter soils and moderately well-drained Guernsey soils are
on terraces; and the somewhat poorly drained McGary soils, well-drained Ross soils, and
moderately well-drained Weaver soils are on flood plains.

The soils in the broad, gently sloping areas are suited to corn, small grains, and
alfalfa, while the steeper areas are suited to pasture. The major limitations for farming are
the acidity of the soil, the low natural fertility, and—in some areas--the high content of
coarse fragments. The erosion hazard is severe on side slopes. The clayey subsoil,
moderate permeability, low strength, and slope limit non-farm uses of these soils.

The Braddock-Wheeling association consists of deep, nearly level-to-hilly soils that
have a clayey or loamy subsoil formed in alluvium. These soils are found throughout the
horseshoe area of RAAP and are very similar to the Unison-Braddock unit. The unit
consists of high and low terraces. Slopes range from 0 to 30 percent. This unit is made up
of about 40 percent Braddock soils, 12 percent Wheeling soils, and 48 percent other soils.
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The Braddock soils are on undulating-to-hilly, high terraces. The soils have a surface
layer of dark yellowish brown loam and a subsoil of yellowish red and red clay.

The Wheeling soils are on nearly level, low terraces near streams, The soils have a
surface layer of dark brown, sandy loam and a subsoil of dark brown, sandy clay loam.

The dominant minor soils are Carbo soils on convex side slopes and along small
streams, Cotaco soils on low terraces, and Fluvaquents soils on long, narrow flood plains
adjacent to streams.

Most of the acreage of this unit is used for cultivated crops, pasture, hay, and a few
types of community development. Some of the steeper areas are wooded. The soils are
suited to all of the crops grown in the county and support many dairy and beef cattle
operations. The hazard of erosion is a major farming concern. The major trees are upland
oaks, eastern white pine, Virginia pine, hickory, and black locust. The potential productivity
for trees is high.

Permeability, a clayey subsoil, and slope are the main limitations of the unit,
especially the Braddock soils, for community development.

2.4.3.2 Structural Geology. The Valley and Ridge Province is characterized by folded and
thrust-faulted strata of mostly sedimentary rocks formed between 600 and 300 million years
ago. The thrust faults and folds indicate that the rocks were much compressed in the
horizontal direction. Strike of bedding planes is north to south and dips to the southeast.
RAAP occupies the Blacksburg-Pulaski Synclinorium and rests on the Pulaski Fanlt thrust
sheet. The rocks have been thrust approximately 8 miles west-southwest. The thrust plate
has been breached by erosion, exposing Mississippian sandstones and shales of the
McCrady/Price Formation in a fenster (window) east of the main plant area along Stroubles
Creck. The fault trace is exposed above the computer complex bunker where the
Mississippian McCrady/Price Formation can be seen underlying the Cambrian Elbrook
Formation. There is no evidence of recent faulting. However, the Radford area has
experienced seven earth tremors in the last 200 years that recorded an intensity of VI or
higher on the Modified Mercalli Scale (USAEHA, 1980a).
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243.3 Stratigraphy. RAAP is underlain by four major rock units and one unconsolidated
sedimentary unit that range in geologic age from Cambrian to Quaternary. The rock units
are as follows-—-Cambrian Formations (Rome, Elbrook, and Conococheaque) and
Mississippian Formations (McCrady/Price). Dip of the rock units varies over RAAP from
nearly horizontal to 50 degrees. The unconsolidated sediments are Quaternary in age and
include alluvial, residual, and colluvial deposits. Figure 2-4 is a general geologic map of the
major consolidated rock formations at RAAP, The following paragraphs describe the
consolidated and unconsolidated formations at RAAP (USAEHA, 1980a).

The Elbrook Formation is the major rock unit cropping out at RAAP, This
formation is composed of thickly bedded, blue-gray dolomite interspersed with blue-gray to
white limestones; brown, green, and red shales; argillaceous limestones; and brecciated
limestones (colors of which range from mottled light to dark gray and yellow brown).
Sinkholes, solution channels, pinnacled surfaces, and vugs are common to the Elbrook. This
formation ranges from 1,400 to 2,000 feet in thickness.

- The Rome Formation underlies the Elbrook Formation, but it is not known if the
Rome crops out at RAAP due to the complex tilted and fractured structure of the overlying
Elbrook. The Rome is composed of red and green shales, sandstone, dolomite, and
limestone. The red shales commonly mark the basal unit. Thickness ranges from 1,000 to
2,000 feet,

Mississippian rocks of the McCrady/Price Formation outcrop in a fenster east of the
main plant area along and south of Stroubles Creek. This formation consists of mottled red
and green shale and mudstone interspersed with brownish-green siltstone and sandstone.
The formation ranges upwards to 1,500 feet in thickness. Unconsolidated sediments
(overburden) mantle the major portion of RAAP. These sediments include alluvial plain
sediments deposited by the New River prior to entrenchment; residual deposits from in-
place weathering of parent bedrock; and colluvial deposits developed by residual slope wash.
Alluvial plain deposits commonly line the New River and Stroubles Creek as recent flood-
plain material or as geologically older terraces. On the horseshoe loop, three terraces are
in evidence. In general, there is a textural fining upwards, with gravels and silty, clayey
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sands forming the basal unit followed by finer micaceous silts and clays. Sporadic
cobblesand boulders (known as river jack) occur as lenses throughout the alluvial strata.
Thickness of the alluvial deposits varies from a few feet to 50 feet, with an average of 20
feet.

Residual deposits (clays and silts) are a result of the mechanical, physical, and
chemical weathering of the parent bedrock (primarily Elbrook Dolomite at RAAP). Most
of RAAP is covered by residual deposits. In most cases along the New River and in the
Horseshoe Area, these residual deposits underlie the alluvium, except where the residuum
has been eroded to bedrock and replaced by alluvium. The depth of the residuum varies
from a few feet to 40 feet.

Colluvial deposits are generally formed from mass-wasting of slopes and escarpments.
In general these deposits are a heterogeneous mixture of alluvium, residuum, and rock
debris that has migrated from the original position. These deposits are generally
interbedded between the strata of alluvium and residuum; thickness is variable.

244 Groundwater Conditions

The conditions at RAAP are complex in terms of defining the water table and the
available supply of groundwater. Several borings within the Horseshoe Area of RAAP
indicate that the water table within the flood plain is approximately at the same elevation
as the surface water of the river. These conditions also exist in the flood plain across the
river in the Main Manufacturing Area of RAAP.

In areas of high elevations within the Horseshoe Area and south of the river within
the Manufacturing Area, the water table is extremely variable. Because of impervious
layers, solution cavities, and the thickness of overburden, extreme caution must be exercised

in projecting water table data from existing borings into a new area.

Groundwater beneath RAAP is mainly derived from the infiltration of surface water
through the unsaturated soil mantle into the saturated zonme of the soil or bedrock.
Groundwater fills the interconnected primary and secondary pore spaces in the bedrock,
with the vast majority of available water occurring within the secondary pore spaces. The
secondary pore spaces include fractures, open bedding planes, open foliation surfaces, and
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solution cavities. The limestone and dolomite underlying RAAP is severely fractured,
foliated, and faulted as a result of movement along the Pulaski Fault System. The
topographic maps clearly show evidence of solution cavities and collapse structures within
the less competent limestone units.

Groundwater levels in the bedrock or soil aquifers generally respond immediately to
heavy precipitation and may rise several feet in a short time. This illustrates the direct
connection between the groundwater and surface water that could compromise the quality
of groundwater for domestic use. This condition exists throughout RAAP and especially in
areas where surface water has been intentionally routed into the sinkholes. Stormwater
flows to the bottom of the sinkholes and percolates downward into the unconfined aquifer.
Similar to the regional groundwater flow, the groundwater at RAAP discharges into the New
River. The saturated zone at RAAP can be generally in either the soil or bedrock. Open
fractures and karst structures beneath the soil mantle, coupled with the relatively low
elevation of the New River (1,680 feet msl), provide accessible conduits for groundwater
flow, thereby rapidly draining the overlying, less permeable soils (CTM, 1988).

Water levels from wells scattered throughout RAAP were measured and elevations
determined in order to create a general groundwater elevation map for the facility. Table
2-4 summarizes the data gathered and Insert 2 presents these data in the form of an
approximate groundwater elevation map. Several wells exhibited water levels that were
unusually shallow or deep in relationship to other nearby wells, These wells probably
intercepted perched groundwater zones or were influenced by karstic features, such as
sinkholes or conduits, which exerted a strong local influence which was not reflective of the
overall unconfined water table. The overall water table resulting from these measurements
was what would be expected in an area dominated by a major river; flow was generally
towards the New River and away from areas of higher elevation. The southernmost area
of RAAP consists of folded rocks which have numerous sinkholes and a deep water table.
The karst nature of the geologic units probably determines flow through the bedrock in this
area and true flow is most certainly mnch more complicated than the simple flow lines
presented on Insert 2, Bedrock groundwater in this southern area probably flows towards
and discharges into either the New River to the west or the unnamed tributary of Stroubles
Creek to the east.
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Groundwater Elevation Information

Table 2-4

Radford Army Ammunition Plant, Virginia

TCC Measure Gr.Sur, Depth of Water
Well Elevation Date Elevation  Water FTOC  Stickup Elevation Survey Source
MW13 1803.54 [3/12/92 | 1801.14 43.57]  2.40] 1759.97 |BCM, 1984;
USACE, 1981
7WCA 1715.81 [3/12/92 | 1713.23 24.80f 2.58] 1691.01 |USACE, 1088
[S7W9 1712.59 (3/12/92 | 1710.48 23.00f 211 1689.59 |USACE, 1088
W10 1706.86 |3/12/92 | 1704.98 17.20 1.88] 1689.66 | USACE, 1988
H-1 171553 [3/12/e2 |  1712.48 20.47]  3.05] 1686.06 |USACE, 1981
H—2 171270 |13/12/82°| 1709.90 25.00| 2.80] 1687.70 |USACE, 1081
H-3 1712.98 |3/12/92 | 1709.66 25.80| 3.32] 1687.18 |USACE, 1981
H=4 171390 | 3/12/82 | 1710.80 26.10] 3.00] 1687.80 |USACE, 1981
HDHZ2 1716.81 [3/12/82 [ 1713.81 30.90]  3.00] 1685.91 |BCM, 1984
10MWA 1703.62 |3/12/2 | 1701.28 16.67| 2.34] 1686.95 (VI
D3 1702.95 [3/12/82 [ 1700.51 16.00 244 1686.95(Vi
&R 1702.64 |3/12/92 | 1700.70 16.05 1.94] 1686.58 VI
D—4 1714.38 [3/12/92 |  1713.42 22.00 0.96] 1692.38|VI
Ds 1699.01 [3/12/92 | 1696.12 6.30] 2.89| 1692.71|BCM, 1984;
USACE, 1981
D6 170213 {3/12/92 | 1699.64 11.02] 2.49| 1691.11 |BCM, 1084,
USACE, 1981
DDH2 1702.53 [3/12/52 | 1700.78 15.87 1.75| 1686.66 |V
ODH4 1715.85 |3/12/92 | 1713.16 2495 2.60, 1690.90 VI
DG—1 1712.08 [3/12/92 | _1709.96 2230| 212 1689.78 [V
D-2 171594 [3/12/92 | 1713.12 20.85] 2.82| 1695.00 |BCM, 1984;
USACE, 1981
'DDH3 1718.70 [3/12/92 | 1715.70 24.95| 3.00] 1693.75|BCM, 1984;
USACE, 1981
D8 1714.40 [3/12/92 | 1711.75 2268 265 1691.72|BCM, 1984;
USACE, 1981
DDH1 1702.00 |3/12/2 | 16899.00 15.58] 3.00| 1686.42 BCM, 1984;
—USACE, 1981
D7 1703.61 [3/12/92 | 1701.04 18.00] 2.57| 1685.61 |BCM, 1984;
USACE, 1981
17PZ1 1907.02 [3/12/92 | 1904.70 93.00| 2.32] 1814.02 (RFI
41TMW1 1805.15 | 3/12/92 |  1802.87 20.03 2.28] 1785.12(Vi
41MW2 1797.45 13/12/92 | 1795.44 52.05| 2.01] 174540 Vi
41MWS3 1759.35 |3/12/92 | 1757.26 27.74] 2.09] 173161V
43MW1 1705.87 |3/12/92 | 1703.80 17.99 197| 1687.88 [V
43MW2 1707.62 |3/12/82 | 1704.95 24.00] 267| 1683.62|V
43MW3 1703.35 |3/12/92 | 1701.15 20.89] 2.20| 1682.46 |Vi
43MW4 1702.78 [3/12/92 | 1700.90 19.80 1.88] 168288V
43MW5 1702.94 [3/12/92 | 170040 17.77] 254] 1685.17 |VI
43MW6 1703.88 (3/12/92 | 1701.24 18.07| 2.64] 1664.81 Vi
A5MWA 1700.70 |3/12/92 | 1707.53 25.00| 2.17| 1684.70{Vi
45MW2 1706.17 [3/12/82 | 1703.74 21.21 2.43| 1684.96 |Vi
45MW3 170652 |3/12/82 | 170414 21.42| 2.38| 1685.101VI
8B 1740.14 [3/12/82°| 1738.20 11.00 1.94| 1729.14 |RFI
9B 1736.78 |3/12/32 | 1734.30 17.22] 248 171056 |USACE, 1988
[OMWA 1780.04 (3/12/92 | 1777.60 17.40] 2.44( 1762.64 |RFI
P-1 1779.69 {3/12/92 | 1777.10 12.32] 25581 1767.37|RFI
P-2 1758.64 13/12/92 | 1756.80 3.12 1.84] 1755.52 |RFI
P-3 1764.59 |3/12/92 | 1753.20 4.60 1.3 1749.99 |RFI
P-4 1773.17 |3/12/62 ¢ 1771.20 22.60 1.97| 175027 |RFI
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Tabie 2~4 (cont'd)

FTOC = From top of casing.

2-21

TOC Measure Gr.Sur. Depth of Water

Wall Elevation Date Elevation Water FTOC Stickup Elavation Survey Source
S4W1 1753.27 |3/12/82 1750.70 8.90 2.57 1744 .37 | RFI
S4wW2 1736.63 |3/12/92 1734.63 14.00 2001 1722.83 |USACE, 1988
S4W3 1721.26 | 3/12/92 1719.56 16.37 1.70 1704.89 | USACE, 1988
S4W4 1735.70 13/12/92 1733.72 12.33 1.88 1723.37 | USACE, 1988
WGC1-2 1786.58 3/12/92 1784.80 39.48 1.78 174710 [ RFI
WC2-~2 1739.98 |3/12/92 1738.14 18.17 1.84] 1721.81 |USACE, 1988
WC3-2 1725.80 [3/12/92 1723.43 17.70 2.37 1708.10 | USACE, 1988
SWCA 1779.96 |3/12/92 1777.37 12.00 2.59 1767.96 | USACE, 1988
5WC1 -1 1788.99 [3/12/92 1787 .55 17.00 2.44 1772.99 | USACE, 1988
S5W5 1775.25 | 3/12/92 1773.32 2,50 1.83 1772.75 | USACE, 1988
S5W6 1771.43 |3/12/92 1769.42 5.70 2.01 1765.73 |USACE, 1988
S5W7 1778.59 |3/12/92 1776.59 11.50 2.00 1767.09 {USACE, 1988
13IMWA 1701.44 | 3/12/92 1698.66 18.32 2.78 1682.12 |RF]
13MW2 1702.62 1 3/12/92 170121 20.42 1.41 1682.20 |RFI
13MW3 1694.47 13/12/92 1683.81 12.70 0.66 1681.77 |RAFI
13MW4 1696.,40 [3/12/92 1695.18 16.00 1.22 1680.40 |RFI
13MW5 1696.40 | 3/12/92 1695.26 16.03 1.14; 1680.37 |RFI
13MWS6 1696.04 | 3/12/92 1693.85 16.77 219! 1680.27 |RF
13MWY 169521 [3/12/92 | 1693.77 14.72| _1.44| 1680.49 |RF1__
B2 1772.65 |3/12/92 176947 80.37 3.18 1692.28 |USACE, 1981
83 1767.89 [3/12/92 1765.09 74,31 2.80 1692.98 |[USACE, 1981
84 1767.50 |3/12/92 1764.64 71.90 2.86 1695 .60 |USACE, 1981
_@DH2 1785.24 |3/12/92 1783.77 89.73 1.47 1695,51 1Vl est.
BDH3 1830.73 [3/12/92 | 1828.65 86.30 1.18 1744.43 | V| est,
7 1774.60 |3/12/92 1772.10 26.40 2.50 1748.20 | USAEHA, 1980b
FAL2 1757.93 |3/12/92 1756.13 35.92 1.80 1722.01 USEPA. 1989
FAL3 1758.43 {3/12/92 1757 .43 66.50 1.00 1691.93 | USEPA, 1989
16—1 1815.82 {3/12/92 1814.54 50.40 1.28 1765.42 |RF
16-2 1810.99 | 3/12/92 1809 .24 55.78 1.75 1755.21 |RFI
16-3 1824.77 {3/12/92 1823.37 58.03 1.40 1765.74 |RFl
16—4 1836.76 | 3/12/92 1835.84 53.72 0.92 1783.04 |RFI
28MWH 1827.18 13/12/92 1825.71 31.73 147 179545 |RFI
28MW2 1821.56 }3/12/92 181991 62.84 1.65 1758.72 |RAFI
S1MW1 1823.13 | 3/12/92 1821.24 7.74 1.89 1815.39 |AFI
51MW2 1834.77 13/12/92 1833.29 49.54 1.48 1785.23 EEI
C-1 1840.14 |3/12/92 1836.94 52.12 3.20 1788.02 BFI
C—4 1826.84 [3/12/92 1824.74 54.71 210 1772.13 |RFI
CDH-2 1826.28 | 3/12/92 1823.79 56.92 249 | 1769.36 [RAF]
MW-9 1808.88 |3/12/92 1806.54 65.15 2.34 1743.73 |AFI
WC—-1A 1812.61 |3/12/92 1810.54 68.93 2.07 1743.68 |RFI
WC—-2A 1818.05 |3/12/92 1816.07 64.62 1.98 1753.43 |RF
[32MWH1 1738.31 |3/12/92 1736.40 56.90 1.91 1681.41 |VI
54MWA1 1707.78 |3/12/92 1705.68 18.52 2.10 1689.26 |VI
S4MW2 1701.41 [3/12/92 1698.86 21.61 2.55 1679.80 | VI
54MW3 1702.15 |3/12/92 1700.56 22.64 1.59 1679.51 |VI
74MWA 1734 .85 |3/12/92 1732.59 24.28 2.26 1710.57 1Vl
Note;




Groundwater supplies in the Valley and Ridge Province are presently of good or
superior quality compared to surface water supplies. However, due to extended contact
withminerals, many groundwater supplies contain higher levels of dissolved solids than the
streams into which they discharge. Because of the sinkholes and underground caverns in
the karst aquifers, there is a threat to the groundwater due to direct infiltration of
contaminated surface water, where present.

245 Surface Water Drainage

The New River is the major drainage within RAAP. The river varies from 200 to
1,000 feet in width, but averages about 410 feet. Generally, the depth is about 4 to 6 feet;
however, pools may be 10 feet deep between rock outcrops in the river bed. The flow
through RAAP is regulated by a control structure located approximately 7 miles south of
the installation. There are 13 miles of river shoreline within the RAAP boundaries.

Stroubles Creek is the largest tributary of the New River and originates in the
southeast sector of RAAP. This creek is fed by several branches that originate on and off
post. The larger surface drainageways within the installation and their direction of flow are
shown in Figure 2-5. Manmade surface drainageways at RAAP also influence local
drainage. Regardiess of location, the direction of surface drainage flow is ultimately to the
New River.

Subsurface drainage is present in RAAP through the sinks or solution cavities formed
by percolating waters within the underlying limestone. These cavities vary in size and shape
and may be interconnected, forming underground drainageways. Groundwater flow at
RAAP is discussed in Section 2.4.4,

Stroubles Creek consists primarily of stormwater runoff and effluent from the
Blacksburg, Virginia, Municipal Wastewater Treatment Plant. The creek empties into the
- New River on the RAAP installation and contributes significant loadings of domestic and
industrial wastewater (USATHAMA, 1976). As mentioned in Section 2.4.4, groundwater
discharging from the karst bedrock in the southern areas may supply significant stream flow.
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Both industrial and domestic wastewaters are being discharged into the New River
from the city of Radford, upstream from RAAP., Previously, Radford provided only
primarysewage treatment before discharging 2.5 million gallons per day (ingd) into the New
River (USATHAMA, 1976); secondary treatment is now provided at the Peppers Ferry
Regional Wastewater Treatment Plant.

The Commonwealth of Virginia has classified Stroubles Creek and the stretch of New
River passing through the confines of RAAP as water generally satisfactory for beneficial
uses, which include public or municipal water supply, secondary contact recreation, and
propagation of fish and aquatic life (USATHAMA, 1976). |

Water used at RAAP is taken from the New River. The river flow varies due to
water management at Claytor Dam, approximately 9 miles upgradient from RAAP (Figure
2-2). Typical flows are about 3,800 mgd. Separate water systems are provided for the main
plant and the Horseshoe Area. Intake No. 1 is located approximately 2 miles upstream of
the mouth of Stroubles Creek. Intake No. 2 is located approximately 6 miles downstream
of the mouth of Stroubles Creek (Figure 2-5). Upstream of RAAP, the New River serves
as a source of drinking water for the towns of Blacksburg and Christiansburg,

In 1976, water quality analyses of the New River were conducted both where the
river enters the RAAP installation and where it exits the installation. The analyses
indicated that the quality of the water when it leaves the installation was essentially the
same as when it enters. Table 2-5 provides a summary of the general water quality of the
New River, determined in 1976. Additional sampling data collected for purposes of this RFI
are presented in Section 5.2.4.

25 LANDUSE

Land in the vicinity of RAAP is mostly rural. Development has been kept to a
minimum in much of the area due to the steep terrain. Much of the area surrounding
RAAP that is less rugged is agricultural. Although there are private residences immediately
adjacent to the installation, the nearest substantial residential area is Fairlawn, located
approximately 3 miles to the southwest. Property owners immediately adjacent to the
installation boundary are identified in Figure 2-6 and Table 2-6. Located approximately 5
miles to the southwest is Radford estimated 1988 population of 12,000). To the north of
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TABLE 2-5

Analyses of the New River Entering and Leaving
Radford Army Ammunition Plant, Virginia

CONCENTRATION *

PARAMETER ENTERTNG LEAVING
Alkalinity (as CaCOj3) 45 45
BOD 2 2
coD 10 10
Total Solids 66 66
Total Dissolved Solids 61 61
Total Suspended Solids 5 5
Total Volatile Solids - 29 29
Ammonia 0 0
Kjeldahl Nitrogen 0.4 0.4
Nitrate {as Nitrogen) .0.4 6.7
Phosphorus Total <0.3 <0.3
Color (Color Units) 16 15
Nitrite < 0,01 <0.01
Sulfate 4 10
Sulfide < 0.1 <0.1
Bromide 0.59 0.59
Aluminum < (.10 <0.,10
Cadmium < 0.005 < 0.005
Chloride 5.2 5.7
Copper < 0.010 < 0.010
Iron ©0.35 0.33
Lead < 0.010 <0.010
Magnesium .5 4
Mercury < 0.002 < 0.002
Beryllium 0 ]
Boron . 0 0

*All results are in milligrams per liter (mg/l), except as noted.
SOURCE: USATHAMA, 1976. 225
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TABLE 2-6

Property Owners Adjacent to RAAP
(May 1990)

Virginia Polytechnic Institute

H. M. Albert Estate (26 individual lots)

Albert, M. L. ¢t al. and Albert, Genoa T. Graves
Price, H. L.

Shaver, J. L.

Trower, W. P.

Humphrey, L. P.

Gallimore, E. A.

Nuckols, R. D.

Gallimore, C. R.

Cadle, R. Y.

Johnson, D., Mr. and Mrs.

Akers, James, Mr, and Mrs.

Blacksburg, Christiansburg, VPI Water Authority
Belvins, C. E.

Blacksburg, Christiansburg, VPI Water Authority
Howard, R. N.

Blacksburg, Christiansburg, VPI Water Authority
US.A.

Blacksburg, Christiansburg, VPI Water Authority
R.D. Stafford Lots (142 individual lots)
Hampton, Dr. C. L.

Oak Manor Farms

Ratcliffe, V. D. & Mason, L. D.

Stanley, R., Jr. and Nadine S.

McGraw, W. T., Mr. and Mrs.

Robertson, J. M,

Smith, S. J., Smith, V. & White, A. S.

Smart, J. H.
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RAAP is the Jefferson National Forest. The population densities of Montgomery and
Pulaski Counties are 173.1 and 106.9 persons per square mile, respectively, Additional
information on local demographics and ecological populations is provided in the
identification of potential receptors in Appendix A.

Montgomery County, with an area of 394 square miles and an estimated 1988
population of 67,000, is bordered by mountaiﬁs to the east, north, and south and by the New
River on the west. The primary roads in the county are US Route 11, Interstate 81, and US
Route 460. The county seat is Christiansburg.

Pulaski County, to the west of Montgomery County, is 328 square miles in size and
had an estimated 1988 population of 34,000. The county is bounded by mountains to the
north, west, and south and by the New River on the east. The primary roads are US Route
11 and Interstate 81, which run east-west through the center of the county. Pulaski County
is generally mountainous except in the central portion, where the hills are gently rolling.
The town of Pulaski is the county seat.

Since 1960, Montgomery and Pulaski Counties have experienced strong population
growth. Montgomery County consistently exhibits the strongest population growth in the
New River Valley Region (comprised of Giles, Floyd, Pulaski, and Montgomery Counties
and the city of Radford), posting increases far in excess of regional trends.

Manufacturing is the largest individual employment sector in the area, with 17,282
employees in the second quarter of 1988 accounting for 33.8 percent of the area’s total
employment. Hercules Inc. employees involved in the manufacture of explosives and
propellants at RAAP are included in these figures.

RAAP is the only facility in the country with the capability to produce TNT and as
such is not considered a likely candidate for surplus excessing by the U.S. Army. Future
land use of RAAP should be considered the same as present land use when long term

planning and projections are performed.



2.6 RA AND FAUNA

Lists of the mammals, birds, reptiles, amphibians, aquatic invertebrates; trees, and
plants found on the installation and of the fish inhabiting the New River where it flows

through the installation are presented in earlier environmental assessments of RAAP and

are not included herein. These lists were compiled by combining data from the RAAP
Woodland Management Plan, the RAAP Fish and Wildlife Management Plan, the 1973
RAAP declaration of timber available for harvest, the RAAP Land Management Plan, and
verbal information from the forester at RAAP (USATHAMA, 1976).

Several studies of fish and aquatic invertebrates, deer populations, and growth rates
of tree rings at RAAP were conducted by several departments of the Virginia Polytechnic
Institute and State University (VPI&SU) in Blacksburg, Virginia. For most of the
installation’s life forms, there is little information available about the occurrence, abundance,
breeding areas, and distributions.

It is probable that all of the reptiles, all of the mammals (except the bobcat), and
most of the birds (except migratory waterfowl) listed in the 1976 Installation Assessment
(USATHAMA, 1976) breed on the installation.  Foxes periodically build up large
populations, and the Virginia Commission of Game and Inland Fisheries cooperates in
trapping them to prevent rabies outbreaks. The last trapping program for foxes was
conducted in 1966. Deer also become overabundant and are sometimes significant road
hazards. A deer capture program was conducted annually by the State Game Commission
to maintain a constant population until 1990. Controlled hunting is now used to regulate
the deer population.

Because the installation is on the Atlantic Flyway, the New River is a haven for many

species of migratory waterfowl throughout the spring and winter.

No threatened or endangered species are suspected of dwelling at RAAP, nor are
there any known species with unusual aesthetic value. There are no species known to occur
exclusively at RAAP or to be absent from the rest of the counties or State; there are no
species known for which the installation lies at the limit of their ranges. Indications are that
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some species, including ruffed grouse and upland plovers, have decreased in number or have
disappeared from RAAP (USATHAMA, 1976).

Limited deer hunting with bow and arrow is permitted within RAAP. Deer are also
trapped by the Virginia Department of Conservation for restocking in neighboring counties.
Public fishing is permitted from boats in the New River.

A survey made of the fish population in the New River by VPI&SU determined that
there was an adequate stock of native species for sportfishing. Salt blocks, grain fields, and
grain-stocked shelters have been provided on RAAP for game species. There is no other
active management of the wildlife. |

According to the most recent Woodland Management Plan, the forest area of RAAP
is essentially the same as when originally acquired. All hardwood of merchandisable size
inside the security fence along the New River was removed because of damage by 2,4-
dichlorophenoxyacetic acid (24D), which was sprayed to eliminate musk thistle in 1971.
Musk thistle was declared a noxious weed by the Virginia General Assembly, and its control
is required by law. In the 1950s approximately 3,000 acres were reforested.

There are 2,537 acres of managed woodlands. The rolling areas and one flat bottom
have been reforested. No reforestation has occurred in the Main Manufacturing Area. In
1964, 922 acres of the Horseshoe Area were reforested. The cutting cycle on existing forest
lands is 7 years; the first cutting took place in 1966. Reforestation and forest improvement
were in effect from 1955 to 1973 at suitable sites. Black walnut and white oak will be
retained on the stump, if they are in good condition, to provide a mobile reserve.
Unsuitable or diseased trees are removed. As recommended by the Virginia Forestry
Department, timber stands have been improved in all areas through selective cutting of
mature trees with mechanized equipment when possible. Weed trees have been sprayed

with ammonium sulfamate. Controiled burning is not practiced because of the fire hazard.
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3.0 SUMMARY OF RFI FIELD INVESTIGATION PROGRAM
3.1 OVERVIEW

The RFI field program at RAAP included geotechnical, sampling, and analytical
investigations that provided data on the physical and chemical characteristics of media of
interest at SWMUs being studied. Data gained through this program supplemented existing
data, enabling better characterization of surface, subsurface, and hydrogeologic conditions
at RAAP in order to identify releases or suspected releases of hazardous waste or hazardous
constituents into soil, sediment, surface water, and groundwater. Table 3-1 summarizes the
major activities during the RFI at each SWMU. |

Geotechnical activities included the drilling of 54 boreholes, the installation of 12
groundwater monitoring wells and one piezometer, a soil gas survey, the collection of water
level measurements, the inspection of existing on-post wells, and the compilation of near-
post well locations. The analysis of information gathered from these field investigations
helped better define local surface drainage features, subsurface lithology, aquifer
characteristics, the location and/or areal extent of subsurface contaminant sources, and
possible pathways for contaminant migration. This information is useful to evaluate the

need for any follow up investigations, corrective measures, or monitoring,.

The sampling and analytical program included the chemical analyses of representative
samples of groundwater, surface water, soils, and sediment for use in identifying
contaminants at RAAP. Physical testing of representative soil samples from borings were

performed in order to characterize soil formations and their hydrogeological properties.

32 SOIL GAS SURVEY

A soil gas survey was performed at SWMU O by Target Environmental Services, Inc.,
to investigate the subsurface routes through the unconsolidated soils in which fuel has
migrated. Fuel oil has been detected at a seep located 400 feet northeast of the reported
discharge point of the aboveground petroleum, oil, and lubricant (POL) tank.
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Table 3~1
_Summary of 1991/1992 RF1 Field Program
Radford Army Ammunition Plant, Virginia

Environmental Samples
SMWU SWMU Wells/ Soil Gas Ground  Surface
Nos. Name Bores Piez. Survey Soil Water Water  Sediment Duplicates

Footnotes:

& Nine sample results from three quarterly monitoring wells evaluated.




Starting from the seep location, soil gas samples were collected along the length of
the assumed discharge route between the seep and the reported discharge point at the POL
tank.

Twenty-seven samples were collected as part of this soil gas survey. The report from
Target Environmental Services, including the results of the 27 soil gas samples collected at
SWMU O, is included as Appendix I of this report.

To collect the samples, a 1/2-inch hole was produced to a depth of approximately 4
feet by using a drive rod. The entire sampling system was purged with ambient air drawn
through an organic vapor filter cartridge, and a stainless steel probe was inserted to the full
depth of the hole and sealed off from the atmosphere. A sample of in-situ soil gas was then
withdrawn through the probe and used to purge atmospheric air from the sampling system.
A second sample of soil gas was withdrawn through the probe and encapsulated in a pre-
evacunated glass vial at two atmospheres of pressure. The self-sealing vial was detached from
the sampling system, packaged, labeled, and taken to Target’s mobile laboratory for analysis.

Target’s standard decontamination procedures were used during this program. Prior
to the day’s field activities, all sampling equipment, slide hammer rods, and probes were
decontaminated by washing with soapy water and rinsing thoroughly. Internal surfaces were
flushed dry using pre-purified nitrogen or filtered ambient air, and external surfaces were
wiped clean using clean paper towels. Between samples, the exterior of the probe and rods
were cleaned by wiping with distilled water and paper towels. The interior of the probe was

purged from five to eight times with ambient air before each sample.

Field control samples were collected at the beginning and end of each day’s field
activities. These QA/QC samples were obtained by filtering ambient air through a dust and
organic vapor filter cartridge and collecting in the same manner as described above.

33 BORIN SAMPLING PROGRAM

All geotechnical boring, well installation, and soil sampling methods were performed
in accordance with the RFI Work Plan (Dames & Moore, 1990a) or using methods
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approved by USATHAMA when unusual conditions were encountered. Appendix B
presents the procedures used during the field drilling and sampling program.

The following sections discuss the borehole drilling and sampling program associated
with this RFI report. As shown in Table 3-1, the field program for the RFI study areas
included the following:

. Sixteen borings for well and piezometer installations at six SWMUs (including
7 abandoned well borings at SWMUs 28/51/52).

. Thirty-four exploratory soil borings performed at two SWMUs (including an
abandoned boring, OSB9A).

. Physical soil tests performed on 33 soil boring samples.
3.3.1 Exploratory Soil Boring Methodology

A total of 34 exploratory soil borings were performed at the following SWMUs:
. SWMU 13--Waste Propellant Burning Ground--22 borings

. SWMU O--Underground Fuel Oil Spill--12 borings (including one abandoned
boring OSB9A)

The exploratory borings ranged in depth from 10 to 35 feet. The soil zone was
penetrated using 4.25-inch inside diameter (LD.) hollow stem augers. Soil sampling was
accomplished with an internally mounted 5-foot soil corer, except for four soil bores at
SWMU O which were continuously sampled with a 24-inch split spoon sampler that was
driven using methods specified in the Standard Penetration Test (SPT), American Society
for Testing and Materials (ASTM) D-1586. Detailed soil boring logs, provided in Appendix
F, were developed from information gathered by field observation of soil cores. Boring
completion details are presented in Table 3-2.

Soil sampling and boring locations for each SWMU investigation are shown on each
SWMU location map provided in Sections 5.0 through 8.0. Table 3-2 provides a summary
of the sampling points. Additional sampling and boring information is included in the
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Boring

13§B1
13§B2
135B3
135B4
135B5
135B6
138CIW
13SCI1E
138C2wW
138C2E
138C3W
13SC3E
135C4w
138C4E
138C5wW
138C5E
135Cew
135C6E
138CTW
138C7E
138C8W
13SCSE
13MW1
13MW2
13MW3
13MW4
13MWS5
13MW6
13MW7
17PZ1

Date

08/20/91
08/26/91
08/26/91
08/28/91
08/22/91
08/21/91
08/20/91
08/20/51
08/2191
08,2191
08/21M1
08,2191
08/22/91
08/22/91
08/26/91
08/26/91
08/2791
08/27/91
08/28/91
(8/28/91
08/29/91
0872991
08/20/91
08/29/91
0872791
08/28/91
0872391
08/21/91
0872191
1101/51

Total
Depth

(feet)

100
100
100
10.0
100
100
100
100
100
16.0
10.0
10.0
10.0
10,0
10.0
100
100
100
10.0
10.0
10.0
10.0
35.0
380
220
25.0
250
240
24.0
13390

Table 3—2
Summary of RFI Boring Program

Radford Army Ammunition Plant, Radford, Virginia

Boring
Method

4" HSA

4" HSA

4" HSA

4" HSA

4" HSA

4" HSA

4" HSA

4" HSA

4" HSA

4" HSA

4" HSA

4" HSA

4" HSA

4" HSA

4" HSA

4" HSA

4" HSA

4" HSA

4" HSA

4" HSA

4" HSA

4" HSA

8" HSA/6" Roller
6" HSA/6" Roller
6" HSA/6" Roller
6" HSA/6" Roller
6" HSA/6" Roller
6" HSA/6" Roller
6" HSA/6" Roller
6" Roller/12" Roller/8" AH

Sample

Method

Moss
Moss
Moss
Moss
Moss
Moss
Moss
Moss
Moss
Moss
Moss
Moss
Moss
Moss
Moss
Moss
Moss
Moss
Moss
Moss
Moss
Moss
SPT-NX
SPT—-NX
SPT-NX
SPT-NX
SPT-NX
SPT-NX
SPT
SPT-NX-AH

Depth of
Chemically
Anaiyzed
Samples

[fcct)'

0.5,5.0, 10.0
0.5,5.0, 10.0
0.5,5.0, 10.0
0.5,5.0, 10.0
0.5,5.0, 10.0
0.5,5.0, 10.0
0.5,5.0, 10.0
0.5,5.0, 10.0
0.5,5.0, 10.0
05,50
0.5,5.0, 10.0
0.5,5.0, 10.0
0.5,5.0, 10.0
0.5,5.0, 10.0
0.5,5.0, 10.0
0.5,5.0, 10.0
0.5,5.0, 10.0
0.5,5.0, 10.0
0.5,5.0, 10.0
0.5,5.0, 10.0
0.5,5.0, 10.0
0.5,5.0, 10.0

SWMU

13
13
13
13
13
13
13
13
13

13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
17
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Boring

28MWI1A
28MWI1B
28MWI1C
28MW1D
28MW1
28MW2
SIMW1A
51IMW1B
51MW1C
51IMW1
S1IMW2
0SBl
O8B2
OSB3
OSB4
OSB5
OSB6
OSB7
OSB8
OSB9
OSB9A
OSB10
0OSB11
OMW1

Footnotes:

f= Depth provided are in feet below ground surface.
Moss = continuous core soil sampling

Date

09/13/91
09/13/91
09/13/1
09/24/91
10/04/91
9/10/91

09/09M91
09/10/91
09/10/91
0972491
09/09/91
10/24/91
10/2391
1072391
1102/
1072551
1140291
110491
10/25M1
11/04/91
11,0491
10/2491
1072591
1171191

Total

Deptll
(feet)

50
15.0
105
20.0
700
200

7.5

7.0

7.0
370
330
220
20.5
240
350
12.0
235
210
290
120

80
320
130
385

SPT = Standard Penetration Test Soil Sampling

NX = NX-size rock core sam pling

Roller = Tricone rotary bit

Y9 = Air Hammer

.FA = Former Lead Furnace Area

Table 3-2 (Cont’d)

Boring
Method

6" HSA
6" HSA
6"HSA
6" HSA

6" Roller/8" AH
6" HSA/6" Roller

6" HSA
6" HSA
6" HSA

6" HSA/6" Roller
8" HSA/6" HSA/6" Roller

4" HSA
4" HSA
4" HSA
4" HSA
4" HSA
4" HSA
4" HSA
4" HSA
4" HSA
4" HSA
4" HSA
4" HSA

8" HSA/6" HSA/6” Roller

Sample

Method

SPT
SPT
SPT
SPT
SPT-NX
SPT-NX
SPT
SPT
SPT
SPT
SPT-NX
SPT
SPT
SPT

Moss
Moss
Moss
Moss
Moss
Moss
SPT
Moss
SPT

Depth of
Chemically
Analyzed
Samples
(feet)”

16.0, 200
160
180

22.5, 35.0
7.

0

230
19.5
290
12.0

16.0, 32.0

13.0

SWMU

EEEEFPEYEE

COO000O00CO0Q00QO0O0O



investigation program section for each SWMU. All soil samples are from discrete locations.
Detailed soil sampling procedures are included in Appendix B.

3.3.2 Well Drilling Methodglogy

From Aungust through November 1991, a total of 20 borings were drilled for data
collection and the installation of one piezometer and 12 wells. Seven boreholes were
abandoned at SWMUs 28/51/51 with USATHAMA approval due to unusual drilling

conditions.

Methods of drilling in unconsolidated overburden included hollow-stem auger and
air rotary. Where possible, boreholes into bedrock were cored using an NX-sized diamond
or carbide-studded bit. This method provided an intact sample of bedrock to evalnate
lithology, structure, and physical condition. NX rock coring was discontinued when excessive
amounts of drilling water were lost to the formation.

The following procedures were followed when performing well borings. Where
possible, a 6.25-inch L.D. dry hollow stem was used to penetrate the unconsolidated soils.
Split spoon sampling was conducted at S-foot intervals during drilling to allow a detailed log
to be developed for each boring. The method used to collect the split spoon samples was
the SPT (ASTM D-1586).

Where river jack sediments (cobbles and boulders) prevented further penetration of
the overburden using the hollow stem auger method, an air rotary drilling method was used
in which a 6-inch tri-cone roller bit was advanced into the soil. The installation of well
28MW?2 required the mud rotary drilling method, as described in Appendix B, because the
river jack sediments prevented further penetration of the overburden using either the hollow
stem auger method or the air rotary drilling method. Split spoon soil samples were
collected every S feet to develop a detailed boring log, as described above.

When bedrock was encountered, the overburden was cased off using 10-inch
ternporary polyvinyl chloride casing (PVC), and NX rock coring was performed to obtain
intact samples of bedrock for subsurface logging. After completion of the rock coring, the
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borehole was reamed out using a 6-inch or 8-inch roller bit or 8-inch air hammer to the

appropriate well depth and well installation procedures initiated.

Every effort was made during all drilling and sampling efforts to avoid methods that
could introduce potential cross-contamination. The drill rig and all sampling equipment was
decontaminated prior to arrival at RAAP, prior to drilling the first borehole, and after the
drilling of each borehole by a portable steam-cleaner at a steam temperature of 220° F and
a pressure of 1,000 psi.

34  WELL INSTALIATION AND DEVELOPMENT
3.4.1 Monitoring Well Installation
Twelve monitoring wells and one piezometer were installed at the following SWMUs :

o SWMU 13--Waste Propellant Burning Ground--seven wells
° SWMU 17--Contaminated Waste Burning Area--one piezometer

. SWMUs 28/51/52--Active Sanitary Landfill, TNT Neutralization Sludge
Disposal Area, Closed Sanitary Landfill--four wells

° SWMU O--underground Fuel Oil Spill--one well

Clean, pre-decontaminated and plastic-wrapped monitoring wells were installed in
newly drilled and reamed boreholes, either through the hollow stem augers or, when the
drilling method was air rotary, through the temporary 10-inch PVC casing. Both of these
methods prevented cave-in of the overburden during well installation. Sand filter pack,
bentonite pellets, and cement bentonite grout were installed according to specifications
included in the RFI work plan.

The material used for the monitoring wells was dependent upon the future possible
use and overall SWMU working conditions. Wells installed at SWMU 13 were constructed
of stainless steel since burning operations induce tremendous heat releases for several
hundred feet from the burning pads. The possibility that the heat could melt PVC was
considered sufficiently high so that stainless steel was substituted as the well material, The
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well installed at SWMU O was also constructed with stainless steel to allow for the future
use of this well as a dewatering/fuel extraction location if conditions so warrant. Wells
installed at SWMUSs 28 and 51 were constructed with PVC since operations at these
locations presented no likely threat to future well integrity, other nearby wells were
constructed of PVC and remedial use of these wells was not considered likely.

Monitoring well construction diagrams are included in Appendix F and are
summarized in Table 3-3. Detailed well installation procedures are included in Appendix
B.

34.2 Well Development

Proper well development serves to remove water and other fluids or materials
introduced in the aquifer as a result of borehole drilling operations. It also functions to
reduce the amount of fine-grained sediment around the sand-packed portions of the annulus,
which might otherwise clog the well screen, and to enhance porosity for free flow in the
screened zone. Well development equipment was decontaminated prior to use and between
wells. Prior to development, the static water level was measured and recorded. Field
conductivity, temperature, and pH measurements were recorded before, at least twice
during, and at completion of development to ensure that the development process is

complete.

Dames & Moore developed each monitoring well as soon as was practical, but no
sooner than 48 hours after the placement of the internal mortar collar around the well.
Methods and equipment used for well development at RAAP included bailing, the use of
a 4-inch submersible pump and a surface pump. Specific well development procedures are
described in Appendix B.

3.5 PHYSICAI TESTING

Soil samples were collected from borings and placed in sample jars and labelled. Of
these soil samples collected, 33 representative soil samples were shipped to Dames &
Moore’s soil testing laboratory for physical testing. Atterberg limits (ASTM D-4318), grain
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Monitoring
Well

13MW1
13MW2
13MW3
13MW4
13MWS5
13MW6
13MW7
17PZ12
28MW1
28MW2
51IMW1
51IMW2
OMW1

Notes:

1 = Depths are reported in feet below ground surface.
= 4" Piezometer
UA = Unconsolidated alluvium

2

BR = Bedrock

Date

08/20/M
0872991
082791
08/28/91
08/23/91
082191
08/22/91
11/0191
09/04/91
09/10/91
09724/91
09/05/91
11/11/51

Table 33
Monitoring Well/Piezometer Construction Details
Radford Army Ammunition Plant, Virginia

Total
Depth
(feet)!

2840
29.0
19.0
240
240
230
240
1325
63.0
83.0
350
53.0
380

Material

3-10

Screen

SS
Ss
Ss
88
Ss
58
58
PVC
PVC
PVC
PVC

Screen
Depth

18.0-28.0
19.0-290

9.0-19.0
14.0-24.0
14,0-240
13.0-23.0
14.0--24.0

1125-132.5

43.0-63.0
68.0-83.0
250--35.0
43.0-53.0
23.0-38.0

Hydrolegic
Unit

UA/BR
BR
UA/BR
UA/BR
UA/BR
UA/BR
UA/BR
BR
BR
BR
UA/BR
UA/BR
UA/BR



size analysis (ASTM D-422), and classification by the Unified Soil Classification System
(USCS) were performed on these samples, Table 3-4 summarizes the results of the physical
analyses.

36 WELL INVENTORY

An inventory of the off-post wells located in the vicinity of RAAP was compiled in
order to determine the potential receptors of possible contamination at RAAP. Prior to
1986, the Virginia Water Control Board (VWCB) maintained records of wells installed in
the state. The available records could not be considered an inventory of the wells because
only the wells reported or those collected by the VWCB were included. Although drillers
were required to notify VWCB of all wells drilled before 1986, the requirement was rarely
enforced. The VWCB well database is only about 2 to 5 percent complete (Terry Wagner,
1992). A total of 40 wells were identified within a 3-mile radius of the center of the RAAP
facility which includes Montgomery and Pulaski Counties. Figure 3-1 identified the
approximate locations of these wells. A listing of the well owners’ name, type of facility,
location (longitude and latitude), date of well installation, and approximate depth of the well
is provided in Appendix C. Available groundwater analytical results from some wells is also
provided in Appendix C (VWCB, 1992).

After 1986, well drillers were required to notify the County Health Department of
their activity. The Pulaski and Montgomery County Health Departments indicated that
records before September 1990 include only those wells installed in association with septic
systems and is therefore not a complete well inventory. The county health departments do
not have databases of wells installed before September 1990 and therefore, could not supply
a listing of these wells. Dames & Moore has requested an inventory of wells installed after
September 1990 in Pulaski and Montgomery Counties but the listing of well records has not
been received to date, According to the county health departments, the database of wells
installed after September 1990 includes all wells installed. Results from the Pulaski and
Montgomery County Health Departments will be included in the final report.
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Table 3—4
Summary of Grain Size Analyses of Soil Samples
RCRA Facility Investigation
Radford Army Ammunition Plant, Virginia

Sample Percent Soil Symbol
Sample No. Depth(feet) Gravel/Sand/Fines® USCS/ALP

138B3 10-12 0.0/76.7/14.3/90 SM/NP

0.0/52.1/47.9

Footnotes:

2 Gravel = retained on #4 sieve
Sand = passed #4 sieve but remained on #200 sieve
Fines = passed #200 sieve

B USCS = Unified Soil Classification System
AL = Atterberg Limits soil classification

C *Fines" are represented as percent silt and percent clay, respectively, for SWMU 13

3-12
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0 10,000 Feet

. Well Location and Number @
{Sec Table C-1, Appendix C)

Figure 3—-1
Well Locations in the Vicinity of RAAP

Note: Topography given in meters 3-13 Dames & Moore




3.7 SAMPLING AND ANALYTICAI PROGRAM

The purpose of the RFI sampling program was to collect representative samples of
groundwater, surface water, soils, and sediment for use in identifying contaminants at the
SWMUs identified in the RCRA permit. The locations and number of samples were
selected to determine if contarminants have migrated from the SWMUs and into the
surrounding environment at concentrations of concern. The collection procedures took into
account characteristics of known contaminants, as well as the need to identify suspected
contaminants and measure a range of standard parameters (e.g., analysis for drinking water
standards and parameters that monitor changes in the sample, such as pH and conducﬁvity).
All sampling procedures were accomplished in accordance with the approved work plan, and
are discussed in Appendix B of this report. A summary of the samples collected and the

analyses performed for each sample is provided in Table 3-5.

The analytical parameters discussed in this section refer to the constituents that were
specifically identified in Attachment A of the RCRA permit. The USATHAMA and
laboratory analytical methods and reference codes are summarized in Table 3-6. The
Certified Reporting Limit (CRL) and specific test name and certified method, using EPA
method number if possible, for each analyte of interest are also listed in Table 3-6. In
addition, the permit Practical Quantitation Limits (PQLs) and Health Based Numbers
(HBNs) are also provided. Dames & Moore derived HBNs for those constituents for which
a HBN was not specified in the RCRA permit; these HBNs and the methodology used to
develop the numbers are presented in Appendix D, PQLs and HBNs also are included on
the chemical summary tables developed for each SWMU characterization.

The analytical program, summarized in Tables 3-S and 3-6, included soil,
groundwater, sediment, surface water and waste analyses for Target Analyte List (TAL)
metals, volatile organic compounds (VOCs), semivolatile organic compounds (SVOCs),
explosives, nitrate/nitrite, total organic halogens (TOX), total organic carbon (TOC), and
Toxicity Characteristic Leaching Procedure (TCLP) metals and organics. (Note: The term
SVOCs is used throughout this report rather than the term base-neutral/acid extractables
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Table 3—-5
Summary of RFI Analytical Program
Sorted by SWMU and Sample ID
Radford Army Ammunition Plant, Virginia .

Analytical Parameters

Sample Sample Site Sample Sampls  TAL Metals
Maix Type  Date LDepth I M E Bl YOCs SVOCs TOC TOX

- SWMU13  13SBS SO BOAE  08/2281 10 X X X X

GWMU13 138B6* SO BORE  03/04B2 05




91-¢

Site
SWMU 13

Sample

13802

Table 3-5 (Cont'd)

Armlytical Parametera

Semple  Sample  JAL Metals
Date Deoth I U FE EglL ¥YOCz SVOCs
082181 5 X X X X

0872981 05

ToLP

JOC JOX NO;+NQ, Oroanks Metals




L€

Table 3-5 (Cont'd)

Analytical Parameters
Sample Sample Site Sample  Sample  TAL Metals ; TCLP
Site | » I Malrix Twe  Date Bepth I U FE Expl YOGs SVOCs YOO TOX HOENO, Oroanics Metala
__S__WMUﬂ 170584 80 X

PLUG 0202782 03 X

10/2481

SWMUO SeW-1 GW WHL 022482 10

.0.2!I2.3)92



81-¢

Footaotes:

BASN = Basin

CMPH = Comp osite Sample
DTCH = Dits!

Expl = Explosives

F = Filtered metals

GW = Groundwater ol

NO, & NO, = Nitrite and Nitrate
RVER =%ver

SH = Sediment

SW = Surface Water

TOX = Total Organic Halogens

Table 3 -5 (Cont'd)

80O = Seil

SPRG = Spring

SVOCs = Semivolatile Organic Compounds

T = Total Metals

TAL Metals = Target Analyte List Metals

TCLP = Toxicity Charactersstic Leaching Procedure
TOC = Total Organic Carbon

U = Unfiltered metals

VOCs = Volatile Organic Compounds

* = Resampled for full TCLP analyses



TABLE 36

SUMMARY OF ANALYTICAL METHODS, PQGLs AND HENs FOR RFl

PROPOSED RFl ANALYTICAL EFFORT FOR WATERS

METHOD UMZ0 (624); VOLATILE ORGANICS IN WATER BY GC/MS FOR BOTH
PRIQRAITY POLLUTANTS AND HAZARDCUS SUBSTANCE LIST COMPOUNDS (a)

SHORT PRICRITY HAZARDOUS USATHAMA  GLP
NAME STORET  LONG NAME POLL.  SUBSY.UST CHL ueL CROL PaL HBN'
111TCE 34508 1,1,1-TRICHLOROETHANE Y Y 0.5 200 5 5 200
112TCE 24511 1,1, 2-TRICHLORCETHANE Y Y 12 200 5 5 -]
110CE 34501 1.1-DICHLCAOETHENE Y Y 0.5 260 5 5 7
TCCLE 34488 1,1-DICHLOROETHANE Y ¥ 0.88 200 5 5 0.4
12DGLE 34831  1,2-OICHLOROETHANE Y Y 0.5 50 5 5 5
120CLP 34541 1,2-DICHLOROPROPANE ¥ Y 0.5 200 3 5 s
2CLEVE 34576  2-CHLOROETHYLVINYL ETHER Y N o 200
BADGL 32109 BROMODICHLOROMETHANE Y ¥ 0.59 200 5 5 700
C13DCP 34704  GIS-1.3-DICHLOROPROPENE Y Y 0.58 230 5 10 02
CZH3CL 39175 VINYL CHLORIDE ¥ Y 28 200 10 10 2
C2H5CL 34311 CRLOBCETHANE Y Y 1.9 200 10 10 —
CBHS 34030  BENZENE Y Y 0.8 200 5 5 5
CCL3F 34488  TRICHLOROFLUORCMETHANE Y N 1.4 50 8§ 1B«
CGLé 32102  CARBON TETRACHLORIDE Y Y 0.58 200 5 5 5
CH2CL2 34423  METHYLENE CHLORIDE Y Y 23 100 5 5 5
CH3BR 34413  BROMOMETHANE Y Y 58 100 10 10 50
GH3CL 34418  CHLOROMETHANE Y Y a2 200 10 10 3
CHBR3 32104  BROMOFORM Y Y 2.0 © 200 5 5 700
CHCLZ 32108  CHLOROFORM Y Y 05 200 5 5 800
CLCBHS 24301 CHLOROBENZENE Y Y 0.5 200 5 5 1000
DICHLORODIFLUOROMETHANE (c) : 5 7000
DBRCL 32105  DIBAOMOCHLOROMETHANE N Y 0.67 100 5
ETCEHS 34371 ETHYLBENZENE Y Y 0.5 200 s s 4000
MECSHS 34010  TOLUENE Y Y 0.5 200 5 s  1E+4
TRANS-1,2-DICHLOROETHYLENE (b} 5 700
TI3DCP 34609  TRAANS-1,3-DICHLOROPROPENE N Y 0.7 280 8 10 0.2
1,1,1,2-TETRACHLOROETHANE (d) 5 10
TCLEA 34518  1,1.2,2-TETRACHLORCETHANE Y Y 0.51 200 5 5 2
TCLEE 34475  TETRACHLOROETHENE Y Y 18 200 s 5 7
TRCLE 38180  TRICHLOROETHENE Y Y 0.5 200 5 5 5
XYLEN 99648  XYLENE N ¥ 0.34 200 5 5 7EM
ACET 81552  ACETONE N Y 13 200 ) 100 4000
Gsz2  7io4t CARBON DISULFIDE N Y 0.5 200 5 5 4000
12DCE 96642 1,2~-DICHLOROETHENE (TOTAL) 0.5 200 &
MEK 81586  METHYL ETHYL KETONE N ¥ a4 200 100 2000
CZAVE 77057  VINYLACETATE N Y 8.3 50 10
MIBK 81596  METHYLISOBUTYL KETONE N Y 3 200 10 100 2000
MNBK 77103 METHYL-N-BUTYL KETONE N Y as 200 1
STYR 77128 STYRENE N Y 0.5 200 5
¢
NONCERTIFIED ANALYTES .
CL2BC 81524  DICHLOROBENZENE (TOTAL)
ACROL 34210  ACROLEIN 5 5
ACRYLO 34215 ACAYLONITRILE 5 .08

3-19
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TABLE 38 (cont'd)

METHOD UM18 (625); EXTRACTASLE CRGANICS (BNAS) N WATER BY GC/MS FOR BOTH

PRICAITY POLLUTANTS AND HAZARDOUS SUBSTANCE LIST COMPOUNDS (a)

SHORT

NAME STORET

124TCE 34551
120CLE 34528
130CLB 34588
14DCLE 34571
245TCP 77687
24DCLP 34801
24DMPH 34808
240NP 34818
24DNT 34811
2CLP 34588
2CNAP  Jas1
ZMNAP 77410
2MP FNTI
2NANIL 39077
ZNP 34501
330CBD 34831

3NANIL 98078
4BON2C 34857
48RPPE 34838
4CLIC 34452
4ACLPPE 34841
4MP 99074
4NANIL 99079
4NP 34648
ANAPNE 34206
ANAFYL 34200
ANTRC 34220
B2CEXM 34278
B2CIPE 34283
B2CLEE 34273
B2ZEHP 39100
BAANTH 345268
BAPYR 34247
BEFANT 34230
BEZP 34292
BENZOA 77247
BGHIPY 34521
BKFANT 34242
BZIALC 77147
CHRY 24320
CLesSZ 39700
CLACP 3asse

CLEET 34398

DBAHA 34556
DBZFUR 81302
DER 34338
DMP 34341
DNEP 38110
FAMT 34376
FLAENE 34381
HCBD 34391
ICOPYR 34403

LONG NAME

1.2 4-TRIGHLOROBENZENE
1.2-DICHLOROBENZENE
1,3-DICHLOROBENZENE
1,4-DICHLOROBENZENE
2.4.5-TRICHLORDPHENGL
2.4-DICHLOROPHENOL
2.4-DIMETHYLPHENOL
2,4-DINITROPHENOL
2,4~DINITROTOLUENE
2-CHLOROPHENOL
2-CHLORCNAPHTHALENE
2-METHYLNAPHTHLENE
2-METHYLPHENOL
2-NITROANILINE
2-NITROPHENOL
3,3-DICHLOROBENZIDINE
3-METHYLPHENOL {s)
3-NITRCANILINE
2-METHY1.—4,6-DINITROPHENOL
4-BROMOPHENYLPHENYL ETHER
3-METHYL~4-CHLOROPHENOL
4-CHLOROPHENYLPHENYL ETHER
4-METHYLPHENOL
4-NITROANALINE
4-NITROPHENOL
ACENAPHTHENE
ACENAPHTHYLENE
ANTHRAGENE
BIS(2-CHLOROETHOXY) METHANE
BIS{2-CHLOROISOPROPYL) ETHER
BIS(2-CHLOROETHYL) ETHER
BIS(2—EHTYLHEXYL) PHTHALATE
BENZO [A] ANTHAACENE

BENZO [A] PYRENE

BENZO (B] FLUORANTHENE
BUTYLBENZYL PHTHALATE
BENZOIC ACID

BENZO (&,H.]] PERYLENE
BENZO [K] FLUORANTHENE
BENZYL ALCOHOL

CHAYSENE
HEXACHLORGBENZENE
HEXACHLOROGYCLOPENTADIENE
HEXACHLOROETHANE

DIBENZ [A,H] ANTHRACENE . .
DIBENZGFURAN ’
DIETHYL PHTHALATE

DIMETHYL PHTHALATE
Di-N-BUTYL PHTHALATE
FLUORANTHENE

FLUORENE
HEXACHLORCBUTADIENE
INDENO [1,2,3-CD] PYRENE

Nate: All units ars in ugil.

POLL.

CXAZZEAL LS CZ <

L AZ AL AT A AT LA L AL LA ZZCCXKEZ

3

R R L L R L L

PAPSPAD PRSP e e e L P L e E E L E

PRIORITY HAZARDOUS
SUBST. LIST

Iy
==

chaL

1.8
1.7
1.7
1.7
5.2
29
58
21
4.5
0.99
0.5
1.7

43
3.7
12

4.9
17
4.2

&1
0.52

12
1.7
0.5
0.5
1.5
53
1.9
43
1.6
47
54
34

13
8.1

0.87
0.72
2.4
1.8
a8
1.5

1.7

1.5
a7
33
a7
34
8.8

USATHAMA

ucL

§38%sEB8E88E8Eese

328¢se

100

100
100

cLp
CRDL

10
10

a8gs

10
10
10
10
10
10
10
"
10

10
10
10
0
it
10
10
W
10
10
10
10
10
10
10
10
1)

140
10

280w

10

10

10
10

10

10
10

288

10
10
10
10
0.1
0.2
02
10

0.4

0.5
10
10

0.3

10
10
10
10

HEN

0.2
0.02

0.0007
30000

400000
4000



SHORT

NAME STORET  LONG NAME

ISOPHR 34408 ISOPHORONE

NAP 34806 NAPHTHALENE

N8 34447  NITROBENZENE

NNDNP 34428 N=NITROSO, DI-N-PROPYLAMINE
NNOPA 34433  N-NITROSODIPHENYLAMINE
PCP 39032 PENTACHLOROPHENOL
PHANTA 34481 PHENANTHRENE
PHENO 34884  PHENOL

PYR 34488  PYRENE

246TCP 34821  2.4.8-TRICHLOROPHENOL
2BONT 34828  2,8-DINITROTOLUENE
4CANIL 99075  4-CHLORODANALINE
DNOP 34508  DI-N—-OCTYL PHTHALATE
NONCERTIFIED ANALYTES

MEXCL 38480  METHOXYCHLOR
CLDANA 39348  CHLORDANE, ALPHA
CLDAN 39810  CHLORDANE, GAMMA
ALDRN 38330 ALDRIN

ABHC 39337  BHC.A

BBHC 39338  BHC.B

DBHC 3425¢  BHC,D

PEDDD 34310 DOD, PP

PPODE 39320  DODE PP

PPODT 39300  DDT,PP

DLDAN 39380  DOIELDRAIN

AENSLF 343e1 ENDOSULFAN A

BENSLF 34358  ENDOSULFANEB

ESFSO4 34361 ENDOSULFAN SULFATE
ENDRIN 38390  ENDRIN

HPCL 39410  HEPTACHLOR

HPCLE 29420 HEPTACHLORA EPOXIDE
GBHC 34340  BHC, G (LINDANE)
PCEO1S 4671 PCB-1018

PCE221 30488 PCB=-1221

PCB23Z 38492  PCB-1232

PCB242 39408  PCB-1242

PCH248 39500 PCB-1248

PCB254 20504 PCB-1254

PCB2B0 39508 PCE-1280

TXPHEN 35400  TOXAPHENE

BENZID 39120  BENZIDINE

ENDRN 34368 ENGRIN ALDEHYDE
NNOME 34438 N~NITROSODIMETHYLAMINE
KEND 78008  ENDRIN KETONE

1.2-DIPHENYL HYDRAZINE

a

Nota: All unite are in ugd.

TABLE 3-6 (cont'd)

PRICAITY HAZARDOUS

POLL.  SUBST.UST CRL
Y Y 43
Y Y 0.5
Y Y 0.5
Y ¥ 4.4
Y Y a3
¥ Y 18
Y ¥ 0.5
Y Y 8.2
Y Y 2.8
Y Y 42
Y Y 0.79
N Y 7.4
Y Y 15
N Y 5.1
Y Y 51
Y Y 5.4
Y Y 47
Y Y 4
Y Y 4
Y Y 4
Y Y 4
Y Y 47
Y Y 9.2
Y Y 47
Y Y 0.2
Y Y 92
Y Y 9.2
Y Y 7.8
Y Y 2
Y Y 5
Y ¥ 4
Y Y 21
Y Y 21
Y Y 21
Y Y 30
Y Y 30
Y Y a8
4 Y a8
Y Y 28
Y N 10
Y N a

. N 2
N Y 8

I 4 N 2

321

USATHAMA

UcL

383s8sens

cLP
CRDL

18
1%
10
10
10

1%
10
10
10
10
10
10

0.5
0.5
o5
0.08
0.05
0.05
0.05
0.1
0.1
0.1
0.1
0.08
0.1
e.1
0.1
0.05
0.05
0.05
05
0.5
0.5

0.5

[ R Y

0.1

10
10

w83

10
10
10
10

10 -

10

HEN

10000

0.005

1000

20000

4000

100



SHORT

NAME STORET  LONG NAME

SB
BA
BE
co
CR
Nl
PE

AG

AS

SE

HG

TABLE 3-8 {cont'd)

PRIGRITY HAZARDOUS
POLL  SUBST.LIST

(206.7)  ANTIMONY Y ¥
BARILM N Y
BERYLLIUM Y Y
CADMIUM Y Y
CHRCMIUM Y Y
NICKZL ¥ Y

s020 LEAD Y %

(238.2)

so23 siLven Y Y

{222

s022 ARSENIC Y Y

(208.2)

sD21 SELENIUM Y Y

{270.3

s801 MERCURY N ¥

(245.1)

METHOD UW14 (809); NITROAROMATICS (EXPLOSIVES) iN WATER BY HPLC

HMX CYCLOTETRAMETHYLENETETRANITRAMINE
ADX CYCLONITE
TETARYL NITRAMINE
248TNT 2,4 &-TRINITROTOLUENE
200NT 2 5-DINITRCTOLUENE
240NT 2.4-DINITROTOLUENE
'GLASSICAL CHEMISTRY
TOC  (4152)  TOTAL ORGANIC CARSON N N
TOX  (9020)  TOTAL CRGANIC HALOGENS N N
TSS  (180.2)  TOTAL SUSPENDED SOLIDS N N
DS  {180.1)  TOTAL DISSOLVED SOLIDS N N
COD (4104  CHEMICAL OXYGEN DEMAND N N

CAL: CEATIFED REPORTING LIMIT

UGL: UPPER CERTIRED LIMIT _ _

CROL: CLP CONTACT REQUIRED DETECTION

" PQL: PRACTICAL QUANTITATION UMIT

HEN: HEALTH BASE NUMBER _

CLP: CONTACT LABORATCHRY PROGRAM
SYNONYMS

p—CHLORCANALINE » 4-CHLOROANALINE
p-CHLORO-M-CRESCL = 3-METHYL-4-CHLORGPHENOL
mM-CAESOL = 3-METHYLPHENGL

0=CRESCL = 2-METHYLPHENOL

p-CRESOL = &-METHYLPHENGL

o~-DICHLOREENZENE = 1,2-DICHLORCBENZENE
m-DICHLORBENZENE = 1,3-DICHLOROBENZENE
p=DICHLORBENZENE = 1,4-DICHLORCBENZENE
4,8-DINITEO—-0~CRESOL, = 2-METHYL-4,8-DINITROPHENOL
2-NITROANALINE AVAILABLE USING CLP METHOD
p-NITROANALINE 2 4-NITROANALINE

p-NITRCPHENDL = 4~NITRCOPHENCL

’

Note: All unite are in ugl.

3-22

2.54

3.02

0234

1.85
amn
o.558

1.18
9612

1mgil

SuglL
2mgit.
SmgiL
20 mgilL

USATHAMA  €LP

yucL

10000
1000

12500
100

10

100

10

REELEE

CRDL

92

HBN
10
1000
0.007
1

a0

Lo

10



TABLE 3-8 {cont'd)
PROPOSED RFI ANALYTICAL PROGRAM FOR SOILS

METHOD LM19 {8240}, YVOLATILE ORGANICS IN SOIL BY GC/MS FOR BOTH
PRIORITY POLLUTANTS AND HAZARDOUS SUBSTANCE LIST COMPQUNDSE (a)

SHOAT PRICRITY HAZARDOUS USATHAMA  CLP
NAME STORET  LONG NAME POLL.  SUBST.LIST CAL UelL CRDL PQL HBN
UNITS ARE IN UG/KE
111TCE 98892 1.1.31-TRICHLCROETHANE Y Y &4 200 5 5 1E+8
112TCE 98883 1.1.2=-TRICHLORCETHANE Y Y 54 200 5 5 1E+5
110CE 98788 1,1-DICHIL.ORCETHENE Y Y 38 100 5 5 1E+4
11DCLE gasa3 1.1-DICHLORCETHANE Y Y 2.3 200 5 5 8000
12DCE 9772 1,2-DICHLORCETHENE 3 100 5
12DCLE 98884 1,2-DICHLOROETHANE Y Y 17 200 5 5 8000
12DCLP 98790 1,2-DICHLOROPRQOPANE Y Y 2.9 200 5
ACET  g7o20 ACETONE N Y 17 100 10 100 1E+8
BROCL 8783 BROMODICHLOROMETHANE Y Y 2% 200 5 5 1E+8
C130GP-98781 C18-1,3-DICHLOROPROPENE Y Y 32 248 s 10 4000
C2AVE 97723 VINYL ACETATE N Y a2 100 10
C2HICL 98795 VINYL CHLORIDE Y Y a2 200 10 10 300
CzH5CL 9788 CHLGROETHANE A Y 12 200 10 10 —
CoHe  Sae0e BENZENE Y Y 15 200 5 5 2E+4
CCLIF 98794  TRICHLOROFLUOROMETHANE Y N 59 100 5 1E+8
CCLe 58880 CARBON TETRACHLORIDE Y Y 7 200 s 5 SEvd
CH2CL2 sseRe METHYLENE CHLORIDE Y Y 12 200 5 5 SEH
CHiBR 98785 BROMOMETHANE Y Y 57 200 10 10 1E+S
CH3CL $8787 CHLOROMETHANE Y Y 58 100 10 10 SE+5
CHBR3 94784 BROMOFORM Y Y 59 200 5 5 1E+8
GHCL3 9aeaz CHLOROFORM Y Y 087 200 5 5 1E«E
CLCEHS 98681 CHLORCBENZENE Y Y 0.88 200 5 5 aE+4
CS2 97472 CARBON DISULFIDE N Y 44 100 5 & 1E+8
DICKLORODIFLUOROMETHANE (&) s 1648
DBRCL 94788 DIBRQMOCHLOROMETHANE N Y 3.1 200 5
ETCSHS 9ge3s ETHYLBENZENE Y Y 1.7 200 5 5 1E+8
MECEHS 98891 TOLUENE Y Y 0.78 200 s 1E+6
MEK 98801 METHYL, ETHYL KETONE N Y 70 200 10 100  -1E+8
MIBK  ogese METHYL ISOBUTYL KETONE N Y 27 100 10 100 1E+8
MNBK 97722 METHYL-N-BUTYL KETONE N Y 32 100 10
STYR §7734 STYRENE N Y 2.8 200 5
TRANS—1.2-DICHLOROETHYLENE (b} 5 1548
T13DCP 98792 TRANS-1,3-DICHLORCOPROPENE N Y 2.8 152 5 10 4000
1,1,1.2-TETRACHLOROETHANE (d} 0.1 3E+5
TCLEA 98793 1,1,2,2-TETRACHLOROETHANE Y Y 2.4 200 s 5 4E+4
TCLEE geeso TETRACHLOROETHENE Y Y 0.81 200 5 5 1E+S
TRCLE 98894 TRICHLOROETHENE Y Y 2.3 200 5 5 EEvd
XYLEN 97724 XYLENE N Y 15 200 s 5 1E+8
NONCERTIFIED ANALYTES “
CL2BC 98203  DICHLOROBENZENE (TOTAL)
ACROL g¢70z8 ACROLEIN ‘ 5 1E+8
ACRYLO 97029 ACRYLONITRILE 5 1000

2CLEVE 98798 2-CHLORQETHYLVINYL ETHER

Mote: All units are in microgramikilogram {(ug/kg). - 3'23



METHOD LM18 (8270); EXTRACTABLE ORGANICS (BNAs) IN SOIL BY GC/MS FOR BOTH

TABLE 3-6 (cont'd)

PRICAITY POLLUTANTS AND HAZARDOUS SUBSTANCE LIST COMPOUNDS

SHORT

NAME STORET

124TCB 99482
120CLE 99470
T3DCLE 99472
140CLE 95488
24ETCP 97732
24DCLP 99498

24DMPN 99490

24DNP 99495
24DNT 98474
20LP 99497
2CHAF RO484
2MNAP 97733
2MP Frael
ZNANIL 97728
2ZNP SO4Q5
330CE0 w47

INANIL 9772
48DN2C 09888
48RFPE 89482
ACL3IC 99623
4CLPPE 99485
4MP §7480
4NANIL 97730
4NP 90498
ANAPNE 99450
ANAPYL 20451
ANTRC 90452
B2CEXM 98459
B2CIPE 99461
B2CLEE a0458
B2EHP 96480
BAANTR 99453
BAPYR 90458
BEFANT 90454
BEZP 98483
BENZOA

BGHIFY 99601
BKFANT 90454
BZALC 97731
CHRY  a98s0
CLBEZ a9478
CLECP 98847
CLGET 99480
DEAMA 59468
DBZFUR 97727
DEP 90472
DMP 98473
DNBP 99487
FANT  go&89
FLRENE 99692
HCED 9847
ICOPYR 99482

LONG NAME

1.2.4-TRICHLOROBENZENE
1,2~DICHLDROBENZENE
1.3-DICHLOROBENZENE
1,4-DICHLOROBENZENE

2,4 5~TRICHLOROPHENGL
2,4-0ICHLOROPHENOL
2,4-DIMETHYLPHENOL
2,4-DINITROPHENOL
2.4-DINITROTOLUENE
2-CHLOROPHENOL
2-CHLORONAPHTHALENE

2 METHYLNAPHTHLENE
2-METHYLPHENCL
2-NITROANILINE
2-NITROPHENCL
3,3-DICHLOROBENZIDINE
I-METHYLPHENGL (o)
3-NITROANILINE
2-METHYL~4,8-OINITROPHENOL
4-BROMOPHENYLPHENYL ETHER
3-METHYL~4-CHLOROPHENGL
4-CHLOROPHENYLPHENYL ETHER
4-METHYLPHENOL
4-NITROANALINE
4-NITROPHENOL
ACENAPHTHENE
ACENAPHTHYLENE
ANTHRACENE
BiS{2-CHLOROETHOXY) METHANE
BIS(2-CHLOAOISOPROPYL) ETHER
BIS(2-CHLOROETHYL) ETHEA
BIS(2-EHTYLHEXYL) PHTHALATE
BENZO [A] ANTHRACENE

BENZO [A] PYRENE

BENZO [B} FLUORANTHENE
BUTYLBENZYL PHTHALATE
BENZOIS ACID

BENZO [G.MH,]| FERYLENE

BENZO [K] FLUORANTHENE
BENZYL ALCOHOL

CHRYSENE
HEXAGHLORCAENZENE
HEXACHLOROCYCLOPENTADIENE
HEXAGHLOROETHANE -
DIBENZ [A.H] ANTHRACENE
DIBENZGFURAN ’
DIETHYL PHTHALATE

CIMETHYL PHTHALATE
DI-N-BUTYL PHTHALATE
FLUORANTHENE

FLUCHENE
HEXACHLOROBUTADIENE
INDENO [1,2,3-CD] PYRENE

Note: All units are in microgramigram {ug/g).

POLL,

AT ZTZ AL AE LA

DEPEV A SIPPE AP IR S PR L L E E L E R B R

PRIORITY HAZARDOUS
SUBST. LIST

PR P R L

DEPIPEPE PR SPRD PSR e e e L E L E E R E R R

@
=

cAL

0.04
an
213
0.068
0.10
0.18
0.ee
2.1
0.14
.00
0.038
0.040
0.029
0.082
0.14
8.3

0.45
0.58
0.033
0.005
4.033
024
a.41
1.4
0.038
0.033
0.033
0.059
02
0.033
082
217
0258
0.21
a.17

0.28
0.068
019
012
0.033
82
0.15
.21
0.035
0.24
0.17
o.001
0.008
0.033
.23
0.29

USATHAMA
ucL
UNITS ARE N UG/G

13
13
13
13
13
13
1.3
0.7
13
b}
13
87
12
13
13
13

13
13
a7
13
13
13
13
b <3
13
a7
13
13
13
g
13
12
13
33
g

33
087
1
38.7
8.7
13
13
13
a7
67
13
33
13
13
13
13

CLP
CRDL

0.3
0.3
9.3
0.3

0.3
0.3

0.3
03
02
9.3
93

0.3
0.7

6.2
0.3
0.3
0.3

0.3
92
03
0.2
0.3
0.3
03
03

03
93
0.3
0.3
03
03
0.3

PQL

0.01
0.01
0.005
0.005

0.3
0.2

0.3 -

0.3
0.3

0.3

0.1
0.3
0.3
03
0.3
0.008
0.02
0.02
0.3

0.02

a.02
0.03
0.3
0.3
0.02

23
02
0.2
0.3

0,005
0.03

HBN

1000
1000
1000
400
1004
200
400

| §.8

1600

1000

egelas ||

&

0.
0.4

:

1000

8
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TABLE 3-5 (cont'd}

SHORT PRICAITY HAZARDOUS USATHAMA  CLP

NAME STORET  LONG NAME POLL  SUBST.LIST CAL ucL CROL PaL HBN
ISOPHR 98483 ISOPHOAONE Y Y 0.023 13 0.3

NAP 95698 NAPHTHALENE Y Y 0.037 3.3 0.3 0.005 1000
NB 99485 NITROBENZENE Y Y 0.046 13 0.3 0.3 40
NNONP 99487 N=NITRQSC, DI=-N~PROPYLAMINE Y Y 02 13 0.3 a3 0.1
NNDPA 00488 N-NITROSODIPHEN YLAMINE Y Y 0.19 13 02 0.3 100
PCP 90882 PENTACHLORCPHENGOL Y Y 1.3 8.7 2 2 1000
PHANTR 99489 PHEMANTHRAENE Y Y 0.033 13 03 0.5 40
PHENG 90885 PHENOL Y Y 0.1 33 0.3 0.3 1000
PYR 99400 FYHENE Y Y ¢.033 33 0.3 0.2 1000
248TCP o0884 2.4 8=-TRICHLOROPHENOL, Y Y 0.17 13 .3 0.8 40
280NT 5047 2,8-DINITROTOLUENE Y Y 0.085 13 0.3 [\ % R—
4CANIL 99728 4-CHLOROANALINE N Y 0.81 a3 0.3 0.3 300
DNOP o478 Di-N-OCTYL PHTHALATE Y Y 0.19 87 2.3 0.3 —_
NONCERTIFIED ANALYTES

MEXCL 97500 METHOXYCHLOR N Y 0.33 ]

CLDANA 97787 CHLORDANE, ALPHA Y Y 0.33 5

CLDAN $7768 CHLORDANE, GAMMA Y Y 0.a3 5

ALDAN 98358 ALDRIN Y ¥ 0.33 0.5

ABHC 08357 BHC, A Y Y 0.27 0.5

BBHC 98358 BHC, B Y Y 0.27 05

DBHC 98358 BHC, D Y Y 0.z7 0.5

PPODD 08382 oDD, PP Y ¥ 0.3 1

PPDDE 98383 DOE, PP Y Y 2.3 1

PPODT 98384 ooT, PP Y Y 0.3 1

DLDRN $8365 CDIELDRIN Y Y 0.31 1

AENSLF 98386 ENCOSULFAN A Y Y 0.82 0.5

BENSLF 98387 ENDOSULFANB Y Y 0.82 1

ESF504 $8388 ENDOSULFAN SULFATE Y Y 0.82 1

ENDRIN 98369 ENORIN Y Y 0.45 1

HPCL 98371 HEFTACHLOR Y Y 0.13 0.5

HPCLE 98372 HEPTACHLOR EPOXIDE Y ¥ 0.33 0.5

GBHC 98380 BHC. G (LINDANE) Y Y 0.27 0.5

PCBO018 58140 PCE-1018 Y Y 1.4 -]

PCB221 98351 PCEB-1221 Y Y 1.4 -1

PCBZ3Z 98352 PCE-1232 Y Y 1.4 5

PCB242 98353 PCB-1242 ¥ Y 1.4 5

PCB243 98438 PCB-1248 Y Y 20 6

PCE254 50354 PCO-1254 Y Y 23 10

PCB280 98129 PCB-1260 ¥ Y 28 10

TXPHEN 98373 TOXAPHENE Y ¥ 2.8 10

BENZID 99457 BENZIDINE i § N 0.85

ENDRN 98370 ENDRIN ALDEHYDE Y N 0.53

NNDME 96485 N-HITROSODIMEYHYLAMINE ©y N 0.14

KEND 97720 ENDRIN KETONE _ N Y 0.53 1

12DPH 90477 1,2-DIPHENYL HYDRAZINE Y N 0.14

Nota: All units are in ugfg.
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TABLE 36 (cont'd)

METALS IN SOIL
SHORT PRICRITY HAZARDOUS USATHAMA  CLP
NAME METHOD  LONG NAME POLL.  SUBST.LIST CRL ucL CADL PaL HBN
UNITS ARE IN UG/G
s&  JS11 ANTIMONY ¥ Y 3.8 5000 12 20 30
BA  {8010)  BARIUM N Y 298 200 0 1 1000
8E BERYLLILM Y Y 136 20 1 0.2 0.1
<o CADMIUM ¥ Y 3.05 20 1 2 a0
cR CHRAOMIUM Y Y 127 2 4 400
Nl RNICKEL Y Y 12.8 5000 8 3 1000
| THALLIUM Y Y 31.3 5000 2 20 )
P2 JOHT LEAD ¥ Y 0.177 10 1 2 —
(7421)
AG  JDi8 SILVER Y Y 0.025 1 2 4 200
{rre1)
AS  JD19 ARSENIC Y Y 0.25 19 2 ") 0.5
{7080}
SE  JOI5 SELENIUM Y Y 9.25 19 1 T 200
(7740)
HG  JBOY1 MERCURY N Y 0.05 1 0.04 0.1 20
{7471)
TCLP METALS
BA  5S10 BARIUM N Y 5 10000 200 20 1000
€0 (2007  CADMIUM Y Y 4 5000 5 1 10
ch CHROMIUM Y Y .8 50000 10 10 50
A SD20 LEAD ' Y Y 1.28 100 5 10 50
(229.2) '
AG 5023 SILVER Y Y 0.25 10 18 2 50
(2722
AS  §022 ARSENIC Y Y 2.54 100 10 10 500
(208.2)
S sD21 SELENIUM Y Y 3.02 100 ] 20 10
{270.2)
HG  SBo1 MERCURY N Y 0.234 10 02 2 2
(245.1)

Note: Llniuformomaauhuygmdforfcwnmdsmmuamiuuqﬂ. 3-26



TABLE 36 {oont'd)

METHOD LW12 (8090); NITROAROMATICS (EXPLOSIVES) IN SQILBY HPLC

SHORT PRIOAITY HAZARDOUS USATHAMA cLp
NAME LONG NAME POLL. SUBST. LIST CRL ucL CADL PQL
UNITS ARE IN UG/G
240NT 2 4~-DINITROTOLUENE 0424 212 0.938
268DNT 2,6-DINITROTOLUENE 0.524 262 0.977
HMX CYCLOTETRAMETHYLENETETRANITRAMINE 0.666 3.3 1.000
RDX CYCLONITE 0.587 ne 0979
TETAYL NITRAMINE 0.7 202 1.130
248TNT " 2,4,B-TRINITROTOLUENE 0.458 223 1.010

CLASSICAL CHEMISTRY

TAPH  (9771) TOTAL PETROLEUM HYDROCARBONS 1
CEC it CATION EXCHANGE CAPACITY

CHAL: CERTIFIED REPORTING LIMIT

UCL: UPPER CERTIFIED LIMIT

CADL. CLP CERTITFIED AEPCATING DETECTION LIMIT

PQL: PRACTICAL GUANTITATION LIMIT

HBN: HEALTH BASE NUMBER

SYNONYMS

p-CHLORCANALINE m 4-CHLOROANALINE
p~-CHLORC-m~-CRESOL = 3-METHYL-4-CHLOROPHENOL
m-GRESOL = 3-METHYLPHENOL

o~-CRESCL = 2-METHYLPHENOL

p=CRESCL = 4=METHYLPHENOL

o=DICHLORBENZENE = 1,2-DICHLOROBENZENE
m-DICHLORBENZENE = 1,3-DICHLOROBENZENE
p=DICHLORBENZENE = 1,4-DICHLORCBENZENE
4,6-DINITRO-0-CRESOL = 2-METHYL~4,8=-DINITROPHENOL
2-NITROANALINE AVAILABLE USING CLP METHOD
p=NITROANALINE = 4-NITRCANALINE

p=NITROPHENOL = 4-NITRCPHENOL

{a) Mon-target compounds are searched

{b) TRANS=1,2-DICHLOROETHYLENE difficuit to separate from 3 2-0ICHLOROETHENE; method capabliities under review

{c) Method capabilities under review; complete Information to be provided

{d) 1.1,1.2 TETRACHLOROETHANE difficult to ssparate from 1,1,2,2 TETRACHLOROETHANE; method capabilities under review
(8} 3-METHYLPHENOL difficult to segarate from 4-METHYLPFHENOL: method capabilities under review

{) Specific mathod to be determinad. '

:
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or BNAs. These two terms are considered equivalent.) The VOC and SVOC analyses
included those constituents that are identified in "List 1" or "List 2" of Attachment A of the
RCRA permit and are specified in Table 3-6. It was determined by the laboratory that the
VOC and SVOC analytical methods would include all compounds specified on both "List
1" and "List 2"; therefore, only one analytical run was performed for each method. The
VOC and SVOC analyses also included a library scan to attempt identification of unknown
responses in the gas chromatograph (GC) that accounted for greater than 10 percent of the
total ion current or had an estimated concentration greater than 10 ug/L. These compounds
are reported as tentatively identified compounds (TICs). When an identification of a
compound is not possible, it is reported as an unknown with a sequential number (e. g.
UNKO001).

Complete analytical results for the RFI environmental samples are presented in
Appendix F. Chemical summary tables have been completed for each of the SWMU
characterizations that present only those analytes that were detected in at least one of the
samples analyzed. If no analytes were present for a particular analytical class (i.e., VOCs),
then the class and a corresponding "None Detected" is reported. The summary tables also
include the PQLs and HBNs. Chemical concentrations that exceed the HBN are flagged
with brackets, "[ J".

The analytical data collected for the RFI are evaluated for the presence of those
analytes detected at concentrations exceeding background comparison criteria, if available
to determine if the data are indicative of naturally occurring levels or represent possible site
contamination. Chemical concentrations in excess of background levels for those analytes
with background criteria are compared to the HBNs specified in the RCRA permit. Those
compounds detected at levels exceeding the HBNs and background criteria are potential

contaminants of concern and are further evaluated in the baseline risk assessment.

3.7.1 Groundwater Sampling

A total of 31 groundwater samples were collected between October 1991 and March
1992 from 17 ekisting wells and 12 wells installed under this RFI. Duplicate samples from
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two wells were also taken for QC. These wells, as identified in Table 3-5 were sampled as
part of the groundwater investigation at the following SWMUs:

. SWMU 13--Waste Propellant Burning Ground

. SWMUs 28/51/52--Active Sanitary Landfill, TNT Neutralization Sludge
Disposal Area, Closed Sanitary Landfill

® SWMU O--Underground Fuel Oil Spill

Groundwater sampling procedures were accomplished in accordance with the

approved work plan, and are discussed in Appendix B of this report.

3.7.2 Surface Water Sampling

A total of nine surface water samples (seven environmental and two duplicate QC)
were collected between September 1991 and April of 1992 from the following SWMUs for
the RFI program:

. SWMU 13-Waste Propellant Burning Ground
° SWMU 17A--Stage and Burn Area

. SWMU 17E--Runoff Basin

o SWMU O--Underground Fuel Oil Spill

Surface water sampling procedures were accomplished in accordance with the

approved work plan, and are discussed in Appendix B of this report.
3.7.3 Sediment Sampling

A total of 12 sediment samples (10 environmental and two duplicate QC) were
collected from September 1991 to April 1992 from the following SWMUSs during the RFI
program:

. SWMU 13--Waste Propellant Burning Ground

o SWMU 17B--ACD Staging Area
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. SWMU 17E--Runoff Basin
o SWMU O--Underground Fuel Qil Spill

Sediment sampling procedures were accomplished in accordance with the approved

work plan, and are discussed in Appendix B of this report.

3.74 Soil Sampling

A soil sampling program which consisted of the collection of both near-surface soil
samples and soil boring samples was performed for the RFI at RAAP. A total of 12 near-
surface soil samples including one QC sample were collected between August 1991 and
March 1992, Additionally, 56 soil boring samples plus two QC samples were collected
between August 1991 and March 1992 for the RFL. The approximate soil sampling locations
are shown on the individual SWMU location maps provided in Sections 5.0 through 8.0.
Table 3-5 provides a summary of the sampling data collected during the RFI.

Near-surface and soil boring sampling procedures were accomplished in accordance
with the approved work plan, and are discussed in Appendix B of this report. Soil samples
were collected at the following SWMUs:

. SWMU 13--Waste Propeilant Burning Ground
. SWMU 17A--Stage and Burn Area
® SWMU 17C--ACD
® SWMU 17D--Ash and Staging Area
. SWMU O--Underground Fuel Oil Spill
375 B ou oil Samplin

A total of 10 background soil samples were collected for the RFI from off-post
locations in the immediate vicinity of RAAP to provide data for comparison to SWMU-
specific samples collected. Sampling locations (See Figure 4-1) are areas considered to be

representative of background conditions and soil types of the SWMUs under investigation;
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the locations are not thought to be influenced by any activities that would be known to
impact the "natural" concentrations of metals. The 10 samples were tested only for metals,

because these are the major constituents of concern known to be naturally occurring.

38 SURVEYING

3.8.1 Monitoring Well Survey

After completion of the last well, the newly installed wells were surveyed by licensed
surveyors to determine location coordinates and vertical elevation. The Virginia State
Planar Coordinate System was referenced, with locations surveyed to +1 feet. Elevations
to the top of the wells were reported within +0.01 foot, using the National Geodetic
Vertical Datum of 1929. A total of 36 monitoring wells plus one piezometer were
professionally surveyed by Anderson and Associates, Inc. as part of this RFI. This includes
the 12 monitoring wells and one piezometer which were installed under this RFI, plus 24
additional wells located within or nearby the SWMUs under investigation.

As shown in Appendix F, the elevation of the top of the stainless steel or PVC well
casing (with well cap off), the top of the outer steel protective casing, the top of the
concrete pad, and the average ground elevation at the well were measured. The Virginia

State Planar Coordinates are also provided.

Elevations for all exploratory borings (provided on boring logs in Appendix F) were
estimated based on the proximity of the exploratory boring to the nearest surveyed well

location and the topographic map surveys that were generated for each SWMU under this
RFL

3.8.2 Topographic Map Survey

Based on recent acrial photographs, four Topographic Survey Maps were prepared
for the SWMUs under investigation as part of this RFL

Topographic Surveys were prepared for SWMU 13, SWMU 17, SWMUs 28/51/52,
and SWMU O; contour intervals were either 2 or 5 feet. These maps are provided as Insert
3 through Insert 6.
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383 SWMU Boundary Maps

Boundaries for each SWMU investigation area were surveyed to create a Plat of
Survey. The boundaries were chosen to encompass the area considered directly related to
the SWMU or the area thought to have the most potential for adverse impacts due to the
SWMU. The plats are included as Insert 7.
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40 QUALITY CONTROL/QUALITY ASSURANCE PROGRAM

41 QA/QC SAMPLES, METHODS, AND PROCEDURES

A Quality Assurance/Quality Control (QA/QC) program was implemented, for the
RFI and VI which included field quality control activities, a laboratory quality assurance
program, and a quality assurance review of the laboratory reporting deliverables. The field
quality control activities included: collecting samples following procedures that maintain the
integrity of the samples, using appropriate sample containers, preserving the samples,

maintaining chain-of-custody procedures, and meeting holding time requirements.

The laboratory QA/QC procedures for the evaluation and documentation of
analytical methodologies and the reduction and reporting of the data were performed
according to the procedures, guidelines, and requirements specified in the USATHAMA QA
Program (USATHAMA, 1990). All chemical analyses during this investigation were
performed in accordance with USATHAMA QA/QC requirements using USATHAMA
certified methods. For those analyses for which there are no USATHAMA-certified
methods, EPA or equivalent methods were used when available.

QA/QC measures completed by Dames & Moore included following appropriate
sample collection procedures; sample tracking and management; checking of chain-of-
custody forms; and evaluation of matrix spikes, duplicates, and method, trip, equipment, and
field blanks. In addition, comprehensive data validation was performed by the chemical
laboratory and USATHAMA prior to submission and during the processing of the chemical
data through the Installation Restoration Data Management Information System (IRDMIS),
as specified in the QA Plan. The procedures included, but were not limited to: the
verification of sample holding times; checking and approval of laboratory control charts;
examination of calibration and tuning results; checking calculations; evaluation of gas
chromatography/mass spectroscopy (GC/MS) library searches; and comparison of transfer
file, record and group check results with analysis results.

The available QC data for the investigation conducted at RAAP were obtained from
the QC file from the IRDMIS. A summary of the positive detections of analytes in the
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drilling water source samples and in method trip and equipment blanks is provided in this
section. Duplicate samples collected during the field program also are evaluated and
background levels for inorganic constituents are developed. A complete listing of the QC
analytical data is presented in Appendix G.

42 DRILILING AND RINSE WATER SOURCE

Four samples of the water source used during drilling activities and to decontaminate
the sampling equipment were collected prior to initiation of the field efforts and analyzed
for the parameters specified above. Results from this analysis were compared to the results
of the environmental samples analyses so that an evaluation could be made on the pdtential
for inadvertent contamination of the environmental samples by the source. The water used
f01: accontaminatiOn procedures was collected at the RAAP potable water treatment plant |
at a New River intake point prior to treatment. Samples were collected on two separate
occasions, in August 1990, prior to the SWMU 10 sampling efforts for the VI, and in June
1991, prior to the initiation of the RFI field program. As shown in Table 4-1, several
inorganics were detected, but the concentrations were within the expected range for the
source water. No VOC or SVOC compounds were detected. It is concluded from the
analytical results that the rinse water used during drilling activities and to decontaminate

sample equipment did not introduce contaminants to the collected samples.

43 METHOD BILANK

The method blank samples were analyzed to determine potential laboratory
contamination. For method blanks, the entire sample preparation and analysis method is
carried out on a standard water matrix sample without the addition of target analytes to
verify the absence (or presence) of sample contamination in the laboratory. Positive results
may indicate either contamination of the chemical reagents, or contamination of the
glassware and implements used to store or prepare the sample and resulting solutions
(USEPA, 1989b). Where contamination is found in the blanks, it can be assumed that
detection of similar contamination in environmental samples may be the result of laboratory-
induced contamination. '



Table 4~1
Summary of Positive Analytical Detections in Drilling Water Source Samples
Radford Army Ammunition Plant, Virginia

Field ID Sample Date Compound * Units ®  Concentration Lot ©
RADW*1 21—-aug—1990 BA UGL 275 Td
RADW*1 21—aug—199¢ FB UGL 184 TUA
RADW*2 21--aug-—199¢ UGL None Detected

RDDW*1 21—jun—1991 NIT UGL 650 UQV
RDDW*1 21-jun-1991 BA UGL 22 VKN
RDDW*1 21-jun—1991 CA UGL 10100 VKN
RDDW*1 21-jun—1991 FE UGL 188 VKN
RDDW*1 = 21-jun-1%91 K _ UGL 1310 VKN
RDDW*1 21=-jun—1961 MG UGL 4430 VKN
RDDW*1 21-jun—1991 MN UGL 298 VKN
RDDW*1 21-jun—-1991 NA UGL 3390 VKN
RDDW*1 21-jun—1991 TOX UGL 217 VZA
RDDW*1 21-jun-1991 PH 531 VZF
RDDW*1 21-jun—-1991 TOC UGL 3210 VZK
RDDW*2 21-jun—-1991 NIT UGL 700 UQW
RDDW*2 21—jun—1991 UNKs44 UGL 10 VIT
RDDW*2 2i—jun—1991 UNKo645 UGL 7 VIT
RDDW*2 21-jun—-1991 BA UGL 206 VKO
RDDW*2 21-jun—1951 ca UGL 1010 VKO
RDDW*2 21-jun—191 FE UGL 143 VKO
RDDW*2 21-jun—1991 K UGL 684 VKO
RDDW*2 21-jun-1991 MG UGL 4410 VKO
RDDW*2 21-jon-1991 MN UGL 303 VKO
RDDW*2 21-jun—-1981 NA UGL 3¢ VKO
RDDW*2 21-jun—1991 TOX UGL 145 VZB
RDDW*2 21-jun—1991 PH 549 VZG
RDDW*2 21~jun—1991 TOC UGL 2520 VZL

Footnoxes:

* Chemical abbreviations are provided in Appendix E.

Y UGL = Micrograms per liter.

€ Refers to the three —letter designation assigned by the laboratory to
each lot (set) of samples.



The results of the method blank analyses are presented in Appendix G. A summary
of analytes detected in the above analyses are shown in Tables 4-2 and 4-3.

Comparison of concentrations of constituents detected in blanks with concentrations
detected in samples was performed using the guidelines published in the Risk Assessment
Guideline for Superfund {(RAGS) (USEPA, 1989b), and Functional Guidelines for
Evaluating Organic Analyses (USEPA, 1988a). According to EPA Guidance, detections of
common laboratory contaminants (¢.g., methylene chloride, acetone, toluene, 2-butanone,
and common phthalate esters) are considered positive detections only if they exceed ten
times the maximum concentration detected in any blank (USEPA, 1989b). In addition,
detections of chemicals that are not common laboratory contaminants are considered
positive only if they exceed five times the maximum concentration detected in any blank,
If the detected concentration of a suspected laboratory contaminant is less than five or ten
times the concentration detected in the method blanks, then the samples containing that
chemical are treated as non-detects, and the detection level is equal to the blank-related
chemical concentration.

As indicated in Tables 4-2 and 4-3, several inorganic and organic constituents were
detected in the soil and water method blanks. The number of inorganic and organic
analyses performed on the soil method blanks was approximately 10 and 20, respectively.
For the water method blanks, the approximate total analyses were 15 and 31, respectively.
The variation in the number of times a particular constituent was analyzed is due to the use
of multiple methods, i.¢., some metals were analyzed by both graphite furnace atomic
absorption (GFAA) and inductively coupled plasma (ICP). In addition, some of the organic
constituents, generally those detected in 100 percent of samples analyzed and unknown
compounds, were detected in the GC/MS library scans as TICs. The positive detections in
the method blanks were used to evaluate the environmental data for each SWMU
characterization to determine if the detected concentrations were the result of laboratory
artifacts, This QC discussion is presented in the appropriate SWMU data evaluation
subsections of Sections 5.0 through 8.0.
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Table 4-2
Summary of Method Blank Data for Scil and Sediment Samples
Radford Army Ammunition Plant, Virginia

Number of
Number of Posltive Maximum

Abbreviation Compound Name . Units Blank Analyses  Detections  Concentration
T1U1TCE 1,1,1—=TRICHLOROETHANE UGG 19 2 .01

12DCLB 1,2—DICHLOROBENZENE UGG 20 1 0.15
2CHE1L 2—-CYCLOHEXEN-1-0L UGG 1 1 0.2
2CHE10 2—-CYCLOHEXEN—ONE UGG 1 1 0.2
ACET ACETONE UGG 18 3 0.05
AL ALUMINIUM UGG 10 10 2190
AS ARSENIC UGG 10 5 0.75
BA BARIUM UGG 10 3 83
B2EHP BIS{2—ETHYLHEXYL) PHTHALATE UGG 20 1 26
CA CALCIUM UGG 10 8 11500
CR — CHROMIUM UGG 10 2 6.94
cu COPPER UGG 10 4 1.86
12EPCH CYCLOHEXENE OXIDE UGG 5 5 0.7
C16ABE HEXADECANOIC ACID, BUTYLESTER UGG 1 1 1

HXADOE HEXANEDIOIC ACID, DIOCTYL ESTER UGG 2 2 G4
FE IRCN UGG 10 10 2590

MG MAGNESIUM UGG 10 10 1680

MN MANGANESE UGG 10 5 571

NI NICKEL UGG 10 1 1.9
C18ABE OCTADECANOIC ACID, BUTYLESTER UGG 1 1 07
K POTASSIUM UGG 10 5 389
SE SELENIUM UGG 10 1 0.29
NA SODIUM UGG 10 10 3050
MEC6HS5 TOLUENE UGG 20 2 02
TPHC TOTAL PETROLEUM HYDROCARBCNS UGG 1 1 2.59
CCL3F TRICHLOROFLUOROMETHANE UGG 19 6 0.03
TCLTFE TRICHLOROTRIFLUOROETHANE UGG 2 2 0.01

UNKO73 Unknown Compound # 073 UGG 3 3 0.03
UNK112 Unknown Compound # 112 UGG 2 2 0.004
UNKS27 Unknown Compound # 527 UGG 1 1 0.2
UNKS86 Uninown Compound # 586 UGG 1 1 0.3
UNK643 Unknown Compound # 643 UGG 1 1 0.3
UNKB49 Unimown Compound # 649 UGG 2 2 05
UNKE50 Unimown Compound # 650 UGG 3 3 0.8
UNKE51 Unknown Compound # 651 UGG 4 4 2
UNK652 Unknown Compound # 652 UGG 7 7 1

UNKE53 Unknown Compound # 653 UGG 2 2 05
UNK660 Unknown Compound # 660 UGG 5 5 0.9

UNKS61 Unknown Compound # 661 UGG 1 1 05

UNK6&70 Unknown Compound # 670 UGG 1 1 0.3
UNK672 Unknown Compound # 672 lcic] 1 1 0.3
v - VANADIUM UGG 9 2 6.23
ZN ZINC UGG 10 2 9.88
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Tablk 4-3
Summary of Method Blank Data for Groundwater and Surface Water Sampies
Radford Army Ammunition Plant, Virginia

Number of
Number of Positive Maximum

Abbreviation Compound Name Units Blank Analyses  Detections  Concentration
34DNT 3,4-DINITROTCLUENE UGL 8 8 5.52
111TCE 1,1,1-TRICHLOROETHANE UGL 31 2 8.3
TCLEA 1,1,2,2—-TETRACHLOROETHANE UGL 31 3 2.1

2BUXEL 2—BUTOXYETHANOL UGL 1 1 1

SM2HX0O 5—~METHYL-2-~HEXAONE UGL 1 1 300
ACET ACETONE UGL 31 3 41

B2EHP BIS(2—ETHYLHEXYL) PHTHALATE UGL 31 3 110
CHCL3 CHLOROFORM UGL 3 5 1.8
12EPCH CYCLOHEXENE OXIDE UGL 17 17 8
DIACAL DIACETONE ALCOHOL UGL 3 3 40
HXADQE HEXANEDIOIC ACID, DIOCTYLESTER UGL 1 1 8
FE IRON UGL 15 1 79.6
PB LEAD UGL 24 2 45
MESTOX MESITYL OXIDE UGL 1 1 2
PHANTR PHENANTHRENE UGL 3 1 1

K POTASSIUM UGL 15 1 1080
AG SILVER UGL 25 1 5.77
MEC6HS TOLUENE UGL 35 q 5
TOC TOTAL ORGANIC CARBON UGL 9 1 120
TOX TOTAL ORGANIC HALOGENS UGL 17 2 0.06
UNK208 Unknown Compound # 208 UGL 2 2 10
UNK517 Unknown Compound # 517 UGL 1 1 20
UNK519 Unknown Compound # 519 UGL 1 1 40
UNKS25 Unknown Compound # 526 UGL 1 1 5
UNKS27 Unknown Compound # 527 UGL 2 2 6
UNK531 Unknown Compound # 531 UGL 1 1 80
UNKS532 Unknown Compound # 532 UGL 2 2 10
UNK542 Unknown Compound # 542 UGL 2 2 5
UNKS560 Unknown Compound # 560 UGL 1 1 6
UNKE32 Uninown Compound # 632 UGL 1 1 5
UNK633 Unknown Compound # 633 UGL 1 1 10
UNK635 Unknown Compound # 635 UGL 1 1 20
UNKE36 Uninown Compound # 636 UGL 1 1 20
UNK641 Unimown Compound # 641 UGL 1 1 4
UNK644 Uninown Compound # 644 UGL 1 1 2
UNK646 Unknown Compound # 646 UGL 1 1 20
UNK643 Unknown Compound # 648 UGL 2 2 8
UNK649 Unknown Compound # 649 UGL 1 1 9
UNK6E75 Unknown Compound # 675 UGL 1 1 7
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Of particular interest is the compound, 34DNT, which was detected in all eight water
method blanks associated with explosives analyses. However, this compound was not
detected in any of the environmental samples collected at RAAP. The presence of 34DNT
in the method blanks may be related to the use of this compound in the matural and
standard-matrix QC samples. One or more QC samples containing 34DNT as a spiked
compound were analyzed in each lot in which there was 2 corresponding positive detection
of 34DNT in the method blank. The occurrence of 34 DNT in the method blank may be
the result of potential cross-contamination during preparation and/or analyses of the spike
and method blank sampels or may be the result of a residual response from the taboratory
instrumentation. The concentrations (approximately 5 ug/1) detected in the method blanks
were similar to the spiked levels (4.94 ug/l). The presence of 34DNT does not require

additional evaluation because it was not detected in any of the environmental samples.

Some metals also were detected in the method blanks. The occurrences of these
inorganics in the analytical data set are most likely the result of their presence in the soil
sample used by the laboratory for the extraction and preparation of the method blank. This
soil sample is typically heated to remove any organic compounds but the heating process
does not eliminate the presence of inorganic constituents, which are often inherent in a soil
sample. The occurrence of metals in the water method blanks suggest that the reagent
water was not completely deionized. The low levels of metals detected do not indicate a
gross contamination problem in the laboratory as the deionizer unit is routinely monitored
by the laboratory. The presence of the inorganic constituents in the method blanks is not
considered to be an indication of laboratory contamination, and, therefore, the site samples
should not be affected by these results.

44  TRIP BLANKS

Trip blanks are used to indicate potential contamination due to migration of VOCs
from the air on the site, or in sample shipping containers, into the sample (USEPA, 1989b).
Trip blank vials are filled in the laboratory and sent to the field with the sample bottles,
then returned unopened to the laboratory along with other samples for volatile analyses.
Volatiles introduced to samples by vehicle exhaust or other sources could be identified
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through trip blank analysis and thus discounted as detections of actual site contaminants.
As with other samples, trip blank results could also reflect laboratory-introduced
contaminants as detected in method blanks.

Table 4-4 presents a summary of the positive detections in the trip blank samples
analyzed during the RFI analytical program. Trichlorofluoromethane was detected in trip
blanks on six different days at concentrations ranging from 1.7 to 3.01 ug/l. Methylene
chloride was detected in three different trip blanks at concentrations ranging from 3.3 to
4.72 ug/l. Chloromethane (7.67 ug/l) and 1,1,1-trichloroethane (1,1,1-TCE)(0.574 ug/1)
were detected in one trip blank each on different days. One unknown semi-volatile was
detected in a trip blank on February 19, 1992. Table 4-5 lists the samples that were shipped
in the same coolers as the assoctated trip blanks. It is assumed that contaminants detected
in a trip blank could also be an indication of contaminants introduced in the samples
shipped the same day. These samples were evaluated for possible trip blank contamination
and are discussed in the appropriate SWMU characterization section.

45 EQUIPMENT BLANKS

Equipment blanks were prepared in the field by pouring the source water over
decontaminated sampling equipment and submitting this water sample for analysis. These
blanks were used to evaluate the effectiveness of field equipment decontamination
procedures. Although contaminants found in the equipment blanks could be indicative of
improper or inadequate equipment cleaning procedures, they could also be indicative of
laboratory-introduced contamination and were thus compared with method blank analysis
results, Contaminants attributable to inadequate equipment cleaning would be taken into
account in evaluating samples analysis results; the presence of such contaminants could
indicate cross-contamination among sample locations. Considerations similar to evaluation

of method blanks were employed.

A summary of the positive detections for equipment blanks is presented in Table 4-6.
The environmental samples associated with the equipment blanks are presented in Table
4-7. The majority of the constituents detected in the equipment blanks were inorganics.
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Table 4—-4
Summary of Positive Detections in Trip Blanks
Radford Army Ammunition Plant, Virginia

Compound* Sample Date  Units® Concentration

111TCE 18-feb—1992 UGL 0.574
CCL3F 30-jan—-1992 UGL 2.91
04—feb—1992 UGL 1.7
04—feb—-1992 UGL 3.01
06—feb—1992 UGL 2.71
10-feb-1992 UGL 2
28—feb—1992 UGL 2.81
CH2CL2 21-jun—1991 UGL 3.58
21-jun—1991  UGL 3.3
26—sep—1991 UGL 4.72
CH3CL 10-feb—1992 UGL 7.67
UNK167 19-feb—1992 UGL 6
FOOTNOTES:

* Chemical abbreviations are provided in Appendix C.
b UGL = Micrograms per liter.
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Table 4-5 i
Summary of Trip Blark Sampies and Associated Erwironmental Samples
Radford Army Ammunttion Plant, Virginia

ESE Fid.

Sample

D-3

135858 135B5C 135C4A 135C4B 138C4C

o
0SB5A OSBSAD 0588 41SB1A 41881P




Table 4-6

Summary of Positive Detections in Equipment Blanks
Radford Army Ammunition Plant, Virginia

4-11

Field ID Sampie Date Compound®  Unijts® Concentration ¢
RDFQC*16 20—-aug—1991 BA UGL 178 VKW
RDFQC*16 20~aug—1991 CA UGL 10900 VKW
RDFQC*16  20-aug—1991 FE UGL 252 VKW
RDFQC*16 20—aug—1991 K UGL 1690 VKW
RDFQC*16 20—aug—1991 MG UGL 4780 VKW
RDFQC*16  20—aug-1991 MN UGL 25 VKW
RDFQC*16 20-aug—-1991 NA UGL 410 VKW
RDFQC*16  20—aug—1991 CS2 UGL 147 WAV
RDFQC*16  20—aug—1991 FB UGL 206 WEI
RDFQC*16  20—aug—1991 1INK&20 UGL 100 WIT
RDEFQC*17 22 —aup—1991 BA UGL 17 VKW
RDFQC*17 22—aug—1991 CA UGL 11600 VKW
RDFQC*17 22-aup—-1991 FE UGL 988 VKW
RDFQC*17 22-aug-1991 K UGL 2400 VKW
RDFQC*17 22—aug—1991 MG UGL 4950 VKW
RDFQC*17  22-aw—1991 MN UGL 385 VKW
RDFQC*17  22—aug—1991 NA UGL 4540 VKW
RDFQC*17 2—aug—1991 111TCE UGL 178 WAW
RDFQC*17 22—aug—-1991 2B1HXL UGL 8 WAW
RDFQC*17 22-aug—1991 PB UGL 597 WEI
RDFQC*17  22—sug—1991 UNKG21 UGL 200 WIK
RDFQC*18  27—aug—-1991 Al UGL 162 VKW
RDFQC*18 27-aug-1991 BA UGL 22 VKW
RDFQC*18  27-awg—-1991 CA UGL 11400 VKW
RDFQC*18  27-auyg—-1991 FE UGL 4290 VKW
RDFOQC*18 27—aug—1991 K UGL 2790 VKW
RDFQC*18 27-aug—-1991 MG UGL 5000 VKW
RDFQCY18 27—aug—1991 MN UGL 36.1 VKW
RDFQC*18 27-aug—1991 NA UGL 4590 VKW
RDFQC*1B  27—aug—-1991 ZN UGL 241 VKW
RDFQC*18  27—aug—-1991 FB UGL 141 WEI
RDFQC*18  27—aup—1991 UNK619 UGL 300 WIL
RDFQC*18  27-aug—199]1 [INK&S& UGL 10 WIL
RDFQC*19 23—oct—1991 UNK620 UGL 40 XDE
RDFQC*20 24-oct—1991 CHCL3 UGL 154 WTIT
RDFQC*20  24-—oct—1991  TNKG20 UGL 80 XDE
RDFQC*21 25-oct—-1991 HXADOE UGL 7 XDG
RDFQC*21  25-oct—1991  UNK&20 UGL 200 XDG
RDFQC*21 25—oct—1991 UNKG29 UGL 10 XDG
RDFQC*21  25—oct—1991 UNK67S UGL 90 XDG
RDFQC*21 25—act—1991 UNK&1 UGL 30 XD
RDFQC*22 __ 02—nov—1991 __ UNKG617 UGL 70 XDJ
RDFQC*23 05~nov=-1991 Al UGIL. 159 WZJI
RDFQC*23 05-nov-1991 BA UGL 134 WZI
RDFQC%23 05—nov—19%1 CA UGL 12000 WZJ]
RDFQC*23 05-nov—1991 FE UGL. BT WZI
RDFQC+23 05—nov-1991 K UGL 1570 WZJ
RDFQC*23 05-nov=1991 MG UGL 5440 WwWZJ
RDFQC#23  05-nov-1991 MN UGL, 119 WwWZJ
RDFQC?23  0D5-nov-1991 NA UGL 5260  WZJ
RDFQC?23 05-nov-1991 ZN UGL 25 wzZ)
RDFQC*23  05-nov-1991 FPB UGL 434 WEU
RDFQC*24  25—fcb-1992 BA UGL 185 WZV
RDFQC*24  25—-feb~1992 CaA UGL 14100 WZV
RDFQC*24 25—feb—1992 Cu UGL 19 WZV
RDFQC*24 25—feb—1992 FE UGL 324 WZV
RDFQC*24 25—feb—1992 K UGL 1670 WZV
RDFQC*24 25—feb—1992 MG UGL 4540 WZV
REFQC*24 25—feb—1992 MN UGL 181 WZV
RDFQC=24  25-feb—1992 NA UGL 4480 WZV
RDFQC*24 25— feb—1992 ZN UGL 112 WZV
RDFQC*24 25—feb—1992 PB UGL 423 XWG
RDWA*10 19-scp—1991 PO4 UGL 535 RDO
RDWA*10 19—sep—1991 N2KIEL UGL 219  SKK
RDWA*10 19—sep—1991 CL uGL 3560 UFW
RDWA*10 19—sep—1991  NIT UGL 1800 WNE
RDWA*10} 19--sep—1991 Cs2 UGL 2.04 WTE
RDWA*10 19—sep—1991 TOC UGL 250 WVG



Table 4—6 (cont’d)

Field ID Sample Date Compound® Units® Concentration Lot
RDWA*10 19—sep-1991 TOX UGL 123 WVH
RDWA*10 19—sep—1991 PH 1.5 wvQ
RDWA*LD 19—sep—1991 BA UGL 18 WZA
RDWA®*10 19—sep-1991 CA UGL 9960 WZA
RDWA*LD 19—sep—1991 K UGL 1270 WZA
RDWA*10 19—sep—1991 MG UGL 4450 WZA
RDWA*10 19—sep—1991 MN UGL 6.76 WZA
RDWA*1() 19—sep—1991 NA LIGL, 4510 WZA
RDWA*23 13—scp—1991 N2KIJEL UuGgL B8B86 SKK
RDWA*23 13—sep—1991 CL UGL 3560 UFwW
RDWA*23 13 —sep—1991 NIT LUGL 5500 WNE
RDWAU*10 19-sep-1991 AL UGL 246 WZA
RDWAU*10  19-sep—-1991 BA UGL 88.1 WZA
RDWAU*10  19-sep~1991 CA UGL 9860 WZA
RDWAU*10  19-sep-1991 FE UGL 385 WZA
RDWAU*10 19-sep-1991 K UGL 2040 WZA
ROWAU*I0  19-scp-1991 MG UGL 4470 WZA
RDWAU*10  19-—sep—1991 MN UGL 136 WZA
RDWAU*10_ _ 19-sep—~1991 NA UGL 4310 WZA
RDWC*17 10-mar—~1992 FB UGL 1.95 XWL
RDW(C*17 10~mar-1992 BA UGL 198 YOC
RDWC*17 10-mar—1992 CA UGL 13000 YOC
RDWC*17 10—mar—1992 CU UGL 265 YOC
RDWC*17 10-mar-1992 FE UGL 205 YOC
RDWC*17 10—mar—1992 K UGL 9% YOC
RDWC*17 10-mar~1992 MG UGL 4200 YOC
RDWC*17 10-mar-1992 MN LIGL 15.1 YOC
RDWC*17 10—mar—1992 NA UGL 4080 YOC
RDW(C*17 10—mar—1992 ZN UGL 113 YOC
RDWC*42 06 —~feb—1992 AL UGL 151 WZS
RDW(C*42 06—feb—1992 BA LIGL 20 WZS
RDWC*42 06—feb—1992 CaA UGL 11600 WZS
RDW(C*42 05 -feb-1992 Cu UGL 118 WILS
RDW(C*42 06—feb—1992 FE UGL 209 WZS
RDW(C*42 06—feb—1992 K UGL 1960 WZS
RDWC*42 06 feb-1992 MG UGL 4320 WZS
RDWC(C*42 Do—feb~1992 MN UGL 169 WZS
RDW(C*42 06—feb—1992 NA UGL 4120 WZS
RDWC*42 06—feb—1992 ZN UGL 255 WZS
RDW(C*42 06—feb-1992 UNK649 UGL 10 XDw
RDW(C*42 06—feb—1992 UNKG86 UGL 6 XDW
RDW(C*42 06—feb—1992 TOC UGL 227 XVM
RDW(C42 06—feb—1992 PH 6.91 XVs
RDW(*42 06—feb—1992  TOX UGL 124 XVZ
RDW(C*53 19=feb-1992 Al UGL 168 WZV
RDW{C*53 19~feb—1992 BA UGL 19.7 WZV
RDWC(C*53 19-feb—1992 CA UuGL 10700 WZV
RDWC*53 19—-feb—1992 FE UGL 309 WZIV
RDWC*53 19—feb—1992 K UGL 1040 WZIV
RDWC*53 19=feb--1992 MG UGL 4080 WIV
RDW(*53 19—-feh—1992 MN UGL B2 WZV
RDWC*53 19—-feb—1992 NA UGL 4030 WZV
RDW(*53 19=feb—1992 PH 741 YEG
RDW(C*53 19—feb—1992 TOC UGL 1340 YEK
RDW(*53 19--feb—1992 TOX UGL 23.1 YEN
RDW(*73 10—mar—1992 BA UGL 172 YOC
RDW(C*73 10-mar—1992 CA UGL, 13300 YOC
RDWC*73 10—mar—1992 CU UGL 253  YOC
RDWC*73 10~mar—1992 FE UGL 258 YOocC
RDWC*73 10—mar—1992 K UGL 1400 YOC
RDWC*73 10-mar--1992 MG UGL 4100 YOC
RDW(C*73 10—mar—1992 MN UGL 99 YOC
RDW(C*73 10-mar—1992 NA UGL 3890 YOC
RDW(C*73 10—mar—-1992 ZN UGL 788 YOC
Footnotes:

® Chemical abbreviations are provided in Appendix E,

b UGL = Micrograms per liter.
¢ Refers to the three=letter designation assigned by the laboratory to
each lot (set) of samples.
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Table 4-7
Summary of Equipment Blank Sampies and Associated Environmental Samples
Radford Army Ammunition Plant, Virginia

Sample

ROFQC*18
RDFQC*19
RDFQC*20

10/23/91 OSB3A 0SB2A
10/24/91

EQBKB 11/05/91 175B1A
RE BLANK  RDWA*10 09/19/91 DDH4
RDWC*42 0 S54MW2

/92

02/19/9 13
EQBK—— RDWC*17 RNSW  03/10/92 BKGDSO-1 BKGDSD -1
EQBK——-A RDWC*73 RNSW  03/10/92 OSB4B OSB6

RNSW = Rinse Water.
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The concentrations are similar to those detected in the drilling water sample, indicating that
the equipment had been appropriately cleaned. Five organic compounds were detected, but
the concentrations are relatively low and many of the constituents were also detected in the
method and/or trip blanks.

46 MATRIX SPIKES AND MATRIX SPIKE DUPLICATES

Matrix spike and matrix spike duplicate samples were collected and analyzed at a
rate of one every 20 samples of each matrix. The matrix spike and matrix spike duplicate
consist of a field sample spiked in the laboratory with a range of compounds selected
according to the method to be employed. The purpose of these sample analyses is to
evaluate_the potential effect, if any, of the sample matrix on the analytical results. Matrix
effects can include method interferences and may resuit in a low or high bias of the sample
results. Matrix spike sample results are evaluated by determining the percent recovery of
the known spiked concentration. Percent recoveries are calculated by dividing the measured
analytical value by the spiked (surrogate) concentration. Typical recoveries generally range
from 80 to 120 percent, but may be lower or higher based on historical observations for a
given analytical method and parameter.

A complete listing of all matrix spike and matrix spike duplicate data for RAAP
samples is provided in Appendix G. A summary of the data are presented in Table 4-8,
which presents a range of the percent recoveries for each respective analyte and method and
a distribution of the number of recoveries in a defined range. As indicated in Table 4-8,
the recoveries for the majority of samples are within the expected 80 to 120 percent range.

However, a few, particularly the soil and water SVOC analyses, show lower recoveries.

The GC/MS SVOC surrogates vary in percent recoveries. (Note: It was determined
prior to implementation of the Work Plan that GC/MS surrogate data would be used to
evaluate matrix effects.) The Contract Laboratory Program (CLP) ranges for these

recoveries are identified as follows:
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Meth Name

Table &4-§
Matrix Spike Recoveries
RAAP, VA

Rarge Of
No. Of  Percent Recovery
Analyses Low

Number of Analyses
---Within Percent Recovery Range--
121-140 _>140

High <40 &0-7% 80-120

WATER SAMPLES --

00 TOTAL ORGANIC CARBON
00  TOTAL ORGANIC HALOGENS
H2  PHENOLICS (NOM-SPECIFIC)

SBOT MERCURY
SDO9 THALLILM
D20 LEAD

$D21 SELENIUM
8022 ARSENIC
5023 SILVER
$510 ALUMINIUM
SS90 AMTIMONY
$S10 BARIUN
S510 BERYLLIUM
510 CADMIUM
$$10 CALCIUM
$S10 CHROMIUM
SS10 COBALT
SS10 COPPER
S510 IRON
SS10 MAGNESTUM
SS10 MANGANESE
$S10 NICKEL
S510 POTASSIUM
5810 SILVER
§510 SOOIUM
§510 THALLIUM
$S10 VANADILM
$810 ZINC

TF22 NITRITE ,NITRATE
TT10 CHLORIDE
TT10 SULFATE

UH13 DECACHLOROBIPHENYL
UH13 ENDRIN

UHT3 HEPTACHLOR

UH13 LINDANE

UA13 METHOXYCHLOR

UR13 TETRACHLOROMETAXYLENE

UM18 1,4-DICHI.ORCBENZENE
UM18 2,4 ,6-TRIBROMOPHENOL
UK18 2-FLLIOROB1PHENYL
UM18 2- FLUOROPHENDL,

UM18 24DNT

UM18 NITROBENZENE-D5
UM18 PENTACHLOROPHENOL
UN1B PHENODS

\M18 TERPHENYL - D14

UM20 1,2-DICHLORCETHANE-D4
UMZ0 &-BROMOFLUOROBENZENE
UM20 TOLUENE-D8

UW32 34DNT

20 85.0 120.0
27 79.3 139.0
2 92.0 93.4
20 AT.4 103.4
16 47.4 138.0
16 .5 116.0
26 65.9 112.3
26 72.8 142.9
12 78.3 101.3
14 94.0 125.0
14 97.5 138.2
26 7.5 120.90
14 85.5 137.0
26 BO.O 106.0
14 34.4 222.0
26 86.5 118.5
14 88.0 131.8
14 92.8 116.8
14 49.4 128.0
14 7.5 158.0
14 90.8 122.2
14 93.6 136.6
12 103.8 150.0
16 85.4 112.4
14 92.6 133.0
4 100.0 116.5
14 97.0 123.8
14 94.8 118.6
8 93.3 124.0
1 116.0 116.0
1 104.0 104.0
-] 13.6 33.6
1 63.4 63.4
1 103.4 103.4
1 45.0 45.0
1 56.3 56.3
é 46.7 88.0
1 101.8 101.8
9 13.0 103.0
94 36.0 139.2
94 17.0 152.0
1 86.0 86.0
94 33.2 146.8
1 79.4 79.4
S 36.0 174.0
9% 36.4 161.8
133 a2.0 129.4
133 81.0 101.0
133 81.2 100.0
50 7.9 121.9
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Table 4-8 (Cont’d)

Range Of Number of Analyses
No. Of Percent Recovery ---Within Percent Recovery Range--

Meth Name Analyses Low High <60 &60-79 80-120 121-140 »>140
SOIL SAMPLES --

JBO1 MERCURY 24 &7.7 1144 0 2 22 0 0
JD15 SELENIUM 26 2e.3 64.9 23 3 i] 0 0
JD19 ARSENIC 26 4.0 &7T72.7 [] 8 0 0 2
JS16 BERYLLIWM 15 4.9 111.8 0 0 15 0 1}
JS16 CADMIUM 15 84.7 110.2 0 1] 15 0 0
J516 CHROMIUM 15 W07.2 115.0 0 0 15 Q 0
J516 COPPER 15 100.5 106.2 0 1] 15 0 0
JS16 NICKEL 15 104.5 115.8 4] 1] 15 0 0
J516 SILVER 15 91.5 100.6 o] o 15 0 0
JS16 THALLIUM 15 96.8 117.9 0 0 15 0 o
4516 ZINC 15 B4 .1 112.0 0 0 15 0 o
LM18 2,4,5- TRIBROMOPHENOL 125 23.0 164,2 14 19 s 12 1
LM18 2-FLUORDBIPHENYL 125 60.3 147.6 0 7 17 [/} 1
LM18 2-FLUCROPHENOL 125 46.% 140.4 4 12 94 14 1
LM18 NITROBENZENE-DS 125 38.8 123.6 1 20 92 F4 1}
LM13 PHENODDS 125 45.2 124.%9 3 14 105 3 b
LM18 TERPHENYL - D14 125 50.9 121.8 9 52 &3 1 0
LM19 1,2-DICHLOROETHANE-D4 110 67.9 114.0 0 2 108 0 1]
LM19 4-BROMOFLUOROBENZENE 110 52.0 176.0 F4 1 104 2 1
LM1% TOLUENE-DS 110 0.0 200.0 1} 0 107 0 3
LW12 135TNB & 92.9 149.5 0 0 3 1} 1
Lw12 Z46TNT [ 86.6 101.4 0 1] 4 0 o
LW12 24DRT 4 86.2 122.8 o 0 3 1 0
LW12 NITROBENZENE 4 86.2 139.6 0 0 2 2 0
Lwi12 RDX 4 92.8 122.0 0 1] 3 1 ]
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Surrogate CLP Low Limit (%) CLP Upper Limit (%)

2-Fluorophenol 25 121
Phenol-D6 24 113
2,4,6-Tribromophenol 19 122
Nitrobenzene-D5 23 120
2-Fluorobiphenyl 30 115
Terphenyl-D14 18 137

These are advisory limits for surrogate recoveries. Samples that exceed these values
may need to be evaluated on a case by case basis. Based on information from the
laboratory, ESE has seen matrix effects occur with the "acid surrogates" (i.e., phenolic
compounds) due high oxidation potential, especially in waters with high salt content. This
could explain the number of analyses in Table 4-8 with recoveries <60% for the acid

surrogates. Therefore, the data for these samples can be considered acceptable.

The selenium (Se) recoveries identified in Table 4-8 have been reviewed by the
laboratory. Acceptance criteria for CLP for Se is 75-125 percent however, recoveries
outside this range are not uncommon, particularly for naturally occurring elements such as
selenium. Background concentration of elements in standard soil and samples tend to cause
recoveries to be skewed. Soil and water environmental samples are susceptible to matrix
effects for trace metals analysis since the analysis involves spectrophotometric
instrumentation. Several graphite furnace methods require addition of matrix modifiers to
remove most spectral interferences. The data should be acceptable since the control charts
have been reviewed and accepted by USATHAMA by chemistry personnel in accordance
with procedures specified in USATHAMA QA manual (USATHAMA, 1990).

47 REPLICATES

Field replicate (duplicate) analysis results may serve as an indication of overall field
and laboratory precision; therefore, the results may have more variability than Jaboratory
duplicates (which measure only laboratory performance). It is also acknowledged that soil

duplicate results will show a greater variance than water matrix samples due to the
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nonhomogeneous nature of soils. For organics and inorganics, it is recommended that the
results reported for each sample be compared and that a Relative Percent Difference (RPD)
be calculated using the following equation:

RPD = (S- D)
S + D)z X100
Where: S = First sample value (original)

D = Second sample value (duplicate).

The results of the chemical analyses of the unfiltered groundwater duplicate samples
are presented in Table 4-9. The RPD values for the inorganic analytes detected in the
groundwater sample from 13MW7 were unusually high, ranging from 0 to 105 percent. The
hfgﬂ RPDs for the set of duplicate samples may be due to a deviation in the field filtering
procedure or some other laboratory procedure. The remaining RPDs for the inorganic
analytes in the other samples are much lower, ranging from 0 to 26 percent. The RPD for
the one explosive detected (HMX) in the groundwater sample from 13MW7 was 7 percent.
The RPD values for the volatiles detected ranged from 0 to 15 percent, which indicates an
acceptable range of analytical precision. The laboratory’s ability to replicate TOX and TOC
values was not as precise. The RPD for TOX were 23 to 122 percent and the TOC RPD
values were 42 percent and non-detected.

The sample analyses of the duplicate soil samples are presented in Table 4-10. The
results of soil duplicate analyses differed by as much as 42 percent. Three of the four
detected explosives had RPD values ranging from 4 to 16 except for 246 TNT, which had
a RPD value of 62 in duplicate soil samples 13SS1. The RPD value for the two volatiles
detected, trichlorotrifluoroethane and trichloroethylene, were 13 and 71 percent,
respectively. The RPD values of the semi-volatile compounds detected in soil samples
138S1 ranged between 0 and 65 percent. The differences in the soil duplicate samples can
be expected due to the variability associated with the heterogeneous nature of the soil
matrix, potential matrix effects, and increased analytical variability associated with the
quantification of analytical values near the detection limit.
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TAL Ihorganics
ALUMINIUM
BARIUM
CALCIUM
CHROMIUM
COPPER
IRON
POTASSIUM
MAGNESIUM
MANGANESE
SODIUM
LEAD
VANADIUM
ZINC

Explosives
HMX

Volatiles

1,1,1-TRICHLOROETHANE

SITE ID

S. DATE
DEPTH (ft)
MATRIX
UNITS (#)
FIELD ID

1,1- DICHL.OROETHANE
1,2—-DICHLOROETHENE

TRICHLOROFLUOROMETHANE

METHYLENE CHLORIDE
TRICHLOROETHYLENE

Other

NITRITENITRATE

TOTAL ORGANIC CARBON
TOTAL ORGANIC HALOGENS

Footnotes :

[
Summary of Duplicate Data For Groundwater Samples Collected During the RF1

Radford Army Ammunition Plant, Virginia

CGW = Chemical groundwater.
LT = Concentration is reported as less than the certified reporting limit.

NA = Not applicabie.

ND = Analyte was not detected in eith er the original or duplicate sample.

13MW7 13MW7 MW9
08—0ct—91 08—oct—91 29—jm—92
19 19 70
CGW CGW COW
UGL UGL UGL
RDWA*19  RDWA*20 RDWAU*19 RDWAU*20 RDWC*16
Original Duplicate RPD Original Duplicate RPD Original Duplicate RPD
LT 141 141 ND 7090 5600 23 LT 141 LT 141 0
153 531 97 203 192 6 165 165 0
88800 31400 96 96400 96400 0 59900 61700 3
LT 6.02 LT 6.02 0 163 13.6 18 LT 6.02 LT 6.02 0
LT 8.09 LT 8.09 0 132 10.5 23 LT 8.09 LT 8.09 0
LT 388 214 ND 14200 11600 20 LT 388 LT 388 0
2380 1440 49 5070 4480 12 6190 6660 7
29700 10100 98 37200 35800 4 23500 24200 3
652 202 105 1080 957 12 437 3.67 17
6470 2560 87 6240 6190 i 7400 7410 0
LT 126 B 25 ND 424 325 26 LT 126 LT 126 0
LT 11 LT 11 0 272 258 [ LT 11 LT 11 0
LT 211 102 ND 170 141 19 LT 211 LT 2L1 0
7.67 6.62 7 NT NT LT 121 LT 1.21 0
LT 05 LT 0.5 0 NT NT 436 426 2
LT 0.58 LT 0.68 0 NT NT 142 132 7
0.699 0.786 12 NT NT LT 05 LT 05 0
LT 1.4 LT 14 0 NT NT 19 18 5
LT 2.3 LT 23 0 NT NT 6.6 5.66 15
10.5 10.5 0 NT NT LT 05 LT 05 0
2400 2600 8 NT NT NT NT
2970 LT 1000 ND NT NT 3.0 4.64 42
366 883 122 NT 140 177 23

NT = Not icsted; parameters werenot tested (inchid ed) in the sample analyses.
RPD = Rehtive percent difference.

TAL = Target Analyte List.
UGL = Micrograms per liter.



|
Table 410 }
Summary of Duplicate Data For Soil Samples Collected During the RFI
Radford Army Ammuugition Plant, Virginia

SITEID 135B2 13881 OSB3
S. DATE 26-aug-91 09-oct—91 25—oct—91
DEPTH (ft) 0.5 0.5 7
MATRIX CSO CSO CSO
UNITS (#) UGG UGG UGG
FIELD ID RFIS*19 RFIS*4 RFIS*47 RFIS*51 RFI1S*105 RFIS*94
QOriginal Duplicate RPD Original Duplicate RPD Original Duplicate RPD
TAL Inotganics
SILVER 0.86 0.704 20 LT0.589 LT0.589 0 NT NT
ALUMINIUM 12900 12500 3 7890 8160 3 NT NT
ARSENIC 1.9 1.4 30 2.06 1.78 15 NT NT
BARIUM 185 177 4 128 132 3 NT NT
BERYLLIUM 2.01 1.75 14 LT0.5 LTO0.5 0 NT NT
CALCIUM 2850 2730 4 4050 5730 34 NT NT
CADMIUM LTO0.7 1.15 ND LTO0.7 1.23 ND NT NT
COBALT 11.9 11.6 3 7.56 7.26 4 NT NT
CHROMIUM 25.9 25.9 0 24.4 30.5 22 NT NT
COPPER 154 11.3 3 59.6 69.9 16 NT NT
IRON 23000 20300 12 16100 15200 6 NT NT
MERCURY LT005 LT0.05 0 LT0.05 0064  ND NT NT
POTASSIUM 1880 1670 12 1340 1410 5 NT NT
MAGNESIUM 4030 3900 3 2270 2780 20 NT NT
MANGANESE 897 749 18 729 474 42 NT NT
SCDIUM 268 297 10 326 335 3 NT NT
NICKEL 15.9 15.9 0 11.2 14.7 27 NT NT
LEAD 98.6 65.7 40 986 1050 6 NT NT
VANADIUM 42 32.3 6 19.1 194 2 NT NT
ZINC 297 223 28 525 507 3 NT NT
Explosives
13DNB LT0.496 LT0.496 0 LT 0.496 0.858 ND NT NT
246TNT LT 0456 LT0.456 ] 4.03 213 62 NT NT
24DNT 1L.T0.424 LT0.424 0 1.84 2.15 16 NT NT
26DNT LT(¢.524 LT0.524 0 1.28 1.33 4 NT NT



1%

SITEID
S. DATE
DEPTH (ft)
MATRIX
UNITS (#)
FIELD ID
Volatiles
TRICHLOROTRIFLUOROETHANE
TRICHLOROFETHYLENE
Semivolatiles
24DNT
26DNT
DIETHYL PHTHAILATE

DI-N-BUTYL PHTHALATE
N-NITROSODIPHENYLAMINE

Footootes :

C80O = Chemical soil.

Table 4-10 {Cont’d)

138B2 13851 OSB5
26—-aug—91 09—oct-91 25-oct—91
0.5 0.5 7
CsO CSO Cso
UGG UGG UGG
RFIS*19 RFIS*4 RFIS*47 RFIS*51 RFIS*105 RFIS*9%4
Original Duplicate RPD Original Duplicate RPD Original Duplicate RPD
0.008 0.007 13 NT NT NT NT
LT0.003 LT0.003 0 0.019 0.009 ! LT0.003 LT0.003 0
LT0.14 LTO.14 o 3.44 2.03 52 LTO0.14 1LTO0.14 ¢
LT0.085 LTO0.085 0 2.02 1.99 1 LT0.085 LT0.085 0
LT0.24 LT0.24 0 13.9 27.3 65 LT024 LTO0.24 0
LT0.061 LT0.061 0 6.88 6.78 1 LT0.061 LTO0.061 0
LTo.1¢ LTO0.19 (] 228 3.74 49 LT019 LTO0.19 0

LT = Concentration is reported as less than the certified reporting limit,

NA = Not Applicable.

ND = Analyte was not detected in either the original or duplicate sample.

NT = Not tested; parameters were not tested (inciuded) in the sample analyses.

RPD = Relative percent difference.
TAL = Target Analyte List.
UGG = Micrograms per gram.



The RPD values for the one set of sediment duplicate samples (Table 4-11) ranged
from 0 to 17 percent except for the mercury RPD value (28 percent). These RPD values
indicate an acceptable range of analytical precision.

As indicated in Table 4-12, the RPD values of the surface water duplicate samples
(29SW1) were as great as 71 percent for inorganic chemicals. Higher RPD values for
surface water can be expected due to variability associated with high particulate matter and
suspended solids associated with the New River. Inorganic constituents tend to adsorb to
the particulate matter and suspended solids, causing the variability in the analytical data.
48 BACKGROUND SOILS |

_. . Background soil samples were collected from nine off-post locations and one location
on-post near the housing area at RAAP, as shown on Figure 4-1. These locations were
considered to be unaffected by areas of known or suspected contamination. Five locations

* were chosen to be representative of upland type soils found on RAAP and five locations
were selected as representative of alluvial type soils. Data from the analyses of the upland
background soil samples (BKSS1, BKSS3, BKSS7, BKSS8, and BKSS9) would be compared
to soil sample results from similar on-post SWMUs located in similar areas of upland-type
soils. The alluvial background soil locations (BKSS2, BKSS4, BKSS5, BKSS6, and BKSS10)
would be similarly used to compare soil data at appropriate on-post SWMUs. Comparison
concentrations also have been developed for the entire set of background samples whenever
individual SWMUs cannot be adequately placed into either an alluvial or uplands

environment.

Each surficial soil sample was collected from a visually undisturbed area at a depth
of 0 to 0.5 feet below any surface vegetation or debris. To develop the background
comparison levels, the mean and standard deviations of the background soil samples were
calculated. The soil comparison levels were selected from the upper 95 percent confidence
interval of the background data set, which is equal to the mean plus two standard deviations.
The detection limits were used in the calculations of background criteria for those analytes
that were not detected in a particular sample. The use of inorganics (metals and anions)
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Table 4--11
Summary of Duplicate Data For Sediment Samples Coliected During The RFI
Radford Army Ammunition Plant, Virginia

SITEID 17ESE1

S. DATE 05—mar—92
DEPTH (ft) 1
MATRIX CSE

UNITS (#) UGG

FIELD ID RVFS*111 RVFS*112

Qriginal Duplicate RPD

TAL Inorganics

SILVER 2 1.92 4
ALUMINIUM 24800 27200 9
ARSENIC 335 38 13
BARIUM 243 245 1
BERYLLIUM LTO0.5 LTO5 0
CALCIUM 11600 11000 5
CADMIUM LT 0.7 2.87 ND
COBALT 14.5 14.6 1
CHROMIUM 939 926.7 3
COPPER 454 475 4
JIRON 27600 28400 3
MERCURY 0272 0.206 28
POTASSIUM 2670 2920 9
MAGNESIUM 16800 16600 1
MANGANESE 253 253 0
SODIUM 704 834 17
NICKEL 382 42 9
LEAD 544 542 0
SELENIUM LT0.25 LT0.25 0
VANADIUM 632 65.2 0
ZINC 1510 1560 3
Explosives

24DNT 1.26 1.04 19
Footnotes :

CSE = Chemical sediment.

LT = Concentration is reported as less than the certified reporting limit.

NA = Not applicable.

ND = Analyie was not detected in either the original or duplicate sample.

NT = Not tested; parameters were not tested {included) in the sample analyses.
RFPD = Relative percent difference.

TAL = Target Analyte List.

UGG = Micrograms per gram.



Table 4—12
Summary of Duplicate Data For Surface Water Samples Collected During The RFI
Radford Army Ammunition Plant, Virginia

SITEID 17ESW1
S. DATE 05—mar—-92
DEPTH (ft) 0
MATRIX CSW
UNITS (#) UGL
FIELD ID RDWC*101 RDWC*102

Original Duplicate RPD
TAL Inorganics
SILVER 0.594 1.25 71
ALUMINIUM 11000 21000 63
ARSENIC 592 66 11
BARIUM 126 175 33
CALCIUM 40200 47400 16
CHROMIUM 52.9 90 52
COPPER 411 682 50
IRON 19000 31200 49
MERCURY 0.236 0.383 47
POTASSIUM 8330 9770 16
MAGNESIUM 16900 25700 41
MANGANESE 231- 339 38
SODIUM 14600 14400 1
NICKEL LT343 44.5 ND
LEAD 300 520 54
SELENIUM LT3.02 LT3.02 0
VANADIUM 454 68.7 41
ZINC 1030 1700 49
Explosives
24DNT 0.102 0.092 10
Other
TOTAL ORGANIC CARBON 11200 12900 14
TOTAL ORGANIC HALOGENS 44.9 96.5 73
Foomnotes :

CSW = Chemical surface water.

LT = Concentration is reported as less than the certified reporting limit.
ND = Analyte was not detected in either the original or duplicate sample.
RPD = Relative percent difference.

TAL = Target Analyte List,

UGL = Micrograms per liter.
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concentrations for the development of comparison criteria is appropriate because these
constituents occur naturally in soil. Background data for organic compounds in soil are
generally not available becanse most of these compounds are not naturally occurring and,
therefore, are not typically present in soil.

49 ADDITIONAL DATA REVIEW

The background comparison levels for the entire data set of upland and alluvial soils,
and separate comparison levels for upland soils and alluvial soils are presented in Tables
4-13, 4-14, and 4-15, respectively.

During the QC review of the chemical data, it was observed that there were several
values that were reported with a "GT" as a data qualifier. This "GT" data qualifier is
reported by the laboratory when the analyte concentration in the sample is greater than the
maximum approved concentration of the analytical method being used. Typically, the
sample is reanalyzed using a higher dilution factor (or for soil samples a smaller sample size
is used) so that the concentration obtained is within the calibration range of the method.
However, in some cases due to time constraints, workload, .or sample size, a sample cannot
be reanalyzed within the holding time (this is especially true for volatiles) and the last value
obtajﬁed is reported with a "GT" as a data qualifier. For soil samples, there is a minimum
sample size specified by the analytical method. When this minimum size is reached,
additional analyses are not performed and the value obtained is reported with a "GT" data
qualifier. These data are considered to be acceptable for both qualitative and quantitative
use in the contamination and risk assessments, but the presence of the qualifier indicates
that the concentration is higher than the reported value. It should be noted, that to the
extent possible, all efforts were made to reanalyze these samples within the specified holding
times to obtain a value within the method calibration range.

410 SUMMARY AND CONCLUSIONS

The results of the QA review of the analytical data indicate that some compounds
were detected in the method and trip blanks, suggesting possible laboratory and/or shipping
contamination. The QA results will be used to qualify positive detections of environmental
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Table4-13 i

Calculation of Background Soil Comparison Levels
Radford Army Ammunition Plant, Virginia

SiteID BKSSI BKSS2 BKSS3 BKSS4 BKSSS BKSSss BKSS7 BKSSS8 BKSS9 BKSS10 Background
Site Type PLUG PLUG PLUG PLUG PLUG PLUG PLUG PLUG PLUG PLUG Statistical Comparson
FietdID RVFS*88 RVFS3*52 RVFS*49 RVFS*S1 RVFS*64 RVFS'89 RVES*90 RVFS'65 RVFS*i13 RVFS%%6 Values Level
Date 03/10/92 03/10/92 03/1092 03/10/92 0371092 03/10/92 03/10/92 03/10/92 03/10/92 03/10/92 Sad. Mean +
Dcpth 0,500 0,500 0.500 0.500 0.500 0,500 0.500 0.500 0.500 0.500 Mean Dev. 2*(Std. Dev)

108.08

10.50 LT

0250 LT

Thalliv 2 ¥ : 6 -
Vanadium 33.70 230 60.40 36.60 28.10 19,90 23.40 36.50 27.70 28,90 34.95 13.28 61.50

1) All data values are IRDM IS Level 3, except for mercury.
2) Units are in micrograms per gram (UGG).
3) LT = Less than the detection limit-



|_
Table 4—-14 |
Calculation of Background Comparison Levels for Upland Soils
Radford Army Ammunition Plant, Virginia

Site ID BKSS1 BKSS3 BKSS7 BKSS8 BKSS9 Background
Site Type PLUG PLUG PLUG PLUG PLUG Statistical Comparison
Field ID RVFS*88 HVFS*49 RVFS*90 RVFS*65 RVFS*113 Values Levei
Date 03/10/82 03/10/92 03/10/92 03/10/92  03/10/92 Std. Mean +
Depth 0.500 0.500 0.500 0.500 0.500 Mean Dev. 2*{Std. Dev)

1) Ali data values are IRDMIS Level 3, except for mercury,
2) Units are in micrograms per gram (UGG).
3) LT = Less than the detection iimit.



|
Table 4—15 I
Calculation of Background Comparison Levels For Alluwal Soils
Radford Army Ammunition Plant, Virginia

Site ID BKSS2 BKSS4 BKSS5 BKSS56 BKSS10 Background
Site Type PLUG PLUG PLUG PLUG PLUG Statistical Comparison
Field ID RVFS*52 RVFS*51 RVFS*64 RVFS*83 RAVFS*66 Values Level
Date 03/10/92  03/10/92  03/10/92  03/10/92  03/10/92 Std.  Mean +
Depth __ 0.500 0.500 0.500 0.500 0.500 Mean Dev. 2*(Std. Dev)

Antimony 7.14LT 078 744 LT  7.44LT  7.14.T 7.668 1.1806 10,03

Chromium 2070 20.20 1250 16.70 21.30 1828  3.6935 2567

6P

927

0.250 LT 0250 LT

1) All data values are IRDMIS Level 3, except for mercury.
2) Units are in micrograms per gram (UGG).
3) LT = Less than the detection limit,



data that are suspect laboratory, sampling, and/or shipping artifacts. The evaluation of the
equipment blanks indicate that sample cleaning and decontamination activities were
appropriately performed. The results of the duplicate analyses indicate that some of the
values are outside of the suggested range for acceptable precision; however, these results
are primarily due to heterogeneity of sample matrix or variability in suspended solids in
surface water samples. The duplicate results are acceptable and are not considered to
compromise the analytical quality and intended use of the data.
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5.0 RTRA FACILITY INVESTIGATION OF
SWMU 13, WASTE PROPELLANT BURNING GROUND

This section summarizes the findings of previous investigations and presents the
results from the Dames & Moore RFI field program conducted at SWMU 13 during August
through November, 1991. The Virginia Department of Waste Management (VDWM)
requested a groundwater quality assessment (GQA) for SWMU 13 as part of RAAP’s
application to permit the burning grounds as a RCRA disposal facility. The GQA was
performed using the sampling program for the RFI program as presented in the Work Plan
(Dames & Moore, 1990a). The summary GQA report, titled SWMU 13 Characterization
Report (Dames & Moore, 1992a) was completed in April 1992 and subsequently submitted
to VDWM. The RFI for SWMU 13 includes the data presented in the GQA, as well as
additional background, QA/QC, and New River sampling data. The available data have
been evaluated to determine the presence of potential hazardous constituents or hazardous
waste, the extent and magnitude of contamination, and potential pathways of contaminant
migration. Recommendations regarding further action to be taken at this SWMU are also
included.

3.1 1 TIGATION PR

5.1.1 SWMU History

This active unit is located in the southeast section of the Horseshoe Area, on the
north bank of the New River (Figure 5-1 and Insert 3). It is located within the 100-year
flood plain. The burning grounds have been used for the burning of waste explosives,
propellants, and laboratory wastes (propellant and explosive residues, samples, and analytical
residues) since manufacturing operations began at RAAP in 1941. The 20-acre unit
currently consists of eight pairs of burning pads. The combustible materials are transported
to the burning ground and burned at 1430 hours each day. Approximately 600 tons of waste
propellant are burned at SWMU 13 annually.
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SWMU 13 consists of the following components:

® Burning pans
® Former open burning ground areas
. Runoff settling basin

° Mobile temporary storage umnits.

The burning pans and mobile temporary storage units were put into use in 1985,
Prior to that time and at least as early as 1971, wastes were burned directly on mounded

earth at the same location currently in use.

A review of historical aerial photographs and early facility maps indicates that, prior
to construction of the burning pads--in 1971 or earlier--wastes were burned in pits. These
pits may have been formed by dividing one long trench that ran the length of the burning
ground into eight separate areas with earthen berms. Burning operations probably took
place in the pits. However, the existence of these pits on cach side of the berms has not
been confirmed. Historical aerial photographs also indicated that in the 1940s and 1950s,
only the western half of the burning ground was in use, However, the entire burning ground
was being used in 1962. Available RAAP facility maps of the burning ground show the
configuration of the older burning pits matching the 1949 and 1962 aerial photography.

The burning pads are approximately 3 feet high and are constructed of earth, with
a few inches of gravel on top. The metal burning pans rest on concrete tire stops. In 1985,
when the burning pans were put into use, "runways” or ramps were constructed so that the
mobile temporary storage units could be rolled on and off the pans. These storage units are
essentially wheeled covers that are used to keep wastes in the pans dry prior to burning and

to prevent rainwater from filling the pans when not in use.

The 16 burning pans are constructed of metal and are approximately 18 feet long by
6 feet wide by 1 foot deep. A maximum of 1,000 pounds of waste is burned in any one pan

at one time. Alternating burning areas (consisting of two pans each) are fired once every
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24 hours. Adjacent burning areas are not fired on the same day. Wind speed is normally

required to be between 3 and 15 mph when burning operations take place.

Twenty-gallon containers of waste are collected from throughout RAAP in steel
frame, open-bed carts equipped with canvas tarpaulin covers and removable rear gates. The
contents of the 20-galion waste containers are dumped into the pan(s) being fired and are
distributed evenly with a rake to a nominal depth of 3 inches. After public warnings are
made to evacuate the New River area, the waste is wired and ignited. Pans are ignited in

sequence, beginning with the westernmost pan and continuing toward the east.

Burned residue (ash) is not removed from the pans after each burning. As necéssary,
ash is shoveled from the pans and surrounding soils into ash wagons and moved to the
ngiEnated ash storage area at the burning ground. The rate of ash generation is not known.
Ash is periodically sampled and analyzed for EP toxicity and reactivity. The following are
results for one ash sample (USEPA, 1987a):

Parameter Level (mg/L) Maximum®* (m
As ND** 5.0
Ba 0.76 100
Cd 0.012 1.0
Cr 0.031 5.0
Pb 51 5.0
Hg ND 0.2
Se ND 1.0
Ag ND 5.0

*Virginia maximum allowable limit.
**ND = not detected.

When the concentration of lead or any other metal exceeds the Virginia maximum
allowable limit, as above, the ash is shipped to a hazardous waste landfill in South Carolina
for disposal. If the concentrations of the above-listed metals are less than the Virginia
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maximum allowable limit, the ash is transported to the Fly Ash Landfill (SWMU 29) for
disposal.

During the late 1970s, prior to initial operation of the Hazardous Waste Landfill
(SWMU 16) in 1980, ash from the Waste Propellant Burning Ground was reportedly
disposed of at SWMU 54 (Propellant Ash Disposal Area). This unit is located in the
easternmost section of the Horseshoe Area, just outside Gate 19-D of the RAAP fence.
The quantity of ash disposed of at SWMU 54 was estimated to be 10 tons (USATHAMA,
1975), but the size of the area would suggest a much larger quantity. All disposal was
reportedly on the surface, with no disposal in pits or trenches. SWMU 54 is currently being
investigated as part of the VI (Dames & Moore, 1992b).

| Located at the eastern end of the burning ground is the runoff settling basin,
approximately 30 feet long and 20 feet wide by 4 feet deep. Surface water runoff collected
in a drainage channel constructed along the length of the burning ground flows through a
10-inch corrugated steel pipe into the settling basin. The basin is excavated into the natural
grade, has no berms, and is not lined. It is reportedly cleaned out periodically to check for
unburned propellant that may have spilled from the pans and washed into the pond. Any
unburned propellant is returned to the pans for burning. Prior to construction of the runoff
settling basin in approximately 1985, surface water runoff from SWMU 13 discharged
directly to the New River via NPDES Outfall 017.

There is the potential for surface soil contamination at SWMU 13 from a number
of sources. Prior to use of the burning pans, wastes were burned directly on the ground
surface. During current use of the pans, wastes and ash could be spilled onto the ground.
In addition, surface water runoff could carry any spilled wastes or ash to the settling basin,
Fallout from burning could also contaminate area surface soils.

5.12 Previous Investipations

Surface soil contamination has been confirmed at SWMU 13 during previous
investigations (USAEHA, 1987). The burning ground was divided into 28 sections and
sampled for seven explosives and leachable metals. As shown on Table 5-1 and Figure 5-2,
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Table 5—1
Results of Historical Analysis for Explosives in Soil
Radford Army Ammunition Plant, Virginia

Sample Results
Sample HMX RDX Tetryl TNT 2.6—DNT 24—DNT NG
Number uglg  ugg ugg uglg ugg uglg ugg

Source:
USAEHA, 1987,
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NG was determined to be present in near-surface soils (9 to 12 inches below ground
surface) across the entire unit. The western half of the unit (Sections 1, 2, 4, 5,6, 7, 8, 9,
10, 11, 12 and 26) was relatively free of soil contamination. Based on information indicating
that only the western half of the burning ground was used in the 1940s and 1950s, it appears
that it was cleaned up at one time. Low levels of TNT and NG were present in the settling
basin (Section 23). No Extraction Procedure (EP) metals were detected in any sample from
any area. The most contaminated area was determined to be in and around currently used
burning pad number 3 (Sections 17, 18, and 19), which is at the same location as former
burn pit 3.

The 1987 investigation also determined that the burning ground soils contained no
niore than 2 percent explosives. Based on earlier studies that indicated that soils containing
less than 12 percent explosives are not reactive, it was concluded that the soils at the
burning ground were not reactive (USAEHA, 1987).

5.13 REI Program
To evaluate potential soil contamination at the Waste Propellant Burning Ground,

soil samples were collected from borings in the area of the former burn pits, which were
used prior to 1971. Composite soil samples (13SC1 through 13SC8 at three depths each)
were collected from two borings drilled on either side of the former berms associated with
the burn pits (see Figures 5-3 and 5-4). Soil samples were collected from each of the two
borings at 0.5, 5, and 10 feet. Samples from the same depth were composited and submitted
for chemical analysis. Samples submitted for VOC analyses were not composited. Samples
from 13SC3 were taken at the area which was most contaminated in the 1987 USAEHA
study.

Surface soil samples (135SS1 through 13SS4) were also collected from the drainage
ditch that is located south of the burn pads and extends from the western end to the settling
pond at the east end. Chemical results from these samples have been used to assess the
potential migration of contaminants via surface water transport.
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An additional six soil borings (13SB1 through 13SB6) were drilled in areas outside
the vicinity of the former burn pads to evaluate the extent of potential soil contamination.
Two soil borings (13SB1 and 13SB2) were drilled north of the twin access roads in a grassy
field, an area that was expected to be free of contamination. Sample results from these two
borings will be used to assess upslope or background soil chemistry. The eastern and
western soil borings (13SB3 and 13SB6) were drilled into areas just outside the bermed wall.
The two downslope soil borings (13SB4 and 13SBS) were drilled inside of the southern
berm. Samples were collected from each boring at three depths (0.5, 5.0, and 10.0 feet) and
submitted for chemical analyses.

In addition to the soil borings, two sediment samples were collected from the settling
pond located at the eastern end of the burning ground. "One sample (13SE1) was collected
adjacent to the influent pipe. A second sediment sample (13SE2) was collected near the
eastern end of the pond. Samples were collected from the top 12 inches of sediments. A
surface water sample (13SW1) was also collected from the settling pond.

All soil samples were analyzed for metals, explosives, VOCs, and SVOCs. The 24
composite soil samples were also analyzed for TCLP metals to evaluate potential
remediation and disposal options.

Groundwater samples were collected from seven newly installed monitoring wells
(13MW1 through 13MW?7) as indicated in Figure 5-1. Two wells (13MW1 and 13MW2)
were installed upgradient and five wells were installed downgradient of the SWMU 13
burning pads and settling pond. All groundwater samples were analyzed for metals (filtered
and unfiltered), VOCs, SVOCs, explosives and nitrogen expressed as nitrite/nitrate. In
addition, samples were analyzed for indicator parameters such as total organic carbon
(TOC), total organic halogens (TOX), hydrogen ion activity (pH) and specific conductance.
These data were used to identify statistically significant increases in constituents measured

in the downgradient groundwater as compared to those detected upgradient (i.e,,
background).
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Four sediment and three surface water samples were collected from the New River
at upgradient, adjacent and downgradient locations. These locations (Figure 5-1) were
chosen after preliminary analytical results of on-site samples analyses were reviewed. Each
location was chosen to be adjacent to the north bank of the New River in order to have a
better chance of detecting contaminants migrating from SWMU 13. The adjacent samples
were collected at points considered to be most impacted by contaminants migrating from
SWMU 13 in groundwater. As indicated by the preliminary on-site laboratory data, these
locations would be directly downgradient of both well 13MW3 and the settling pond.

Quality control samples were also collected during the field program to evaluate
sampling and decontamination activities and laboratory precision. Two samples (RAAP-1)
of the water used to decontaminate the sampling equipment were collected prior to the time
of the field efforts and analyzed for the parameters specified above. Results from these
analyses were compared to the results of the environmental sample results to evaluate the
potential for inadvertent contamination of the environmental samples. The decontamination
water was collected at the RAAP potable water treatment plant at a point prior to any
treatment.

A second quality control sample consisted of a laboratory prepared trip blank of
distilled water sent from the laboratory, handled in the field, and resubmitted to the
laboratory. This sample was analyzed for VOCs to evaluate the potential for inadvertent
contamination of environmental samples via shipping and handling.

Duplicate samples of one groundwater, two soil, one surface water, and one sediment
sample were collected during the field program and submitted to the laboratory. These
quality control samples were used to evaluate the laboratory analytical precision.

52 ENVIRONMENTAL SETTING

52.1 Topography

The Waste Propellant Burning Ground (SWMU 13) is located in the southeast
section of the Horseshoe Area, on the northern bank of the New River within the 100-year
flood plain. It covers approximately 20 acres. The topography of SWMU 13 is very slightly
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sloping to the south, with an elevation of approximately 1,699 to 1,701 feet msl on the
northern side and 1,693 to 1,695 feet msl on the southern side. An earthen berm
approximately 5 feet high separates SWMU 13 into western and eastern sections. A berm
borders the southern side of SWMU 13. A settling basin that collects runoff from the
burning ground exists on the eastern side of SWMU 13, The settling basin is approximately
30 feet long, 20 feet wide, and 4 feet deep. SWMU 13 is approximately 750 feet
downgradient (south) of SWMUs 27, 29, and 53. A settling pond approximately 30 feet
upgradient from SWMU 13 collects surface runoff from SWMUs 27, 29, and 53. The
topography north of SWMU 13 is steeply sloping towards the south. The topography south
of SWMU 13, just after the berm, is moderately steeply sloping towards the New River,
which is approximately 50 feet south of the burning ground.

522 Hydrogealogy

5.22.1 Geologic Units. The geology of the SWMU 13 (Waste Propellant Burning Ground)
area has been explored for the RFI through the drilling of 22 exploratory soil borings and
seven monitoring well borings. These borings, ranging from 10 feet to 38 feet in depth,
allow for a general understanding of subsurface conditions. The seven monitoring well
borings fully penetrated the unconsolidated soil and were terminated in bedrock, Data from
these bores were used to construct three cross-sections and one site-specific groundwater
elevation map presented later in this section. As shown in Figure 5-5, the three cross-
sections (A-A’, B-B’, and C-C’) illustrate the subsurface conditions at SWMU 13. The
following subsections describe the unconsolidated soil and bedrock geology of SWMU 13

as revealed through the RFI boring program. The topography of SWMU 13 is illustrated
on the Topographic Survey map as Insert 3.

5.22.1.1 Unconsoplidated Sediment. Unconsolidated soil deposits, which thicken away from
the river, can be divided into two principle units based on information gathered during the
boring program and presented in the well boring logs (Appendix F). Minor layers with
slightly different textures were included in the two principle units in order to provide a
general description consistent throughout the study area. The shallowest layer consists of
fine to coarse grained, micaceous, reddish-brown sandy silt and silty sand. Either a
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micaceous, yellowish-brown, silty sand or a yellowish-brown sand and gravel layer is present
below the first layer and overlying bedrock. The sand and gravel layer pinches out or grades
into the yellowish-brown silty sand before reaching the line of the upgradient borings away
from the river (cross-section A-A’).

Cross-section A-A’ (Figure 5-6) trends generally west to east across the northern
portion of SWMU 13, Cross-section B-B’ (Figure 5-7) trends generally west to east across
the southern portion of SWMU 13 in the burning area. Cross-section C-C' (Figure 5-8)
trends north to south across SWMU 13. These cross-sections illustrate both the lateral and
vertical variability of the alluvial-floodplain deposits.

Thirteen soil samples were submitted for grain size (sieve) analysis, hydrometer
testing, and Atterberg limits testing. These samples were collected from representative soil |
zones encountered in the boring program. Generally, soil samples collected from 0 to 14
feet were classified in the Unified Soil Classification System (USCS) as a sandy silt (ML),
sandy silty clay (CL-ML), or as a non-plastic silty sand (SM). Soil samples collected from
15 to 20 feet were classified in the USCS as a silty sand (SM). The moisture content for
samples ranged from 8.7 to 22.5 percent. These classifications and values were consistent
with the soil characteristics observed while logging the soil borings during field activities.
The laboratory data sheets are presented in Appendix F.

5.2.2.12 Bedrock. Underlying the unconsolidated soils in SWMU 13 is the brown-gray
limestone /dolostone of the Elbrook Formation. At SWMU 13 the limestone/dolostone is
argillaceous and frequently interbedded with shale. The bedrock is highly weathered and
fractured with occasional clay seams and brecciated zones near the river but much less
weathered and more competent at the two upgradient well boring locations. Calcite
commonly fills fractures and veins. Bedrock was penetrated a maximum depth of 19 feet
during the 1991 RFI boring program.,

The bedrock surface at SWMU 13, as revealed by the borings, slopes south to
southeast toward the New River at a grade of approximately 1.3 percent (Figure 5-6) from
an elevation of approximately 1,682 feet msl along cross-section A-A’. The depth of bedrock

5-15 5



147301

1710 + ELEVATION

trems) : A’
i
13MW2  13gg5.
1700 N ——
REDDISH BROWN
MICACEOQUS SILTY SAND
AND SANDY SILT
1690 — DUSKY RED
SILTY CLAY
YELLOWISH BROWN
MICACEOUS SILTY SAND < REDDISH BROWN CLAY
—————— —— Y T ————————%
1680 S e —
GRAY LIMESTONE AND SHALE

s
fuiy
(=

16701

200 Feet
1 ]
LEGEND:

—Y__ Water Level{Jan. 14, 1992}

Well Screen and
Sand Interval

FIGURE 5-8
HYDROGEOLOGIC CROSS-SECTION A-A’
SWMU 13, WASTE PROPELLANT BURNING GROUND
RADFORD ARMY AMMUNITION PLANT, VIRGINIA :
Dames & Moore




L1-s

147301

B'

BERM

1IMWE ' 13MW7

]
FSETTLING
/ POND

-

SILT p)

—Y  water Level{Jan. 14, 1992}

Well Screen and
Sand Interval

FIGURE 5-7
HYDROGEOLOGIC CROSS-SECTION B-B’
.- SWMU 13, WASTE PROPELLANT BURNING GROUND
RADFORD ARMY AMMUNITION PLANT, VIRGINIA

Elevation
(ftms))  13SB3
1700 - BERM BERM
13584 13MW4 13MWS 138B5H
— 13MW3
1690 - ~~ REDDISH BROWN MICACEQUS SILTY | SAND AND SANDY
YELLOW aR
1680 i . ey T -..__.-(-)_W-N- — . — -
SAND _AND GRAVEL
GRAY LIMESTONE AND SHALE
1670 4
0 200 Feet
| ]
LEGEND:




g1-¢

14739

1720

1710

1700

1690 -

1680+

1670~

ELEVATION C
{ft msl)

44\ BERM
13MwW4
REDDISH BROWN '

— 3 ¥

_—— ———— .
—

cr

SAND AND GRAVEL

EXPOSED
ROCK
LEDGES
A A ACCESS ROADS
SILTY SAND
AND SANDY SILT
YELLOWISH BROW
MICACEOUS s LTY SAND
0 50 Feet
1 1
LEGEND:

¥ _ Water Level {Jan. 14, 1992}

Well Screen and
Sand Pack Interval

FIGURE 5-8 _
~ HYDROGEOLOGIC CROSS-SECTION C-C
SWMU 13, WASTE PROPELLANT BURNING GROUND
RADFORD ARMY AMMUNITION PLANT, VIRGINIA

Y\ __ NEWRIVER
YELLOW BROWN

t

Fames & Moore




increases between borings 13MW6 and 13MW?7 (Figure 5-7), possibly reflecting deeper
erosion due to stream cutting. The sand and gravel layer is also thicker at this location.

5222 Groundwater. The hydrogeologic conditions within the unconsolidated soil and
bedrock were investigated through field examination of soil and rock samples, physical tests
of 13 soil samples consisting of grain-size (sieve) analysis, hydrometer analysis,
determination of Atterberg limits, and data from rising-head and falling-head (slug) tests
on seven monitoring wells installed in SWMU 13. Groundwater elevations, measured from
the wells in SWMU 13 during the field program, are presented in Table 5-2.

52221 Potentiometric Surface, A relatively shallow groundwater table is present from 12
to 20 feet below the ground surface in SWMU 13. This water table of the unconfined
#aui_fér is generally present just below the bedrock contact north of the burning ground area
(13MW1 and 13MW?2), but is 1 to 3 feet above the bedrock surface (within the sand and
gravel layer) in the burning ground area. Based on groundwater measurements obtained
on January 14, 1992, the unconfined water table gradient slopes northwest to southeast
toward the New River at approximately 0.83 percent in the western portion of the burning
ground, and approximately 0.35 percent in the eastern portion of the burning ground. The
water table gradient is less than the slope of the bedrock surface (Figure 5-8).

Groundwater contours for the SWMU 13 area are shown in Figure 5-9. The
irregular flow pattern at the western end of SWMU 13 may be due to ponding of water near
well 13MW3. Surface drainage patterns are provided in Section 5.2.4. This ponding
probably creates a groundwater mound which raises the water table and changes the flow
direction from southward to southeastward. The increased flow gradient in this area is also
probably due to the effects of the groundwater mounding.

52222 Flow Patterns. Groundwater flow below the SWMU 13 area primarily occurs
through two geologic units; the unconsolidated sand and gravel, and the consolidated
bedrock. The hydrological characteristics of each unit are different resulting in different
groundwater flow regimes. Estimated hydraulic conductivity data for the unconfined aquifer
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Well

13MW1

- - 13MW2

13MW3

13MW4

13MW5

13MW6

13MW7

Footnotes:

Table 5-2
Groundwater Elevations

SWMU 13, Waste Propellant Burning Ground
Radford Army Ammunition Plant, Virginia

Date

1/14/92

1/14/92

1/14/92

1/14/92

1/14/92

1/14/92

1/14/92

Depth 10 Water
From Top to Casing

20.84
2127
13.20
17.30
16.83
16.34

16.08

All distances are in feet or feet mean sea Jevel.
River level reported as being high at time of measurement.

Elevation

of Water

1680.60
168135
168127
1679.10
167957
1679.71

1675.13
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were calculated from slug tests conducted in the seven monitoring wells installed at SWMU
13. No wells were installed entirely into the bedrock and a hydraulic conductivity test solely
for this unit was not conducted. However, the potentiometric surface for wells 13MW1 and
13MW2 were within the bedrock and data from these wells could be considered applicable
for the bedrock. Unfortunately, flow in the bedrock at these wells was through fractures and
therefore, aquifer properties estimates are considered only rough approximations.

Groundwater from north (upgradient) of SWMU 13 in the unconfined aquifer will
flow southward to the burning ground predominantly through consolidated bedrock. This
groundwater will then exit the bedrock and enter the soil layers. Because the sand and
gravel unit is the first impacted and most likely layer through which potential contardinants
may flow from the burning ground, knowing the flow velocity for this layer is important for
é;al;atiﬁg potential contaminant migration from the burning ground.

52223 Recharge and Discharge. The first aquifer encountered below SWMU 13 is an
unconfined water table which is charged directly through infiltration of surface water and
precipitation. A groundwater mound present 1,600 feet north of SWMU 13 (Insert 2)
should represent the farthest area at which groundwater flowing to SWMU 13 originates.
Groundwater recharge through infiltration can occur anywhere between the groundwater
mound and SWMU 13,

As illustrated in Figure 5-8, the soil mantle over the bedrock does not exist on the
hillside north of the burning area. The soil mantle is again present at the top of the hill
where up to 50 feet of soil may be present (Section 7.2.2) below the combined landfill area.
Recharge, therefore, occurs through infiltration of precipitation through soil layers except
for the steep, rock exposed hillside. No surface water bodies occur within this recharge zone
except for the Fly Ash Landfill No. 2 (SWMU 29) settling pond which is directly upgradient
of well 13MW1,

Groundwater discharges into the New River. Water elevations measured from site

wells show a gradual reduction in the water table elevation southward towards and



coincidental with the New River. Groundwater migration from SWMU 13 to areas other
than the New River, less than 100 feet from SWMU 13, is unlikely.

52224 Aquifer Propertics. Both falling-head and rising-head slug tests were conducted
on six of the wells; rising-head tests provided higher conductivity estimated values in five
wells (Table 5-3). Because these wells were screened across the water table, rising head
tests would typically yield a more accurate value. The lowest hydraulic conductivity at
SWMU 13 was calculated for well 13MW2, an upgradient bedrock well. The downgradient
wells were screened across the water table which caused both soil and bedrock to be
screened since only a few feet of saturated soil was present. Most water transmission
probably occurs through the sand and gravel layer overlying bedrock and the slug tests were
most likely measuring this layer, but the weathered and fractured bedrock near the New
River can also transmit great quantities of water. Because the site hydrogeology was very
irregular, using averages of values from the slug tests to estimate hydraulic conductivity was
considered less appropriate than selecting results from a single well which appears
representative of the sand and gravel layer. A more realistic estimate of the hydraulic .
conductivity of the unconsolidated sand and gravel layer is provided from data collected
from monitoring wells 13MW6 and 13MW7. At these locations, the thickness of the
saturated sand and gravel layer is much greater (3 to 7 feet) than the other downgradient
wells. Data from monitoring wells 13MW3, 13MW4, and 13MW5 are more likely
significantly influenced by both the relatively thin sequence of saturated soil and the
underlying, irregularly fractured consolidated bedrock.

Assuming the representative water bearing unit to be the sand and gravel, the
horizontal groundwater flow velocity in the western half of SWMU 13 may be calculated by
knowing the estimated hydraulic conductivity (2.0 x 10° cm/sec), the hydraulic gradient (0.83
percent) as measured from Figure 5-9, and the estimated effective formation porosity (25
percent). The estimated porosity of 25 percent for the sand and gravel layer is based on a
range of porosities common for unconsolidated sand and gravel mixtures (10-25 percent;
Johnson Filtration Systems, Inc., 1986). By using the Darcy Equation and standard equation
of hydraulics(V = ki/n) where V is velocity, K is hydraulic conductivity, i is gradient and n
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Well

13MW1

13MW2

13MW3

13MW4

13MW5

13MW6

13MW7

Foomotes:

Table 5-3
Summary of Hydraulic Conductivity Data
SWMU 13, Waste Propeliant Burning Ground
Radford Army Ammunition Plant, Virginia

Slug Test

Falling—head
Rising—head

Falling—head
Rising—head

Falling--head
Rising—head

Falling—head
Rising—head

Falling—head
Rising--head

Falling—head
Rising--head

Falling-head

Method of calculation was Bouwer and Rice, 1976.

Hydraulic
Conductivity (cm/sec)

44x1074
20x1073

4.7x107%
52x10°3

26x1073
13x1073

7.0x 1075
88x1073

25x10°4
81x10™*

1.1x1073
20x1073

20x10™3



is effective porosity, the estimated horizontal groundwater flow velocity was calculated to
be 6.6 x 10° cm/sec (69 ft/yr). Substituting the measured gradient in the east portion of
SWMU 13 (0.35 percent), the estimated groundwater flow velocity is 2.8 x 10% cm/sec (29
ft/yr) for the sand and gravel layer.

The rising-head hydraulic conductivity calculated (and assumed) for the consolidated
bedrock at SWMU 13 was 2.0 x 10™ cm/sec for 13MW1, and 5.2 x 10° cm/sec for 13MW2.
Measurements of the bedrock hydraulic conductivity will be variable due to irregular water
bearing fractures. Measured values should always be considered only rough approximations.

5.22.2.5 Hydrogeologic Interrelationships. A dilution factor was calculated for groundwater
migrating from SWMU 13 and discharging into the New River in order to assess the
potential impact site contamination may have on the quality of the New River water.
Dilution of incipient groundwater by the New River would be important in decreasing the
concentrations of potential contaminants released to the river.

As shown on Table 54, the dilution factor for each month was estimated using
stream-flow data provided by the U.S. Geological Survey for the New River and the
estimated groundwater velocities presented above, The average linear groundwater velocity
was multiplied by the approximate cross-sectional area (1,600 feet x 4 feet) of the
unconsolidated water table aquifer along the southern edge of SWMU 13 and the effective
aquifer porosity to estimate the total aquifer discharge to the New River. This estimated
aquifer discharge was then divided into the mean flow rate of the New River to provide an
estimated river dilution factor. The mean monthly surface water/groundwater dilution
factors ranged from a minimum of 700,000 (September using the maximum estimated
groundwater velocity) to a maximum of 4,000,000 (March using the minimum estimated
groundwater velocity). The actual month in which groundwater samples 13MW1 through
13MW7 were collected (October 1991) had a reported river flow rate less than half the
mean flow rate reported for the last 52 years and the estimated minimum and maximum
dilution factors were correspondingly much less--300,000 to 800,000 times, respectively.



Table 5—-4
Estimated Dilution Factors for Groundwater
Discharging into the New River
SWMU 13
Radford Army Ammunition Plant, Virginia

New River Dilution Factor

Mean Flow® Min. Vel, Max Vel
Month (ft3fsec) 29 ftjyear® 69 ft/year®
January 4153 3E+06 1E+06
February 5310 4E+06 2E+06
March 5927 4E+06  2E+06
April 5520 4E+06 2E+06
May 4479 3E+06 1E+06
June 3451 2E+06 1E+06
July 2793 2E+06 SE+05
August 2647 2E+06 S8E+05
September 2531 2E+06 TE+05
October 2772 2E-+06 8E+05
November 3059 2E+06 9E+05
December 3655 2E+06 1E+06
Annual Mean 3850 3E+06 1E+06
October 1991¢ 1197 8E+05 3E+05

Foowmotes:
2 Monthly mean at Radford, VA since 1940 (USGS, 1992).

® Mean flow /(1600 ft * 4 ft * 29 ft/year * 25% porosity *
1 year/365 days * 1 day/24 hrs * 1 hr/3600 sec)

¢ Mean flow /(1600 ft * 4 ft * 69 ft/year * 25% porosity *
1 year/365 days * 1 day/24 hrs * 1 hr/3600 sec)

¢ Month of SWMU 13 groundwater samples.
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523 Soil

Site soils at the burning pad area have been extensively reworked, graded, and
eroded since operations at the site began. Original soil types as mapped by the USDA
would not apply for this site. A full discussion with accompanying diagrams on
soil/sediment texture, layer thickness, and depth to groundwater are presented in Section

52.2.1.1. The extent of contamination in the soil zone is presented in Section 5.3.2.

5.2.4 Surface Water and Sediment

The New River is located less than 100 feet south of SWMU 13. The New River at
this point flows west, just before it bends around the Horseshoe Area. SWMU 13 is located
within the 100-year flood plain. The flow of the New River varies widely throughout the day
because of Claytor Lake Dam releasing different amounts of water based on power
requirements and upstream flows. The mean monthly flow rates at Radford, Virginia since
1940 are provided in Table 5-3 (USGS, 1992). The chemical and physical water analyses
of the New River at Radford, Virginia from a 1976 study, summarized in Table 2-5
(USATHAMA, 1976), and from a 1989 study are provided in Appendix H.

The burning ground area is enclosed in the western, southern, and eastern sides by
a berm located topographically downgradient from the burning pads; this berm prevents
surface runoff from flowing to the New River. The burning ground is also separated into
eastern and western sections by an earthen berm that creates separate surface drainage

patterns for each section (Figures 5-3 and 5-4; Topographic Survey, Insert 3).

Surface water runoff in the western half of the burning ground generally flows
southward, collecting in a low area along the downgradient berm near burning pads 7 and
8. During wet periods, ponded water was observed in the vicinity of monitoring well
13MW3, which has been assumed to cause an effect on the groundwater patterns in this
area (see Section 5.2.2.2.1). The earthen berm separating the eastern and western sections
prevents surface water from the western side from flowing toward the runoff settling basin;
this basin is located to the east of the eastern berm of the burning ground. This enclosed

drainage pattern would cause any contaminants present on the surface in the western side
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to be carried by surface runoff to the low areas near the downgradient berm, rather than
eastward to the settling basin,

Surface runoff in the eastern half of the burning ground generally flows southward
for a short distance and then eastward along the sonthern berm. Flow exits the burning pad
area via a 10-inch corrugated steel pipe through the eastern berm and then empties into the
runoff settling basin located at the eastern end of the burning ground. The settling basin,
approximately 30 feet long, 20 feet wide and 4 feet deep, is excavated into the natural grade.
It has no berms and is not lined. It is reportedly cleaned out periodically to check for
unburned propellant that may have spilled from the pans and collected in the pond. Any
unburned propellant is returned to the pans for burning, At the time of groundwater
sampling (October 1991), the basin was dry, likely as a result of basin construction in coarse
soils that allow percolation of water. However, during wet periods, the settling basin fills
with water because runoff collection occurs faster than percolation through the soils. Any
contaminants present on the surface in the eastern half of SWMU 13 would likely be carried
to the settling basin in the surface water as either dissolved constituents or suspended solids.
Prior to construction of the runoff settling basin in approximately 1985, surface runoff from
SWMU 13 discharged directly to the New River via NPDES OQutfall 017,

Because of the constructed berms and runoff settling basin, surface runoff is unlikely
to leave the burning ground area as runoff, but the various areas available for ponding
allows for the infiltration of surface water into the groundwater. Contaminants dissolved
in the surface water may be transmitted to the groundwater, but it is unlikely that
contaminants present as suspended solids are similarly transmitted.

53 NTAMINATION CHARACTERIZATION

53.1 Groundwater

The results of the chemical analyses indicated concentrations of VOCs and explosives
in groundwater downgradient of the burning pads. However, concentrations of only two
VOCs at two locations exceeded HBN criteria and may be a concern at the site. A
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SITE ID
FIELD 1D
S. DATE
DEPTH (ft)
MATRIX
UNITS

TAL Inorganics
ALUMINIUM
ARSENIC
BARIUM
CALCIUM
CHROMIUM
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
POTASSIUM
SODIUM
VANADIUM
ZINC

losives

HMX
RDX

Volaliles

12-DICHI.OROETHANE
1,2-DICHLOROETHENE
12-DICHLOROPROPANE
CARBON DISULFIDE
CARBON TETRACHLORIDE
CHLOROFORM
TRICHLCROETHYLENE

Volatile TICs

2-ETHYHEXANOL

Semivolatiles

Semivoiatile TICs

HEXANEDIOIC ACID, DIOCT YL ESTER

Lh A LA Lh A La Ln

NA

NA

NA

Table 5-5

i
r

Radford Army Ammunition Plant, Virginia

13MWi1
RDWA*13
08~oct—91
230
cGwW
UGL

LT 141
LT 2.54

None Detected

ND

13MW1(a)
RDWAL*13
08—oct—91
230

CGW

UGL

4540
LT 2.54
154
110000

9.57
LT 8.09
6560
271B
34500
114
2330
5170
162
325

3333333 33

3

3

13MW2
RDWA*14
11—oct=91
24.0

CGwW
UGl

LT 141
LT 2.54
863

75100
LT 6.02
LT 8.09
LT 388
LT 1268

30900

3.55

2250

2310
LT 11
LT 211

LT 121
LT 1.17

LT 0.5
LT 0.5
LT 05
1T 0.58

1T 05
LT 0.5

ND

None Detected

98

13MW2(a)
RDWALU*14
11-oct—91
2490

CGW

UGL

2580
LT 2.54
155

92200
17.4
LT 809
2550

LT 126B
40600
445
3410
2450

LT

LT 211

4333533 &3

3

3

Summary of Analytical Data For Groundwater Samples (ollected At SWMU 13

13MW3
RDWA*15
10—oct—91
14,0

CGW
UcL

LT 141
LT 2.54
B22

79100
LT 6.02
iT 8.9
LT 388
LT126B

29500

4.37

2930

7740
LT 11
LT 211

1Mc
283C

LT 05
LT 0.5
LT 0.5
LT 0.5
[ 105)
133

None Detected

208

13MW3(a)
RDWAU*15
10—o0ct—91
14.0

oGwW

UGL

B540
1T 2.54
185
110000
247
14.9
11000
453
50100
207
595¢
7850
262
622

33333338 33

3

3

13MW4
RDWA*16
11-oct—91
19.0

CGW
UGL

LT 141
LT 2.54
63.9
85900
LT 6.02
LT 8.09
LT 388
LT 1268

LT 0.5
LT 0.5
LT 0.5
ITO0S
LT 0.58
0.605
495

78

None Detected

58

NSA
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SITE ID
FIELD ID
S. DATE
DEPTH()
MATRIX
UNITS (#)
Semivolatile TICs
TOTAL UNKNOWNTICs
Other
NITRITE,NITRATE
TOTAL ORGANIC CARBON
TOTAL ORGANIC HALOGENS
pH

POLs
UGL

NA

100
1000

NA

13MW1
RDWA*13
08—oct—91
230

CGW
UGL

Table 55 (Cont'd)

13MW1(a)
RDWAU*13
08—oct—91
230

oGw

UGL

3

5333

13MW2
RDWA*14
11—oct—~91
24.0

oGwW
UGL

( 48

650

3360
1T1
NT

13MW2(a)
RDWAU*14
11—oct-91

3

13MW3
RDWA*1S
10—-oct—91
14.0

CGW
UGL

(330

7000
3530
LT1

13MW3(a)
RDWAU*15
10—0ct—91

3

3333

13MW4
RDWA*16
11—-oct—91
19.0

CGW
UeL

ND

5500

184

HBN
UGL

NSA

16000
NSA
NSA
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SITE ID
FIELD ID
S. DATE
DEPTH (ft)
MATRIX
UNITS (#)

TAL lorganics
ALUMINIUM
ARSENIC
BARTUM
CALCIUM
CHROMIUM
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
POTASSIUM
SODIUM
VANADIUM
ZINC

losives

HMX
RDX

Volatiles

12~DICHL.OROETHANE
1,2-DICHLOROETHENE
1,2-DICHLOROPROPANE
CARBON DISULFIDE .
CARBON TETRACHLORIGE
CHLOROFORM
TRICHLOROETHYLENE

Volatile TICs
2—-ETHYHEXANOL

Semivolatiles

Semiwlatile TICs
HEXANEDIOIC ACID, DIOCT YL ESTER

PQLs
UGL

141
10
20
500
10
60
381
10
500
275
375
500
40
50

1.21
117

LA A b Lh LA LA LA

NA

NA

NA

13MW4(a)
RDWAU*16
11-oct—91
190

CoW

UGL

8760
2.99
141
113000
19
17.7
9740
4.56B
44100
221
5450
24400
23
364

3333333 33

3

3

Table 5—5 (Cont'd)

13MW5
RDWA*17
09—oct—-91
19.0

CGW
UGL

LT 141
LT 2.54
776

26000
LT 6.02
LT 8.09
LT 388
LT 126B

28500

355

1530

11600
LT 11
1T211

281C
LT 1.17

LT 05
LT 05
LT 0.5
1.59
LT 0.58
LT0SB
0.781

ND

None Detected

13MWS(a)
RDWAU*17
09—oct—91
19.0

CGW

UGL

2140
LT 2.54
106
114000
16.7
LT 8.09

521B
36700
55.8
2660
11000
11.9
273

23333438 33

3

I3MWe6 .
RIDWA”*I8
09—oct—91
18.0

CGwW
UGL

LT 141
LT 2.54
51.7

LT 6.02
LT 8.09
LT 388
LT 1268

153

1560

4770
LT 11
LT 21.1

LT 121
LT 1.17

LT 0.5
LT 0.5
LT 0.5
LT 0.5
LT 0.58
LT05B
LT 0.5

ND

None Detected

13MWé(a)
RDWAU*18
09—oct-91
180

CGW

UGL

2610
LT 2.54
86.4
101000
137
16.6
3530
195B
35000

2850

13.7
381

3333333 33

3

I3MW7
RDWA*19
08 —oct—9
19.0

CGW
UGL

LT 141
LT 2.54
153

LT 602

LT 8.09

LT 388

LT126B
29700
652

6470
LT11
LT 211

T07C
iriar

LT 0S5
0.699
LT 05
LT 05
LT 0.58
LT 0SB
{ 105]

None Detected

13MW7D
RDWA*20
03—oct—91
19.0

CGW
UGL,

141
LT 2.54
53.1

31400
LT 6.02
LT 8.09

214

25

10100

202

1440

2560
LT 11

102

6.62 C
LT 1.17

LT 0.5
0.786
LT 05
LT 05
LT 0.58
LTO0SB
{ 105]

ND

None Detected

ND
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SITE 1D
FIEL} ID
S. DATE
DEPTH((fv)
MATRIX
UNITS (#)
Semiwlatile TiCs
TOTAL UNKNOWNTICs
Other
NITRITENITRATE
TOTAL ORGANIC CARBON
TOTAL ORGANIC HALOGENS
pH

PQLs
UGL

NA

100

NA

13MW4(a)
RDWAU*16
11-oct=91
19.0

CGwW

UGL

3

2335

Table 5—-5 (Cont'd}

13MWS5
RDWA*17
09—oc1-91
19.0

CGW
UGL

(18

5500

12

13MW5(a)
RDWAU*17
09—oct—91
190

COW

UGL

A

CEEE

13MW6 .
RDWA*18
09-oct-91
18.0

CGW
uGL

(19

379
LT1

13MW6(a)
RDWAU*18
09-oct—91
180

CGW

UGL

3

2333

13MW7
RDWA*19
08—0ct—91
190

CGW
UGL

( )19

2970

I3MW7D
RDWA*20
08—act—91
19.0

oGwW
UGL

(2p

LT 1000
883
70K

HBN
UGL

NSA

10000

NSA
NSA
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SITE ID
FIELD ID
S. DATE
DEPTH (ft)
MATRIX
UNITS (#)

TAL Inorganics
ALUMINIUM
ARSENIC
BARIUM
CALCIUM
CHROMIUM
COFPER
IRON

LEAD
MAGNESIUM
MANGANESE
POTASSIUM
SODIUM
VANADIUM
ZINC

losives
HMX
RDX

Volatiles

12-DICHLOROETHANE
12-DICHLOROETHENE
1,2- DICHLOROPROPANE
CARBON DISULFIDE
CARBON TETRACHLORIDE
CHLOROFORM
TRICHLOROETH YLENE

Volatile TICs
2—ETHYHEXANOGL

Semivolatiles

Semiwlatile TICs
HEXANEDIOIC ACID, DIOCT YL ESTER

PQLs
UGL

141

20
500
10

381
10
300
275
375
500

50

121
117

ALy Ly A LA LA LA

NA

NA

NA

13MW7(a)
RDWALM19
08 —oct-91
19.0

CGwW

bGL

7090
LT 2.54
203
96400
163
13.2
14208
42.4
37200
1080
5070
6240
272
170

43333335 33

3

3

Table 5-5 {Cont’d}

I3MWT7D(a)
RDWAILP20
08-oct—91
19.0

CGW

UGL

5600
LT 2.54
192
96400
13.6
10.5
11600
325
35800
957
4430
6190
258
141

43353333 33

3

3

HBN

UGL

101500

1000
NSA

1295
NSA
50

NSA
NSA

245
7000

1750
318

N3A

NSA

NSA
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Table 5—5 (Cont’d)

SITE ID 13MW7(a) 13MWTD(a)
FIELD ID RDWAU*19  RDWAU*20
S. DATE 08—0ct—91 08—oct—91
DEPTH (f0) 19.0 19.0
MATRIX PQLs CGW CGW HBN

UNITS (#) UGL UGL UGL UGL
Semiwlatite TICs
TOTAL UNKNOWNTICs NA NT NT NSA
Other
NITRITE,NITRATE 100 NT NT 10000
TOTAL ORGANIC CARBON 1000 NI NT NSA
TOTAL ORGANIC HALOGENS 1 NT NT NSA
pH NA NT NT NSA
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Table 5—5 (Cont'd) |

Footnotes :

{a) = Sample was analyzed for unfiltered TAL inorganics only.
B = Analyte was detected in corresponding method blank; values are flagged it the sample concentration is less than 10 times the method blank
cneentration for common laboraiory constituents and 5 times for all other constimen 12,
C = Indicates that analysis was confirmed using asecond column.
CGW = Chemical groundwater., '
HBN = Health based number as defied in the RCRA permit. HBNs not specified in th e permit were derived using standard exposure and intake
asumptions consistent with EPA guidelines ( 51 Federal Register 33992, 34006, 34014, and 34028).
K = Indicstes holding time for extraction and preparation was not met, but dataquality is not believed to be affected.
LT = Concentration is reporied as less than the certified reporting limit.
NA = Not available; POLs are not svailable for TICs detected in the litrary scans.
NI = Analyte was not detected.
NSA = No standard (HBN) available; health effects dala were not available for the calculation of a HBN. HBNs were not derived for T1Cs.
NT = Not tested; parameters werenot lested (included)in the sample malyses.
PQL = Practical quantitation limit; the lowest concentration that can be reliablydetected at adefined level of precision for a given analytical method.
S = Results are based on an intemal standard; Aag isused for TICsdetected in library scans.
TAL =Target Analyte List.
TCLP = Toxicity Characteristic Leaching Procedures.
TICs = Tentatively identified compounds that were detected in the GC/MS library scans.
UGL = Micrograms per liter.
{ ) = Parenthesis are used o indicate ihe number of unknown TICs that were detected in either the wlatile or semivolatile GC/MS library scans. The
number beside the paren thesis is the total concentration of all TICs detected in each respective scan.
[ } = Brackess indicate that the detected concentration exceeds the HBN.



summary of the groundwater analytical results is presented in Table 5-5. The results of the
filtered and unfiltered samples for metals are also shown in Table 5-5.

A total of 14 metals were detected in one or more of the groundwater samples
collected from the two upgradient and five downgradient wells of the burning pads. A
duplicate sample was also collected from well 13MW?7. None of the detected values
exceeded the HBN criteria. As expected, concentrations of several metals were greatest in
the unfiltered samples. Several metals (e.g., aluminum, arsenic, chromium, copper, iron,
lead, vanadium and zinc) were detected in the unfiltered samples only. These
concentrations likely reflect metals adsorbed on sediment or the colloidal fraction of the
samples and may not indicate the dissolved concentrations of these constituents. However,
the unfiltered concentrations are useful because clays or colloidal materials may be
transported via groundwater through solution cavities and fractures typical of limestone

formations or coarse sand and gravel layers.

The soil data (presented in Section 5.3.2) indicate that lead, mercury, and zinc were
detected in samples at concentrations elevated above background. Lead was detected in
samples from two downgradient wells (13MW3 and 13MW7) and was reported at
concentrations significantly above concentrations in upgradient wells (background). The
maximum detected lead value was 45.3 ug/L in the unfiltered sample from 13MW3. All
lead detections were below the HBN criterion, however. Although mercury was detected
in some of the surface soil samples, it does not appear to have migrated sufficiently to
groundwater, as mercury was not detected in any of the filtered or unfiltered groundwater
samples. Zinc was present in the unfiltered groundwater samples from all wells except
13MW2. The only value that appears to be elevated above background levels detected in
13MW!1 is the concentration of 170 ug/L. in the sample from 13MW?7. However, this value
is substantially less than the HBN of 7,000 ug/L and is therefore not considered a concern.

Two explosives - HMX and RDX - were detected in each downgradient well except
for 13MW6 but are not considered a concern. Since the concentrations were low (less than
7 ug/L) and did not exceed the HBNs. RDX was detected only in well 13MW3 at a
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concentration of 2.82 ug/L. HMX was detected in three of the four downgradient wells with
the maximum concentration (7.07 ug/L) detected in well 13MW7. The detection of
explosives in well 13MW7 is most likely due to the migration of contaminants from the
settling pond sediments.

Seven VOCs were detected in a total of five groundwater samples, Carbon disulfide
(CS2), 1,2-dichloroethane (12DCLE), and 1,2-dichloropropane (12DCLP) were detected in
the upgradient well 13MW1, CS2 was the only one of these three constituents that was
detected in both upgradient and downgradient samples. Carbon tetrachloride (CCL4),
chloroform, 1,2-dichloroethene and trichloroethene (TRCLE) were detected in downgradient
samples only. The concentrations of the VOCs detected in the groundwater samples were
low, generally less than 10 ug/L. Only CCL4 in 13MW3 and TRCLE in 13MW?7 exceeded
the HBN criteria and may be a concern. The distribution of TRCLE was more widespread
as it was detected in all downgradient samples except 13MW6. However, CCL4 was
detected in one sample only. Chloroform was detected in laboratory method blank samples
and concentrations reported for environmental samples are considered to be analytical
artifacts not attributable to site conditions. Except for TICs, no semivolatile constituents
were detected in the groundwater samples. The maximum total concentration of TICs was
19 ug/L detected in the original sample from monitoring well 13MW7.

The occurrence of the two non-naturally occurring VOCs in the upgradient wells
suggest two potential sources. Several SWMUs, some of which are landfills, are located
topographically upgradient of the burning ground. The presence of contaminants in the
upgradient wells may be attributable to the migration of contaminants from these upgradient
SWMUs, which are the subject of separate RFI and VI studies. However, activities at the
burning ground also may be contributing to the volatile groundwater contamination. Both
VOCs detected are commonly found in pesticide /herbicide formulations. Since the wells
are completed in a maintained grassy area, the application of lawn chemicals may be a more
likely source for these groundwater contaminants. Their lack of detection in the
downgradient wells or in any SWMU 13 soil sample would likely eliminate burning ground
operations as the source. The surface water and sediment samples collected for the VI of
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the SWMU 29 settling pond upgradient of well 13MW1 did not show detectable
concentrations of 1,2-dichloroethane or 1,2-dichloropropane. This supports the possibility
that on-site lawn chemicals may be responsible for these two VOCs rather than upgradient
sources.

As indicated in Table 5-2, nitrogen (as nitrate and nitrite) was analyzed to establish
the general groundwater quality in the vicinity of SWMU 13, Except for the concentration
in 13MW6, downgradient levels of nitrogen (as nitrate and nitrite) were an order of
magnitude higher than the concentrations detected in the two upgradient wells. Nitrogen
concentrations in the western monitoring wells were higher than the concentration in the
wells located in the eastern section of the burning ground. A maximum vatue of 7,180 ug/L
was detected in well 13MW3. All nitrogen concentrations (as nitrate and nitrite) were

below the HBN criterion of 10,000 ug/L and are not considered a concern.

As discussed previously, SWMU 13 was the subject of a VDWM directed
investigation. As part of this study, upgradient versus downgradient statistical comparisons
of indicator parameters from groundwater samples were performed. TOX, TOC, pH, and
specific conductance were analyzed as indicators of groundwater contamination.
Measurements from the five downgradient wells were compared with upgradient
measurements from wells 13MW1 and 13MW2 to determine if there has been a statistically
significant increase in downgradient levels. These parameters were used to assess the
impact of actiyitie_s at SWMU 13 on overall groundwater quality.

The statistical comparison was performed using the Student’s T-Test at the 0.01 level
of significance. A one-tailed test was used for all parameters except pH, since the concern
was for significant increases over background; a two-tailed test was used for pH since both
significant increases and decreases were of concern.

Cochran’s Approximation to the Behrens-Fisher Student’s T-Test, as described in
Appendix 10.4 of the Virginia Hazardous Waste Management Regulations (VHMR), was
used for the statistical calculations (VDWM, 1988). This method involves the calculation
of the background (upgradient) and downgradient monitoring well means and variances for
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each parameter measured. These parameters are used to calculate a t-statistic (t*) and a
comparison t-statistic (t). If t* is equal to or larger than t, then it can be concluded that
there has been a statistically significant increase in the monitoring parameter concentration
over background. The opposite conclusion is reached if t* is less than t.. If the t* value is
negative (except for pH) then there is most likely no significant difference in the monitoring
data and the background data. This comparison of t* and t, was performed for each

indicator parameter.

For subsequent analysis of monitoring wells, such as in quarterly sampling, the
statistical analysis should be performed not only on the background and the downgradient
monitoring wells, but each set of quarterly data should be compared with earlier
measurements (i.e., baseline data) from the same well to determine if there have been

statistically significant changes in groundwater quality at each monitoring point.

As indicated in Table 5-6, the t* values for the four indicator parameters are less
than the t, values, The statistical data suggest that there is no significant difference in
downgradient and upgradient groundwater quality. Downgradient concentrations for TOC
and TOX were less than the maximum upgradient concentration; TOX values exhibited the
greatest degree of variability ranging from less than 1 ug/L (the detection limit) to 450
ug/L.

Data for quality control samples are presented in Section 4.0. An evaluation of the
data indicate that no significant contaminant concentrations were detected concerning
SWMU 13. The data support the sample decontamination and cleaning activities performed
and indicate that there was no sample cross-contamination during shipping,

A summary of the duplicate groundwater and soil data is presented in Tables 4-8 and
4-9, respectively. Data are included for the duplicates of the unfiltered groundwater samples
from well 13MW?7 and for soil samples 13SB2 and 135SS1. The duplicates were collected to -
evaluate laboratory analytical precision. To evaluate the sample and the duplicate results,
the relative percent difference (RPD) was calculated. Except for TOX and TOC, the
RPD value for the groundwater data ranged from 0 to 24, which indicates an acceptable
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TABLE 5-8
CALCULATION OF STUDENT'S T-TEST

Upgradient Groundwater
Measurements

Compound[1]  _Units 13MW1 13MW2 n{b) x(b) £2{b)
TOC uglL 5030 3360 2 4195.00 1394450.00
TOX ug/L 447 1 LT[2] 2 224.00 99458.00
Specific

Conductance umhos/cm 640 600 2 620.00 800.00
pH - 6.16 7.02 2 6.50 0.37

Downgradient Groundwater Measurements .

Compound Units 13MW4 13MWS 13MWE 13MW7 n(s) x(s) 82(s)
TOC ug/L 4480 4030 3790 2970 5 3760.00 317300.00
TOX uglL 184 12 1LT 366 5 112.80 26084.70
Specific

Conductance  umhos/cm 780 780 560 620 5 668.00 10920.00
pH - 6.9 6.71 6.52 655 - 5 8.75 0.05

(11 TOC = Total Organic Carbon

TOX = Total Organic Halogens
[2] LT = Less than the detection limit.
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TABLE 5-6 (Cont'd)

CALCULATED t VALUES :
.
Analyte t* tc) > t(c) ?
TOC -0.50 29.95 NO
TOX -0.47 29.69 NO
Specific
Conductance 0.94 12.84 NO

pH 0.35 60.89 NO

EQUATIONS :

= x{s} —x(b)
(s2(s)nfs) + s2(b)/n(b)) ~0.5
Where

t{c) =

t* = the calculated value of the t—statistic to be compared
fo t(c}), the comparison t—statistic.
n{d) = number of background measurements
x{) = background mean
82(b) = background variance
nuriber of monitoring well area measurements

B e

Wh)*“tb) + W(s)*t(s)
W) + W(s)

Where :

t{b) = t—value from standard t—table with [n{b) - 1] degrees of freedom,
at the 0.01 level of significance.
t(b) = 31.821 for TOC, TOX, and specific conductance
t(b) = 63.657 for pH _
t(s} = t—value from standard t—table with [n{s)—1] degrees of freedom,
at the 0.01 level of significance.
t(s) = 3.747 for TOC, TOX, and specific conductance
t(s) = 4.604 for pH
Wh) = s2(})/nfb)
Wis) = s2(s)in(s)



range of analytical precision. The laboratory’s ability to replicate TOX and TOC values was
not as precise. The RPD for TOX was 123 and TOC was detected at 2,970 ug/L in the
original sample, but below the detection limit of 1,000 ug/L in the duplicate. For the two
soil duplicates, the majority of the RPD values were less than 25. Some were within the
range of 30 to 80 RPD. Higher RPD values for soils can be expected due to variability
associated with the heterogeneous nature of the soil matrix, potential matrix effects, and
increased analytical variability associated with the quantitation of analytical values near the
detection limit. 'The results of the duplicate analyses are acceptable and are not considered
to compromise the analytical quality and intended use of the data.

5.3.2 Soil and Settling Pond Sediment

Three types of soil samples were collected for the SWMU 13 RFL. Background soil
samples were to be collected from six borings conducted around the burning ground, but the
two borings south of the burning pads (135B4 and 13SBS5) could not be located outside of
the potentially affected area and can be considered as source area samples. Eight pairs of
borings were performed in the burning pad areas to expand the evaluation presented in the
1987 USAEHA investigation. Four surface soil samples were collected along the southern
drainage ditch to evaluate the potential contamination due to pad soil erosion. Similarly,
two sediment samples were collected from the settling pond to evaluate the soil eroded from
the eastern pad area and transported to the pond via runoff.

Four sediment samples were collected from the New River to the south and off-site
for evaluation of potential impact from groundwater contamination migration from SWMU
13. The results of this sampling program are addressed separately,

The results of the chemical analyses of the soil and sediment samples are presented
in Table 5-7. The results of the chemical analyses indicated that 21 metal constituents were
detected in the discrete and composite soil and sediment samples collected from SWMU 13.
With the exception of mercury and thallium, all metals were detected in the two background
(northern) soil boring samples. Additionally, the majority of the metals were detected at
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13 20

TAL Inorganics
ALUMINIUM
ARSENIC
BARIUM
BERYLLIUM
CADMIUM
CAILCIUM
CHROMIUM
COBALT
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
MERCURY
NICKEL
POTASSIUM
SILVER
SODIUM
THALLITUM
VANADIUM
ZINC

Explosives
135TNB
13DNB
246TNT
ZADNT
26DNT
HMX

Volatiles

SITE ID
FIELD ID
8. DATE
DEPTH (ft)
MATRIX
UNITS (#)

L11-TRICHLOROETHANE

ACETONE
TOLUENE

TRICHLOROETHYLENE

TRICHLOROFLUOROMETHANE

Volatile TICs
2-PROPANOL

0275
0.1

375
150

0.775
30.2

0.488
0.49%6
0436
0.424
0.524
0.666

0.005
0.1

0.005
0.005
0.005

NA

Summary of Analytical Data For Soil Samples Collectad At SWMLJ 13

Table 5~7

Radford Army Ammunition Plant, Virginia i

138B1
RFIS*1
20~aug—91
05

Cs0

UGG

14000
[ 12B]
228

[ 3.02]
LT 0.7

129

LT 0.488
LT 0.496
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 0.017
LT 0.00
LT 0.003
LT 0.006

135B1
RFIS*2
20—-ag-91
50

Cso

UGG

12000
[ 0.72B}
195

[ 26]

LT 0.7
1970
254

[ 145)
12.4
22900
16.8

LT 0.488
LT 0.496
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 0.003
LT 0.006

135B1
RFIS*3
20—mg-91
10.0

CS0

UGG

19100
[ 11B]
246

[ 3.77)

LT 0.7
2700
345

[ 186]
1.7
30300
204
5470
939

LT 0.05
23.4
1690
121
305B

LT 6.62
513
108

LT 0.488
LT 0.496
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 6.003
LT 0.006

ND

138B2D
RFIS*19
26—ag—91
05

CsO

UGG

12900
[ 19B]
185

[ 201]

LT 0.7
2850
259

[ 11.9]
15.4

LT 0.488
LT 0.496
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 0.003
LT 0.006

ND

13582
RFIS*4
26—mg—91

CsS0
UGG

12500
[ 14B)
177
{ L75]
115
2730
259
[ 11.6]
113

65.7

749
LT 0.05
15.%
1670
0.704

297B
LT 6.62
23

LT 0488
LT 0.496
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 0.003
LT 0.006

13582
RFIS*S
26—mg~91
50

S0

UGG

11400
{ 0.966B]

[ 1.68]
LT 0.7

26
[ 112]

17900
LT 105

517
LT 0.05
14.3

1210 B

298
LT 6.62

31

70.1

LT 0.438
LT 0.4%
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 0.003
0.006

ND

13582
RFIS*6
26—ag-91
10,0

UGG

16600
[ 126B]
151
[ 181]
LT 0.7
2150
29.7
[ 165]
124
25000
178

LT 0.05
19.3
1580
1.05
289B

LT 6.62
432
B6.9

LT 0.488
LT 0.496
LT 0.456
LT 0424
LT 0524
LT 0.666

0.005
LT 0.017
LT 0.001
LT 0.003
LT 0.006

ND

HBN
ugG
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SITE 1D
FIELD ID
S. DATE
DEPTH (f1)
MATRIX
UNITS (#)

Volatile TICs
TRICHLOROTRIFLUDROETHANE

TOTAL UNKNOWNTICs

Semjvolatiles

24DNT
26DNT

BIS2-ETHYLHEXYL) PHTHALATE
DI-N-BUTYL PHTHALATE
DIETHYL PHTHALATE
N—NITROSODIPHENYLAMINE

Semiwlatile TICs

2-ETHYLHEXANOIC ACID
HEXANEDIOIC ACID, DIOCT'YL ESTER
PHOSPHORIC ACID, TRIPHENYL ESTER

TOTAL UNKNOWNTICs

TCLP Metals (L]

BARIUM
CADMIM
CHROMIUM
LEAD
MERCURY

TCLP Organics (UGL})
CHLOROFORM

TCLP Organic TICs {UGL)

BIS2-ETHYLHEXYL) PHTHALATE
TRINITROTOLUENE ISOMER

TOTAL UNKNOWNTICs

PQLs

UGG

NA

NA

NA

NA

135B1
RF15*1
20—ag—91

CSo
UGG

5 &

LT 0.14
LT 0.085
LT ¢.62
LT 9.061
LT 024
LT 0.1%

3

A 33

Table 5—7 (Cont’d)

135B1
RFIS*2
20-a1g—91
5.0

cso

UGG

ND

ND

3

33

3

13SB1
RFIS*3
20—aug -9
10.0

Cso

UGG

33333 3

A

A3

138820

RFIS*19
26—mg—91
05

UGG

GO0BS

ND

LT 0.14
LT 0.085
LT 0.62
LT 0.061
LT 024
LT 0.19

CEE

(11)173

33333

3

3

138B2
RFIS*4
26-aug—91
0.5

UGG

E:

K

13582
RFIS*5
26—aug—91
5.0

UGG

0007 8

ND

LT 0.14
LT 0.085
LT 0.62
LT 0.061
LT 0.24
LT 0.19

CEE

3

3

33

135B2
RFIS*6
26—mg—91
10.0

UGG

0.006 §

5 %3333 3

43

HBN
UGG

NSA

NSA

1.03
50
1000
1000
100

NSA
NSA

NSA

100000
1000
5000

200

NSA

NSA
NSA

NSA
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TAL Inotganics
ALUMINIUM
ARSEBNIC
BARIUM
BERYLLIUM
CADMIUM
CALCIUM
CHROMIUM
COBALT
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
MERCURY
NICKEL
POTASSIUM
SILVER
SODIUM
THALLIUM
VANADIUM
ZINC

losives
135TNB
13DNB
246TNT
Z4DNT
26DNT
HMX

Volatiles

SITE ID
FIELD ID
S. DATE
DEPTH (ft)
MATRIX
UNITS (#)

1,1,1-TRICHLOROETHANE

ACETONE
TOLUENE

TRICHLOROETHYLENE

TRICHLOROFLUOROMETHANE

Volatile TICs
2—PROPANOL

PQLs
UGG

0275
0.1

375
4
150

0.775
302

0.488
0.496
0.456
0.424
0524
0.666

0.005
0.005

0.005
0.005

NA

13583
RFIS*7
26—-mg—9%1
05

Cso

UGG

LT 0.488
LT 049
LT .456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 0.003
LT 0.006

ND

Table 5—7 (Cont'd)

135B3
RFIS*R
26—ag-91
5.0

CsO

UGG

LT 0.488
LT 0.496
LT 0456
LT 0424
LT 0.524
LT 0.666

LT 0.004
LT 0,017
LT 0001
LT 0.003
LT 0.006

135B3
RFIS*9
26—mg—91
100

C80

UGG

7910
0.391B
74.8

[ 111]

LT 0.7
1540
162

{ 7.01}
498 B
11500 B

LT 105
2470

LT 0.488
LT 0.4%6
LT 0.456
LT 0.424
LT 0524
LT 9.666

LT 0.004
LT 0.017
LT 0.001
LT 0.003
LT 0.006

13SB4
RFIS*10
28—mg—91
0.5

Cs0

UGG

3280 B

[ 0.961 B]
437

LT 0.5

LT 0.7
16200
8.51

[ 2.64]

6570 B
[ 367}
3570
161 B
LT 0.05
3.98
T07B
LT 0.589
27 B
LT 6.62
113
25

LT ¢.488
LT 0.496
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004B
LT 0.017B
LT ¢.001
LT 0.003
LT 0006 B

13584
RFIS*11
28-ag-91
50

Cs0

UGG

8120

[ 0535B]
98.7

[ 131]

LT 0.7
1830
18.1

[ 801)
7.9
13100
137
2730
360

LT 0.05
111
978 B
0.686
333B

LT 6.62
214
595

© LT 0488

LT 0.49%
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.04 B
LT 0.017B
LT 0.001
LT 0.003
LT 0.006 B

13SB4
RFis*12
28—ang-91
10.0

CsO

UGG

14100

[ 0.92B]
175

[ 211]

LT 0.7
2930
30

[ 131]
122
20300
17.9
3950
690

LT 0.05
183
1150 B
0.957
32B

LT 6.62
344
913

LT 0.488
LT 0.496
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004 B
LT 00178
LT 0.001
LT 0.003
LT 0.006 B

135B5
RFIS*13
22-mg=-91
0.5

Cso

UGG

LT (.488
LT 0.4%
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 0.017
LT ¢.001
LT 0.003
LT 0.006 B

HBN
UGG

230000
0.5

01

. NSA

08

NSA

NsA

1000

NSA

NSA

560
16000

40

1,03
4000

1000
1000
1000

1000

NSA
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SITE ID
FIELD ID
S. DATE
DEPTH (ft)
MATRIX
UNITS (#)

Volatile TICs
TRICHLOROTRIFLUORQOETHANE

TOTAL UNKNOWNTICs

Semivolatiles

24DNT

26DNT

BIS(2—-ETHYLHEXYL) PHTHALATE
DI-N-BUTYL PHTHALATRE
DIETHYL PHTHALATE
N-NITROSODIPHENYLAMINE

Semiwlatile TICs

2—ETHYLHEXANOIC ACID
HEXANEDIOIC ACID, DIOCT YL ESTER
PHOSPHORIC ACID, TRIPHENYL ESTER.

TOTAL UNKNOWNTICs

TCLFP Metals (UGL)
BARIUM
CADMIUM
CHROMIUM
LEAD

MERCURY

TCLP Organics (UGL)
CHLOROFORM

TCLP Organic TICs (UGL)

BIS(2—-ETHYLHEXYL) PHTHALATE
TRINITROTOLUENE ISOMER

TOTAL UNKNGWNTICs

PQLs

UGG

NA

NA

03
03
03
03
03
93

NA
NA

NA

NA

NA
NA

NA

13583
RFI5*7
26—mg—91
Cs0

UGG

ND

LTo7
LT 0425
LT 31
LT 0.305
1T12
LT 0.95

§83

3 33333 3B

CES

3

Table 5—7 (Cont’d)

13583
RFIS*8
26—aug—91
50

Cs0

UGG

ND

( 1)0.009

LT 0.14
LT 0.085
LT 0.62
LT 0.061
LT 024
LT .19

ND

8

3 33333 3

A3

13583
RFIS*9
26—mypy—91
10.0

CsSO

UGG

ND

ND

LT 0.14
LT 0.085
8.67
LT 0.061
LT 024
LT 0.19

0.563 8

g 8

4 33333

35

3

135B4 !
RFIS*10
28—ang-91
05

Cs0

UGG

ND

[ 1.76]

LT 0.425

LT 3.1
11.7
473
129

3

=K

135B4
RFIS*12
2B=aug—91
100

Cso

UGG

ND

LTo0.14
LT 0.085
LT 0.62
LT 0.061
LT 0.24
LT 0.19

CEE

3 33333 3

& 33

135B5
RFIS*13
22—mp—91
03

Cs0

UGG

ND

LT 0.14
LT 0.085
LT 0.62
0.337
LT 0.24
LT 0.1%

3

A3

HBN
UGG

NSA

NSA

100000
1000
5000

NSA

NSA

NSA
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TAL lnorganicy
ALUMINIUM
ARSENIC
BARIUM
BERYLLIUM
CADMIUM
CALCIUM
CHROMIUM
COBALT
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
MERCURY
NICKEL
POTASSIUM
SILVER
SODIUM
THALLIUM
VANADIUM
ZINC

losives
135TNB
13DNB
246TNT
24DNT
26DNT
HMX

Volatiles

SITE ID
FIELD ID
S. DATE
DEPTH (ft)
MATRIX
UNITS (#)

1,1,1-TRICHLOROETHANE

ACETONE
TOLUENE

TRICHLOROETHYLENE

TRICHLOROFLUOROMETHANE

Volatile TICs
2—PROPANOL

POLs
UGG

0275
0.1

3
375
150

0.775
302

0.488
0.496
0.456
0.424
0.524
0.666

0.005
0.005

0.005
0.005

NA

138B5
RFIS*14
2-mpg—91

Cs0
UGG

B270
LTo25B

[ 135]

LT 0.7
1480
176

[ 811]
589B
12200 B

LT 10.5

LT 0.05
112
1390 B
0.685
273B

LT 6.62

02

LT 0.488
LT 0.4%
LT 0456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 0.003
LT 0.006 B

Table 5—7 (Cont'd)

135B5
RFIS*15
22—mig-91
100

CS0

UGG

16400
LT 05B
188
{ 2.46]
LT 0.7
3330
328
[ 147]
122
21900
173
4370
586
LT 0.05
212
1450
12
381 B
LT 6.62
389
97.8

LT 0.488
LT 04%
LT 0456
LT 0424
LT 0.524

0.945C

LT 0.004
LT 0.017
LT 0.001
LT 0.003
LT 4006 B

ND

§333333333333335333337

CEEEEE]

33333

3

i
138B6 i
RFIS*16
21—ag-91
0.5
Cs0
UGG

10100

[ 111B]
128

[ 1.4}

LT 0.7
2520
21.7

[ 9.01]
111
17800
108
2800
643

LT 0.05
122
1480
0.764
261 B

LT 6.62
271
213

LT 0.488
LT 0.4%
29C
0.761C
LT 0.524
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 0.003
LT 0.066

138B6
RFi5*17

21 —mg-91
5.0

Cso

UGG

8080
[ 0562B]

LT 0.488
LT 0.496
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 0.003
LT 0.006 B

ND

135B6
RFIS*18
21-ag—91
10.0

S0

UGG

10800

[ 0.507B)
133

{ 151]

LT 0.7
2370
222

[ 106]
8.41
16200

LT 10.5
3320
468

LT 0.05
145
1290 B

LT 0.488
LT 0496
LT 0.456
LT ¢.424
LT 0.524
LT 0.666

0.005
LT 0017
LT 0.001
LT 0.003
LT 0.006

ND

138Ci
RF1s*21
20-—-mg—91
0.5

Cso

UGG

8420

[ 0.509B)
118

[ 135]

LT 07
1750
19

[ 892)
6.83B
14200

LT 10.5
2820
514

LT 0.05
11.9
1080 B
0.67
629 B

LT 6.62
27
676

LT 0.488
LT 0-4%
LT 0.456
LT 0.424
LT 0.524

0.744C

LT 0.004
LT 9.017
LT 9.001
LT 0.003
LT 0.006 B

HBN
UGG

230000
0.5
1000

— @D 4
g5 %
L]
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SITE ID
FIELD ID
S. DATE
DEPTH (ft)
MATRIX
UNITS (#)

Volatile TICs
TRICHLOROTRIFLUOROETHANE

TOTAL UNKNOWNTICs

Semiwiatiles

24DNT

26DNT

BIS(Z-ETHYLHEXYL) PHTHALATE
DI-N-BUTYL PHTHAILATE
DIETHYL PHTHALATE
N-NITROSODIPHENYLAMINE

Semivolatile TICs

2—ETHYLHEXANOIC ACID
HEXANEDIOIC ACID, DIOCTYL ESTER
PHOSPFHORIC ACID, TRIPHENYL ESTER

TOTAL UNKNOWNTICs

TCLP Metals (UGL)

BARIUM
CADMIUM
CHROMIUM
LEAD
MERCURY

TCLP Organics {UGL)
CHLOROFORM

TCLP Organic TICs (UGL)

BIS(2-ETHYLHEXYL) PHTHALATE
TRINITROTOLUENE ISOMER

TOTAL UNKNOWNTICs

PQOLs
UGG

NA

NA

NA
NA
NA

NA

NA

NA
NA

NA

135B5
RFIS*14
22—ag—91
Cso
UGG

3

35

Table 5—7 (Cont'd)

135B5
RFIS*15
22—ag—91
100

Cs0

UGG

ND

LT 0.14
LT 0.085
LT 0.62
LT 0.061
LT 0.24
LT 0.19

&83

3 33333

33

3

135B6
VFSL*101
09—mar—92
0.5

CS0

UGG

3

3

6.523

1008

( 120

138B6
RFIS*16

21-ag—91.

0.5
Cs0
UGG

( 2)0.021

0.943
0.747
LT 0.62
0.194
LT 0.24
0.64

3

33

13SB6
RFIS*17
21-aug—91
50

CsSO

UGag

ND

ND

LT 0.14
LT 0.085
LT 0.62
LT 0.061
LT 024
LT 0.19

ND
ND

8

Z 33333 3

=K

138B6
RFI5S*18
21-—-mg—91
10.0

CS0

UGG

ND

( 2)0.034

LT 0.14
LT 0.085
7.45
LT 0.061
LT 024
LT 0.19

ND
ND
ND

& B33333F3 3

23

138C1
RFIS*21
20—a1g—91
0.5

Cso

UGG

ND

LT 014
LT 0.085
LT 0.62
LT 0.061
LT 0.24
LT 0.19

ND

{ 1)0.347

275

132
LT 18.6
LT 0.242

33

3

HBN

NSA
NSA
NsA

NSA

NSA

NSA
NSA

NSA
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TAL Inorganics
ALUMINIUM
ARSENIC
BARIUM
BERYLLIUM
CADMNIM
CALCIUM
CHROMIUM
COBALT
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
MERCURY
NICKEL
POTASSIUM
SILVER
SODIUM
THAILLIUM
VANADIUM
ZINC

Explosives
135TNB
13DNB
246TNT
Z4DNT
Z6DNT
HMX

Volatiles

SITE ID
FIELD ID
S. DATE
DEPTH (ft)
MATRIX
UNITS (#)

1,1,1-TRICHLOROETHANE

ACFTONE
TOLUENE

TRICHLOROETHYLENE

TRICHLOROFLUGROMETHANE

Volatile TICs
2—-PROPANOL

PQLs
UGG

0275
0.1

37.5
150

0.775
302

0.488
0.496
0.456
0.424
0.524
0.666

0.005
0.005

0.005
0.005

NA

135C1
RF15*2
20—ag—-91
5.0

CS0

UGG

LT 0.488
LT 0.496
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 0.003
LT 0.006

Table 57 (Cont’d)

1358C1
RFIS*23
20—ag—91
10,0

cso

UGG

10400
0.403 B
128

[ 1.61]

LT 0.7
2050
237

[ 104]
828
16200

LT 10.5
3290
511

LT 0.05
14.1
1070B
0.829
4708

LT 6.62
27
735

LT 0.488
LT 0.49%6
LT 0.456
LT 0.424
LT 0.524
LT 0.666

0.005

LT 0.001
LT 0.003
LT 0.006

135C2
RFIS*24
2] -mg—91

8960
| 0.623B]

[ 149)
LT 0.7

205
{ 927)
922

15400
55.6

518
LT 0.05
12.7
1610
0.858
2878
LT 6.62
247
94.7

LT 0.488
LT 0.4%6
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 0.003
LT 0.006

ND

|

138C2 I
RF15*25
21-aug—91
30

Cso

UGG

10300

[ 0569B]
135

{ 1.34]

LT 0.7
2040
2

[ 102]
127
16300

LT 10.5
3420
513

LT 0.05
149
11708
0.842
374B

LT 6.62
272
735

LT 0.488
LT 0496
LT 0456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 0.003
LT 0.006

13sC2
RFIS*26
21—ag-91
10.0

Cs0

UGG

11000

[ 0.826B]
175

[ 1.88}

LT 0.7
2180
272

[ 124}
129
19600

LT 10.5
3680
672

LT 0.05

LT 0.488
LT 0.496
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 0.003
LT 0.006 B

138C3
VFSL*103
09—mar—92

gﬁ

UGG

A33333553535335833335333

355333

33333

3

135C3
RFIS*Z7
21—ag-91
0.5

CsO

UGG

41108
[ 0.612B)
76

[ 0.945]
LT 0.7
4580
122
[ 485]
237
9720 B
[ 320]
2970
319
LT 0.05
6.46
897B
LT 0.589
USB
LT 6.62
14
156

29¢C
LT 0.496

0515C
LT 0.424
[ 133C]
LT 0.666

LT 0.004
LT 0.017
LT 0.601
LT 0.003
LT 0.006 B

HBN
UGG

230000
0.5
1000
0.1

NSA
400
08
NSA
NSA
20
1000
Nsa

200
NSA

16000

N3A
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SITE ID
FIELD ID
S. DATE
DEPTH (1)
MATRIX
UNITS (#)

Volatile TICs
TRICHLOROTRIFLUOROETHANE

TOTAL UNEKNOWNTICs

Semiwlatiles

24DNT
26DNT

BIS2-ETHYLHEXYL) PHTHALATE
DI-N-BUTYL PHTHALATE
DIETHYL PHTHALATE
N-NITROSODIPHENYLAMINE

Semivolatile TICs

2-ETHYLHEXANOIC ACID
HEXANEDIOIC ACID, DIOCT YL ESTER
PHOSPHORIC ACID, TRIPHENYL ESTER

TOTAL UNKNOWNTICs

TCLP Metals (UGL)

BARIUM
CADMIUM
CHROMIUM
LEAD
MERCURY

TCLP Orpanics (UGL)
CHLOROFORM

TCLP Organic TICs (UGL)

BIS(2-ETHYLHEXYL) PHTHALATE
TRINITROTOLUENE ISOMER

TOTAL UNKNOWNTICs

PQLs
UGG

NA

NA

0.3

03
03

03

NA
NA
NA

NA

20

10
10

NA

NA
NA

NA

135C1
RFIS*Z2
20—mg-91
5.0

Cs0

UGG

3

ERE

Table 5—7 (Cont'd)

1358C1
RFIS*23
20=ag-91
10.0

Cso

UGG

ND
ND

LT 0.14
LT 0.085
LT 0.62
LT 0.061
LT 0.24
LT 0.19

ND
ND

ND

LT 4.1
LT 602
LT 1846
LT 0.243

3

138C2
RFIS*24
21-mg-91
0.5

Cso

UGG

ND

( 10.024

LT 0.14
LT 0.085
LT 062
LT 0.061
LT 024
LT 0.1%

ND
ND
ND

( 10357

785
LT 4.01
LT 6.02
LT 1846
LT 0.243

3

1
138C2 '
RFIS*25
21-aug—51
5.0
Cs0
UGG

ND

( 1)0.005

LT 0.14
LT 0.085
LT 062
LT 0.061
LT o024
LT 0.1%

ND
ND

3

138C2
RFIS*26

21 —aug—91
10.0

Cs0

UGG

ND

ND

LT 0.14
LT 0.085
LT 0.62
LT 0.061
LT 024
LT 0.1%

ND

ND

LT 401
LT 6.02
LT 186
LT 0243

4

|3 %3

138C3
VFSL*103
09—mar—92

CsO

UGG

3

3 333 333333 3

CEEEE

W

138C3
RFis*27
21-ag—-91
05

Cso

UGG

]

3

[ 1.76]
[ 2.42]
LT 0.62

0.329
LT 024
LT 0.19

ND

( 5297

858
LT 4.01
LT 6.02

51.1
LT 0243

3

EREE

HBN
UGG

NSA

NSA

1.03
1000

1000
100

NSA
NSA
NSA

NSA

NSA
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TAL Inorganics
ALUMINIUM
ARSENIC
BARIUM
BERYLLIUM
CADMIUM
CALCIUM
CHROMIUM
COBALT
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
MERCURY
NICKEL
POTASSIUM
SILVER
SODIUM
THALLIUM
VANADIUM
ZINC

Explosives
135TNB
13DNB
246TNT
24DNT
26DNT
HMX

Volatiles

SITE ID
FIELD ID
S. DATE
DEPTH (i)
MATRIX
UNITS (#)

1,1,1-TRICHLOROETHANE

ACETONE
TOLUENE

TRICHLOROETHYLENE

TRICHLOROFLUOROMETHANE

Volatile TICs
2~PROPANOL

PQLs
UGG

0275
0.1

3
37.5

150
20
0.775
302

0.488
0.496
0.456
0.424
0.524
0.666

0.005
0.1

0.005
0.005
0.005

138C3
RFI5*28
21—aug—91
Cs0

UGG

9610
[ 0.736 B}
143
[ 137)
LT 0.7
1860
214
[ 103]
10.1

LT 105
3180

LT 0.05
13.7
1970
0.81
6B

[ 12]

2

LT 0.488
LT 0.496
LT 0.456
LT 0.424
LT 0524
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 0.003
LT0006 8B

0007 S

Table 5—7 (Cont'd)

138C3
RFIs*29
21—mg—91
10,0

CS0

UGG

8750

[ 0.534B]
131

[ 128]

LT 07
1610

[ 105)
9.38

15900
LT 105
3w

LT 0.05
123
1090 B
0.755
457B

LT 6.62

708

LT 0488
LT 0.4%6
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 6.017
LT 0.001
LT 0.003
LT 0.006 B

135C4
RFIS*30
22—mg-91
0.5

CSO

UGG

4600

[ 1.59B]
771

[ 0.886]

LT 0.7
23300
12

[ 492]
66.9
9980 B

[ 406]
11600
352

LT 0.05
5.79
1150B

LT 0.58%
293 B

[ 128]
16.4
153

LT 0.488
LT 0.496
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 6.003
LT 0.006 B

135C4
RFIS*31
22--mg—91

CsS0
UGG

6890
03928
117
[ 14]
1T 07
1530
17.3
[ 894]
843 B
14000
LT 105
2770
423
LT 005
11.1
731 R
LT 0.589
388 B
[ 982]
224
632

LT 0.488
LT 0.49
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 0.003
LT 0.006 B

135C4
RFIs*2
22-ag—91
10.0

uGsG

7670
0.463B
127

[ 15]

LT 07
1490
182

[ 935]
866B
14500

LT 10.5
2890
424

LT 0.05
11.4
1000 B
0.731
335B

LT 6.62

61

LT 0.488
LT 0.496
LT 0.456
LT 0.424
LT 0524
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 0.003
LT 0.006

135C5
REIS*33
26—mg—91
0.5

CSo

UGG

LT 0.488
LT 0.4%
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 0.003
LT 0.006

138C5
REIS*34
26—ag—91
50

CsO

UGG

12800

[ 0.9798]
187

[ 1.95]

LT 0.7

LT 0.488
LT 0.496
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 0.003

ND

HBN
UGG



(A%

SITE ID
FIELD ID
S. DATE
DEPTH (ft)
MATRIX
UNITS (#)

Volatile TICs
TRICHLOROTRIFLUOROETHANE

TOTAL UNKNOWNTICs

Semivolatiles
24DNT

26DNT

BIS(2~ETHYLHEXYL) PHTHALATE
DI-N-BUTYL PHTHALATE
DIETHYL PHTHALATE
N-NITROSODIPHENYLAMINE

Semivolatile TICs

2~ETHYLHEXANOIC ACID
HEXANEDIOIC ACID, DIOCT YL ESTER
PHOSPHORIC ACID, TRIPHENYL ESTER

TOTAL UNKNOWNTICs

TCLP Metals (UGL)

BARIUM
CADMIUM
CHROMIUM
LEAD
MERCURY

TCLP Organics {UGL)
CHLOROFORM

TCLP Orgamic TICs (LIGL)

BIS(2—ETHYLHEXYL) PHTHALATE
TRINITROTOLUENE ISOMER

TOTAL UNKNOWNTICs

PQLs
UGG

NA

NA

NA
NA
NA

NA

NA

NA
NA

NA

135C3
RFIS*28
21-mg-91
5.0

C5G

UGG

ND

3

Table 5—7 (Cont’d)

138C3
RFIS*29
21-mg-91
10.0

Cs0

UGG

ND
ND

138C4
RF15*30
22--mg-91
0.5

Cs0

UGG

ND

ND

0.385
[ 33
LT 0.62

0.974

LT 019

0.3378

02258
{ 8)5.94

954
LT 4.0t

LT 6.02

0251

138C4
RFIS*31
22~-ang-91
50

CS0

UGG

ND

( 1)0.007

LT 0.14
LT 0.085
LT 0.62
LT 0.061
LT 0.24
LT 0.19

ND
ND

ND

533
LT 4.01
LT 6.02
LT 18.6
LT 0243

43

138C4
RFIS*32
22-ag—9
10.0

CS0

UGG

0.0098

ND

LT 0.14
LT 0.085
LT 0.62
LT 0.061
LT 0.24
LT 0.19

CEE

508
LT 4.01
LT 6.02
LT 1846
LT 0.243

A3

138Cs
RFis*33
26—mg—91
0.5

Cs0

UGG

ND

ND

LT 0.14
LT 0.085
LT 0.62
LT 0.061
LT 0.24
LT 0.19

04688

( 1)0.585

LT 4.01
LT 6.02
LT 186
LT 0.243

A3

138Cs
RFIS*#
26-mg—91
cso

UGG

0.011 8§

{ 10.036

LT 0.14
LT 0.085
LT 0.62
LT 0.061
LT 024
LT 0.19

LT 401
LT 6.02
LT 18.6
LT 0243

23

HBN
UGG

NSA

NSA

NSA
N3SA
NSA

NSA

100000
1000

5000

NSA

NSA
NSA

NSA



£5-S

TAL Inorganics
ALUMINIUM
ARSENIC
BARIUM
BERYLLIUM
CADMIUM
CALCIUM
CHROMIUM
COBALT
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
MERCURY
NICKEL
POTASSIUM
SILVER
SODIUM
THALLIUM
VANADIUM
ZINC

logives
135TNB
13DNB
246TNT
24DNT
26DNT
HMX

Volatiles

SITE ID
FIELD ID
8. DATE
DEPTH (ft)
MATRIX
UNITS (#)

1,1,1-TRICHLOROQETHANE

ACETONE
TOLUENE

TRICHLOROETHYLENE

TRICHLOROFLUOROMETHANE

Volatile TICs
2-PROPANOL

PQLs
UGG

0.275
0.1

375
150

0.775
302

0.488
0.4%
0.456
0.424
0.524
0.666

0.005
0.1

0.005
0.005
0.005

NA

138C5
RFIS*35
26-mg~91
10.6

UGG

LT 0.488
LT 0.496
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
LT 0.617
LT 0.001
LT 0.003
LT 0.006

ND

Table 5—7 (Cont'd)

3333333335 333333353533

333333

CEEEE

3

138C6
RFIS*36
27~-mg—91
05

Cso

UGG

2Z870B
0423 B
368B
LT 0.5
LT 0.7
5280
8.68
[ 264]
713
6030 B
[ 293]
2750
126 B
LT 0.05
35
693 B
LT 0.589
228 B
LT 6.62
11.6
61.9

LT 0.488

" LT 0.496

0918 C
LT 0424
LT 0.524
LT 0.666

LT 0.004
LT 0017
LT 0.001
LT 0.003
LT 0.006

135C6 |
RFIS*37
27-mg —91
5.0

Cso

UGG

8440

[ 0.579B)
127

[ 129]

LT 0.7
1670
232

[ 878]
111
14300

LT 10.5
2980
423

LT 0.05
15.1
1180 B
0.68
266 B

[ 117}
24.5

62.5

LT 0.488
LT 0.496
LT 0.456
LT 0424
LT 0.524
LT 0-666

LT 0.004
LT 0.017
LT 0.001
LT 0.003
LT 6.006

135C6
RFIS*38
27—ag-91
10.0

Cs0

UGG

7480
{ 0.643B]
107

[ 1.16]
LT 0.7
1410
18
[ 977]
7.72B
14900
LT 105
2900
428
LT 0.05
115
8638
LT 0.589
254 B
[ 169]
239

59

LT 0.488
LT 0.4%
LT 0.456
LT 0.424
LT 0524
LT 0.666

LT 0,004
LT 0017
LT 0.001
LT 0003
LT 0.006

ND

135C7 135C7
RFIS*3 RFIS*40
28—ag—91 28—mg-91
035 50
C30 CSO
UGG UGG
5630 6060
[ 0.695B] 04158
744 103
[ 126] [ 15]
LT 0.7 LT 87
11700 1630
138 162
[ 542] { 8]
383 168
12300 B 12700 B
[ 210) LT 10.5
4950 2490
339 395
LT 005 0.161
822 9.66
11308 800 B
LT 0.589 LT 9.589
245B 253 B
( 9.63) [ 947]
18.3 208
884 528
LT 0.488 LT ¢.488
LT 0.496 LT 0.496
LT 0.456 LT 0.456
LT 0.424 LT 0.424
LT 0.524 LT 0.524
LT 0.666 LT 0.666
LTO0.004B LTO0.004B
LT0017B LTO0017B
LT 0.001 LT 0.001
LT 0.003 LT 0.003
LT0006B LT O000:B
ND ND

HBN
UGG

s



ps-¢

SITE 1D
FIELD ID
S. DATE
DEPTH (ft)
MATRIX
UNITS (#)

Volatile TICs
TRICHLOROTRIFLUOROETHANE

TOTAL UNKNOWNTICs

Scmivwlatiles

24DNT

26DNT

BIS(2-ETHYLHEXYL) PHTHAILATE
DI-N--BUTYLPHTHALATE
DIETHYL PHTHALATE
N-NITROSODIFHENYLAMINE

Semiwlatile TICs

2-ETHYLHEXANQIC ACID
HEXANEDIOIC ACID, DIOCT YL ESTER
PHOSPHORIC ACID, TRIPHENYL ESTER

TOTAL UNKNOWNTICs

TCLF Metals (UGL)
BARIUM
CADMIUM
CHROMIUM
LEAD

MERCURY

TCLP Organics (UGL)
CHLOROFORM

TCLP Orgaic TICs (UGL)

BIS(2—ETHYLHEXYL) PHTHALATE
TRINITROTOLUENE ISOMER

TOTAL UNKNGWNTICs

PQlLs
UGG

NA

NA

NA
NA
NA

NA

NA

NA
NA

NA

138C5
RFIS*35
26—ag—91
10,0

Cso

UGG

0.069 5

1T 0.14
LT 0.085%
LT 0.62
LT 0.061
LT 024
LT 0.19

g3

g

LT 40
LT 6.02
LT 186
LT 0243

CE

Table 57 (Cont'd)

135Cs
VFSL*104
09—mar—92
05

CSs0

UGG

z 3

EEEEE

3 %33

33333

0.564

(1p

135C6
RFIS*3%
27—mg—91
0.5

Cso

UGG

ND
ND

[ 46]

LT 0.425

LT 3.1
5.18

LT 0.95

CEE

&

LT 401
LT 6.02

LT 0243

CE|

138Co 1
RFIS*37
27—mg—91.
50

UGG

ND

33

138C6
RF18438
27-mg-91
10.0

UGG

0.0078

33

135C7
RFIS*®»
28B-mg-91
0.5

Ccso

UGG

( 1)0.008

LT 0.7
LT 0.425
LT3,
G.581
123
LT 0.95

ND
ND

853
LT 401
LT 6.02
255
LT 0243

323

138C7
RFIS*4)
28—ang—91
5.0

CSO

UGG

ND

{ 10012

LT 0.14
LT 0.085
LT 062
LT 0.061
LT 0.24
LT 0.19

ND
ND
ND
ND

525

53
LT 6.02
LT 18.6
LT 0243

5 &3

HBN
UGG

NSA

NSA

103
1000

1000
100

NSa,
NSA

NsA

NsA

NSA
NsSA

NSA



§S-S

TAL Inorganics
ALUMINIUM
ARSENIC
BARIUM
BERYLLIUM
CADMIUM
CALCIUM
CHROMIUM
COBALT
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
MERCURY
NICKEL
POTASSIUM
SILVER
SODIUM
THALLIUM
VANADIUM
ZINC

Explosives
135TNB
13DNB
246TNT
24DNT
26DNT
HMX

Volatiles

SITE ID
FIELD ID
S. DATE
DEPTH (ft)
MATRIX
UNITS (#)

1,1, 1-TRICHLOROETHANE

ACETONE
TOLUENE

TRICHLOROETHYLENE

TRICHLOROFLUOROMETHANE

Volatile TICs
2—-PFROPANOL

PQLs
UGG

0.275

37.5
150

0.775
302

0.488
0.496
0.456
0.424
0.524
0.666

0.005
0.1

0.005
0.005
0.005

NA

135C7
RFIS*41
28-aug~91
10.0

CsO

UGG

5750
[ 0.506B]
88.6

[ 126]
LT 0.7
1160
149
[ 7.71]
738 B
12200 B
LT 105
2330
349
LT 0.05
9.06
761 B
LT 0.589
239B
[ 108]
195
485

LT 0.488
LT 0.496
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004 B
LT 8.0i7B
LT 0.001
LT 0.003
LT 0.006 B

Table 5—7 (Cont'd)

138C8
RFIS*42
29—-ag—91
0.5

Cs0

UGG

[ 24B]

LT 0.488
LT 0.496
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT0.004B
LT 0.017B
LT 0.001
LT 0.003
LT 0.006

135C8
RFIS*43
29—aug-91
5.0

CS0

UGG

0388 B
69.1

[ 121]

LT 0.7
905
132

[ 662]
4628
10200 B

LT 10.5
2050

6,081

ENE

1310
LT 0.589

LT 6.62
15.7
431

LT 0.488
LT 0.496
LT 0.456
LT 0.424
LT 0.524
LT 0.666

LT 0.004B
LT 0017B
LT 0.001
LT 0.003
LT 0.006

|

135C8 ]
RFIS*4
29--mg—91
10.0

C50

UGG

5800

[ 0.549 B}
79.4

[ 0878]

LT 0.7
987
14.4

[ 7.02]
6078
11600 B

LT 10.5
2310
289

LT 0.05
8.6
1390

LT 0.589
266 B

{ 982]
18.8
504

LT 0.488
LT 0.4%6
LT 0.456
LT 9.424
LT 0.524
LT 0.666

LT 0.004B
LT 9.017B
LT ¢.001
LT 6.003
LT 0.006

135E1
RFIS*52
09—oct-91
1.0

UGG

9230 B

{ 191B]
13

LT 0.5

LT 0.7
17500 B
2198

[ 836]
646
16200

[ 475}
8540
531

LT 005
12
1850

LT 0.589
342B

LT 6.62
2428
390

187¢C
LT 0.496

235C
[ 126C)
[ 129C]
LT 0.666

LT 0.004
LT 0.017B
LT 6.001
LT 0.003
LT 0.006 B

138B2 13581

RFIS*S3  RFIS*47

09—oct—-91  09~oct—91

10 0.5

CsS0 CsO

UGG UGG
29100 7890 B

[ 42] [ 2.06B]
351 128

[ 136] LT 0.5
145 LT 0.7
9300 B 4050 B
53.4 2448

[ 244) [ 7.56)
99.4 59.6
39700 16100

{ 731] [ 986]
9310 2270B
1320 729
0.124 LT 0.05
33 112
4880 1340 B
1.03 LT 0.589
4288 326 B

[ 14.1] LT 6.62
648 19.1 B
646 525

LT 0488 LT 0.488

LT 0496 LT 049
394 C 403¢C

[ 145C] [ 184C]

LT0524 [ 128C]

LT 0666 LT 0.666

LT 0004 LT 0.004

LT0017B LT 0017

LT0001 LT 0.001

LT 0.003 0.019

LT 00068 LT 0.006

ND ND



96-S

SITE ID
FIELD ID
S. DATE
DEPTH (f)
MATRIX
UNITS (#)

Volatile TICs
TRICHLOROTRIFLUOROETHANE

TOTAL UNKNOWNTICs

Semiwlatiles

24DNT
26DNT

BIS(2-ETHYLHEXYL) PHTHALATE
DI-N-BUTYL PHTHALATE
DIETHYL PHTHALATE
N—NITROSODIPHENYLAMINE

Semiwlatile TICs

2—-ETHYLHEXANOIC ACID
HEXANEDIOIC ACID, DIOCT YL ESTER
PHOSPHORIC ACID, TRIPHENYL ESTER

TOTAL UNKNOWNTICs

TCLP Metals (UGL)
BARIUM
CADMIUM
CHROMIUM
LEAD

MERCURY

TCLP Organics (UGL)
CHLOROFORM

TCLP Organic TICs {UGL)

BIS(2-ETHYLHEXYL) PHTHALATE
TRINITROTOLUENE ISOMER

TOTAL UNKNOWNTICs

PQLs
UGG

NA

NA

0.3
03
03

¢3
G3

NA
NA

NA

0.5

NA
NA

NA

138C7
RF15*41
28—-ag—91
100

cso

UGG

ND

{ 10.012

Table 5—7 (Cont'd)

135C8
RFIS*42
29-ag—91
0.5

cso

UGG

ND

g

135C8
RFIS*83
29-mg—-9
50

CSO

UGG

ND

ND

LT 0.14
LT 0.085
LT 0.62
LT 0.061
LT 0.24
LT 0.19

ND

ND

401
LT 401
LT 6.02
LT 186
LT 0243

A3

|

135C8 |
RFIS*44
29—-mg—-91
10.0

Cso

UGG

ND

=K

13SE1
RFIS*52
09—oct-91
1.0

CS0

UGG

ND

ND

[ 614]
[ 361]
LT 62B
615

4.07

ND

ND

1000
LT 4.01
LT 6.02

LT 0243

LT 0.500

(19

138E2
RFIS*53
09—oct—91
1.0

CSO

UGG

ND
ND

LT 1.4

LT 0.85

LT62B
159

LT19

3

13851
RFIS*47
09—oct—91
0.5

Cs0

UGG

ND
ND

[ 344]
[ 202]
LT3iB
6.88
13.9
2.28

ND
ND
ND

( 3)10.3

4 33333

A3

HBN
UGs

NSA

NSA

1.03
50
1000

100

NSA
NsaA

NSA

100000
1000
5000

200

NSA

NSA
NSA

NSA



LSS

TAL Inorganjcs
ALUMINIUM
ARSENIC
BARIUM
BERYLLIUM
CADMIUM
CALCIUM
CHROMIUM
COBALT
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
MERCURY
NICKEL
POTASSIUM
SILVER
SODIUM
THALLIUM
VANADIUM
ZINC

Explosives
135TNB
13DNB
246TNT
24DNT
26DNT
HMX

Volatiles

SITE ID
FIELD ID
S. DATE
DEPTH (ft)
MATRIX
UNITS (#)

1,1,1-TRICHLOROETHANE

ACETONE
TOLUENE

TRICHLCROETHYLENE

TRICHLOROFLUOROMEI'HANE

Volatile TICs
2-PRDPANOL

PQLs

UGG

0.275
01

375
156

0.775
302

13881D
RF15*51
09—oct—91
0.5

CSO

UGG

8160 B
[ 1.78B)

LT 0.5
123
57308
3058

[ 726]
69.9

15200
{ 1050]
2780 B
474
0.064
14.7
1410B
LT 0.589
335 B
LT 6.62
194B
507

LT 0.488
0.858C
2.13C

[ 215C)

[ 133¢}

LT 0.666 U

LT ¢.004
LT 0.017
LT 0.001

LT 0.006

Table 5—7 (Cont’d)

13552

33353533335333345533353

233333

CEEEE

3

13882
RFIS*48
09—oct—91
0.5

CSs0

UGG

5840 B
[ 1258B]
110
LT 05
LT 0.7
6700 B
144B
[ 481]
263
11000
[ 478]
4030 B
314
LT 0.05
7368
1010 B
LT 0.589
452B
LT 6.62
162B
196

[ 686C)
LT 0.496
[ 130C]
[ 164C]
[ 465C]
LT 0.666

LT 0.004
LT 0.017
LT 0.001
LT 0.003
LT 0.006

ND

13583 |
RFIS*49
27-mg—91
0.5

UGG

[ 1.18]
02

[ 127]
LT 0.7

LT 0.488
LT 0.496
LT 0456
LT 0.424
LT 0.524
LT 0.666

LT 0.004
1T 0017
LT 0.001
LT 0.003
LT 0.006

ND

13554
RFIS*50
27—-mg~91
0.5

Cs0

UGG

13000

[ 2718
225

[ 252]

LT 0.7

LT 0.488
LT 0.496
LT 0.456
LT 0.424
LT 0.524
LT 0.666

0.005

0.025

0.001
LT 0.003
LT 0.006

HBN

UGG



86-S

SITE ID
FIELD ID
S. DATE
DEPTH (f)
MATRIX
UNITS (#)

Volatile TICs
TRICHLOROTRIFLUOROETHANE

TOTAL UNKNOWNTICs

Semiwlatiles

24DNT

26DNT

BIS(2-ETHYLHEXYL) PHTHALATE
DI-N-BUTYL PHTHALATE
DIETHYL PHI'HALATE
N-NITROSODIPHENYLAMINE

Semiwlatile TICs

2—-ETHYLHEXANOIC ACID
HEXANEDIOIC ACID, DIOCTYL ESTER
PHOSPHORIC ACID, TRIPHENYL ESTER

TOTAL UNKNOWNTICs

TCLP Metals {(UGL)

BARIUM
CADMIUM
CHROMIUM
LEAD
MERCURY

TCLP Organics (UGL}
CHLOROFORM

TCLP Organic TICs (LIGL)

BIS(Z-ETHYLHEXYL) PHTHALATE
TRINITROTOLUENE [SOMER

TOTAL UNKNOWNTICs

PQLs
UGG

NA

NA

NA
NA
NA

NA

NA

NA
NA

NA

138510
RF]S451
09=0oct=-91
05

CSO

UGG

3

3

[ 203]
[ 199]
LT31B
6.78
273
3.74

388

( 3203

3 A3333

A3

Table 5-7 (Cont'd)

13582
VFSL*102
09—mar—92
05

CsO

UGG

ND

2
)

CEEEEE

ND
NI
NI

799
4.56
LT 6.02
756
LT 0.243

0.544

182 58
208

( D10

13882
RF15*48
09—oct—91
05

Cso

UGG

ND

ND

[ 115}
[ 5.64]
LT31B
276
116
127

=

13583 )
RFIS*49
27—ag—91
0.5

CS0

UGsc

3

C

[ 117)
LT 0.425
LT 3.1

17.7
116

5

3

HBN
UGG

NSA

NSA

1.03
50
1000

100

100000

5000
5000

NSA

NSA

NSA
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Table 5~7 (Cont'd) |

Foomotes : .

B = Analyte was detected in correspond ing method blank; values are flagged if the sample concentration is less than 10 times the method blank
concentration for common laboratory constituents and 5 times for all other constiments.

C = Indicates that analysis was con firmed using a second column.

€S0 = Chemical soil.

G = Reportead resnlts are affected by interferencesor high background.

HBEN = Health based number as defined in the RCRA permil. HBNs not specified in the permit were derived using standand exposure and intake

assumptions consistent with EPA guidelines ( 51 Federal Register 33992, 34006, 34014, and 34028).

LT = Concentration is reported as less than the certified reporting limit.

NA = Not awilable; PQLs are not avaitable for TICsdetected in the library scans.

ND = Analyte was not detected.

NSA = No standard (HBN) available; health effects data were not available for the calculation of a HBN. HBNs were not derived for TICs.

NT = Not tested; parameters werenot tested (included) in the sample analyses.

PQL = Practical quantitation limit; the lowest concentration that can be reliably detected st a defined level of precision for a given analytical method.

R = Analyte required for reporting purposcs but nol currenily certified by USATHAMA.

§ = Results are based on an intemal standand; flag is used for TICs detected in library scans,

TAL = Target Analyte List.

TCLP = Toxicity Characteristic Leaching Procedure.

TICs = Tentatively identified compounds that were detected i the GC/MS library scans.

U = Indicates that analytc was not detected during second column confirmation. Explosives detections are considered o be false
positives, if the values are not confirmed oo a second column.

UGG = Micrograms per gram.

UGL = Micrograms per liter.

Units(#) = Units are in UGG except for TCLP constituents, which are expressed in UGL.

{ ) = Parenthesis are used o indicate the numbet of unknown TICs that were detected in either the volatile or semivolatile GC/MS library scans. The
number beside the p aren thesis is the total concentration of all TICs detected in each respective scan.

[ ] = Brackets indicate that the detected concentration exceeds the HBN.



similar concentrations in downslope and background soil samples suggesting that most metal

concentrations were not elevated.

However, concentrations of arsenic, beryllium, cobalt, lead and thallium exceeded
HBN criteria, but only lead appears to be present at anomalously high concentrations in the
soil. Concentrations of arsenic, beryllium and cobalt exceeded HBN criteria in almost all
samples but these levels were similar to concentrations of these metals in samples collected
upslope of the site (i.e., 13SB1 and 13SB2) and were less than the background soil criteria
for alluvial soils (Section 4.0). Additionally, arsenic was detected in laboratory method
blanks indicating that it was an artifact of the laboratory analyses and not necessarily a
result of site conditions. Beryllium, another element slightly elevated above the HBN but
also reported in upslope samples from borings 13SB1 and 13SB2, has a low solubility and
is expected to be adsorbed onto clay mineral surfaces at a low pH and to be complexed into
insoluble compounds at high pH. In most natural environments, beryllium is likely to be
sorbed or precipitated, rather than dissolved and is not expected to impact surface water,
groundwater or the underlying soil. The only exceedance of the background comparison
criterion due to cobalt was in sediment sample 13SE2, but this exceedance was by less than
35 percent. This may indicate that naturally occurring cobalt could be eroding from the
SWMU 13 soils and depositing at greater concentrations in the pond sediment.
Concentrations of thallinm exceeded the HBN criterion in soil samples collected from each
depth with no apparent pattern to indicate that it was derived from a surface source.
However, thallium is not considered a concern because concentrations appear natural and
the levels only slightly exceeded the HBN criterion. However, lead exceeded the HBN
criterion in several surface soil/sediment samples and may be a concern at the site.
Although several lead concentrations greater than the HBN were less than the soil
background criterion for alluvial soil, many elevated lead levels exceeded upslope sample
concentrations by a factor of 10 or more. However, elevated levels of lead were limited to
surface soil/sediment samples collected from a depth of 0.5 foot and were not reported in
samples collected at depths of 5 and 10 feet.
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A total of six explosives were detected in 13 discrete and composite soil samples and
sediment samples. With the exception of a low concentration of HMX detected at a depth
of 10 feet at 13SBS, explosives were limited to soil samples collected at a depth of 0.5 foot.
Explosives were not detected in soil samples collected at depths of 5 and 10 feet below the
burning pads. However, explosives were detected in the Settling Pond sediment samples
collected at a depth of 1 foot and are probably present throughout the sediment layer.

The most frequent explosives detected were 24DNT, 26DNT and 246TNT. Based
on explosive-specific analyses, concentrations of 24DNT, 26DNT, 246TNT and 1,3-
trinitrobenzene (135TNB) exceeded HBN criteria and may be a concern. Bxplbsives
exceeding the HBN criteria were limited to one soil composite sample, two drainage ditch
soil s_amples and both settling pond samples. However, the concentrations of explosives in
the composite sample 13SC3 (26DNT) and sediment samples 13SE1 (24DNT and 26DNT)
and 13SE2 (24DNT) slightly exceeded the HBN criteria by factors of less than 1.5. 24DNT
and 26 DNT were also detected in SVOC analyses, but these results are not as appropriate
for evaluation as those acquired in the explosives analyses and will not be considered. Two
soil samples collected from the drainage ditch nearest the settling pond (i.e., 13SS1 and
13552) exhibited the greatest number and concentrations of explosives in samples collected
at the site. 24DNT and 26DNT in both sediment samples and 135TNB and 246TNT in
13552 exceeded HBN criteria. The concentrations of explosives in 13552 exceeded the
HBN criteria by factors ranging from three for 246TNT to 10 for 24DNT. TNT isomers
were also tentatively identified in TCLP analyses of the uppermost soil samples at 135B6,
13SC3 and 13SS2, three locations where 246TNT was detected.

Although 24DNT and 26DNT concentrations detected by explosive-specific and
SVOC analyses were similar for several cases, five additional samples had explosives
reported as part of the SVOC analyses only (e.g., 135B4, 13SC4, 13SC6 (24DNT only),
13553 and 13SS4). Explosives concentrations for these five samples, although not confirmed
by explosive-specific analyses, exceeded the HBN criteria but were generally less than 5
times the criteria. However, concentrations of 24DNT in channel soil samples 138S2 and
13584 exceeded the HBN criterion by factors ranging from 11 to 37.
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Trace concentrations of five VOCs were detected in a total of eight soil/sediment
samples. Three of the VOCs were regularly detected in method blank samples, indicating
that these VOCs were artifacts of the laboratory analyses and do not necessarily reflect site
conditions. VOC concentrations were several orders of magnitude less than the HBN

criteria and are not considered a concern at the site.

Six semivolatile constituents were detected in at least four of the five surface soil
samples. Three of the semi-volatiles were phthalate compounds and the other two were the
explosives 24DNT and 26DNT. The phthalate compounds were detected at four sample
locations at generally the same concentrations. B2EHP was detected in several labdratory
method blank samples and concentrations reported for environmental samples are
o?msidéréd to be analytical artifacts and do not appea.f to reflect site conditions, None of
the levels exceeded the respective HBNs and are not considered a concern. Additionally,
SVOCs other than B2EHP (a laboratory oontamiﬁant) were not detected in samples
collected at depths of 5 and 10 feet. The detected SVOCs, which were limited to the
shallow soil and sediment samples (i.e., less than 1 foot), were reported at low
concentrations and at few locations, are relatively immobile in soil and are not expected to
impact surface water, groundwater or underlying soil.

Soil analyses indicate that soils underlying the surface soils or sediments have not
been impacted by the surface burning activities at SWMU 13. As shown on Table 5-8, the
only exceedances for lead and explosives were in the near surface zone. Thallium exceeded
HBNs in various samples at various depths, but all concentrations appear natural and not
derived from surface impacts.

Four sediment samples were collected from the northern bank of the New River
upgradient (NRSE1), adjacent to and down (groundwater) gradient from the two monitoring
wells (13MW3 and 13MW7) most impacted (NRSE2 and NRSES3, respectively), and
downgradient (NRSE4) of SWMU 13. These samples were analyzed for TAL metals,
explosives, VOCs and SVOCs. A duplicate of NRSE3 was also submitted for explosives and
VOC analyses.
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Analvte (ug/g) Depth (feet)
Lead

Thallium

135TNB

246TNT

24DNT

26DNT

Lead
Thallium
135TNB
246TNT
24DNT
26DNT

Foomotes:

—Greatest concentration for duplicate sample analyses tabulated,

Table 5-8

Contaminant Concentration in Soil Verses Depth
SWMU 13 — Waste Propellant Burning Ground
Radford Army Ammunition Plant, Virginia

West Half SWMU 13 East Half SWMU 13 Background
Location 13SB3 13SC$ 138C7 13SCS§ 13SB4 13SCS  135C4 I3SC3 138BS 135C2 13SC1 13SB§  I3SE2 135B1
os[_28] 55| 210] 298] 367] 767 10 556 ND 108 336 986
50 ND ND ND ND 137 174 ND ND ND ND ND ND 168 ND
60 ND ND ND ©ND 179 149 ND ND 173 ND ND ND 204 178
West Half SWMU 13 Bast Hlf SWMU 13 Backgrouad
Location 13SH3 I38C8 135C7 13SC6 136B4 13SCS  13SC4 13SC3 I3SB5S 135C2 135C1 13SB6  13SE2 13SB)
Depth (feet)
o5 Np| 23] 963] np wND| 97 1286/ ND ND NP KD ND ND ND
50 ND _ND| 947{ 117] w~p| 139] [ 9s2] 12] D ND ND ND ND ND
106 ND| 98| 108] 169] ~D{ 158 ND ND ND[ 98| ND ND ND ND
West Half SWMU 13 Fast Half SWMU 13 Backgrownd
Location 13SB3 13SCS 135C7 135C6 13SB4 13SC5  13sC4 13SC3 13SP$ 138C2 138C1 138B6 13582 13SB1
Depth (feet)
05 ND ND ND NP ND ND ND 29 ND ND ND ND ND ND
50 ND ND ND ND ND KD ND ND KD ND ND ND ND ND
00 ND ND ND ND ©ND KD ND ND ND NKND ©ND ND ND KD
West Half SWMU 13 East Haf SWMU 13 Background
Location 13SB3 138CS 138C7 135C65 135B4 138CS  135C4 13SC3 13§B5 13SC2 13SC1 13SB6  13SBZ 13SBI
Depth (feet)
05 ND ND ND 0918 ND ND ND 0515 ND ND ND 2% ND KD
50 ND ND ND ND ND ND ND ND KD ND ND KD ND ND
00 NI ND ND ND ND KD ND ND KD ND ND ND ND ND
West Half SWMU 13 East Haf SWMU 13 Background
Location 13SB3 138C8 135C7 13806 135Bs I3SCS  13SC4 138C3 13SB5 135C2 13SC1 13SB6  135B2 13SBI
Depth (feet)
65 ND ND ND KD ND ND ND ND ND ND ND 076l ND ND
S0 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
0 ND ND ND ND ND ND ND ND KD ND ND ND ND ND
West Half SWMU 13 East Half SWMLU 13 Backgrousd
Location 13SB3 13SCZ 138C7 13506 135B4 I3SCS  13SC4 13503 13SB5 13SC2 13SC1 13SB6é  13SB2 13SBl
Depth (feet)
05 ND ND ND ND ND ND Np[_133] ND ND ND WD ND ND
56 ND ND ND ND ND ND ND ND ND ND ND ND ND ND
60 ND ND ND ©ND ND ND ND ND ND ND KD ND ND ND
SWMU 13 Dainage Sediment
Location 13554 13§83 13552 13581 13SE1 13SE2
Depth (feet)
os| 376] 762 4m] 1w0s0] ars] 1
05| 269! ] ND ~Np ND| 141
05 ND ND| 68| ND 18 ND
05 ND ND| 130] 403 235 394
65 ND ND| 104} 215| 126 1.45]
65 ND ND| 46| 133] 120] ND

—Exceedances of Health Based Number are outlined.
—24DNT and 26DNT concentrations are from the EXPLOSIVES analysis.
—=ND = Not Detected.
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Seventeen metals were detected in these samples with arsenic, beryllium, cobalt and
lead concentrations exceeding HBNs (Table 5-9). Concentrations of arsenic and cobalt were
in each sample at less than half the background comparison criteria for alluvial soils (Table
4-14) and are considered natural and not a concern. Beryllium was detected only once, at
a concentration less than 5 percent greater than the comparison criterion, and is considered
naturally occurring and not a2 concern. Lead was detected at a concentration 2 percent
above the HBN in NRSE3, but at a concentration less than the background comparison
criterion. Even though lead concentrations are anomalously high in on-site soils, the lead
concentrations in the four New River samples are essentially the same as the five
background alluvial soil samples collected from New River alluvium off-post. Even though
lead "concentrations are elevated in on-site soils, the collected data do not indicate that
SWMU 13 is the source for the lead in the one sample which exceeded the HBN,

No explosives or VOCs were detected in the four New River sediment samples or
the duplicate of NRSE3. Five SVOCs were detected in the downgradient sample NRSE4,
but each SVOC was detected at concentrations much less than their respective HBNs. Two
SVOCs are phthlates and three SVOCs are likely fuel related. They do not appear to be
related to SWMU 13 and are not considered a concern due to their low concentrations.
Several SVOC TICs were also detected in three of the four samples, but their
concentrations were low and do not appear to be a concern even though HBNs are not
available for comparison. Overall, no adverse impact to New River sediments can be
supported by the collected data.

53.3 Surface Water and Sediment

One surface water sample was collected from the settling pond which receives runoff
from the eastern half of SWMU 13 and was analyzed for TAL metals, explosives, VOCs,
SVOCs, nitrite/nitrate, TOC and TOX (Table 5-10). This sample generally has the same
constituents as the sediment samples collected from the pond with similar exceedances of
HBNs. Lead, 24DNT and 26DNT concentrations exceeded HBNs in both media with
chromium, cobalt and 246TNT also exceeding HBNs in the surface water. Chromium and
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TAL Inorganics
ALUMINIUM
ARSENIC
BARIUM
BERYLLIUM
CALCIUM
CHROMIUM
COBALT
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
NICKEL
POTASSIUM
SODIUM
VANADIUM
ZINC

losives
Volatikes

Semivolatiles

SITEID
FIELD ID
S.DATE
DEPTH (ft)
MATRIX
UNITS

PQLs

UGG

14.1

0.2
100

1000

50
0.275

375
150
0.775
302
NA

NA

BIS2-ETHYLHEXYL) PHTHALATE 0.3
DI-N-BUTYL PHTHALATE

FLUORANTHENE
PHENANTHRENE

PYRENE

03
Q.3
0.5
03

NRSE1
RDSE*1

~ 16—apr—-92
1.0
CSE
UGG

2910
[ 229]
378
LT 05
1200
169
[ 415]
838
32200
13
1210
414
598
388
162
143
447

None Detected

None Detected

294
LT 0.061
LT 0.068
LT0.033
L.T0.033

Table 5-9
Summary of Analytical Data For Sediment Samples Collected At SWMU 13
Radford Army Ammunition Plant, Virginia

NRSE2
RDSE*2
16—apr—92
10

CSE

UGG

2250
[ 186]
40

LTO0.5
558
10.1

[ 39]
714
20900
629
751
36
5
282
138
1.4
272

None Detected

None Detected

LTG.62

LT 0.061
LT0.068
LT0.033
LT 0.033

NRSE3
RDSE*3
16~apr—-92
1.0

CSE

UGG

4520
[ 2.86]
549
LT0.5
1180
123
[ 527]
298
18600
[ 204]
1810
193
855
673
226
16.1
374

None Detected

None Detected

162
LT 0.061
LT 0.068
LT 0.033
LT0.033

NRSE3D
RDSE*7
16~apr--92
1.0

CSE

UGG

3533335535353533333

None Detected None Detected

None Detected None Detected

35533

NRSE4
RDSE*4
16—apr-92
1.0

CSE

UGG

7860
[ 267]
112
[ 0.943]
2120
213
[ 10]
159
29500
136
2870
1250
10.7
1250
264
278
414

155
196
0.16
0.089
0.181

HBN

UGG

05
1000
0.1
NSA
400
08
2900
NSA
200
NSA

1000
NSA
NSA
560
16000
NSA

NSA

1000

1000
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Table 5—9 (cont'd) !

SITEID NRSE1 NRSE2 NRSE3 NRSE3D NRSE4
FIELD ID RDSE*1 RDSE*2 RDSE*3 RDSE*7 RDSE*4
S. DATE t6—apr—-92  16--apr—92  16—apr-92  16—apr-92  16-apr—92
DEPTH (ft) 1.0 10 1.0 1.0 10
MATRIX PQLs CSE CSE CSE CSE CSE HBN
UNITS (#) UGG UGG UGG UGG UGG UGG UGG
Semivolatile TiCs
CYCLOHEXENE OXIDE NA 039S 0388 S ND NT ND NSA
TOTAL UNKNOWN TICs NA ND { 7203 ( 9172 NT ND NSA
Footnotes :

C = Indicates that analysis was confirmed using a second column.

CSE = Chemical sediment.

HBN = Health based number as defined in the RCRA permit. HBNs not specified in the permit were derived using standard exposure and intake

assumptions consistent with EPA guidelines ( 51 Federal Register 33992, 34006, 34014, and 34028).

LT = Concentration is reported as less than the certified reporting limit.

NA = Not available; PQLs are not available for TICs detected in the library scans.

ND = Analyte was not detected.

NSA = Nostandard (HBN) available; health effects data were not available for the calculation of a HBN. HBNs were not derived for TICs.

NT = Not tested; parameters were not tested (included) in the sample analyses,

PQL = Practical quantitation limit; the lowest concentration that can be reliably detected at a defined level of precision for a given analytical method

S = Results are based on an internal standard; flag & used for TICs detected in library scans,

TAL = Target Analyte List,

TICs = Tentatively identified compounds that were detected in the GC/MS library scans.

UGG = Micrograms per gram.

( )} = Parenthesis are used to indicate the number of unknown TICs that were detected in either the volatile or semivolatile GC/MS library scans. The
number beside the parenthesis is the total concentration of all TICs detected in each respective scan.

[ ] = Brackets indicate that the detected concentration exceeds the HBN.
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TAL Inorganics
ALUMINIUM
ARSENIC
BARIUM
CALCIUM
CHROMIUM
COBALT
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
NICKEL
POTASSIUM
SODIUM
VANADIUM
ZINC

Explosives
135TNB
246TNT
24DNT
26DNT
HMX

Volatiles

CARBON DISULFIDE

SITEID
FIELD ID
S. DATE
DEPTH (ft)
MATRIX
UNITS

Table 5--10

Summary of Analytical Data For Surface Water Samples Coliected At SWMU 13
Radford Army Ammunition Plant, Virginia

PQLs
UGL

141
10
20
500
10
70
60
381
10
500
275
30
375
500
40

.50

0.449
0.635
0.064
0.074
1.21

0.5

135W1
RDWA*11
15-jan-92
0.0

Csw

UeL

47500
299
495
22200

{ 788]

[ 306]
143
59700

[ 500]
12400
1940
4338
13600
1830
899
893

118
[ 329]
[ 15.8]
[ 371]
128

LT0.50

NRSW1
RDSW*1
16—apr—92
0.0

CSW

UGL

168
LT254
228

16100
LT6.02
LT25
LT8.09

416

195

6190

624
LT 343

2130

7630
LT11
LT21.1

LT 0.449
LT 0.635
LT 0.064
LT0.074
LT121

NRSW3
RDSW*2
16—apr—-92
0.0

CswW

UGL

LT 141
LT254
186

13600
LT6.02
LT25
LT8.09

217

206

5230

22.1
LT34.3

2400

S0
LT11
LT21.1

LT 0.449
LT0.635
LT 0.064
LT 0.074
LT1.21

23

NRSW3D
RDSW*4

NRSW4

RDSW*3
16—apr-92

00

CSwW HBN
UGL UGL

LT1i4t 101500

LT254 50
19.2 1000
13600 NSA

LT6.02 50

LT25 035

LT8.09 1295
170 NSA
239 50
5320 NSA
11 3500

LT 343 700
2360 NSA
3300 NSA

LT11 245

LT21.1 7000

LT0449 L75

LT0.635 11.7

LT0064 005

LT00M4 0051

LT121 1750

LT0.50 4000
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SITE D
FIELD ID
S. DATE
DEPTH (ft)
MATRIX
UNITS (#)
Yolatile TICs
HEXAMETHYL CYCLOTRISILOXANE
TOTAL UNKNOWN TICs
Semivolatiles
24DNT
26DNT

Semivolatile TICs

1,122-TETRACHLOROETHANE
1,12-TRICHLOROETHANE

TOTAL UNKNOWN TICs

Other

NITRITENITRATE

TOTAL ORGANIC CARBON
TOTAL ORGANIC HALOGENS
pH

PQLs
UGL

NA
NA

10
10

NA
NA

NA

100
1000

NA

135W1
RDWA*11
15—jan—-92
0.0

CSW

UGL

ND
ND

[ 136]
[ 239}

65
68

( 1)10

530

12
335
768 K

Table S—10 (Cont'd)

NRSW1
RDSW*1
16—apr—92
0.0

Csw

UGL

LT45
LT0.79

NRSW3
RDSW*2
16~apr—92
0.0

CsSwW

UGL

(260

LT45
LTO0.79

ND

3533

Il

NRSW3D
RDSW*4
16—apr—92
0.0

CsSw

UGL

ND
ND

33

3333

NRSW4
RDSW*3
16—apr—92
00

CsSW

UGL

ND
ND

LT45
LT0.79

ND

3535

HBN
UGL

NSA
NSA

0.05 i
0.051 |

NSA
NSA

NSA

10000
NSA
NSA
NSA
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Table 5—10 (Cont’d)

Footnotes :

CSW = Chemical surface watex.
HBN = Health based number as defined in the RCRA permit. HBNs not specified in the permit were derived using standard exposure and intake
assumptions consistent with EPA guidelines ( 51 Federal Register 33992, 34006, 34014, and 34028).

K = Indicates holding time for extraction and preparation was not met, but data quality i not believed to be affected.

LT = Concentration is reported as less than the certified reporting Limit.

NA = Not available; PQLs are not available for TICs detected in the library scans.

ND = Analyte was not detected.

NSA = Nostandard (HBN) available; health effects data were not available for the cakulation of a HBN. HBNs were not derived for TICs.

NT = Not tested; param eters were not tested (included) in the sample analyses.

PQL = Practical quantitation limit; the lowest concentration that can be reliably detected at a defined level of precision for a given analytical method

S = Results are based on an internal standard; flag is used for TICs detected in library scans.

TAL = Target Analyte List.

TICs = Tentatively ilentified compounds that were detected in the GC/MS library scans.

UGL = Micrograms per liter.

{a) = Level 2data.

{ ) = Parenthesis are used to indicate the number of unknown TICs that were detected in either the volatile or semivolatile GC/MS library scans. The
number beside the parenthesis is the total concentration of all TICs detected in each respective scan.

{ ] = Brackets indicate that the detected concentration exceeds the HBN.



cobalt were not detected at anomalously high concentrations in on-site soils even though
sediment sample 13SE2 did exhibit anomalously high concentrations of these two metals.
246TNT was detected in pond sediment and five other surface soil samples, but at
concentrations below the HBN, Two other explosives, 135TNB and HMX, were detected

in the pond water but at concentrations below their HBNs.

Sample 13SW1 consisted of unfiltered water and the elevated concentrations detected
may be due to contaminants present on suspended solids rather than dissolved in the water.
Of the above-mentioned analytes, the groundwater samples from well 13MW7 had
detectable concentrations for only lead and HMX, but at levels below HBNs. This indicates
that suspended solids and not the water is the source of the detected contaminants.

| .Tﬁree surface water samples were taken from near the north bank of the New River
upstream of (NRSW1), adjacent to (NRSW3) and downstream (NRSW4) of SWMU 13 at
the same locations as the similarly numbered sediment samples. These samples were
analyzed for TAL metals, explosives, VOCs and SVOCs (Table 5-10). A duplicate of
NRSW3 was analyzed for explosives and VOCs.

Nine TAL metals were detected, but none of the four metals with HBNs were at
concentrations above HBNs. Five metals were common constituents of drinking water which

do not have HBNs. None of the concentrations appeared anomalously high.

No explosives or SVOCs were detected in any sample. Only one VOC (carbon
disulfide) was detected in NRSW1 and one of the NRSW3 samples, but at concentrations
less than 1 percent of the HBN. Carbon disulfide is not associated with the contaminants
found at SWMU 13 and its presence is unlikely due to migration from the burning ground.

In summary, adverse impacts to the New River due to SWMU 13 contaminants

cannot be identified from the collected surface water and sediment samples.
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54 ISK_AS MENT FOR 13--WASTE PROPE
BURNING GR

Based on the contamination assessment presented in Section 5.3, five contaminants
of concern-lead, 24DNT, 26DNT, 246TNT, and 135TNB--have been identified for the
surface soil/sediment samples collected from this site. Two contaminants of concern—
carbon tetrachloride and trichloroethylene—-were identified for groundwater at SWMU 13.
The potential impacts of these contaminants to human health and the environment are
discussed below in Sections 5.4.1 and 5.4.2, respectively.

54.1 Human Health Evaluation

~ No groundwater wells other than for monitoring purposes are located downgradient
of SWMU 13. Groundwater in the vicinity of SWMU 13 generally flows to the south and
discharges to the New River. As discussed in Section 2.5, future land use is considered to
be similar to the current land use scenario—-i.e.,, RAAP will continue to remain an active
army installation and there are no plans for future residential development of RAAP.
Therefore, it is highly unlikely that groundwater wells would be installed in the future in the
vicinity of SWMU 13. Based on this evaluation, potential groundwater exposure pathways
are not considered operable under the current or future land use scenario.

As discussed above, there is the potential for discharge of groundwater contamination
to the New River from SWMU 13, Persons boating, fishing, or swimming in the river could
potentially be exposed to contaminants migrating from SWMU 13 via shallow groundwater.
In addition, a drinking water intake is located 6 miles downstream of RAAP. However, due
to the significant capacity of the river which would result in significant dilution, and the low
levels of carbon tetrachloride (maximum concentration of 10.5 ug/1) and trichloroethylene
(maximum concentration of 10.5 ug/1) detected in groundwater, which were only a factor
of two above their HBNs, potential exposure is considered nepligible. None of the
contaminants of concern were detected in New River surface water samples. Therefore,
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these potential exposure pathways are not considered significant and are not evaluated
further.

Contamination was detected in surface soil of SWMU 13, This SWMU is currently
active (for a description of activities conducted at SWMU 13 see Section 5.1). Potential soil
exposure routes typically include incidental ingestion, inhalation, and dermal absorption of
soil contamination. Because lead, 24DNT, 26DNT, 246TNT, and 135TNB were detected
at elevated levels in surface soil (Table 5-8) and the area is currently active, there is the
possibility of contaminated dust to become airborne and for workers in the vicinity of
SWMU 13 to be exposed via inhalation of contaminated dust. It should be noted that this
exposure pathway evaluates the potential for exposure to particulate emissions from
contaminated soil due to wind erosion, and is not meant to evaluate the potential for air
emissions that may occur during burning operations. Workers may also be exposed via
incidental ingestion of contaminated soil. Because dermal contact with soil is expected to
be insignificant (workers wear protective equipment such as coveralls and gloves), the
dermal absorption of soil contamination pathway is not considered a significant exposure
pathway and is not further evaluated.

Nitroglycerin was detected in the surface soil samples collected from SWMU 13 for
the 1987 USAEHA study (Table 5-1). Detected concentrations in the samples ranged from
below detection to 17.1 ug/g. No health risk evaluation data for NG are available to
determine unacceptable risk levels using the detected concentrations. However, a review
of pharmaceutical use of NG and some example dosages (Chemical Database, 1992) may
provide relevant comparison information. A 2 percent NG ointment is used for dermal
application for the relief of angina. Oral dosage for long term prophylactic management
of angina pectoris ranges from 1.3 to 9 mg administered two or three times a day. While
a direct correlation between medicinal dosage and detected soil concentrations is not an
accurate determination of safety or risk, the concentration measured in site soils suggests
that 2 to 3 kilograms of soil would roughly contain the same amount of NG needed to
provide a daily dosage. The ingestion of this much soil is not likely to occur, and, apart
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from the possible physical hazard associated with NG, the risk to health due to NG in site
soils is considered very low.

The HBNs were developed for screening purposes assuming a worst case residential
land use scenario. Because future land use is considered to be similar to the current land
use scenario--i.e., RAAP will continue to remain an active army installation and there are
no plans for future residential development of RAAP--exceedances of HBNs do not
necessarily indicate a contamination problem at RAAP, but do indicate the necessity for a
more detailed analysis. Because lead, 24DNT, 26DNT, 246TNT, and 135TNB exceeded
HBNs developed for the residential land uses scenario in site soil, these contaminants will
be evaluated using a more realistic military land use scenario.

The methodologies and general assumptions for quantifying the inhalation and
incidental ingestion pathways are presented in Appendix A, site-specific assumptions are
discussed below. The areal extent of contamination will be assumed to be the entire burn
area (approximately 1,600 by 300 feet). Therefore, the width of the contaminated area (LS)
will be assumed to be 1,600 feet (488 m) and the area of contamination (A) will be assumed
to be 4.8E+05 feet (4.SE+04 m). Substitution of these values into Equation A-2 results in
a particulate emission factor (PEF) of 2.3E+09 m?/kg; substitution of 2.3E+09 into
equation C of Table A-4 results in a dust concentration of 4.35E-04 mg/m®,

Tables 5-11 and 5-12 present the exposure point concentrations and carcinogenic and
noncarcinogenic intakes for the incidental soil ingestion and dust inhalation exposure
pathways, respectively, for the military land use scenario at SWMU 13. Tables 5-13 and 5-
14 present the carcinogenic intakes, noncarcinogenic intakes, slope factors, references doses,
potential risks, and potential hazards, as applicable, for the incidental soil ingestion and dust
inhalation exposure pathways, respectively, for the military land use scenario at SWMU 13.
The total potential carcinogenic risk and noncarcinogenic hazard for the incidental ingestion
of soil are SE-08 and 3E-02, respectively. The hazard index is below one (1), indicating a
low potential for noncarcinogenic effects. The potential carcinogenic risk is below the EPA
target risk range (10 to 10®). Potential carcinogenic risks and noncarcinogenic hazards
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Table 5-11
Estimated Contaminant Concentrations in Soil and Estimated Human Intakes
Due to Incidental Ingestion of Soil at SWMU 13
Military I.and Use Scenario
Radford Army Ammunition Plant, Virginia

Exposure

Point Carcinogenic Noncarcinogenic

Concentration Intake Intake
Analyte (mgkgi(a) (mg/kg/day) (mg/kg/day)
Lead 469 - 2.14E-04
24DNT 1.77 3.46E-08 8.08E—-07
26DNT 1.01 1.98E-08 461E-07
246TNT 18.2 3.56E-07 831E--06
135TNB 13 - 5.94E-07
Footnotes:
(a) The 95 percent upper confidence limit on the arithmetic mean of surface soil

data is used as the exposure point concentration. Non—detects are replaced
with one—half the detection level for calculating exposure point concentration.

"——*  Notcakulated because contaminant is not considered a carcinogen or potency
factor is not available.
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Table 5-12

Estimated Contaminant Concentrations in Air and Estimated Human Intakes

Due to Inhalation of Dust at SWMU 13
Military Land Use Scenario
Radford Army Ammunition Plant, Virginia

Source —Related Dust Concentration for SWMU 13 is 4.35E —04 mg/m3 (see Text)

Exposure
Concentration  Point Carcinogenic Noncarcinogenic
in Soil Concentration Intake Intake

Analyte (mgfkp)(a) {mg/m3)(b) (mg/kg/day) (mg/ke/dav)

Lead 469 20MME-07 - 1.73E-08

24DNT .77 7.0E~10 6.03E—-12 141E-10

26DNT 1.01 4.39E-10 3.4E-12 8ME-11
246TNT 182 7.R2E~09 ’ 6.20E—11 145E-09
135TNB 13 © 5.65E=-10 - 1.BE-10

Footnotes:

@) The 95 percent upper confidence limit on the arithmetic mean is used asthe soil
concentration. Non-—detects are replaced with one —half the detection level for
calculating exposure point concentration.

(b) The exposure point concentration is the product of the totat source —related dust
concentration and the contaminant concentration in surface scil. The assumption
is made that the contaminants are distributed in the gir in the same propartion as
they are in the surface soil.

L] L

Not calculated because contaminant is not considered a carcinogen o potency
factor is not available.
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Table 5—-13
Potential Carcinogenic Risks and Noncarcinogenic Hazards
Due to Incidental Ingestion of Soil at SWMU 13
Military Land Use Scenario
Radford Army Ammunition Plant, Virginia

Carcinogenic

Intake Slope Factor
Analvie m da 1/(mp/kpg/day) Risk
Lead -— -- -
24DNT 3.46E-08 6.8E-01 2E-08
26DNT 198E-08 6.8E-01 IE-08
246TNT 3.56E-07 I0E-02 1E-08
135TNB —— —— -
Total SE-08

Noncarcinogenic

Intake Reterence Dose Hazard
Analyte (mg/kg/day) (mg/kg/day} Quotient
Lead 2.14E-04 e i
24DNT 8.08E-07 20E-03 4E-04
26DNT 461E-07 1.0E-03 SE-04
246TNT 831E-06 SOE-4 2E-(2
135TNB 5.94E-07 S0E-05 1E-02
Total 3E-02
Foomotes;
-t Not cakulated because contaminant is not considered a carcinogen or potency factor

is not available.

nhHe Reference dose is not available.
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Table 5-14
Potential Carcinogenic Risks and Noncarcinogenic Hazards
Due to Inhalation of Dust at SWMU 13
Military Land Use Scenario
Radford Army Ammunition Plant, Virginia

Carcinogenic

Intake Slope Factor
Analyte (mg/kg/day) 1(mg/kg/day) Risk
Lead - - -
24DNT 6.03E-12 - -
26DNT 3.44E~12 —_ -
246TNT 6.20E-11 - -
135TNB -— - -
Total 0E+00

Noncarcinogenic

Intake Reference Dose Hazard
Analyte (mg/kp/day) (mp/kg/day) Quotient
Lead 3.73E-08 b b
24DNT 141E-10 b b
26DNT 8.02E~11 .- hd
246TNT 1.45E—-09 - e
135TNB 1.03E-10 b b
Total 0E+00
Footnotes:
—r Not cakulated because contaminant is not considered a carcinogen or

potency factor is not available,

e Reference dose is not available.
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for the dust inhalation pathway could not be calculated because inhalation slope factors and
reference doses are not available.

Table 5-15 presents the multiple pathway potential carcinogenic risk and
noncarcinogenic hazard index for the military land use scenario at SWMU 13, which are SE-
08 and 3E-02, respectively. The noncarcinogenic hazard index and potential carcinogenic
risk are below generally acceptable levels.

Although noncarcinogenic intakes are calculated for lead, as discussed in Appendix
A, an RfD is not available for lead; therefore, a potential noncarcinogenic hazard index for
lead can not be calculated. As discussed in Appendix D, the uptake biokinetic model
(UBK) developed by EPA for lead is only applicable to children; therefore, potential
noncarcinogenic effects resulting from exposure to lead under the military land use scenario
at SWMU 13 cannot be quantitatively evaluated. However, it should be noted that the
upper 95 percent confidence limit on the arithmetic mean of surface soil data is 469 mg/kg,
which is more than two times the lower end of the HBN range but within the upper end of
the HBN range developed for lead under the residential land use scenario. Based on the
concentration of lead detected in site soil and the fact that two potential complete exposure
pathways are identified for SWMU 13, the potential exposure to lead and corresponding
hazard is estimated as low to moderate.

542 Environmental Evaluation
The surface soil samples were collected from within the burning areas. Although

wildlife may have access to these area, because this area is active and paved roads are
present in the surrounding area, it is not likely that wildlife would frequent this area. In
addition, a fence separates the burning area from the New River, precluding wildlife access
via the river bank. Therefore, potential exposure to environmental receptors to the surface
soil contamination at SWMU 13 appears to be minimal and these exposure pathways are
not further evaluated.

As discussed above, there is the potential for discharge of groundwater contamination
to the New River, which could potentially impact aquatic life. Although data are
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Table 5-15
Multiple Pathway Potential Carcinogenic Risks and Noncarcinogenic Hazards
at SWMU 13
Military Land Use Scenario
Radford Army Ammunition Plant, Virginia

Pathway Pathway

No. Description Risk Hazard Index

2 Incidental Ingestion of Soil SE-08 3E-02

3 Inhalation of Dust 0E+00 0E+00
Total : 5E-08 3E-02
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insufficient for establishing aquatic life criteria for trichloroethylene, the lowest observed
effect level (LOEL) for chronic effects to freshwater aquatic life is reported as 21,900 ug/!
(EPA, 1986). Because the maximum concentration of trichloroethylene detected in
groundwater is 10.5 ug/), it was not detected in river water samples and significant dilution
would occur upon discharge of groundwater to the New River, the detection of
trichloroethylene in SWMU 13 groundwater does not appear to be of environmental
concern, Although data are insufficient for establishing aquatic life criteria for carbon
tetrachloride, the lowest observed effect level (LOEL) for acute effects to freshwater aquatic
life is reported as 35,200 ug/l1 (USEPA, 1986a). Because the maximum concentration of
carbon tetrachloride detected in groundwater is 10.5 ug/l and significant dilution would
occur upon discharge of groundwater to the New River (carbon tetrachloride was not
detected in river samples), the detection of carbon tetrachloride in SWMU 13 groundwater

does not appear to be of environmental concern.

543 Conclusions of Human Health and Environmental Evaluation

Although carbon tetrachloride and trichloroethylene were detected above their
HBNs, due to the lack of groundwater receptors and the fact that significant dilution
apparently occurs upon discharge of groundwater to the New River, resulting in insignificant
exposure, the detection of these constituents in site groundwater does not appear to present

a current or potential future human health risk or environmental threat.

Two potentially complete exposure pathways--incidental soil ingestion and dust
inhalation--were identified for SWMU 13 and were quantitatively evaluated. The total
potential carcinogenic risk and noncarcinogenic hazard for the incidental ingestion of soil
are 5E-08 and 3E-02, respectively. The hazard index is below one (1), indicating a low
potential for noncarcinogenic effects. The potential carcinogenic risk is below the EPA
target risk range (10 to 10°). Potential carcinogenic risks and noncarcinogenic hazards
for the dust inhalation pathway could not be calculated because inhalation slope factors and
reference doses are not available. Even though the risk due to NG in site soil could not be
calculated, the detected concentrations appear low enough for no significant risk to be

present,
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As discussed in Appendix D, the UBK developed by EPA for lead is only applicable
to children; therefore potential exposure to lead under the military land use scenario can
not be quantitatively evaluated. Based on the concentration of lead detected in site soil
and the fact that two potential complete exposure pathways are identified for SWMU 13,
the potential exposure to lead and corresponding hazard is estimated as low to moderate,

Although elevated concentrations of several metals were detected in surface soil, it
is unlikely that environmental receptors would directly contact the surface soil, except
possibly on an infrequent basis. Therefore, potential exposure to environmental receptors
and the potential for environmental threat appears to be minimal.

55 SUMMARY AND CONCLUSIONS

The SWMU 13 field program has provided chemical data useful for defining the
extent and magnitude of soil, sediment, surface water, and groundwater contamination from
the Waste Propellant Burning Ground. Additionally, the results of the soil boring and

monitoring well program have been used to define the hydrogeologic properties of the
subsurface. These investigations have led to the following conclusions:

. Approximately 15 to 20 feet of unconsolidated sediments ranging in texture
from sandy silt to gravel underlie the burning ground area and overlie
disturbed shaly limestone/dolostone of the Elbrook Formation.

. Groundwater is present 12 to 19 feet below the ground surface and flows
generally southward towards the New River at a calculated average linear
velocity of 19 to 69 feet per year. The water table of the unconfined aquifer
is a few feet above the bedrock surface at the burning pads but is below the
bedrock surface 200 feet north of the pads.

. Surface water infiltration at the western half of the burning ground appears
to physically affect (mounding, change in flow direction) the groundwater
table.
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Arsenic, beryllium, cobalt, lead, thallium, 135TNB, 246TNT, 24DNT, and
26DNT were detected in on-site SWMU 13 soils and sediments at
concentrations greater than HBNs. The distribution and concentrations of
arsenic, beryllium, cobalt and thallium in off-site background, upgradient and
downgradient soil samples and at all depths indicate that these constituents
are naturally occurring and not due to activities at SWMU 13.

Lead was detected above the HBN in 11 of the 16 surface soil samples
collected as well as in the two settling pond sediment samples.

The presence of TNT in soils at the eastern half of the burning ground
(USAEHA, 1987) was confirmed, but the concentration of 246TNT detected
did not exceed 130 ug/g even though previous concentrations up to 10,900
ug/g were reported. However, the maximum RFI detected concentration was
from ditch sediments (135S2) immediately downslope from the area (Pad 3)
previously reported as being most impacted. Historical data also indicated the
presence of low concentrations (less than 17.1 ug/g) of NG in soils throughout
the burning ground.

No explosive concentration exceeded HBN in any surface soil sample
collected in the western half of SWMU 13. Only one explosive (246TNT),
was detected and only once in one sample (13SC3, 0.5 feet) in the western
half.

The shallow soil sample (135C3, 0.5 feet) collected at pad 3 was the most
impacted composite soil sample with three explosives detected and the.
concentration of 135TNB exceeding the HBN. The downgradient ditch
sample (13SS2) also showed the greatest detected concentrations of 135TNB,
246TNT, 24DNT, and 26DNT, all above HBNs.

Some volatile and semivolatile compounds were detected in the soil samples,
but concentrations did not exceed HBNs indicating that they should not be of
coTICen.
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The majority of contaminants detected in the soil samples were usually
present only in the shallow soils. Samples collected from deeper locations
generally were free of contaminants and always at concentrations below
HBNG, indicating that contaminants are not migrating vertically within the
soils,

Based on the diversity and concentrations of contaminants detected in the
drainage ditch surface samples and the settling basin sediments and surface
water, it appears that surface water transport is operating as a pathway for
contaminant migration from the shallow surface soils of the eastern half of the
burning ground.

Explosives contamination of the shallow soil appears to be contained within
the bermed area of the burning ground, except for the shallow soil
immediately east of the eastern berm and near the settling pond. The shallow
soil boring sample from this area exhibited a 246TNT concentration of 29
ug/g. The occurrence of explosives in this area may be due to activities at the.
former burning pits prior to construction of the berm (reworking of soil) or
may be due to particulate deposition during burning activities.

The five soil and sediment samples which exhibited the greatest overall level
of contamination--13SB6 (0.5 feet), 13SC3 (0.5 feet), 13SC6 (0.5 feet), 13552
and 13SE1- were subjected to TCLP analyses. None of the TCLP parameters
exceeded TCLP criteria, indicating that site soil does not exhibit RCRA
characteristic toxicity.

Only carbon tetrachloride and trichloroethene were detected in the
groundwater at concentrations exceeding the HBNs. These constituents were
detected in downgradient samples only, The samples from well 13MW7
exhibited the maximum concentration of trichloroethene. Trichloroethene was
also detected in the ditch soil sample (135S1) west of well 13MW?7. The only
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detection of carbon tetrachloride was from well 13MW3. These data indicate
that activities at SWMU 13 may have impacted groundwater quality.

Two VOCs, possibly related to lawn chemicals application, were detected in
the two upgradient wells. These data suggest that there may be an impact on

groundwater quality due to prior or current lawn maintenance practices.

Low concentrations of two explosives -~ RDX and HMX -- were detected in
the groundwater samples indicating that they are migrating from the shallow
soils. However, none of the levels were greater than the HBNs and are not
expected to be a concern,

The data for indicator parameters of samples collected from downgradient
wells were determined to be statistically similar to the upgradient values based
on the results of the Student’s T-Test. This analyses supports the relatively
minor impact measured for individual parameters.

The baseline risk assessment found no unacceptable current risk posed by
detected concentrations of contaminants but published toxicological
inhalation/ingestion data is insufficient to provide a complete quantitative
evaluation and a risk is still possible. Since access to the installation is
restricted, burning ground personnel would be most at risk to exposure, but
occupational exposure could be minimized through the proper use of personal
protective equipment or procedures.

The surface water sample from the settling basin shows high concentrations
of the same compounds detected in the surface soils and pond sediments and
contact with this water should also be minimized due to the potential for an
unacceptable risk.

Carbon tetrachloride and trichlorocthene were detected in groundwater
samples at concentrations above HBNs. If groundwater in the immediate
vicinity of the site were ingested then a potential unacceptable risk would be
present. However, there are no current downgradient groundwater uses, and,
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given the industrial use of the facility, there are not expected to be any future
users, Therefore, this pathway is not considered to be operable. Shallow
groundwater in the vicinity of SWMU 13 flows toward the New River and
discharged contaminants would not likely migrate at detectable concentrations

away from the area due to volatilization and dilution.

. Persons boating, fishing, or swimming in the river could potentially be exposed
to contaminants migrating from SWMU 13 via shallow groundwater.
However, due to the immediate significant dilution capacity of the river,
potential exposure is considered minimal. Samples collected of the New
River water and sediments did not indicate any SWMU 13 impact on the

river.

56 RECOMMENDED ACTION

Based on available information, a corrective measures study does not appear to be
currently warranted for this site. Potential health risks identified at the site can be
effectively controlled by use of protective clothing and equipment. However, routine
monitoring of the existing groundwater well network is considered appropriate to assess
changes to existing conditions over time. Improvements to the drainage system are also
recommended in order to minimize infiltration of surface water into the subsurface and
mitigate the ongoing adverse impact to the groundwater.

The available information indicates that the groundwater at SWMU 13 has been
degraded and should not be used as a drinking water source. The soil data indicate that the
burning ground is likely to be the source of the contamination.

The baseline risk assessment determined that since there are no current nor
anticipated future groundwater uses in the vicinity at SWMU 13, exposure to contaminated
groundwater should not be of concern. However, exposure via inhalation to contaminants
in the shallow surface soils may result in an unacceptable risk to workers at the burning
grounds.



An occupational health and safety program should be developed or amended, if a
current one exists, to instruct workers at the burning ground in the use of personal
protective equipment (such as particulate respirators) to prevent exposure to dust and
particulates during burning activities.

Procedures for the application of pesticides/herbicides used for lawn maintenance
should be reviewed and all uses should conform to manufacturer specifications.

Surface water infiltration into the subsurface appears to be an avenue for
contaminants to exit the burning ground. Grading the drainage at the area to eliminate
ponding and installing a culvert through the central berm are recommended to minimize
infiltration into the subsurface. All runoff should be directed to the settling basin and the
i;-asil_i éoﬁstrucﬁon improved to handle the increased flow including an impermeable liner
to prevent infiltration into the subsurface. Reguiatory implications due to the
reconfiguration of the drainage and retention basin would need to be defined prior to

construction.

It is recommended that continued monitoring of groundwater be performed to
monitor the groundwater quality in the unconfined aquifer. Parameters should be those
considered as contaminants of concern -- lead (filtered and unfiltered), explosives and
VOCs. VOC analyses could probably be deleted from a monitoring program once drainage
is improved since volatilization would result in reduction of concentrations of these
compounds. Restrictions on the possible future use of groundwater at the site are also

recommended to prevent inadvertent exposure to contaminated groundwater.



6.0 RCRA FACILITY INVESTIGATION OF SWMU 17,
CONTAMINATED WASTE BURNING AREAS

6.1 SWMU 17 INVESTIGATION PROGRAM

6.1.1 SWMU History

This unit is located in the south-central part of the Main Manufacturing Area (Figure

6-1 and Insert 4), It is used for burning wastes potentially contaminated with explosives or
propellants. SWMU 17 consists of the following five components:

. Stage and Burn Area (17A)
. ACD Staging Area (17B)

. Air Curtain Destructor (ACD) (17C)

. ACD Ash Staging Area (17D)

. Runoff Drainage Basin (17E)

Directly west of the ACD Ash Staging Area is SWMU 17E, described as an unlined
settling basin (Figure 6-1). This unit appears to be a natural drainage depression rather
than a constructed basin. Surface water runoff from the ACD and Ash Staging Area drains
into SWMU 17E; water from the settling basin at unit 17B also discharges to this drainage

basin,

6.1.1.1 SWMU 17A, Stage and Burn Area. Materials consisting mostly of large metallic
items in need of éxplosives decontamination are accumulated into large piles in the Stage
and Burn Area. This unit is a level area about 30 feet below grade and approximately 200
by 300 feet in size at its widest point. Using a crane, the materials are piled on the ground
to a height of approximately 30 feet and ignited. Facility representatives reported that waste
oil and diesel fuel are used to fuel the burning operations. Wood, paper, cardboard, etc,,
are often added to the piles to increase combustion. Waste oil used for these operations
was stored in the two waste oil underground storage tanks (SWMU 76), formerly located
along the Stage and Burn Area embankment east of the waste pile.

6-1



U \/ | 2027
EES
A¢TH oft L L PARKING
< g O ,GATE ’| ’J AREA
2 =] : [
3 DRINKING -
SWMILT 40 WATER {,’l [+
STORAGE
TANKS
Qﬁ
PISTOL RANGE 'y
FORMER %Q\n
LEAD b,
. FURNACE y/ \\\
an /i AREA # §%
tg'f_g) OFFICE
(17A) SWMLUI 76 °
17P21 . s\p"e TRAVEL
QL e
QD oTTOM 196/—- CONCRHETE
INCINERATOR ABH
STORAGE =
Runaff d (??.?
1 Drainage OVERED
[ Basin 17D SWMU 17 - (':'?g”
- (17€) N %PECT(]?Bj
' A
RECETVING, TREES s e PAD
I v g iR
! CTION WASTE A’ 178)
1 534 STORAGE
(x]
GATE PJ:%IEIRIG
] r
\ \GﬂTE
{LEGEND: lll zl)oFut
O , Piezometer 1 J
Hydrogeclogic Cross—Section
FIGURE 6-1

LOCATION MAP

SWMU 17 — CONTAMINATED WASTE BURNING AREA
RADFORD ARMY AMMUNITION PLANT, VIRGINIA

[

rames & Moore




Following burning of the waste pile, scrap metal is removed from the residue and
accumulated in piles prior to sale for recycling. Hazardous ash is transported off-post for
disposal whenever testing indicates it as such.

When the USTs were removed in 1991, lead slag was detected in soils at the SWMU
76 area. Because of this, a new SWMU was added to the VI at RAAP. This unnumbered
SWMU was identified as the Former Lead Furnace Area (FLFA), a facility used at the time
of World War II. The results of the VIs for the FLFA and SWMU 76 are included in the
VI (Dames & Moore, 1992b) conducted at RAAP simultaneously with the RFL

meg_Bm. Contaminated wastes small enough to feed into the burn chamber
are burned in the ACD (17C), a large concrete pit enclosed within a metal structure,
Forced air blowers increase burning efficiency. The system does not qualify as an
incinerator under EPA definitions and is considered simply a form of controlled open
burning (USAEHA, 1980a).

Unit 17B, a staging area for the ACD, is divided into two bays—one is covered with
a roof and the other is open. Both are constructed with concrete floors and 6-foot high
concrete walls on three sides. Materials are accumulated in this staging area prior to
burning in the ACD.

Adjacent to the uncovered storage bay is a below-grade, concrete-lined settling basin
that collects surface water runoff from the staging pads. The pit is equipped with a sump
pump that periodically pumps the collected water into a drainage ditch leading to the
Runoff Drainage Basin (17E).

SWMU 17D, a staging area adjacent to the ACD, is used for accumulating and
storing ACD ash and scrap metal prior to disposal. A storage shed with a concrete floor
has since been constructed at SWMU 17D to temporarily store the ash.
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6.1.2 Previous Investigations

The lead furnace area was discovered when sample results from closure of USTs at
SWMU 76 showed detection of high lead concentrations in the soils (Hercules, 1991). A
sample of ash from unit 17A was analyzed in 1980 for EP toxicity and was found to be
nonhazardous, but it was not analyzed for reactivity (USAEHA, 1980a).

During the February 1990 facility visit, an accumulation of burned scrap metal was
observed on the gravel surface at SWMU 17D. Scrap metal is sold for recycling
(USATHAMA, 1984). Roll-off containers for the ash were situated on a gravel surface
prior to shed construction. Hazardous ash is disposed of off-post in a regulated facility.
Analysis of a sample of ash from SWMU 17C yielded the following results (USAEHA,
1980a):

Concentration
Parameter (mg/L) Maximum* (mg/L}
As 0.159 5.0
Ba 0.39 100
Cd 242 1.0
Cr 0.093 5.0
Pb 2.55 50
Concentration
Parameter (mg/L) Maximum* {(mg/L)
Hg | ND 0.2
Se ND 1.0
Ag ND 5.0

*Virginia maximum allowable limit.
**ND = not detected.

When the concentration of any metal exceeds the Virginia allowable limit, as
cadmium did in this sample, the ash is considered hazardous by characteristic of EP toxicity.

The sample was not analyzed for reactivity.
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6.1.3 REFI Program

Technical data on the hydrogeologic environment for SWMU 17 was acquired from
one on-site boring (17PZ1) to 133 feet for piezometer installation, three shallow soil borings
for the FLFA and one boring (40MWIA) to 162 feet immediately west of SWMU 17 for the
SWMU 40 VI. The locations of these data points are shown in Figure 6-2.

No water table was encountered while drilling either deep boring, but a 4-inch
piezometer was installed in one boring (17PZ1) to a depth of 132.5 feet to intercept a
possibly higher water table at a future date, The other boring was abandoned by grouting.
A topographic survey was created of this SWMU and the piezometer coordinates were

determined.

The sampling and analysis program for each component area is presented separately
in the following subsections.

6.1.3.1 SWMU 17A, Stage and Burn Area. Because potentially contaminated wastes are
burned directly on the ground surface at the Stage and Burn Area (17A), surface and near-
surface soil samples were collected from SWMU 17A to determine if soils have been
contaminated by burning activities. Samples were collected from two locations (Figure 6-2)
from a depth of 0 to 1 foot at each location (17AS8S1 and 17ASS2). The hand auger would
not penetrate past 1 foot, and the deeper soil planned to be collected at a depth of 3 to 4
feet was not sampled.

To assess the potential for contaminant migration via surface water runoff or
infiltration, one surface water sample (17ASW1) was collected from accumnlated surface
water in a low area at the southern end of the SWMU 17A area. The soil samples were
analyzed for TAL metals, TCLP metals and explosives. The surface water sample was
analyzed for TAL metals, explosives, TOC, TOX and pH.

6.1.3.2 SWMU 17B, ACD Staging Area. At the ACD Staging Area (17B), one sediment
sample (17BSE1) was collected from the concrete-lined settling basin (Figure 6-3) to
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determine if runoff from the staging bays is potentially carrying contaminants. This
sediment sample was analyzed for TAL metals, TCLP metals and explosives.

6.1.3.3 SWMU 17C, Air Curtain Destructor. At the ACD (17C), there is the possibility for

contamination of surface soils from the accurmnulation of burned scrap metal and potentially

contaminated ACD ash, To determine if soils are contaminated, surface and near-surface
soil samples were collected from the locations shown in Figure 6-3. Samples were collected
from 0 to 1 foot and 3 to 4 foot depths at each location (17CSS1 and 17CSS2). These soil
samples were analyzed for TAL metals, TCLP metals and explosives.

6.1.3.4 SWMU 17D, ACD Ash Staging Area. The soil at ACD Ash Staging Area (17D),
west of the ACD, was sampled (17DSS2) to assess potential soil contamination from the
storage of ACD ash. In addition, the soil at the coal bottor ash pile (17DSS1) at this unit
was sampled to evaluate the impact from this potential contaminant source (Figure 6-3).
Only samples from 0 to 1 feet were collected. The hand auger would not penetrate past 2
feet, and deeper samples planned to be collected at the depth of 3 to 4 feet were not
collected. The soil samples were analyzed for TAL metals, TCLP metals and explosives.

6.1.3.5 SWMU 17E, Runoff Drainage Basin. To determine whether potential hazardous
waste constituents are migrating from SWMUs 17B, 17C, and 17D to the Runoff Drainage
Basin (17E) via surface water runoff, one surface water sample (17ESW1) and one sediment
sample (17ESE1) were collected from the basin (Figure 6-3). The sediment sample was
collected from 0 to 12 inches below the sediment/surface water interface. A duplicate of
each sample was also collected and analyzed. The surface water samples were analyzed for
TAL metals, explosives, TOC, TOX and pH. The sediment samples were analyzed for TAL
metals, TCLP metals and explosives.

6.2 ENVIRONMENTAL SETTING

6.2.1 Topography

The Contaminated Waste Burning Area (SWMU 17) is located in the south-centrat
part of the Main Manufacturing Area (Insert 1). There are five components of SWMU 17
in two main areas (Insert 4) and both main areas of SWMU 17 are located in natural
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depressions that probably correspond to sinkholes in the Elbrook Formation. The Stage and
Burn Area (SWMU 17A) is located in the northwest portion of SWMU 17 in one of the
natural depressions (Figure 6-2). The other four components of SWMU 17 (B, C, D and
E) are located southeast of SWMU 17A in or near the other natural depression (Figure 6-
3). Installation maps for RAAP identify the Stage and Burn Area depression as a sinkhole,
and the other depression is almost identical in appearance.

SWMU 17A is a level area about 30 feet below grade at approximately 1,873 feet
msl. It is almost oval-shaped and approximately 200 by 300 feet in size. Waste oil used to
fuel the burning operations used to be stored in two waste oil underground storage tanks
(SWMU 76) located at the top of the Stage and Burn Area embankment, southeast of the
wasté pile. The elevation at the top of the depression in which SWMU 17A is situated is
approximately 1,890 feet msl to 1,900 feet msl.

The ACD (SWMU 17C), the ACD Ash Storage Area (SWMU 17D), and the Runoff
Drainage Basin (SWMU 17E) are located in a level area within the other natural
depression, southeast of SWMU 17A. SWMU 17B is located at the east end of this area
at an elevation of 1,880 feet msl. SWMUs 17C, 17D and 17E are located to the west of 17B
at approximately 1,865 to 1,867 feet msl. SWMU 17E appears to be a natural drainage
depression, surrounded by a steep slope on its northwestern, western, and southwestern
sides. The floor of the depression slopes gently westward toward SWMU 17E.

The Sanitary Landfill (SWMU 40) is approximately 100 feet west of SWMU 17. The
Flash Burn Parts Area (SWMU 71) which overlies a part of SWMU 40, is approximately
300 feet west of SWMU 17. There are six water tanks bordering the northeastern corner
of SWMU 17. Several buildings are in the area including the RAAP Shipping and
Receiving Building. Both gravel and paved roads are in the area of SWMU 17.

6.2.2 Hydrogeology

6.2.2.1 Geologic Units. The geology of the SWMU 17 area has been evaluated for the RFI
from data on one on-site deep boring for the installation of a piezometer (17PZ1), the
drilling of three shallow soil borings in the FLFA and a deep boring for SWMU 40
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immediately west of SWMU 17A. Subsurface data from the drilling of three other rock
borings around SWMU 40 further from SWMU 17 was also utilized for the SWMU 17
elevation. The subsurface data from SWMU 17 and SWMU 40 was used to construct a
hydrogeologic cross-section of the SWMU 17 area shown in Figure 6-4. The following
subsections describe the unconsolidated soil and bedrock geology of SWMU 17 as revealed
through the boring program. The topography of SWMU 17 is illustrated on the
Topographic Survey Map included as Insert 4.

6.2.2.1.1 Unconsolidated Soil. Soils in the vicinity of SWMU 17 are similar to other high
clevation upland areas in the south portion of RAAP. In the high, nearly level areas
surrounding the main areas of SWMU 17 a thin layer of residual soil approximately 2 to 3
feet thick overlies weathered limestone or dolostone bedrock as shown in Figure 6-4. These
soils were generally described as a dry very stiff, reddish-brown silty clay (CL). The main
areas of SWMU 17 located in the two topographic low areas that are suspected to occupy
sinkholes. It is also suspected that both of these areas have been filled with soil and rubble
over the depressed bedrock surface (Figure 6-4). Three soil borings performed in the stage
and burn area to investigate environmental conditions in the FLFA confirm the presence
of fill proximate to these areas. Soil borings 17SB1 and 17SB2 which were performed at the
top of the depression wall encountered a layer of suspect gravelly fill to the depths explored
(7 to 10 feet). Auger refusal was encountered in 17SB1 at a depth of 9 feet and boring
17SB2 was terminated on gravels at a depth of 10 feet. Soil boring 17SB3 which was
performed in the FLFA adjacent to the suspect sinkhole encountered suspect gravelly fill
until auger refusal at 7 feet. It is not known if the auger refusal for borings 17SB1 and
17SB3 was on bedrock or on a subsurface obstruction. The only geotechnical boring
performed for SWMU 17 (17PZ1) encountered rock at less than 3 feet.

6.2.2.1.2 Bedrock. Elbrook Formation bedrock in the area of SWMU 17 consists of
argillaceous limestone and dolomite that is highly deformed as a result of intense thrusting

and faulting. The bedrock was observed in some outcrops on the New River to have a dip
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of approximately 30 degrees. As discussed previously, there is surficial evidence of large
scale subsurface solution features (sinkholes) present in the main areas of SWMU 17. The
potential for these features was generally confirmed during installation of the deep
piezometer 17PZ1 at SWMU 17 and the deep borings performed at SWMU 40. During
drilling, numerous difficulties were encountered as a result of subsurface karst features.
Bedrock encountered was characterized by frequent zones of intense weathering and
deformation with numerous interbedded clay and mudstone seams and solution features.
A number of these solution features consisted of substantial voids which resulted in large
losses of drilling water and air circulation. As a result of these features two borings were
abandoned after consultation with USATHAMA. The remaining two wells installed in
SWMU 40 were limited to a maximum depth of 60 feet due to caving in of borings at

greater depths. No static groundwater table was encountered in any boring.

6.2.2.2 Groundwater. The hydrogeologic conditions in the vicinity of SWMU 17 were
investigated through field examination of soil and rock samples, and data from piezometers
and monitoring wells installed at SWMU 17 and 40. Groundwater elevations measured
from the wells in the SWMU 17 area during the field program are presented in Table 2-4.
One hydrogeologic cross-section (Figure 6-4) was also constructed from the data collected
during the RFI program.

Water table conditions were not encountered during the drilling of the soil and rock
borings in SWMU 17 and 40. The borings were extended to a maximum depth of 162 feet
below ground surface. The piezometer in SWMU 17 was installed to a depth of 133 feet

and a 20 foot screen set at the bottom of the boring.

The two monitoring wells installed at SWMU 40 (40MW2 and 40MW4) utilized 20
foot screens to a maximum depth of 60 feet below ground surface. The wells were installed
to intercept future groundwater flow through fractures, bedding planes or solution features

within the screened interval of each well,

6.2.2.2.1 Potentiometric Surface. Water level measurements taken at 17PZ1, 40MW2, and
40MW4 during November 1991 indicated that both the piezometer and wells were dry.
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Subsequent water level measurements performed at 17PZ1 on March 12, 1992 indicated
groundwater present at a depth of 90 feet below land surface (elevation of 1,814 feet msl).
Water level measurements at 40MW2 and 40MW4 also taken at this time indicated that
these wells were still dry. Additional water level measurements at 17PZ1 on July 10, 1992
indicated groundwater at a depth of 78 feet below ground surface (1,826 feet msl).

The groundwater fluctuations observed in piezometer 17PZ1 are indicative of deep
groundwater flow through fractures, bedding planes, and karst solution features. The
groundwater observed in the piezometer likely represents a potentiometric surface formed
through the collection of karst groundwater. As mentioned previously groundwater and
water table conditions were not encountered in the deep boring 40MWI1A to a depth of 162
feet (1,743 feet msl). It is likely based on this data that the potentiometric surface which
represents static water table conditions is located at an elevation significantly below that of
17PZ1 possibly near the elevation of the New River.

6.2.2.2.2 Flow Patterns. Groundwater flow patterns are highly irregular below SWMU 17
due to the presence of karst features below SWMU 17. Subsurface data from the RFI
program indicates that groundwater flow in the subsurface is through primarily through karst
features present below the site. It is suspected that the groundwater measured in
piezometer 17PZ1 is groundwater moving through fractures, bedding planes, and solution
features rather than water table conditions. Because the data at the site is limited and
groundwater flow in karst terrains is highly irregular the groundwater flow patterns below
the site cannot be determined at this time. It is suspected that groundwater flow through
karst features below the site will reach water table conditions at an elevation below the
depths explored at the site. However, it is not known whether groundwater flow is
dominantly vertical, horizontal or both.

6.2.2.2.3 Recharge and Discharge. Groundwater recharge to the depths explored for the
RFI program is likely through karst groundwater flow which eventually reaches the
unconfined water table. Surface infiltration in the suspected sinkhole areas should be rapid
due to surface runoff being directed to the low areas occupied by the sinkholes. It is likely
that the fill placed over the bedrock surfaces in the sinkhole is permeable and allows rapid
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infiltration of surface water to the subsurface. Once water has infiltrated the subsurface
groundwater flow directed through karst features would expected to be rapid. Published
data for permeability of karst limestone indicate that groundwater flow rates can exceed 1

foot/minute.

Groundwater discharge below the site would be expected below the depths explored,
iikely occurring at the unconfined water table surface. Eventual discharge would be
expected to the New River about 1 mile west of SWMU 17, however local discharge could
be to the water table surface which slopes northward towards the main plant area. A ravine
present 2,400 feet east of SWMU 17 may also act as a discharge zone when water elevations
are as high as those measured at the site.

6_2524 Aguifer Properties. Although specific aquifer properties for the site were not
determined, some aquifer properties which relate to karst terrains would apply to the site.
Published velocities of water in karst environments are variable, ranging up to 3 miles/day
with an average velocity of 0.8 miles/day, and no correlation has been found between
average flow velocity and gradient (Milanovic, 1981). Any physical aquifer tests (i.e. pump
test, slug test) would apply only to the immediate area of the test. Since water table
conditions were not encountered at SWMU 17 and flow is not Darcian, conventional aquifer
tests would not be applicable.

6.2.2.2.5 Hydrogeologic Interrelationships. It is evident from the investigation performed
in the vicinity of SWMU 17 that groundwater flow is principally controlled by the karst
features of the Elbrook Formation bedrock underlying SWMU 17. Any surface infiltration
and groundwater with associated contaminants would probably move rapidly through karst
features until reaching the water table aquifer located at an elevation similar to that of the
New River. Subsequent groundwater discharge would likely be to the New River, but the
exact discharge point (or points) is unknown and pathways to the west, north, and east are

equally likely to be present.
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623 Soils

Soils in the vicinity of SWMU 17 are similar to other high elevation upland areas in
the south portion of RAAP. In the high, nearly level areas surrounding the main areas of
SWMU 17 a thin layer of residual soil approximately 2 to 3 feet thick overlies weathered
limestone or dolostone bedrock. These soils are described as a reddish-brown silty clay
(CL). Three soil borings were also performed to a depth of approximately 10 feet in the
main area of SWMU 17 which is located in one of the suspected sinkholes at SWMU 17.
Surficial and near surficial soils encountered in these borings consist of a layer of suspect
gravelly fill approximately 3 to 10 feet thick. Two of the borings encountered a reddish-
brown silty clay, possibly fill, under the gravelly fill. Auger refusal was encountered in two
of the bonngs between 9 and 10 feet. Because these bbrings were plarmed for a maximum

depth of 10 feet, it is not known whether refusal was on a subsurface obstruction or on
bedrock.

6.24 Surface Water and Sediment

The Stage and Burn Area, SWMU 17A, is located within a depressed area that
apparently corresponds to a sinkhole in the Elbrook Foundation. Surface runoff from the
surrounding embankment including SWMU 76 would probably collect in SWMU 17A, The
sinkhole is a surface drainage inlet for the karst aquifer flow system in the Elbrook
Formation.

Adjacent to the uncovered storage bay of SWMU 17B is a below-grade, concrete-
lined settling basin that collects surface water runoff from the staging pads. The pit was
equipped with a sump pump that periodically pumped the collected water into a drainage
ditch leading to the Runoff Drainage Basin (SWMU 17E). This practice was discontinued,;
water is now shipped off-post for treatment. Surface water runoff from the ACD, the Ash
Storage Area, and surrounding embankments drains into SWMU 17E. SWMU 17E is an
unlined settling basin which appears to be a natural drainage depression rather than a
constructed basin. Surface water in SWMU 17E will infiltrate to the ground water table and
part will evaporate. Groundwater discharge would likely occur into the New River.
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63 CONTAMINATION CHARACTERIZATION

Soil, surface water and sediment samples were collected from the five component
areas of SWMU 17. The results of the investigation indicated that concentrations of several
metals exceeded the HBN criteria in all three media and may be a concern at the sites.
Concentrations of several other metals in soils and sediment samples were greater than the
background criteria but were less than any HBN criterion. One explosive, 24DNT, was
detected at all sites except SWMU 17D, the Ash Staging Area. Concentrations of 24DNT
may be a concern in surface water and sediment samples collected at SWMUs 17A, 17B,
and 17C. Results of the chemical analyses of the soil, surface water and sediment szimplcs
are presented in Tables 6-1 through 6-3.

63.1 SWMU 17A

One surface water and two shallow soil samples were collected at the Stage and Burn
Area. The results of the chemical analyses indicated that elevated levels of several metals

and an explosive were detected in both the surface water and soil samples.

6.3.1.1 Soil. A total of 22 mefals were detected in either or both soil samples collected at
SWMU 17A. The number and concentrations of metals exceeding HBNs or background
levels were greatest for sample 17ASS1, collected from the southern portion of the site. As
shown in Table 6-1, concentrations of arsenic, beryllium, cobalt, copper, lead, and thallium
exceeded the HBN criteria in one or more samples. In sample 17ASS1, concentrations of
15 metals exceeded background comparison criteria for uplands soil, but only four of these
metals (arsenic, coppert, lead, and thallium) also exceeded HBNs. Cobalt also exceeded the
HBN, but did not exceed the background criterion. Four metals exceeded the background
comparison criteria in sample 17ASS2, but only arsenic also exceeded the HBN. Lead,
cobalt, and beryllium also exceeded the HBN, but not background criteria. Based on the
data for these two soil samples, arsenic, copper, lead, and thallium are potential
contaminants of concern in SWMU 17A soils. Copper and thallinm concentrations were
only slightly greater than the HBN criteria and were limited to one sample only, and may
not reflect widespread contamination. Additionally, thallium is a relatively immobile
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TAL Inorganics
ALUMINIUM
ANTIMONY
ARSENIC
BARIUM
BERYLLIUM
CADMIUM
CAILCIUM
CHRF.OMIUM
COBALT
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
MERCURY
NICKEL
POTASSIUM
SILVER
SODIUM
THALLIUM
VANADIUM
ZINC

Explosives
24DNT

Footnoles :

SITE ID
FIELD ID
8. DATE
DEPTH(ft)
MATRIX
UNITS

PQLs
UGG

14.1
20
30

1
02

2

100
4

3

7
1000
2

50
0275
0.1

3
315
4

150
20
0.775
302

0.424

B = Analyte was detected in corresponding method blank; values are fagged if the sample concentration is less than 10 times the method blank
concentration for common laboratory constituents and 5 times for all other constiuen ts.

CSO = Chemics! oil.
HBN = Health based number asdefined in the RCRA permit. HENa not specified in the permit were derived using stadard exposure and intake

amumptions consistent with EPA guiklelines { 51 Federal Register 33992, 34006, 34014, and 34028).
LT = Concentration is reported as less than the certified reporting limit.
NSA = No standanl (HBN) available; health effects data were not available for the calculation of A HBN. HENa were not derived for TICs.
PQL = Practical quantitation limit; the Iowest concentration that can be reliably d etected at adefined level of precision for a given analytical method.
TAL =Target Anslyte List.

UGG = Micrograms per gram.

17ASS1
RF15*56
26—feb—92
1.0

Cs0

UGG

0.963

Table 6—1

]
Summary of Analytical Data For Soil Samples Collected At SWMU 17
Radford Army Ammunition Plant, Virginia

17ASS2
RFIS*58
26—feb—92
1.0

CSC

UGG

LT 0.424

[ ] = Brackets indicase that the detected concentration exceeds the HBN,

17CSS1
RFIS*A
27—feb—-92
1.0

CSO

UGG

LT 7.14
[ 623]
[ 1120]
[ 0.692]
LT 07
87000
25.8
[ 10.7]
208
18500
244
48200
432
LT 0.05
9.7
523
171
259 B
[ 17.5]
451
86.9

LT 0.424

17CS551
RFIS*T2
27—feb-92
28

CSo

UGG

20200
LT 7.14
[ 5551

68
[ 211)
LT 07

1460 B

42.9
[ 275]

166

38000

162

5270

466

0.075

294

1450

1.08

180 B
LT 6.62

69.1

63.1

1T 0424

17Css2
RFIS*73
27—feb—92
1.0

Cs0

UGG

37600
LT 7.14
[ 737]

290
[ 127]
LT 07

14800

126
[ 249]

569

123
18300
745
0.079
7.1
3870
1.89
13908

[ 251)
645
615

0.558

17CSS2
RFIS*74
27—feb—92
24

CSO
use

27600

LT 7.14

[ 5.64]
393

[ 115]

LT 0.7

41.1
[ 783]
149

417

200
LT 0.05
215
8580

671B
[ 281]

428
202

LT 0.424

17D881
RFIS*76
27—feb—92
¢.3

UGG

12000

LT 36

[ 100)
800

LT 25
LT 3.5

210

[ 14)

[ 4000]
110000

( 1600]
0138

1240
52

[ 791
2

5500

LT 0.424

17Ds82
RFIS*78
27—-feb—-92
10

UGG

LT 0.424

HBN
UGG

0.5
1000
01

NSA
08
NSA
NSA
20
1000
NSA
200
NSA

560
16000



constituent in the environment and is not expected to impact soil, groundwater or surface
water at the site. This assumption is supported by sample 17ASW1, a surface water sample
collected downslope of the soil samples, where thallium was not detected, and copper was
below the HBN criterion. Concentrations of aluminum, antimony, barium, cadmium,
chromium, iron, mercury, nickel, silver, sodium, and zinc in soil sample 17ASS1 exceeded
the background criteria but were less than permit HBNs and are not considered a concern.
Samples 17ASS2 also had concentrations of barium, copper, and sodium above background
but below HBNs. One explosive, 24DNT, was detected in one soil sample (17ASS81). The
concentration of 0.963 ug/g, however, was slightly less than the HBN criterion of 1 ug/g and

is not considered a concern.

6.3.12" Surface Water. The results of the chemical analyses of the surface water sample
collected downslope of SWMU 17A are presented in Table 6-2. Sample 17ASW1 contained
15 metals at detectable concentrations with three of these exceeding HBN criteria. Arsenic,
chromium and lead exceeded the HBNs by factors ranging from two to three and may be
a concern. The explosive 24DNT was detected in this surface water sample at a
concentration of 0.372 ug/l, a level slightly less than 10 times the HBN of 0.05 ug/l. This
compound was the only explosive detected in Stage and Burn Area soil samples and may
be a concern. TOC and TOX concentrations for 17ASW1 were 9,330 ug/l and 80.2 ug/l,
respectively. Copper and thallium, which were at anomalously high concentrations and

above HBNs in the soil, were below HBNs in the surface water sample.
6.3.2 SWMU 17B

One sediment sample was obtained from the collection basin which receives surface
water drainage from the staging pads. As shown in Table 6-3, a total of 19 metals were
detected in sample 17BSE1. Of these 19, arsenic, cobalt and lead concentrations exceeded
the HBN criteria. Cobalt is not a concern because the reported level is less than the
background criterion and represents concentrations expected to occur naturally in upland
soil. Concentrations of lead and arsenic, however,' were five to 20 times greater than the
soil background criteria and may be a concern. Nine cother metals (i.e., barium, cadmium,

chromium, copper, mercury, nickel, silver, sodium and zinc), although at levels less than the
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61-9

Table 6-2
!
Summary of Analytical Data For Surface Water Samples Collected At SWMU 17
Radford Army Amnmunition Plant, Virginia

SITE ID 17ASW1 17ESW1 17BSW1
FIELD ID RDW{*38 RDWC*101 RDWC*102
S. DATE 27—feb—-92 05—mar-92  GS—mar-92
DEPTH (ft) 00 0.0 0.0
MATRIX PQLs CSW CSW CSwW HBN

© UNmS  UGL  yGL ucL UGL UGL
TAL Inorganics
AL UMINIUM 141 4000 11000 21000 10150
ARSENIC 10 { 9%63] [ 59.2] [ 66] 50
BARIUM 20 869 126 175 1000
CALCIUM 500 30200 40200 47400 NSA
CHROMIUM 10 [ 156] [ 529] [ 90] 50
COFPPER &0 266 411 682 1295
IRON 38.1 3540 19000 31200 NSA
LEAD 10 [ 150] [ 300] [ 520] 50
MAGNESIUM 500 7800 16900 25700 NSA
MANGANESE 2.75 67.7 231 339 3500
MERCURY 2 0268 0236 0.383 2
NICKEL 50 LT 343 LT 343 44.5 700
POTASSIUM 375 11400 8330 9770 NSA
SILVER 2 0.396 0.594 125 50
SODIUM 500 32000 14600 14400 NSA
VANADIUM 40 LT 11 454 68.7 245
ZINC 50 624 1030 1700 7000
Explosives
24DNT 0.064 [ 0372] { 0102) [ 0.092] 0.05
Other
TOTAL ORGANIC CARRON 1000 9330 11200 12900 NSA
TOTAL ORGANIC HALOGENS 1 802 449 96.5 NSA
rH NA 741L T 7.64 NSA
Foomnotes

CSW = Chemical surface water.

HBN = Health based number as defined in the RCRA permit. HBNs not specified in the permit were derived using standard exposure and intake
assumptions consistent with EPA guidelines {51 Federal Register 33992, 34006, 34014, and 34028).

L = Indicates holding time for analysis was missed, but dataquality is not believed to be affected.

LT = Contcentration is reported as Jess than the certified reporting limit.

NA = Not available; PQLs are not available for TICs detected in the library scans.

NSA = No standand (HBN) available; health effects data were not available for the calculation of a HBN. HBNs were not derived for TICs.

PQL = Practical quantitation limit; the lowest concentration that can be reliablydetected at adefined level of precision for a given aalytical metho«

TAL = Target Analyte List,

UGL = Micrograms per liter.

[ ] = Brackets indicate that the detected concentration exceeds the HBN,
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TAL Inotrganics
ALUMINIUM
ARSENIC
BARIUM
CADMIUM
CALCIUM
CHROMIUM
COBAILT
COPPER
IRON

LEAD
MAGNESIUM
MANGANESE
MERCURY
NICKEL
POTASSIUM
SILVER
SODIUM
VANADIUM
ZINC

Explosives
24DNT

TCLP Metals (UGL)
ARSENIC
BARIUM
CHROMIUM
SILVER

SITE ID
FIELD ID
S. DATE
DEPTH (f6)
MATRIX
UNITS (#)

159
0.775
302

0.424

10

10

17BSE1
RFIS*&
27—ieb—92
0.5

CSE

UGG

22700
[ 200]
2713
14.1
58100

{ 135]
1130
35900

[ 1370)

427
1.69
56.1
1730
6.31
1400 B
49.1
4230

[ 36]

1520
102
132

Table 63 ,
Summary of Analytical Data For Sediment Samples Collected At SWMU 17
Radford Army Ammmnition Plant, Virginia

17ESE1
RVFS*1i1
05—mar—92
10

CSE

UGG

24800
[ 335)

LT 0.7
11600

[ 145]
494
27600

[ 54]

253
0272

2670
704 B

652
1510

[ 126]

2353

17ESE1
RVFS*"112
05—mar—92
10

CSE

UGG

27200
[ 38]
245

11000
9.7

[ 14.6]
475

[ 542]
253
0206
2
192

652
1560

[ 1.04]

3333

HBN
UGG

0.5
1000

NSa

a8
2900
NSA

NSA

1000
NSA

NSA
560
16000

5000
100000
5000
5000
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Table 6—3 (Cont'd)

Faootoles :

B = Analyte was detected in corresponding method blank; values are flagged if the sample concentration is less than 10 times the method blank
concantration for common laboratory constituents and 5 times for all other constitnents.

CSE = (hemical sadiment.

HBN = Health based number asdefined in the RCRA permit. HBNs not specified in the permit were derived using standard exposure and intake

assumptions consistent with EPA guidelines ( 51 Federal Register 33992, 34006, 34014, and 34028).

LT = Concentration is reported as less than the certified reporting limit.

NSA = No standard (HBN) available; health effects data were not availsble for the calculation of a HBN, HBNs were not derived for TICs.

NT = Not tested; parameters werenot tested (incleded) in the sample analyses.

PQL = Practical quantitation limit; the lowest concentration that can be reliably d etected at a defined levelof precision for a given analytical method.

TAL = Target Analyte List.

TCLP = Toxicity Characteristic Leaching Procedure.

UGG = Micrograms per gram.

Units(#) = Units are in UGG except for TCLP constiuents, which are expressed in UGL.

[ ] = Brackets ndicate that the detected concentration exceeds the HEN.



HBNS, were detected at concentrations greater than the background soil criteria for upland
soils. A moderately high concentration (i.e., 56 ug/g) of the explosive 24DNT in this sample
exceeded the HBN of 1 ug/g and may be a concern at the site. Four metals were detected
in TCLP analyses. Concentrations of arsenic, barium, chromium and siiver in the sample

leachate were one to two orders of magnitude less than the TCLP criteria.
6.3.3 SWMU 17C

A total of 20 metals were detected in the four soil samples collected at SWMU 17C.
As shown in Table 6-1, concentrations of arsenic, beryllium and cobalt exceeded the HBN
criteria in all samples collected at the ACD. Concentrations of barium in 17CSS'1 and
thallium in three of four samples also exceeded the HBN criteria. However, only barium,
b;ry]_]jﬁn-:l and thallium were detected above both HBN and background and comparison
criteria. Barium was detected above the HBN only in one sample and only by 10 percent,
and is not considered to be a concern. Thallium is relatively immobile in soil and is not
expected to impact soil, groundwater or surface water at the site. Beryllium was detected
at less than twice the background criteria and is not considered contaminant of concern.
Several other metals (e.g. aluminum, chromium, copper, iron, magnesium, mercury, nickel,
potassium, silver, sodium and zinc) were reported at concentrations greater than the upland
soil background criteria but were less than the HBN criteria. Most of the elevated metal
concentrations were reported for the two samples collected from 17CSS2, which was located
at the southern end of the site. One explosive compound was detected during one analysis
of the ACD samples and was reported for the 1-foot sample collected at 17CSS2. However,
the concentration of the explosive 24DNT (0.558 ug/g) did not exceed the permit HBN

criterion of 1 ug/g and is not a concern,

6.3.4 SWMU 17D

As shown in Table 6-1, two shallow soil samples collected at SWMU 17D, the Ash
Staging Area, contained a total of 21 metals. The results of the chemical analyses indicated
that concentrations of five metals exceeded the HBN criteria and as many as 11 other metal

concentrations were elevated above background soil criteria. In both samples collected,
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arsenic, cobalt, lead and thallium concentrations exceeded the HBN criteria. With the
exception of cobalt, the concentrations of these metals also exceeded the soil background
criteria by factors ranging from nearly 6 to greater than 10 and may be a concern at this site.
Although elevated in both samples, copper exceeded the HBN criterion in one sample only
(17DSS1), but by less than 40 percent, and is not considered a concern. Concentrations of
antimony, barium, cadmium, calcium, chromium, iron, mercury, nickel, silver, sodium and
zinc, although less than any applicable HBN, were greater than the soil background criteria

and are not a concern. Explosives were not detected in either sample.
6.3.5 SWMU 17E

Surface water and sediment samples collected from SWMU 17E, the Runoff
D_ral;lagc Basin, contained three metals and one expldsive at concentrations greater than
HBN criteria. Concentrations of 10 additional metals in the sediment sample were greater
than the soil background criteria but were less than applicable HBNs. As expected,
concentrations of organic and inorganic constituents were greatest in the sediment sample.
Additionally, three metals detected in the sediment sample were not detected in the surface
water sample. The results of the analyses indicated that elements resulting from past
disposal practices have accumulated or have been adsorbed to drainage basin sediments.
The results also indicated that metals and an explosive may have been transported
downstream of the basin. Chemical analytical results for the surface water and sediment
samples are presented in Tables 6-2 and 6-3. Duplicate samples of both surface water and

sediment were also collected.

6.3.5.1 Surface Water. A total of 17 metals were detected in sample 17ESW1. Of these
17, arsenic, chromium and lead concentrations exceeded the HBNs by factors ranging from
slightly greater than 1 for arsenic to greater than 10 for lead and may be a concern.
Additionally, the explosive 24DNT was detected at a concentration approximately twice the
HBN criterion of 0.05 ug/] and may be a concern at the site.

6.3.5.2 Sediment. A total of 19 metals were detected in sample 17ESE1. Of these 19,

arsenic, cobalt and lead concentrations exceeded the HBN criteria. Cobalt is not a concern
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because the reported level is less than the background criterion and represents
concentrations expected to occur naturally in upland soil. Ten other metals (i.e., aluminum,
barium, cadmium, chromium, copper, mercury, nickel, silver, sodium and zinc), although at
levels less than the HBNs, were detected at concentrations greater than the background soil
criteria and are not a concern. The explosive 24DNT was detected in sample 17ESE] at
a concentration which slightly exceeded the HBN of 1 ug/g.

6.4  BASELINE RISK ASSESSMENT FOR SWMU 17--CONTAMINATED WASTE
BURNING AREA

The Baseline Risk Assessment for SWMU 17 has been performed separately for each
component area using the contaminants of concern identified in Section 6.3. Only
c:mt;miﬁants of concern that are not expected to be éigniﬁcantly attenuated by the soils
were evaluated in the risk assessments rather than all contaminants that exceeded HBNs.
The HBNs were developed using a residential scenario and are too conservative to
determine potential risk to workers who may be exposed to site contaminants. The

following sections evaluate potential risk to workers as well as to environmental receptors.

6.4.1 Baseline Risk Assessment for SWMU 17A--Stage and Burn Area

Based on the contamination assessment presented in Section 6.3.1.1 and 6.3.1.2,
contaminants of concern have been identified for soil and surface water at SWMU 17A.
Groundwater samples were not collected at this site. Two metals--arsenic and lead--were
identified as contaminants of concern for soil. Four contaminants of concern--arsenic,
chromium, lead, and 24DNT--were identified for surface water collected downslope of the
Stage and Burn Area. The potential impact of these contaminants to human health and the
environment is discussed below in Sections 6.4.1.1 and 6.4.1.2, respectively.

6.4.1.1 Human Health Evaluation. Contamination was detected in surface soil of the Stage
and Burn Area. Contaminated materials and combustibles are piled on the ground to a
height of approximately 30 feet and ignited. Potential soil exposure routes typically include
incidental ingestion, inhalation, and dermal absorption of soil contamination, Because

arsenic and lead were detected at elevated levels in surface soil and the area is currently
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active, there is the possibility of contaminated dust to become airborne and for workers in
the vicinity of SWMU 17A to be exposed via inhalation of contaminated dust. It should be
noted that this exposure pathway evaluates the potential for exposure to particuiate
emissions from contaminated soil due to wind erosion, and is not meant to evaluate the
potential for air emissions that may occur during burning operations. Workers may also be
exposed via incidental ingestion of contaminated soil. Because the dermal absorption of
inorganics is expected to be insignificant, and only metals were identified as contaminants
of concern in site soil, the dermal absorption of soil contamination pathway is not

considered a significant exposure pathway and is not further evaluated.

The HBNs were developed for screening purposes assuming a worst case residential
land bse scenario. Because future land use is considered to be similar to the current land
use scenario--i.e., RAAP will continue to remain an active army installation and there are
no plans for future residential development of RAAP--exceedances of HBNs do not
necessarily indicate a contamination problem at RAAP, but do indicate the necessity for a
more detailed analysis. Because arsenic and lead exceeded HBNs developed for the
residential land uses scenario in site soil, these contaminants will be evaluated using a more

realistic military land use scenario.

The methodologies and general assumptions for quantifying the inhalation and
incidental ingestion pathways are presented in Appendix A; site-specific assumptions are
discussed below. The areal extent of arsenic and lead contamination is unknown, but will
be assumed to be the entire burn area (200 by 300 feet). Therefore, the width of
contaminated area (LS) will be assumed to be 300 feet (914 m) and the area of
contamination (A) will be assumed to be 6E+04 feet (5.6E+03 m). Substitution of these
values into Equation A-2 results in a particulate emission factor (PEF) of 3.4E+09 m’/kg;
substitution of 3.4E+09 into Equation C of Table A-4 results in a dust concentration of
2.9E-04 mg/m’.

Tables 6-4 and 6-5 present the exposure point concentrations and carcinogenic and
noncarcinogenic intakes for the incidental soil ingestion and dust inhalation exposure
pathways, respectively, for the military land use scenario at SWMU 17A. The soil
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Table 6—-4
Estimated Contaminant Concentrations in Soil and Estimated Human Intakes
Due to Incidental Ingestion of Soil at SWMU 17A
Military L.and Use Scenario
Radford Army Ammunition Plant, Virginia

Exposure
Point Carcinogenic Nencarcinogenic
Concentration Intake Intake
Analyte (mp/ke)(a) (mg/kg/day) {mpfkg/day)
Arsenic 100 1.96E-06 4.57TE-05
Lead 1990 — 9.09E-04
Footmotes:
@) ‘The 95 percent upper confidence limit on the arithmetic mean exceeds

the maximum detected concentration; therefore, the maximum detected
concentration is used as the exposure point concentration.

- Not cakulated because contaminant is not considered a carcinogen
or potency factor is not available,
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Table 6—5

Estimated Contaminant Concentrations in Air and Estimated Human Intakes
Due to Inhalation of Dust at SWMU 17A

Military Land Use Scenario

Radford Army Ammunition Plant, Virginia

Source—Related Dust Concentration for SWMU 17A is 2.9E~04 mg/m3 (see Text)

Exposure

Concentration Point Carcinogenic Noncarcinogenic

in Soil Concentration Intake Intake
Analyte {mg/Xkp)(a) gmg[mf](l_:) (mg/kp/day) (mg/kg/day)
Arsenic 100 290E-08 - C227TE-10 530E-09
Lead 1990 5.TTE—07 —-— 1.05E-07
Footmotes:
@) The 95 percent upper confidence limit on the arithmetic mean exceeds the maximum

detected concentration; therefore, the maximum detected concentration is used.

(b) The exposure point concentration i the product of the total source —related dust

concentration and the contaminant concentration in surface soil. The assumption is
made that the contaminants are distributed in the air in the same proportion as they

are in the surface soil.

- Not cakulated because contaminant i not consjdered a carcinogen or potency

factor is not available.
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concentration used is the maximum detected concentration in shallow soil (to a depth of 2
feet) because the 95 percent confidence limit on the arithmetic mean exceeded the
maximum detected concentration. Tables 6-6 and 6-7 present the carcinogenic intakes,
noncarcinogenic intakes, slope factors, references doses, potential risks, and potential
hazards, as applicable, for the incidental soil ingestion and dust inhalation exposure
pathways, respectively, for the military land use scenario at SWMU 17A. The total potential
carcinogenic risk and noncarcinogenic hazard for the incidental ingestion of soil are 3E-06
and 2E-01, respectively. The hazard index is below one, indicating a low potential for
noncarcinogenic effects. The potential carcinogenic risk only slightly exceeds 1E-06; EPA
uses the general 10 to 10° risk range as a "target range" within which the agency strives to
manage risks as part of a Superfund cleanup. The total potential carcinogenic risk for the
dust inhalation pathway is 3E-09, which is well below the EPA target range. Because
inhalation reference doses are not available, a noncarcinogenic hazard index could not be
calculated.

Table 6-8 presents the multiple pathway potential carcinogenic risk and
noncarcinogenic hazard for the military land use scenario at SWMU 17A, which are 3E-06
and 2E-01, respectively. The multiple pathway hazard index is below one, indicating a low
potentizl for noncarcinogenic effects. The multiple pathway potential carcinogenic risk only
slightly exceeds 1E-06, which is the lower end of the EPA target risk range.

Although noncarcinogenic intakes are calculated for lead, as discussed in Appendix
E, an RfD is not available for lead; therefore, a potential noncarcinogenic hazard index for
lead cannot be calculated. As discussed in Appendix D, the UBK developed by EPA for
lead is only applicable to children; therefore, potential noncarcinogenic effects resulting
from exposure to lead under the military land use scenario at SWMU 17A cannot be
quantitatively evaluated. However, it should be noted that the maximum concentration
detected in site soil is 1,990 mg/kg, which is almost ten times the lower end of the HBN
range and four times the upper end of the HBN range developed for lead under the

residential land use scenario. Based on the high concentration of lead detected in site soil



Table 6—6
Potential Carcinogenic Risks and Noncarcinogenic Hazards
Due to Incidental Ingestion of Scil at SWMU 17A
Military Land Use Scenario
Radford Army Ammunition Plant, Virginia

Carcinogenic

Intake Slope Factor
Analyte {mg/kg/day) 1/{mg/kg/day) Risk
Arsenic 196E-06 1.75E+00 3E-06
Lead —— —— -
Total | 3E-06

Noncarcinogenic :

Intake Reference Dose Hazard
Analyte {mg/kg/day) (mg/kg/day) yotient
Arsenic 4.57E-05 30E-04 2E-01
Lead 9.09E-04 *r **
Total 2E-01
Footnotes:
"——"  Not calculated because contaminant i not considered a carcinogen

or potency factor is not available.

ke Reference dose is not available.
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. Table 6—7
Potential Carcinogenic Risks and Noncarcinogenic Hazards
Due o Inhalation of Dust at SWMU 17A
Military Land Use Scenario
Radford Army Ammunition Plant, Virginia

Carcinogenic

Intake Slope Factor
Analyte {mg/kp/day) 1/(mg/kg/day) Risk
Arsenic 227E-10 14E+01 3E-09
I.tead —— T — ——
Total ' . 3E-09

Noncarcinogenic

Intake Reference Dose  Hazard
Analyte (mg/kg/day) (mp/kp/day) Quotient
Arsenic 5.30E—09 > .
Lead 1.05E—07 e b
Total 0E+00

Footnotes:

"—="— Not cakulated because contaminant i not considered a carcinogen or
potency factor is not available.

Haan Reference dose is not available.
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Multiple Pathway Potential Carcinogenic Risks and Noncarcinogenic Hazards

Table 6—8

atSWMU 17A
Military Land Use Scenario

Radford Army Ammunition Plant, Virginia

Pathway

Description Risk Hazard Index
Incidental Ingestion of Soil 3E-06 2E~01
Inhalation of Dust 3E-09 OE+00
Total 3E—-06 2E-01

6-31



and the fact that two potential complete exposure pathways are identified for SWMU 174,
the potential exposure to lead and corresponding hazard is estimated as moderate to high.

Although four metals were detected in surface water collected downslope of SWMU
17A, because this was standing water and not a surface water body, the typical surface water
exposure routes are not applicable. Although workers may occasionally contact the surface
water, exposure is expected to be infrequent. Therefore, exposure to contaminants in the
surface water is expected to be insignificant and these exposure pathways are not evaluated
further,

6.4.1.2 Environmental Evaluation. The surface water sample was collected from sténding
water, not a surface water body. Therefore, potential impacts to aquatic life are not
c:)nsideréd. Although, wildlife may have access to the Burn area, because this area is active
and paved roads/buildings are present in the surrounding area, it is not likely that wildlife
would frequent this area. Therefore, potential exposure of environmental receptors to the
surface water/soil contamination at the Stage and Burn Area appears to be minimal and

these exposure pathways are not further evalnated.

64.1.3 Conclusions of Human Health and Environmental Evaluation. Two potentially
complete exposure pathways--incidental soil ingestion and dust inhalation--were identified
for SWMU 17A and were quantitatively evaluated. The noncarcinogenic hazard index for
the incidental ingestion and dust inhalation exposure pathways are below one, indicating a
low potential for noncarcinogenic effects. The multiple pathway potential carcinogenic risk
only slightly exceeds 1E-06, which is the lower end of the EPA target risk range, and is

mainly due to the incidental soil ingestion exposure pathway.

As discussed in Appendix D, the UBK developed by EPA for lead is only applicable
to children; therefore potential exposure to lead under the military land use scenario cannot
be quantitatively evaluated. Based on the high concentration of lead detected in site soil
and the fact that two potential complete exposure pathways are identified for SWMU 17A,

the potential exposure to lead and corresponding hazards is estimated as moderate to high.
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Although elevated concentrations of several metals were detected in surface water
downslope of SWMU 174, it is unlikely that human and environmental receptors would
directly contact the surface water, except possibly on an infrequent basis. Therefore,
potential exposure of environmental and human receptors to the surface water
contamination at the Stage and Burn Area appears to be minimal and these exposure
pathways are not further evaluated.

6.4.2 Baseline Risk Assessment for 17B~ACD Staging Area

Based on the contamination assessment presented in Section 6.3.2, three
contaminants of concern--arsenic, lead, and 24DNT--have been identified for the sediment
sample collected from this site. Samples were not coliected from other media at this site.
The potential impact of these contaminants to human health and the environment is
discussed below in Sections 6.4.2.1 and 6.4.2.2, respectively.

6.4.2.1 Human Health Evaluation. The sediment sample was collected from a concrete-
lined settling basin that collects surface water runoff from the staging pads. The pit is
equipped with a sump pump that periodically pumps the collected water into a drainage
ditch leading to the Runoff Drainage Basin (SWMU 17E). There are no potential human
receptors to the sediment within this basin, except for workers who may occasionally contact
the sediment during cleaning operations. Workers would presumably follow standard
operating procedures (SOPs) and wear protective equipment (i.e., gloves) and exposure is
expected to be infrequent. Therefore, exposure to contaminants in the sediment via
incidental ingestion and dermal absorption of contaminants is expected to be insignificant
and these exposure pathways are not evaluated further. Because the sediment is frequently
covered with surface water, it is not likely that sediment would become airborne as dust;
therefore, the inhalation of contaminated dust exposure pathway is not considered operable
for this site. Although surface water samples. were not collected from the basin, worker

exposure to surface water would also be infrequent and is considered insignificant.

6.4.2.2 Environmental Evaluation. As discussed above, the sediment sample was collected

from a concrete-lined settling basin. Because the burn area is active and paved
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roads/buildings are present, it is not likely that wildlife would frequent the burn area. In
addition, even if wildlife were to enter the burn area, it is not likely that they would access
the concrete-lined settling basin. Therefore, potential exposure to wildlife is considered
negligible and exposure to environmental receptors is not further evaluated.

6.42.3 Conclusions of Human Health and Environmental Evaluation. Exposure to
contaminants in the sediment of the concrete-lined settling basin is expected to be
insignificant for both human and environmental receptors. Therefore, these pathways were
not quantitatively evaluated. Although SWMU 17B does not appear to present a current
or potential future human health risk or environmental threat, the presence of
contamination in the sediment sample collected from the concrete-lined settling basin does

ifidicate ‘the potential for runoff of contamination from the staging bays.

6.4.3 Baseline Risk Assessment for 17C--ACD

No contaminants of concern were identified for SWMU 17C, therefore, a Risk

Assessment is not required.

6.4.4 Baseline Risk Assessment for 17D--ACD Ash Staging Area

Based on the contamination assessment presented in Section 6.3.4, contaminants of
concern have been identified for shallow soil at SWMU 17D. Samples were not collected
from other media at this site. Three metals--arsenic, lead, and thallium--were identified as
contaminants of concern for soil. The potential impact of these contaminants to human

health and the environment is discussed below in Sections 6.4.4.1 and 6.4.4.2, respectively.

6.4.4.1 Human Health Evaluation. Contamination was detected in surface soil of the ACD
Ash Staging Area. The ACD Ash Staging Area is currently active and is used for
accumulating and storing ACD ash and scrap metal prior to disposal. Potential soil
exposure routes typically include incidental ingestion, inhalation, and dermal absorption of
soil contamination. Because arsenic, lead, and thallium were detected at an elevated level
in surface soil and the area is currently active, there is the possibility of contaminated dust
to become airborne and for workers in the vicinity of SWMU 17D to be exposed via

inhalation of contaminated dust. Workers may also be exposed via incidental ingestion of
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contaminated soil. Because the dermal absorption of inorganics is expected to be
insignificant, and only metals were identified as contaminants of concern in site soil, the
dermal absorption of soil contamination pathway is not considered a significant exposure
pathway and is not further evaluated.

The HBNs were developed for screening purposes assuming a worst case residential
land use scenario. Because future land use is considered to be similar to the current land
use scenario--i.e., RAAP will continue to remain an active army installation and there are
no plans for future residential development of RAAP--exceedances of HBNs do not
necessarily indicate a contamination problem at RAAP, but do indicate the necessity for a
more detailed analysis. Because arsenic, lead, and thallium exceeded HBNs developed for
the residential land uses scenario in site soil, these contaminants will be evaluated using a

more realistic military land use scenario.

The methodologies and general assumptions for quantifying the inhalation and
incidental ingestion pathways are presented in Appendix A; site-specific assumptions are
discussed below, The areal extent of arsenic, lead, and thallium contamination appears to
be limited to the vicinity of the bottom ash pile (approximately S0 x 25 feet). Therefore,
the width of contaminated area (LS) will be assumed to be 50 feet (15.2 m) and the area
of contamination (A) will be assumed to be 1,250 square feet (116 m?). Substitution of
these values into Equation A-2 results in a particulate emission factor (PEF) of 2.8E+10
m?®/kg; substitution of 2.8E+ 10 into Equation C of Table A-4 results in a dust concentration
of 3.6E-05 mg/m’. |

Tables 6-9 and 6-10 present the exposure point concentrations and carcinogenic and
noncarcinogenic intakes for the incidental soil ingestion and dust inhalation exposure
pathways, respectively, for the military land use scenario at SWMU 17D. The soil
concentration used is the maximum detected concentration in shallow soil (to a depth of 2
feet) because the 95 percent confidence limit on the arithmetic mean exceeded the
maximum detected concentration. Tables 6-11 and 6-12 present the carcinogenic intakes,
noncarcinogenic intakes, slope factors, references doses, potential risks, and potential

hazards, as applicable, for the incidental soil ingestion and dust inhalation exposure
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Table 6-9
Estimated Contaminant Concentrations in Soil and Estimated Human Intakes
Due to Incidental Ingestion of Scil at SWMU 17D
Military Land Use Scenario
Radford Army Ammunition Plant, Virginia

Exposure
Point Carcinogenic Noncarcinogenic
Concentration Intake Intake
Analyte (mgkg)(a) (mg/kg/day) {mg/kg/day)
Arsenic 100 1.96E-06 C . .457E~05
-Lead 1600 - : 731E-04
Thallium 79 - " 361E-05
Footnotes:
(a) The 95 percent upper confidence limit on the arithmetic mean exceeds the maximum

detected concentration; therefore, the maximum detected concentration is used as th
exposure point concentration.

- Not cakulated because contaminant & not considered a carcinogen or potency factor
is not available.
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Table 6-10
Estimated Contaminant Concentrations in Air and Estimated Human Intakes
Due to Inhalation of Dust at SWMU 17D
Military Land Use Scenario
Radiord Army Ammunition Plant, Virginia

Source —Related Dust Concentration for SWMU 17D is 3.6E—05 mp/m3 (see¢ Text)

Exposure
Concentration Point Carcinogenic Noncarcinogenic
in Soil Concentration  Intake Intake
Analyte {mg/kg)(a) (mg/m3)(b) (mg/kg/day) {mp/kg/day)
Arsenic 100 3.60E—09 2.82E-11 6.58E--10
Lead 1600 5.76E—08 - 1.05E—-08
Thallium 79 2.84E-09 - 5.19E-10

Foolnotes.

(a) The 93 percent upper confidence limit on the arithmetic mean exceeds the maximum
detected concentration; therefore, the maximum detected concentration is used.

(b) The exposure point concentration & the product of the total source—related dust concen—
tration and the contaminant concentration in surface soil. The assumption is made that the
contaminants are distributed in the air in the same proportion as they are in the surface soil

——" Not cakulated because contaminant s not considered a carcinogen or potency factor is not
available.
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Table 6-11
Potentiat Carcinogenic Risks and Noncarcinogenic Hazards
Due to Incidental Ingestion of Soil at SWMU 17D
Military Land Use Scenario
Radford Army Ammunition Plant, Virginia

Carcinogenic

Intake Slope Factor
Analyte {mg/kg/day) 1/(mg/kg/day) Risk
Arsenic 1.96E~-06 1.75E+00 3E-06
Lead -— - —_
Thalljum - - ——
Total i 3E-06

Noencarcinogenic

Intake Reference Dose Hazard
Analyte (mg/kg/day) (mg/kg/day) uptient
Arsenic 4 57TE~05 30E-04 2E-M
Lead 731E-04 e .
Thallium 3.61E-05 8.0E-05 SE-01
Total 2E-D01
Foomotes:

"—=* Notcalulated because contaminant & not considered a carcinogen or
potency factor is not available.

W en Reference dose is not available.

6-38



Analyte
Arsenic
Lead
Thallium

- Total

Analyte
Arsenic
Lead
Thallium

Total

Footnotes:

——" Not cakulated because contaminant % not considered a carcinogen or potency factor

Potential Carcinogenic

Table 6—12

Risks and Noncarcinogenic Hazards

Due to Inhalation of Dust at SWMU 17D

Military Land Use Scenario

Radford Army Ammunition Plant, Virginia

Carcinogenic

Intake

{mp/kp/day)
2.82E—-11

Noncarcinogenic
Intake
mg/kg/d
6.58E—10
1.05E-08
5.19E—10

is not available.

Slope Factor

1/(mgkg/day)
14E+01

Reference Dose
(mp/kg/day)

*E
%
*¥

bkl Reference dose is not available.
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pathways, respectively, for the military land use scenario at SWMU 17D. The total potential
carcinogenic risk and noncarcinogenic hazard for the incidental ingestion of soil are 3E-06
and 2E-01, respectively. The hazard index is below one, indicating a low potential for
noncarcinogenic effects. The potential carcinogenic risk only slightly exceeds the lower end
of the EPA target risk range (10® to 10°).  The total potential carcinogenic risk for the
dust inhalation pathway is 4E-10, which is well below the EPA target range. Because
inhalation reference doses are not available, a noncarcinogenic hazard index could not be
calculated.

Table 6-13 presents the multiple pathway potential carcinogenic risk and
noncarcinogenic hazard for the military land use scenario at SWMU 17D, which are 3E-06
and 2E-01, respectively. The multiple pathway hazard index is below one, indicating a low
potential for noncarcinogenic effects. The multiple pathway potential carcinogenic risk only
slightly exceeds 1E-06, which is the lower end of the EPA target risk range.

Although noncarcinogenic intakes are calculated for lead, as discussed in Appendix
D, an RfD is not available for lead; therefore, a potential noncarcinogenic hazard index for
lead cannot be calculated. As discussed in Appendix D, the UBK developed by EPA for
lead is only applicable to children; therefore, potential noncarcinogenic effects resulting
from exposure to lead under the military land use scenario at SWMU 17D cannot be
quantitatively evaluated. However, it should be noted that the maximum concentration
detected in site soil is 1600 ug/g, which is eight times the lower end of the HBN range and
three times the upper end of the HBN range developed for lead under the residential land
use scenario. Based on the high concentration of lead detected in site soil and the fact that
two potential complete exposure pathways are identified for SWMU 17D, the potential

exposure to lead and corresponding hazard is estimated as moderate to high.

6.4.4.2 Environmental Evaluation. The surface soil sample was collected from near the coal
bottom ash pile. Although wildlife may have access to the burn area, because this area is
active and paved roads/buildings are present in the surrounding area, it is not likely

that wildlife would frequent this area. Therefore, potential exposure to environmental

6-40



Pathway

Table 6—13
Multiple Pathway Potential Carcinogenic Risks and Noncarcinogenic Hazards

at SWMU 17D
Military Land Use Scenario

Radford Army Ammunition Plant, Virginia

Pathway
Description

Incidental Ingestion of Soil

Inhalation of Dust

Total
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4E-10

3E-06

Hazard Index
2E-01
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receptors to the surface soil contamination at the ACD Ash Staging Area appears to be

minimal and these exposure pathways are not further evaluated.

6.44.3 Conclusions of Human Health and Environmental Evaluation. Two potentially
complete exposure pathways—incidental soil ingestion and dust inhalation--were identified
for SWMU 17D and were quantitatively evaluated. The noncarcinogenic hazard index for
the incidental ingestion and dust inhalation exposure pathways are below one, indicating a
low potential for noncarcinogenic effects. The multiple pathway potential carcinogenic risk
only slightly exceeds 1E-06, which is the lower end of the EPA target risk range, and is
mainly due to the incidental soil ingestion exposure pathway. As discussed in Appendix D,
the UBK developed by EPA for lead is only applicable to children; therefore potential
exposure to lead under the military land use scenario cannot be quantitatively evaluated.

Based on the high concentration of lead detected in site soil and the fact that two potential
complete exposure pathways are identified for SWMU 17D, the potential exposure to lead

and corresponding hazard is estimated as moderate to high.

Although elevated concentrations of severa] metals were detected in surface soil, it
is unlikely that environmental receptors would directly contact the surface soil, except
possibly on an infrequent basis. Therefore, potential exposure to environmental receptors
and the potential for environmental threat appears to be minimal.

6.4.5 Baseline Risk Assessment for 17E--Runoff Drainage Basin

Based on the contamination assessment presented in Section 6.3.5, four contaminants
of concern--arsenic, chromium, lead, and 24DNT--have been identified for the surface water
sample collected from this site. Arsenic, lead, and 24DNT were contaminants of concern
in the sediment but exposure to this medium is considered negligible compared to the
surface water overlying the sediment, and will not be evaluated. The potential impact of
these contaminants to human health and the environment is discussed below in Sections
6.4.5.1 and 6.4.5.2, respectively.

6.4.5.1 Human Health Evaluation . The surface water sample was collected from the runoff
drainage basin, which is an unlined natural drainage depression. Due to topography, there
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is no surface water outflow from the basin. There are no potential human receptors to the
surface water within this basin, except for workers who may occasionally contact the surface
water during cleaning operations. Workers would presumably wear protective equipment
(ie., gloves) and exposure is expected to be infrequent. Therefore, exposure to
contaminants in the surface water via incidental ingestion and dermal absorption of
contaminants is expected to be insignificant and these exposure pathways are not evaluated
further.

6.4.5.2 Environmental Evaluation. As discussed above, the surface water sample was
collected from an unlined drainage basin. Therefore, potential impacts to aquatic life are
not considered. Because the burn area is active and paved roads/buildings are present, it
is not likely that wildlife would frequent the burn aréa and use the drainage basin as a
primary drinking water source. Therefore, potential exposure to wildlife is considered
negligible and exposure to environmental receptors is not further evaluated.

6.4.53 Conclusions to Human Health and Environmental Evaluation. Exposure to
contaminants in the surface water of the unlined drainage basin is expected to be
insignificant for both human and environmental receptors. Therefore, these pathways were
not quantitatively evaluated. Although SWMU 17E does not appear to present a current
or potential future human heaith risk or environmental threat, the presence of
contamination in the surface water sample collected from the unlined drainage basin does
indicate the potential for surface runoff of contamination from the burn area, with possible
infiltration into the groundwater. Even though SWMU 17E sediments were not evaluated,
similar metals concentration evaluated for SWMU 17A soil indicated no noncarcinogenic
risk, but a combined carcinogenic risk barely within the EPA target risk range. This
indicates that if the sediments are exposed and dried out, a potential risk via the

inhalation/ingestion pathway may be present if workers are exposed to windblown particles.
65 SUM Y NCLUSIONS

The RFI sampling program has provided chemical data for evaluating the potential
impact the various SWMU 17 burning operations have on the near surface soils. Potential
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impacts were assumed to be where burning or waste storage occurs and in the surface water

and sediment of low areas/basins receiving runoff from the active areas. The results of the
borings conducted at and near SWMU 17 have been used to provide information on the
hydrogeologic properties of the subsurface. The physical and chemical investigations have
led to the following conclusions:

The five component subsites are present in two 30 foot deep depressions
which have been identified as sinkholes. SWMU 17A is in the western
depression and SWMUs 17B, 17C, 17D, and 17E are in the eastern one.

The bottom of the sinkholes have been filled with rubble and graded flat with
soil and gravel,

The soil layer overlying bedrock away from the sinkholes is very thin, probably
less than 10 feet. Bedrock is composed of tilted, weathered and broken
limestone/dolostone of the Elbrook Formation.

The bedrock is karst in character with groundwater present in fractures and
conduits which have unpredictable flow characteristics. The groundwater
elevation in the bedrock has been measured to vary between 1,826 feet msl
to less than 1,730 feet msl.

The depressions have no surface water outlet, all precipitation infiltrates into
the subsurface or evaporates.

Groundwater eventually discharges into the New River but the route or routes
leading to the river are unknown. The highly imcompetent character of the
bedrock prevented the installation of monitoring wells, but the karst character
of the aquifer makes monitoring wells unsuitable for acquiring suitable
groundwater data for contamination evaluation.

No waste is buried or otherwise permanently disposed at SWMU 17.
Contaminant impacts would be from residue potentially remaining after
burning operations are performed.
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Arsenic, copper, lead and thallium were detected in SWMU 17A soils above
HBNs and background concentrations. Arsenic and lead were identified as
contantinants of concern based on chemical properties. Arsenic, chromium,
lead and 24DNT were detected above HBNs in surface water receiving runoff
from SWMU 17A and were identified as contaminants of concern.

Arsenic, lead and 24DNT were detected above HBNs and background
concentrations in a sediment sample from the basin (SWMU 17B) receiving
runoff from the area used to store contaminated material prior to being
burned in the ACD. These three parameters were also identified as
contaminants of concern.

Barium , beryllium and thallium were detected above HBNs and background
concentrations in soil samples next to the ACD (SWMU 17C). Based on the
detected concentrations and chemical properties, none of these metals were
identified as contaminants of concern at SWMU 17C.

Arsenic, lead and thallium were detected above HBNs and background
concentrations in soils at the ash staging area (SWMU 17D) for the ACD.
These metals were identified as contaminants of concern.

Arsenic, chromium, lead and 24DNT concentrations exceeded HBNs in the
surface water sample from the pond (SWMU 17E) receiving runoff from all
areas of the eastern depression. Each parameter was identified as a
contaminant of concern. Arsenic, lead and 24DNT concentrations exceeded
HBNs and background concentration in the SWMU 17E sediment but no
contaminants of concern were identified because the sediment is not exposed.

The multiple pathway potential carcinogenic risk for incidental ingestion of
SWMU 17A soils barely exceeds the lower end of the EPA target risk range.
Soils at SWMU 17D have a similar risk. Because of the lack of exposure
pathways or the calculated risks/hazards were below target levels, no other
risks were identified at SWMU 17,
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66 RECOMMENDED ACTION

A Corrective Measures Study is not recommended, but a CMS may be needed after
additional data has been collected. Based on available information, contaminants of
concern remaining at one or more SWMU 17 component areas after the burning operations
consist of arsenic, chromium, lead, thallium and 24DNT. A slight risk to site workers has
been identified due to the potential for incidental ingestion/inhalation of these
contaminants. Due to the complicated hydrogeologic environment, no groundwater data
were collected for the SWMU 17 contamination assessment. The following
recommendations address the identified risks and the data gaps in the RFL

— - Standard operating procedures for site workers should be revised, if needed, to
include procedures to reduce dust generation and prevenmt incidental exposure via
ingestion/inhalation for all post-burning waste handling operations including site grading and
soil handling. Settling basin (SWMUs 17B and 17E) water and sediment handling
procedures should also be included in the revised SOPs. Even though the waste may not
exceed TCLP criteria when tested for disposal, a risk due to ingestion/inhalation still is
possible.

The sinkholes allow for direct discharge of site contaminant into the bedrock aquifer
via infiltration of precipitation through subsurface conduits. The lack of significant standing
water in the depressions suggests that infiltration is the primary route of water outflow
compared to evapbration. The discharge points for site groundwater should be determined
and sampled in order to evaluate the magnitude of contamination in the groundwater due
to SWMU 17. A dye tracing study is recommended for SWMU 17 to determine these
discharge points. This study should be combined with the dye tracing study recommended
for nearby VI SWMU 40 and the on-site FLFA SWMU (Dames & Moore, 1992b). The
area of the study should include the New River to the west and the unnamed tributary to
Stroubles Creek to the east. A sampling program for the identified discharge points should
be developed with results combined with the existing RFI data.
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The hydrogeologic conditions at the site make discharge of site contaminants, in both
dissolved and solid states, through the bedrock aquifer a potentially significant route of off-
site and even off-post migration. However, the lack of groundwater receptors and the
significant dilution factor of the New River suggest little risk of exposure to contaminants
at concentrations which may pose a health or environmental risk.
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7.0 RCRA FACILITY INVESTIGATION OF SWMU 28, ACTIVE SANITARY
LANDFILL, SWMU 51, TNT NEUTRALIZATION SLUDGE DISPOSAL AREA AND
SWMU 52, CLOSED SANITARY LANDFILL

7.1  SWMU 28 SWMIJ 51 AND SWMU 52 INVESTIGATION PROGRAM

SWMUs 28, 51, and 52 are geographically proximate to each other in the eastern end
of the Horseshoe Area, generally at the area of highest elevation within RAAP (Figure 7-1
and Insert 5). Each SWMU consists of a subsurface burial area of waste material with the
three SWMUs encompassing an area of approximately 15 acres. Because of the proximate
nature of these SWMUs and the similar disposal methods used at each SWMU, one
combined study area was delineated for the RFI. Two other disposal SWMUSs (16 and 30)
are also iocated within the study area, but these SWMUSs were not included in the RCRA
permit and have not been specifically targeted as areas of investigation. SWMU 30, Closed
Asbestos Waste Site, is located at the western limit of the study area and should not have
an impact on the chemical data acquired for the RFI. SWMU 16, Closed Hazardous Waste
Landfill, is located in the central part of the study area and contaminants therefore,
migrating from this SWMU, if any, could have a measurable impact on the groundwater
being evaluated. Waste placed in SWMU 16 consisted of ash residue from contaminated
waste burning operations which failed the EP toxicity testing. Due to the nature and
location of this waste, the detections of high metals, explosives and VOCs in wells along the
eastern (downgradient) side of the study area should not be assumed to be a result of
migration from the RFI SWMUs. The contamination characterization presented in Section
7.3 considers the potential for SWMU 16 to be the source of detected contaminants if the
wells located downgradient of SWMU 16 exhibit obviously different groundwater quality.

7.1.1 SWMUSs History

7.1.1.1 Active Sanitary Landfill-SWMU 28. This landfill is located in the sostheast section
of the Horseshoe Area (Figure 7-1 and Insert 5). It replaced the sanitary landfill
immediately to the south (SWMU 52), which reached design capacity and was closed in
1984. SWMU 28 is contiguous with the Closed Hazardous Waste Landfill (SWMU 16) and
is approximately 200 feet northeast of the TNT Neutralization Sludge Disposal Area
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(SWMU 51). SWMU 28 was permitted by the Virginia Department of Health (Permit No.
401) in April 1983 as a sanitary landfill to receive municipal solid waste, agricultural waste,
debris waste, inert waste, and asbestos waste, The asbestos waste is required to be bagged,
labelled, and placed in a designated area, now identified as SWMU 30, which is located 100
feet west/southwest of SWMU 28, The daily estimated volume of disposal as reported in
the permit was 0.25 ton of asbestos and 2 tons of municipal waste.

Landfill plans for SWMU 28 called for five trenches to be excavated and filled
(Figure 7-2). Three trenches (6, 7, and 8 on Figure 7-2) are oriented in a
northwest/southeast direction and range in length from approximately 225 to 300 feet. Each
is approximately 30 feet wide. The remaining two trenches, 5 and 9, are oriented in a
northeast/southwest direction, approximately 450 and 250 feet long, respectively, and 30
feet wide. When filled, the trenches were covered with clean soil and seeded to prevent

erosion of the cover.

7.1.1.2 TNT Neutralization Studge Disposal Area—SWMU 51, This unit is located
approximately 200 feet west of the Closed Sanitary Landfill (SWMU 52), and 200 feet
southwest of the Active Sanitary Landfill (SWMU 28). SWMU 51 reportedly consists of one
trench, approximately 20 feet wide by 200 feet long, located within the southern half of the
central trench of a series of three north-south trending disposal trenches (Figure 7-1). The
other two and a half trenches were reportedly used for asbestos disposal (SWMU 30) and
are not part of this unit. SWMU 51 is surrounded by a barbed-wire fence and marked with
a sign. The barbed wire fence apparently encompasses more than just the reported SWMU
51 trench. The barbed wire encloses an area which appears to correlate to the southern
halves of both the central and eastern trenches. A central barbed wire fence also divides
the enclosed area into east and west halves. This suggests that the southern halves of both
trenches were used for TNT waste burial rather than only the one trench. The trench has
been filled to natural grade and is weed covered.

An unknown quantity of TNT neutralization sludge from the treatment of red water
was disposed of in this unlined trench in the 1970s. Sludges were generated in the red water
treatment plant’s equalization/neutralization basin, Sludges are not currently produced.
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In addition to sludge disposal, an estimated 10 tons of red water ash was reportedly
disposed of in the trench from 1968 to 1972. Red water is a waste product that is generated
during the production of TNT. It contains numerous TNT byproducts including alpha, beta,
and gamma TNT isomers and TNT sodium disuifates. From 1968 to 1972, red water was
concentrated by evaporation and burned in four rotary kilns located in the TNT
manufacturing area (USATHAMA, 1976). The ash produced from these kilns was disposed
of in SWMU 41 (Red Water Ash Landfill), SWMU 42 (an off-post landfill), and SWMU
51. From 1972 to 1974, the red water was sold to the paper industry, which recovered the
sulfur compounds for use in paper production.

Red water ash has been described as yellowish-tan in color when dry. When wet it
tarns a dark red and generates a dark red leachate. It is corrosive and fine-grained, though
it may contain large clinkers, '

7.1.1.3 Closed Sanitary Landfill--SWMU 52, This unit is located contiguous to and
immediately south of the closed RAAP Hazardous Waste Landfill (SWMU 16) (Figure 7-1).
SWMU 52 was first used in 1976 and was closed in 1984 when it reached design capacity.
The unit was not permitted by the Commonwealth of Virginia.

SWMU 52 contains three trenches (1, 2, and 3 on Figure 7-2), each approximately
35 feet wide by 500 feet long by 14 feet deep. The landfill was used primarily for the
disposal of municipal refuse, though some asbestos (in double plastic bags) was disposed of
in this area (USACE, 1981). The one trench used for SWMU 16 (trench 4 on Figure 7-2)
is located immediately north of SWMU 52 and immediately south of SWMU 28.

7.1.2 Previous Investigations

In 1980, six monitoring wells (C1, C2, C3, C4, CDH-2, and CDH-3) were installed
at SWMU 52 as part of a hydrogeologic evaluation of four SWMUs at RAAP (USACE,
1981). Well locations are shown in Figure 7-3.

Groundwater sample analyses performed at SWMU 52 indicated that the total
dissolved solids (TDS) concentration was below the Secondary Drinking Water Standard of
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500 mg/L. TDS concentrations ranged between 84 and 199 mg/L in the four samples
collected from wells at the site. In fact, the minimum TDS concentration (84 mg/L)
measured was found in the downgradient well C2, which should be the well most likely to
reflect groundwater quality beneath the landfill.

All samples collected showed groundwater degradation from man-made organic
chemicals. The organics found include 4-nitrophenol; chlorinated solvents such as 1,2-
dichloroethane, chloroform, methylene chloride, trichlorofluoromethane, and
trichloroethylene; plasticizers such as butyl benzyl phthalate and bis(2-ethylhexyl) phthalate;
and volatile organics including benzene and toluene. All organics except methylene chloride
were found at levels near or below the available accepted drinking water and ambient water
quality standards, and Suggested No Adverse Response Levels (SNARLs). The data were
considered inadequate to determine direct cause-and effect relationships, which would
indicate that the source of these organic contaminants was SWMU 52,

No borings or monitoring wells had been installed specifically for SWMU 51 prior
to the RFI. However, extensive investigations have been conducted at the three landfills
to the east and northeast of this unit.

Groundwater monitoring conducted at SWMU 16 in 1984 and 1985 indicated
detection of low levels of explosives compounds in wells upgradient of SWMU 16, but
downgradient of SWMU 51, These compounds included 24DNT, 26DNT, and tetryl, These
detections were thought to be more indicative of wastes disposed of in SWMU 51 than those
disposed of in SWMU 16. No explosives contaminants were detected in samples collected
after 1985 (USACE, 1988). ‘

The permit for SWMU 28 requires quarterly groundwater monitoring of wells
installed around the site. Wells in this area have been installed at various times since 1988
with a total of 16 wells having been installed prior to the RFI, Samples collected from
downgradient wells indicate groundwater contamination (USEPA, undated).



713 RFI Program

Because these three SWMUs are located close to each other and landfilling
operations at each unit have potentially impacted the local groundwater quality, they were
combined into one study area, as allowed by the RCRA permit. The RF] was designed to
assess whether hazardous constituents have migrated from any of the units into the
groundwater.

The following existing nine wells were included in the RFI sampling program--16-1,
16-3, 164, MW9, C1, C4, CDH-2, WC1-A, and WC2-A. Four additional monitoring wells
were installed to provide a more complete upgradient and downgradient sampling regime
for all three units. As discussed in Section 3.7.1, groundwater sampling conducted in 1984
;nd —1985 indicated explosives constituents in wells supposedly downgradient of SWMU 51.
Two of the proposed new wells were needed around SWMU 51 to provide more complete
upgradient and downgradient sampling locations. Two wells were needed north and west
of SWMU 28 to provide sampling locations in these directions. Locations for these wells
(28MW1, 28MW2, SIMW1, and SIMW?2) are shown in Figure 7-3.

Five representative soil samples were collected from the well borings for physical
testing--at least one sample from each boring. Following well installation, the new wells
were developed as outlined in Section 3.4.2. Nine of the existing wells and four new wells
were sampled and analyzed for metals, VOCs, SVOCs, explosives, TOC, TOX, and pH. The
physical setting of the three SWMUSs only allows for the potential for off-site migration of
contaminants via groundwater. No surface soil samples were collected for chemical analyses
because the waste in each SWMU was buried and covered with clean fill. No subsurface
soil samples from below the fill material were collected because to do so would result in
penetration of the landfill and possible release of contaminants.

As described in Section 3.8, surveying was conducted to determine location
coordinates and elevations of the monitoring wells and the exact SWMU boundaries. A
topographic survey was also conducted resulting in mapping with a scale of 1 inch equals



100 feet and a contour interval of 2 feet. Well coordinates are presented in Appendix F and
Insert 5 is the topographic survey of the study area.

72 ENVIRONMENTAL SETTIN
72.1 Topography

SWMUs 28, 51, and 52 are located on a plateau in the southeastern section of the
Horseshoe Area. SWMUs 16 and 30 are also on the same plateau in this area. The
elevation of the plateau ranges from approximately 1,810 to 1,840 feet msl. The platean
is generally flat to slightly sloping. The SWMU 16 cap results in an even more raised area
on the plateau. SWMU 52 is the furthest SWMU on the plateau to the southeast. SWMU
52 gently slopes towards the east. The maximum elevation of SWMU 52 is approximately
1,834 feet msl in the northwest corner and the minimum elevation is approximately 1,811
to 1,813 feet msl along the east boundary.

7.22 Hydropeology

The hydrogeology of the SWMUSs 28/51/52 area was investigated for the RFI through
the drilling of four soil and rock borings and the installation of four monitoring wells to
supplement the existing boring and well data. The new wells were installed to further
investigate upgradient and downgradient hydrogeologic conditions in the SWMUs 28/51/52
landfill area.

7.2.2.1 Geologic Units. The subsurface conditions revealed by the four borings generally
confirm previous investigations performed in this area. Generally, the subsurface
stratigraphy consists of three distinct strata; unconsolidated alluvium, residual soils
weathered from bedrock, and limestone/dolostone bedrock.

Three hydrogeologic cross-sections have been provided to illustrate the subsurface
conditions (Figure 7-4). Two cross-sections developed from a previous site investigation
(USACE, 1981) are included as Cross-section A-A’ (Figure 7-5), trending west to east
through the center of the study area, and Cross-section B-B’ (Figure 7-6) trending south to
north along the eastern edge of the area. Cross-section C-C’ (Figure 7-7) trending north to
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south along the western side of the study area includes subsurface data from the well
borings performed for the RFI.

72211 Unconsolidated Sediment. The area is underlain by two general units of
unconsolidated deposits. The first unit is composed of terrace deposits generally consisting
of reddish-brown silty clay (CL) that mantles the surface to a depth of up to 38 feet.
Overlying bedrock is fine- to coarse-grained, yellowish brown sand with layers of large
cobbles (river jack) found throughout the sand strata, Underlying the second unit of the
alluvial deposits are fine-grained residual deposits generally described as a yellow-brown
micaceous clayey silt (ML) or CL which is probably a very weathered shale and siltstone
layer.

Available permeability data for the terrace depbsits indicates that the clay material
exhibited a permeability range from less than 3.28 x 10 to 1.31 x 10 ecm/sec. Average
permeability for the sand and gravel unit is 2.31 x 10® cm/sec with a range between 2.0 x
10° and 5.72 x 10® cm/sec (USACE, 1981).

7.22.12 Bedrock. The depth to bedrock in the landfill area varies considerably ranging
from 30 to 70 feet below ground surface. As shown in Figure 7-8, the bedrock surface under
the western half of the area is at a higher elevation than under the eastern half. The
bedrock surface elevation decreases significantly toward the northeast where a depression
is apparent. This bedrock low is likely the result of the formation of a sinkhole, Bedrock
encountered in the vicinity of the landfill area consists primarily of a gray argillaceous
limestone and dolomite with interbedded beds of greenish gray mudstone and siltstone.
This unit is variable with intense zones of fracturing and weathering and occasional
brecciated and vuggy zones. Frequent solution channels were also observed in rock cores.
The high degree of weathering and fracturing was confirmed by low rock quality density
(RQD) and recovery values for NX rock coring, and by the large quantities of drilling water
lost to fractures when well boring 28MW2 was drilled.
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71222 Groundwater.

7.22.2.1 Potentiometric Surface. The groundwater below the study area is present in an
unconfined aquifer with the water table encountered from 32 to 69 feet below ground
surface (Table 2-4). The groundwater elevation map (Figure 7-9) illustrates the radially
sloping pattern of the water table with the highest elevation present below the western side
of SWMU 28 and the lowest elevation at the eastern end of SWMU 16. Even though the
maximum water elevation was measured in well 28MW1, an elongated north-south water
table high appears present on the entire western side of the SWMU 28 and 52 area. This
high also appears to underlie SWMU 51. Observed groundwater conditions in the vicinity
of monitoring well 5IMW1 vary considerably from those at nearby SIMW2 and other wells
in the landfill area. The groundwater elevation meéasured at SIMW1 during the RFI
program has fluctuated seasonally from apparent water table conditions near the
overburden-bedrock interface to a seasonally high perched water table condition within 5
feet of the ground surface.

72222 Flow Patterns. Based on available data collected during the RFI program,
groundwater flows radially from the water table, topographic and bedrock high in the
western portion of the landfill area (Figure 7-9). The groundwater also appears to drain
into the bedrock depression east of SWMU 28, supporting the interpretation of the
depression as being a sinkhole. Groundwater below SWMU 52 appears to flow eastward
or northeastward, and wells C4, CDH-2, 16-3, and WCI-A should be properly situated to
act as downgradient monitoring wells, Well C1 also appears to be situated to act as an
upgradient sampling location. The flow gradient (as measured from Figure 7-9) for SWMU

52 is approximately 6 percent, a fairly steep groundwater gradient.

The majority of SWMU 28 overlies groundwater which flows eastward toward the
bedrock low. Wells 16-1, WC2-A, and MW9 should act as downgradient monitoring wells,
The flow gradient on each side of the mound was estimated from Figure 7-9 to be
approximately 9 percent. The water table mound indicates that the groundwater would flow
generally to the north and west in this area. No well appears situated to act as an
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upgradient well due to the water table mound and well C1 may even be somewhat
downgradient of the western end of SWMU 28,

The flow pattern below SWMU 51 also appears to be radially away from the waste
disposal area. The water elevation in SIMW2 was 2 feet higher than in well 16-3. This
indicates that a small water table mound may be present under this SWMU. If this is true,
then no upgradient monitoring location is available and these two wells and well 51IMW1
are all downgradient locations.

7.2.2.2.3 Recharge and Discharge. The measured water table elevations and the resulting
groundwater elevation map indicates that this study area overlies a water table mound. The
water table aquifer is recharged by infiltration of precipitation through the permeable soils
;am}all)-r found in this area. Recharge would be more likely to occur through the natural,
undisturbed soils which have not been capped and graded when the landfills were closed.
The series of trenches dug for SWMU 30 and SWMU 51 waste disposal have not been
capped and graded, thereby allowing for increased infiltration of precipitation and recharge
to the aquifer.

Groundwater flowing from the study area would eventually discharge into the New
River without migrating to any other off-post areas. The groundwater flows radially from
SWMU 28/51/52. (Insert 2) to all parts of the eastern end of the Horseshoe Area.

7.2.2.2.4 Aquifer Properties. In order to further investigate the groundwater aquifer in the
landfill area, three rising head slug tests were performed on wells installed on the west and
south sides of the SWMU 28 and 51 landfills. The calculated hydraulic conductivities for
these wells ranged from 6.27 x 107 cm/sec to 4.17 x 107 cm/sec. Data and results from the
rising head slug tests are summarized in Table 7-1. These hydraulic conductivity values are
within the normal range of values for flow within fractured limestone and dolomite bedrock
(Freeze and Cherry, 1979). However, these conductivity values are generally less than those
hydraulic conductivity values given for the wells tested on the east side of the landfill in
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Well
WC1-A
WC1-B
WC2-A
WC2-B
28MW1
28MW?2

SIMW2

Hydraulic
Conductivity
(cm/sec)
9.14x10°°
312x10~4
502x107¢
337x10°7
1.06 x10~6

627 x1077

417x107°

Table 7—-1
Summary of Hydraulic Conductivity
SWMUs 28, 51 and 52
Radford Army Ammunition Plant, Virginia

7-19

Reference
USACE, 1988
USACE, 1988
USACE, 1988
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1987 (F&R, 1987a) where the hydraulic conductivities calculated for those wells ranged from
9.5 x 10° cm/sec to 1.2 x 10° cm/sec (Table 7-1). These values indicate groundwater flow
is through more fractured/weathered bedrock likely attributable to karst features in this
area. Utilizing groundwater level measurements taken during the RFI program and the
above hydraulic conductivity values, an estimated groundwater flow velocity below the
landfill area may be determined as detailed below.

Assuming a hydraulic conductivity value (k) of 4.17 x 10”° em/sec calculated for
51MW2, an average hydraulic gradient (i) of 9 percent observed west of the landfill, and an
average published value of 10 percent for the porosity (n) of limestone (Freeze and Cherry,
1979), the groundwater flow velocity through the formation may be calculated using a form
of Darcy’s law as shown below:

V=ki
n

Substituting the above values the calculated groundwater flow velocity below the
western portion of the landfill is 37 feet/year. By substituting the average hydraulic
conductivity value of 1 x 10° cm/sec observed in the vicinity of 28MW1 and 28MW?2 into
the above equation results in an estimated groundwater velocity of 1 foot/year. These
results indicate that groundwater flow is variable through the fractured rock and is likely
dependent on the nature of fracture and solution features. It would be expected that
groundwater flow velocity would be significantly greater where bedrock is highly fractured

with solution channels.

For comparison the groundwater flow velocity may also be calculated beneath the
eastern portion of the landfill area utilizing hydraulic conductivity values from previous
investigations (F&R, 1987a). Assuming an average hydraulic conductivity value (k) of 2 x
10* cm/sec derived from values listed in Table 7-1, an average hydraulic gradient (i) of 9
percent calculated for the eastern landfill area, and an average porosity (n) of 10 percent
for limestone, the resulting groundwater velocity calculated from the Darcy equation would
be approximately 186 feet/year. It is expected that the groundwater flow velocity in the
vicinity of karst features would be significantly higher.
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7.22.2.5 Hydrogeologic Interrelationships. The significant hydrogeologic features of the
landfill study area are: 1) the depth to the water table is significantly below the bottom of

the fill (15 to 35 feet); 2) the sinkhole underlying the sediment below the northeastern
corner of the study area acts as a groundwater drain; 3) the water table generally coincides
with the bedrock surface and, therefore, groundwater flow is predominantly through the
fractured bedrock; 4) groundwater can flow in every direction away from the area, but
discharge occurs into the New River prior to leaving RAAP; and 5) groundwater originates

at the site via infiltration of precipitation throngh unconsolidated sediments.

These hydrogeologic features combine to form a disposal area which can be ideal for
waste landfilling if proper management practices are utilized. Groundwater recharge can
be controlied through the proper capping and drainage of the area and, therefore, migration
of groundwater can also be controlled. The deep water table means that neither surface nor
groundwater will interact with the waste if infiltration of precipitation is prevented.
Additionally, the location of the study area in the Horseshoe Area does not allow for
contaminants to migrate to off-post well users through the groundwater, since discharge will

occur into the New River.
7.2.3  Soils

Remediation of soils is not a potential corrective action since these SWMUs are
landfill disposal areas and potential contamination can occur through groundwater. Surface
soils have not been impacted by SWMU practices and all exposed areas are actually clean
fill used to cover the waste. However, a summary of the USDA soil properties may be
useful since infiltration of precipitation is an important mechanism for recharging the
groundwater.

7.2.3.1 USDA Soil Classification. The landfill area was constructed upon Braddock loam
(2-7 percent slope) and Cotaco loam (2-7 percent slope) soils (SCS, 1985a). Braddock soils
bave a USCS classification of CL, SM, ML, and SC loam from 0 to 7 inches and MH, CH,
CL, and SC clay loam, gravelly sandy clay and clay from 7 to 60 inches. The AASHTO
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classifications for 0 to 7 inches are A-1 and A4, while the 7 to 60 inch layer are classified
as A-7 and A-2. Cotaco soils are classified in the USCS as ML, CL-ML, SM, and SM-SC
loam from O to 15 inches. The 15 to 60 inch layer is classified as SC, SM, ML, and CL
sandy clay loam, clay loam and loam. AASHTO classifies the 0 to 15 inch layer as A-4 and
the 15 to 60 inch layer as A-2, A4, and A-6.

7.2.3.2 Physical and Chemical Properties. According to the SCS (1985a), Braddock soils
from the 0 to 7 inch layer have 10 to 25 percent clay, 1.20 to 1.50 g/cm® moist bulk density,
0.6 to 6.0 inches per hour permeability, 0.14 to 0.19 inches per inch available water capacity
and a low shrink-swell potential. The 7 to 60 inch layer is similar except that this layer has
35 to 55 percent clay, 0.6 to 2.0 inches per hour permeability and a moderate shrink-swell
potential. The 0 to 15 inch Cotaco layer has 7 to 27 percent clay, but is otherwise the same
as the 0 to 7 inch Braddock layer. The 15 to 60 inch Cotaco layer differs from the 7 to 60
inch Braddock only with 18-35 percent clay, 0.07 to 0.15 inches per inch available water
capacity, and a low shrink-swell potential.

Four cation-exchange capacity (CEC) tests were also performed by the USACE on
selected samples of unconsolidated material (Appendix F). All samples tested were silty
sand or clay exhibiting a CEC between 2.5 and 8.5 meq/100 gm of soil which indicates a
limited availability of excess ions in these soil types.

7.2.3.3 Relationshi roun Bedrock. As discussed in Section 7.2.2, the water
table and bedrock are found more than 35 feet below the surface and no significant

interrelationship is apparent.

72.4 Surface Water and Sediment

Based on topography, surface water from the southern portion of SWMU 52 appears
to drain to the south/southeast towards the asphalt road bordering the southern side of the
SWMU. Surface drainage along the southern road will flow east then north as the road
bends and follows the eastern boundary of SWMU 52, Surface water from the northern
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portion of SWMU 52 appears to flow east and then north once reaching the asphalt road
bordering the eastern side of the platean. Surface runoff from SWMU 16 immediately flows
northwest and southeast before entering a boundary ditch and flowing northwest until
reaching drainage and storm sewers associated with the eastern paved road. The southern
portion of SWMU 28 appears to discharge eastwardly into the storm sewer located to the
east of SWMU 28. Surface water runoff in the northern portion of SWMU 28 appears to
flow north until reaching the drainage and storm sewers associated with the road to the
north of SWMU 28. Surface water along the northern road flows to the east. Storm sewers
and natural drainage patterns along the paved road on the eastern boundary of the plateau
appear to flow northeast and discharge into a tributary of the New River, approximately 560
feet_northeast of SWMU 28, The tributary flows northeast about 700 feet where it joins
with another tributary of the New River, just east of SWMU 74. The tributary flows east
to this point and discharges into the New River approximately 1,500 feet east of SWMU 74
and approximately 300 feet northeast of SWMU 54,

7.3 ONT. ATION CTERIZATION

Thirteen groundwater samples were collected in the vicinity of SWMUs 28, 51 and
52. The results of the chemical analyses indicated the presence of metals, explosives, VOCs
and SVOCs in groundwater (Table 7-2). The majority of the metals are common
constituents of groundwater and were detected at levels expected to be present in
groundwater of a limestone formation. All metal concentrations were less than the HBN

criteria, and do not appear to be anomalously high and are not considered a concern at
these sites,

Low levels of two explosives were detected in three groundwater samples. The
explosive 1,3-dinitrobenzene (13DNB) was detected downgradient of SWMU 52 in the
groundwater sample from well 16-3 at a level slightly greater than the analytical detection
limit. The concentration of 133DNB was four times less than the HBN and is not considered
a concern. However, concentrations of the explosive 26DNT exceeded the HBN criterion
in samples from well 16-4 and SIMW2, B2EHP in sample 16-4 also exceeded the HBN
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SITE ID
FIELD ID
S. DATE
DEPTH (f1)
MATRIX
UNITS

TAL horganics
ALUMINIUM
ARSENIC
BARTUM
CALCIUM
IRON

LEAD
MAGNESIUM
MANGANESE
POTASSIUM
SODIUM
ZINC

losives

13DNB
26DNT

Volatiles

1,11-TRICHLOROETHANE
1,1-DICHLOROETHANE
CARBON DISULFIDE
METHYLENE CHLORIDE
TOLUENE
TRICHLOROFLUOROMETHANE

Semivoiatiles
BIS(2—-ETHYLHEXYL) PHTHALATE

Semiwlatile TICs

1,122~-TETRACHLORGETHANE
1L12-TRICHLORCETHANE
2-CYCLOHEXEN-ONE
2~-ETHYHEXANOL
BENZOTHIAZOLE
CYCLOHEXENE OXIDE

"CLOPENTANONE

LUENE

PQLs
UGL

141
10

500

10
500
2.75
375
500
50

0611
0.074

Lh LA LA th th ta

NA
NA
NA

NA
NA,
NA
NA

16-1
RDWC*13
04—feb-92

- 46.0

CGW
UGL

141
LT 2.54
147

69400

LT 126
29500
222
4190
4490
264

LT 0.5
LT 0.68
17
LT23
LT 0.5
LT 14T

3

43335333

Table 7-2 I
Summary of Analytical Data For Groundwater Samples (hllected At SWMUs28, 51, & 52
Radford Army Ammunition Plant, Virginia .

161
RDWC*34
05—feb—92
450

CGW
UGL

CEEEEEEEEEE

LT 0.611
LT 0.074

233333

3

LEEEEEEE

16-1
RDWC*33
07—feh—92
46.0

CGW
ucL

43333333333

A3

Z333373

16-3
RDWC*14
28—jm—92
720

oGwW
UGL

LT 141
LT 254
381
23100
LT 38.8
LT 126

395
3110

LT 211

0.799
LT 0.074

LT 05
LT 0.68
0.669
LT23
0.51
LT 14

LT 48

75
78
58
58

98

16—4
RDWC*15
23—jm—92
62.0

OGW
UGL

LT 141
LT 2.54
3

24700
LT 388
1.41

18900
LT 2.75

1800

941
LT 21.1

LT 0.611
[ 0147}

LTO0S5B
LT 0.68
LT 0.5
LT 2.3
LT 0.5
6.51

[ 855]

58388383

16—4
RDWC*90
28~jm 92
62.0

CGW
UGL

EEEEEEEEEE

3 333333 33

553333373

ZBMW1
RDWC*6
30-jan—92
530

UGL

LT 141
LT 254
78
27600
839
LT 1.2
22100
LT 2.75
1710
1330

LT 0.611
LT 0.074

5888533

F-9
%]

HBN
UGL

101500
50
1000
NSA
NSA

NSA
3500
NSA
NSA

s
0.051

200
0.4

10000
10000

NSA
NSA
NSA
NSA
NSA
NSA
NSA
NSA



ST-L

Semivolatile TICs
TOTAL UNKNOWNTICs

Other

TOTAL ORGANIC CARBON
TOTAL ORGANIC HALOGENS
pH

SITE ID
FIELD ID
S. DATE
DEPTH (ft)
MATRIX
UNITS (#)

PQLs
UGL

NA

1000

NA

16—-1
RDWC*13
04 —feb—92
46.0

CGW

. UGL

ND

36.7
18¢
732K

16—-1

Table 72 (Cont'd)

16-1

RDWC*34 RDW(C*33
05—feb—92 07—feb—92

46.0
CGW
UGL

( 205

533

!
f

16-3 .
RDWC*14
28—jm—92
72.0

CGW
UGL

(13)1046

11.3
145
792

16—4
RDWC*15
23—-jm~-92
62.0

CGW
UGL

( 193

CEE

16~4
RDWC*90
28—jm—-92
62.0

CGW
LGL

241
150

28MW1
RDWC?*6
30—jan 92
530

CGW
UGL

ND

375
597
729K

HBN
UGL

NSA

NSA
NSA



SITE ID
FIELD ID
S. DATE
DEPTH (ft)
MATRIX
UNITS

TAL Inorganics
ALUMINIUM
ARSENIC
BARIUM
CALCIUM
IRON

LEAD
MAGNESIUM
MANGANESE
POTASSIUM
SODIUM
ZINC

Explosives
13DNB
26DNT

Voiatiles

1,1,i~TRICHLOROCETHANE

1,1 —-DICHLOROETHANE
CARBON DISULFIDE
METHYLENE CHLORIDE
TOLUENE
TRICHLOROFLUOROMETHANE

Semiwiatiles
BIS(2-ETHYLHEXYL) PHTHALATE

Semivolatile TICs

1,1,2 2-TETRACHIL.ORCETHANE
1,1, 2-TRICHLOROETHANE
2-CYCLOHEXEN-ONE
2-ETHYHEXANOL
BENZOTHIAZCGLE
CYO.OHEXENE OXIDE
CYCLOPENTANONE

TOLUENE

PQlLs
UGL

141
10
20
500
38.1
10
500
275
375
500
50

0.611
0.074

L LA LA LA LA LA

10

NA
NA
NA
NA
NA
NA
NA
NA

28MW2
RDWC*7
04 —feb—92
76.0

CGW

-UGL

LT 141
LT 2.54
268

44.3
LT 126

Ads
2670
4400
49.4

LT 0.611
LT 0.074

3833333

Table 7—2 (Cont'd)

S5IMW1
RDWC*10
28—jm—92
30.0

CGW
UGL

LT 141
LT 254
9272

18800
414
LT 1.26

3.58

1340
LT 21.1

LT 0.611
LT 0.074

LT 0.5
LT 0.68
LT 0.5
LT 23
1T 05
LT 14

LT 48

EEEEE

ND
ND
ND

S1MW2
RDWC*11
23—jm—92
480

CcGwW
uGL

LT 141
LT 2.54
11.5

36400
LT 388
152

10500
LT275

1290

1560
LT 211

LT 0.611
[ 0.126]

LTo05B
LT 0.68
LT¢5
LT23
LT 05
2.51

LT 4.8

58885383

|
t

SIMW2.
RDWC*S9
28—jm—92
480

oGW
UGL

A33333533333

33

3333373

3

33333333

C1
RDWC*8
30—jan—92
63.0

cGwW
UGL

LT 141
LT 2.54
427

37200
LT 388
282

15600
1T 275

2580

2540
LT 211

LT 0.611
LT 0.074

iT 4.8

CEEEEEEE

RDWC*18
04—feb—92
63.0

CGW
uGL

LT 141
6.4
125
45100

1T 1.26
21100
135
1190
2420

LT 21.1

LT 0.611
LT 0.074

LT 0.5
LT 0.68
193
LT23
LT0S
21T

LT 48

CEEEEEEE

CDH-2
RDWC*20
23—jan—92
55.0

cGwW
UGL

LT 141
LT 254
108

76600
LT 38.8
LT 126

27400
LT 2.75

2430

LT 211

LT 0.611
LT 0.074

LT0SB
LT 0.68
LT 05
LT 23
LT 05
LT 14

LT 48

ND

ND
ND

GS

35
0.051

200
04

100600
10000

NsA
NSA
NSA
NSA
NSA

NSA
NSA



LZ-L

Semiwolatile TICs
TOTAL UNKNOWNTICs

Other

TOTAL ORGANIC CARBON
TOTAL ORGANIC HALOGENS
pH

SITE ID
FIELD ID
S. DATE
DEPTH (ft)
MATRIX
UNITS

PQLs
UGL

NA

1000

NA

28MW2
RDWC*7
04 —feb—92
76.0

. UGL

(1)

4.06
825
813K

‘Table 7—2 (Cont'd)

SIMW1
RDWC*10
28—jan—92
30.0

CGW
UGL

( 436

4.55
158
B.63

51MW2
RDWC*11
23—jan—92

51MW2
RDWC*89
28—jm -92
480

CcGwW
UGL

383
174
881

c1
RDWC*8
30—jm—92
63.0

CGW
DGL

( 6%

37

734K

C4
RDWC*18
04—feb—92
63.0

OGW
veL

( 37

733
758
753K

CDH-2
RDWC*20
23—jm—92
55.0

CGW
UGL

( 2170

333

HBN
UGL

NSA

NSA

NSA
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SITE ID
FIELD ID
S. DATE
DEPTH (tt)
MATRIX
UNITS (#)

TAL Iorganics

ALUMINIUM
ARSENIC
BARIUM
CALCIUM
IRON

LEAD
MAGNESIUM
MANGANESE
POTASSIUM
30DIUM
ZINC

losives

13DNB
26DNT

Volatiles

1,1,1 -TRICHL.OROETHANE
1,1=-DICHLOROETHANE
CARBON DISULFIDE
METHYLENE CHLORIDE
TOLUENE :
TRICHLOROFL.UOROMEIHANE

Semiwlatiles
BIS(2-ETHYLHEXYL) PHTHALATE

Semivolatile TICs

1,12,2-TETRACHLOROETHANE
1,12-TRICHL.OROETHANE
2-CYCLOHEXEN-ONE
2—-ETHYHEXANOL
BENZOTHIAZOLE
CY{LOHEXENE OXIDE
CYCLOPENTANONE

TOLUENE

PQL=
UGL

141
10
20
500
381
10
500
2.75
375
500
50

0.611
0.074

Ln L TA LA LA LA

NA
NA
NA
NA
NA
NA
NA
NA

CDH-2
RDWC*91
28—jm—92
55.0

CcowW

-UGL

CEEEEEEEEEE]

4 3%3333 33

433335533

Table 7-2 (Cont'd)

MW9
RDWC*16
29—jm—92
70.0

CGW
UgL

LT 141
LT 2.54
165

59500
LT 38.8
LT 126

23500

437

6190

7400
LT211

LT 0.6i1
LT 0.074

436
[ 142]
LT 0.5
[ 66]
LT 0.5
19

LT 48

ND

78
ND
ND

MW9
RDWC*4
29-jm—-92
0.0

CGW
UGL

LT 141
LT 2.54
165

61700
LT 388
LT 126

367

7410
LT 211

LT 0.611
LT 0.074

426
{ 132]
LT 0.5
[ 566]
LT 0.5

LT 48

WCl-A
RDWC*21
24—jm—-92
89.0

CGwW
UGl

LT 141
LT 254

76100
LT 388
5.64

29800
239
7050
7670
LT 21.1

LT 0611
LT 0.074

LTOSB
LT 0.68
0.998
LT23
LT 05
LT 14

[ 527)

55838883

WCI-A
RDWC*92
28—jm—92
89.0

CGW

UGL

A3333733333%7%

4 333333 33

CEEEEEEE

WCZ-A
RDWC*22
29—jm—-92
65.0

CGW
UGL

LT 141
LT 2.54
132

LT 388

LT 126
18500
18.8
3370
4910

LT 211

LT 0.611
LT 0.074

LT 0.5
LT 0.68
LT 05
( 557]
LT 0.5
LT 1.4

LT 48

CEEEEEEE

HBN
UGL

101500
50
1000
NSA
N3A
50
NSA
3500
NSA
NSA
7000

35
0.051

200
04

10000
10000
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Table 7-2 (Cont’d) |

SITE ID CDH-2 MW9 MW9 WCl-A WC1-A WC2-A

FIELD ID RDW(C*91] RDWC*16 RDWC*4 RDWC*21 RDWC*2 RDWC*22
5. DATE 28-j;n—92  29—jm—92 29-jm—92 24—jm-92 IB=jm=-92  29-jm-92
DEPTH (ft) 55.0 0.0 70.0 89.0 B9.0 65.0
MATRIX POLs CGW CGwW CGW CGW OGW CGwW HBN
UNITS UGL - UGL UGL UGL UGL UGL UGL UGL
Semivolatile TICs
TOTAL UNKNOWNTICs NA NT ND ND ( 4569 NI’ ND NSA
Cther
TOTAL ORGANIC CARBON 1000 525 3.02 4.64 NT 114 947 NSA
TOTAL ORGANIC HALOGENS 1 212 140 177 NT 512 118 NSA
pH NA 6.99 142K 762K NT 7.14 1.9 K NSA
Foototes :

B = Analyte was detected in correspond ing method blank; values are Magged if the sample concentration is less than 10 times the me#od blank
concentration for common laboralory constituents and 5 times for all other constiments,

CGW = Chemical groundwater.

HBN = Health tased number as defined in the RCRA permit. HENs not specified in the permit were derived using standard exposure snd ntake

assumptions consistent with EPA guidelines ( 51 Federal Register 33992, 34006, 34014, and 34028).

K = Indicates holding time for extraction and preparation was not met, but data quality is not believed to be affected.

LT = Concentration is reported as less than the certified reporting limit.

NA = Not available; PQLs are not available for TICsdetected in the Jibrary scans.

ND = Analyte was not detected.

NSA = No standard (HBN) available; heaith effects data were not available for the calculation of a HBN. HBNs were not derived for TICs.

NT = Not tested; parameters werenot tested (included) in the sample analyses.

POL = Practical quantitation fimit; the lowest concentration that can be relizbly d etected 2t adefined levelof precision for a given analytical method.

S = Rezults arc based on an intermnal standard; flag is used for TICs detected in library scans.

T = Anaiytc wasdetected in corresponding trip blank; valnes are flagged if the sample concentration is less than 10 times the trip blank
concentration for common laboratory constituents and 5 times for all other constimen is.

TAL s Target Analyte List.

TICs = Tentatively identified compounds that were detected in the GC/MS library scans.

UGL = Micrograms per liter.

( } = Parenthesis are used to indicate the number of unknown TICs that were detected in either the volatile or semivolatile GC/MS library scans. The
number beside the paren thesis is the total concentration of all TICs detected in each resp ective scan.

[ ] = Brackets mndicate that the detected concentration exceeds the HBN.



criterion. The samples were collected east and south of the TNT Sludge Neutralization
Disposal Area (SWMU 51), However, these constituents were not detected in groundwater
west of SWMU 51 (i.e,, sample 51IMW1). Although only slightly greater than the HBN
criteria, 26DNT and B2EHP may be a concern at this site. Soils at SIMW1 were different
from those found at 16-4 and 5IMW2 and this well could be sampling a perched
groundwater zone and not the unconfined aquifer.

Concentrations of the VOC 1,1-dichloroethane (11DCLE) in the samples from MW9
exceeded the HBN criterion and may be a concern. Both samples were collected in the
area downgradient of SWMU 16. No other detection of 11DCLE occurred. VOC B2EHP
also exceeded the HBN criterion in the only two samples in which it was detected. B2EHP
was detécted in method blanks and is, therefore, considered a laboratory artifact and not
considered a concern since no pattern of detection is apparent at the site. Methylene
chloride was also detected in well MW9 samples and in the well WC2-A sample, both wells
located downgradient of SWMU 16 near the groundwater drain. Because the duplicate
MW?9 samples are almost identical, this VOC is probably present in the groundwater and
is not a laboratory contaminant. However, the results of other groundwater samples
collected in the vicinity of SWMU 52 (i.e., C4, CDH-2 and 16-3), the nature of the material
disposed of in SWMU 16 and the location of MW9 and WC2-A indicated that the presence
of these constituents in groundwater is likely due to SWMU 16, the Closed Hazardous
Waste Landfill.

With the exception of 11DCLE and methylene chloride, the remaining VOCs and
SVOC TICs are reported at trace concentrations several orders of magnitude less than
available HBNs and are not considered a concern. Toluene was reported in only 1 of 13
samples, was marginally above the analytical detection limit of 0.5 ug/l and is also a
common artifact of laboratory analysis. Although not detected in the laboratory method
blank, toluene in sample P-1 is most likely a laboratory artifact. Other detected VOCs, such
as 1,1,1-trichloroethane and trichlorofluoromethane, were reported in method and trip
blanks, and could be analytical artifacts. Because the concentrations are so low and their
origins are uncertain, these VOCs are not considered to be a concern at this site.
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74  BASELINE RISK_A MENT_ F 1, AND 52--A

Based on the contamination assessment presented in Section 7.3, three contaminants
of concern--26DNT, 11DCLE, and methylene chloride--have been identified for groundwater
downgradient of SWMUSs 28, 51, and 52. 26DNT is attributable to SWMU 51, but the other
two contaminants appear related to SWMU 16 rather than to the RFI SWMUs. Samples
were not collected from other environmental media. The potential impact of these

contaminants in site groundwater to human health and the environment is discussed below
in Sections 7.4.1 and 7.4.2, respectively. ‘

74.1 Human Health Evaluation

No groundwater wells other than for monitoring purposes are located downgradient
of SWMUs 28, 51, and 52. Groundwater in the vicinity of these SWMUs generally flows
radially away from the center of the landfill area and may discharge to the New River. As
discussed in Section 2.5, future land use is considered to be similar to the current land use
scenario--i.e,, RAAP will continue to remain an active army installation and there are no
plans for future residential development of RAAP, Therefore, it is highly unlikely that
groundwater wells would be installed in the future in the vicinity of SWMUs 28, 51, and 52.
Based on this evaluation, potential groundwater exposure pathways are not considered
operable under the current or future land use scenario.

As discussed above, there is the potential for discharge of groundwater contamination
to the New River. Persons boating, fishing, or swimming in the river could potentially be
exposed to contaminants migrating from SWMUs 28, 51, and 52 via shallow groundwater.
In addition, a drinking water intake is located 6 miles downstream of RAAP, However, due
to the significant capacity of the river which would result in significant dilution, and the low
levels of 26DNT (maximum concentration of 0.147 ug/l), methylene chloride (maximum
concentration of 6.6 ug/1) and 11DCLE (1.42 ug/1) detected in groundwater, which were less
than an order of magnitude above their HBNS, potential exposure is considered negligible.
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Therefore, these potential exposure pathways are not considered significant and are not
evaluated further.

742 Environmental Evaluation

As discussed above, there is the potential for discharge of groundwater contamination
to the New River, which could potentially impact aquatic life. Although data are insufficient
for establishing aquatic life criteria for 26DNT, the lowest observed effect level (LOEL) for
chronic effects to freshwater aquatic life is reported as 230 ug/l (USEPA, 1986). Because
the maximum concentration of 20DNT detected in groundwater is 0.147 ug/! and significant
dilution would occur upon discharge of groundwater to the New River, this detecﬁon of
26DNT in SWMU 28, 51, and 52 groundwater does not appear to be of environmental

concern,

AWQC are not available for 11DCLE. However, because the maximum detected
concentration of 11DCLE in groundwater is 1.42 ug/l and significant dilution would occur
immediately upon discharge of groundwater to the New River, this detection of 11DCLE
in SWMU 28, 51, and 52 groundwater does not appear to be of environmental concern.

743 i f H Heal Environmental Evaluation

Although 26DNT, 11DCLE, and methylene chloride were detected above their
HBNSs, due to the lack of groundwater receptors and the fact that significant dilution would
immediately occur upon discharge of groundwater to the New River, resulting in
insignificant exposure, the detection of these constituents in site groundwater does not
appear to present a current or potential future human health risk or environmental threat.

75 SUMMARY AND CONCLUSIONS

The RFI sampling program has provided chemical data for evaluating the impact
SWMUs 28, 51, and 52 are having on the groundwater migrating from the combined landfill
area. The results of the RFI boring and well installation program, in conjunction with the
previous site investigations, has been used to define the hydrogeologic properties of the
subsurface. The physical and chemical investigations have led to the following conclusions:
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Between 35 and 80 feet of unconsolidated sediments are present above the
karstic limestone/dolostone Elbrook Formation.

Anunconfined groundwater table approximately coincidental with the bedrock
surface is present below the study area.

Groundwater flows radially from the landfill area. A groundwater mound is
present underneath the western side study area which is recharged from
infiltration of precipitation.

The groundwater flow of the unconfined aquifer is very variable, calculated
to be at various velocities up to 200 feet per year, but the true flow through
the karst bedrock can locally be much greater.

The waste present at SWMU s 28, 51, and 52 is positioned in subsurface burial
trenches and covered with clean fill. No waste is exposed at the surface and
surface runoff is not impacted.

Metals concentrations in the groundwater samples appear representative of

natural conditions with no anomalously high concentrations detected for any
analyte.

One explosive, two VOCs and one SVOC were detected in the groundwater
samples at concentrations above the HBNs--26DNT, 1,1-dichloroethane,
methylene chloride and bis(2-ethylhexyl) phthlate.

The explosive 26DNT was only detected in two wells (16-4 and SIMW2)
adjacent to SWMU 51, TNT Neutralization Sludge Disposal Area. The VOC
1,1-dichloroethane was only detected in a well (MW9) directly downgradient
of SWMU 16, Hazardous Waste Landfill which indicates that the RFI
SWMUs are not the source. The VOC methylene chloride was only detected
in two wells (MW9 and WC2-A) at the northeast corner of the study area and
are probably due to migration from SWMU 16. The SVOC bis(2-ethylhexyl)

phthlate was found in only two samples from widely spaced wells and in
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method blank samples, and is considered a laboratory contaminant and not
a site contaminant.

. One explosive, four VOCs, and several SVOC TICs were detected
sporadically around the site at concentrations below HBNs.

. Three contaminants of concern—-26DNT, 11DCLE, and methylene chloride--
were evaluated in the Baseline Risk Assessment. No current or potential
future human health risk or environmental threat was identified.

7.6 NDED A:

A Corrective Measures Study is recommended for one of the SWMUs included in
this study area. The RFI for SWMUSs 28, 51, and 52, has identified two possible instances
of migration of contaminants from the combined landfill area. Two contaminants at
concentrations above HBNs were detected in wells at the northeast corner of the study area,
but these contaminants are most likely due to SWMU 16, Closed Hazardous Waste Landfill
and not the RFI SWMUSs. The other contaminant migration problem is the detection of one
explosive in samples from two wells next to SWMU 51, TNT Neutralization Studge Disposal
Area. The following recommendations address these two identified problems.

A Corrective Measures Study for the purpose of isolating the waste and preventing
leachate generation is recommended for the SWMU 51 area. The explosive detected in the
two wells next to SWMU 51 probably has its source due to infiltration of precipitation into
this disposal area and the adjacent SWMU 30 disposal area, which allows for leachate
generation and contaminant migration to the groundwater. These SWMUs have not been
capped with low permeability materials and no surface water diversion measures have been
constructed, The placement of a suitable cap and surface water diversion structures is the
recommended corrective action alternative for SWMU 51 and SWMU 30 in order to reduce
the potential for contaminant migration. Methods of capping using both natural and
synthetic liners should be evaluated as well as the proper design and routing of a surface
water diversion system. The natural conditions have been considered in recommending the

capping and surface drainage corrective action alternative rather than other alternatives such
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as fixing the waste in place, excavation, off-site disposal or incineration. The low levels of
detected contamination and the favorable hydrogeologic conditions allow for the possible
implementation of this relatively simple corrective action. The three wells around SWMU
51 should continuze to be monitored for explosives to insure that the cap is reducing
infiltration of contaminant concentrations as planned.

The exceedances of HBNs in groundwater samples collected from wells downgradient
of SWMU 16 should be evaluated through the existing closure requirements by which this
landfill is governed. The cap and surface water diversion structures should be inspected to
insure that no surface water infiltration is occurring. The construction of appropriate caps
and surface water diversion methods for the entire combined landfill area is also
recommended when SWMU 28 is closed.

The hydrogeologic conditions of this area are ideal such that with proper
maintenance of the landfills prevention of precipitation infiltration will result in little or no
leachate generation and, therefore, little or no contaminant migration into groundwater.

7-35



8.0 RCRA FACILITY INVESTIGATION OF SWMU O,
UNDERGROUND FUEL OIL SPILL

8.1 ATION PR

8.1.1 SWMIUJ History

This unit is located in the east section of the Main Manufacturing Area, southwest
of the Inert Gas Plant (Figure 8-1 and Insert 6). It consists of three 269,000-gallon
aboveground storage tanks that are situated on a concrete base and surrounded by a
concrete secondary containment system. Two of the tanks contain fuel oil; the
southwesternmost tank contains alcohol. The tanks are located on the southeast side of a
drainage valley that slopes gently to the northeast before dropping 30 feet down a steep
scarp on the north (Insert 6). At the base of the scarp is the site of the former Acidic
Wastewater Lagoon (SWMU 4). SWMU 4 has been closed and new neutralization basins
are being constructed at the same location (Figure 8-1).

8.12 Previous Investipations

In 1982, oil-contaminated water was encountered during the installation of one of the
monitoring wells around SWMU 4. During subsequent field investigations at SWMU 4, up
to 6 inches of oil was measured floating on top of the groundwater in well W-1 (later
renamed S4W-1). During development of well S4W-1, a large quantity of oil-contaminated
water was flushed out of several seeps that discharge along the steep scarp next to the well.
A subsequent investigation concluded that an underground pipeline connecting a filling
station to the tanks had leaked. The station was reportedly located in the office area
southeast of the tanks. A pressure test on the line indicated leakage, and the line was
replaced. An oil audit originally estimated the leakage quantity to be 80,000 gallons, but
a revised audit placed the leakage at approximately 3,000 gallons (USACE, 1984).

During the March 1990 facility visit, plant personnel stated that the leaking fuel line
was not a filling pipeline, as described in the 1982 investigation, but a discharge line that
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ran from the northeasternmost fuel tank to a pumping station located a short distance to
the north (Insert 6). This line was subsequently replaced with an aboveground line.

In 1983, four monitoring wells were installed at SWMU O to characterize
groundwater flow and quality at the site. These data assisted in determining the source,
extent, and severity of oil contamination known to exist in the groundwater immediately
downgradient of SWMU O. One upgradient and three downgradient monitoring wells were
installed. The upgradient well was designated P-1, and the downgradient wells were
designated P-2, P-3, and P-4 (Figure 8-1). Additional downgradient wells have been
installed as part of an investigation of SWMU 4 northeast of SWMU O. These wells have
not been sampled for fuel-related contaminants.

Ana]yucal results indicated high fuel content in well S4W-1 only, with the next
highest concentration of fuel constituents in well W-2 (later renamed S4W-2), Because of
the low levels in other wells, it was concluded that wells P-1, P-2, P-3, and P-4, and SWMU
4 wells W-3 (S4W-3) and W4 (S4W-4) were not located within the major contaminant
plume. The explanation for low concentrations of oil between these locations was that the
main oil plume probably passed through this region via a narrow sand/gravel channel
imbedded in low-permeability sediments, which would not easily permit a dispersed flow of
oil through the soils and groundwater. If this was the case, some oil residual would remain
in the soils that the oil passed through and would be detectable at much higher
concentrations than were obtained during the sampling. Therefore, monitoring wells P-2,
P-3, and P4 most probably were installed in locations outside of the oil-contaminated
groundwater flow channel.

Plant personnel stated that following periods of heavy rain, some oil is still observed
seeping from the spring at the bottom of the scarp.

In October 1985 a terrain conductivity survey was performed in the vicinity of SWMU
4, for the purpose of delineating subsurface conductivity anomalies--which could indicate



contaminant plumes. Due to the proximity of SWMU O to SWMU 4, information from this
study was reviewed during the evaluation of SWMU O.

During the terrain conductivity survey, two anomalous areas were noted in the
vicinity of SWMU 4. The first extends northeast from SWMU 4 and was thought to be
related to SWMU 4 activities. Another anomalous area extends southeast from SWMU 4.
This anomaly was thought to be either associated with activities at SWMU 4, or a reflection
of upgradient (to the south) activities.

Wells WC1-1 and WC1-2 were installed in 1987 as part of a program that installed
19 wells at SWMUs 4, 5, and 7 (F&R, 1987b). No groundwater sampling was conducted for
this program but aquifer tests were performed on the wells.

8.1.3 RFI Program

There are four existing monitoring wells (P-1 through P-4) in the vicinity of SWMU
O, with at least 15 other wells associated with SWMU 4 to the northeast. Wells from both
areas were used to assess SWMU O. During the 1983 investigation (discussed in Section
8.1.2), significant fuel oil contamination was detected only in well S4W-1. This well was one
of five monitoring wells originally installed northeast (downgradient) of the fuel oil tanks
as part of the initial grouxidwater monitoring network at the Acidic Wastewater Lagoon
(SWMU 4). These five wells have been used for quarterly groundwater monitoring. With
the exception of one sampling event in 1983, the wells have not been sampled for the

petroleum compoﬁnds that are of interest at SWMU O.

It is speculated that fuel oil may be migrating from the spill site via shallow
subsurface flow in gravel lenses and underground pipeline trenches, rather than via
groundwater. As shown in Insert 6, numerous below-ground pipelines traverse the site at
various depths between the reported fuel oil leak location and the observed seep at the
bottom of the hill. Some of these trenches, especially near the roads, may be deep enough
to intersect the migrating fuel oil.

To provide information on the potential pathways carrying fuel oil from the leakage
area, asoil gas survey consisting of 26 sampling points was conducted (Figure 8-2),
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with samples collected beginning at the seep (where fuel oil continues to be observed) and
working in a southwesterly direction toward the fuel oil tanks.

To define any remaining source of the fuel oil plume, seven soil borings (OSB1
through OSB6 and OSB10) were drilled around the tank farm dike and the former
underground fuel line. The depth of each boring was between 12 feet and 35 feet. A
maximum of two soil samples were collected from each boring. One sample was collected
from the most heavily contaminated soil, based on visual inspection and photoionization
detection meter (PID) readings; and one sample was collected from deeper, uncontaminated
soil if uncontaminated soil was found. These soil samples were analyzed for VOCs and
SVOCs.

" Four soil borings were drilled along the pipelines (OSB7 , OSB8, OSBS, and OSB11)
in areas where the interception of migrating fuel may be possible to determine whether the
underground pipelines that traverse the site are serving as pathways for contaminant
migration. The maximum depth of each boring was between 12 and 29 feet in depth. Based
on visual inspection and PID readings, the most heavily contaminated soil from each boring
was sampled. These four soil samples were analyzed for VOCs and SVOCs.

A representative soil sample was collected from most of the borings and submitted
for physical testing.

Existing and newly installed monitoring wells were sampled to determine whether
groundwater had been contaminated with fuel oil. The following eight existing wells were
selected for sampling--P-1, P-2, P-3, P-4, WC1-1, S4W-1, S4W-4, and 8B. Well WC1-1 was
dry during the sampling effort, well WC1-2 was substituted with USATHAMA approval.

To supplement data from these eight wells, it was proposed that two additional
monitoring wells be installed to provide additional downgradient sampling locations
potentially impacted by the migrating fuel oil. The locations of these wells were to be
selected dependent upon results of the soil gas survey and soil boring sampling program.
After the soil gas survey and soil boring sampling program were completed, it was
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decided to install only one additional well (OMW1). Samples collected from the wells were
analyzed for VOGCs, SVOCs, TOC, TOX, and pH.

As described in Section 3.2, surveying was conducted to determine location
coordinates of the monitoring wells and the exact SWMU boundary. A topographic survey
encompassing the SWMU O area was conducted.

82 ENVIRONMENTAL SETTING

82.1 Topography

SWMU O (the Underground Fuel Qil Spill) is located in the east section of the Main
Manufacturing Area, southwest of the Inert Gas Plant. SWMU O is present on the
southeast side of a northeastward sloping drainage valley. Surface elevations in the valley
range from 1,775 feet msl near well P-1 to 1,740 feet msl at the asphalt road northeast of
the tanks. The southeast side of the valley remains relativély level up to about 300 feet
from the tanks where a hillside has a 30 foot drop in elevation within a distance of only 150
feet. At the base of the scarp is the site of the former Acidic Wastewater Lagoon (SWMU
4). The base of the tank containment structure is at an elevation of 1,771 feet msl. The
land surface elevation immediately to the southeast is 1,775 feet msl and the ground surface
to the northwest near the road is at an elevation of 1,760 feet msl,

822 Hydrogeology

8.2.2.1 Geologic Units, The geology of the SWMU O area has been explored for the RFI
through the drilling of nine exploratory soil borings and one monitoring well. These borings,
ranging from 12 to 38 feet in depth, allow for a general understanding of subsurface
conditions. The monitoring well boring OMW1 fully penetrated the unconsolidated soil and
was terminated in bedrock. Data from these bores, borings from previous investigations and
site wells were used to construct three cross-sections, one structure map of top of bedrock,
one groundwater elevation map, and one water table to bedrock relationship map. As
shown in Figure 8-3, the three cross-sections (A-A’, B-B’, C-C’) illustrate the subsurface
conditions at SWMU O. The following subsections describe the unconsolidated soil and
bedrock geology of SWMU O as revealed through the RFI boring program and previous
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studies performed at this site. The topography of SWMU O is illustrated on the
Topographic Survey map included in the map pocket at the end of this report (Insert 6).

8.2.2.1.1 Unconsolidated Soil. The site is underlain by 10 to 35 feet of unconsolidated soil
deposits consisting principally of terrace alluvial deposits. The exploratory boring and well
boring logs are presented in Appendix F. The primary unconsolidated soil deposits below
SWMU O consist of a brown to yellowish-brown, fine-grained, plastic silt and clay. These
deposits are highly interbedded in most locations below the site with occasional thin sand
and gravel zones. Unconsolidated soil deposits were usnally described as being stiff in
consistency and moist, Where the silts and clays exhibited a higher plasticity (MH-CH) the
soils were usually more soft and moist. Borings performed in the area of the aboveground
storage tanks (OMW1, OSB4, OSB2 OSB10,) encountered fill associated with the
construction of the aboveground storage tanks and the parking lot bordering the site to the
cast,

The deposits of river jack overlying bedrock which were encountered in boring S4W-1
at the site during a previous investigation were noticeably absent from the exploratory
borings performed for RFI (USAEHA, 1981). However, 2 thin layer of river jack was
encountered above bedrock in soil boring OSB11 performed west of the site. Minor
amounts of gravel were encountered in other borings, therefore, it is likely that the thicker
gravel deposits encountered in S4W-1 are localized along the steep slope in the vicinity of
the scarp at the north end of the site. Underlying the terrace deposits in some areas of the
site (noticeably in the area of OSB5 and OSB8) are fine-grained residual soils weathered
from the underlying limestone/dolostone bedrock. Residual soils usually consist of a
yellowish-brown, silt (ML) which is stiff in consistency. The extent of residual deposits is
apparently limited due to the erosion and deposition of alluvial deposits over bedrock in
most areas below the site.

Cross-section A-A’ (Figure 8-4) generally trends southwest to northeast across the
entire SWMU O area. Cross-section B-B’ (Figure 8-5) trends generally northwest to
southeast across the site just downgradient from the oil leak area. Cross-section C-C
(Figure 8-6) trends generally northwest to southeast across the site in the north-central
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portion of the site between the oil leak area and the spring/seep area. These cross-sections
illustrate the variable depth of unconsolidated soil deposits over an irregular bedrock surface
and also illustrate the disturbed-fill area encountered during the boring program in the
vicinity of the aboveground storage tank area.

Ten soil samples were submitted for grain size (sieve) analysis and Atterberg limits
testing, and classiﬁéaﬁon by the USCS (Table 3-4). These samples were collected from
representative soil zones encountered in the boring program. Generally, the laboratory data
reflected the highly interbedded nature of the soil deposits below SWMU O with soil
samples classified as a silty clay (CL), highly plastic clay (CH) or a clayey sand (SC). The
soil samples generally exhibited a moderate to high liquid limit (LL), plastic limit (PL), and
plasticity index (PI). Based on the results of the Atterberg limits testing most of the fine-
grained soils below SWMU O would exhibit a moderate shrink swell potential. The high
plastic limit of these soils usually results in high natural moisture contents ranging from 18
to 57 percent.

Several samples (OSB2, OSB4, OSBS, OSB10) have natural moisture contents near
the liquid limit of the soil which represents soils located in the saturated capillary fringe
zone above the water table, The soil classifications and values obtained by physical testing
were consistent with the soil characteristics observed while logging the soil borings during
field activities. The laboratory data sheets are presented in Appendix F.

8.2.2.1.2 Bedrock. Underlying the unconsolidated soils in SWMU O is the gray
limestone/dolostone of the Elbrook Formation. Previous investigations at SWMU O
penetrated from 7 to 25 feet of bedrock using NX rock coring. The limestone/dolostone
below the site is finally laminated, argillaceous, with frequent breciatted, conglomeratic, and
vuggy zones. The bedrock is highly weathered and fractured with small quartz and calcite
veins (BCM 1983; USACE, 1988). The observation of bedrock outcropping at the western
border of the site along a steep scarp confirms the above descriptions of bedrock below the
site. The apparent dip of bedrock from this outcrop is approximately 30 degrees to the
southeast with a strike trending northeast-southwest, Extensive exposures of bedrock were

also observed in the excavation for the new neutralization basins in the SWMU 4 area.
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Bedrock was penetrated during the RFI to a depth of three feet during the installation of
monitoring well OMW1. The bedrock was soft and highly weathered as indicated by the
rapid penetration of the roller bit used during drilling. The boring and well logs from the
RFI and previous investigations are included in Appendix F.

The bedrock surface below SWMU O, as revealed by the RFI borings and previous
investigations varies considerably, generally following the surface topography. A structure
map showing the bedrock surface below the site is shown in Figure 8-7. The hydrogeologic
cross-sections A-A’, B-B’, and C-C also show the bedrock surface and surface topography
relationship. An apparent bedrock low is present below the southwestern end of the
aboveground storage tanks. This bedrock low is shown in both Figure 8-4 and Figure 8-7.
The depth to bedrock in this area is approximately 35 feet below ground surface,
significantly greater than other areas at SWMU O.

8.2.2.2 Groundwater. The hydrogeologic conditions within the unconsolidated soil and
consolidated bedrock were investigated through field examination of soil and rock samples,
physical tests of 10 soil samples consisting of grain size (sieve) analysis, determination of
Atterberg limits, data from rising head slug tests on three monitoring wells and available
information from previous investigations conducted at the site. Groundwater elevations

measured from the wells in SWMU O during the field program are presented in Table 2-4.

8.2.2.2.1 Potentiometric Surface. A relatively shallow groundwater table is present below
the site at a depth ranging from 2 to 24 feet below the ground surface (Figure 8-8). Based
on groundwater measurements obtained on March 13, 1992, the unconfined water table
gradient slopes northeast at an average gradient of 5§ percent in the southern half of the site,
and an average gradient of 2 percent in the northern half of the site, except at the extreme
northern border of the site where the gradient steepens to approximately 11 percent.
Because of the low hydraulic gradient over most of the site and the considerable bedrock
elevation differences below the site, water table conditions may be found in either
unconsolidated-consolidated materials or only within consolidated bedrock. As shown in the
hydrogeological cross-sections A-A’, B-B’, and C-C (Figures 8-4, 8-5, and 8-6) groundwater
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flow occurs through bedrock only in the areas of highest bedrock elevation. The measured

water table does not appear to be significantly affected by whether it is in soil or bedrock.

8.2.2.2.2 Flow Patterns. A local groundwater discharge zone for the site occurs along the

steep scarp bordering the site on the north. Several seeps/springs discharge along nearly
the entire length of this scarp. This seep/spring has apparently been formed as the result
of an outcropping of a gravel and cobble lens present between the clay soil and the bedrock.
Based on information from previous investigations conducted at the site this discharge zone
(seep/spring) was created when the scarp hillside was excavated after the discovery of liquid
hydrocarbons in monitoring well S4W-1, Apparently the surging during development of this
well flushed liquid hydrocarbons out of the seep and into the drainage ditch bordering
SWMU O (BCM, 1983; USACE, 1988). Another possible groundwater discharge zone is
located just west of the site across the asphalt road in the drainage ditch area. Wells
located in this area have groundwater levels close to the ground surface with water
frequently observed in this drainage ditch.

Because groundwater is present within the unconsolidated deposits above bedrock
at the suspected source area for liquid and dissolved phase petroleum hydrocarbon
contamination at SWMU O, knowing the flow velocity for the saturated sediment layer and
consolidated bedrock is important for evaluating potential contaminant pathways from the
source area at SWMU O.

The hydrological characteristics of each unit are different resulting in different
groundwater flow regimes. Estimated hydraulic conductivity data for the unconfined aquifer
were calculated from rising head slug tests conducted on monitoring wells OMW1, P-1, and
P-4 installed at SWMU O. These wells were not installed entirely into bedrock and a
hydraulic conductivity test solely for this unit was not conducted. However, the
potentiometric surface of well P-4 was within the bedrock and data from these wells could
be considered applicable for the bedrock. Additional slug tests on various monitoring wells
within SWMU O were also performed during previous investigations of the SWMU O area
(BCM, 1983; USACE, 1988). Section 8.2.2.2.4 discusses aquifer characteristics.
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8.2.2.2.3 Recharge and Discharge. Groundwater recharge in the SWMU O area is
principally through two mechanisms; groundwater flow onto the site and infiltration through
unsaturated sediments. As indicated in the previous section groundwater flows onto the site
principally from the northwest through both unconsolidated and consolidated formations.
To a lesser degree groundwater recharge would also occur through the infiltration of water
through the unsaturated sediments above the water table,

A local groundwater discharge zone for the site occurs along the steep scarp
bordering the site on the north. Several seeps/springs discharge along nearly the entire
length of this scarp. The majority of these seeps were apparently formed when the hillside
was excavated after the discovery of liquid hydrocarbons in well S4W-1, Once the gravel
and cobble area buried within less permeable sediments was exposed the discharge zone had

a sustained flow throughout the year.

Another possible groundwater discharge zone is located just west of the site across
the asphalt road in the drainage ditch area where surface water is frequehtly observed. This
ditch is located in a low area where local groundwater flow may be directed from the north,
west, and east. Additional evidence that this area may be a discharge zone is suggested by
the high water levels measured close to the ground surface at well P-2. The water table
elevations on Figure 8-8 roughly coincide with the elevations in the ditch on the northwest

side of the road.

8.2.2.2.4 Aquifer Properties. Three rising head slug tests were conducted on newly installed
well OMW1 and existing wells P-1 and P-4. Monitoring wells OMW1 and P-1 were selected
because these two wells are in locations which groundwater flow is through both
unconsolidated soil deposits and the upper broken-weathered bedrock zone. Monitoring
well P-4 was selected because groundwater flow at this location is through bedrock only.
Previous investigations at SWMU O have conducted rising head slug tests on wells P-1, P-2,
P-3, P-4, and WC1-2. The results of hydraulic conductivity data for SWMU O are

summarized in Table 8-1.
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wC1-2
wC2-~1
WC2-2
WC2-3
WC3-1
WC3-2
WC4-1
WC4-2
WC4-3
OMW1

Table 8—1

Summary of Hydraulic Conductivity Testing
SWMU O, Underground Fuel Oil Spill
Radford Army Ammunitior Plant, Virginia

Hydraulic
Conductivity
{cm/sec)

2.07x107*
1.01x1073
461x1073
1.62x10™*
826x10°¢
220x1073
195x1074
3.63x1073
5.7x10°¢
532x10°¢
899x1077
143x107°
121x1073
498x10°6
3.76x107¢
1.70x1073
7.49x107%
1.02x107°
131x1073
222x107
2.50x10~

RCRA Facility Investigation

RCRA Facility Investigation

RCRA Facility Investigation
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Reference
BCM, 1984

BCM, 1984
BCM, 1984
BCM, 1984

BCM, 1984
USACE, 1988
USACE, 1988
USACE, 1988
USACE, 1988
USACE, 1988
USACE, 1988
USACE, 1988
USACE, 1988
USACE, 1988
USACE, 1988
USACE, 1988
USACE, 1988
USACE, 1988



The highest conductivity values calculated for the RFI program at SWMU O were
at locations where groundwater flow is through unconsolidated soil deposits and the upper
broken-weathered bedrock zone. The calculated hydraulic conductivities for wells OMW1
and P-1, which are representative of this groundwater flow regime, are 2.50 x 10? cm/sec
and 1.01 x 10 cm/sec respectively. The lowest hydraulic conductivity values calculated at
SWMU O are at locations where groundwater flow is through bedrock only. The calculated
hydraulic conductivity for well P-4, which is representative of this flow regime, is 2.20x 10
cm/sec. Comparison of the hydraulic conductivity values calculated during the RFI program
with hydraulic conductivity values calculated during previous investigations confirms that the
highest hydraulic conductivity values at the site are found in areas where groundwater flow
is through unconsolidated soil and broken-fractured bedrock. As shown in Table 8-2 wells
P-1, P-2, P-3, and OMW1 which are installed within the unconsolidated soil and broken.
fractured rock interval have hydraulic conductivities in the range of 1.62 x 10* cm/sec to 2.5
x 10° cm/sec. Wells P-4 and WC1-2 which are installed within the bedrock have hydraulic
conductivities in the range of 8.26 x 10° cm/sec to 2.2 x 10° cm/sec.

Because the site hydrogeology was very irregular, using averages of values from the
slug tests to estimate hydraulic conductivity was considered less appropriate than selecting
results from wells representative of groundwater flow through the unconsolidated soil and

broken-fractured rock zone and groundwater flow through consolidated bedrock only.

The groundwater flow through the unconsolidated soil and broken-fractured rock
deposits in the area of the aboveground storage tanks may be calculated by knowing the
estimated hydraulic conductivity ( OMW1 = 2.5 x 10" em/sec), the hydraulic gradient (5
percent) as measured from Figure 8-8, and the estimated effective formation porosity (30
percent). The estimated porosity of 30 percent for silt, clay and sand mixtures is based on
a range of porosities common for unconsolidated silt, clay, and sand mixtures (25-50 percent;
Freeze and Cherry, 1979). By using the Darcy equation for flow (V=ki/n) where V is
velocity, k is the hydraulic conductivity, i is hydraulic gradient and n is effective porosity, the
estimated horizontal groundwater flow velocity was calculated to be 4.17 x 10™ cm/sec (431

feet/year). This velocity is probably more representative of flow conditions at the broken-
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fractured rock interface rather than the unconsolidated plastic silt and clay deposits. The
effective porosity of plastic silt and clay typically ranges from 35 to 70 percent and
permeability would be approximately 1 x 10° cm/sec (Freeze and Cherry, 1979).

Therefore, an effective porosity of 50 percent yields an estimated groundwater flow velocity
of only 1.0 x 107 cm/sec (0.1 feet/year) but secondary features such as cracks or root zones

would allow for greater velocities.

For comparison the groundwater flow through the unconsolidated soil and broken-
fractured bedrock zone downgradient of the aboveground storage tanks may be calculated
by knowing the estimated hydraulic conductivity (P-3 = 1.62 x 10* cm/sec), the hydraulic
gradient (5 percent) as measured from Figure 8-8, and the estimated effective formation
pordsity for sand and gravel mixtures (30 percent). By using the Darcy equation for flow
(V=ki/n) where V is velocity, k is the hydraulic conductivity, i is hydraulic gradient and n
is effective porosity, the estimated horizontal groundwater flow velocity was calculated to
be 2.7 x 10° cm/sec (28 feet/year). To estimate the groundwater flow velocity at the
northern portion of the site through unconsolidated soil and broken-fractured bedrock zone
a hydraulic gradient of 2 percent calculated from Figure 8-8 is substituted into the Darcy
equation. The estimated groundwater flow velocity below the northern portion of the site
would be 1.08 x 10”° em/sec (11 feet/year),

The groundwater flow through consolidated bedrock at SWMU O may be calculated
by knowing the estimated hydraunlic conductivity ( P-4 = 2.20 x 10° cm/sec), the hydraulic
gradient (2 percent) as measured from Figure 8-8, and the estimated effective formation
porosity (10 percent). The estimated porosity of 10 percent for consolidated bedrock is
based on a range of porosities common for consolidated limestone/dolostone bedrock (0-20
percent; Freeze and Cherry, 1979). By using the Darcy equation for flow (V=ki/n) where
V is velocity, k is the hydraulic conductivity, i is hydraulic gradient and n is effective
porosity, the estimated horizontal groundwater flow velocity was calculated to be 4.4 x 10
cm/sec (4.6 feet/year). This v_elocity is an estimate only since measurements of the bedrock

conductivity will be variable due to irregular water bearing fractures and solution features.
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Additional aquifer data was accumulated during the development and sampling of
monitoring wells at SWMU O. The newly installed well OMW1 and existing well P-1 which
are installed through the unconsolidated soil deposits and broken-fractured rock exhibited
high pumping rates on the order of 5 galions/mimute for a duration of 1 hour. The
drawdown in both of these wells was in the range of 2 to 3 feet. The yields indicate that
the transmissivity of the unconsolidated soil deposits and broken-rock are relatively high.
Because the thickness of soft saturated sediments and broken rock is at least 20 feet in the
area of OMW], it would be expected that the yield from OMWI1 would be relatively
high. '
8.2.2.2.5 Hydrogeologic Interrelationships. Determining the hydrogeologic relationships of
ti’l_e ;ﬁp_termost groundwater flow regimes below thé site are important because the
contaminants of concern are petroleum hydrocarbons which are less dense and immiscible

in water. Several hydrogeologic factors present at the site are discussed below which will
control the transport of multiphase liquids in the subsurface.

The additional exploratory borings performed at SWMU O allow for a better
understanding of the groundwater flow regime below the site. 'When considering the
potential migration route of liquid hydrocarbons and associated dissolved phase
hydrocarbons it is important to determine the relationship between groundwater flow
direction, the bedrock surface gradient, and the permeability of the various saturated layers.
As discussed previously there is a distinct relationship between the water table gradient, the
bedrock surface gradient, and relative permeabilities of each saturated media. As shown
in Figure 8-8 groundwater flow below the site (i.e at the source) is to the northeast at a
gradient of approximately 5 percent. The bedrock surface in the area of the source is shown
in Figure 8-7 and indicates that the bedrock surface in the area of the source dips to the
northwest at a gradient of approximately 5 percent. When comparing the water table
surface elevations to the bedrock surface below the site, the relationship illustrated in Figure
8-9 is apparent. Becanse liquid hydrocarbons are immiscible and less dense than water, the
tendency will be for the liquid to migrate vertically from the source area until either
reaching the capillary fringe zone above the water table or the bedrock surface if
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groundwater is not present. Hydrocarbons will then mound on the water table or bedrock
surface eventually migrating along the groundwater or bedrock gradient, During multiphase
flow the liquid hydrocarbons migrating on the water table surface will tend to be transported
more readily through zones of higher permeability rather than zones of lower permeability.

Applying these properties of miscible liquids and multiphase flow to the specific
hydrogeologic and subsurface conditions below SWMU O results in the following likely
scenario. Because the water table below the source area at SWMU O is above the
consolidated bedrock, it is suspected that liquid hydrocarbons migrated vertica]ly.through
the unsaturated sediments to the capillary fringe zone above the water table, Liquid
hydrocarbons would then mound on the water table surface eventually migrating along the
water table surface downgradient to the northeast. It is likely that because of the large size
of the reported fuel leak some of the mounded liquid may have also migrated along the
water table-bedrock surface accumulating in the bedrock low shown in Figure 8-7. This is
supported by the apparent liquid hydrocarbon encountered in OSB10 in the bedrock low
area. Eventually a significant portion of the mounded liquid hydrocarbons would flow from
the source area downgradient (northeast) along the water table surface within the saturated
unconsolidated sediments. Because the water table in the area of the leak and immediately
downgradient of the leak is within the relatively high permeability river jack and broken
rock zone close to the bedrock surface, it is likely that the liquid hydrocarbons preferentially
migrated through this zone. Liquid hydrocarbons would then be free to eventually migrate
to the gravel zone on bedrock located in the vicinity of S4W-1 near the scarp.
Hydrocarbons were then restricted within this gravel zone surrounded by relatively
impervious clays above and bedrock below. It is suspected that liquid hydrocarbons were
not able to migrate laterally very far from the source area because of the confining bedrock
layer to the east and nearly impervious silts and clays present in the saturated zone to the

west.

Transport of dissolved phase hydrocarbons in groundwater below the site would have
migrated at a rate close to the calculated groundwater flow velocity for each type of
saturated media at the site. The dissolved contaminants would have been less restricted by
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subsurface bedrock irregularities and anisotropic unconsolidated deposits present below
SWMU O. This is supported by the presence of detectable concentrations of dissolved
phase contaminants in most of the wells at SWMU O. The dissolved contaminant plume
would migrate primarily by advection in the direction of the water table gradient with some

associated lateral dispersion perpendicular to groundwater and plume movement.

The assumed preferred path of oil migration should be within a section of the high
permeability zone present at the elevation of the local water table. A zone of preferred
flow, which is defined as the high permeability zone within 5 feet of the measured water
table, was determined by combining the bedrock structure map (Figure 8-7) with the
groundwater elevation map (Figure 8-8). This assumed pathway is present just northeast
of the oil leak location and continuing northward as a narrow path (100 feet wide) for 350
feet before the zone greatly widens to encompass the known discharge zone along the base

of the scarp.
823 Sails

8.2.3.1 USDA Soil Classification. The USDA has mapped Unison-Urban soils as underlying
SWMU O with slope modifiers of two to seven percent at the tank area and 15 to 25
percent under the hill and steep slope area to the northeast (SCS, 1985a). Unison soil
makes up roughly half, Urban land a quarter, and other soils a quarter of the total unit. A
typical profile of Unison soil has a surface layer of dark brown and brown loam about 15
inches thick, a yellowish-red sticky and plastic clay subsoil about 43 inches thick, and the
substratus is red sandy clay loam below 58 inches. The surface soil layer is classified in the
USCS as CL, ML, and CL-ML and in AASHTO as A-4 and A-6; the subsoil is CL and CH,
and A-6 and A-7, respectively; and the substratum classifications are CL-ML, CL, ML and
GM-GC (USCS), and A-1, A-2, A-6 and A-7 (AASHTO).

8.2.3.2 Physical and Chemical Properties. The Unison soil physical and chemical properties
for both slope modifiers for SWMU O were listed under one grouping by the USDA (SCS,
1985a). The 15 inch surface soil layer generally has 10 to 25 percent clay, 1.35 to 1.65 g/cm’
moist bulk density, 0.6 to 6.0 inches/hour permeability, 0.14 to 0.20 inches/inch available
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water capacity, pH of 4.5 to 6.0, low shrink-swell potential, and one to three percent organic
matter. The subsoil layer from 15 to 58 inches has the following properties, respective to
the above: 30 to 70 percent, 1.30 to 1.60 g/cm’, 0.6 to 2.0 inches/hour, 0.12 to 0.18
inches/inch, 4.5 to 6.0 pH, moderate, and one to three percent. The substratus has the
same properties as the subsoil except for 30 to 50 percent clay, 0.6 to 6.0 inches/hour
permeability and 0.08 to 0.16 inches/inch available water capacity. No properties are given
for the Urban land included in this soil type.

8.24 Surface Water and Sediment

No surface water body is present on or near SWMU O. Drainage ditches pi-esent
along the asphalt roads receive all precipitation runoff with flow proceeding northeastward
t_(;wa;d Stroubles Creek 1,500 feet away. A storm sewef line originates southwest of the site
and passes beneath the T-intersection north of SWMU O. This sewer does not have a catch
basin at the site and apparently does not receive site runoff enroute to discharge into
Stroubles Creek.

83 CONTAMINATION CHARACTERIZATION

The field investigation conducted at SWMU O included nine groundwater samples,
fourteen soil samples, two sediment samples, and one surface water sample. The samples
were analyzed for VOCs and SVOCs. Groundwater samples were also analyzed for TOX,
TOC and pH. The samples collected at SWMU O were not analyzed for explosives or
metals because of the nature of the known contaminant (fuel). The results of the chemical
analyses indicated that low concentrations of petroleum-related VOCs and SVOCs were
detected in a limited number of groundwater, soil and surface water samples collected near
the fuel seepage zone and fuel tank. However, concentrations of only three SVOCs in
groundwater and one SVOC in surface water near the fuel seepage zone exceeded HBN

criteria and may be a concern at the site.

8.3.1 Groundwater

No exceedances of HBNs for VOCs were detected in groundwater samples (Table
8-2). Six TCL VOCs were detected in five of the nine groundwater samples collected for
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LT-8

Volsatiles

BENZENE

CARBON DISULFIDE
CHLOROFORM
CHLOROMETHANE
ETHYLBENZENE
TOLUENE

Volatile TICs

2-METHYLNAPHTHALENE
3-METHYLPENTANE
HEXANE
METHYLCYCLOPENTANE

TOTAL UNKNOWNTICs

Semivolatiles

2-METHYLNAPHTHALENE
ACENAPHTHENE

SITE ID
FIELD ID
S. DATE
DEPTH (ft)
MATRIX
UNITS

BIS(Z-ETHYLHEXYL) FHTHALATE

FLUORANTHENE
FLUORENE

N-NITROSODIPHENYLAMINE

PHENANTHRENE
PYRENE

Semivolatile TICs

2,6,10,14-TETRAMETHYLPENTADECANE

CYQLOHEXENE OXIDE
TOTAL UNKNOWNTICs

Other
TOTAL ORGANIC CARBON

TOTAL ORGANIC HALOGENS

pH

PQLs
UGL

LA LA et Ly Lh L

NA
NA
NaA
NA

NA

10
10
10
10
10
10

10

NA
NA

NA

1000

NA

}

Table 8-2 |
Summary of Analytical Data For Groundwater Samples Collecied At SWMU O
Radford Army Ammunitin Plant, Virginia

8B OMW1 P-1 P-2 P-3
RDWC*47 RDWC(C*51 RDWC*43 RDWC*48 RDWC*49
25—feb—-92 24~feb~92 24—feb—-92 20—feb-92 20—(eb—52

- 250 31.0 250 11.0 18.0
CGW CGW CGW CGW CGW
UGL UGL UGL UGL UGL
LT 05 2.18 LT o5 LT 0.5 LTOS5

4.76 LT 0S5 LT 0.5 LT0S 1T 0S5
LTO0S 0.697 2.67 LTOSB 1LTOSB
6.83 LT 32 LT32 LT 32 LT 32
LTos 0.895 LT 05 LT 0.5 LTO0S5
LT 0.5 LT OS5 52 LT 05 L.TO0S
ND ND ND ND ND
ND ND 8% ND ND
ND ND 4038 ND ND
ND ND 108 ND ND
(1S { 6)41 ND ND ND
LT 1.7 LT 1.7 LT 1.7 LT17 LT 1.7
LT 17 LT L7 LT1.7? IT17 LT 1.7
LT 48 LT 48 LT 48 LT 48 LT48
LT 33 LT 33 LT33 1T 33 LT33
LT 37 LT A7 LT 37 LT 37 LT 3.7
iT3 LT3 LT3 LT3 LT3
LT 05 LTO0S LT 0.5 LT 05 LT 0.5
LT 28 LT28 LT28 LT28 LT 28
ND ND ND ND ND
ND 58 ND ND ND
ND (11)246 (1S (328 ( 393
6570 7110 6340 1940 2060
102 36 412 58.8 60.7
7.67L 713K 696K 7.04 702

P—4
RDWC*S0
20—feb~92
230

CGW
UGL

( 150

LT 1000
134
727

S4W-1
RDWC*44
24-feb-92
10.0

CGW
uGL

{ 22)10640

9930
46.1
128K

NSA

NSA

NSA
NSA
NSA



Table 8—2 (Cont'd)

SITE ID S4W—4 WC1-2
FIELD ID RDWC*46 RDWUC*45
S. DATE 28—feb—92 28—feb—92
DEPTH (ft) 14.0 39.0
MATRIX  PQls CGW CcGW HBN

UNITS {(#) UGL UGL. UGL UGL
Volatiles
BENZENE 5 LT 0.5 LT 05 5
CARBON DISULFIDE 5 0.794 LT 05 4000
CHLOROFORM 5 LT 0.5 LT0S 600
CHLOROMETHANE 10 1T 32 599 30
ETHYLBENZENE 5 LT OS5 LT 05 4000
TOLUENE 5 LTOS LT 05 10000
Volatile TICs
2—METHYLNAPHTHALENE NA 68 ND NSA
3—METHYLPENTANE NA ND ND NSA
HEXANE NA ND ND NSA
METHYLCYCLOPENTANE NA ND ND NSsa
TOTAL UNKNOWNTICs NA ND ( 2)14 NSA
Semivolatiles
2-METHYLNAPHTHALENE 10 LT 1.7 LT 1.7 NSA
ACENAPFHTHENE 10 LT 1.7 LT 1.7 2100
BIS(2-ETHYLHEXYL) PHTHALATE 10 LT 4.8 LT 48 3
FLUORANTHENE 10 LT 33 LT 33 200
FLUORENE 10 LT 37 LT 3.7 1400
N-NITROSODIPHENYLAMINE 10 LT3 LT3 7
PHENANTHRENE 7 LT 0.5 LT 05 2
PYRENE 10 LT 28 LT28 4000
Semivolatile TICs
2.6,10,14-TETRAMETHYLPENTADECANE NA . ND ND NSA
CY(QL.OHEXENE OXIDE NA ND ND NSA
TOTAL UNKNOWN TICs NA (1) ( 110 NSA
Other
TOTAL ORGANIC CARBON 1000 14900 18300 NSA
TOTAL ORGANICHALOGENS 1 15 60.3 NSA

pH NA 7.49L 7.42L NSA
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Table 8—2 (Conr'd) !

Foomnotes :
B = Analyte was detected in correspond ing method blank; values are flagged if the sample concentration is Jess than 10 times the metod blak
concentration for common laboratory constituents and 5 times for all other constiments.
CGW = Chemical gronndwater.
HBN = Health based number as defined in the RCRA permit. HBNs not specified in the permit were derived using standard exposure and intake
assumptions consistenl with EPA guidelines { 51 Federal Register 33992, 34006, 34014, and 34028).
K = Indicates holding time bt extraction and preparation was not met, but daia quality is not believed to be affected.
L = Indicates holding time for analysis was missed, but data quality is not believed to be affected.
LT = Concentration is reported as less than the certified reporting limit.
NA = Not available; PQLs are not available for TICs detected in the library scans,
ND = Analyte was not detected.
NSA = No standand (HBN} available; health effects data were not available for the caiculation of a HHBN. HBNs were not derived for TICs.
NT = Not tested; parameters werenot tested (nclud ed) in the sample malyses.
PQL = Practical quantitation limit; the Ibwest concentration that can be reliably d etected at adefined level of precision for a given analytical method.
§ = Reslts are based on an intemal standard; flag is used for TICs detected in library scans.
T1Cs = Tentatively identified compounds that were detected in the GC/MS library scans.
UGL = Micrograms per liter.
( ) = Parenthesis are used b indicate the number of unknown TICs that were detectad in either the wlatile or semivolatite GC/MS library scans. The
number beside the paren thesis is the total concentration of all TICs detected in cach respective scan.
[ 1 = Brackets indicate that the detected concentration exceeds the HBN.




the RFT, but the most VOCs detected in any one sample were three (benzene, chloroform
and toluene) in the sample from well OMW1. Two TCL VOCs were identified in the
samples from wells 8B (carbon disulfide and chloromethane) and P-1 (chloroform and
toluene), one TCL VOC was detected in the samples from wells S4W-4 (carbon disulfide)
and WC1-2 (chloromethane), and no TCL VOCs were detected in samples from wells P-2,
P-3 and P-4. Three identified VOC TICs were detected in the sample from P-1 (3-
methylpentane, hexane and methylcyclopentane) and one from the sample from well S4W-4
(2-methyinaphthalene). Unknown VOC TICs were detected in samples from welis 8B,
OMW]1, S4W-1 and WC1-2.

No VOC was detected more than twice and except for chloroform in samples from
wells OMW1 and P-1, no two adjacent wells had the same VOC. No pattern or plume to
the detected VOCs are apparent except that wells OMW1 and P-1, present at the south end
(upgradient of the fuel leak), of SWMU O, are near to each other and are most impacted.

Health based numbers for three of the eight TCL SVOCs detected in the sample
collected from well S4W-1 were exceeded. This sample was the only sample to have TCL
SVOCs detected but at least one SVOC TIC was detected in every sample except for the
well 8B sample.

Concen&atiom of N-nitrosodiphenylamine and phenanthrene in the groundwater
sample from well S4W-1 exceeded HBN criteria and may be a concern at the site. The
concentration of - BZEHP also exceeded the HBN criterion; however, B2ZEHP was
determined to be a laboratory artifact because it was detected in method blanks and the
detected concentration (4.45 ug/L) was less than the method detection limit (4.8 ug/L).

The two well samples to be most impacted by SVOC (both TCL and TICs) are S4W-
1 with 31 detections and OMW1 with 12 detections; no other sample had more than three
detections. No pattern or plume is apparent from the detections of SVOCs except that the
originally impacted well (S4W-1) is still the most impacted well and well OMW1 is the well
most impacted by VOCs and SVOCs (except for S4W-1),
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TOC concentrations range from less than 1,000 ng/L at well P-4 to 18,300 ug/L in
the next downgradient well WC1-2, No plume or pattern in TOC concentrations are
apparent at SWMU O. TOX concentrations range from 36 ug/L at well OMW1 to 134
ug/L at well P4, The only apparent pattern is that the two lowest TOX concentrations are
in the two upgradient wells (OMW1 and P-1). Concentrations in downgradient wells show
no pattern in TOX distribution. Another pattern is that the three wells with the greatest
VOC and SVOC impacts (P-1, OMW1 and S4W-1) also have the three lowest TOX
concentrations. Well P-4 also has the lowest TOC concentration and the highest TOX
concentration. Groundwater pH values have exhibited a trend where the groundwater
becomes more basic (higher pH values) in the downgradient direction.

832 Soil |

A total of 14 soil samples (and one duplicate) were collected from 11 borings located
in the vicinity of SWMU O (Table 8-3). Low concentrations of several different petroleum-
related constituents were detected in samples from just three borings (OSB3, OSB4 and
OSB10). None of the detected contaminants exceeded a HBN. Three TCL VOCs (acetone,
chloroform and ethylbenzene) were detected but only once each at concentrations below
HBN, in three different samples. However, two of the samples were from boring OSB10
and the other sample was from boring OSB2. VOC TICs were also detected in the OSB10
sample from 16 feet and the two samples from boring OSB4. All detected VOCs were from

borings adjacent to the tanks and the two borings (OSB4 and OSB10) most impacted were
located southwest (upgradient) of the fuel leak.

Nine TCL SVOCs were detected in four samples from three borings; OSB3 at 18.0
feet, OSB4 at 22.5 feet, and OSB10 at 16.0 and 32.0 feet. Over 20 SVOC TICs were also
detected in these four samples as well as the duplicate OSBS sample from 7.0 feet. The
detected constituents are PAHs and variously substituted saturated hydrocarbons associated
with petroleum fuels and oils. The presence of petroleum-related constituents in samples
OSB10 at 16 and 32 feet suggests that liquid hydrocarbons mounded on the water table have
accumulated in the soils throughout bedrock low discussed in Section 8.2.2.1.2.
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Table 8-3 |
Summary of Analytical Data For Soil Samples Collected AL SWMUO
Radford Army Ammunition Plant, Virginia |

SITE 1D 05B1 0OSB1 0OSB10 0SB10 QSB11 0SB2 QOSB3
FIELD ID RFIS*86 RFIS*87 RFIS*1M4 RFIS*101 RFIs*102 RFIS*58 RFIS*90
S.DATE 24—oct—91 24—-oct—91 24—oct—-91 24=0ct—91 25—opct-91 23=0ct-91 23—oct—91
DEPTH (ft) - 16.0 220 16.0 320 13.0 160 180
MATRIX PQls CSs0 C80 Cso CS0O Cs0 Ccso CS0O HBN
UNITS UGG UGG UGG jac]s; UGG UGG UGG UGG UGG

Volatiles
ACETONE 0.1 LT 0.017 LT 0.017 LT 0017 0.028 LT 0.017 LT 0.017 LT 0.017 1000
CHLOROFORM 0.005 LT ©.001 LT 0.001 LT 0.001 LT 0.001 LT 0001 0.002 LT 0.001 100
ETHYLBENZENE 0.005 LT 0.002 LT G.002 0.003 LT 0.002 LT 0.002 LT 0.002 LT 0.002 1000
Volatile TICs
14-DIMETHYLCYCLOHEX ANE NA ND ND 0.004 S ND ND ND ND NSA
2-METHYLPENTANE NA ND ND ND ND ND ND ND NSA,
HEXANE NA ND ND ND ND ND ND ND NSA
TOTAL UNKNOWNTICs NA ND ND ( 6)0.109 ND ND ND ND NSA
Semhwlatiles
2—-METHYLNAPHTHALENE 03 LT 0.049 LT 0.049 10.5 0.144 LT 0.049 LT 0.049 0291 NSA
ACENAPHTHENE 03 LT 0.036 LT 0.036 LT 0.036 LT 0.036 LT 0.036 LT 0.036 LT 0.036 4800
ACENAPHTHYLENE 03 LT 0.033 LT 0.033 0.184 LT 0.033 LT 0.033 LT 0.033 LT 0.033 NSA.
ANTHRACENE 01 LT 0.033 LT 0.033 LT 0.033 LT 6.033 LT 0.033 LT 0.033 LT 0.033 40
DIBENZOFURAN 03 LT 0.035 LT 0.035 0.425 LT 0.035 LT 0.035 LT 0.035 LT 0.035 NSA
FLUORENE 0.3 LT 0.033 LT 0.033 1.03 0.087 LT 0,033 LT 0.033 0.099 3200
NAPHTHALENE a3 LT 0.037 LT 0.037 189 LT 0.037 LT 0.037 LT 0.037 LT 0.037 1000
PHENANTHRENE 0.5 LT 0.033 LT 0.033 1.98 023 LT 0.033 LT 0.033 0205 40
PYRENE 03 LT 0.033 LT 0.033 0.122 LT 6.033 LT 0.033 LT 0.033 LT 0.033 1000
Semivolatile TICs
1-METHYLNAPHTHALENE NA ND ND 2958 ND ND ND ND NSA
23,6-TRIMETHYLNAPHTHALENE NA ND ND ND 04468 ND ND ND NSA
2,6,10,14-TETRAMETHYLPENTADECANE NA ND ND ND 4468 ND ND 5678 NSA
DODECANE NA ND ND 1188 ND ND ND ND NSA
HEXANEDIOIC ACID, DIOCT YL ESTER NA ND ND ND ND ND ND 11358 NSA
PENTADECANE NA ND ND 2958 0.744 § ND ND ND NSA
TETRADECANE NA ND ND 5895 0.5958 ND ND 0.708 8 NSA
TOTAL UNKNOWNTICs NA ND { 8Y95.7 (11342 (17145 ND ND (18)156 NSA



£e-8

SITE ID
FIELD ID
S. DATE
DEPTH (ft)
MATRIX
UNIT'S (#)
Volatiles
ACETONE
CHLOROFORM
ETHYLBENZENE
Volatile T1

1,4—-DIMETHYLCYCLOHEXANE
2—METHYLPENTANE
HEXANE

TOTAL UNKNOWNTICs

Semiwolatiles

2~METHYLNAPHTHALENE
ACENAFPHTHENE
ACENAPHTHYLENE
ANTHRACENE
DIBENZOFURAN
FLUORENE
NAPHTHALENE
PHENANTHRENE

PYRENE

Semivolatile TICs

1-METHYLNAPHTHALENE
2,36-TRIMETHYLNAPHTHALENE
2,6,10,14-TETRAMETHYLPENTADECANE
DODECANE

HEXANEDIOIC ACID, DIOCT YL ESTER
PENTADECANE

TETRADECANE

TOTAL UNKNOWNTICs

PQLs
UGG

0.1
0.005
0.005

NA
NA
NA

NA

NA
NA
NA
NA
NA
NA
NA

NA

0SB4
RFIS*92
02—nov—91

CsO

. DGG

LT 0.017
LT 0.001
LT 0.002

0.004 S
ND

( 3)0.051

26.5
23

LT 0.033
0.808
0.991
3.08

468
0.399

ND
ND
ND
ND
ND
ND
ND

(21)129

Table 8—3 (Cont’d)

0O35B4
RFI5*93
02—nov—91
35.0

CSO

UGG

LT 0017
LT 0.001
LT 0.002

ND
0.004 5

LT 0.049
LT 9.036
LT ¢.033
LT 0.033
LT 0.035
LT 0,033
LT 0.037
LT 0.033
LT 0.033

( 1294

OSBS
RFIS*105

25-o0ct—91

7.0
CsO
UGG

LT 0.017
LT 0.001
LT o.002

ND
ND

ND

LT 0.049
LT 0.036
LT 0033
LT 0.033
LT 6.035
LT 0033
LT 0037
LT 0033
LT 0.033

ND
ND
ND
ND
ND
ND
ND

(12)149

}

OSBSD,
RFIS*M
25—oct—91
10

CS0
UGG

LT 0.017
LT Q.001
LT ¢.002

§88

&

LT 0.049
LT 0.036
LT 0.033
LT 0.033
LT 0.035
LT 0.033
LT 0.037
LT 0.033
LT 0.033

ND
ND
ND
ND
ND
ND
ND

(21)301

OSB6
RFIS*%
02-pov-91
235

CSO

UgG

CEEEEEE

( 10412

OSB7
RFIS*98
04—nov-91
19.5

Cs0

UGG

LT 0017
LT ¢.001
LT 0.002

CEE

LT 0.049
LT 0.036
LT 0033
LT 0.033
LT 6.035
LT 0033
LT 0.037
LT 0033
LT 0.033

ND

0SB8
RFIS*%
25—oct—91
29.0

CS80

ucg

LT 0017
LT 0.001
LT 0.002

ND

ND

LT 0.049
LT 0036
LT 0.033
LT 0.033
LT 0.035
LT 0.033
LT 0.037
LT 0033
LT 0.033

HBN
UGG

1000
100
1000

NSA
NSA

NSA

NSA
NSA
NSA

1000
40
1000

NSA
NsA
NsA
NSA
NSA
NSA
NSA

NSA



SITE ID
FIELD IiD»
8. DATE
DEPTH (ft)
MATRIX
UNITS (#)
Volatiles
ACETONE
CHLOROFORM
ETHYLBENZENE
Volatile TICs

1,4-DIMETHYLCY CLOHEXANE
2-METHYLPENTANE
HEXANE

TOTAL UNKNOWNTICs

Semivolatiles
2-METHYLNAPHTHALENE
ACENAPHTHENE
ACENAPHTHYLENE
ANTHRACENE
DIBENZOFURAN
FLUORENE
NAPHTHALENE
PHENANTHRENE

PYRENE

Semivolatile TICs

1-METHYLNAPHTHAI ENE
2,3,6-TRIMETHYLNAPHTHALENE
2,6,10,14-TETRAMETHYLPENTADECANE
DODECANE

HEXANEDIOIC ACID, DIOCT YL ESTER
PENTADECANE

TETRADECANE

TOTAL UNKNOWNTICs

PQLs
UGG

6.1
0.005
0,005

NA
NA
NA
NA
NA
NA
NA

NA

OSBY
RFIS*100
04—nov—91
12.0

Cs0

UGG

LT 0.017
LT ¢.001
LT 0.002

HEN
UGG

1000
100
1000

NSA
NSA

NSA

NSA
NsA
NSA
1000

1000

NSA
NSA
NSA
NSA
NsSA
NsA
NSA

NsA

Table 8—3 (Cont'd)



Table 8—3 (Cont'd) i
Footnotes :
CS0 = Chemical soil
HBN = Health based number as defned in the RCRA permit. HBN3 not specified in the permit were derived using standard exposure and intake
assuriptions consistett with EFA guiklelines ( 51 Federal Register 33992, 34006, 34014, and 340728).
LT = Concentration is reported as less than the certified reporting limit.
NA = Not available; PQLs are not available for TICs detected in the litrary scans.
ND = Analyte was not detected.
NSA = No standard (HBN) available; health ¢ffects data were not available for the caloulation of a HBN. HBNs were not derived for TICs,
PQL = Practical quantitation limit; the Jowest concentration that can be reliably d etected at adefined Jevel of precision for a given analytical method.
§ = Results are tased on an intemal standand; flag isused for TICs detected in library scans,
TICs = Tentatively identified compounds that were detected in the GC/MS library scans.
UGG = Micrograms per gram
( ) = Parenthesis are used 1 indicate the number of unknown TICs that were detected in either the volatile or semivolatile GC/MS library scans. The
number beside the paren thesis is the total concentration of all TICs detected in each respective scan.
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Although the results indicated contamination of deep soil near the fuel oil spill area,
concentrations of these petroleum-related constituents were several orders of magnitude less
than applicable HBN criteria and are not considered a concern. The results of the
investigation indicated that residual soil contamination is present at the site.

8.3.3 Surface Water and Sediments

The surface water sample collected from the seep out of which fuel is sometimes
observed contained six SVOCs, two VOCs, 22 SVOC TICs, and five VOC TICs (Table 8-4).
The SVOC constituents confirms that the seep has been impacted by the fuel leak. The
SVOC concentrations, except for phenanthrene, were two or more orders of magnitude less
than-applicable HBNs. Phenanthrene slightly exceeded the HBN criterion. Although
phenanthrene was detected in one of the 31 method blanks, the presence of the other
SVOCs indicates that the concentration of phenanthrene is a result of the fuel leak and not
an analytical artifact.

Four of the SVOCs detected were also detected in the groundwater sample from well
S4W-1. The VOC methylene chloride was detected in the surface water sample at a
concentration less than 10 times the corresponding trip blank and is, therefore, not
considered reliable, The other VOC, chloromethane, was not detected in the sample from
adjacent upgradient well S4W-1 but was detected in one well further upgradient (WC1-2)
and one well downgradient (8B).

Two sediment samples were collected at SWMU O; one was upgradient from the
seepage (OSE1) and the other was downgradient. Other seeps and springs that discharge
along the scarp north of the site are upgradient from both sediment samples. As presented
in Table 8-5, one VOC and five VOC TICs were detected in OSE1 and one VOC and one
VOC TIC was detected in OSE2. No SVOCs or SVOC TICs were detected in either
sample. The presence of VOC TIC 1,1,3-trimethylcyclohexane in OSE1 suggests that the
sediment is slightly impacted from the fuel leak because it is not a naturally occurring
sediment constituent. The contaminant could be a result of soil mixing from excavation
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Table 8—4
Summary of Analytical Data For Surface Water Samples Collected At SWMU O
Radfor? Army Ammunition Plant, Virginia

SITE ID 0OSP1
FIELD ID RDWA®*37
S.DATE 26—scp—91
DEPTH (ft) 00
MATRIX PQLs CSW HBN
UNIT'S UGL UGL UGL

Valatiles
CHLOROMETHANE 10 10.5 30
METHYLENE CHLORIDE 5 491T 5
Volatile TICs
(1-METHYLPROPYL) BENZENE NA 98 NSaA
TOTAL UNKNOWN TICs NA ( 451 NSA
Semivolatiles
2-METHYLNAPHTHALENE 10 207 NSA
ACENAPHTHENE 10 243 2100
DIBENZOFURAN 10 1.81 120
FLUORENE 10 521 1400
NAPHTHAL ENE 10 2.33 10000
PHENANTHRENE 7 [ 221 2
Semiwlatile TICs
2—-(2-N-BUTOXYETHOXY)ETHANOL NA BS NSA
TOTAL UNKNOWN TICs NA (21)192 NSA

Foomoltes ;
CSW = Chemical surface water.
HBN = Health based number asdefined in the RCRA permit. HBNs not specified in the permit were derived using standand exposure and intake
assumptions consistent with EPA guidelines ( 51 Federal Register 33992, 34006, 34014, and 34028).

NA = Not available; PQLs are not available for TICs detected in the Library scans.

NSA = No standard (HBN) available; health effects data were not available for the calculation of a HBN. HBNs were not derived for TICs.

PQL = Practical quantitation limit; the lowest concentration that can be reliably detected at adefined level of precision for a given malyl.ivcal method.

S = Resuits are based on m intemal standard; flag isused for TI1Cs detected in library scans,

T = Analyte wasd etected in corresponding trip blank; values are flagged if the sample concentration is less than 10 times the trip blauk
concentration for common isboratory constituents and 5 times for all other constituen ts.

UGL = Micrograms per liter.

() = Parenthesis are used to indicate the number of unknown T'1Ca that were detected in either the wlatile or semivolatile GC/MS library scans, The
number beside the paren thesia is the total concentration of all TICs detected in each respective scan,

[ | = Brackess indicate that the detected concentration exceeds the HBN.
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Table 8-5 |
Summary of Analytical Data For Sediment Samples Collected At SWMU O
Radford Army Ammunition Plant, Virginia

SITE ID 0OSEL OSE2
FIELD ID RFIS*106 RFIS*107
S. DATE 26—sep—91 26—-scp—91
DEPTH(ft) 0.5 0.5
MATRIX PQLs CSE CSE HBN
UNITS UGG UGG UGG UGG
Volatiles
ACETONE 0.1 0.061 0.122 1000
Volatile TICs
1,13-TRIMETHYLCYCLOHEXANE NA 00165 ND NSA
TRICHLORCTRIFLUOROETHANE NA ND 00168 NSA
TOTAL UNKNOWNTICs NA ( 4)0.038 ND NSA
Semivolatiles
NA None Detected None Detected NSA
Foomotes :

CSE = (hemical sed iment.
HBN = Health based number asdefined in the RCRA permit. HBNs not specified in the permit were derived using standard exposure and intake
assumptions consistent with EPA guidelines { 51 Federal Register 33992, 34006, 34014, and 34028).

NA = Not available; PQLs are not available for TICs detected in the library scans.

ND = Analyte was not detected.

NSA = No staydard (HBN) available; health effects data were not available for the caloulation of a HBN. HBNs were not derived for TICs.

PQL = Practical quantitation limit; the lowest concentration that can be reliablydeiected at adefined level of precision for a given analytical method.

8 = Results are based on an intemal standand; flag is used for TICs detected in library scans.

TICs = Tentatively identified compounds that were detected in the GO/MS library scans,

UGG = Micrograms per gram.

{ ) = Parenthesis are used (o indicate the number of unknown TICs that were detected in cither the volatile or semivolatile GC/MS library scans. The
number beside the paren thesis is the total concentration of all TICs detecied in each respective scan.



procedures conducted after the fuel oil spill occwrred. Trichlorotrifluoroethane was detected
in method blanks at concentrations higher than that detected in OSE2 and is, therefore
considered a laboratory artifact. Acetone is also considered a laboratory artifact at the
concentrations detected in both sediment samples.

8.3.4 Subsurface Gas Contamination

A soil gas survey was conducted at SWMU O for investigation of the subsurface
routes through the unconsolidated soils in which fuel has migrated. Each soil sample was
analyzed for the VOCs most likely associated with the fuel oil under investigation. These
VOCs were determined in the field by analyzing a sample of the fuel oil stored in the
aboveground storage tanks. Pentane/MTBE, benzene, toluene, ethylbenzene, xylene, and
total volatiles were analyzed.

Fuel oil was previously detected at a seep located 400 feet northeast of the reported
discharge point of the aboveground storage tank. The seep acted as a starting point for a
line of soil gas samples taken approximately perpendicular to the line connecting the seep
to the discharge leakage point (Figure 8-2). The soil gas samples were analyzed in the field

so that subsequent survey lines could be adjusted as needed to identify the migration
route(s).

The targeted VOCs (pentane/MTBE and BTEX) were below detectable limits (1.0
ug/L) in the 27 samples collected during the soil gas survey. The results are provided in
Appendix L. The 6n1y detections occurring in any of the 27 samples collected were in three
samples collected near the seep and one sample collected in the vicinity of the tanks. The
three samples (13, 16, and 32) by the seep exhibited total volatile concentrations ranging
from 1.1 to 4.3 ug/L. A total volatile concentration of 33 ug/L was detected in the sample
(33) collected near the source. It is likely that the fuel contaminants are essentially highly
weathered and are probably in the form of less volatile SVOCs. The clayey soils in the area
are less permeable sediments, therefore volatiles would not migrate as well through the
sediments and soils. Groundwater and soil analytical results indicate only a trace of
aromatic volatiles and low concentrations of SVOCs.
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Because the fuel contaminants remaining at the site were primarily SVOCs, VOCs
concentrations were not sufficient to sample during the soil gas survey and this method
could not be used to locate the migration pathways of the leaked fuel.

84  BASELINE RISK ASSESSMENT F — ERGR! L OIL
SPILL

Based on the contamination assessment presented in Section 8.3, two contaminants
of concern--N-nitrosodiphenylamine (NNDPA) and phenanthrene--have been identified for
groundwater downgradient of SWMU O. Contaminants of concern were not identified for
site soil becanse all detected constituents were well below HBNs. Phenanthrene is
considered a potential contaminant of concern for surface water. No contaminants of
concern were identified for sediment. The potential impacts of these contaminants of
concern to human health and the environment are discussed below in Sections 8.4.1 and
8.4.2, respectively.

8.4.1 Human Health Evaluation

No shallow groundwater wells other than for monitoring purposes are located
downgradient of SWMU O. The main groundwater flow is to the northeast, resulting in
discharge via stream channel seepage into Stroubles Creek, which flows north into the New
River. Therefore, shallow groundwater would not likely migrate toward any groundwater
users in the vicinity of RAAP. As discussed in Section 2.5, future land use is considered to
be similar to the current land use scenario—i.e., RAAP will continue to remain an active
army installation and there are no plans for future residential development of RAAP.
Therefore, it is highly unlikely that groundwater wells would be installed in the future
between SWMU O and Stroubles Creek. Based on this evaluation, potential groundwater
exposure pathways are not considered operable under the current or future land use

scenario,

As discussed above, there is the potential for discharge of shallow groundwater
contamination to Stroubles Creek. However, there are no known domestic or recreational

uses of this stream and a large portion of the flow in Stroubles Creek is attributable to
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effluent from the Blacksburg municipal sewage treatment plant. Although there is the
potential for workers, employees, or trespassers to contact the surface water of the Stroubles
Creek tributary, these events would presumably be isolated and infrequent. In addition,
NNDPA was only detected in one of the nine groundwater samples at a concentration less
than an order of magnitude above its HBN; and phenanthrene was only detected in one of
nine groundwater samples, although its concentration was approximately 40 times its HBN.
The concentrations of these constituents in groundwater would presumably be diluted during
migration to Stroubles Creek and upon discharge to Stroubles Creek. Therefore, the
potential impact of SWMU O groundwater discharge to Stroubles Creek is considered
negligible and these exposure pathways are not evaluated further.

~ Phenanthrene was detected in the sample collected from the seepage zone ét a
concentration (2.2 ug/L), just slightly elevated above its HBN (2 ug/L). Because this is a
fuel seepage zone and not a surface water body, the traditional surface water exposure
pathways are not considered applicable. Although there is the potential for workers,
employees, or trespassers to contact the surface water seepage, these events would
presumably be isolated and infrequent. Because phenanthrene only slightly exceeded its
HBN and contact with the seepage is expected to be infrequent, exposure is estimated to
be negligible and this exposure pathway is not considered significant.

8.4.2 Environmental Evaluation

As discussed above, there is the potential for discharge of groundwater contamination
to Stroubles Creek, which could potentially impact aquatic life. Although data are
insufficient for establishing aquatic life criteria for phenanthrene and NNDPA, as discussed
above, they were only detected in one of the nine groundwater samples. The concentrations
of these constituents in groundwater would presumably be diluted during migration to
Stroubles Creek and upon discharge to Stroubles Creek. Therefore, the potential impact
of SWMU O groundwater discharge to Stroubles Creek is considered negligible and these
pathways are not further evaluated.
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Because the surface water sample was collected from a fuel seepage area and not a
surface water body, potential impacts to aquatic life are not considered applicable.
Although other wildlife may potentially use the seep as a drinking water source, because the
area surrounding SWMU O is well-developed and currently active, it is not likely that
wildlife would frequent the area. Because phenanthrene only slightly exceeded its HBN and
contact with the seepage is expected to be infrequent, potential exposure to environmental
receptors is considered negligible and this pathway is not evaluated further,

Although phenanthrene and NNDPA were detected above their HBNs in SWMU O
groundwater, due to the lack of groundwater and surface water receptors and the fact that
dilution would occur upon discharge of groundwater to Stroubles Creek, resulting in
insignificant exposure, the detections of these constituents does not appear to present a
current or potential future human health risk or environmental threat. Although
phenanthrene was detected in the surface water seep exceeding its HBN, because
phenanthrene only slightly exceeded its HBN and contact with the seepage is expected to
be infrequent for both human and environmental receptors, potential exposure to human
and environmental receptors is considered negligible. Therefore, the detection of
phenanthrene in the surface water seep sample does not appear to present a current or
potential future human health risk or environmental threat.

85 Y AND CON TON

The RFI sampling program has provided chemical data for evaluating