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ABS
AEHA

AIC
AOC
ARAR

AST
ASTM
ATSDR
AWQC
AWQC-AO
AWQC-HH
BaP
BAT
BCF
BCP
BCT
BEHP
beta-BHC
bgs
BHC
bls
BNA
BRAC
BTEX
BX
CAA
CC]4

CDD
CDF
CDI
CEC
CERCLA

CESAM
CFR
CLP
cm2

cm/sec
CO2
COC
COE

Absorption factors
U.S. Army Environmental Hygiene Agency (formerly known as
USAEHA, currently known as USACHPPM
U.S. Agency Information Consultants
Area of concern

Applicable or relevant and appropriate requirement
Aboveground storage tank
American Society for Testing and Materials
Agency for Toxic Substances and Disease Registry
Ambient water quality criteria
Ambient water quality criteria-protection of freshwater aquatic life
Ambient water quality criteria-protection of human health
Benzo(a)pyrene
Best available technology
Bioconcentration factor
BRAC Cleanup Plan
BRAC Cleanup Team
bis(2-ethylhexyl)phthalate
beta-hexachlorocyclohexane
Below ground surface

beta-benzene hexachloride
Below land surface
Base/neutral acid
Base Realignment and Closure
Benzene, toluene, ethyl benzene, and xylene
Base exchange
Clean Air Act
Carbon tetrachloride
Chlorinated dibenzo-p-dloxin
Chlorinated dibenzofurans
Cumulatwe daily intake

Cation exchange capacity
Comprehensive Environmental Response, Compensation, and
Liability Act

U.S. Corps of Engineers, Mobile District
Code of Federal Regulatzons
Contract Laboratory Program
Square centimeters
Centimeters per second
Carbon dioxide
Constituent of concern

U.S. Army Corps of Engineers
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COPC
CRDL
CRQL
CSF
CSM
CVOC
CWA
oC
DCBM
DCE
DDC
DDD
DDE
DDMT
DDT
DLA
DNAPL

2,4-D
DNBP
DO
DOD
DOI

DQE
DQO
DR
DRMO
ECAO

ECBSOPQAM

ED
EE/CA
EF
EISOPQAM

ELCR
EPA
EPC
ER
ERA
ERL
ERM
ESE
ET
FDA
FFA
FI
FLB

Constituent of potential concern
Contract-required detection limit
Contract-required quantitation limit
Cancer slope factor
Conceptual rote model
Chlorinated volatile organic contaminant
Chemical warfare agents
Degrees Celsius
Dibromochloromethane
Dichloroethene
Defense Distribution Center

Dichlorodiphenyldichloroethane
1,1,1 -Dichloro-2,2-bis(4-chlorophenyl)ethylene
Defense Depot Memphis, Tennessee
Dichlorodiphenyltrichloroethane
Defense Logistics Agency
Dense nonaqueous phase liquid
2,4-Dichlorophenoxyacetic acid
Di-n-butylphthalate
Dissolved oxygen
U.S. Department of Defense
U.S. Department of Interior
Data quality evaluation
Data quality objective
Data report
Defense Reutilization and Marketing Office
Environmental Criteria and Assessments Office
Environmental Compliance Branch Standard Operating
Procedures and Quality Assurance Manual
Exposure duration
Engineering Evaluation/Cost Analysis
Exposure frequency
Environmental Investigations Standard Operating Procedures
and Quality Assurance Manual
Excess lifetime cancer risk

U.S. Environmental Protection Agency
Exposure point concentration
Environmental restoration

Ecological risk assessment
Effects range low
Effects range medium
Environmental Science & Engineering, Inc.
Exposure time
U.S. Food and Drug Administration
Federal Facilities Agreement
Fraction ingested
Fixed-based laboratory
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FOD
FOSL
FR
FRL
FSP
ft
ft2

FU
GC
GW
GWP
HASP
HC1
HEAST
HI
HOC
HPCDF

HQ
HRS
IA
ID
IDL
IEPA
IRA

IRIS
IRP
Kd

Kd
Ko~
Kow

LCS
LDR
LOAEL
LOEL
/~g/kg

#g/L
/~s/cm
m3

m3/kg
MCL
MCLG
MDL
MEK
MF
mg/kg
mg/kg/day
mg/L

Frequency of detection
Fmding of suitability to lease
Federal Register
Final remediation level
Field Sampling Plan
Feet
Square feet
Functional unit
Gas chromatographic
Groundwater
Groundwater protection
Health and Safety Plan
Hydrochloric acid
Health Effects Assessment Summary Tables
Hazard index
Halogenated organic compound
Heptachlormated dibenzofuran
Hazard quohent
Hazard Ranking System
Installation assessment
Inside diameter
Instrument detection limit

Illinois Environmental Protection Agency
Interim Remedial Action

Integrated Risk Information System
Installation Restoration Program
Soluble fraction
Distribution coefficient
Organic carbon water partition coefficient
Octonal water partitioning coefficient
Laboratory control standard
Land disposal restriction
Lowest observed adverse effects level
Lowest observed effects level
Micrograms per kilogram
Micrograms per liter
MicroSiemens per centimeter
Cubic meters
Cubic meters per kilogram
Maximum contaminant level

Maximum contaminant level goal
Method detection limit
Methyl ethyl ketone(2-Butanone)
Modification factor
Milligrams per kilogram
Milligrams per hlogram per day
Milligrams per hter
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ACRONYMS (CONTINUED)

mgd
MHSPE
MIBK
mL/day
MLGW
MOGAS
MS/MSD
MSCHD
msl
MW

NAAQS
NAPL
NCP
NFA
NGVD
NIOSH

NMSZ
NOAA
NOAEL
NOEL
NPDES
NPL
NTU
NWI
OD
OERR
OPD
OSDP
ORNL
OSHA
OSWER
OU
OVA

PA/SI
PAH
PARCC

PC
PCA
PCB
PCDD
PCDF
PCE
PCP
PDO
PEF
PEL

Million gallons per day
Ministry of Housing, Spatial Planning, and Environment
Methyl isobutyl ketone
Milliliters per day
Memphis Light, Gas, and Water
Motor vehicle gasoline
Matrix spike/matrix spike duplicate

Memphis-Shelby County Health Department
Mean sea level
Monitoring well
National Ambient Air Quality Standards
Nonaqueous phase liquid
National Oil and Hazardous Substances Pollution Contingency Plan
No further action
National Geodetic Vertical Datum
National Inst,tute for Occupational Safety and Health
New Mexico Seismic Zone
National Oceanic and Atmospheric Administration
No observed adverse effects level
No observed effects level

National Pollutant Discharge Elimination System
National Priorities hst
Nephelometric turbidity units
National Wetlands Inventory
Outside diameter
Office of Enforcement and Remedial Response
Office of Planning and Development
Off-site drainage pathways
Oak Ridge National Laboratory
Occupational Safety and Health Administration
Office of Solid Waste and Emergency Response
Operable unit
Organic vapor analyzer
Preliminary assessment/site investigation
Polynuclear aromatic hydrocarbon
Precision, accuracy, representativeness, completeness, and
comparability
Permeability constants
Tetrachloroethane
Polychlorinated biphenyl

Polychlorinated bibenzo-p-dioxin
Polychlorinated bibenzofuran
Tetrachloroethylene
Pentachlorophenol

Property Disposal Office
Particulate emission factor
Probable effects level
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AORONYMS (CONTINUED)

PID
POL
POTW
ppb
ppm
PRE
PRG

PSC
PUF
PVC
QA/QC
QAPP
RA
RAB
RAGS
RAL
RBC
RCRA
RD
RF
RFA
RfD
RFI
RGO
RI/FS
RIVM
RL
RME
ROD
RPD
RPM
SARA
SD
SDG
SDWA
SF
SMDP
SMP
SMSA
SOP
SOW

SQL
SS
SSL
STB
SVOC
SW

Photoionization detector

Petroleum, oils, and lubricants
Publicly owned treatment works
Parts per billion
Parts per million
Preliminary risk evaluation
Preliminary remediation goals
Potential source of contamination
Polyurethane foam
Polyvinyl chloride
Quality assurance/quality control
Quality Assurance Project Plan
Risk assessment

Restoration Advisory Board
Rzsk Assessment Guidance for Superfund
Removal action level
Risk-based concentration
Resource Conservation and Recovery Act
Remedial design
Retardation factor

RCRA Facihty Assessment
Reference dose

RCRA Facility Investigation
Remedial goal option
Remedial investigation/feasibility study
Netherlands National Institute of Public Health and Environment
Reporting limit
Reasonable maximum exposure
Record of Decision
Relative percent difference
Remedial project manager
Superfund Amendments and Reauthorization Act
Sediment
Sample delivery group

Safe Drinking Water Act
Slope factor
Scientific management decision point
Site Management Plan
Standard metropolitan statistical area

Standard operating procedure
Statement of Work

Sample quantitation limit
Surface soil
Soil screening level
Statigraphic test boring
Semivolatile organic compound
Surface water
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SWDA
SWMU
TBC
TBD
1,1,1-TCA
TCA
TCDD
TCDF
TCE

TCL/TAL
TCLP
TDEC
TDOH

TDS
TEC
TEL
TEF
THI
TM
TOC
TPC
TRL
TRV
TRW
TU
UCL
UF
USACHPPM
USAESCH
USATHAMA

USDA
USC
USFWS

USGS
UST
VOC
WoE
WQC
yd3

ZnO

Solid Waste Disposal Act
Solid waste management unit
To be considered
To be determined
1,1,1-Trichloroethane
Tetratcholorethane
Tetrachlorodibenzo-p-dioxin
Tetrachlorodibenzofuran
Trichloroethene

Target compound list/target analyte list
Toxicity characteristic leaching procedure
Tennessee Department of Environment and Conservation
Tennessee Department of Health
Total dissolved solids
Topographic Engineering Center
Threshold effects level

Toxicity equivalent factor
Target hazard index
Technical memorandum
Total organic carbon
Total petroleum hydrocarbon
Target risk level
Toxicity reference value
Technical Review Workgroup
Tritium unit
Upper confidence limit
Uncertainty factor
U.S. Army Center for Health Promotion and Preventive Medicine
U.S. Army Engineering and Support Center, Huntsville

U.S. Army Toxic and Hazardous Materials Agency (now referred to
as the U.S. Army Environmental Center [AEC])
U.S. Department of Agriculture
United States Code
U.S. Fish and Wildlife Service
U.S. Geological Survey
Underground storage tank
Volatile organic compound
Weight of evidence
Water quality criteria
Cubic yards
Zinc oxide
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16.0 Nature and Extent of Contamination
at FU3

487 47

This section addresses the nature and extent of contamination within FU3, the Southwest
Open Area. The subsections below provide a description of how FU3 was defined, discuss
the probable sources of contamination that exist within FU3, and identify the nature and
extent of contamination at FU3 by identifying the distribution and location of widespread
contaminants. There are no surface water bodies in this FU; the groundwater beneath FU3 is
addressed in Section 32.0.

As described in the following subsections, FU3 contains CERCLA sites identified in the
original RI activities prior to 1990, as well as screening sites and TEC sites idenhhed by
CH2M HILL. These sites were investigated as possible sources of contaminant releases to
the environment. Sampling of areas not associated with a specific site occurred as part of the
BRAC characterization program. This section discusses the nature and extent of
contamination within the entire FU area by evaluating the combined CERCLA and BRAC
data.

16.1 Functional Unit Background

16.1.1 FU3 Description
FU3 is the Southwest Open Area, consisting of BRAC Parcel Areas 23, 24, 25, 26, 27, 28, and
35 (see Figure 1-1). As discussed in Section 1.1, FU3 was established based on similar
operahonal activities in the southwestern portion of the Main Installation, including
sandblasting and painting operations, storage of flammables and solvents, and maintenance
and hazardous material recovery activities.

16.1.2 FU3 History
Most of the land cover in FU3 consists of buildings surrounded by gravel and/or asphalt.
Railroads used for the transport of warehoused materials also are adjacent to some of the
buildings. The westernmost border of this FU is a grassy area currently separating the
functional area of the Main Installation from Perry Road. FU3 was used mostly for
hazardous material storage and recoupment, sandblasting and painting activities, and
cleaning and maintenance. Figure 16-1 shows the building locations where these activities
took place. The four large warehouses previously were used to store flammables, solvents,
and waste oil (Building 972); chlorinated solvents, corrosives, petroleum, oil, and lubncants
(POL) (Building 873); steel, rope, hardware, and hoses (Building 970); and other hazardous
materials (Building 875) (BCP, 1998). Building 1087 is the former location of a spray paint
booth used to conduct major stock primer and enamel spray paint operations. There were
three open storage areas (X02, X03, and X04) located in this FU, as well.
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A contaminated soil drum storage/staging area (NFA Site 47) also was located in this FU.
All NFA sites are presented in Section 1.6 of this document and are not discussed further
herein.

16.2 Summary of Remedial Investigations at FU3

16.2.1 Historical Remedial Investigations
Initial sampling of surface soil at three RI sites occurred at FU3 as part of the 1990 RI
conducted by Law Environmental (Law Environmental, 1990a). Four surface soil samples
were collected at RI Site 27 (Former Recoupment Area [Building S-873]) in areas where spills
may have occurred; four surface soil samples were collected at RI Site 34 (Building 770
Underground Oil Storage Tanks) in the vicinity of waste oil storage tanks; and six surface
soil samples were collected at RI Site 32 (Sandblasting Waste Accumulation Area) in the
vicinity of sandblasting and waste accumulation activities. General types of chemicals
detected at these sites during the 1990 Law Environmental investigation included metals,
VOCs, pesbcides, PCBs, and SVOCs.

16.2.2 Summary of Key Findings from Past Remedial Investigations
The results of the surface soil sample data collected during the 1990 RI investigation
indicated that the soil was contaminated with solvents, organic compounds, and/or metals
at the sampling locations (Law Environmental, 1990a). Some samples were contaminated
with pesticides and PAHs.

On the basis of the fate and transport analysis, Law Environmental concluded that metals
and organic compounds were capable of migration. Pesticides, PCBs, and PAHs were not
determined to be very mobile, and it was concluded that these compounds were detected at
locations proximate to their original sources of contamination.

The extent of contamination from the constituents detected was not defined by Law
Environmental. Results from the Law Environmental RI were used to evaluate potential
problem areas in FU3 and provided the basis for additional sampling. Additional sampling
was conducted for areas where data gaps existed and where sampling and analyses were
required to characterize the nature and extent of contaminants from past activities of the
site.

16.2.3 Current Remedial Investigations
The areas of most concern within this FU (including the RI sites, screening sites, TEC sites,
and BRAC sites) initially were investigated by CH2M HILL from December 1996 through
January 1997. At that time, the surface soil was sampled to assess the nature and horizontal
extent of contamination at these sites, and the subsurface soil was sampled at most of these
sites to assess the vertical extent of contamination. A single BRAC sediment sample was
collected from a sump within Building 1086. No surface water bodies exist at FU3, so no
surface water data were collected.

Additional investigations of RI sites and initial investigations of areas of potential concern

identified in aerial photographs taken by the TEC were conducted from September 1998

16-2 ATLM 4754~CURRENT TEXT~SECTION 16 DOC



MEMPHIS DEPOT MAIN INSTALLATION RbFINAL 1/2000

487 49
through October 1998. Additional surface and subsurface soil sample data were needed to
accomplish the followLng:

¯ Further characterize the nature and extent of contamination;

¯ Collect a sufficient number of data points to perform an RA;

¯ Confirm the absence of contamination at some screening sites based on initial (1996-
1997) screening results;

¯ Assess the groundwater contamination; and

¯ Collect feasibility samples where remedial activities were considered likely.

The sites investigated within FU3 and the sampling rationale for each site are presented in
Table 16-1. Figure 16-1 shows the location of these sites. The basis for the 1996 sampling
rahonale was the same for each site identified at the time: 1) to collect soil samples
representative of site conditions; 2) to compare the detected concentrations to background
and screening levels; and 3) to develop appropriate recommendations. The 1998 sampling
rationale was developed based on the recommendations resulting from the 1996-1997
sampling events. Specific activities that occurred at the FU3 sites are discussed in
Section 16.3.

16.3 Potential Sources of Contamination
Because hazardous materials were handled and stored at a number of buildings within FU3,
there was the potential for spills of hazardous materials to soil surrounding the buildings.
Furthermore, soil may have been contaminated with sandblasting and painting materials
that were used within and outside the general vicinity of Buildings 1087 and 1088. Other
areas of concern within FU3 (and also throughout the Main Installation) include releases
associated with transport along railroad tracks and pesticide/herbicide application m grassy
areas. Table 16-1 lists the sites of most concern at FU3, Figure 16-1 presents the locations of
these sites, and the following paragraphs provide a description of operations that have
taken place at these sites, plus other areas of concern within FU3.

16.3.1 Building 873 (RI Site 27)
Building 873 was used to store hazardous materials such as chlorinated solvents, corromves,
and POL. The southern end of the building and the gravel area east of the building served
as the Depot’s materials recoupment or recovery area from 1942 until about 1987. The
recoupment area formerly was used for packing and repacking hazardous and
nonhazardous materials from damaged and leaking containers. The former recoupment

area is designated as RI Site 27.

16.3.2 Buildings 1087 and 1088 (Painting, Sandblasting, and Waste
Accumulation; Screening Sites 31 and 33, RI Site 32)

Building 1087 was formerly the location of a drive-through, water cascade, spray paint
booth, and drying oven, which was used to conduct major stock primer and enamel spray
painting operations. The building was used to store freshly painted eqmpment until it dried.
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Painting operations at Building 1087 were performed from the 1950s through 1985. The
water cascade booth in Building 1087 was replaced in late 1985 with a dry filter paint booth
located in Building 1086. The area surrounding Building 1087 is designated as Screening
Site 31.

Building 1088 was installed in 1953 and was used for sandblasting. Adjacent to the southern
end of Building 1088 was the sandblasting waste accumulation area, just west of
Building 1087 and north of the sandblasting waste drum storage area. The area consists of a
corrugated steel shed with a gravel floor. Three hoppers in the shed collected the dust from
the sandblasting operations taking place in Building 1088 and directed it into 55-gallon
drums in the sandblasting waste drum storage area. The sandblasting waste drum storage
area consists of an open-sided, metal-roofed shed with a gravel floor. Spent sandblasting
material was stored in 55-gallon drums in this area. The sandblasting waste accumulation
area is designated as RI Site 32 and the sandblasting waste drum storage area is designated
as Screening Site 33.

Prior to the use of Building 1088 and the hopper system at the waste accumulation area,
sandblasting operations were performed on the open ground in the general vicinity of
Building 1087, according to the RFA report (EPA, 1990).

16.3.3 Building 770 (RI Site 34)
Two 1,000-gallon steel USTs previously were located west of the vehicle maintenance shop
(Building 770). The tanks stored waste motor oil from vehicles from the 1960s until they
were removed in 1989. Prior to 1969, Building 770 was used for cleaning and preserving
heavy equipment before it was shipped overseas. A satellite drum accumulation area
(proposed NFA site), used to store drums of waste material before shipment off-site, also
was located at Building 770. The former location of the two USTs is designated as RI Site 34
(see Figure 16-1).

16.3.4 Buildings 783 and 793 (Screening Site 82)
Buildings 783 and 793 previously were designated as storage areas for flammable items and
ordnance material. The interior floors of Buildings 783 and 793 are constructed of concrete
and slope to the north and south walls. Along these walls are drams that lead to the exterior
of the buildings (on the eastern side). These buildings are designated as Screening Site 82.

16.3.5 Building 972 (Screening Site 84)
Building 972 previously was used to store flammables, solvents, and waste oil as an open
shed building. The building was converted to a closed building for the storage and handling
of packing material. Because of the potential that stored materials may have been released to
the soils surrounding Building 972 during material handling, the area was designated as
Screening Site 84.

16.3.6 Building 1089 (Screening Site 89)
Past uses of Building 1089 include storing acids, paints, and cleaning solvents. According to
the Remedzal Investigation at DDMT, Final Report (Law Environmental, 1990a), spills
reportedly have occurred at this site; however, specific spill information (such as location,
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date, and quantity) has not been identified. In addition to acid and paint storage, the
Installation Assessment of Defense Depot Memphzs, Tennessee (USATHAMA, 1982) indicated

that sandblasting operations had been performed in the northern portion of this building.
The area surrounding this building is designated as Screening Site 89.

16.3.7 Old Pond Area
Evidence of an old pond in FU3 was identified through fly-over images (TEC, 1998). The
pond, evident in photographs from 1945 to 1952, was approximately 200 ft long by 100 ft
wide, with its long axis oriented in a northwest/southeast direction. It was located
southeast of the current location of K Street and northwest of Building 689 (see Figure 16-1).
Its depth is not known, but based on the permanent berm along its northwestern edge (now
K Street) and other visual evidence, it may be assumed that the deeper end of the pond was
to the northwest. This site is designated as TEC 90.

16.3.8 Mallory Avenue Ground Scar
The Mallory Avenue Ground Scar can be observed in the aerial photographs from 1949 to
1953 (TEC, 1998)¯ As shown on Figure 16-1, it occurs m the mid-western boundary of the
installation, along the perimeter just east of Mallory Avenue and just south of the current
location of MW-21. The nature of the soil disturbance has not been determined. This site is
designated as TEC 93.

16.3.9 Open Storage Areas
There are three open storage areas within the Southwest Open Area-X02, X03, and X04 The
open storage area X02 was used to store PVC and steel pipe, along with petroleum and fuel.
The open storage area X03 was used until 1988 for the storage of flammable materials in
55-gallon drums. Open storage area X04 was used to store feed stock material¯ Open storage
area X04 has not been known to store hazardous materials.

16.3.10 Railroad Tracks (Screening Site 70/71)
Railroad operations were the main means of transporting materials to the warehouses for
storage. Throughout the Main Installation, railroad tracks historically were sprayed with
pesticides, herbicides, and waste oil containing PCP.

16.3.11 All Grassed Areas (Screening Site 73)
Grassed areas throughout the Main Installation were treated as one screening site during
the investigation. The historical application of pesticides such as dieldrin on grassy areas
was cause to consider the grassed areas as a potential source of contamination.

16.3.12 BRAC Parcels
Environmental sampling was performed at BRAC property parcels to assess whether the
property was suitable for transfer or lease. Sampling was conducted to assess whether
chemicals erdsted in the surface and subsurface soils in concentrations that might present a
concern for industrial, and in some portions of the Main Installation, residential uses.
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16.4 Nature and Extent of Soil and Subsurface Soil
Contamination

To characterize the nature and extent of contaminants within FU3, surface and subsurface
soil samples were collected and analyzed for VOCs, SVOCs, metals, and the TCL/TAL
parameters (organochlorine pesticides, herbicides, PCBs, and hexavalent chromium).
Figure 16-2 shows the sample locations for FU3, and Table 16-2 lists the parameters
analyzed for at each site. Appendix N provides a hst of all detected parameters in the
surface and subsurface soil samples collected at FU3 and compares them to screening and
background values. The nature and extent of the contaminants detected above background
values at the FU are discussed below.

16.4.1 Nature and Extent of Metals Contamination
Several metals were detected throughout FU3 at concentrations above background values.
The results of the analyses are presented m Table 16-3. The metals that exceeded

background values were divided into three categories based on the number of sample
concentrations that exceeded background values and the relative importance of the metal as
a potentzal contaminant. Each metal that exceeded a background value was classihed as a
primary metal of concern, a distributed metal, or a naturally occurring metal. Primary
metals of concern were detected above background values in a signihcant number of
samples and may indicate a release from source areas in FU3. Distributed metals were
detected above background values in a relatively small and insignificant number of
samples. Naturally occurring metals were associated with the natural soil conditions
detected above background levels.

The three-tiered grouping described above is a means to present the potentially most
important metals as the first group, followed by the metals that occurred with enough
frequency to warrant a shorter discussion. The final grouping was metals that occurred
often, but because they were naturally occurring metals, their abundance was not an
environmental issue. The primary use of the three-tiered grouping was for presentation in
the nature and extent sections, for clarity, rather than as an extra step in the risk assessment

16.4.1.1 Primary Metals of Concern

On the basis of the results of the surface and subsurface soil sampling, arsenic, cadmium,
chromium, copper, lead, nickel, selenium, and zinc were designated as the primary metals
of concern throughout FU3. The soil samples that exceeded the background values for these
constituents are shown on Figures 16-3 through 16-16. These constituents were designated
as primary metals of concern primarily because they, with the exception of arsenic,
exceeded background levels in a number of concentrated regions throughout FU3.

Chromium. Sixty-six total chromium concentrations, including 8 duplicates, exceeded the

established background value of 24.8 mg/kg in the 126 surface soil samples analyzed for
chromium at FU3. As shown on Figure 16-3, chromium concentrations that exceeded the
background value were present in almost every surface sample collected near the
sandblasting waste accumulation area, the sandblasting waste drum storage area, and the

Building 1087 paint booth (RI Site 32; Screening Sites 31 and 33). Concentrations as high 
915 mg/kg, 530 mg/kg, and 403 mg/kg were observed at RI Site 32 and Screening Sites 31
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and 33. Elevated chromium concentrations also were detected near the Building 1089 acids
area (Screening Site 89). Soil samples from Screening Site 89 contained concentrations 
high as 539 mg/kg, 443 mg/kg, and 126.4 mg/kg.

Other areas such as the former recoupment area (RI Site 27), the Building 770 underground
oil storage tanks (RI Site 34), the Building 783 flammables area (Screening Site 82), 
Bmlding 972 flammables, solvents, and waste oil area (Screening Site 84) also contained
chromium concentrations above the background value. However, these concentrations were
significantly less than the concentrations observed near RI Site 32 and Screening Sites 31, 33,
and 89. A chromium concentration of 145 mg/kg was analyzed at Screening Site 84 and
chromium concentrations of 124 mg/kg and 107 mg/kg were analyzed at RI Site 34 The
other chromium concentrations detected in these areas were below 100 mg/kg. Overall,
total chromium was detected in 126 surface soil samples, including 13 duplicates. The
detected concentrations ranged from 5.5 mg/kg to 915 mg/kg.

Chromium concentrations m 42 of the 106 subsurface soil samples, including three
duplicates, exceeded the background value of 26.4 mg/kg. As shown on Figures 16-4

through 16-7, the elevated chromium concentrations were dispersed throughout FU3, with
Screening Sites 82 and 89 having the greatest number of elevated chromium concentrations
in the subsurface soil. In general, the higher elevated chrorruum concentrations were located
in the 4-6-ft and the 8- to 10-ft interval. For example, SB33B, a typical boring, contained
chromium concentrations of 44.1 mg (4 ft to 6 ft), 43.1 mg/kg (8 ft to 10 ft), 16 mg/kg (18 
20 ft), and 12.5 mg/kg (38 ft to 40 ft). Only three chromium concentrations exceeded 
background value at a depth greater than 15 ft. SB82D contained a chromium concentration
of 102 mg/kg in the 18- to 20-ft interval, SB82C contained a chromium concentration of
79.2 mg/kg in the 18- to 20-ft interval, and SB33C contained a chromium concentration of
26 mg/kg in the 38- to 40-ft interval. Overall, chromium was detected in all 109 subsurface
soil samples analyzed for it, including five duplicates. The detected concentrations ranged
from 2.1 mg/kg to 102 mg/kg.

Chromium was present in surface soil samples at concentrations that significantly exceeded
the background value. The highest chromium values were concentrated near the
sandblasting waste areas, the Building 1087 paint spray booth, and the Building 1089 acids
area. Other areas throughout FU3 also contained chromium concentrations that exceeded
the background value. Concentrations of chromium in surface soil samples from the grassy

area surrounding the southwestern perimeter of FU3 were below background or generally
lower than those observed in samples from the sandblasting and painting areas, thus
indicating that the chromium is contained within Depot property. Elevated chrorruum
concentrations that may be attributable to surface infiltrahon also appeared in the
subsurface. However, 39 of the 42 samples that exceeded the background value occurred at
a depth of less than 15 ft.

Lead. Of the 126 surface soil samples analyzed for lead, 77 samples, including 9 duphcates,
contained lead concentrations that exceeded the background value of 30 mg/kg. As shown
on Figure 16-8, the elevated lead values were concentrated near the sandblasting waste
accumulation area, the sandblasting waste drum storage area, and the Building 1087 paint
booth (RI Site 32; Screening Sites 31 and 33) and the Building 1089 acids area (Screening
Site 89). Fifty-two of the 77 surface soil samples that exceeded the background value for lead
in FU3 were located in the southwestern corner of FU3 in these four areas. In addition, the
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lead concentrations in these areas were significantly higher than the background value. For
example, the average lead concentrations in Screening Site 31, RI Site 32, Screening Site 33,
and Screening Site 89 were 157 mg/kg, 1,082 mg/kg, 294 mg/kg, and 465 mg/kg,
respectively. In addition, a small cluster of five surface soil samples exceeded the
background value near the Building 770 underground oil storage tanks (RI Site 34). The
average lead concentration in this area was 399 mg/kg.

Elevated lead concentrations also were detected near the former recoupment area (RI
Site 27), the Building 783 flammables area (Screening Site 82), the Building 972 flammables,
solvents, waste oil area, (screening Site 84), the southeastern comer of Building 970, and just
west of Building 972 at Building 1085 (see Section 1.7). However, the lead concentrations
were much more scattered and smaller in magnitude in these areas. For example, the
average detected lead concentrations for RI Site 27, Screening Site 82, and Screening Site 84
were 25 mg/kg, 27 mg/kg, and 40 mg/kg, respectively.

Lead was below background in samples from the grassy area separating the former painting
and sandblasting area from off-site areas, indicating that the lead contamination is
contained on Depot property. Lead concentrations were somewhat elevated in samples
along the Depot perimeter adjacent to Ball Street and Perry Road, possibly because of
deposition from vehicle exhaust.

Lead concentrations in 17 of the 106 subsurface soil samples, including I duplicate,
exceeded the background value of 23.9 mg/kg. The elevated lead concentrations were
dispersed throughout the borings and not concentrated in any one location. Only two of the
subsurface soil samples contained a lead concentration that exceeded 32 mg/kg. The sample
collected from the 4- to 6-ft interval of SB84D, located at Building 972, contained a lead
concentrat*on of 282 mg/kg (see Figure 16-9). The sample collected from the 6.5- to 8.5-ft
interval of TEC90B, located at the Old Pond Area, contained a lead concentration of
114 mg/kg. However, samples collected from deeper intervals withm these borings
contained lead concentrations that were below the background limit (Figure 16-10).

Overall, lead was detected in significant concentrations near the sandblasting waste areas,
the paint booth, Building 1089, and the USTs near Building 770. Many of these lead
concentrations greatly exceeded the background value. However, lead does not generally
appear to be leaching to the subsurface. Only two subsurface samples contained lead
concentrations that exceeded 32 mg/kg.

Arsenic. Twelve of the 126 surface soil samples analyzed for arsenic, including I duplicate,
contained an arsenic concentration that exceeded the background value of 20 mg/kg. As
shown on Figure 16-11, these samples were scattered throughout FU3. No significant cluster
of elevated arsenic concentrations that might indicate a release from a specific source was
noted. In addition, the arsenic concentrations remained relatively close to the established
background value of 20 mg/kg. Only 3 surface sod arsenic concentrations exceeded two
times the background limit. SB32A contained an arsenic concentration of 42.5 mg/kg, SS34D
contained an arsenic concentration of 49.2 mg/kg, and BRAC sample B(24.2) contained 
arsenic concentration of 42.1 mg/kg.

Of the 106 subsurface soil samples analyzed for arsenic, 17 samples contained arsenic
concentrations that exceeded the background value of 17 mg/kg. However, the
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concentrations of arsenic in the subsurface samples did not greatly exceed the established
background value. In fact, the highest arsenic concentration was only 26.5 mg/kg (4- to 6-ft
interval of SB82D). In addition, no arsenic concentrations from samples collected in the 1- to
5-ft interval exceeded the background value. Sixteen of the 17 samples that exceeded the
background value for arsenic occurred in the 4- to 15-ft interval. The only elevated arsemc
concentration deeper than the 15-ft interval occurred in the 18- to 20-ft interval of SB84D
(18.8 mg/kg). These factors indicate that the intermediate subsurface arsenic concentrations
may occur as a result of natural soil formations and not surface infiltration.

As described above, the arsenic samples that exceeded the background values in both the
surface and subsurface were broadcast throughout FU3. In most cases, the concentrations of
arsenic did not significantly exceed the background value. The highest surface or subsurface
concentration of arsenic was only 49.2 mg/kg, and only four surface or subsurface samples
contained arsenic concentrations that exceeded 27 mg/kg. Arsemc is present in low
concentrations throughout the Depot, probably because of site-wide pesticide management
activities and naturally elevated background levels in soil that may be misinterpreted as
specific source areas in FU3.

Cadmium. Of the 126 surface soil samples analyzed for cadmium, 15 samples (including 

duplicate) contained cadmium concentrations that exceeded the background value of
1.4 mg/kg. As shown on Figure 16-12, the majority of the soil samples with elevated
cadmium values were concentrated near the sandblasting waste accumulation area, the
sandblasting waste drum storage area, and the Building 1087 paint booth (RI Site 32;
Screening Sites 31 and 33). Elevated cadmium concentrations also were detected near the
former recoupment area (RI Site 27) and the Building 1089 acids area (Screening Site 89).

The cadmium concentrations in the surface soil samples did not significantly exceed the
background value. For example, only two cadmium concentrahons of 8.1 mg/kg m SS31A
and 5.8 mg/kg in SB32A were greater than twice the background limit of 1.4 mg/kg
Cadmium was detected in 62 of the 125 surface soil samples, including 5 duplicates. The

detected concentrations ranged from 0.08 mg/kg to 8.1 mg/kg.

One subsurface soil sample from the 8- to 10-ft interval of SB33A contained a cadmium
concentration of 1.5 mg/kg that slightly exceeded the background value of 1.4 mg/kg. This
sample was located near the sandblasting waste drum storage area (Screening Site 33). 
addition, cadmium was detected in only 13 of the 106 subsurface soil samples.

On the basis of these results, the surface and subsurface soil in FU3 did not appear to be
significantly affected by cadmium. However, slightly elevated cadmium values were
concentrated near the sandblasting waste areas and the Building 1087 paint booth. As stated
above, these concentrations do not greatly exceed the background value.

Copper. Copper concentrations in 37 of the 126 surface soil samples, including 6 duphcates,
exceeded the background value of 33.5 mg/kg. As shown on Figure 16-13, the elevated
copper values were concentrated near the sandblasting waste accumulation area, the
sandblasting waste drum storage area, and the Building 1087 paint booth (RI Site 32;
Screening Sites 31 and 33) and the Building 1089 acids area (Screening Site 89). However, 
copper concentrations remained relatively low. Only four surface soil copper concentrations
exceeded 100 mg/kg. SB32 contained a copper concentration of 235 mg/kg, SS32D
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contained a copper concentration of 103 mg/kg, SS33K contained a copper concentration of
163 mg/kg, and FS89P contained a copper concentration of 111.75 mg/kg. In addition, only
10 of the 125 copper concentrations exceeded t-wice the background value.

Sporadic copper concentrations m surface soil samples also exceeded the background value
near the former recoupment area (RI Site 27), the Building 770 underground oil storage
tanks (RI Site 34), and Building 783 flammables area (Screening Site 82). However, as shown
on Figure 16-13, the elevated concentrations were scattered throughout these areas. In
addition, the copper concentrations were relatively low. The highest copper concentration
for these three sites was 53.6 mg/kg.

With the exception of station SS33D, copper concentrations in surface soil were below
background in the grassy areas surrounding the painting and sandblasting area, again
indicating that surface soil effects are limited to the industrial area.

Of the 106 subsurface soil samples analyzed for copper, 16 samples, including 1 duplicate,
contained copper concentrations that exceeded the background value of 32.7 mg/kg. The
elevated copper concentrations were scattered throughout the borings and not concentrated
at any one depth. In addition, the copper concentrations were not significantly higher than
the background value of 32.7 mg/kg. The highest detected copper concentration in the
subsurface (49.3 mg/kg) occurred at the 3- to 5-ft interval of SB89B (duplicate sample).

Copper concentrations that exceeded the background value were concentrated near the
sandblasting waste areas, the Building 1087 paint booth, and Building 1089. However, these
concentrations remained relatively low, and elevated copper concentrations did not
consistently appear in the subsurface.

Nickel. Twenty-one nickel concentrations, including 5 duplicates, exceeded the value of

30 mg/kg in the 126 surface soil samples analyzed for nickel at 5U3. As shown on
Figure 16-14, the samples collected near the sandblasting waste accumulation area, the
sandblasting waste drum storage area, the Building 1087 paint booth (RI Site 32; Screening

Sites 31 and 33), and the Building 1089 acids area (Screening Site 89) contained the majority
of the nickel concentrations that exceeded the background value. However, the nickel
concentrations did not si~ficantly exceed the background limit. Only 1 nickel
concentration of 76.3 mg/kg, analyzed m SB32A, was greater than two braes the
background value of 30 mg/kg. Furthermore, the average nickel concentration m FU3 was
only 18.3 mg/kg.

Nine of 106 subsurface soil samples, including 1 duplicate, contained nickel concentrations
that exceeded the background value of 36.6 mg/kg. The elevated nickel concentrations were
located near the Building 783 flammables area (Screening Site 82) and the Building 972
flammables, solvents, waste oil area (Screening Site 84). However, the 9 concentrations that
exceeded the background value of 36.6 mg/kg only ranged from 40 mg/kg to 48.2 mg/kg.

The sandblasting waste accumulation areas, the paint booth, and Building 1089 appear to
have concentrated nickel values that exceeded the background limit in the surface soil.
However, the nickel concentrations in both the surface and subsurface do not significantly
exceed the background values.

16-10 ATL ~147543~CURRENT TEXT~SECTION16 DOC



MEMPHIS DEPOT MAIN INSTALLATION RI-FINAL l/~nna

487
Selenium. Selenium concentrations in 29 of the 126 surface soil samples, including 3
duplicates, exceeded the established background value of 0.8 mg/kg. As shown on
Figure 16-15, the elevated selenium concentrations are somewhat concentrated near the
former recoupment area (RI Site 27), the sandblasting waste accumulation area, the
sandblasting waste drum storage area, the Building 1087 paint booth (RI Site 32; Screening
Sites 31 and 33), and the Building 1089 acids area (Screening Site 89). A significant
percentage of samples collected from RI Site 27 and Screening Sites 33 and 89 exceeded the
background limit for selenium. However, the selenium concentrataons did not greatly
exceed this value. In fact, only 4 concentrations exceeded twice the background limit.
Selenium concentrations in A(23.9), SS89A, SS27T, and SS27L contained selenium
concentrations of 9.5 mg/kg, 3.8 mg/kg, 1.9 mg/kg, and 1.7 mg/kg, respectively.

Unlike other metals, selenium also was detected above background in most of the samples
within the perimeter grassy areas. As previously discussed, other metals associated with
operations in the southwestem comer of the Main Installation were not elevated m the
grassy area, indicating that it was not affected by the Depot. It is therefore likely that the
elevated selenium results from natural variation in soil conditions.

Nine of the 126 subsurface soil samples, including I duplicate, contained selenium
concentrations that exceeded the background value of 0.6 mg/kg. The elevated selenium
concentrations were dispersed throughout FU3 at varying depths. In addition, the elevated
concentrations only ranged from 0.78 mg/kg to 2.3 mg/kg.

Elevated, but relatively low, selenium concentrations appear to be lightly concentrated in
the surface soft near Screening Site 27, RI Site 32, and Screening Site 89. However, seleraum
does not occur in significant amounts in the subsurface.

Zinc, Fifty-hve of the 126 surface soil samples analyzed for zinc, including 8 duplicates,
contained zinc concentrations that exceeded the background value of 126 mg/kg. As shown
on Figure 16-16, the elevated zinc values were concentrated near the sandblasting waste
accumulation area, the sandblasting waste drum storage area, the Building 1087 paint booth
(RI Site 32; Screening Sites 31 and 33), and the Building 1089 acids area (Screening Site 89).
The highest average zinc concentrations were located in Screening Site 31, RI Site 32, and
Screening Site 89. The average zinc concentration at these sites was 330 mg/kg,
1,005 mg/kg, and 482 mg/kg, respectively, compared to the FU3-wide average of
257 mg/kg. High individual zinc concentrations also were encountered. SS32F, SS89J, and
SS31A contained zinc concentrations of 4,000 mg/kg, 1,600 mg/kg, and 1,560 mg/kg,
respectively.

Zinc concentrations in 8 of the 106 subsurface soil samples, including I duplicate, exceeded
the background value of 114 mg/kg. The elevated zinc concentrations were located near the
Building 783 flammables area (Screening Site 82), the Building 972 flammables, solvents, and
waste oil area, (Screening Site 84), and the Building 1089 acids area (Screening Site 89). 
zinc concentrations in the subsurface did not significantly exceed the background limit. In
fact, the zinc concentrations that exceeded the background limit of 114 mg/kg only ranged
from 120 mg/kg to 145 mg/kg. In addition, the elevated zinc concentrations were widely
dispersed and not concentrated in one boring or strata.

57
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Overall, elevated zinc concentrations were observed in the surface soil at the sandblasting
waste accumulation areas, the Building 1087 paint booth, and Building 1089. Some of these
concentrations significantly exceeded the background limit. However, zinc was not detected
in significant quantities in the subsurface.

16.4.1.2 Distributed Metals

Antimony, barium, beryllium, mercury, silver, and vanadium were detected at
concentrations that exceeded background values. However, the elevated concentrations for
these constituents occurred infrequently (see Table 16-3) and were widely dispersed. As 
result, the elevated concentrations of these constituents were not considered indicative of a
release from a source area in FU3, and these constituents were classified as distributed
metals.

Antimony. Antimony concentrations in 2 of the 119 surface soil samples exceeded the
background value of 7 mg/kg. These two surface soil samples were located near the
sandblasting waste accumulation area, the sandblasting waste drum storage area, and the
Bmldmg 1087 paint booth (RI Site 32; Screening Sites 31 and 33). Antimony was detected 
only 31 of the 119 surface soil samples. The detected concentrations ranged from 0.23 mg/kg

to 22.3 mg/kg. Only 3 antimony concentrations were detected in 103 subsurface soil
samples. No background value was established for the subsurface antimony concentrations.

Barium. Two of the 30 surface soil samples contained barium concentrations that exceeded
the background value of 234 mg/kg. These two surface soil samples were located near the
sandblasting waste accumulation area, the sandblasting waste drum storage area, and the
Building 1087 paint booth (RI Site 32; Screening Sites 31 and 33) Each of the 30 surface soil
samples collected contained a detected barium concentration. The detected concentrations
ranged from 28.7 mg/kg to 432 mg/kg. None of the 21 subsurface samples contained a
barium concentration that exceeded the background concentration of 300 mg/kg.

Beryllium, The background value of 1.1 mg/kg for beryllium was exceeded in one surface
soil sample. This soil sample was located near the Building 770 underground oil storage
tanks (RI Site 34). Beryllium was analyzed in 125 surface sotl samples and detected in 
surface soil samples, including 4 duplicates. The detected concentrations ranged from
0.05 mg/kg to 2 mg/kg.

Beryllium concentrations in 9 subsurface soil samples, including I duplicate, exceeded the
background value of 1.2 mg/kg. However, the beryllium concentrations that exceeded the
background value of 1.2 mg/kg only ranged from 1.3 mg/kg to 1.7 mg/kg. In addition, the

elevated beryllium subsurface concentrations were scattered throughout the soil borings
and not concentrated in any one area. Beryllium was detected in 47 of the 106 subsurface
soil samples, including 2 duplicates.

Mercury. A mercury concentration of 2.1 mg/kg in one surface soil sample exceeded the

background value of 0.4 mg/kg. This sample was located west of Building 972. A mercury
concentration of 0.37 mg/kg in one subsurface soil sample exceeded the background value
of 0.2 mg/kg. This sample was located near the northeastern corner of FU3. Mercury was
analyzed in 125 surface soil samples and 106 subsurface soil samples; it was detected m 32

surface soil samples and only 4 subsurface soil samples.
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Silver. A silver concentration of 2.5 mg/kg in one surface soil sample exceeded the
background value of 2 mg/kg. This sample (SB32A) was located near the sandblasting
waste accumulation area, the sandblasting waste drum storage area, and the’Building 1087
paint booth (RI Site 32; Screening Sites 31 and 33). No subsurface soil sample contained 
silver concentratton that exceeded the background value of 1 mg/kg. Silver was only
detected in 3 of the 125 surface soil samples and I of the 106 subsurface soil samples. The
detected concentrations ranged from 0.31 mg/kg to 2.5 mg/kg.

Vanadium. Vanadium concentrations in two surface soil samples exceeded the background
value of 48.4 mg/kg. These two samples were located near the former recoupment area (RI
Site 27). Vanadium was detected in all 31 surface soil samples and all 21 subsurface soil
samples. However, no vanadium concentration in a subsurface sample exceeded the
background value of 51.3 mg/kg.

16.4.1.3 Naturally Occurring Metals

Various samples collected throughout FU3 contained concentrations of calcium, iron,
magnesium, and potassium that exceeded background values. However, these metals
frequently occur in the natural clay soils beneath the site. Specifically, almost every soil
sample analyzed for these constituents at FU3 contained a detected concentration of
calcium, iron, magnesium, and potassmm. In addition, these metals do not pose significant
health risks and are not generally indicative of a release from source areas in FU3.
Therefore, the constituents described below were classified as naturally occurnng rmnerals.

Calcium. Calcium concentrations in 19 surface soil samples, including3 duplicates, exceeded
the background value of 5,840 mg/kg. The surface soil samples wlth elevated calcium
concentrations were broadcast throughout FU3. Calcium concentrations in 3 subsurface soil
samples exceeded the background value of 2,432 mg/kg. The 3 subsurface soil samples
were located near the Old Pond Area (TEC Site 90) and west of Budding 972. Caloum was
detected in all 31 surface soil samples, including 4 duplicates, and in all 24 subsurface soil
samples.

Iron. Iron was detected in all 31 surface soil samples, including 4 duphcates, and all 21
subsurface soil samples. Iron concentrations in 2 surface soil samples exceeded the
background value of 37,040 mg/kg. The elevated iron concentrations were detected near the
former recoupment area (RI Site 27). No iron concentration in a subsurface sample exceeded
the background value of 3,850 mg/kg.

Magnesium. The background value of 4,600 mg/kg for magnesium was exceeded m 4
surface soil samples. The magnesium concentrations were located northeast and southeast
of Building 970, west of Building 972, and near the Building 1089 acids area (Screening
Site 89). A magnesium concentration in one subsurface soil sample exceeded the
background value of 4,900 mg/kg. This sample was located west of Building 972.
Magnesium was detected in all 31 surface soil samples, including 4 duplicates, and in all 24

subsurface soil samples.

Potassium. Potassium concentrations in 4 surface soil samples exceeded the background
value of 1,820 mg/kg. These elevated potassium concentrations were detected near the
former recoupment area (RI Site 27) and at the northeastern and southeastern comers 
Building 970. Potassium concentrations in 6 subsurface soft samples exceeded the
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background value of 1,800 mg/kg. The elevated potassium concentrations were located near
the Building 770 underground oil storage tanks (RI Site 34), the Old Pond Area (TEC
Site 90), and between Buildings 873 and 875. Potassium was detected in 29 of the 30 surface
soil samples, including 4 duplicates, and in 18 of the 21 subsurface soil samples.

16.4.1.4 Metals below Background Values

Aluminum, cobalt, and manganese were detected in each of the 30 surface and 21
subsurface soil samples analyzed for these constituents. However, no concentrations of
these conshtuents exceeded the background values of 23,800 mg/kg, 18.3 mg/kg, and

1,300 mg/kg, respectively, in the surface and 21,800 mg/kg, 20 4 mg/kg, and 1,540 mg/kg,
respectively, in the subsurface.

16.4.2 Nature and Extent of SVOC Contamination

16.4.2.1 Surface Soil

On the basis of soil sample results for FU3, the primary SVOCs of concern m the surface soil
were deterrmned to be polynuclear aromatic hydrocarbons (PAHs). As shown 
Figure 16-17 and Table 16-4, 51 surface sample locations contained detectable concentrations
of total PAHs. The total PAH concentrations were detected throughout FU3 in RI Site 27,
Screening Site 31, RI Site 32, Screening Site 33, RI Site 34, Screening Site 82, Screening Site 84,
Screening Site 89, and TEC Site 93. The detected total PAH concentrations ranged from
0.085 mg/kg to 454.8 mg/kg. The highest total PAH concentrations (454.8 mg/kg and
182.43 mg/kg) were observed in B(26.2) and A(26.2), respectively, located on 
northeastern and southeastern comers of Building 970, between the building and adjoining
railroad tracks. Sites 27 and 34 also contained relatively high concentrations of total PAHs.
Samples from Site 27 contained total PAH concentrations of 100.8 mg/kg, 21.72 mg/kg, and
16.35 mg/kg; samples from Site 34 contained total PAH concentrations of 121 8 mg/kg,
111.1 mg/kg, and 46.5 mg/kg.

PAHs have been observed throughout the Main Installation, generally from surface soil
samples in proximity to railroad tracks and those not adjacent to railroad tracks. PAH
compounds can generate from creosote seepage that comes from railroad track cross ties,
from historical railcar leaks to the surface, or from the application of a PCP/used-oil
mixture that historically was applied for weed control along the tracks. PAH compounds
also can be generated as a result of engine exhaust from trucks, automobiles, and trains. To
further assess the presence of PAH compounds in surface soil from railroad track cross ties
and asphalt, two samples (RR57A and RR65A) were collected from the cross ties and two
samples were collected from asphalt (RD57A and RD65A) and analyzed for PAHs (see
Figure 8-2).

As shown in Table 16-5, high concentrations of the following PAHs were detected in the
railroad cross tie samples, indicating potential source contamination from railroad tracks:
benzo(a)anthracene, chrysene, flouranthene, naphthalene, phenanthrene, and pyrene.

However, as shown in Tables 16-4 and 16-6, a number of other PAHs were detected
throughout FU3, as well as in areas throughout the Main Installation. These are
benzo(a)anthracene, BaP, benzo(b)flouranthene, benzo(g,h,i)perylene,
benzo(k)flouranthene, and indeno(1,2,3-c,d)pyrene. Table 16-6 indicates that approximately
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80 percent of the PAH concentrations detected at FU3 occurred in samples not adjacent to
railroad tracks.

The relationship between detected PAHs in surface soil and asphalt could not be evaluated,
because of the difficulty in analyzing the asphalt samples (Table 16-5). Excessive matrix
interference caused unusually high dilution factors, which resulted in elevated reporting
limits (matrix interference was anticipated before analysis, and thus, only 6 grams of sample

rather than the typical 30 grams were analyzed). Therefore, PAHs at the requested reporting
limits were masked by the sample matrix. PAHs may be present, but were masked at the
reporting levels requested.

Concentrations of other SVOCs and PAHs (acenaphthene, acenaphthylene, benzyl butyl
phthalate, BEHP, diethyl phthalate, di-n-butyl phthalate, fluorene, 2-Methylnaphthalene,
naphthalene, and PCP) were detected in surface soil samples. However, no concentration of
these constituents exceeded a background value. In some cases, no background value was
available.

16.4.2.2 Subsurface Soil

As shown in Table 16-4, PAHs were not frequently detected in subsurface soil samples.
Total PAH concentrations were detected in only four subsurface soil sample borings
(A(23.9), A(25.2), SB34C, and TEC90B) located in the southwestern comer of the 

¯ A(23 9), near the Building 770 former underground oil storage tanks;
¯ SB34C;
¯ TEC90B, the Old Pond Area; and
¯ Between Buildings 873 and 875-A(25.2).

The detected total PAH concentrahons ranged from 0.176 mg/kg to 15.327 mg/kg.
However, each boring contained deeper samples that did not contain detected total PAH
concentrations. Specifically, a total PAH concentration of 0.6 mg/kg was analyzed in the
sample from the zero- to 4-ft interval of boring A(23.9); samples collected from the 4- to 7-ft
and 7- to 10-ft intervals in A(23.9) did not contain detected total PAH concentrations. Total
PAH concentrations of 0.328 mg/kg and 0.176 mg/kg were detected in the zero- to 4-ft and
4- to 7-ft intervals of A(25.2), respectively, and a sample collected from the 8- to 10-ft interval

in A(23.9) did not contain a detected total PAH concentration. A total PAH concentration 
15.327 mg/kg was detected in the 6.5- to 8.5-ft interval of TEC90B, but the sample collected
from the 9- to 11-ft interval in TEC90B did not contain a detected total PAH concentrahon

Fluoranthene and pyrene concentrations exceeded background values in the four subsurface
samples discussed above. The four detected fluoranthene concentrations ranged from
0.069 mg/kg to 2.4 mg/kg, exceeding the background value of 0.045 mg/kg. The four
detected pyrene concentrations ranged from 0.064 mg/kg to 2.4 mg/kg, exceeding the
background value of 0.042 mg/kg.

Concentrations of acenaphthene, anthracene, benzo(a)anthracene, BaP,
benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, carbazole, chrysene,
fluorene, indeno(1,2,3-c,d) pyrene, 2- ethylnaphthalene, naphthalene, and phenanthrene
were detected in subsurface soil sample TEC90B at the Old Pond Area at a depth of 6 5 to
8.5 ft. These compounds were not detected at the lower sample interval of 9 to 11 ft, nor
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were these PAHs detected in the subsurface soil at TEC 90A. Because the boring was not
located near a railroad track and because PAHs are typically surface soil contaminants, it is
speculated that the PAH detection at that depth may be due to exposure of the dry pond
bottom before being reworked when the pond was filled in.

16.4.3 Nature and Extent of Pesticide Contamination
A total of 7 pesticides were detected in 80 pesticide surface soil samples at FU3. The
pesticides are DDT, DDE, DDD, alpha-chlordane, gamma-chlordane, dieldrin, and
heptachlor. Table 16-7 lists these pesticides, the number of times for which they were
analyzed, and the minimum and maximum concentrations detected.

In the majority of the sample locations analyzed for pesticides within FU3, the results
indicated no detections or detections are below background concentrations. However, the
pesticides that were detected exceeded background values in at least one sample location
when a background value was available. There are three general areas in which elevated
concentrations of pesticides were detected in FU3:

¯ The southwestern corner of FU3 (near Buildings 1086, 1087, and 1088);

¯ The northwestern comer of FU3 (just east of the northeastern corner of Budding 972);
and

¯ The southeastern corner of FU3 (just east of the southeastern corner of Building 873).

Elevated concentrations of DDT, DDE and DDD were detected above background m the
extreme southwestern and northwestern portions of the FU. DDT was detected in 39 sample
locations (see Figure 16-18), with 14 detections above its background value of 0.074 mg/kg
(see Table 16-7). Most elevated concentrations of DDT were detected near Buildmgs 1086,
1087, and 1088 at concentrations ranging from 0.077 mg/kg to 0.41 mg/kg and just east of
the northeastern side of Building 972 at concentrations ranging from of 0.4 mg/kg and
0.12 mg/kg.

Two elevated concentrations of DDD and one elevated concentration of DDE were detected
in the western area of FU3 (see Figures 16-19 and 16-20). These two constituents frequently
were not detected or were detected below background values.

Alpha-chlordane and gamma-chlordane were detected at elevated concentrations in two
locations in FU3, on the southeastern corner of Building 873 and the northeastern corner of
Building 972 (see Figures 16-21 and 16-22). Alpha-chlordane was detected in 15 samples 
which 9 of the detected concentrations exceeded the background value of 0.029 mg/kg.
Gamma-chlordane was detected in 15 samples in which 10 of the detected concentrations
exceeded the background value of 0.087 mg/kg. The elevated concentrations of alpha-
chlordane were detected just east of the southeastern corner of Budding 873 at
concentrations ranging from 0.059 mg/kg to 0.23 mg/kg and just east of the northeastern
corner of Building 972 at concentrations ranging from 0.072 to 0.61 mg/kg. Gamma-
chlordane was detected in the same locations at concentrations ranging from 0.087 mg/kg to
0.24 mg/kg and from 0.081 mg/kg to 0.58 mg/kg, respechvely. With the exception of these
two locations, alpha-chlordane and gamma-chlordane normally were not detected in most
of FU3.
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Dieldrin was detected throughout the Main Installation and is not associated with known
sources of contamination at FU3. It was sprayed routinely on grassy areas and around
warehouses. In FU3, dieldrin exceeded its background concentration in 2 samples, which
were taken in grassy areas. The remaining 78 sample results at FU3 showed dieldrin below
background concentrations or not detected. Heptachlor was detected in one sample location,
but there is no background value for this chemical and the significance of this detection
cannot be assessed.

16.4.3.1 Pesticides in Subsurface Soil

A total of 59 subsurface soil samples were analyzed for pesticides. DDE and dieldrin were
detected in one sample (TECq0B) at a depth of 6.5 to 8 ft and DDT was detected in another
sample (SB82A) at a depth of 9 to 10.5 ft. DDE and DDT slightly exceeded background
values and dieldrin exceeded its GWP value. Both of these sample points were located in
grassy areas on the eastern side of FU3, near K Street and 94 Street (see Figure 16-2). The
remaining subsurface samples showed no detections of peshcides in the subsurface soil

16.4.4 Nature and Extent of Dioxin and Furan Contamination
Dioxins are ubiquitous in the urban environment and have been detected in the background
samples. Dioxins were analyzed for in surface soil and subsurface soil at Screening Site 82
(Buildings 783 and 793) because of the past storage of dioxin-laden soils in Buildings 783
and 793 at the former contaminated Soil Drum Storage Area. Table 16-8 presents the number
of times that dioxins and furans were detected in the soils near these buildings, the number
of times background values were exceeded (where applicable), and the minimum and
maximum concentrations detected. As shown in Table 16-8, estimated concentrations of
TCDD equivalents exceeded established background TCDD equivalent values in surface soil
samples. However, the maximum TCDD equivalent concentration in the site samples of
0.000013 mg/kg is similar to the background TCDD equivalent concentration of
0.000010 mg/kg.

Of the different isomers of dioxins and furans, the higher chlorinated isomers such as octa-
isomers are the most persistent and are commonly detected in the general environment
(ATSDR, 1998). Detections indicate that the observed concentrations probably are a result 
atmospheric deposition that result from waste incineration and burning actlwties. The
TCDD equivalent concentration detected in Sample SS82A only slightly exceeded the
background value, and TCDD itself was not detected in any of the samples. These hndings
indicate that site activities at Building 783 may not be the source for the observed dioxins
and furans, and that they probably are a result of atmospheric deposition from non-point
sources within the urban environment.

The samples analyzed for dioxins and furans indicated low-level detected concentrations in
the subsurface soil located near the Buildings 783 and 793 flammables area (Screening
Site 82). However, these chemicals are not leachable and are not expected to be present 

the subsurface soils (ATSDR, 1998; EPA, 1989). The detected values are interpreted to 
sampling and analysis artifacts, based on the technical information of these groups of
compounds’ physical and chemical properties. Similar artifacts may have resulted in
positive detections in the background subsurface soils, also. The observed TCDD equivalent
values are sirmlar in the site samples and the background (see Table 16-8).
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16.4.5

64

Nature and Extent of VOC and Other Organics Contamination in Surface
and Subsurface Soil

16.4.5.1 VOCs in Surface Soil

A total of 11 VOCs were detected in the 80 surface soil samples analyzed for VOCs
throughout FU3. The VOCs are 2-Hexanone, acetone, benzene, bromomethane, carbon

disulfide, MEK, methyl isobutyl ketone (MIBK), methylene chloride, toluene, total xylenes,
and TCE. Table 16-9 presents a list of these compounds, the number of times they were
detected, the number of times background values were exceeded (where applicable), and
the minimum and maximum concentrations detected.

The majority of the surface soil sample results for VOCs within FU3 indicate no detections.
However, there are three isolated areas in which elevated concentrations of VOCs were
detected in the surface soil in FU3:

¯ MEK, 2-Hexanone, benzene, bromomethane, and MIBK were detected at elevated
concentrations on the northwestern corner of Building 972 at sample points SS84H and
SB84A (see Figure 16-2). These detections could have resulted from an isolated spill
associated with waste oil and solvent handling in Building 972;

¯ MEK, benzene, and toluene were detected at elevated concentrations at sample point
SS33M (Screening Site 33), taken in the gravel area just east of the concrete pad between
Buildings 1087 and 1088 where sandblasting and waste operations took place. MEK and
toluene were detected at concentrations slightly above background. A background value
was not established for benzene; and

TCE was detected at an estimated value of 0.001 mg/kg at sample point SS27F (RI
Site 27), located near the southeastern corner of Building 873. This isolated occurrence
may be due to isolated spills resulting from handhng chlorinated solvents in
Building 873.

16.4.5.2 VOCs in Subsurface Soil

A total of 106 subsurface soil samples were analyzed for VOCs. The same VOCs detected m
surface soil, plus chromomethane and minus MIBK, were detected in the subsurface soils
(see Table 16-9). Most subsurface soil results showed no detected concentrations.
Background values for most of the VOC constituents that were detected are not available in
the subsurface soil. However, none of the detected concentrations exceeded the GWP
values.

A number of the VOCs (MEK, toluene, total xylenes, bromomethane, benzene, carbon
disulfide, and 2-Hexanone) detected in the subsurface soil were located in the Old Pond
Area. At sample point TEC90A, the VOCs bromomethane (0.007 mg/kg), benzene
(0.001 mg/kg), MEK (0.038 mg/kg), and 2-Hexanone (0.001 mg/kg) were detected 
only sample interval of 5 to 7 ft. At sample point TEC90B, the VOCs benzene (0.001mg/kg),
carbon disulfide (0.023 mg/kg), 2-Hexanone (0.003 mg/kg), MEK (0.02 and 0.016 mg/kg),
toluene (0.004J mg/kg), and total xylenes (0.002J mg/kg) were detected at the sample
interval depth of 6.5 to 8.5 ft. It does not appear that the vertical extent of VOC
contamination has been bounded at the Old Pond Area, because MEK was detected at the
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lowest sample depth of 9 to 11 ft at TEC90B. Nonetheless, detected VOC concentrations did
not exceed the GWP values.

Probably because of volatilization at the surface, detected concentrations of VOCs in
subsurface soils were not always colocated with elevated surface soil concentrations, as
follows:

¯ MEK was not detected in the subsurface soil at Screening Site 33, where elevated
concentrations were detected in the surface soil. However, concentrations of MEK were
detected in the subsurface soil on the northwestern and northeastern comers of
Building 972 at depths ranging from 8 to 11 ft (sample points SB84A [0.019 mg/kg],
SB84B [0.004J mg/kg] and SB84C [0.013 mg/kg]), as well as m the Old Pond Area at
depths ranging from 6.5 to 11 ft (sample points TEC90A [0.001J mg/kg] and TEC90B
[0.023 mg/kg]). MEK was not detected in the lowest sample depth of 18 to 20 ft; and

¯ TCE was not detected in the subsurface soil at Building 873 (RI Site 27), where 
estimated concentration was detected in the surface soil. Estimated concentrations of
TCE were detected in the subsurface soil on the northwestern comer of Building 972
(sample point SB34A [0.002 through 0.007 mg/kg] at depths of 8 to 20 ft) and just west 
Building 770 (sample point SB84C [0.013 mg/kg] at depths of 4 to 21 ft). The vertical
extent of contamination has not been bounded because estimated concentrations of these

constituents were detected in the lowest sample depths. Spills from drum storage and
solvent handling reported at these two buildings are likely sources.

The GWP values for the VOCs detected in the subsurface soil are: 1.4 mg/kg (2-Hexanone),
16 mg/kg (acetone), 0.03 mg/kg (benzene), 0.2 mg/kg (bromomethane), 32 mg/kg (carbon

disulfide), 17 mg/kg (MEK), 0.02 mg/kg (methylene chloride), 12 mg/kg (toluene),
0.2 mg/kg (total xylenes), and 0.06 mg/kg (TCE). None of the detected VOC concentrations
exceeded the GWP values.

16.4.5.3 Other Organics

Petroleum hydrocarbons were analyzed for in four locations: just south of Building 1084
(see Section 1.7); an old concrete grease rack in Building 1085 (see Section 1.7); a storage 
for POL at surface soil sample locations A(35.2), B(35.2), C(35.2); and boring 
Concentrations of petroleum were detected in the surface soil at depths of zero to 0.5 ft. No
concentrations were detected in the subsurface soils m ttus area. Petroleum hydrocarbons
also were analyzed for at sample location A(23.9), the area outside of Building 995 that 
associated with the location of a gasoline spill. There were no detects in the surface soil, but
there was a detected concentration of 3.2 mg/kg in the subsurface soil at a depth of zero to
4 ft. Concentrations of petroleum hydrocarbons were not detected at the lower sample
interval depths of 4 to 7 ft and 7 to10 ft in this area.

Background values were not established for petroleum hydrocarbons, but the detected
concentrations in the three surface soil samples (ranging from 35.8 mg/kg to 274 mg/kg)
exceeded the Region III RBC direct exposure value of 34 mg/kg. The GWP value of
340 mg/kg was not exceeded in the subsurface sample detection.
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16.5 Nature and Extent of Surface Water Contamination
Stormwater in ~q.J3 is routed by drop inlets to the underground drainage pipe system and
flows north, where it is discharged to Tarrant Branch at Gate 9 (Outfall 5) in FU4 (Black 
Veatch, 1999). Tarrant Branch discharges to Nonconnah Creek west of the Depot.

16.6 Nature and Extent of Sediment Contamination
To evaluate the environmental conditions in Building 1086, one BRAC sediment sample,
A(35.3), was collected from the sump located in Building 1086, which houses a spray paint
booth. Contaminants detected in the sump sediment at Building 1086 are listed in
Table 16-10 and include metals (antimony, cadmium, copper, lead, nickel, and zinc) and 
SVOC (naphthalene). Naphthalene is a solvent commonly used for cleaning paint
equipment; it also is a constituent in various paints. These sediments are beneath a grate and
are not subject to direct surface water transportation because they are within a covered
building. Therefore, the sediments do not present a direct exposure to humans or aquatic
orgamsms.
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TABLE 16"2
Analytes Investigated for FU3
Memphs Depot Main Insta//atlon R/

Functional
Unit Site Matrix1 Event
7 GW GW GW2

3 27 SB MAINRIFSz

3 27 SB RI4

3 27 SS MAINRIFS

3 27 SS RI

3 31 SB SS5

3 31 SS SS

3 32 SB RI

3 32 SS RI

3 33 SB SS

3 33 SS MAINRIFS

3 33 SS SS

3 34 SB RI

3 34 SS MAINRIFS

3 34 SS RI

3 70 SB SS

3 82 SB SS

3 82 SS SS

3 84 SB SS

3 84 SS MAINRIFS

3 84 SS SS

3 87 SS MAINRIFS

3 89 SB MAINRIFS

3 89 SB SS

3 89 SS MAINRIFS

3 89 SS SS

3 90 SS MAINRIFS

3 93 SS MAINRIFS

3 BRAG SB BRAG6

3 BRAG SE BRAG

3 BRAG SS BRAG

3 BRAG SS MAINRIFS

X X

X X

X X

X X

X

X X

X X X

X

X

X

X

X

X

X

X

X X X

X

X

X

X

X

X

X

X X

X

X

X

X

X X

X

X X

X X

X

X

X

X

X X

X

X X X

X X

X X X

X X

X X X

X

X X

X X

X X X

X

X

X X

X X

X X

X X

X X

X X

X

X

X

X

X

X

X

X X

X X

X X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Notes
TMatnx GW-gmundwater, SB-subsufface sod, SS-surface soil, SE-sump sed=ment

2GW Groundwater sampled m March 1996, March 1997, September 1997, June 1998, and October 1998
3MAINRIFS Additional samples for RI, BRAG and Screen=n0 Sites (and m=tml mvesbgabons for TEC sites) collected 

September and October 1998

4RI RI S=tes sampled in December 1996 and January 1997
SSS Screening S=tes sampled =n December 1996 and January 1997

eBRAC Base Realignment and Closure
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TABLE 16-3

Frequency of Metals Detection in Surface and Subsurface Soil at FU3

Memphzs Depot Mare Installahon R~

Minimum Maximum Number
Number Number Minimum Detecbon Maximum Detection Background Background

Matrix PBrEmeter Analyzed Detected Detection Qualifier Detection Quahher Value Exceedances
Sudace Soil

SS ALUMINUM 3O 3O 2,820 J 13.660 23,810 0
SS ANTIMONY 119 31 O 230 J 223 7O0 2
SS ARSENIC 125 122 O 430 J 492 20 0 I1
SS BARIUM 3O 3O 28 7 432 234 2
SS BERYLLIUM 125 57 0 050 J 200 110 1
SS CADMIUM 125 61 0 O8O J 810 1 40 18
SS CALCIUM 3O 30 951 227,000 5,840 19
SS CHROMIUM I]1 5 5 131 403

SS CHROMIUM, TOTAL 125 125 5 5O J 915 24 8 66
SS COBALT 30 30 0 880 J 8 8O J 183 0
SS COPPER 125 123 410 235 33 5 37

SS IRON 3O 3O 3,960 51,300 37,040 2

SS LEAD 125 125 2 80 J 4,150 30 0 77

SS MAGNESIUM 3O 3O 263 J 10,900 4.3O0 4

SS MANGANESE 3O 3O 6O2 634 1.304 0

SS MERCURY 125 32 0015 J 2 10 0 400 1
~S NICKEL 125 125 3 20 76 3 30 O 21

~S POTASSIUM 3O 29 190 J 4,650 J 1,820 4

SS SELENIUM 125 36 0 290 9 50 J 0 800 29
SS SILVER 125 3 0 310 J 2 5O 2OO 1

SS SODIUM 3O 9 62 1 J 883 J

~S VANADIUM 30 3O 6 80 76 7 48 4 2

SS ZINC 125 125 20 9 4,000 126 55

Subsurface Soil

SB ALUMINUM 21 21 5,990 J 19,500 J 21,829 0

SB ANTIMONY 103 3 0 740 J 7 80

5B ARSENIC 106 101 210 265 170 17

S8 BARIUM 21 21 58 7 J 240 300 0

Sa BERYLLIUM 106 44 0100 J 1 70 1 20 9

$B CADMIUM 106 13 0 O7O J 1 50 1 40 1

SB CALCIUM 21 21 912 50,300 2,432 3

SB CHROMIUM, TOTAL 106 106 210 102 26 4 42

se COBALT 21 21 2 70 J 100 20 4 0

se ;OPPER 106 103 2 5O J 49 3 327 16

SB IRON 21 21 11,100 24,200 38,480 0

SB _EAD 106 106 110 282 23 9 17

BB ~AGNESIUM 21 21 816 7,760 4.900 1

SB v~ANGANESE 21 21 2O6 J 1,170 J 1,540 0

SB ~ERCURY 106 3 O 030 J 0 050 0 2OO 0

SB ~41CKEL 106 105 0 570 J 48 2 366 9

SB ~OTASSIUM 21 18 625 3.190 1.8O6 6

SB SELENIUM 106 10 0 360 J 23O O60O B

sa SILVER 106 1 0380 J 0380 J 100 0

SB v’ANADIUM 21 21 138 J 384 51 3 0

SB EINC 106 106 1 70 J 145 114 8

Notes

All units are mgJl~g
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TABLE 16.4

Ftequerc.y of $VOC Dete~oo8 ,n Surface and Subsurface Boll ,n FU3

Memphis Depot MaJn Insta//abon RI

~imum MuJMw’N k~mber
Chem Num~ Numb~ M~cnum Madm~ Backgrour~ E~Ckgmund

Matl~ C~o~ PRamlte¢ /u1~yzed Det ~,c~on ~alm~ Gual~ Value Exc~e|
Sur/ace SOil

SS PAH rotal Polynuclear AromaUc 107 51 8 50E-02 J 4 55E+02
"tydrocarbonl

55 PAH !-METHYl_NAPHTHALENE 107 2 0084 J 0510
SS PAH S.CENAPhl~ENE 107 12 0 O63 J 50O0 J
SS PAH ~,CENAPHTHYLENE 107 2 OO88 J 0140 0 190 0
SS PAH M~THRACENE 107 14 0 070 11OOO J 0O96 12
SS PAH 3ENZO(B)AlClrHRACENE 107 43 0039 J 40O00 0710 13
SS PAH =IENZO(8)PYRENE 107 42 OO39 J 37 O00 O96O 11
SS PAH 3ENZO(b)FLUORANTHENE 107 43 OO38 J 390OO O9OO 12
SS PAH 3ENZO(g,h,I)PERYLENE 107 35 0O37 J 22OOO O82O 5
SS PAH 3ENZO(k) FLUORANTHENE 107 41 0 043 J 34000 0 780 12
SS PAH 3HRYSENE 107 45 0 043 J 46OOO 0 94O 11
SS PAH 31BENZ(8.h) ANTH RAC EN 107 2 0210 1 2O0 0 260 1
SS PAH -’LUORANTHENE 107 5O 0 O40 J 71 O00 1 6OO 12
SS PAH :LUORENE 107 14 0 056 J 4800 J
SS PAH NDENO(1,2,3-C,d)PYREN 107 36 0048 J 22 0O0 0 700 11

SS PAH ~IAPHTHALENE 107 4 0 085 J 0 630 J
SS PAH PHENANTHRENE 107 44 0 043 J 52 0O0 0610 18
SS PAH PYRENE 107 49 0 O43 J 71 COO 1 50O 11
SS SVOC 3ENZYL BUTYL PHTHALATE 37 1 OO83 J 0 O83 J 0 845 0
SS SVOC :¢S(2-ETHYLHEXYL) P HTHALATE 37 11 0O40 J 56OO
SS PAH 3ARBAZOLE 37 7 0 O8O J 1OOOO J 0 O67 7
SS SvCC DIETHYL PHTHALATE 37 1 O900 O9OO
SS SVOC DI-n-BUTYL PHTHALATE 37 1 0 180 J 0 150 J
SS SVOC PENTACHLOROPHENOL 37 1 0 680 O 68O
Subsurface Soil
SB PAH Total Polynudear Aromabc 89 5 1 76E-01 J 1 53E+01

HydrOcarbons

SB PAH 2-METHYLNAPHTHALENE 89 1 0 O57 J 0 O57 J

SB PAH ACENAPHTHENE 89 1 0480 0 480
$8 PAH ANTHRACENE 89 1 0 670 0 570
5B PAH BENZO(a)ANTHRACENE B9 4 OO44 J 1 20O

SS PAH BENZO(a)PYRENE 59 3 OO8O J IO00
SS PAH BENZO(b)FLUORANTHENE B9 3 0 O88 J 1000

SS PAH BENZO(g,h,I)PERYLENE 89 3 0100 J 0 710

SB PAH BENZO(k) FLUORANTHENE 89 3 0081 J O 720

SB PAH CHRYSENE 89 5 0 043 J 1200
SB PAH FLUORANTHENE 59 4 0 O69 J 2 4OO
SB PAH FLUORENE 89 2 0150 0 38O J
SS PAH INDENO(t,2,3-C,d)PYRENE 89 2 O090 J 0 670

SB PAH NAPHTHALENE O0 1 0 240 J 0 240 J

SB ’PAH PHENANTHRENE 89 3 0 O56 J 2 2OO

SB ~AH PYRENE 89 4 OO64 J 2 4O0

SB 3VOC BENZYL BUTYL PHTHALATE 45 1 0510 0510
SB 3VOC b~s[2-ETHYI.HEXYL) PHTHALATE 45 17 0 O45 J 7800

SS :’AH CARBAZOLE 45 I 0 450 O48O

SS ~VOC D J-n-BUTYL p HTH ALATE 45 4 0 075 J 1 20O

qoles

3O~ded pAHs were detected In railroad track sampl~ or throughoul FU3

3ackground values were not deteCted for most SVOCs in subsurface sc¢[

UI un~s are mg/kg
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TABLE 16-6

Frequency of PAH Dete~ons Near Railroad Tracks at FU3

Memphis Depot Matn Insta//atlon RI

Funchonal Number Num~r~3 NumberFU10Raho FUll
Matrix Udt ChemGroup Parameter Analyzed ~tectio~ Detechon3 FU3 (PerCenl

SS 3 PAH Total Polynuclear Aromabc Hydrocarbons 107 51 8 16%

SS 3 PAH 2-METHYLNAPHTHALENE 107 2 1 50%

SS 3 PAH ACENAPHTHENE 107 12 3 25%

SS 3 PAH ACENAPHTHYLENE 107 2 1 50%

SS 3 PAH ANTHRACENE 107 14 3 21%

SS 3 PAH BENZO(a)ANTHRACENE~ 2 107 43 8 19%

SS 3 PAH BENZO(a) PYRENE2 107 42 8 19°1o
S$ 3 PAH BENZO(b)FLUORANTHENEz 107 43 8 19%

SS 3 PAH BENZO(g,h,I)PERYLENE2 107 35 5 14%

SS 3 PAH BENZO(k) FLUORANTHENE2 107 41 8 20%
SS 3 PAH CHRYSENE1 107 45 8 18%

SS 3 PAH DtBENZ(a,h)ANTH RACEN 107 2 0 0%

SS 3 PAH FLUORANTHENE1 107 5O 8 15%

S$ 3 PAH FLUORENE 107 14 3 21%

SS 3 PAH INDENO(1,2,3-c,d)PYRENE2 107 36 6 17%

SS 3 PAH NAPHTHALENE1 107 4 1 25%

SS 3 PAH PHENANTHRENEI 107 44 7 16%

SS 3 PAH PYRENEI 107 49 8 16%

Notes’
~These PAHs were detected in radroad track samples
2 These PAHs were detected throughout FU 3 and the Mare installation

3 FU10 detections represent those samples coIlected near radroad tracks throughout the Ma~n Instanat=on

tn this table, FU10 detections are presented for those samp]es COllected wtthm FU3

73

ATL/147543/SECT[ON 16 TABLESIFOD Analysis XLS~Table 16-6 16-27



487 74

TABLE 16-7

Frequency of Pesbodes Detections m Surface and Subsurface Sc~l in FU3

MemphJs Depot Main Ins~3/lab~q RI

Mirdmum
Nm’nber N=mber MUlbnum Oltllctk~

Batrix Para.m~ /~ Oetectad I~tacilo~

Surface Soil

~S ALPHA-CHLORDANE 80 15 00014 J

SS DDD 80 4 0 0290 J
SS DOE 80 33 00014 J

SS DDT 80 39 0 0020 J

3S ~IELDRIN 80 24 00012 J

~S ,.~AMMA=C H LOROAN E 80 15 00017 J
SS ’~EPTACHLOR 80 1 0 0350 J

Subsurface Soil

3B DDE 59 1 0 0400 =

3B DOT 59 1 0 0079

3B DIELDRIN 59 1 0 C~49 J

Muk~um
Maximum O*eactkm BacJtgrouncf
DltlclJon Ouallf~¢ Units VllUl

0610 MG/KG

0 046 MGJKG

0 170 J MGJKG

0410 MGgKG

0 180 MGJKG

0 580 MCVKG

0 035 J MCVKG

0 040 = M Cv’X G

0 008 MGJXG

0 005 J MCdKG

Number
8ack~ound
E=ceedances

0 0290 9

0 0O67 4

0 1600 1

00740 14

0 0860 2

00260 10

O0015 i

0 0072 1

0 3700 0



TABLE 16-8

Frequency of DJox~nuFurans Detectmns =n Surface and Subsurface Soil m FU3

Memphis Depot Main/nsta//ahon RI

MblRW Mlxclt tlllt Nt~r
Cbem Num~4w NUmber Minimum Detect=on Det(ct mn BlckgrOUnd Bickgr~nd

Idlab~x Crow PlClffilltlr Anilyzed Dete~ed Dele~ Quald~ De~d~ Qu=~mr ValUe Exceedan~es

Surface Soil

SS DLOXlN 1,2,3A.6,7,8-HEPTACHLORODISENZOFURAN 0 6 4 00E.06 J 2 90E-04 J

SS DtOXln 1,2,3A,7,8,9*HEPTACHLORODIBENZOFURAN 6 2 2 00E~6 J 3 00E=06 J
SS Droxln 1,2,3,4.7,8"HEXACH LORODIBE NZOFU RAN 6 2 400E~6 J 4 00E-06 J

SS D~OXln 1,2,3,6.7,8- HEXACHLORODIBE NZOFURAN 6 2 1 00E,06 J 2 00E-06 J

SS D~0XIN 1,2,3,6,7,8- H EXACHLORODIBE NZO- P*DIOXIN 6 1 8 00E-06 J 8 00E*06 J

SS D~oxln I 2,3,7,8.9- H EXACH LORODIB E NZO- P-O[OXIN 6 2 5 CeE-06 J 3 00E-06 J

SS DlOxln ~- 3,4,6,7,8- H EXACH LORODIB E NZOFURAN 6 1 3 00E.06 J 3 00E~6 J

SS DbOXlN DCTACHLORODIBENZOFURAN 6 0 6 00E-06 J 0 00070 J 0 00O39 2

SS OlOYJn DC3"AC H LO RODIBENZO*p-DIOYJ N 6 6 0 0028 J 00103 O0O97 1

SS OlOxIn rCDD Equivalent 6 6 2 83E~6 0000013 0000010 2

SS Dioxin 31BENZOFURAN 37 3 O49O 2 40 J 0 647 2

Subsurface SO0

SB OlOXln 1,2,3 4,6,7,8-HEPTACHLORODIBENZOFURAN 13 4 2 00E-Ce J 3 00E-06 J

SB DlOXln 1,2,3,6,7.8-HEXACHLORODIBENZOFURAN 13 1 1 00E-Ce J 1 00E-06 J

SS DlOXln 1,2,3,7,8 0-HEXACHLORODISENZOFURAN 13 1 2 00E-ce J 2 00E-06 J

SB DlCxin 1,2,3,7,8,9-HEXACHLORODIBENZO-P-DIOXIN 13 1 3 00E*Ce J 3 CeE-06 J

SB DlOXln 2.3A,6,7,8-HEXACHLORODIBENZOFURAN 13 1 2 00E-Ce J 2 C~E-06 J

SB OlOXln :~CTAC H LOR O DIBE NZOFU RAN 13 8 2 00E-ce J 800E-06 J

SS DlOXln 3CTACHLORODISENZO-p-DIOXIN 13 13 0 CCO026 J 0 0079 0 0004 0

SB OlOXin TCDD Squwalent t3 13 5 00E-00 7 87E-06 6 00E-06 1

SB DlOXln DIBENZOFURAN 45 1 0 190 J 0 190 J 0 720 0

Note

All units are mg/k0
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TABLE 16-9

Frequency of VOC and Other Organic Detections ~n Surface and Subsurface SOlE =n FU3

Men’,phs Depot Ma~n Instaflat~on RI

FurC’tlOllal ChemGt Number Number
Mltnz U~d oup Paramet~ Analyzed Detected

Suffice SoiJ

SS 3 VOC 2-HEXANONE 80 3

SS 3 VOC ACETONE 80 34

SS 3 VOC BENZENE 81 3

SS 3 VOC 8ROMOMETHANE 80 4

SS 3 VOC CARBON DISULFIDE 80 2

SS 3 VOC METHYL ETHYL KETONE (2*BUTANONE) 80 5

$S 3 VOC METHYL ISOBUTYL KETONE (4-ME3"HYL-; 80 1

PENTANONE)

SS 3 VOC METHYLENE CHLORtDE 80 28

SS 3 VOC TOLUENE 84 5

SS 3 VOC Tolat Xylenes 81 3

SS 3 VOC TRICHLOROETHYLENE {TCE) 80 1

SS 3 ORG PETROLEUM HYDROCARBONS 4 4

Subsurface= Sod

SB 3 VOC 2-HEXANONE 106 2

$B 3 VOC ACETONE 106 46

$8 3 VOC BENZENE 106 2

SB 3 VOC BROMOMETHANE 106 4

SB 3 VOC CARBON DISULFIDE 106 4

SB 3 VOC CHLOROMETHANE 106 1

SB 3 VOC METHYL ETHYL KETONE (2-BUTANONE) 106 15

$B 3 VOC METHYLENE CHLORtDE 106 28

$8 3 VOC TOLUENE 106 1

iSB 3 VOC TotaJ Xytenes 106 1

~8 3 VOC TRICHLOROETHYLENE (TCE) 106 5

~B 3 ORG PETROLEUM HYDROCARBONS 2 1

qotes

3ackground values were not detected for most VOCs

Minimum MJigumum
M~mmum Det ecl~on MiL~le=um DltlClJon B|ckgtound Number B,ckground
Detection Quahf~t Detec~on Qttallfler Value Ex¢eedances

00010 J 00080

0 0020 J 0 1400

00010 J 00070

00020 J 00020

00020 J 00020

00020 J 00440

0 0020 J 0 0020

O001O J

00010 J

00010 J

00010 J

26 3

00010 3

0 0030 J

00010 J

0 0020 J

00010 J

0 0020 J

0 0020 J

00010 J

0 0040 J

0 0020 J

0 0020 J

3 2O

J

J

J

J 0 0020 0

0 0020 4

J

0 0070 J

0 0040 J 0 0020 1

0 0030 J 0 0090 0

00010 J

274

0 0030 J

0100O

00010 J

0 0070 J

0 0230 i = 0 0020 1

0 0020 J

0 0380

0 0040 J

0 0040 J

0 0020 J 0 0020 o

00100 J

32O
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Frequency of Contaminant Dete~ons in Sump at Building 1086 (FU3)

Memphis Depot Main Installation RI
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Numbet Number
Matrix Parameter Anaf’/zed Detected

~letals

MiNimum Maximum
MinLmum Detacbori Maximum eeteCbon Background
DetactJon OuaIBlet Detection Quahfet Value

3E ALUMINUM 1 1 3,550 J 3,550
3E ANTIMONY 1 1 28 40 J 28 4
3E ARSENIC 1 1 5 90 J 5 90
3E BARIUM 1 1 1,120 J 1,120
3E CADMIUM 1 1 84 3 84 3
3E CALCIUM 1 1 15.900 15.900
3E CHROMIUM. TOTAL 1 1 1.700 J 1.700
3E COBALT 1 1 44 4 J 44 4
3E COPPER 1 1 153 J 153
3E IRON 1 1 24,700 J 24,700
3E LEAD 1 1 3,820 J 3,820
SE MAGNESIUM 1 1 1,590 1,590
3E MANGANESE 1 1 224 J 224
3E MERCURY 1 1 0 100 J 0 100
3E NICKEL 1 1 30 30
3E POTASSIUM 1 1 173 J 173
SE SODIUM 1 1 1,330 J 1,330

3E VANADIUM 1 1 0 100 d 0 100
3E ZINC 1 1 2,550 J 2,550

3E PETROLEUM HYDROCARBONS 1 1

3E Total Polynuclear Arornahc 1 1
Hydrocarbons

)AHs

5,980 5,980

29 29

Number
~,ckground
Exceedances

J 10,085 0

J 8 1

d 12 O

J 118 1

29 1

14,860 1

J 20 1

J 14 1

J 58 1

J 23,080 1

J 35 1

2,440 O

J 871 0

J 4 0

31 0

J 1,560 0

J 240 1

J 3O 0

J 797 1

3E 2-METHYLNAPHTHALENE 1 1 8 20 8 20

3E ACENAPHTHENE 1 1 0 39 J O 390 J
3E ANTHRACENE 1 1 0 51 J 0 510 J

3E BENZO(a)ANTHRACENE 1 1 1 20 J 1 20 J

3E BENZO(a)PYRENE 1 1 0 84 J O 54 J
3E BENZO(b)FLUORANTHENE 1 1 1 40 J 1 40 J
3E BENZO(k)FLUORANTHENE 1 1 1 10 J 1 10 J
3E CHRYSENE 1 1 1 60 J 1 60 J
3E FLUORANTHENE 1 1 2 40 J 2 40 J

3E FLUORENE 1 1 O 70 J 0 70 J

3E NAPHTHALENE 1 1 5 50 5 50

3E PHENANTHRENE 1 1 3 10 3 10

3E PYRENE 1 1 2 20 J 2 20 J
3VOCs

3E 214-DJMETHYLPHENOL 1 1 16 O 16 O

~E btS(2-ETHYLHEXYL) 1 1 120 J 120 J
PHTHALATE

3E CARBAZOLE 1 1 0 400 J 0 400 J

3E ISOPHORONE 1 1 0 400 J 0 400 J

~ote

~,IE units are m~/k~

077 0

1 60 O

2 90 O

2 50 O

222 O

23O O

3 20 0

710 0

0 87 0

013 1

6 90 0

2 88 0

0 48 1

1 10 O
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17.0 Fate and Transport for FU3

The overall fate and transport discussion was included in Section 6.0. This section covers
information specific to FU3 and Site 34.

17.1 Fate and Transport for FU3
A summary of site conditions influencing the fate and transport of site contamination is
presented in this discussion. Figures 2-16 and 16-1 show the land cover types within FU3.

Source Area Characterization: FU3 is an entirely industrialized area covered mostly with
coarse gravel, some grass, paved roads and railroad tracks, and large warehouses (open and
closed) Runoff, leaching, and volatilization are anticipated to occur mostly in the open areas
without a cover, which is limited to the strips of grass-covered areas around the warehouse
buildings. The grassy areas along the western and southern borders, outside the fenced site

areas, are not accessible for site operation-related direct releases.

The open area is more than 100 ft wide from the public road intersection, and on the
southern boundary, the grassy area is an uphill slope to the public road.

The future redevelopment plans include the removal of all warehouses and other buildings
in the area. The surface flow patterns will change in the future with a 4-acre water retention
pond built along the western boundary of the Main Installation, between FU3 and FU4. The
remainder of FU3 will be used as a light industrial area. The railroad tracks and associated
material across the Main Installation, including FU3, will be removed. Thus, many of the
PAHs detected along the railroad tracks could be removed during these actions.

Tables 18-1, 18-2, and 18-3 present the COPCs for soil and sump sediment samples within
FU3. The COPCs detected in the site media include PAHs, petroleum hydrocarbons,
dieldrin, and metals. Of these, only metals such as lead were associated with paint and
sandblasting operations in the Parcel 35 area. The PAHs are associated with railroads,
asphalt roadways, and vehicular traffic. Dieldrin is associated with routine tustorical
maintenance-related applications.

Potential Contaminant Migration, Persistence, and Exposure Points: The potential
migration pathways at FU3 are considered to be surface runoff, dust emission to air, and
leachability to groundwater.

The surface runoff pathway is not important because of the lack of significant flow through
surface drainage features within this FU; in particular, a direct sheet-flow off-site type of
runoff is not a possibility. Stormwater in FU3 is collected through the underground
stormwater drainage system and released off-site at a separate discharge point (Site 56).
Stormwater in FU3 is routed by drop inlets to the underground drainage pipe system and
flow north where it is discharged to Tarrant Branch at Gate 9 m FU4. Tarrant Branch
discharges to Nonconnah Creek west of the Depot. Low levels of residual pesticides used m
the past were detected at Site 56, but are not specific to FU3; thus, off-site migration is not

FM 47543~CURREN’~SECTION 17 DOC 17-1
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considered a significant concern for FU3. Dust emission is likely m the gravel-covered areas,
although to a limited extent. The grassy areas may dramatically reduce dust emissions off-
site. Potential dust emissions were included in the risk estimations using EPA-
recommended dust emission assumptions (PEF = 1.3 x 109 m3/kg).

The surface soil COPCs-PAHs, metals, and dioxin-are not very volatile and are expected to
remain bound to the soil; thus, they are likely to be released through dust.

Surface soils (based on 125 surface soil samples) at the site included metals and SVOCs
(mostly PAHs; see Table 18-1) as COPCs. Leaching to groundwater is not an issue for any 
the surface soil COPCs within FU3, based on their absence in the subsurface soil and
regional groundwater. Considering the historical nature of the activities at the Depot,
potential migration may have occurred by now. Also, the physio-chemical properties of
these chemicals indicate that these COPCs tend to sorb to soil and have a low migration
potential. No PAHs or other SVOCs (e g., PCP) exceed the GWP criteria in subsurface soils

The surface soils near the paint booth and sandblasting shops (Sites 31, 32, and 33) have
elevated levels of chromium and lead. The subsurface soils do not indicate elevated levels
for these metals. The groundwater underneath these sites may have slightly elevated levels
of metals in the historical groundwater data (see Table 32-3). However, concentrations 
these metals are not elevated in the wells within a short distance from the plating shop or m

the downgradient wells. The groundwater in this area moves toward the center of the site,
so off-site migration is not a concern. Further details regarding groundwater are provided in
Section 33.0.

Fluvial aquifer groundwater beneath FU3 has been affected by VOCs, primarily PCE and
TCE, but these chemicals were detected only in isolated surface or subsurface soil samples at
FU3 (see Figures 32-2 and 32-3). The detected concentrations were below the groundwater
transfer (GWP/SSL) criteria, indicating that soils may not be a continued source of the
groundwater contamination. Also, the location of the highest subsurface soil concentration
(SB78B and C) did not have significant VOCs in the groundwater, where PZ-03 had
0.007J ~tg/L TCE and no other CVOCs. Several aromatic VOCs typical of petroleum
hydrocarbons, and one CVOC, TCE, at concentrations ranging between 0.002 and
0.013 mg/kg in three subsurface soil samples were reported in soil samples. All aromatic
VOCs and TCE were below a groundwater protection-based screening criteria. This finding
leads to the conclusion that surface or subsurface soil within FU3 is not a continuing source
of groundwater contamination under FU3 within the Main Installation.

The metals exceeding the GWP criteria in subsurface soils were antimony (from 8 to 10 ft
bgs) and chromium (total) (from 3 to 20 ft bgs). The mobility of these metals is a function 

the soluble fraction (Kd) available for leaching to the groundwater. Considering the low
levels of these inorganic constituents in the subsurface soils and the time that has elapsed

since the industrial operations at the Depot were discontinued, any leachable fraction is
expected to have migrated to deeper soils and eventually to groundwater. Antimony is not
elevated in the groundwater underneath this FU (see Section 32.3). Thus, effects on the
fluvial aquifer groundwater from this COPC within th~s FU are anticipated to be negligible.

17-2 PI147543~CURREN]~.SECTION 17 DOC
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17.2 Fate and Transport for RI Site 34
The following is a brief summary of the site features that could influence the fate and
transport of the contaminants in the site media. Site 34 includes the former locations of USTs
near Building 770 that were used to store waste oil from 1960s until their removal in 1989.
Building 770 was also used to maintain and store heavy equipment. The site is located west
of the major railroad track confluence within the Main Installation. Figure 16-2 shows the
surface and subsurface soil sampling locations.

Chemical groups detected in the surface soils (from covered and open areas) included
mostly PAHs, with two metals and one SVOC (PCP). Chromium was detected in the
subsurface soil at the site.

The CSM for Site 34 is identical to the one for FU3, which is presented on Figure 18-2.
Primary release mechanisms include historical spills and leaks of the stored materials.
Secondary sources of the contamination are the site soils. Contaminants could be
transported through surface runoff, suspension of entrained dust particles, volatilization
into ambient air, and infiltration and leaching from soil to shallow groundwater. Potential
off-site migration pathways include surface runoff and dust emissions. However, because
the site does not have significant drainage features, runoff is not a migration pathway of
importance for RI Site 34. Off-site migration via runoff also is limited because the site does
not have the significant surface runoff ditches and slopes needed for this pathway to be
important, and the soil is shielded by gravel cover (see Figures 2-1 and 2-16). Although
COPCs bound to soil particles such as PAHs have been detected in site soils, off-site
migration is not likely to have occurred because soils lining the central drainage ditches
around the Depot do not indicate the presence of PAHs above background levels.

Considering the time that has elapsed since the Depot operations were discontinued, any
potential migration would have occurred by now

Because of the presence of gravel and grass cover on the soils, dust generation is not an
important emission pathway for COPCs. Evaluation of potential dust generation was
included in the risk calculations under conservative dust emission assumptions (EPA’s
default dust particulate emission factor of 1.32 x 109 m3/kg). All other migration pathways
are negligible at this site, based on the media monitoring information. Potential migration to
the subsurface soil is not indicated at this site because of the absence of surface soil

constituents in the deeper soil column. Leaching to groundwater is not considered a
significant migration pathway for this site because COPCs were not detected in subsurface
soil or groundwater. Further details about the COPCs detected in the area groundwater are
included in Sections 32.0 and 33.0.
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18.0 Baseline Risk Assessment for FU3 4 8 7 z z g

18.1 Human Health Evaluation for FU3
A baseline RA was conducted at FU3 using data collected as part of the BRAC Sampling
Program (from BRAC Parcels 23, 24, 25, 26, 27, 28, and 35); data from the RI (Sites 27, 
and 34); and data from Screening Sites 31, 33, 82, 84, and 89. Data were collected from
biased locations within known historical site activity areas to evaluate the maximum
possible contamination levels within a site and parcel. In general, several surface and
subsurface soil samples were collected within each site to assess chemical distribuhons.

An RA was conducted for FU that includes data collected from the sites and parcels hsted
above. In lieu of conducting an individual RA at each of the identified parcels and sites, a
surrogate approach was implemented to conservatively assess the potential human health
risks. The selection of the surrogate site is based on the exposure unit concept and the high-
end contamination areas. The selection of the surrogate site and the worst-case
representative sample point for the future hypothetical residential evaluations is based on
the potential exposure units, designed according to the predicted receptor behavior within
an identified area (exposure unit). The surrogate site and FU-wide RAs are based 
exposure units where the maintenance worker’s exposure unit is the entire area within an
FU, and an industrial worker exposure is assumed to be a smaller exposure unit represented
by a surrogate site. An exposure unit for a resident is assumed be a 0.5-acre lot, represented
by the highest PRE data point within the FU. A figure identifying the exposure units within
each FU is included in the human health RA sections. Residential exposure unit evaluation
was performed for comparison purposes only. Figure 18-1 presents the various exposure
units within FU3. The PRE results used as the basis for the surrogate site and the highest
PRE data-point selection are presented in Appendix E. Appendix F provides an analysis of
exposure levels for various receptors and provides justification for the selection of the most
conservative representative exposure scenario for this RA.

FU3 consists of the four large warehouses (Buildings 873, 875, 970, and 972) and several
smaller buildIngs. The southwestern comer area (Parcel 35) of FU3 included sandblasting
and paint operations before the Depot’s closure. The sandblasting and paint operations (at
Sites 31, 32, 33, and 89) included the removal of the old paint through sand blasting and
repainting. Some of the paint operation-related wastes (e.g., lead) also were detected at Site
83 and in Parcel 4 (FU6). Most of the open surface area within FU3 is covered by asphalt for
parking lots and roadways, or gravel-covered areas.

The Memphis Depot Redevelopment Plan (The Pathfinders et al., 1997) proposes to demolish all
of the buildings within FU3 and to convert FU3 into a stormwater retention basin of about
4 acres, located between FUs 3 and 4. The plans are to develop the remaining portion into a
light industrial area.

The surrogate site selected for FU3 is Site 34, which is an old UST near Building 770. The
site covers about an acre. The sites associated with the plahng shop operations (i.e., Sites 31,
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32, and 33) where metals were detected at elevated concentrations are located in the
southwestern corner of FU3, in Parcel 35.

The sediment sample from FU3 was collected from an indoor sump covered with a metal
grill located near the plating shop area, at sampling location A(35.3). This sample consisted
of sump bottom grit. These are not true sediments and are not easily accessible; it therefore
is not realistic to evaluate this medium for potential unlimited exposures. However, for the
purposes of site management decision making, assuming that exposure is occurring, a
worker exposure was evaluated by selecting COPCs from this sump grit sample.

Data were collected from biased locations within known historical site activity areas to
evaluate the maximum possible contamination levels within a site and parcel. When
contamination was identified in a sample, the extent of contarmnation was further defined
around that sample in the next phase of sampling. In general, several surface and
subsurface soil samples were collected within each site to assess the nature and extent of
chemical distributions. A summary of the number of samples collected within an FU and
the surrogate site and the frequency of detection for the detected chemicals are included in

Tables 18-1 through 18-3.

RI Site 34, the surrogate site for FU3, was selected following the methodology presented in
Section 7.1 (see Table 7-1 and Appendix E). This site had the highest PRE ratio in FU3. 
separate human health RA was conducted at RI Site 34. A future utility worker exposure
was evaluated for this site. The RGOs are to be calculated for COPCs that present risks for
an industrial worker, if the risk and HI are above the upper limit of the acceptable risk
range of 1@6 to 104 at FU3 and RI Site 34. If no excessive risks are observed, no RGOs will be
calculated.

The highest risk area was identified by PRE evaluations (Appendix E), and the future
residential scenario was evaluated for the highest risk sampling point from the results of the
PRE estimations, (i.e., B(26.2)) to calculate the potential exposure at a future residential 
(assumed to be a 0.5-acre lot).

18.1.1 Selection of COPCs for FU3
A table showing the COPCs selection criteria for FU3, along with human health screening
criteria by medium, is provided in Appendix D. A description of the COPC selection
methodology was provided in Section 7.0. Chemicals detected above background and the
RBCs were selected as COPCs for each of the media (see Tables 18-1, 18-2, and 18-3).

The COPCs for FU3 surface soil are antimony, arsenic, cadmium, chromium (total), lead,
mercury, selenium, vanadium, zinc, dieldrin, PAHs, carbazole, PCP, petroleum
hydrocarbons and dioxin. The COPCs for FU3 subsurface soil are antimony, chromium
(total), copper, and lead. However, for the conservative assessment of risks during
excavation types of exposures, all of the surface soil COPCs also were included for
subsurface soil, to account for exposure in the zero- to 10-ft soil column by workers. COPCs
for FU3 sediment are antimony, barium, cadmium, chromium (total), lead, zinc,
2,4-dimethylphenol, 2-methylnaphthalene, and total petroleum hydrocarbons (TPHs).

The COPCs were selected separately for the FU-wide RA, RI Site 34 (surrogate site), and the
single sample point used for the residential RA. A total of 117 surface soil samples, 187

subsurface soil samples, and one sump grit (sediment) sample were used for this FLJ-wide
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RA to evaluate the current and future industrial worker exposure scenarios. Of the detected
chemicals in surface soil, PAHs, PCP, dioxins and furans (TCDD equivalents), and nine
inorganic chemicals were selected as COPCs for surface soil within FU3. The constituents
detected above background in subsurface soil_were_only four inorganic chemicals (copper,
antimony, chromium, and lead). Because future worker populations could be exposed to
mixed soils (surface and subsurface) during utility and construction excavation activities, 
was assumed that surface and subsurface soils up to 10 ft deep included the same COPCs,
although no organic COPCs were detected in subsurface soil. This makes for a conservative
risk analysis for future utility worker exposures. The metals detected at elevated
concentrations in the stamp grit (sediment) sample and TPHs were selected as COPCs.

The COPCs for surface soil at the highest PRE data point, B(26.2), included PAHs only.
These COPCs were evaluated for residential exposure-related risk estimations for
comparison purposes. The RA for RI Site 34 is discussed in Section 18.3.

18.1.2 Exposure Assessment for FU3
The regional land use within a 3-mile radius of the Depot is presented on Figure 2-15. The
historical activities in FU3 can be generalized as packing and repacking hazardous and
nonhazardous materials from damaged and leaking containers; storing hazardous and
nonhazardous materials; storing antifreeze, petroleum products, paint, pesticides, and
solvents; storing waste oil in USTs; applying pesticides, herbicides, and waste oil containing
PCP; and sandblasting. Therefore, environmental samples collected from the media within
this FU were analyzed for a variety of constituents (e.g., TCL/TAL). In the future, FU3 
likely to remain a light industrial facility, wxth all of the existing buildings in the area
demolished. A small part of FU3 will be converted into a retention pond. Future use for the
site is proposed to be as a light industrial center.

18.1.2.1 Conceptual Site Model and Fate and Transport Overview

Figure 18-2 presents the conceptual site (exposure) model for FU3. Each of the components
of a conceptual site model is discussed below, including the primary and secondary sources
of contamination, primary and secondary release pathways, mechanisms, potential
receptors, and routes of exposure.

The primary sources of COPCs in environmental media at FU3 are historical site operations
such as the storage of various industrial materials and chemicals. As noted in the fate and
transport discussion in Sections 6.0 and 17.0, primary release mechanisms include historical
spills and leaks from the storage of chemicals and the surface application of pesticides,
herbicides, and waste oil. Some of the chemicals detected in the environmental media could
be the result of past paint and sandblast operations and railroad operations. Thus, soils
could become secondary sources of the contamination. Over time, surface soils potentially
could leach more mobile constituents to subsurface soil and eventually to shallow
groundwater, if conditions are favorable. "Favorable conditions" can be described as the
presence of shallow groundwater under soils that are very porous, tugh precipitation
conditions at the site, and the presence of very mobile chemicals. Most of these condxtaons
do not exist at the Main Installation. The depth to groundwater averages more than 85 ft
bgs, with a maximum depth of 132 ft bgs in the northwestern portion (MW-38) to 
minimum depth of more than 55 ft bgs; surficial soils are clayey and relatively impervious
and there are no highly mobile organic COPCs.
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Generic transport pathways for contaminants could include infiltration and leaching to
shallow groundwater, suspension of entrained dust particles, and volatilization into
ambient air. On the basis of the COPCs identified, volatilization is not an important
migration pathway, because no significant concentrations of volatile constituents were
identified in the soils within the ~J. Most of the COPCs are naturally occurring inorganic
chemicals and semivolatile constituents. Migration of these chemicals could occur via
surface runoff and/or dust-borne emissions. Because the potential for leaching of these soil
COPCs is low, potential effects on the groundwater from the site are minimal.

Potential exposure points on-site include areas where human activities and/or ecological
receptor occurrences are likely and could result in physical contact with one or more
contaminated media. Most of the ~ is inactive, with human activity limited to areas where
property has been leased to private operations. Thus, the current human activity in this area
is limited to workers in the recently leased property used by lumberyard (Building 972) and
maintenance workers performing routine activities such as lawn mowing and weed cutting.
The potential for direct human exposure depends on the presence of exposed contaminated
soil and the types of activities within the contaminated areas. Direct human exposure is
limited by pavement, gravel, and grass cover (see Figure 16-1). Much of the surface area 
KJ3 is covered by gravel and pavement, thus limiting potential exposures to soils during
maintenance activities. However, for purposes of this risk evaluation, exposures were
assumed to be unlimited. Future exposures were evaluated assuming unrestricted land use.
Exposures under a future land use are therefore assumed to be maintenance-related work
and industrial and residential activities for the entire FU. A utility worker can work
anywhere in the FU and therefore can be exposed to the larger exposure unit. However,
Site 34-was used as a surrogate, potential RME site to evaluateboth the industrial and utihty
workers’ exposures. These theoretical assumptions were included to evaluate the site under
conservative exposure assumptions.

On the basis of the nature of the buildings in the area and the planned reuse activities
described in the Memphis Depot Redevelopment Plan (The Pathfinders et al., 1997), all
existing warehouses and other buildings within FU3 will be removed, and the site will
remain a light industrial facility. There are no residents within FU3, and it is not hkely to be
used for residential purposes in the future. The closest off-site residents are across the
fenced property separated by roads both on the southern and western sides of FU3.
Potential exposure routes for the maintenance worker include incidental ingestion and
dermal contact with surface soil and inhalation of particulate emissions via dust from
surface soil. Because of the pavement, concrete, gravel, and grass land cover over FU3, dust
generation is expected to be limited.

18.1.2.2 Potentially Exposed Population and Identification of Complete Exposure
Pathways

On the basis of occupational duties, it is assumed that a maintenance worker spends an
8-hour workday, once per week (excluding vacation), 50 days per year for 25 years, cutting
grass or weeds in the gravel-covered areas. These are conservative assumptions considering
the small size of the area in this FU where contamination was detected and surface soil is
exposed. Exposure of these workers is assumed to occur via incidental ingestion of soil
(50 rag/day); the skin surface area accessible for dermal exposure is assumed to include
face, hands, and forearms. About 4 hours of the 8-hour maintenance workday is assumed to
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be spent in contaminated areas of the FU, so half of the total incidentally ingested soil is ’ 4 8 7

assumed to come from the contaminated soil. Thus, the FI or ET term of the dose estimates
is 0.5. Most of the other exposure factors used are default assumptions from the Exposure
Factors Handbook (EPA, 1997b). Site-specific factors were used for exposure frequency and
duration. Exposure factors and the rationale for their selection are included in tables in
Appendix G.

As noted previously, future base redevelopment is expected to focus on light
manufacturing and warehouse uses, so site activities will remain industrial. Therefore,
future potentially exposed populations are expected to be the same as the current human
receptors for the site. However, in the interest of conservatism, it was assumed that the site
would be converted to an alternate industrial facility that requires workers to spend more
time on the site, with a higher frequency of visits to the contaminated soil areas. This
represents the worst-case exposure scenario for industrial land use. Routes of exposure
include incidental ingestion, dermal contact, and inhalation of dust from surface soils.
Future industrial worker exposures were assumed to occur via the surface soil, and via the
subsurface soil in the event that the Depot undergoes construction or excavation and
subsurface soils become surface soils. Thus, a future industrial worker’s long-term exposure
to subsurface soil was evaluated. Exposure factors used were the default values for
industrial workers from the Exposure Factors Handbook (EPA, 1997b) and other published
sources as referenced in Appendix G. Under these assumptions, this hypothetical receptor
category would represent the maximum or most conservative degree of exposure that
would be associated with this site.

Selected areas of the Depot will be landscaped for aesthetic purposes. Such land use
alterations could expose landscaping workers to surface soil (zero to 2 ft bgs) via direct
contact and inhalation of particulate emissions during future redevelopment activities. This
potential future receptor would be expected to have a short exposure duration (1 year or
less). Because this scenario results in relatively lower exposure levels compared to those of 
maintenance worker, this scenario was not included for quantitation (see Appendix F for
relative exposure comparisons).

On the basis of the Memphis Depot Redevelopment Plan (The Pathfinders, et al., 1997), future
residential use of FU3 is unlikely. A hypothetical future residential receptor was evaluated
in this baseline RA for comparison purposes only. The nearest residential areas in the
vicinity of FU3 are to the south across Ball Road and to the west across Perry Road. The
only potentially complete exposure pathway for off-site residents is the inhalation of
airborne particulate s from surface soil. However, such exposure is likely to be minimal
because of the low potential for dust generation within FU3 due to the paved roadways, the
distance separating housing areas from the on-site areas, and the limited amount of outdoor
activities observed among the residents in the area. Also, the evaluation of the inhalation
pathway for a hypothetical future on-site resident is protective against potential off-site
residential exposure because of the dispersion and attenuation of dust due to the travel
distance from the on-site to the off-site areas.

The sump sample was used to estimate health risks. The sump is covered with a metal grill
and exposure could occur if a worker were to enter it to remove clogs. Therefore, this
scenario was used to assess risks to a maintenance worker and an industrial worker using
conservative exposure assumptions. The exposure assumptions used for such workers
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included a sediment ingestion rate of 50 rag/day, with 50 percent (0.5, as fraction) coming
from the sump from exposures for I hour of the 8-hour workday. Exposure frequency was
assumed to be 50 days for an industrial worker and 12 days (once per month) for 
maintenance worker. Dermal exposure was assumed to occur to hands and one-half of arms
and face for both worker groups. All other assumptions are default values (see
Appendix G).

Figure 18-1 presents the exposure units identified within ~3 for the various current and
future potential receptors for site contamination. Table 18-4 summarizes potential current
and future exposure pathways for FU3 and identifies the pathways that were evaluated
quantitatively in this RA. Receptors were conservatively selected to be protective of the
relatively lower exposure receptor population for quantitative risk evaluation for this FU.
Appendix F compares each potential receptor to the selected representative exposure

scenarios to ensure that selected exposure scenarios are protective against all potential
current and future exposures. Under these assumed conditions for exposure under current
and future land use, the receptor groups that were considered in deriving estimates of
exposure and health risk for l~J3 were as follows:

¯ Current on-site maintenance worker;
¯ Hypothetical future on-site commercial or industrial worker; and
¯ Hypothetical future on-site resident-adult and child (for comparison purposes only).

The EPCs were the estimated UCL 95% concentrations for surface and subsurface soils.
EPCs for a maintenance worker and a future industrial worker are the UCL 95% estimates
for the COPCs detected in the surface soil. The EPCs for subsurface soil for the UCL 95%
were estimated by combining samples collected from zero- to 10-ft depths (assuming future
soil conditions if surface and subsurface soils are mixed during construction and excavation
activities). A description of the UCL 95% calculation and the values calculated are provided
in Appendix H.

The EPCs for the future hypothetical residential scenario are the maximum PRE sampling
location concentrations for all chemicals detected m that particular sample (e.g,. sample
B26.2). The estimated EPCs are listed in Tables 18-5, 18-6, 18-7, and 18-8 and in Appendix H.
The dose (intake) was estimated for each of the complete exposure pathways (see
Appendix I).

18.1.3 Toxicity Assessment for FU3
Table 18-9 presents the toxicity factors for COPCs and the WoE classifications for each.
Detailed information regarding the basis for toxicity classification and the uncertainty
associated with the listed toxicity factors, based on the EPA toxicity database, is included in
the master toxicity tables located in Section 7.0 (Tables 7-7 and 7-8). Because most of the
toxicity values are selected from EPA databases, toxicity assessment information was
abbreviated here. Technical information provided by EPA Region IV as a basis for the
interim toxicity values used is included in Appendix J. Oral CSFs are available for arsenic,
eight of the PAH constituents, dieldrin, and PCP. Inhalation CSFs are available for arsenic,
dieldrin, and PAHs. The individual CSFs for the PAHs were derived usmg the TEF
compared to the BaP CSF. TEFs are provided in Table 7-9. The oral RfD values are available
for 11 of the COPCs, two of which are orgamc chemicals (dieldrin and PCP); all others are
inorganic chemicals. Oral toxicity factors were adjusted by the gastrointestinal ABScl factors
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for comparisons with dermal intake estimates. These values were presented in Table 7-10.
EPA RAGS guidance recommends a discussion of chemicals without toxicity factors. Of the
COPCs, only lead did not have toxicity criteria. However, lead was addressed to confirm
that high levels do not remain at the Depot. When a lead concentration exceeded the
residential screening value for direct exposure, soil target concentrations protective of an
adult worker were calculated using EPA’s TRW-recommended lead model (EPA, 1996c).

18.1.4 Risk Characterization for FU3
The methodology used for risk and HI calculations is described in Section 7.0, and risk and
HI calculations are included in Appendix I. The carcinogenic risks and noncarcinogenic HI
results from Appendix I are summarized in Tables 18-10 and 18-11. A set of histograms of
the risks and His is presented on Figures 18-3 and 18-4.

FU3 was evaluated as one exposure unit. Current and future workers were assumed to have
uniform exposures to all areas within FU3. The EPCs were assumed to be distributed at the
estimated upper-bound concentration levels (UCL95%) over the entire surface area of the
FU. These are conservative assumptions, because most soil is covered by pavement or grass
(Figures 2-16 and 16-1), which restricts direct contact with soil. Also, the samples were
collected around the suspected contaminated areas; thus, they represent the high-end
concentrations in limited areas. The uncontaminated areas are under-represented.

The ELCR from surface soil to a maintenance worker from FU3 is estimated at I x 10-6, from
BaP, other PAHs, and arsenic. The carcinogenic risks are witl’un the acceptable range of 1 to
100 in one million (10.6 to 104). The noncarcinogenic HI for the maintenance worker 
estimated at 0.005, which is well below the target value of 1.0. Both carcinogenic and
noncarcinogenic risk estimates are within the acceptable limits. Exposures to sediments
evaluated for the maintenance worker (although unlikely) resulted in an HI of 0.03. 
carcinogenic chemicals were detected in the sediments. Thus, maintenance worker exposure
to the site soils and sediment is not a concern, given that the risks and His are within
acceptable limits.

The estimated ELCR to an industrial worker from surface soil is 9 x 10-6, and subsurface soil
mixed with surface soil presents an ELCR of 6 x 10-6, both of which are within the
acceptable risk limit range of 10.6 to 10-4. The noncarcinogenic hazards from surface soil and
from mixed soil (surface and subsurface together) are 0.1 and 0.04, respectively, both 
which are well below 1.0. The noncarcinogenic hazard from sediments (no carcinogenic
COPCs in sediments) to the industrial worker is 0.6, which is also well below 1.0. This
worker scenario assumes a 1-hour exposure during a workday, once a week for 50 weeks
(50 days per year), for an exposure period of 25 years. The resulting risks are well within the
acceptable limits for cancer risks of I to 100 in one million and an HI of 1.0. Thus, the FU3
soils do not pose a health threat to future industrial workers, despite the conservative
exposure assumptions used.

Sediment samples included for this assessment are the deposits from the bottom of the
drainage in the paint shop area. Although casual contact with the bottom deposits is not
likely, such routine constant exposure was assumed for this conservative evaluation. There
are no carcinogenic chemicals within these sediment samples. However, several of the
metals are significantly elevated above naturally occurring levels for the surface media.

135

ATL \147543~CURRENT TEXT~$ECTION 18 DOC 18 7



MEMPHIS DEPOT MAiN INSTALLATION R~FINAL 1/2000

487 136
Lead in the sump sample was detected at 3,820 mg/kg, which is above a calculated target
value of 1,500 mg/kg (see Table 7-16).

The single point (sample B(26.2) from south of Building 970, next to the railroad tracks)

specific risk estimate for the residential receptor resulted in an ELCR of 6 x 104. All of the
risks are from PAHs, and no noncarcinogenic chemicals were detected above background
levels in this sample. Cancer risks were above the upper limit of the acceptable risk range of
104 to 10-4. This scenario is included as a hypothetical conservative evaluation scenario,
although the site is unlikely to be used for residential purposes.

The inhalation risks from the high-end contamination data point (A(26.2)) are at 2.6E-09,

which are below the I in one million risk levels for the hypothetical on-site receptors. Risks
to any off-site residents from inhalation are likely to be lower than these; thus, dust-borne
exposures to off-site residents are not a health concern.

There currently are no groundwater exposures for these receptors, and none are hkely in the
foreseeable future because of the established water use patterns in the area and because
water is provided from the public water supply system. However, a plume of low-level
chlorinated solvents is present in the groundwater under FU3. Risk estimates for this
plume, combined with the risks from the surface media for industrial and residential
receptors, are shown in Table 18-11, using average organic concentrations from Plume A,
site-wide inorganic groundwater results, and FU3 soil/sediment results. The total ELCR is
3 x 10-s and the total HI is I for the future industrial worker. Risk drivers for this scenario
are arsenic, PCE, and BaP. The total ELCR is 7 x 104 and the total HI is 1 for the future
hypothetical residential adult. Risk drivers for this scenario are arsenic, PCE, TCE, and
PAHs. The total ELCR isA x 10-4 and the total HI is 3 for the future hypothetical residential
child. Risk drivers for this scenario are arsenic, PCE, and PAHs. Risks and hazards remain
acceptable for the maintenance worker, as noted above for surface soil.

Lead was not included in the risk estimations because of the lack of a toxicity factor.
However, when compared with a target concentration protective of workers of
1,500 mg/kg, Sites 32, 33, and 89 had excessive lead levels. One sample (A(35.3)) collected
from the sump at the paint shop had elevated lead, as listed in Table 18-12. These are all
sites identified as paint operation-related areas. Table 18-12 contains a list of sample points
that had lead levels above the target concentration. These areas may need further
evaluation. Table 6-8 presents a comprehensive list of all of the lead concentrations within
the Main Installation.

18.1.4.1 Uncertainty Analysis

Section 7.0 presents the general concepts and sources of uncertainty at a given site. The
following are some of the major points pertaining to FU3.

Constituents of Potential Concern. Data were collected from 1996 to 1998. Many of the

COPCs, such as PAHs and metals, also were detected in background soils. Several of the
PAHs were detected at higher concentrations in the railroad tracks within the Depot. Site
operations at several of the sites did not involve PAHs as potential source constituents.
Likewise, site-wide data statistical evaluations indicated that the contaminants were
similarly distributed in the background samples. Some of the inorganic COPCs were
selected based on their exceedances of the GWP criteria. These chemicals are not a direct
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Subsurface soil organic COPCs are the same as the surface soil COPCs, although most of the
organic chemicals were not detected in the deeper soils below 1 ft within FU3 because they
tend to remain within the first few inches of the surface. Surface soil~ in this data set were
defined as those from zero to 2 ft, whereas deeper soil was evaluated from zero to 10 ft. EPA
defines a "surface soil" as being in the zero- to 1-ft range. Some of the surface soil samples
were collected from within the first I ft bgs; however, to obtain a large enough data set for
statistical evaluations, samples collected from slightly deeper areas were included in the
surface soil group. Individual depths of the samples are included in Appendix N.

Exposure Assessment. There are no exposures under current conditions. Most of the area
within FU3 is gravel, paved, or grass-covered. There are no human receptors in FU3, except
in the building being used as a lumberyard. This site is l’ughly unlikely to be used for
residential purposes without significant structural changes to the existing warehouse
buildings. Future land use considerations for the Depot include various small industrial
uses; thus, land use is likely to remain industrial/commercial.

Exposure assumptions include random access uniformly across the FU3. Exposure point
concentrations are based on biased samples from suspected contaminated areas. The
uncontaminated areas within the FU3 could be under-represented.

The site, when redeveloped, will undergo extensive restructuring in which a retention pond
area will be created, and the rest of FU3 will be light industrial. The railroad tracks and
associated material will be removed. This restructuring probably would remove the PAHs
detected along the railroad tracks.

A sediment sample was collected from a sump in a building, which has a permanent metal
grill that makes it inaccessible for routine work. The exposure assumptions include the
constant exposure of a worker. Also, the size of the site does not permit long-term work
within the structure. Thus, exposure assumptions are used strictly to assist in site
management decisions.

Most of the quantitative exposure values such as EF and ED are assumed values, and true
likely exposure of a receptor is not known. Most of the uncertainty within RAs is
attributable to this exposure quantitation step.

Toxicity Assessment. The toxicity criteria used are those recommended by EPA through the
toxicity databases; therefore, the uncertainty associated with this section is predetermined
by the methods used and the studies selected by EPA in calculating these toxicity factors.
The quantitative UFs associated with toxicity factors are included in the toxicity factors
table (Table 18-9). Some of the primary sources of uncertainty are listed here. Most of the
toxicity factors are based on studies from animals extrapolated to humans using arbitrary
assumptions (e.g. UF or MF), which introduces a major uncertainty. In extrapolating from
carcinogenicity dose to estimate slope factor, no threshold for toxicity is assumed. Some of
the metal toxicity factors are based on evidence of toxicity from occupational exposures
(e.g., chromium) involving a high level of exposures to fumes and airborne particles. The
apphcability of these data to environmental exposures requires close scrutiny.
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Risk Characterization. As noted previously, the risks and hazards estimated in this
assessment are conservative. Several scenarios were evaluated to simulate possible
alternative future land uses for FU3. The fact that samples were collected from biased
locations within suspected past activity or spill areas near warehouses adds to the
conservatism of the estimates. Also, most of the FU3 area is likely to change in
configuration during the redevelopment, in which all of the buildings in FU3 will be
demolished and the area will be used as a light industrial facility.

The risks within soils are within the 1-in-a-million range for a future industrial worker,
primarily from arsenic and BaP. However, arsenic toxicity factors are derived by EPA using
mostly epidemiological information from populations exposure to high levels of arsenic in
drinking water. The BaP within the Main Installation is mostly from railroad tracks and
roadways.

Cumulative risk estimations combining risks from soils and groundwater media are strictly
hypothetical, because groundwater contamination is limited in area and is not present in
the soil contamination area. The risk drivers in the groundwater are TCE and PCE. The
toxicity factors used for risk estimations from the TCE have been withdrawn by EPA. Thus,
the areas represented by each sample in the combined assessment at FU3 represent the
areas of highest contamination within the site and the FU.

18.1.4.2 Remedial Goal Options

RGOs are the target concentration values for remedial alternatives analysis. Achieving these
goals should achieve compliance with state and federal standards and satisfy NCP
reqmrements to ensure protection of human health and the environment at hazardous
waste sites. The RGOs calculated for FU3 are in accordance with RAGS, Part B (EPA, 1991a)
and EPA Region IV Supplemental Guidance to RAGS (EPA, 1994b).

The RGOs are developed only for the chemicals that are detected at the site at
concentrations above the applicable state or federal standards, or that present risks or His
above the acceptable levels. "Acceptable" risks are defined as risk levels above 100 in one
million (104) or HI above 1.0, for either current or future exposure pathways analyzed in the
RA. The risk evaluations under future land use conditions included potential exposures of
maintenance, industrial, and utility workers within FU3 based on activities observed to be
apphcable to the site. Hypothetical future scenarios included residential land use.

Exposure of a worker under current land use conditions does not result in excesswe risks
associated with the soils and other surface media. The estimations of industrial worker
exposure also were within the acceptable risk limits. Therefore, no quantitative RGOs were
calculated for any of the surface media at the site. There are no human health protection-
based ARARs for soils or sediments The target lead concentration, based on the industrial
worker exposure, is estimated to be 1,500 mg/kg (see Table 7o16). The surface soil around
the paint shop and other associated sites within the area and the sediment sample from the
sump indicated that lead levels are above this target concentration. These areas may need
further evaluation to prevent excessive lead exposure to future receptors.

The groundwater within the area is addressed as part of the groundwater FU (see
Section 34.0). The site groundwater currently is not used within the Depot. Shallow
groundwater does not qualify for potable use.
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18.2.1 Introduction
An ERA was conducted at FU3 to evaluate whether contaminants detected in surface soil
potentially pose adverse ecological effects for terrestrial receptors. FU3 is an entirely
industrialized area and contains little, if any, ecological habitat that can be used by
terrestrial plants or animals. This FU also will remain an industrial area in the future. EPA’s
ERA guidance (EPA, 1997d) recommends a screening-level ERA for risk management
decisions. Although mowed, grassed areas present within the boundary of FU3 do not
provide a significant habitat. Therefore, a screening-level ERA was initiated to aid in risk
management decisions.

This ERA was conducted in accordance with the Ecological Risk Assessment Guidance for
Superfund: Process for Designing and Conducting Ecologzcal Risk Assessments (Process
Document)(EPA, 1997d). Steps 1, 2, and 3 of EPA’s ERA model were completed, as
summarized in Section 7.8.

18.2.2 Step 1: Screening level Problem Formulation and Effects Evaluation
This is the initial step in the ERA and includes all the elements of a problem formulation
and ecological effects analysis, but on a screening level. The results of this step support the
exposure estimates and risk calculation in Step 2.

18.2.2.1 Environmental Setting and Contaminants at the Site

The environmental setting at the Depot is described in Section 2.0. An ecological assessment
checklist was completed as described in the Process Document (EPA, 1997d) and is provided
in Appendix S. Site characteristics most relevant to the ERA are discussed in this subsection

FU3 comprises the southwesern corner of the Main Installation. It is entirely an industrial
area dominated by four large shed warehouses, other warehouses, a sentry gate station,
adjacent railroad tracks, and open storage areas. The groundcover consists predominantly
of large expanses of concrete or gravel. The industrial land use of this FU is expected to
remain unchanged into the foreseeable future.

Potential ecological habitat is limited to narrow, maintained grassed areas along the
western, southern, and southeastern boundaries. There are no trees or shrubs in the grassed
areas and no on-site aquatic habitats (e.g., ponds or ditches). A 6-ft chain-link fence with
three rows of barbed wire is present along the western and southern property lines, which
limits intrusion by off-site wildlife. Potentially occurring plants are limited to a low
diversity of landscape grass and other weed species. Potentially occurring wildlife may
include tolerant birds such as sparrows, rock doves, grackles, and mockingbirds, and small
mammals such as mice, rats, and shrews. There are no wetlands, and no state or federally

listed or proposed endangered or threatened species are known to inhabit the area of the
site (TDEC, 1996; USFWS, 1996; and Appendix T). Overall, the limited ecological habitat 
highly disturbed and of poor quality.

Land use immediately off-site consists of large residential communities to the west and
south and the stormwater collection system, which is released to the off-site areas through a
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drainage ditch at Site 56. This dikh is dry during most of the year and is wet during storm
events. Also, overland flows during rain events from FU3 converge in FU4 and flow off-site
at Site 56, which will be addressed as part of the Site 56 discussions. The potential for
leaching of soil contaminants is low. The shallow groundwater is deeper than the
streambeds in the area; therefore, groundwater is not likely to discharge to surface water
near the Depot and the potential for migration of contaminants via groundwater from the
site to off-site water bodies is minimal. Under periods of high water table, however, the
fluvial aquifer may recharge Nonconnah Creek, off-site and southwest of the Main
Installation.

The media sampled at FU3 included surface soil, subsurface soil, and groundwater. A single
sediment sample was collected from a belowground sump in Building 1086, sample A(35.3);
however, this sample was not evaluated for ecological risk because the exposure pathway is
incomplete. Surface soil is the only medium to which terrestrial ecological receptors could
be exposed and is, therefore, the only medium evaluated in this ERA for FU3. A list of
surface soil COPCs at this FU is provided in Section 18.1.1.

18.2.2.2 Contaminant Fate and Transport

An overview of contaminant fate and transport of chemicals detected at FU3 is provided in
Section 6.0 and is not repeated here.

18.2.2.3 Complete Exposure Pathways

For a pathway to be complete, a contaminant must travel from the source medium or media
to an ecological receptor and be taken up by the receptor via one or more exposure routes.
Although ecological habitats are minimal to non-existent at FU3, a conservative assumption
was made that a potentially complete exposure pathway may exist for direct contact of
terrestrial plants and invertebrates with contaminants detected in surface soil. There are no
other potentially complete exposure pathways at this site.

18.2.2.4 Assessment and Measurement Endpoints

Assessment endpoints are expressions of the environmental value(s) to be protected. The
assessment endpoint for FU3 is to sustain soil quality and to achieve COPC concentrations
that are below adverse effect thresholds for plants and soil invertebrates. Measurement
endpoints are measurable ecological characteristics of the assessment endpoint. In this
screening level evaluation, the measurement endpoint is the ratio of surface soil maximum
concentrations to conservative screening level soil benchmarks. An exceedance of soil
COPC concentrations compared to the benchmarks would be a "measure" of a potential
effect. If an exceedance occurs, it can be inferred that a possible adverse effect may occur to
exposed ecological receptors.

18.2.2.5 Screening level Ecological Effects Evaluation

Conservative thresholds for adverse ecological effects, or screening ecotoxicity values, were
used for contaminants detected in surface soil. These values were determined as follows:

¯ Surface Soil: the soil ecological screening values are those recommended by EPA
Region IV (1998). The EPA values were obtained from a variety of sources, including the
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See Table 7-14 for the screening soil ecotoxicity values.

18.2.2.6 Uncertainty Assessment

Uncertainty is inherent in each step of the ERA. The following text presents major factors
contributing to uncertainty in this assessment.

Exposure point concentrations were assumed to be maximum soil concentrations. This is a
highly conservative assumption that may overestimate risk. Under this assumption, the
receptor spends 100 percent of its life cycle at the highest concentration area; although this
can be true for plants, most terrestrial wildlife receptors are mobile and can be exposed to
the complete range of soil concentrations.

The soil criteria used were obtained from various sources in the literature and may not be
representative of actual site conditions. Exposure pathways to terrestrial plants and animals
were assumed to be potentially complete, even though the maintained grass habitats do not
provide suitable habitat in this industrial setting.

18.2.3 Step 2: Screening Level Exposure Estimate and Risk Calculation

This step includes estimating exposure levels and screening for ecological risks as the last
two phases of the screening level ERA. At the end of Step 2, an SMDP will be made to

assess whether ecological risks are negligible or whether further evaluation is warranted.

18.2.3.1 Screening Level Exposure Estimate

The maximum concentration of all chemicals detected in surface soil at FU3 was used as the

EPC for estimating risk to directly exposed terrestrial organisms.

18.2.3.2 Screening Level Risk Characterization

The quantitative screening level risk estimate was conducted using the HQ approach. This
approach divides the EPCs (maximum detected soil value) with the soil screening
ecotoxicity values.

Table 18-13 summarizes the results of the surface soil screening level risk calculations. Table
18-13 provides information regarding the FOD, range of detection, selected soil criteria, and
HQs based on comparison of the maximum concentration to the criteria. An HQ of less than
1.0 indicates that the contaminant is unlikely to cause adverse effects, and therefore, is not
considered further in the ERA. Contaminants with HQs greater than or equal to 1.0, or
contaminants for which criteria were not available, were identified as COPCs and were
carried forward to Step 3.

A total of 22 inorganic and 38 organic compounds were identified as COPCs in surface soil.
No screening criteria were available for 4 of the inorganic and 10 of the organic compounds.

18.2.3.3 Scientific Management Decision Point

The information indicates a potential for adverse ecological effects, and a more thorough
assessment is warranted. The identified COPCs will be carried forward to Step 3.

14i
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18.2.4 Step 3: Baseline Risk Assessment Problem Formulation
Step 3 refines the problem formulation developed in the screening level assessment. In this
step, the results of the screening level assessment and additional site-specific information
are used to evaluate the scope and goals of the baseline ERA.

18.2.4.1 Refinement of COPCs

In Steps 1 and 2, conservative assumptions were used. As a result, some of the COPCs were
retained for Step 3, although they pose only negligible risk. Therefore, in this first phase of
Step 3, the assumptions used were further evaluated and other site-specific information was
considered to refine the list of COPCs. In this refinement phase, the revised assumptions
and site-specific considerations used were as follows:

¯ Arithmetic average contaminant concentrations were considered, along with maximum
concentrations, when a comparison to the benchmarks was conducted;

¯ Arithmetic average and maximum values were compared to background
concentrations;

¯ Contaminant concentrations were compared to background values;

¯ The FOD was considered; and

¯ Less conservative (secondary) soil screening values were considered in addition to the
more conservative (primary) screening values used in Step 

The secondary benchmarks described above were identified to provide a less conservative
benchmark for comparison with site contaminant exposure concentrations. The secondary
benchmark selection process focused on identifying the next highest benchmark value
among the soil literature references used by EPA Region IV. This was a stepwise process in
which the first set of toxicological benchmarks considered was from two ORNL studies
(Efroymson et al., 1997). These studies established separate screening benchmarks for soil
microorganisms, earthworms, and plants. A secondary screening value was chosen from
these three data sets that was the next highest value above the primary EPA Region IV
screening value. If no values were available, the selection process proceeded to the
Netherlands values (MHSPE, 1994). In addition, if the selected value from ORNL was found
to be greater than the highest Netherlands value, then the ORNL value was rejected and the
process moved forward to the Netherlands values as a conservative measure.

The Netherlands values included optimum values and action values. When this set of data
was considered, the next highest value above the primary EPA Region IV screening value
was selected as a secondary benchmark. If a value was not available, the process proceeded
to a final set of data as compiled by the USFWS (Beyer, 1990). The values in this data set
represent Dutch background, moderate contamination, and cleanup values. As stated
above, the next highest value above the primary EPA Region IV screening value was
selected as a secondary benchmark.

In addition, the conservative ecological exposure pathways used in Step 2 were reevaluated
based on actual site conditions. All of this information provides a WoE to assess which, if
any, contaminants should be recommended for further evaluation in a baseline ERA.

18-14 ATL \147543GURRENT TEXl~SECTION18 DOC



MEMPHIS DEPOT MAfN INSTALLATION RI-RNAL I#?P~

487
The results of the Step 3 refinement of the COPCs list are summarized in Table 18-14. Table
18-14 presents the maximum and average exposure point concentrations, background
concentrations, primary and secondary surface soil screening criteria, range of HQs and
background comparisons, and FOD.

On the basis of the WoE presented in Table 18-14, a few of the inorganic and many organic
COPCs indicated a potential for adverse effects. These included trivalent chromium, total
chromium, selenium, zinc, and several PAHs. These are contaminants for which all HQs
were at or above 1.0, and were also above background in all comparisons. Many of the
contaminants could be removed from further consideration as a result of some HQs being
near or less than 1.0, as being less than background, or as having an FOD at 5 percent or
below. Surface soil criteria for a total of 12 contaminants were not available for comparison,
so HQs could not be determined; however, 7 of these contaminants were compared to
available background concentrations.

The key consideration in this refinement step is the lack of ecological exposure pathways at
FU3. As previously discussed, the screening process in Steps I and 2 was conducted as a
conservative measure, given that EPA guidance recommends minimal or no risk
management considerations in a screening-level ERA. FU3 is entirely an industrial area, and
this land use is expected to continue into the future. The on-site habitat is limited to small,
mowed grassed areas adjacent to warehouses and buildings in the western and southern
portions of the FU. There are no on-site or near-site natural habitats that could support
significant populations of terrestrial wildlife. Given the industrial nature of FU3 and the
lack of suitable on-site habitats, ecological effects are expected to be negligible because
complete exposure pathways are not present and are not expected to be present in the
foreseeable future.

18,2.4.2 Scientific Management Decision Point

Although several COPCs were identified in the refinement phase of Step 3 as potentially
causing adverse ecological effects, the lack of complete ecological exposure pathways at
FU3 indicates that current and future ecological effects are negligible. Therefore, no further
assessment of ecological risks to contaminants at FU3 is warranted.

143

18.3 Human Health Evaluation for RI Site 34
RI Site 34 is the surrogate site for FU3 because it resulted in the highest human health risk
ratio during the PRE (see Appendix E). This site was selected based on PREs, ratio estimates
that result in risk, and HI ratios (primarily due to PAHs in surface soils) at this site.
Elevated metals concentrations were detected at other sites in the southwestern corner of
the FU3 near the spray painting and sandblast operations shop. Sites 27 and 32 present a
higher HI ratio in the PRE estimations, mostly because of metals.

18.3.1 Selection of COPCs for RI Site 34
Nine surface soil samples (zero to I ft deep) were included for analysis of contamination
conditions at Site 34. The maximum detected chemical concentration within this data group
was compared against background concentrations and the RBCs for direct exposure, as well
as the GWP concentrations (SSLs). Six analyses of subsurface soil (>1 to 10 ft) were grouped,
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and maximum detected concentrations were compared with the background concentrations
and SSL criteria for COPC selection.

The COPC selection indicated that surface soils at the site had arsenic, chromium, lead, and
several PAHs exceeding the background levels and comparison criteria (see Table 18-15).
The PRE indicates PAHs as the primary risk drivers (Appendix E) in surface soil. In the

deep soil samples group for utility worker exposure evaluations, soils from zero to 10 ft are
included. The subsurface soils (>1 ft to water) (see Table 18-16) had a total of 13 single
detected concentrations of PAHs that were selected as COPCs. The inorganic chemicals
selected as COPCs for subsurface soil include copper and the other metals selected for
surface soil (chromium, arsenic, and lead).

18.3.2 Exposure Assessment for RI Site 34
Figure 16-1 depicts the site and its relative location within FU3. RI Site 34 is a former UST
site, where the tanks have been removed, and equipment storage area. It is also located
adjacent to a major railroad confluence area in the center of the Mare Installation.
Figure 18-5 presents the conceptual site (exposure) model for RI Site 34.

18.3.2.1 Potentially Exposed Human Population and Identification of Potentially
Complete Exposure Pathways

The site (including the Site 34 area) has been inactive since the closure of the Depot. There
are no potentially exposed populations under current conditions specific to this site.
Maintenance workers for the Depot involved in weed control and other maintenance-
related activities could be present for lirmted periods of time. Maintenance worker exposure
at Site 34 was not quantitatively evaluated because of the small area of the site. A
maintenance worker exposure scenario was quantified for FU3, including Site 34 data.
Other potential receptors evaluated qualitatively for surface soil exposure at this site were
landscapers.

Potentially exposed populations under future land use are unknown at this time On the
basis of the Memphis Depot Redevelopment Plan (The Pathfinders et al., 1997), it is likely that
Site 34 will be used in the future for light industrial or commercial operations. Under such a
scenario, likely future receptors also are site workers. Future residential use of this former
UST site is highly unlikely, because of the site’s proximity to major railroad tracks.
Hypothetical future resxdential exposures were evaluated for the worst-case scenario for
FU3; a separate evaluation for Site 34, therefore, was not required. A detailed list of
exposure factors and the rationale for their selection are included in tables in Appendix G.
Off-site subsurface soils were evaluated for direct exposure of a future utility worker and an
industrial worker. These scenarios are based on the assumption that, in the future, if the
contaminated subsurface soil (zero to 10 ft bgs) is disturbed (e.g., for installation 
maintenance of underground utilities), exposure to contaminated subsurface soil for utility
workers or future industrial workers in the area could become a complete pathway. A
summary of exposure pathways for RI Site 34 is included in Table 18-17.

A UCL 95% concentration was estimated for the EPC for surface soil (zero to I ft) and
subsurface (zero to 10 ft) data for the COPCs identified. The EPC defaulted to the maximum
detected concentrations for both the organic and inorganic COPCs in surface soils, possibly
because of the high level of the maximum detected concentration and the relatively small
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sample size (9 for organic samples and 5 for inorganic samples). For subsurface soils, on the
other hand, the lognormal UCL 95% estimates were used for the EPC values for both
organic and inorganic COPCs. These values are listed in Tables 18-18 and 18-19, and the
estimation methodology is described in Appendix H. The dose (intake) was estimated for

Xeach of the complete e posure pathways. The dose estimates are included in Appendix I.

18.3.2.2 Toxicity Assessment for RI Site 34

The COPCs for RI Site 34 are a subset of those previously listed in the FU3 RA section
(Section 18.1.1). Table 18-9 presents the toxicity factors for the COPCs identified at 
Site 34. Lead is the only COPC without a toxicity factor for this site.

18.3.2.3 Risk Characterization for RI Site 34

The carcinogenic risks and noncarcinogenic His are summarized in Table 18-20. A set of
histograms is included in Appendix I. The ELCRs and His were estimated for a future
industrial worker, utility worker, and hypothetical residential adult and child.

The carcinogenic risks for industrial worker exposures to RI Site 34 surface soil resulted in
estimated risks of 4 x 10-s and a noncarcinogenic HI of 0.1. The carcinogenic risks are from
arsenic and PAHs. Deeper soil risks are identical to those for surface soil, because these
include surface soils and represent carcinogenic COPCs in shallow soils. Because deep soils
include surface and subsurface soils, the risks are not additive. Thus, total risks are the
higher of the two sets of risks estimated for the industrial worker. This worker scenario
assumes a full workday exposure, 250 days per year, for an exposure period of 25 years. The
resulting risks are within the acceptable limits for cancer risks of I to 100 in one million and
the HI of 1.0. Thus, the overall Site 34 soils do not pose a health threat to future industrial
workers.

Exposures of a utility worker assume surface and subsurface soil mixed during excavation.
Exposure to the utility worker resulted in an ELCR of 6 x 10-6 and noncarcinogemc HI of
0.007. Both carcinogenic and noncarcinogenic health risks are within the acceptable limits of
104 to 10-4 and 1.0, respectively. Thus, excavation-type activities do not pose a health threat
to these site workers.

The highest lead concentration detected at RI Site 34 was 960 mg/kg, associated with the
surface soils. Table 6-8 provides a list of the detected lead concentrations within FU3 above
the screening level of 400 mg/kg. The lead levels are below the industrial worker target
concentration of 1,50 mg/kg.

Uncertainties associated with this RA are similar to those listed in the FU3 RA section
(Section 18.1.4). Because the target risks and His were not exceeded, no RGOs were
calculated for the site.
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TABLE 18-4

Summary of Exposure Pathways to be Quanttfied at FU3
Memphts Depot Main Installation RI

Potentially Exposed Exposure Route, Medium, and Pathway Selected Reason for Selection or
Population Exposure Point for Evaluation? Exclusion

Current Land Use

Onslte Maintenance
Worker

Incidental zngestlon, dermal contact,
and dust mhalaUon from the surface

soils

Yes

Onsde Lumberyard Incidental ingestion, dermal contact, No

Workers and dust inhalation from the surface

soils

Future Land Use

Onsfie Industnal Worker

OnsJte Utility Worker

Onsde Landscaper

Incidental ingest{on, dermal contact, Yes
and dust mhalahon from the surface
soils

Incidental mgeshon, dermal contact, No
and dust mhalatlon from the
subsurface sods (zero to 10 feet below
ground surface)

Incidental ingesUon, dermal contact,
and dust mhalahon from the surface
SOilS

Incidental {ngestton, dermal contact,
and dust inhalatton from the Surface
soils

Hypothehcal Future
Onsde Res~denUal

No

Yes

Occasional maintenance work is
assumed to involve a worker
spendtng time Jn the contaminated
sod

Lumberyard worker exposure to

surface soil would be hmLted to
less than 2 hours per day
Maintenance worker exposure

assumpttons are protecUve of
lumberyard worker

Hypothetical future worst-case
exposure scenano for future
workers

A hypotheUcal future uUhty worker
mstalhng or mamtalnlng
underground uhhtles is assumed to
be exposed to contaminated
subsurface sod This is evaluated
as part of the surrogate s~te
exposure umt

Landscaper exposure to surface
sotl would be short exposure
duration (less than 1 year) dunng
property redevelopment
Maintenance worker exposure
assumptions are protective of
landscaper

Evaluated for companson
purposes only.
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TABLE 18-8

Exposure Point Concentrations for FU3, Station B(26 2) - Surface Soil (0-2 feet)

Memphis Depot Main Instal/abon RI

Parameter EPC (mg/kg)

Benzo(a)pyrene 37

Benzo(b)fluoranthene 39

Benzo(k)fluoranthene 34
Chrysene 46
Indeno(1,2,3-c,d)pyrene 22

Notes:

Data evaluated include normal samples only.

Field duphcates have been dropped from risk evaluation.

EPC values represent the maximum PRE sample within FU3 at location B/26 2).
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TABLE 18-12
Stations wdh Elevated Lead Levels in Surface Soil and Sump Sediment in FU3
Memphis Depot Main Installation RI

Functional Concentration of Lead
Unit Medium Station ID (mg/k9)
3 Soil SB32A 4,150
3 Sediment A(35.3) 3,820
3 Soil SS89H 2,470
3 Sod SS89J 2,250
3 Soil SS33K 1,830
3 Sod SS32G 1,580
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TABLE 18-17
Summary of Exposure Pathways to be Quantified at RI Site 34
Memphis Depot Main Installation RI

Potentially Exposed Exposure Route, Medium, and Pathway Reason for Selection or
Population Exposure Point Selected for Exclusion

Evaluation?
Current Land Use
Onslte Maintenance Incidental ingestion, dermal contact, Yes Occasional maintenance
Worker and dust inhalation from the surface work is assumed to involve

sods. a worker spending time in
the contaminated sod

Onslte Lumberyard/ Incidental ingestion, dermal contact, No
Factory Workers and dust inhalatton from the surface

soils
Future Land Use
Onslte Industrial Worker Inctdental ingestion, dermal contact,

and dust ~nhalation from the surface
soils.

Yes

Onslte Utihty Worker Incidental ingestton, dermal contact, Yes
and dust inhalation from the
subsurface soils (0-10’ bgs)

Onslte Landscaper Incidental ingestion, dermal contact, No
and dust inhalatton from the surface
soils

Hypothetical Future Incidental ingestion, dermal contact, Yes
Onslte Residential and dust inhalation from the surface

soils.

No current mdustnal
workers present in thts area
of the site.

Hypothetical future
reasonable maxtmum
exposure scenano for
future workers

A hypothetical future utility
worker installing or
mamtaining underground
ut~htles is assumed to be
exposed to contaminated
subsurface soil

Landscaper exposure to
surface soil would be
shorter exposure duration
(less than 1 year) during
property redevelopment
Maintenance worker
exposure assumptions are
protecttve of landscaper.

Evaluated for companson
purposes only
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19.0 Summary and Conclusions for FU3

19.1 Summary

19.1.1 Nature and Extent of Contamination
RI data were collected for surface and subsurface soil to assess the nature and extent of
contamination at FU3.

19.1.1.1 Soil

Metals, PAHs, pesticides, VOCs, and dioxms were detected in the soils across FU3. Some of
these contaminants were detected at elevated concentrations (concentrations above
background values) in areas that may have contributed to contamination based on past
operations. The following data interpretation associates the detected contamination with the
historical site operations:

¯ The southwestern section of FU3 for metals, pesticides, and VOCs-at the former paint

booth and sandblasting waste drum accumulation and storage area (near Buildings 1087
and 1088) and at the acids storage area (the southern end of Building 1089);

¯ The northwestern section of FU3 for pesticides and VOCs-near the flammables,
solvents, and waste oil storage area at the northern end of Building 972;

¯ The southeastern section of FU3 for pesticides, PAHs, and VOCs-near the former
recoupment area at the southeastern section of Building 873; and

¯ The eastem section of FU3 for VOCs, PAHs, dioxins, and metals-at the old pond area,
the former UST area near Building 770, and the flammables storage area at Building 783.

In addition, the elevated concentrations typically were detected in the surface soils.
Contarrunants detected in the subsurface soil were generally below (or near) background

values, with the exception of chromium.

Metals. Arsenic, cadmium, chromium, copper, lead, mckel, selenium, and zinc are the
commonly detected metals of concern throughout FU3. These constituents exceed
background values in surface soil at a number of areas throughout FU3. However, most of
the highest concentrations of these contaminants, with the exception of arsenic, were
detected near Building 1088 (the sandblasting waste area), Building 1087 (the paint booth),
and Building 1089 (acids storage area). Arsenic was detected in concentrations just above
background levels throughout the Depot because of site-wide pesticide management
achvities.

Chromium was the only metal that appears to have infiltrated to the subsurface soil
However, 39 of the 42 chromium samples that exceeded the background value were
collected at depths less than 15 ft. Other metals detected in the subsurface soil, such as
arsenic and lead, appear to be attributable to natural soil formations rather than to surface

P ~147543~CURRENTTEX’~SECTION19 DOC 19-1



MEMPHIS DEPOT MAIN INSTALLATION RI -FINAL 1/~

487 182
infiltration. Concentrations of these contaminants were at or just above established
background levels in the subsurface soil.

Pesticides. Most of the samples analyzed for pesticides within FU3 indicate no detections or
detections below background concentrations. DDT, DDE, DDD, alpha-chlordane, gan-una-
chlordane, and dieldrin were the only pesticides detected above background levels in
surface soil at FU3. The pesticides were detected in three areas of FU3: the southwestern,

northwestern, and southeastern corners.

Because the pesticides are distributed throughout FU3, their detection probably is
attributable to site-wide application rather than to site-specific activity related releases at
these specific waste management sites. DDE and dieldrin were the only pesticides detected
in the subsurface soil above background. These detected concentrations were located in
grassy areas on the eastern side of FU3.

SVOCs. The primary SVOCs of concern in the surface soil at FU3 were PAH compounds.
PAHs were detected throughout the Main Installation, with the hghest concentrations in
proximity to the railroad tracks. PAH compounds can originate from the seepage of creosote

from railroad ties, from historical railcar leaks, or from PCP/used-oil mixtures historically
applied for weed control along the tracks. At RI Site 34, where the highest levels of PAH
compounds were detected, the elevated concentrations probably resulted from the
management and handling of waste oils.

SVOCs, including PAHs, were not detected frequently m the subsurface soils. SVOC
concentrations detected in the subsurface soil were normally at the zero- 4-ft interval. There
were no elevated concentrations detected at the 8- 10-ft interval.

VOCs and Other Organics. The majority of the surface and subsurface soil sampling results
for VOCs within FU3 indicate no detections. However, there are three isolated areas where
elevated concentrations of VOCs were detected in the surface soil within FU3:

¯ MEK, 2-Hexanone, benzene, bromomethane, and MIBK were detected at elevated
concentrations on the northwestern corner of Building 972;

¯ MEK, benzene, and toluene were detected at elevated concentrations in the gravel area

just east of the concrete pad between Buildings 1087 and 1088 where sandblasling and
waste operations took place; and

¯ TCE was detected near the southeastern corner of Building 873.

Probably because of volatilization at the surface, detected concentrations of VOCs in
subsurface soils were not always colocated with elevated surface soil concentrations. These
areas are identified below:

MEK, toluene, total xylenes, bromomethane, benzene, carbon disulfide, and 2-Hexanone
were detected in the subsurface soil at the old pond area;

TCE was detected in the subsurface soil on the northwestern corner of Building 972 and
just west of Building 770; and

¯ MEK was detected in the subsurface soil on the northwestern and northeastern corners
of Building 972.
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None of the detected VOC concentrations in the subsurface soil exceeded the GWP values.
Low levels of MEK were detected in deep soils (9 to 11 ft); however, MEK was not detected
in the groundwater.

Other Organics. Concentrations of petroleum hydrocarbons were detected in the surface and
subsurface soil at depths of zero to 4 ft. Background values were not established for
petroleum hydrocarbons, but the detected concentrations in three surface soil samples at
Parcel 35 near Building 1084 exceed the Region III RBC direct exposure value of 34 mg/kg.
The GWP value of 340 mg/kg was not exceeded in the subsurface soil sample detection at

the location of a former gasoline spill.

A total of 37 surface soil samples and 45 subsurface soil samples were analyzed for
dibenzofurans. A total of 6 surface soil samples and 13 subsurface soil samples were
analyzed for dioxins. Detected concentrations of these compounds in surface and subsurface
soil samples were similar to background concentrations.

19.1.1.2 Sediment

One BRAC sediment sample was collected from the sump in Building 1086, which houses a
spray paint booth. Contaminants detected in the sump sediment included metals (antimony,
cadmium, copper, lead, nickel, and zinc) and an SVOC (naphthalene). The sediments 

beneath a metal grill and are not subject to direct surface water runoff because they are
within an enclosed building.

19.1.2 Fate and Transport

19.1.2.1 Migration Pathways

FU3 is an entirely industrialized area, covered mostly with coarse gravel, some grass, paved
roads, railroad tracks, and large warehouses (open and closed) (see Figure 2-19). Potential

pathways for migration at FU3 are surface runoff, leaching, and dust emission. Because of
the present ground cover, significant leaching and volatization are not anticipated.

Surface runoff will migrate from concrete-, asphalt-, and gravel-covered areas around the
warehouse buildings and the grassy areas located near the FU boundaries. Leaching will
occur and dust emissions will be generated from the grass- and gravel-covered areas within
FU3. However, dust emissions will be dramatically reduced based on the types of ground
cover within FU3.

There are no drainage ditches or bodies of water in the area. Surface water runoff within
FU3 flows in a northerly direction based on surface topography. The runoff is routed
through a stormwater drainage system that discharges into a drainage ditch outside of the
Main Installation perimeter fence at FU4 (Screening Site 56), just north of G Street and Gate
No. 9. The area most affected by contaminants at FU3 is the area where sandblasbng and
painting operations occurred, near Buildings 1086, 1087, and 1088. Surface runoff from this
area flows northeasterly or southerly into storm drains that eventually flow north and
connect to a 60-inch drain pipe that discharges all of the FU3 runoff to the drainage ditch
outside of FU4. Contaminants detected in this drainage ditch are discussed in Section 20.0,
"Nature and Extent of Contamination at FU4."
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The western and southern boundaries of Ft~,l 3 are also the Main Installation site boundaries,

which are fenced and covered with grass. The grassy areas outside of the fenced areas were
not accessible to site operations related to direct releases, although there is more than 100 ft
b . ietween the fence and pubhc roads. Furthermore, the grassy area on the southern boundary
of the Main Installation-site is an uphill slope to the public road.

19.1.2.2 Contaminant Persistence andI Migration

Metals and PAHs were the most frequently I detected contaminants at FU3. Metals are
persistent in the environment, but they are ,hot volatile. Emissions of metals to the ambient
air would be in the form of parhculate emis’sions. PAHs are not very volatile and are
expected to remain bound to the soil; thus, [hey are likely to be released through dust.

Leaching to groundwater is unlikely for an~z of the surface soil organic constituents within
FU3, based on their absence or low concen~ation in the subsurface soil and the regional

groundwater. Also, the physio-chernical properties of these chemicals indicate that these
COPCs tend to sorb to soil and have a low ~igrat/on potential. Effects on the regional
groundwater at this PU are anticipated to be negligible.

19.1.3 Risk Assessment I

19.1.3.1 Summary and Conclusions ofI Risk Assessment for FU3
The human health FLA for FU3 included all of the data collected within this physical unit.
The primary conclusions of this RA are as follows:

¯ Overall human health risks and noncarcmogenic hazards to workers in FU3 are within
acceptable risk limits. Potential risks fro’m the surrogate site (RI Site 34) are negligible.
The COPCs identified are a subset of those found in FU3. No subsurface COPCs were

identified at this site. Overall risks to va’,rious receptors were within acceptable levels;

¯ Overall human health risks and noncar4inogemc hazards to residents in FU3 also are
within acceptable risk limits. The risks L~nder a hypothetical residential scenario
estimated for a single data point were above the upperbound acceptable limits for

carcinogenic risk of the I m 10,000 (10-4)’,level, primarily from the PAHs detected in the

sample. The sample was collected from,IParcel 26, adjacent to the railroad tracks;

¯ Some inorganic chemicals were detected in surface soils above background and RBC
values, and therefore, were included as ’COPCs. Surface soils also had PAHs, dieldrin,
and PCP; ]

¯ Only two inorganic chemicals were included as COPCs for subsurface soils. For the
evaluation of the exposures to subsurface soils, the COPCs detected in the surface soil
were used to account for potential future mixing of surface soil with subsurface soil
during excavations; !

¯ High concentrations of lead, chromium; and cadmium were detected in sump bottom
grit sample (sediment).These concentra~ons present excessive noncarcinogenic hazards,
if exposure were to occur to industrial -~orkers under conservative exposure
assumptions; and
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19.1.3.2 Summary and Conclusions of Environmental Evaluation for FU 3

A screening-level ERA was conducted for the entire FU3 to evaluate whether constituent
concentrations potentially could adversely affect ecological receptors. Although ecological
habitat at FU3 is limited to a few maintained grassed areas, the ERA was conducted in
accordance with EPA guidance, which recommends little or no risk management input in
the screening assessment. The screening assessment (Steps I and 2) identified a number 
COPCs for consideration in Step 3. The refinement process in Step 3 reduced the number of
COPCs; however, further consideration of site-specific ecological exposure pathways
indicated that current and future exposure pathways at this site are incomplete. Therefore,
there is adequate information to conclude that ecological risk at FU3 is negligible, and there
is no need for remediation based on ecological risk.

19.1.3.3 Summary and Conclusions for Remedial Investigation at Site 34

Conclusions specific to the surrogate site RA performed at Site 34 are presented below:

¯ RI Site 34 is selected as the surrogate site to represent the worst-case potential risk areas
within FU3, based on the results of the evaluation presented in Section 7.0;

¯ A human health RA also was conducted for this site because it represents the worst-case
exposures to human receptors. An ERA was not conducted at this site because it is an
industrial site and not a suitable habitat for terrestrial receptors;

Surface soil samples indicated the presence of several PAH compounds, two metals
(iron and vanadium), and one SVOC (PCP) above screening criteria and/or background
values; these were selected as COPCs;

Deep soil risk evaluations included the soil column from the surface to a 10-ft depth.
Nine surface soil (zero to 1 ft) and six deeper samples (>1 to 10 ft) were included in 
data set;

Risks and noncarcinogenic hazards estimated for workers under various exposure
scenarios represent risks within the I to 100 in a million range (10-6 to 10-4) and His
below a target value of 1.0. The total risks are represented by the higher of the surface
and deeper soil risk estimates; and

¯ RI Site 34 does not pose a sigruficant human health concern for future industrial land use
at FU3, even under high-end exposure assumptions.

19.2 Conclusions

19.2.1 Data Limitations and Recommendations for Future Work
The nature and extent of the chemical constituents in surface and subsurface soil have been
defined both vertically and horizontally in FU3. In general, surface soil samples with
concentrations attributable to source areas within FU3 were surrounded by sampling

locations with concentrations more representative of background levels. Similarly,
subsurface soil samples with elevated concentrations generally were located in borings that
contained deeper samples with concentratmns below background values. As a result, no
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data limitations exist with respect to the surface or subsurface soil samples collected in FU3
Therefore, no additional future work is recommended for FU3.

19.2.2 Recommended Remedial Action Objectives
As shown in the baseline ~ detailed in Sec~on 18.0, overall human health risks and

¯ ¯ ]
noncarcinogenJ.c hazards assoaated with exposure to soil and sediment are within
acceptable risk limits. Groundwater risks ar6 further discussed in Section 34.0. However,
some areas within FU3 require remedial action to facilitate the transfer of property. An
EE/CA of the paint spray booth area, locate~l in the southwestern portion of FU3 (BRAC

Parcels 28 and 35) was performed to identify surficial soils requiring removal to achieve
risk-based criteria. Elevated concentrations of metals, primarily lead, exceeding the target
concentration value of 2,720 mg/kg, require the removal of soils to reduce industrial
exposures potentially resulting from future operations within the former paint spraying
facility, i

The EE/CA contains the basis for the evalultion and selection of a preferred remedial
alternative to address chemical contamination from the former paint shop and maintenance
area located in the parcels. Removal of the sump sediments also is included as part of the
EE/CA preferred alternative. This evaluati6n was performed to facilitate the transfer of
BRAC Parcels 28 and 35 to the City of Memphis. No additional soil remedial actions are

recommended for FU3.
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20.0 Nature and Extent of Contamination
at FU4

,187 189

This section addresses the nature and extent of contamination in FU4, the Northern and

Open Area. The subsections below provide a description of how FU4 was defined, discuss
the probable sources of contamination that exist within FU4, and identify the nature and
extent of contamination at FU4 by identifying the distribution and location of widespread
contaminants in the surface and subsurface soil, surface water, and sediment of the FU.
Groundwater contamination beneath FU4 is addressed in Section 32.0.

As described in the following subsections, FU4 contains CERCLA sites identified in the
original RI activities prior to 1990, as well as screening sites and TEC sites identified by
CH2M HILL. These sites were investigated as possible sources of contaminant releases to

the environment. Sampling of areas not associated with a specific site occurred as part of the
BRAC characterization program. This section discusses the nature and extent of
contamination within the entire FU area by evaluating the combined CERCLA and BRAC
data.

20.1 Functional Unit Background

20.1.1 FU4 Description
FU4 is the Northern and Open Area, consisting of BRAC Parcels 13, 14, 15, 29, 30, 31, 32, and
33 (see Figure 1-1). As discussed in Section 1.1, FU4 was established based on similar
operational activities in the northern, central, and western portion of the Mare Installation,
including open and closed storage of various items such as waste materials, hazardous
waste, PCB and non-PCB containing transformers, petroleum products, hazardous
materials, flammable materials, fuels, steel bar stock, and PVC pipes.

20.1.2 FU4 History
Most of the land cover within FU4 consists of open storage areas lined with gravel or
asphalt, railroad tracks, and administrative, maintenance, and general purpose warehouse
buildings. The western half of this FU was mostly used for open storage. Figure 20-1 shows
the open storage area locations and buildings within FU4. All open storage areas within FU4
have the potential to have stored hazardous materials, fuels, or petroleum products in the
past (USATHAMA, 1981). Open storage areas, X17, X19, X20, X21, X23, X25, X27, and X30
were used to store steel and PVC pipe, as well as petroleum products and fuels. A portion of
the open storage area X23 was used as a hazardous material re-pouring and repackaging
area; other storage included non-PCB-containing transformers. Open storage areas X10, X12,
X13, and X15 also were used to store petroleum products, fuels, and rruscellaneous
nonhazardous materials. Open storage areas X05, X06, X07, and X08 were used to store
petroleum products, equipment, and transformers. Finally, open storage area Xll contained
drums that stored flammables.
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A number of large warehouses and buildings are located in this FU. Building 209 stored
waste materials to be sold or disposed of by the DRMO. Building 835 stored a variety of
hazardous materials including pesticides, Herbicides, corrosives, oxidizers, reactives, and
flammables. Building 925 stored flammabl~ materials such as MEK, acetone, and xylene.
Building 949, a fabric-tension structure, wa{ used to store a variety of materials including
steel and tents awaiting storage space in another of the warehouses. Building 865 was used

. I

as a hazardous materials recoupment facility. In summary, a number of other buildings are
located in this FU that were used to store various materials.

20.2 Summary of Remedial Investigations at FU4
¯ . . I

20.2.1 H,storcal Remedial Investtgat=ons
Imtial sampling of surface and subsurface s]oil occurred at FU4 as part of the 1990 RI

¯ I
conducted by Law Enwronmental (Law Environmental, 1990a) in six different areas. One
surface soil sample was collected at Screeni~J g Site 35 (DRMO Building T-308); one surface
soil sample was collected at Screening Site 43 (the former Underground PCP Storage Tank
Area); one surface soil sample was collected at Screening Site 80 (Fuel and Cleaners

n ’ "Dispensing at Building 720); and o e surface sml sample was collected at Screening Site 83
¯ . . ]

(the Dried Paint Dmposal Area, also known as POL Areas X13, X15, and X25). One boring
was drilled at Screening Site 46 (the Pallet Drying Area), and surface water and sediment
samples were collected from Screening $1tel56 (the West Gate Stormwater Drainage Canal).

20.2.1.1 DRMO Building T-308: Hazardous Waste Storage (Screening Site 35)

According to the Remedial Investigation at DDMT, Final Report (Law Environmental, 1990a), 
surface soil sample (SS4) was collected southwest of Building T-308. In Sample SS4,
methylene chloride and acetone were the only VOCs that were detected. However, acetone

¯ ] ¯ ¯
was detected at concentrations less than sample quantltation lirmts and methylene chloride
was detected in the laboratory method blank¯ These are common laboratory contaminants.
No SVOCs were detected at concentrations]greater than sample quantitation limits.

Dieldrin was the only pesticide detected in surface soil at Screening Site 35 during the 1989
site work. Several inorganic compounds commonly found in soil also were detected¯

20.2.1.2 Former PCP Dip Vat Area and Former Underground PCP Tank Area (Screening
Sites 42 and 43) 

Screening Site 43 is located near the center Of the Main Installation south of Building 737¯ It
contained a UST that stored PCP. PesticidesJ were used extensively in the area of the tank.

During 1985, OHM conducted the tank removal and subsequently conducted soil sampling
around the excavated tank; these activities ~re detailed in the Summary Report, On-site
Remedial Activities at the Defense Depot Memp, his (OHM, 1986). The structural integrity of the
tank was determined to be sound. However, leakang was discovered at six joints between

] . ¯
the pump house and tank, and between the pump house and dipping vat. The tank was
removed and soils were removed until the excavation pit was approximately 15 ft deep,
20 ft wide, and 22 ft long.
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Subsurface soils with total dioxin and furan concentrations exceeding 200 ppb associated
with the tank were replaced with clean soils (OHM, 1986). Samples that contained more
than 200 ppb total dioxins and furans were packed in roll-off containment vessels; 39 roU-off
vessels were stored north of former Building 737 and covered with tarps for weather
protection. The ro11-offs subsequently were removed from the facility. The excavation was
then filled with 650 cubic ft of native soil and 489 tons of crushed stone.

20.2.1.3 Fuel and Cleaners Dispensing, Building 720 (Screening Site 80)

Screening Site 80 is located approximately 2,000 ft east of the western boundary and 700 ft
south of the northern boundary of the Main Installation. Cleaners and fuel were stored and
dispensed in Building 720. According to the Remedial Investigations at DDMT, F~nal Report
(Law Environmental, 1990a), one surface soil sample indicated the presence of VOCs, PAHs,
DDT, and metals.

20.2.1.4 Dried Paint Disposal AreaJPOL Areas X13, X15, and X25 (Screening Site 83)

According to the Remedial Investigations at DDMT, Final Report (Law Environmental, 1990a),
one surface soil sample (SS20) was collected at Screening Site 83 in 1989. This sample
detected metals, pesticides, VOCs, and SVOCs. In Sample SS20, methylene chloride, total
xylenes, toluene, and acetone were the VOCs detected. However, methylene chloride, a
common laboratory contaminant, and toluene were detected at concentrations greater than
sample quantitation limits, and methylene chloride was qualified as having been found in

the method blank. BEHP and 2-Methylnaphthalene (reported in Sample SS20 at 2,300 pg/kg
and 2,600 1Jg/kg, respectively) were the SVOCs detected in surface soil at the site at
concentrations less than the sample quantitation limits.

DDE and DDT were the only two pesticides detected in surface soil at Screening Site 83.
Several inorganic compounds commonly found in soil also were detected at elevated
concentrations in Sample SS20. Among these inorganic compounds were lead (7,6801Jg/kg),
barium (5,640 1ag/kg), chromium (16,200 pg/kg), and zinc (28,200 1Jg/kg).

20.2.1.5 Pallet Drying Area (Screening Site 46)

Screening Site 46 is located near the center of the Main Installation, 115 ft south of
Building 720 and 125 ft west of 6th Street. This site was used to dry pallets after the PCP-
treating operation that occurred at Screening Sites 42 and 43. Soils at this screening site had
detectable concentrations of 2-Butanone.

20.2.1.6 West Gate Stormwater Drainage Canal (Screening Site 56)

According to the Remedial Investigations at DDMT, Fznal Report (Law Environmental, 1990a),
two surface water samples were collected at Screening Site 56 in 1989. In addition, according
to the Defense Distribution Depot Memphis, Tennessee Sediment Sampling Program; Sediment
Sampling Analysis Report (EDRW, Inc., 1996), one sediment sample (SD19) was collected 
Screening Site 56 during the 1995 sediment sampling program.

Benzoic acid and BEI-IP were the only SVOCs detected in the surface water. However, no
SVOC concentrations were detected at greater than the sample quantitation limits

191
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Endssulfan-I was the only pesticide found in surface water samples. This datum, however,
was reported with a quahfier stating that it "was not positively identified because of matrix
interference. Several inorganic compounds common in soil also were detected in surface
water.

Carbon tetrachloride (the only VOC detecte~t above the sample quantitation limit) was

detected in the sediment Sample SD19 at a ~oncentration of 78 lag/kg. Several SVOCs were
detected in Sample SD19, but no concentrations were detected at greater than the sample
quantitation limit. Although several dioxin Iconcentrations were estimated at levels below
the sample quantitation limits, only total he]ptachlorinated dibenzofuran (HPCDF) (detected

in sample SD19 at 0.01 ]ag/kg) was detected at a quantifiable concentration. Several
inorganic compounds common in soil also were detected in sediment.

20.2.2 Summary of Key Findings from Past Remedial Investigations
The results of the previous sample data collected during the 1990 RI investigation indicated
that most samples contained detectable concentrations of pesticides, dioxins and furans,
VOCs, SVOCs, metals, and PAHs, based on past operational activities.

On the basis of the fate and transport analysis, Law Environmental concluded that metals
and organic compounds were capable of n~gratlon. Pesticides and PCBs were not

¯ , . [
detern’uned to be very mobile, and it was concluded that these compounds were detected at
locations proximate to their original source~ of contamination.

The extent of contamination from the constituents detected was not defined by Law
Environmental. Results from the Law 1990 RI were used to evaluate potential problem areas

within FU4 and provided the basis for additional sampling¯ Additional sampling was
conducted for areas where data gaps existed and where sampling and analyses were

¯ , ] ....
required to characterize the nature and extent of contarrunants from past activztles of the
site. I

20.2.3 Current Remedial Investigatigns
The areas of most concern within this FU (including screening sites and BRAC parcels)
initially were investigated by CH2M HILL from December 1996 through January 1997. At
that time, the surface soil was sampled to a~sess the nature and horizontal extent of

I
contarrunation at these sites, and the subsurface soft was sampled at most of these sites to
assess the vertical extent of contamination. Surface water and sediment samples were
collected from the northern, eastern, and western stormwater drainage ditches after rainfall
events to evaluate surface water runoff andisediment.

Additional investigations of the screening sites were conducted from September 1998
¯ ¯ ] ¯ ¯

through October 1998. Additional surface s911, subsurface soil, sediment, and surface water

data were needed to accomplish the following:
i

¯ Further characterize the nature and extent of contarmnatzon;

¯ Collect a sufficient number of data poinis to perform an RA;

¯ Confirm the absence of contamination at some screening sites based on initial (1996-
1997) screening results;
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¯ Assess the groundwater contamination; and

¯ Collect feasibility samples where remedial activities are likely.

The sites investigated within FU4 and the sampling rationale for each site are presented in
Table 20-1. Figure 20-1 shows the location of these sites. The basis for the 1996 sampling
rationale was the same for each site identified at the time: 1) to collect soil samples that were
representative of site conditions; 2) to compare the detected concentrations to background
and screening levels; and 3) to develop appropriate recommendations. The 1998 sampling
rationale was developed so that the recommendations made from the 1996-1997 sampling
event could be accomplished. Information regarding specific activities that occurred at the
FU4 areas is discussed in Section 20.3.

Some areas of FU4 shown on Figure 20-2 have a relative scarcity of sampling points
compared to other areas. One such area is Open Storage Area X30. This storage area was not
extensively sampled because, after years of investigations and interviews, nothing has
turned up to warrant a specific investigation of this particular storage area. There is not a
specific CERCLA site near X30, and therefore no additional sampling was proposed.

20.3 Potential Sources of Contamination
Because hazardous materials were handled and stored at a number of buildings within FU4,
there was a potential for hazardous materials spills to soil surrounding the buildings Other
areas of concern within FU4 (and also throughout the Main Installation) include releases
associated with transport along railroad tracks and pesticide/herbicide applications in
grassy areas. Table 20-1 lists the sites of most concern at FU4, Figure 20-1 presents the
locations of these sites, and the following paragraphs provide a description of operations
that have taken place at these sites, plus other areas of concern within FU4.

20.3.1 DRMO Building T-308: Hazardous Waste Storage (Screening Site 35)
Building T-308 is a roofed, tin-sided shed with a concrete floor located in the northeastern
comer of the Main Installation, south of Dunn Avenue. It has a 2-ft-high concrete berm and
foundation on all four sides, with 3-inch concrete or asphalt dikes at the entrances. Wastes
were segregated and stored on pallets in this building. The hazardous waste storage area at

Building T-308 is identified as Screening Site 35.

20.3.2 DRMO Drum Storage at Open Storage Areas (Screening Sites 36-39)
Drums containing hazardous materials and waste were stored at open storage areas located
in the northeastern section of the Main Installation. The open storage area was
approximately 2.5 acres. The drums remained in the storage area until shipment to a

licensed hazardous waste disposal facility occurred. Some areas were used to store empty,
damaged drums that might contain hazardous waste and POL residues. The open storage
areas are identified as Screening Sites 36 through 39. The specific function of each site was as
follows:

¯ Screening Site 36-DRMO Hazardous Waste Concrete Storage Pad
¯ Screening Site 37-DRMO Hazardous Waste Gravel Storage Pad
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¯ Screening Site 38-DRMO Damaged/Empty Hazardous Materials Drum Storage Area
D

i . .¯ Screening Site 39-DRMO amaged/Empty Lubricant Container Area

F " ’ " {or investigation purposes, these sites are hereafter referred to as Screening Sites 36-39, the
DRMO Drum Storage area. I

20.3.3 DRMO East Stormwater Runo~ff Canal (Screening Site 54)
The DRMO East Stormwater Runoff Canal i]s located near the northeastern part of the Main

Installation and is approximately 930 ft long. The canal, identified as Screemng Site 54,

collects the stormwater runoff from the DRMO yard (and associated sites) and other Depot
faohties.

20.3.4 DRMO North Stormwater Runoff Area (Screening Site 55)
Screening Site 55 is located at the northern end of the Main Installation adjacent to Perimeter
Road (Figure 20-1). It consists of the stormwater drain that collects runoff from the DRMO

yard. Sample locations were selected at the inlet of the stormwater drain that carries runoff
across the northern Depot boundary.

20.3.5 Waste Oil (PDO Yard) Surface Application for Dust Control (Screening
Site 72) I

Waste oils mixed with PCP were applied to the soil surface in the Property Disposal Office
(PDO) Yard for dust and weed control purl~oses. The PDO yard is in the northern section 
the Main Installation and is north of B Streei. Surface samples were selected based on the

fact that waste oil has been applied directlyito the surface soils, and therefore, surface soil
contamination is probable. The area is identified as Screening Site 72 (see Figure 20-1).

|

20.3.6 Flammables and Toxics (Weslt End Building 319) (Screening Site 

The western end of Building 319, off of C Street, historically has been used for the storage of

flammable and toxic materials. Sampling locations were selected based on activities

conducted at the storage area such as load~g and unloading areas and on surface water
drainage pathways. Twenty-ft soil borings Were selected because shallow and surface soil
contamination is probable. The area is lden~fied as Screening Site 74.

20.3.7 Fuels, Miscellaneous Liquids, Wood, and Paper (Screening Site 79)
The area adjacent to Building 702, approximately 2,400 ft from the western boundary and
200 ft from the northern boundary of the Main Installation, has been used to store fuels,
miscellaneous liquids, wood, and paper. Sample locations at this site were selected based on

¯ . J . ¯

activities conducted at the building such as waste loadmg, unloading, and storage areas.
Twenty-ft soil borings were selected to investigate potential leaching and percolation

..... I ....

releases to surface soft. The area ms sdentified as Screening Site 79. Building 702 was also
used as a hobby shop.
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20.3.8 West Gate Stormwater Drainage Canal (Screening Site 56)

Screening Site 56 (see Figure 20-1) is on the western side of the Main Installation, adjacent 
Perry Road and north of Gate 9. This site collects the stormwater runoff from the former

PCP tank areas and the western portion of the Main Installation.

20.3.9 Dried Paint Disposal Area (Screening Site 83)
The area adjacent to the southern side of Building 949 apparently was used as an outdoor
spray paint site, which would account for dried paint residues accumulating on the surface.
No records indicate that paint wastes were transported here for disposal. The area is
identified as Screening Site 83.

20.3.10 Recoupment Area-Building 865 (Screening Site 28)
The hazardous materials and waste handling area is identified as Screening Site 28. The
area, which is used to transfer materials from damaged or leaking containers into
undamaged containers, began operating in 1986. The area north of Building 865 historically
has been used as an open storage area.

Screening Site 28 is situated 75 ft north of G Street and south of Building 835. Building 865 is
constructed of concrete block with a poured concrete floor that has a chemical-resistant

coating. The materials are placed in separate bays for segregation; bays are bermed to
contain spills during repackaging or from leaking containers.

20.3.11 Former PCP Dip Vat Area, Former Underground PCP Tank Area,
and Pallet Drying Area (Screening Sites 42, 43, and 46)

The area located near Building 737 and 275 ft west of 6th Street was used to hold PCP for
treating wood pallets (Screening Site 42). It was mixed with waste oil and applied to the
ground surface for dust control purposes. The area also contained a PCP UST (Screening
Site 43). PCP inherently contains small amounts of dioxins as a by-product of
manufacturing. During 1985, OHM removed the PCP dip vat, associated PCP underground
tank, and 39 roll-off containers of PCP-contaminated soil. The tank was removed, and soils
were removed until the excavation pit was approximately 15 ft deep, 20 ft wide, and 22 ft
long.

The pallet drying area (identlhed as Screening Site 46) is located near the center of the Main
Installation, 115 ft south of Building 720 and 125 ft west of 6th Street (Figure 20-1). This site
was a gravel area used to dry pallets after the PCP-treating operation that occurred at
Screening Sites 42 and 43.

20.3.12 Fuel and Cleaners Dispensing, Building 720 (Screening Site 80)
Building 720 was used to store cleaners (used in train engine maintenance), to dispense fuel,
and to repair and maintain train engines. The building is located approximately 2,000 ft east
of the western boundary and 700 ft south of the northern boundary of the Main Installation
and is identified as Screening Site 80.
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20.3.13 Fuel Oil Building 765 (Screening Site 81)

Building 765 formerly was a fuel oil aboveground storage tank (AST). The AST was located
approximately 2,200 ft east of the western boundary and 1,350 ft south of the northern
boundary of the installation (shown on Figure 20-1). The former AST is identified 
Screening Site 81.

20.3.14 Railroad Tracks (Screening Site 70/71)
Railroad operations were the main means of transporting materials to the warehouses for
storage. A number of the railroad tracks are located in FU4. Throughout the Mare
Installation, railroad tracks historically were sprayed with pesticides, herbicides, and waste
oil containing PCP. Surface and subsurface soil sampling investigations along the railroad
tracks detected elevated concentrations of PAHs. Surface soil samples from railroad track
cross ties and asphalt were collected m FU1 to further assess the presence of PAH
compounds in surface soil. The analyses from these samples are discussed in Section 8.4.2

20.3.15 All Grassed Areas (Screening Site 73)

Grassed areas throughout the Main Installation were treated as one screemng site during
the investigation. The historical apphcation of pesticides such as dieldrin on grassy areas
was cause to consider areas as a potential source of contarmnation.

20.3.16 BRAC Parcels
Environmental sampling was performed at BRAC property parcels to assess whether the
property was suitable for transfer or lease. Sampling was conducted to assess whether
chemicals existed in the surface and subsurface soils in concentrations that might present a
concern for industrial, and in some portions of the Main Installation, residential uses.

20.4Nature and Extent of Soil and Subsurface Soil
Contamination

To characterize the nature and extent of contaminants within FU4, surface and subsurface
soil samples were collected and analyzed for VOCs, SVOCs, metals, petroleum
hydrocarbons, and the TCL/TAL parameters (organochlorine pesticides and herbicides).
Figure 20-2 shows the sample locations for FU4, and Table 20-2 lists the parameters
analyzed for at each site. Appendix O provides a list of all detected parameters in the
surface and subsurface soil samples collected at FU4 and compares them to screening and
background values. The nature and extent of the contaminants detected above background
values at the FU are discussed below.

20.4.1 Nature and Extent of Metal Contamination
Several metals were detected throughout FU4 at concentrations above background values¯
The results of the analyses are provided in Table 20-3. The metals that exceeded background

values were divided into three categories based on the number of sample concentrations
that exceeded background values and the relative importance of the metal as a potenhal
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contaminant. Each metal that exceeded a background value was classified as a primary
metal of concern, a distributed metal, or a naturally occurring metal:

Primary metals of concern were detected above background values in a significant
number of samples and may indicate a release from source areas in FU4;

Distributed metals were detected above background values in a relatively small and
insignificant number of samples; and

Naturally occurring metals were metals associated with the natural soil conditions that
were detected above background levels.

20.4.1.1 Primary Metals of Concern

On the basis of the results of the surface and subsurface soil sampling, arsenic, total
chromium, copper, lead, nickel, selenium, and zinc were designated as the primary metals
of concern throughout FU4. The soil samples that exceeded the background values for these
constituents are shown on Figures 20-3 through 20-12. These constituents were designated
as primary metals of concern primarily because they exceeded background levels in a
number of areas throughout FU4.

Arsenic. Twenty-six of the 149 surface soil samples (including 21 duplicates) analyzed for
arsenic contained an arsenic concentration that exceeded the background value of

20 mg/kg. As shown on Figure 20-3, these samples were scattered throughout FU4, but
mostly were concentrated in the northeastern section of FU4. The elevated concentrations of
arsenic in the northeastern portion of FU4 do not iridicate a release from a specific source
Only one surface soil arsenic concentration exceeded two times the background limit. BRAC
sample SS14A contained an arsenic concentration of 66.3 mg/kg. The remaining arsenic
concentrations were relatively close to the background value of 20 mg/kg, ranging from
1.1 mg/kg to 37.7 mg/kg.

Arsenic was detected in all 157 subsurface soil samples (including 7 duplicates) analyzed for
arsenic. Forty-two samples contained arsenic concentrations that slightly exceeded the
background value of 17 mg/kg. The highest arsenic concentrahon was 34.2 mg/kg (4- to 6-ft
interval of SB79C). Only 7 arsenic concentrations from samples collected between the 3- to
5-ft interval exceeded the background value. The majority of the samples that exceeded the
background value for arsenic occurred between the 4- to 10-ft interval. There were no
elevated arsenic concentrations deeper than the 11-ft interval. These factors indicate that the
intermediate subsurface arsenic concentrations may occur as a result of natural soil
formations and not as a result of surface infiltration.

As described above, the arsenic samples that exceeded the background values in both the
surface and subsurface were broadcast throughout FU4. In most cases, the concentrations of
arsenic did not significantly exceed the background value. The highest surface or subsurface
concentration of arsenic was only 66.3 mg/kg, and the next highest concentration was only

37.7 mg/kg. Arsenic is present in low concentrations throughout the Memphis Depot,
probably because of site-wide pesticide management activities and naturally elevated
background levels in soil that may be misinterpreted as specific source areas in FU4.

487 197
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Total Chromium. Chromium was detected in all 144 samples (including 20 duplicates). Sixty-
eight total chromium concentrations exceeded the background value of 24.8 mg/kg. The
detected concentrations of chromium ranged from 5J mg/kg to 4,385 mg/kg. As shown on
Figure 20=4 and Table 20-3, elevated chromium was concentrated in four main areas:

¯ The dried paint area just south of Building 949 (Screening Site 83);
¯ The waste loading and unloading area adjacent to Building 702 (Screening Site 79);
¯ The recoupment area at Building 865 (Screening Site 28); and
¯ The DRMO Drum Storage Area (Screening Sites 36-39).

Concentrations as high as 4,385 mg/kg, 1,750 mg/kg, and 1,310 mg/kg were observed at
Screening Site 83. Screening Sites 79, 28, and 36 had highs of 112.95 mg/kg, 30.8 mg/kg, and
33.5 mg/kg, respectively. Elevated chromium concentrations also were detected at the
Stormwater Drainage Canal (Screening Site 56). Surface soil samples from Screening Site 
contained an elevated chromium concentration of 71.6 mg/kg.

Most elevated chromium concentrations were significantly less than those concentrations
observed at Screemng Site 83. The next highest concentrations at Screening Site 83 were
610 mg/kg, 598 mg/kg, and 313 mg/kg. The highest concentration detected among all the
other sites was only 113 mg/kg. Most elevated concentrations were within two times the
background value of 24.8 mg/kg.

Chromium concentrations in 57 of the 154 subsurface soil samples, including 7 duplicates,
exceeded the background value of 26.4 mg/kg. As shown on Figures 20-5 through 20-7, the
elevated chromium concentrations were dispersed throughout FU4 at depths of 4 to 6 ft, 8 to
10 ft, and 18 to 20 ft. The detected concentrations ranged from 1.8 mg/kg to 140 mg/kg.
With the exception of the detected concentration in sample SB79C (140 mg/kg), the elevated
chromium concentrations did not greatly exceed the background value. At boring SB79C,
chromium was detected at 140 mg/kg (18- to 20-ft depth), 39.1 mg/kg (4- to 6-ft depth), 
24.2 mg/kg (8- to 10-ft depth). At Screening Site 83, where surface soil was greatly
contaminated with total chromium, the highest concentratmn detected was 45.6 mg/kg in
boring SB83B at the 4- to 6.5-ft interval. The next highest concentration at this site was barely
above background, which was 26.8 mg/kg at the same boring. Other detected
concentrations in the subsurface soil at this site were below background.

In summary, chromium was present m surface soil samples at concentrations that
significantly exceeded the background value. The highest chromium values were
concentrated near the dried paint disposal area, the waste loading and unloading area at
Building 702, the recoupment area at Building 865, and the DRMO Drum Storage Area. The
south-central portion of FU4 near the railroad tracks was free of chromium. Elevated
chromium concentrations in the subsurface soil appear to be a result of surface infiltration
(Screening Site 79), as well as of natural formation in soil.

Lead. Of the 150 surface soil samples analyzed for lead (including 21 duplicates), 82 samples
contained lead concentrations that exceeded the background value of 30 mg/kg. As shown
on Figure 20-8, the elevated lead values were broadcast throughout FU4. The highest
detected concentrations were at the dried paint disposal area (Screening Site 83) and the
waste loading and unloading area adjacent to Building 702 (screening Site 79). The three
highest concentrations at SS83 were 2,800 mg/kg (sample SS83C), 2,430 mg/kg (sample
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SB83B), and 1,720 mg/kg (sample SS83B). The three highest detected concentrations at SS79
were 1,060 mg/kg (sample SS79A), 702 mg/kg (sample FS79B), and 506 mg/kg (sample
SS79E). Detected concentrations above background at other sites (Screening Sites.56, 54, 36,

35, 28, 43, and 72) were not as high as these concentrations, normally ranging from
31 mg/kg to about 300 mg/kg.

An elevated lead concentration of 308 mg/kg was detected at the western stormwater
drainage canal (Screening Site 56) in Sample SS56B and an elevated concentration 
213 rng/kg was detected at the eastern stormwater drainage canal (Screening Site 54) 
Sample SB54B. The other detected concentrations of lead at these sites were either near or
below background. In most cases at other sites, there would be one significant detected
concentration above background and the remaining detected concentrations would exceed
background by less than three times the background value. The majority of lead
concentrations detected at the DRMO Drum Storage Area (Screening Sites 36-39) were
below background. The only significant lead concentrations were detected in sample SB36H
(131 mg/kg) and in sample SS36B (142 mg/kg), which were collected from locations 
north and just south, respectively, of the concrete pad m the area. The l-ughest
concentrations detected at Screening Site 72, the PDO yard, were located near Screening
Site 79.

Lead concentrations in 30 of the 157 subsurface soil samples, including 7 duplicates,
exceeded the background value of 23.9 mg/kg. The elevated lead concentrations normally
were detected in the 3- to 5-ft and 8- to 10-ft intervals. The highest lead concentration
detected in the borings at FU4 was 38.4 mg/kg at boring SB79C at the 4- to 6-ft interval
Only one boring (SB35B) had an elevated lead concentration m the 18- to 20-ft interval,
which was only 30.6 mg/kg. All other samples collected from deeper intervals within the
borings at FU4 contained lead concentrations that were below the background limit.

Overall, lead was detected m significant concentrations near the dried paint waste disposal
area at the southwestern corner of FU4 and near the waste loading and unloading area
adjacent to Building 702. Many of these lead concentrations greatly exceeded the
background value. However, lead does not appear to be leaching to the subsurface.
Throughout FU4, the highest lead concentration in the subsurface soil did not exceed
38.4 mg/kg in the subsurface, which is not greatly above the background value of
23.9 mg/kg. Additionally, the concentrations in the subsurface soil were significantly lower
than those concentrations detected in the surface soil.

Copper. Copper concentrations in 36 of the 150 surface soil samples (including 21 duphcates)
exceeded the background value of 33.5 mg/kg. As shown on Figure 20-9, the elevated
copper values were concentrated near the DRMO Hazardous Waste Storage Area at
Building 308 (screening Site 35), the DRMO Drum Storage Area (Screening Sites 36-39), 
the PDO yard area (screening Site 72). However, the copper concentrations remained
relatively low. Only three surface soil copper concentrations exceeded 100 mg/kg. Sample
SS35C contained a copper concentration of 1,400 mg/kg, SS35D contained a copper
concentration of 119 mg/kg, and SS72K contained a copper concentration of 227 mg/kg. In
addition, only 8 of the 150 copper concentrations detected exceeded twice the background
limit.
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Of the 157 subsurface soil samples analyzed for copper (including 7 duplicates), 39 samples
contained copper concentraHons that exceeded the background value of 32.7 mg/kg. The
elevated copper concentrations were scattered throughout the borings and normally were
concentrated at depths of 4 to 6 ft and 8 to 10 h. in addiHon, the copper concentrations were
not significantly higher than the background value of 32.7 mg/kg. The highest detected
copper concentration in the subsurface of 56.8 mg/kg occurred at the 4- to 6-ft interval of
SB79C. The next highest concentration of 47.2 mg/kg occurred at the 4- to 6-ft interval of
SB79A.

Copper concentrations that exceeded the background value were concentrated near the
DRMO hazardous waste storage area at Building 308 (Screening Site 35), the DRMO Drum

Storage Area (Screening Sites 36-39), and the PDO yard (Screening Site 72). The elevated
copper concentrations did not consistently greatly exceed background values in the surface
and subsurface soil.

Nickel. Thirty-two nickel concentrations exceeded the background value of 30 mg/kg in the
150 surface soil samples analyzed for nickel at FU4. As shown on Figure 20-10, the samples
collected near the DRMO Drum Storage Area (Screening Sites 36-39), and the PDO yard
(Screening Site 72) contained the majority of the nickel concentrations that exceeded the
background value. However, the nickel concentrations did not sigruficantly exceed the
background limit. None of the detected concentrations were greater than two times the
background value of 30 mg/kg.

Thirty-eight of 157 subsurface soil samples (including 7 duplicates) contained nickel
concentrations that exceeded the background value of 36.6 mg/kg. The elevated nickel
concentrations were located near the DRMO Drum Storage Area (Screening Sites 36-39), the
flammables and toxics storage area on the western end of Building 319 (Screening Site 74),
the waste loading and unloading area adjacent to Building 702 (Screening Site 79), and
Building 720 (Screening Site 80). However, the concentrations that exceeded the background
value of 36.6 mg/kg at these sites only ranged from 36.7 mg/kg to 64.8 mg/kg. The elevated
nickel concentrations detected were concentrated at the 4- to 6-ft and 8- to 10-ft intervals.
The 3- to 5-ft interval just below the surface soil and the lower depths of 18 to 20 ft normally
contained detected concentrations below background. The highest concentration of
64.8 mg/kg was detected at boring SB79C (4- to 6-ft depth), located at Screening Site 79. The
next two highest concentrations of 59.3 mg/kg and 50 mg/kg were detected at boring
SB79A (8- to 10-ft depth and 4- to 6-ft depth).

The DRMO drum storage area, the flammables and toxics storage area on the western end of
Building 319, the waste loading and unloading area adjacent to Building 702, and the area
surrounding Building 720 appear to have concentrated nickel values that exceeded the
background limit in the surface and subsurface soil. The elevated nickel concentrations m
the subsurface soil were slightly higher than those concentrations detected in the surface
soil However, neither the nickel concentrations in the surface nor the subsurface
significantly exceeded the background values.

Zinc. Zinc was detected in 149 out of 150 surface soil samples analyzed for zinc (including
21 duplicates). Forty-eight of the detected zinc concentrations exceeded the background
value of 126 mg/kg. As shown on Figure 20-11, the elevated zinc values were concentrated
near the dried paint disposal area just south of Building 949 (Screening Site 83), the
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recoupment area (Screening Site 28), the DRMO drum storage area (Screening Sites 36-39),
the PDO yard (Screening Site 72), the waste loading and unloading area at Building ?02

(Screening Site 79), and the fuel-dispensing area at Building 720 (Screening Site 80). 
highest zinc concentrations were located in Screening Site 83, Screening Site 28, and ’ [.,
Screening Site 79. At Screening Site 83, high individual zinc concentrations were ..y"
encountered at sample FS83T (9,915J mg/kg), SB83B (3,030 mg/kg), SS83B (2,630 mg/kg),
and SS83C (1,000 mg/kg). At Screening Site 28, an elevated zinc concentration was detected
in sample SS28A at 1,530 mg/kg. The other four detected concentrations at Screening Site 28
were below the background value of 126 mg/kg. At Screening Site 79, zinc was detected in
sample SS79A at 331 mg/kg. There were three more detected concentrations above
background at Screening Site 79 that were 160.6 mg/kg, 175.5 mg/kg, and 177 mg/kg. The
other 10 detected concentrations at Screening Site 79 were below background. Elevated zinc
concentrations detected at the other sites (screening Sites 35, 36-39, 54, 56, 72, and 80) ranged
from 127 mg/kg to 308 mg/kg.

Zinc concentrations in 48 of 150 subsurface soil samples (including 7 duplicates) exceeded
the background value of 114 mg/kg. The elevated zinc concentrations were located near the
recoupment area (Screemng Site 28), the DRMO hazardous waste storage area 
Building 308 (Screening Site 35), the DRMO drum storage area (screening Sites 36-39), 
western stormwater drainage canal (Screening Site 56), the flammables and toxics storage
area on the western end of Building 319 (Screening Site 74), the waste loading and
unloading area adjacent to Building 702 (Screening Site 79), the fuel dispensing area 
Building 720 (Screening Site 80), and the dried paint disposal area just south of Building 949
(Screening Site 83). The zinc concentrations in the subsurface did not significantly exceed
the background limit. In fact, most of the zinc concentrations-that exceeded the background
limit of 114 mg/kg only ranged from 120 mg/kg to 145 mg/kg. In addition, the elevated
zinc concentrations were widely dispersed and not concentrated in one boring or strata.
Only 8 of the 38 detected concentrations were more than 145 mg/kg, with the highest of the
8 detected concentrations being 223 mg/kg at boring SB79C (4- to 6-ft depth) and
182 mg/kg and 177 mg/kg at boring SB79A (4- to 6-ft and 8- to 10-ft depths). These borings
located at Screening Site 79 typically contain very high metals concentrations at the 4- to 6-ft
and 8- to 10-ft depths.

Overall, elevated zinc concentrations were observed at the dried paint disposal area just
south of Building 949, the recoupment area at Building 865, the DRMO drum storage area,
the PDO yard, the waste loading and unloading area at Building 702, and the fuel-
dispensing area at Building 720. Some of these surface soil concentrations significantly
exceeded the background limit-especially at the dried paint disposal area. Zinc was not
detected in significant quantities in the subsurface, but was detected throughout FU4,
mostly at depths of 4 to 6 ft and 8 to 10 ft. Concentrations in the subsurface soil were slightly
lower than those detected in the surface soil.

Selenium. Selenium was detected in 36 of 150 surface soil samples (including 21 duplicates)
analyzed for selenium. Twenty-nine of the detected concentrations exceeded the
background value of 0.8 mg/kg. As shown on Figure 20-12, the elevated selenium
concentrabons are concentrated in the central portion of FU4 where BRAC samples were

collected, near the DR_MO drum storage area (Screening Sites 36-39), the dried paint disposal
area (Screening Site 83), and the PDO yard (Screening Site 72). The highest concentrations
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were detected at samples SB36F at 14.5 mg/kg, FS83T at 12.8 mg/kg, C(33.9) at 11.2 mg/kg,
E(33.9) at 7.7 mg/kg, and B(29.2) at 6.3 mg/kg. Unlike other metals, selenium was detected
above background in most of the samples within the gravel and grassy areas, including the
open gravel area in the central portion of FU4.

Selenium was orgy detected 8 times out of 150 subsurface soft samples (including 
duplicates). Seven of these detected concentrations exceeded the background value of
0.6 mg/kg. The elevated selenium concentrations were detected at depths of 4 to 6 ft and 8
to 10 ft. In addition, the elevated concentrations only ranged from 1.3 to 2 mg/kg. Selenium
concentrations in the 3- to 5-ft interval did not exceed background values or were not
detected, and selenium was not detected in the 18- to 20-ft-depth interval.

20.4.1.2 Distributed Metals

Antimony, barium, beryllium, cadmium, cobalt, mercury, and vanadium were detected at
concentrations that exceeded background values. However, the elevated concentrations for
these constituents occurred infrequently (see Table 20-3) and were widely dispersed. As 
result, the elevated concentrations of these constituents were not considered indicative of a
release from a source area in FU4, and these constituents were classified as distributed
metals.

Antimony. Antimony was detected in 46 out of 147 samples analyzed for antimony.
Antimony concentrations in 8 of the 147 surface soil samples exceeded the background
value of 7 mg/kg. These 8 surface soil samples were located near the dried paint disposal
area south of Building 949 (Screening Site 83), the southern end of Building 925, the DRMO
drum storage area (Screening Sites 36-39), and the DRMO hazardous waste storage area 
Building 308 (Screening Site 35). The detected elevated concentrations ranged from
7.3 mg/kg to 27.5 mg/kg. Only nine antimony concentrations were detected in 154
subsurface soil samples. No background value was established for the subsurface antimony
concentrations.

Barium. Two of the 43 surface soil samples contained barium concentrations that exceeded
the background value of 234 mg/kg. These two surface soil samples were located at the
western stormwater drainage canal and the dried paint disposal area at concentrations of
238 mg/kg (SS56C) and 366 mg/kg (SS83B), respectively. Each of the 43 surface soil samples
collected contained a detected barium concentration. The detected concentrations ranged

from 6.7J mg/kg to 366 mg/kg. Only one of the 57 subsurface soil samples contained a
barium concentration that exceeded the background concentration of 300 mg/kg. This
detection was at the western stormwater drainage canal in boring SB56A (5- to 7-ft depth) 
a concentration of 422 mg/kg.

Beryllium. The background value of 1.1 mg/kg for beryllium was exceeded m one surface
soil sample. This elevated concentration was detected near the dried paint disposal area m
sample SS83B at only 1.6 mg/kg. Berylhum was analyzed in 150 surface soil samples
(including 21 duplicates) and detected in 80 surface soil samples. The detected
concentrations ranged from 0.02J mg/kg to 1.6 mg/kg.

Beryllium concentrations in 3 subsurface soil samples exceeded the background value of
1.2 mg/kg. However, the beryllium concentrations that exceeded the background value
ranged from 1.4 mg/kg to 1.8 rng/kg. In addition, the elevated beryllium subsurface
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concentrations were scattered throughout the soil borings and not concentrated’in any one
area. Beryllium was detected in 71 of the 157 subsurface soil samples, including 7 auphcates.

Cadmium, Cadmium was detected in 66 out of 150 samples analyzed for cadmium. ’-’}
Cadmium concentrations in 12 of the 66 surface soil detections exceeded the backgrohnd
value of 1.4 mg/kg. These 12 surface soil samples were located near the dried paint disposal
area south of Building 949 (Screening Site 83), the DRMO drum storage area (Screening
Sites 36-39), the DRMO hazardous waste storage area at Building 308 (Screening Site 35), 
recoupment area at Building 865 (Screening Site 28), the eastern stormwater runoff canal
(Screening Site 54), the waste loading and unloading area at Building 702 (Screening Site 79),
and Building 720 (Screening Site 80). The detected elevated concentrations ranged from
1.6 mg/kg to 4.8 mg/kg. Only 18 cadmium concentrations were detected in 157 subsurface
soil samples. One detection exceeded the background value of 1.4 mg/kg. The elevated
concentration of 1.8 mg/kg was detected at sample SB36H at the 18- to 20-ft interval.

Cobalt. Cobalt concentrations in one surface soil sample exceeded the background value of
18.3 mg/kg. This sample was located near the western stormwater drainage canal
(Screening Site 56) in sample SB56A at a concentration of 18.9 mg/kg. Cobalt was detected
in all 43 surface soil samples and all 157 subsurface soil samples. Two cobalt concentrations
in the subsurface soil exceeded the background value of 20.4 mg/kg. These samples were
also located at the western stormwater drainage canal in boring SB56A (5- to 7-ft and 8- to
10-ft depths) at concentrations of 28 mg/kg and 23.4 mg/kg, respectively.

Mercury. Mercury was detected in 44 out of 150 surface soil samples at concentrations below
the background value of 0.4 mg/kg. Mercury was analyzed in 157 subsurface soil samples,
but was detected in only 3 subsurface soil samples. Two mercury concentrations of
0.37 mg/kg detected in the subsurface soil exceeded the background value of 0.2 mg/kg
The samples were located in the open gravel area in the central portion of FU4.

Vanadium. Vanadium concentrations in one surface soil sample exceeded the background
value of 48.4 mg/kg. This sample was located near the western stormwater drainage canal
(Screening Site 56) in sample SS56C at a concentration of 50.9 mg/kg. Vanadium was
detected in all 43 surface soil samples and all 57 subsurface soil samples. One vanadium
concentration in a subsurface sample exceeded the background value of 51.3 mg/kg. This
sample also was located at the western stormwater drainage canal in boring SB56A (8- to
10-ft depth) at a concentration of 65.1 mg/kg.

20.4.1.3 Naturally Occurring Metals

Various samples collected throughout FU4 contained concentrations of aluminum, calcium,
iron, magnesium, manganese, and potassium that exceeded background values. However,
these metals frequently occur in the natural clay soils beneath the site. Specihcally, almost
every soil sample analyzed for these constituents at FU4 contained a detected concentration
of aluminum, calcium, iron, magnesium, manganese, and potassium. In addition, these
metals do not pose significant health risks and generally are not indicative of a release from
source areas in FU4. Therefore, the following constituents were classified as naturally
occurring metals.

Aluminum, Aluminum concentrations in I surface soil sample exceeded the background
value of 23,800 mg/kg. The elevated concentration was detected near the western
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stormwater drainage canal in boring SB56A at 27,600 mg/kg. Aluminum was detected in all
43 surface soil samples including five duplicates and all 57 subsurface soil samples,
including three duplicates. Only I of the 57 subsurface soil samples contained an aluminum
concentration that exceeded the background concentration of 21,829 mg/kg. This detection
also was at the western stormwater drainage canal in boring SB56A (5- to 7-ft depth) at 
concentration of 26,800 mg/kg.

Calcium. Calcium concentrations in 19 surface soil samples exceeded the background value

of 5,840 mg/kg. The surface soil samples with elevated calcium concentrations were
broadcast throughout FU4, and ranged from 6,160 mg/kg to 306,000 mg/kg. Calcium
concentrations in two subsurface soil samples exceeded the background value of
2,432 mg/kg. The two subsurface soil samples were located near the western stormwater
drainage canal in boring SB56A at 2,540 mg/kg (at 5 to 7 ft) and 5,670 mg/kg (at 8 to 10 ft).
Calcium was detected in 41 out of 43 surface soil samples, including 5 duplicates, and m 56
out of 57 subsurface soil samples, including 3 duplicates.

Ir0n. Iron was detected in all 43 surface soil samples, including 2 duplicates, and all 57

subsurface soil samples, including two duplicates. Iron concentrations in two surface soil
samples exceeded the background value of 37,040 mg/kg. The elevated iron concentrations
were detected at the western stormwater drainage canal (Screening Site 56) and at the dried
paint disposal area (Screening Site 83). One iron concentration m the subsurface exceeded
the background value of 38,480 mg/kg. This concentration was detected at the western
stormwater drainage canal in boring SB56A.

Magnesium. The background value of 4,600 mg/kg for magnesium was exceeded in four

surface soil samples. The elevated concentrations ranged from 5,360 mg/kg to 7,060 mg/kg.
Magnesium concentrations in 2 subsurface soil samples exceeded the background value of
4,900 mg/kg. The elevated concentrations were detected at 84,200 mg/kg in sample A (24.2)
(zero to 4 ft) and at 410 mg/kg in sample SB56A (8 to 10 ft). Magnesium was detected in 
43 surface soil samples, including 5 duphcates, and in all 57 subsurface soil samples,
including 3 duplicates.

Manganese. The background value of 1,304 mg/kg for manganese was exceeded in three
surface soil samples. The elevated concentrations ranged from 1,400 mg/kg to 2,260 mg/kg.
A manganese concentration in I subsurface soil sample exceeded the background value of
4,900 mg/kg. The elevated concentration was detected at 2,960 mg/kg in sample SB56A (5
to 7 ft). Manganese was detected in all 43 surface soil samples, including 5 duplicates, and 
all 57 subsurface soil samples, including 3 duphcates.

Potassium. Potassium concentrations in 10 surface soil samples exceeded the background
value of 1,820 mg/kg. These elevated potassium concentrations were detected throughout
FU4 and ranged from 1,910 mg/kg to 3,140 mg/kg. Potassium concentrations in 19
subsurface soil samples exceeded the background value of 1,800 mg/kg. Most of the
elevated potassium concentrations were located near the railroad tracks in the central
portion of FU4. Potassium was detected in 42 of the 43 surface soil samples, including
5 duplicates, and in 55 of the 57 subsurface soil samples.
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20.4.1.4 Metals below Background Values 4 8 7

Silver, sodium, and thallium were detected infrequently in surface and subsurface soil
samples analyzed for these constituents. However, no concentrations of these constituen~’d.,
exceeded the background values, if available. "

20.4.2 Nature and Extent of SVOC Contamination

20.4.2.1 Surface Soil

On the basis of soil sample results for FU4, the primary SVOCs of concern in the surface soil
were determined to be PAHs. As shown on Figure 20-13 and in Table 20-4, 56 out of 129
surface sample locations contained detectable concentrations of total PAHs. The total PAH
concentrations were detected throughout FU4 in all of the screening sites. The detected total
PAH concentrations ranged from 0.050 mg/kg to 79.4 mg/kg. The highest total PAH
concentrations (79.5 mg/kg and 63.2 mg/kg) were observed in B(30.2) and SS43F,
respectively. Sample B(30.2) was taken near the southwestern comer of Building 925 near
the railroad track. Sample SS43F was taken in the open gravel area on the eastern portion of
FU4, just northwest of Building 737. Other PAH detected concentrations were less than
40 mg/kg.

PAHs are observed throughout the Main Installation, generally from surface soil samples in
proximity to railroad tracks and those not adjacent to railroad tracks. PAH compounds can
generate from creosote seepage that comes from railroad track cross ties, from historical
rallcar leaks to the surface, or from the application of a PCP/used-oil rruxture that
historically was apphed for weed control along the tracks. PAH compounds also can be
generated as a result of engine exhaust from trucks, automobiles, and trains. To further
assess the presence of PAH compounds in surface soil from railroad track cross ties and
asphalt, two samples (RR57A and RR65A) were collected from the cross ties and two
samples were collected from asphalt (RD57A and RD65A) and analyzed for PAHs. These
samples were collected in FU1.

As shown in Table 20-5, high concentrations of the following PAHs were detected m the
railroad cross tie samples, indicating potential source contamination from railroad tracks:
benzo(a)anthracene, chrysene, flouranthene, naphthalene, phenanthrene, and pyrene.

The relationship between detected PAHs in surface soil and asphalt could not be evaluated
because of the difficulty of analyzing the asphalt samples (Table 20-5). Excessive matrxx
interference caused unusually high dilution factors, which resulted in elevated reporting
limits (matrix interference was anticipated before analysis, and therefore, only 6 grams of
sample rather than the typical 30 grams were analyzed). Therefore, PAHs at the requested
reporting limits were masked by the sample matrix.

The SVOC carbazole was detected 12 out of 99 times it was analyzed for and exceeded the

background value of 0.067 mg/kg 9 times. As shown on Figure 20-14, the highest
concentrations of carbazole were found along the southwestern comer of Building 925
(1.8 mg/kg), the northwestern comer of Building 209 (1.1 mg/kg), and the northwestern
comer of Building 972 (1.0 mg/kg). Other isolated detected concentrations of carbazole

were just above background.
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Concentrations of other SVOCs (BEHP, diethyl phthalate, di-n-butyl phthalate, di-n-
octyphthalate, and PCP) were detected in surface soil samples. However, no concentration
of these constituents exceeded a background value. In some cases, no background value was
available. Benzyl butyl phthalate, a common laboratory contaminant, was detected in I out
of 3 samples above its background value of 0.645 mg/kg, at 0.700 mg/kg.

In summary, the primary SVOCs of concern in the surface soil are PAH compounds. In the
western portion of FU4, where the highest levels of PAH compounds were detected, the
elevated concentrations probably result from railroad ties. Other detected concentrations of
SVOCs normally were below background, or the SVOC was determined to be a laboratory
contaminant.

20.4.2.2 Subsurface Soil

As shown in Table 20-4, PAHs were not frequently detected in subsurface soil samples.
Total PAH concentrations were detected in only 6 out of 157 subsurface soil samples. The
concentrations ranged from 0.094 mg/kg to 2.59 mg/kg.

The PAHs fluoranthene and pyrene exceeded background values in five subsurface soil
samples. The five detected fluoranthene concentrations ranged from 0.050 mg/kg to
0.540 mg/kg, exceeding the background value of 0.045 mg/kg. The five detected pyrene
concentrations ranged from 0.044J mg/kg to 0.370J mg/kg, exceeding the background value

of 0.042 mg/kg. Concentrations of most PAHs were detected only 2 or 3 times out of the
157 samples analyzed for these constituents (see Table 20-4).

In summary, SVOCs generally were not detected in the subsurface soils. Only the SVOCs
BEHP and di-n-butyl phthalate, which are common laboratory contaminants, were detected
m a number of the subsurface soil samples.

20.4.3 Nature and Extent of Pesticide Contamination
A total of 6 pesticides were detected in 108 pesticide surface soil samples at FU4. The
pesticides are DDT, DDE, DDD, alpha-chlordane, gamma-chlordane, and dieldrin.
Table 20-6 lists these pesticides, the number of times they were analyzed, and the minimum
and maximum concentrations detected.

There are two general areas in which elevated concentrations of pesticides were detected
within FU4:

¯ West-central portion of FU4 (just north of Building 737 in the open gravel area; and

¯ The far eastern portion of FU4 (just west of Building 209 and Building 210 m the grassy
areas and the grassy areas surrounding these buildings).

As presented on Figures 20-15 through 20-16, elevated concentrations of DDE and DDT
were detected above background in the open gravel area just north of Building 737
(Screening Sites 43 and 46), and some isolated detected concentrations were around
Buildings 209, 210, and 949. DDE was detected in 34 sample locations, with 8 detected
concentrations above its background value of 0.16 mg/kg (see Table 20-7). The highest

concentrations of DDE were detected at Screening Site 43 at 3 mg/kg in sample SS43F and at
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Screening Site 46 at 1.6 mg/kg in sample SS46E. Both of these samples are located in the

open gravel area north of Building 737. Pesticides were used extensively in this area.
-J

DDT was detected in 48 sample locations, with 13 detected concentrations above its ’-
background value of 0.074 mg/kg. The highest concentrations of DDT were detected m the
same locations as DDE. DDT was detected at Screening Site 43 at 13 mg/kg in sample SS43F
and at Screening Site 46 at 3.1 mg/kg in sample SS46E. The constituent DDD was only
detected once out of 108 samples in sample SS43C at 0.033J mg/kg. The detected
concentration exceeded the background value of 0.0067mg/kg.

Dieldrin was detected throughout the Main Installation and is not associated with known
sources of contamination at FU4. It was sprayed routinely on grassy areas and around
warehouses. Within FU4, dieldrin was detected 44 out of 108 samples analyzed for dieldrin
Dieldrin exceeded its background concentration in 20 of the samples, which were taken in
grassy areas (see Figure 20-17 for detection points and Figure 2-16 for land cover).

Alpha-chlordane and gamma-chlordane were detected at elevated concentrations in
sample SS46E, as well, at concentrations of 3.4 mg/kg and 3.3 mg/kg, respectively (see
Figures 20-18 and 20-19). In all, alpha-chlordane was detected in 22 samples, in which 6 of
the detected concentrations exceeded the background value of 0.029 mg/kg. Gamma-
chlordane was detected in 22 samples, in which 8 of the detected concentrations exceeded
the background value of 0.087 mg/kg.

In summary, the pesticides detected in the surface soil were normally just north of
Building 737 in the open gravel area and in the grassy areas surrounding Buildings 209 and
210. The detected pesticide concentrations probably cab be attributed to s~te-wlde
application rather than to site-specific releases.

Pesticides in Subsurface Soil20.4.3.1

A total of 144 subsurface soil samples were analyzed for pesticides. Pesticides normally
were not detected in the subsurface soils. The minimal detected concentrations of pesticides
m the subsurface soil were normally at the 8- to 10-ft depth. Dieldrin was detected at the 8-
to 10-ft depth in 6 out of 7 of its detected concentrations. None of the dieldrin concentrahons
exceeded the background value of 0.37 mg/kg.

DDE was detected only 5 times out of 144 subsurface soil samples and exceeded its
background value of 0.0015 mg/kg in all detected concentrations. Elevated concentrations
of DDE ranged from 0.002J mg/kg to 0.024 mg/kg. DDT was detected 8 times out of 144
samples and exceeded its background value of 0.0072 mg/kg in 3 of the detected
concentrations. Elevated concentrations of DDT ranged from 0.0033J mg/kg to 0.019 mg/kg.
The elevated concentrations of DDE and DDT were detected at Screening Site 35, Screening
Site 54, Screening Site 74, and Screening Site 79, normally at the 8- to 10-ft depth, and
normally in only one boring located at the site.

DDT was the most common pesticide detected in the subsurface soil above background.
However, all pesticide detections in subsurface soil were infrequently located throughout
FU4, normally at the 8- to 10-ft depth, and are possibly associated with sampling artifacts.
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Nature and Extent of Dioxin and Furan Contamination

20.4.4.1 Dioxins and Furans in the Surface Soil

Dioxins are ubiquitous in the urban environment and have been detected in the background
samples. Dioxins were analyzed for in surface soil and subsurface soil at Screening Site 42
(the former PCP dip vat area), Screening Site 43 (the former underground PCP tank area),
Screening Site 46 (the pallet drying area), Screening Site 54 (the DRMO east stormwater
runoff canal), Screening Site 55 (the DRMO north stormwater runoff area) and Screening
Site 56 (the western stormwater drainage canal). Table 20-7 presents the number of times
that dioxins and furans were detected, the number of times background values were
exceeded (where applicable), and the minimum and maximum concentrations detected. 
shown in Table 20-7, estimated concentrations of CDD equivalents exceeded background
TCDD equivalent values in surface soil samples. Concentrations of dioxins and furans
normally were detected in the same areas, in the PCP dip vat area and along the eastern
stormwater drainage canal (see Figure 20-20).

Normally, detected concentrations of TCDD indicate that the observed concentrations
probably are a result of atmospheric deposition that results from waste incineration and
burning activities. However, the former PCP dip vat area and PCP storage tank area within
FU4 previously were contaminated with dioxins and furans, based on past practices.
Correspondence with facility personnel by OHM and AHEA representatives revealed that
PCP liquid had been mixed with waste oil in past years and sprayed on the grounds in the
PCP dip vat area for dust control. Areas suspected of receiving this mixture are located in
the area between the cluster of railroad track trunklines and 6~ Street extending 450 ft to the
southeast and 1,000 ft to the northwest, and are identified as Screening Sites 42, 43, and 46
(see Figure 20-1). Previous soil samples indicated that the area had been contaminated with
PCP and dioxin. The soil in the PCP dip vat area was removed and backfilled with clean
material, and gravel was used to cover some of the areas that had higher dioxin
concentrations (OHM, 1986). The PCP UST and soil surrounding the tank were removed, 
well. The extent of contamination remaining in the area surface soil, as well as throughout
FU4, is discussed in the paragraphs below. When surface soils were taken as part of the
recent investigation, the gravel was removed by shovel or pick and the soil beneath was
sampled as the "true" surface soil (Section 4.1.1).

Of the different isomers of dioxins and furans, the higher chlorinated isomers such as octa-
isomers are the most persistent. Octachlorodibenzofuran was detected above its background
value of 0.00039 mg/kg in 18 out of 25 detected sample concentrations. Thirteen of the
elevated detected concentrations occurred at Screening Sites 42, 43, and 46. However, the
highest detection was noted in the DRMO eastern stormwater drainage canal (Screening
Site 54). Surface soil samples SB54A, SS46E, and SS54A contained the highest
octachlorodibenzofuran concentrations-0.039746 mg/kg, 0.03227 mg/kg, and
0.017604 mg/kg, respectively.

Octachlorodibenzo-p-dioxin was detected above its background value of 0.0097 mg/kg in
10 out of 24 sample detected concentrations. Six of the elevated concentrations occurred at
Screening Sites 42, 43, and 46. Three of the elevated concentrations were detected at the

eastern stormwater drainage canal (Screening Site 54) and one elevated concentration was
detected at the northern stormwater drainage canal (Screening Site 55). The highest
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concentration was detected in sample SS43B at 0.072 mg/kg. The next highest
concentrations were detected at the eastern stormwater drainage canal in samples SB54B .
and SS54A at 0.056 mg/kg and 0.054 mg/kg, respectively. <~

20.4.4.2 Dioxins and Furans in the Subsurface Soil

The samples analyzed for dioxins and furans indicated elevated concentrations of TCDD ~
equivalent in the subsurface soil at the PCP dip vat area (Screening Site 42), the pallet drying
area (Screening Site 43), and the eastern stormwater drainage canal (Screening Site 54). 
of the observed TCDD equivalent values are similar in the site samples and the background
value of 0.000006 mg/kg, with the exception of the concentration detected in boring SB42A
at 0.0056 mg/kg (8- to 10-ft depth). Octachlorodibenzo-p-dioxin also was detected in bonng
SB42A at elevated concentrations. Octachlorodibenzo-p-dioxin was detected in boring
SB42A at 3.25J rng/kg (8 to 10 ft) and 0.062 mg/kg (28 to 30 ft). These concentrations
exceeded the background value of 0.0094 mg/kg. Concentrations of TCDD equivalent and
octachlorodibenzo-p-dioxin did not exceed background values in boring SB42A at depths
greater than 30 ft.

All of the surface and subsurface samples analyzed for dioxins and furans had detectable
levels of dioxins and furans, mostly the hepta- and octa- isomers. Concentrations of dioxins
and furans were detected in the PCP dip vat area and along the east stormwater drainage
canal. The soil around the former PCP dip vat area and storage tank area previously was
contarmnated with dioxins and furans, based on past practices. The area was remed*ated m
1986 for possible PCP and dioxin contamination in the surface soil. However, the highest
dioxin concentrations are now detected at the east stormwater drainage canal; the source of -
these contaminants in this location is not known. However, background samples indicated
dioxins and furans at similar concentrations.

20.4.5 Nature and Extent of VOC and Other Organic Contamination in Surface
and Subsurface Soil

20.4.5.1 VOCs in Surface Soil

A total of 14 VOCs were detected in the 105 surface soil samples analyzed for VOCs
throughout FU4. The VOCs are 1,1,2,2-Tetrachloroethane, 2-Hexanone, acetone, benzene,
bromomethane, carbon disulfide, chloromethane, ethyl benzene, MEK, methylene chloride,
PCE, toluene, total xylenes, and TCE. Table 20-8 presents a list of these compounds, the
number of times they were detected, the number of times background values were exceeded
(where applicable), and the minimum and maximum concentrations detected.

Most of the surface soil sample results for VOCs within FU4 indicated no detected
concentratzons. The VOCs that were detected were located throughout FU4. MEK was one of
the most common VOCs detected, with exception of two laboratory contaminants, acetone
and methylene chloride. MEK was detected in 8 out of 105 surface soil samples. The MEK
concentrations detected ranged from 0.006J mg/kg to 0.044 mg/kg, in which all detected
concentrations exceeded the background value of 0.002 mg/kg. As shown on Figure 20-21,
the highest elevated concentrations of MEK were detected at the following locations:

¯ On the northwestern corner of Building 209 at sample point SS14A-this detection could
have resulted from past general purpose warehouse storage;
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¯ On the northwestern comer of Building 210 at sample point SS13A-tl’us detection could

have resulted from the storage of waste solvents, empty product contaxners, and solvent
rags; and

¯ Just south of the concrete pad located west of Building 309 in Samples SS36B and SS36C-
these detected concentrations could have resulted from the former hazardous waste
storage in this area.

Other elevated concentrations of VOCs were detected at Building 720 (total xylenes), at the
open storage area west of Building 835 (toluene), and at the DRMO drum storage area
(1,1,2,2-Tetrachloroethane).

The majority of the surface soil sampling results for VOCs in FU4 indicated no detections.
MEK was one of the most common VOCs detected, with the exception of the laboratory
contaminants.

20.4.5.2 VOCs in Subsurface Soil

A total of 155 subsurface sod samples were analyzed for VOCs. Table 20-8 presents a list of
VOCs detected in the subsurface soil. Most subsurface soil results showed no detected
concentrations, with the exception of the laboratory contaminants. Background values for
most VOC constituents that were detected have not been established in the subsurface soil.

1,1,2,2-Tetrachloroethane and TCE were the only VOCs in the subsurface soil detected at
concentrations that exceeded the GWP values.

Most of the VOCs in the subsurface soil were detected at the DRMO drum storage area

(Screemng Sites 36-39). The two CVOCs-l,l,2,2-Tetrachloroethane and TCE-were the only
VOCs detected at concentrations that exceeded the GWP values. These VOC concentrations
above the GWP values were detected at the lowest sample depth of 18 to 20 ft. TCE was
detected in the groundwater just north of this site in MW-53.

In boring SB36K, 1,1,2,2-Tetrachloroethane was detected above the GWP value at depths of
4 to 6 ft, 8 to 10 ft, and 18 to 20 ft. TCE was detected in borings SB36K and SB36I at the 18- to
20-ft depth at concentrations that exceeded the GWP values, as well. It does not appear that
the vertical extent of VOC contamination has been bounded at Screening Sites 36-39,
because VOC concentrations detected above the GWP values were detected at the lowest
sample depth of 18 to 20 ft. The subsurface soil beneath the drum storage area in FU4
appears to be a potential continuing source of contamination to groundwater.

20.4.5.3 Other Organics

Petroleum hydrocarbons were analyzed for in three locations, including one duplicate, in
the area east and southeast of Building 770 (located in FU3) at sample locations A(24.2) 
B(24.2). Concentrations of petroleum hydrocarbons in the surface and subsurface soil were
detected in Sample A(24.2), located east of Building 770 at the FU3 and FU4 border. Two
concentrations of petroleum were detected in the surface soil at depths of zero to I ft; and
two concentrations of petroleum were detected in the subsurface soils at depths of zero to
4 ft and 7 to 10 ft. Concentrations of petroleum hydrocarbons were not detected at sample
interval depths lower than 7 to 10 ft.

20 22 P ~147543~CURRENT TEXTXSECTION20 DOC



MEMPHIS DEPOT MAiN INSALLATION RP-FtNAL 1/2000

487
Background values were not established for petroleum hydrocarbons, but the detected "i ~:

concentrations in the two surface soil samples (1,300 mg/kg to 1,570 mg/kg) exceeded the
Region Ill RBC direct exposure value of 34 mg/kg and the GWP value of 340 mg/kg The
concentrations in the subsurface soil did not exceed the GWP value of 340 mg/kg.

20.5 Nature and Extent of Surface Water Contamination
Stormwater west of 6th Street in FU4 flows to either concrete-lined ditches or the
underground drainage pipe system (Black & Veatch, 1999). Both discharge off-site 
Tarrant Branch at Gate 9 (Outfall 5). Stormwater in the northern portion of FU4 that 
bisected by B Street largely travels by sheet flow until it reaches the concrete-lined ditch
north of Building T416 or through drop inlets to the underground pipe system parallel to
C Street. The ditch curves to the north and the underground pipe empties into it before
discharging off-site (Outfalls 8 and 7, respectively) to the city’s stormwater drainage system

at Dunn Avenue. Stormwater in the northern portion of FU4 north of B Street is collected by
drainage pipes and is discharged to the city’s stormwater drainage system at Dunn Avenue.

20.5.1 Nature and Extent of Metal Contamination
Total and dissolved metals were analyzed in the surface water of FU4. Only one primary
metal, dissolved arsenic, was detected in FU4 at concentrations above background values.
The results of the analyses are presented in Table 20-9. Lead and dissolved selenium were
identified as distributed metals. Dissolved iron was the only naturally occurring metal that
had exceedances above background. No background values were established for dissolved
copper, dissolved silver, and dissolved vanadium. The remaining metals were all detected
below their background values.

20.5.1.1 Arsenic

Total and dissolved arsenic were analyzed in surface water samples in FU4. Total arsenic
was analyzed eight times and detected five times, with no concentrations above the
background value (0.018 rag/L). The detected values below background ranged from
0.0046J to 0.0125 mg/L.

Dissolved arsenic was detected in five of the eight samples analyzed. The background value
of 0.012 mg/L was exceeded twice. SW54C had a concentration of 0.0121 mg/L and SW56B
had a concentration of 0.0892 mg/L.

20.5.1.2 Lead

Total and dissolved lead were analyzed in surface water samples in FU4. Total lead was
detected in seven of the eight surface water samples. One concentration exceeded the
background value of 0.0186 mg/L. SW55A contained a concentration of 0.0387 mg/L. The
concentrations below the background value ranged from 0.0026J to 0.0114 mg/L.

Dissolved lead also was analyzed in eight surface water samples, but no concentration
exceeded the background value of 0.0226 mg/L. The two concentrations detected below the
background value were 0.0028 mg/L (SW56B) and 0.0071 mg/L (SW55A).
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20.5.1.3 Selenium

Total selenium was analyzed in eight surface water samples, but was not detected.

Dissolved selenium was analyzed in eight samples and detected once. This concentration,
0.0101 mg/L (SW56B), exceeded the background value of 0.003 mg/L.

20.5.1.4 Iron
Dissolved iron was detected in each of the five samples in which it was analyzed, with three
samples exceeding background values of 0.12 mg/L. One sample with an elevated
concentration was a duplicate. These exceedances were found at SW55A (0.445J mg/L) and
SW56C (0.223J rag/L).

Total iron was detected in each of the five samples, but no detected concentration exceeded
the background value.

20.5.1.5 Remaining Metals

Several other metals were analyzed for both dissolved and total fractions, and although
frequently detected, had no detected concentrations that exceeded the background values.
These metals include aluminum (total), barium (total and dissolved), calcium (total 
dissolved), chromium (total and dissolved), magnesium (total and dissolved), manganese
(total and dissolved), nickel, potassium (total and dissolved), sodium (dissolved and total),
vanadium (total and dissolved), and zinc (total and dissolved).

20.5.2 Nature and Extent of SVOC Contamination
Surface water samples were analyzed for SVOCs, and the only concentrations detected were
BEHP and PCP (Table 20-10). BEHP was analyzed for in eight samples and was detected
once at a concentration of 0.019 mg/L at SW56C. The results of the DQE (Section 5.0)
established that the detection of BEHP can be attributed to field sampling and laboratory
contamination rather than to environmental conditions at the site. PCP was detected m three
of the eight samples, with concentrations of 0.006, 0.007, and 0.013 mg/L in samples SW54B,
SW54A, and SW55A, respectively. No background values were established for either
parameter in the surface water of FU4.

Total PAHs were analyzed for in eight samples of the surface water of FU4. No detected
concentrations were found.

20.5.3 Nature and Extent of Pesticide Contamination
Two pesticides were detected in the surface water in FU4 (Table 20-11). Dieldrin was the
most commonly detected, at five times out of eight samples. DDT was detected in four of
the eight samples. No background values were established for these conshtuents Jn surface
water.

Dieldrin concentrations of 0.00024 and 0.00023 mg/L were detected at SW54A and SW54B,
respectively. SW56A, SW56B, and SW56C contained concentrations of 0.00016, 0.000057J,
and 0.000034J mg/L. Each dieldrin concentration exceeded the ecological criterion value of
0.0000019 mg/L.
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DDT concentrations of 0.000068], 0.000066], and 0.000086] mg/L were detected in SW54A,
SW54B, and SW54C, respectively. SW55A contained a concentration of 0.00022 mg/L.’

20.5.4 Nature and Extent of Dioxin and Furan Contamination
Six dioxins were detected in the surface water at FU4 (Table 20-12). Octachlorodibenzo-p-
dioxin and TCDD equivalent were the only two whose concentrations exceeded a
background value. The four remaining dioxins did not have a background value for
comparison.

Octachlorodibenzo-p-dioxin was detected in all eight surface water samples, including one
duplicate, and exceeded the background value of 0.00000123 mg/L in six of those samples.
Concentrations detected above the background value ranged from 0.000002019J to
0.000027148J mg/L.

TCDD equivalent was detected in all eight surface water samples, mcluding one duphcate,
and exceeded the background value of 0.000000018 mg/L in five of those samples (see

Figure 20-22). A high concentration of 0.000000028449 mg/L was detected in SW55A.

20.5.5 Nature and Extent of VOC Contamination
Eight samples, including one duplicate, of surface water in FU4 were analyzed for the
standard suite of VOC parameters. No detected compounds were noted in any of the
samples.

20.6 Nature and Extent of Sediment Contamination
To characterize the nature and extent of contamination within FU4, sediment samples were
collected and analyzed for dloxins, VOCs, SVOCs, metals, pesticides/PCBs, herbicides, and
PAHs. Figure 20-2 shows the sample locations for FU4, and Table 20-2 lists the parameters
analyzed for at each site. Appendix O provides a list of all detected parameters in the
sediment samples collected at FU4 and compares them to screening and background values.
The nature and extent of the contaminants detected above background values at FU4 are
discussed below.

The three screening sites that apply to the sediment in FU4 are Screening Sites 54, 55, and 56.
All three sites discharge into the City’s collection system. Screening Site 54 (DRMO East
Stormwater Runoff Canal) is a concrete-lined drainage canal that collects runoff from the
DRMO yard and other Depot facilities and directs it toward Dunn Avenue. The canal is
approximately 930 ft long. Sample locations SE54A and SE54B are located in this site.

Screening Site 55 (DRMO North Stormwater Runoff Area) consists of the stormwater dram
that collects runoff from the DRMO yard. It consists of sample location SE55A.

Screening Site 56 (West Gate Stormwater Drainage Canal) is a drainage canal that collects
runoff from the PCP tank areas and the western portion of the Main Installation. Sample
locations SE56A, B, and C are located within this site.
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20.6.1 Nature and Extent of Metal Contamination
Metals were analyzed in the sediments of FU4 and only two primary metals (total
chromium and lead) were detected in FLT4 at concentrations above background values. The
results of the analyses are presented in Table 20-9. No distributed metals were identified in
the sediment samples. Calcium and magnes*um were the only naturally occurring metals
with exceedances above background. The remaining metals were all detected below
background values.

20.6.1.1 Primary Metals in Sediments

Chromium. Total chromium was detected in all 11 sediment samples, including two
duplicates, and exceeded the background value of 20.0 mg/kg in five samples (including
one duplicate-see Figure 20-23). The five concentrations above the background value were
observed in four sample locations. M-SD14 contained concentrations of 36.2 and 28 mg/kg
(duplicate). SE54A contained a concentration of 68.5J mg/kg. SE56B contained 

concentration of 26.5J mg/kg. SE56C contained concentrations of 16.7J mg/kg and 28.1J
mg/kg in the duplicate sample.

Lead. Lead was detected in all 11 samples, including 2 duplicates, in which it was analyzed
and exceeded the background value of 35.2 mg/kg in 4 of the samples (Table 20-9 and
Figure 20-24). The 4 concentrations above the background value were observed in three
sample locations. M-SD14 contained concentrations of 484 and 285 mg/kg (duphcate).
SE54B contained a concentration of 63.9J mg/kg. SE56C contained a concentration of
23.6J mg/kg, and contained 66.9J mg/kg in the duplicate sample.

20.6.1.2 Naturally Occurring Metals in Sediment

Calcium and magnesium were detected in each of the eight samples, including two
duplicates. The background value for calcium (14,900 mg/kg) was exceeded eight times,
includmg two duplicates. Magnesium concentrations exceeded the background value of
2,440 mg/kg in three of the samples. However, because these metals are naturally occurring,
the background value exceedances are not considered significant.

20.6.1.3 Other Metals in Sediment

Several other metals were detected in some or all of the samples in which they were
analyzed, but because the detected concentrations never exceeded the background values,
the occurrence of these metals is not considered significant. The metals in sediments falling
into this category include aluminum, antimony, arsenic, barium, beryllium, cadmium,
cobalt, copper, iron, manganese, mercury, nickel, potassium, selenium, sodium, vanadium,
and zmc. Their occurrences are summarized in Table 20-9.

20.6.2 Nature and Extent of SVOC Contamination
On the basis of the sediment sample results for FU4, the primary SVOCs of concern in the

sediments were determined to be PAHs. As shown in Table 20-10 and presented on Figure
20-25, each of the 11 sediment sample locations contained detectable concentrations of total
PAHs.
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Thirteen individual PAHs exceeded their background values at least once m the 11 times
PAHs were analyzed in FU4. Eleven exceeded twice; two exceeded once.

Other SVOCs detected in FU2 at concentrations that exceeded background values include
BEHP and carbazole (Table 20-10). Detected concentrations of BEHP are attributable 
laboratory contamination (Section 5.0). Carbazole was detected five times, with two
concentrations exceeding the background value of 1.1 mg/kg. The elevated carbazole
concentrations were detected in the 1995 sediment sampling event at one sample location,
Sample SD-14 and its field duplicate, at 2.4 mg/kg and 2.1 mg/kg, respectively (see
Figure 20-26).

20.6.3 Nature and Extent of Pesticide Contamination
Nine pesticides were detected in 11 sediment samples at FU4: alpha endosulfan, alpha-
chlordane, DDD, DDE, DDT, dieldrin, endrin, endrin aldehyde, and gamma-chlordane.
Four of these pesticides were detected above background values: dieldrin, DDD, DDE, and
alpha-chlordane (see Table 20-11). Background values were not available for alpha
endosulfan, DDT, endrin, and endrin aldehyde in sediments.

20.6.3.1 Dieldrin

Dieldrin was detected in 8 out of 11 samples, including 20 duplicates. Each detected
concentration exceeded the background value of 0.011 mg/kg, ranging from 0.038J mg/kg
(SE56C) to 0.31 mg/kg (M-SD14). Figure 20-27 shows the locations of the dieldrin
detections.

20.6.3.2 DDD

DDD was detected 7 times out of 11 samples, including I duplicate. Each detected
concentration exceeded the background value of 0.0061 mg/kg, with concentrations ranging
from 0.03J mg/kg (SE55A) to 0.99J mg/kg (SE54B). Figure 20-28 shows the locations of 

DDD detections,

20.6.3.3 DDE

DDE was detected 7 times out of 11 samples, including I duplicate. Each detected
concentration exceeded the background value of 0.0072 mg/kg, with concentrations ranging
from 0.015J mg/kg (SE54A) to 0.25J mg/kg (SE54C). See Figure 20-29 for the locations of 
DDE detections.

20.6.3.4 Alpha-Chlordane

Alpha-chlordane was detected in 5 out of 11 samples, in which 4 of the detected
concentrations, including 1 duplicate, exceeded the background value of 0.0052 mg/kg. The
elevated concentrations of alpha-chlordane ranged from 0.032J mg/kg (SE56B) 

0.53J mg/kg (SE54B). Figure 20-30 shows the locations of the alpha-chlordane detections.

20.6.4 Nature and Extent of Dioxin and Furan Contamination
Dioxins are ubiquitous in the urban environment and have been detected in the background
samples. Twelve dioxins were detected in the sediment samples from FU4. Background
values were established for only three of these contaminants, and each value was exceeded.
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Sample SE54B generally contained the highest concentrations of each detected contaminant.
SE54B is located in the northernmost section of the canal in FU4, lust south of Dunn Avenue.

TCDD equivalent was detected in all 11 samples, including 2 duplicates (see Table 20-12 and
Figure 20-31). Elevated concentrations (those above the background value 
0.000009 mg/kg) were observed in nine of those samples, including the two duplicates.
SE54B had the highest reported concentration at 0.000129119 mg/kg. The elevated
concentrations ranged from the value at SE54B to 0.000018757 mg/kg (SE55A). The
duplicate taken at SE56C contained an elevated concentration of 0.000030386 mg/kg,
although the primary sample was below the background value.

Of the different isomers of dioxins and furans, the higher chlorinated isomers such as octa-
isomers are the most persistent and are commonly detected in the general environment
(ATSDR, 1998). Octachlorodibenzo-p-dioxin was detected 11 times, includmg the 

duplicates, and exceeded the background value of 0.00856 mg/kg in 7 samples. SE54B had
the highest reported concentration at 0.014863J mg/kg. The elevated concentrations ranged
from the value at SE54B to 0.016838 mg/kg (SE54C). The duplicate taken at SE56C contained
an elevated concentration of 0.029301 mg/kg, although the primary sample was below the
background value.

1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin was detected 8 out of 11 times, including
I duplicate, and exceeded the background value of 0.000583 mg/kg 6 times, including
1 duphcate. SE54B had the highest reported concentration at 0.0238 mg/kg. The elevated
concentrations ranged from the value at SE54B to 0.001253J mg/kg (SE54A).

The remaining dioxins that were detected did not have background values. 1,2,3,4,6,7,8-
Heptachiorodibenzofuran and octachlorodibenzofuran were detected 10 out of 11 times.
1,2,3,6,7,8-Hexachlorodibenzofuran and 1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin were
detected 5 out of 11 times. 1,2,3,4,7,8-Hexachlorodibenzofuran and 1,2,3,7,8,9-
Hexachlorodibenzo-p-dioxin were detected 4 out of 11 times. 1,2,3,4,7,8,9-
Heptachlorodibenzofuran and 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin were detected 3 out
of 11 times. 2,3,4,6,7,8-Hexachlorodibenzofuran was detected I out of 11 times.

20.6.5 Nature and Extent of VOC Contamination in Sediments
A total of five VOCs were detected in the 11 sediment samples analyzed for VOCs
throughout FU4 (Table 20-13). They include acetone, carbon tetrachloride, MEK, methylene
chloride, and total xylenes. Of these, acetone and methylene chloride may be eliminated
from further discussion, because they were determined to be laboratory contaminants
(Section 5.7).

Of the remaining VOCs, the most frequently detected was total xylene, which was detected
twice (including one duplicate). The higher of the two concentrations was 0.036J mg/kg,
below the GWP value of 0.2 mg/kg. Background values were not established for total
xylenes in the sediment of FU4.
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MEK (2-Butanone) was detected once Ln the duplicate sample of SE56C. The concentratlon’

(0.014J mg/kg) exceeded the background value of 0.01 mg/kg. . -~,

Carbon tetrachloride was detected once at a concentration of 0.078 mg/kg in M-SD19. No
background value was established, but the GWP value of 0.07 mg/kg was exceeded.
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TABLE 20-2
Analytes Investigated for FU4
Memphis Depot Main installation Ri

Functional
Unit Site Matrix1

4 SB DO4

4 28 SB SS

4 28 SS SS

4 35 SB SS

4 35 SS MAINRIFS

4 35 SS SS

4 36 SB SS

4 36 SS MAINRIFS

4 36 SS SS

4 42 SB SS

4 42 SS MAINRIFS

4 42 SS SS

4 43 SB SS

4 43 SS MAINRtFS

4 43 SS SS

4 46 SB SS

4 46 SS MAINRIFS

4 46 SS SS

4 54 SB SS

4 54 SE SS

4 54 SS SS

4 54 WS SS

4 55 SB SS

4 55 SE SS

4 55 SS SS

4 55 WS SS

4 56 SB SS

4 56 SE SS

4 56 SS SS

4 56 WS SS

4 70 SB SS

4 72 SS MAINRIFS

4 72 SS SS

4 74 SB SS

4 74 SS SS

4 79 SB MAINRIFS

4 79 SB SS

4 79 SS MAINRIFS

4 79 SS $S

4 80 SB SS

4 80 SS MAINRIFS

X

X

X X

X

X

X

X
X

X

X

X X

X
X

X X

X X X X X

X X x X

X X X X

X X X X

X

X X X X

X X X X

X X X X X

X X X X

X

X X X X X

X X X X

X X

X X

X

X

X
X

X

X
X X

X

X

X

X X
X

X

X

X X

X

X
X

X

X

X

X

X X

X
X

X X

X X

X X

X

X X X

X X X

X X X

X X X

X X X

X X X

X X X

X X X

X X X

X X X

X X X

X X X

X X X

X X X

X X X X

X X X

X X X

X X X

X

X X X

X X

X
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TABLE 20-2
Analytes Investigated for FU4

Memphis Depot Main Installation RI

Functional
Unit Site Matrix~ Event

0.
.J

u~ E

4 80 SS SS X

4 8] SB SS

4 81 SS SS X

4 83 SB SS X

4 83 SS MAINRIFS X X X X

4 83 SS SS X

4 BRAC SB BRAC X

4 BRAC SS BRAC X

4 6RAC SS MAINRIFS X X

X X X X

X X

X X X X

X X

X X X

X X X X

X X X X

X X X

Notes
~Matnx

2GW

3MAINRIFS

GW-groundwater, SB-subsurface soil, SS-surface sod, SE-sump sediment

Groundwater sampled m March 1996, March 1997, September 1997, June 1998, and October 1998

Addlbonal samples for RI, BRAC and Screemng Sties (and radial mvesbgabons for TEC rotes) collected 
September and October 1998

RI S~tes sampled m December 1996 and January 1997

Screening Sttes sampled m December 1996 and January 1999

Base Reahgnment and Closure
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TABLE 20-3

FreQuency of Metals Detection in Sudace and Subsurface Sod at FU4

Memphis Depot Main Insta/lahon RI

Mlntmum Mixlmum Number -~,
Number Number Mimmum Oetecbon Maximum Bet cot=on 0lckground

Background* "
Matdz Perimeter Ar, liyzed DeteCted Detection Ouahfier Cqdlctlon 0ual=fier Value Exceedlnc~l

Surface Sotl

SS ~KAU NgTY, TOTAL {AS CaCO3) 8 05E,;O;= 4 65E~0~
SS M.UMINUM 43 4: 6 74E+0; i 276E+~ 2 38E+0~
SS ~,NTIMONY 147 4~ 3 70E-01 2 75E.0 700E~C<
SS ~,RSENIC 15O 14; 1 10E+OC 6 63E~ i= 2 00E+01 27
SS 43 4: 6 70E+0( 366E*0: I= 2 34E,*0~
SS 3ERYLLIUM 8( 2 00 E..G~ 1 60E+( ]= 110E÷(X
SS ;ADMIUM 150 6t 1 2OE’01 480E+~ ,= 1 40E~-0C 12
SS :ALCIUM 43 4. 479E+0; 3 06E+0! 5 B4E +0C’ 19
SS .hromlum, TCLP 1 49E+01= 149E+0 i=
SS ~HROMfUM, TOTAL 15O 15( 5 00E+0( 4 39E+0:= 2 48E,~01 73
SS .~OBALT 43 4~ 2 50E’01 189E+0 183E+01
SS SOPPER 15G 15~ 1 40E+C 140E+0: = 335E+01 36
SS RON 43 4: 1 36E+0~ 6 61E~0, = 370E+0z
SS .EAD 15~ 15{ 5 00E+0£ 280E+0: = 3 00E+01 82
S$ .ead, TCLP 796E-0~ 7 96E-0;J

SS ~AGNESiUM 43 4: 1 22E+0~ 7 06E+0: 4 60E,~O~
SS ~ANGANESE 43 4: 343E+01 226E+0: = 1 30E+0~

SS ~ERCURY 15O 4~ I 00E-0; t t0E-0 400E~1

S$ ~erE~,TCLP I 70E-04 2 IOE-0,

SS q=CKEL 150 15( 230E+0( 438E+0 300E+01 32
SS ~H 620E+0( = 8 40E+I
SS "OTASSIUM 43 4: 887E+01 314E+0: 182E+0~ 10
SS SELENIUM 15C 3( 2 80E~1 145E÷D 8 00E~31 29
SS SILVER 15C 450E*0; 6 30E-0 2C~E+~

SS SODIUM 43 1( 1 04E+0; 108E+0:

SS FHALLIUM 15C 2 80E+0(= 6 50E+I

S$ ;ANADIUM 43 4~ 3 d0E+0( 509E+0 484E*01
SS [INC 15C 14! 950E+~ 992E+0: 126E+0; 48
SS JTnc, TCLP 1 49E*01 351E÷0

Subsudace Soil

$B M.UMINUM 57 5: 1 80E-~O: 268E+0 218E+0~

S$ ~TIMONY 154 510E~1 870E+~

$B ~.RSENIC 15"/ 15: 130E+0( = 342E+1 170E+0" 42
SB 3ARIUM 5~ 5: 6 70E+(X 4 22E+0: 300E+0;

SB 3ERYLLtUM t5~ 7̧ 3 30E’01 1 80E+l 120E+(X

SB 3ADMIUM 151 3 COE-0; 180E+@ 140E+0X

SB 3ALCIUM 5~ 51 3 77E+0; 5 67E+0: 243E+(

SB 3HROMIUM, TOTAL 15~ 15: 1 80E+O( 1 4OE+0: 2 64E+0! 57

$B =3OBALT S; 5: 110E+0( 280E+0 2 04E+O!

SB 3OPPER S5~ 15: 3 ~E,~ 568E+0 327E+0" 39

SB RON 5: 3 45E+0: 408E+0 3 85E+0~

$B .FAD 15; 1 80E+O(= 384E+0 2 39E+0" 30
SB ~AGNESIUM 5~ 5: 295E*0; 842E+0 490E*~O:

SB ~AANGANESE 5~ 5: 3 91E+01= 154E+0C

$B ~ERCURY 15~ 400E~; 2 00E-0~

SB MLCKEL 15~ 15" 3 30E+0( 6 48E~011 366E+0’ 3B

SB =OTASSIUM 5~ 5~ 2 36E+0; 3 71E+03 1 90E+0: ~9

SB SELENIUM 15; 570E-0q 2 00E,~0 600E-0"

SB ~ILVER 15; 9 00E-0; 2 50E’01 I OOE*~

SB ~ODIUM 51 4 51E+02

$B ]3dALLIUM 15; 350E+0( = 4 70E+CO

SB ~ANADIUM 5~ 5’ $10E~X 6 51E+01 513E+0’

SB Z~NC 15; 9 SOE+0( 2 23E+02 114E+0; 38

Noto

All un=ts are m~l~
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TABLE 20-4

Frequency of SVOCs Deb~Jc~ in Surface and Subsurface S~I at FU4

Memph~ Depot Main Instalabon RI

Matd* ChemGroup pimlmetor

~AHs are a subcatego~ of SVOCS

~JI unlls 8r#~ m~kg

Anll~ D~t~ct ed D~t~ctlon

Min[mum
Mlxlmum

Vllue

NumberNumber Number Minimum De~,ctlon M~u~lmum D~ctkm
~xcl~lancH

~2 ~ 5~E~ 7 94E*01

~2 4 ~E~ 7 711~-01

12 4 f~E~ 3 80£-01
12g 4; 3 ~E-I~ 9 70E÷~ 610E~

1~ ~ 5 00E~ ~ 20E+01 1 ~E~

~ ~ 3 ~E.O: 3~E*~

~ I ~E~ 3 1 80E-01
99 1; 4 t0E-0: J t ~E*t~I

99 1 2~*0 J 1 20E4)1

99 4 ~E~ J 3 ~E 01

t57 9 40E~ 2 59E~

157 5 40E~ 2 ~E,Ot

157 4 20E-0 1 80E4)1

157 4 90E-0 1 ~E-01

157 570E~ 2 10E-01
157 440E 0 1 40~*01

157 3 90E 0 I ~E-01

157 6 ¢~E,O 2 71~E~1

tS7 5 ~E~ 5 40E~1 4 ~2

157 1 40E.13 1 40E,01

157 4 90E~2 3 ~E4)1

157 4 40E-0 3 70E-01 4 20E~2

151 8 ,N1E-t~2 4 ~E-01

lf~ 4; 4 20E-02 1 ~E+~

151 1 80E 01 1 ~E 01

151 2: 4 10E 02 7 40E~I

151 1 40E~1 1 40E~’

1 ~ 4 70E÷02 4 70E+~



TABLE20-5
PAH DetectJons lrom Aspha~ and Radroad Trac~ Samples
Memphis Depot Mann Installahon RI

225

Analyzed PAH Compound Roadway Asphalt Samples Railroad Tie Samples
Station RD57A Stahon RD65A Station RR57A Station RR65A

Result 0 Result Q Result Q Result O
1 -METHYLNAPHTHALENE 250 U 250 U 760 U 51 U
2-M ETHYLNAPHTHALENE 250 U 250 U 380 J 51 U
ACENAPHTHENE 250 U 250 U 880 41 J
ACENAPHTHYLENE 250 U 250 U 760 U 51 U
ANTHRACENE 250 U 250 U 300 J 38 J
BENZO(a)ANTHRACENE 2SO U 250 U 760 U 66 =
BENZO(a)PYRENE 250 U 250 U 76O U 51 U
BENZO(b)FLUORANTHENE 250 U 250 U 76O U 51 U
BENZO(g,h,0PERYLENE 250 U 250 U 760 U 51 U
BENZO(k) FLUORANTHENE 250 U 250 U 76O U 51 U
CHRYSENE 25O U 250 U 76O U 78
DIBENZ(a,h)ANTHRACENE 250 U 250 U 76O U 51 U
FLUORANTHENE 250 U 250 U 83O 290 =
FLUORENE 25O U 250 U 74O 39 J
INDENO(1,2,3-c,d)PYRENE 25O U 250 U 76O U 51 U
NAPHTHALENE 25O U 25O U 1000 = 51 U
PHENANTHRENE 250 U 250 U 2600 = 270
PYRENE 25O U 250 U 630 J 220
Note AJI units are m~Jk9
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TABLE 20-6

Frequency of Pesbcides Detecbon in Sudace and Subsurface Sod at FU4
Mernpt~ Depot Main Insta]lahon RI

Minimum Maximum Number
Numbw Numb~ Mm4mum Detection MBIUmUm DMectmn Background Background

/,~yzed Det=ctld Dtt~:bon Ou=dLfmt D~ctlon Ouahtw Value Exceeclances

Surface Soil

SS ALPHA-CHLORDANE 22 7 50E*04 3 40E,~X = 2 90E-0~

SS DDD 3 30E-02 330E-0; J 6 70E-03

SS DOE 1CA 34 1 30E*03 300E+(X = 1 60E*01

SS DDT 48 2 40E-03 1 30E+O’= 7 40E-02 1:

SS DJELDRiN 44 1 20E-03 5 60E+O( J 8 6OE-O; 2~

SS GAMMA-CHLORDANE ~ce; 22 970E-04 330E+~ = 2 60E-O;

Subsu~ace Soil

SB ALDRIN 144 310E-CE = 3 10E-O: =

$8 ALPH~CHLORDANE 144 2 20E-0,q= 2 20E-O;i= 2 60E-O;

SB DDE 144 2 COE-03 2 40E-0; 1 50E’0~

SB DDT 144 3 30E*0:: 1 90E-0; 7 20E-0~

SB DIELDRIN 144 1 40E-0~ 3 90E-O,’ 3 70E-0"

SB ~AMMA-CHLORDANE 144 2 40E-O; = 2 40E-O; 2 20E-O~

Note

All un=ts are mg/k~
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TABLE 207

Frequency of D;oxms Oetechon m Surface and Subsurface Soil at FU4

Memphis Depot MaJn installation R/

Matrix Parameter

Surface Soil

1,2,3,4 6,7,8-H E PTACH LORODIBE NZOFURAN

1,2, 3,4,6,7.8-H E PTACH LORODIB E NZO*p- DIOXIN

1,2,3,4,7,8,9-HEPTACHLORODJBENZOFURAN

1,2.3,4,7,6-HEXAC HLORODISENZOFU RAN

1,2,3,4,7,8*HEXACHLORODIBENZ.O-p DIOXIN

1,2, 3,6,7,8- HEXAC HLORODiBE NZOFU RAN

1,2,3,6, 7,8- HEXAC HLORODIBENZO- P- DJOXIN

1,2,3,?,8,9-HEXAC HLORODIBENZOFU RAN

1.2.3.7.8 9-H EX~C HLORODIB ENZO-P-DIOX]N

1,2,3 7,8 -PENTACH LO RODIBENZOFU RAN

1.2.3.7.8- P ENTACH LORODIBENZO-p-D]OXIN

2.3.4.6.7.8-H EXACHL ORODIB E NZOFURAN

2 3 4 7.8-P E NTAC HLORO Df B ENZOFU RAN

DIBENZOFURAN

SS OCTACHLORODIBENZOFURAN

5S OCTAC H LORODIBE NZO-p- DIOXIN

SS TCDO Equlvllent

Subsurface Soil

SB 1,2.3 4.6r7.8- HE PTACH LORODIB E NZOFU RAN

t ,2,3,4,6,7,8- HE PTACH LOROD~B E NZO*p*DIOXIN

SB L2,3,4,7,8,9- HEPTACH LORODIB ENZOFU RAN

1.2 3 4.7 8-HEXACHLORODIBENZOFURAN

SB 1.2.3.4.7.8-HEXACHLORODIBENZO-p-OIOXIN

SB 1 2 3 6 7 8-HEXACHLORODIBENZOFURAN

SB 1,2,3,6,7,8-HEXACHLORODIBENZO=P=DIOXIN

5B 2,3,7 8,9-HEXACHLORODIBENZOFURAN

SB 1,2,3.7,8,9-HEXACHLORODIBENZO-P-DIOXIN

SB 2 3 7.8 PENTACHLORODIBENZOFURAN

SB 1.2 3 7 8-P E NTAC HLORO DtB ENZ C,p*DIOXIN
SB 2,3.4,6.7,8-HEXACHLORODIBENZOFURAN

2,3,4,7,8 -P ENTAC HLORO DiB ENZOFU RAN

SB 2,3,7,8-TETRACH LOROD~BENZOFU RAN

SB 2,3.7,8-T ETRACH LOROOtBENZO-p- DIOXIN

SB OCTAC H LOROOIBENZOFU RAN

SB OCTAC HL OROD{BENZO*p-DIOXIN

SB TCDD Equivalent

Note

¢~1 umts are m~,tk9

Number Number Mln[mum
AnalyZed Detected DetectLon

2" 2~ 3 00E-0£

21 2: 1 80E-0.~

2" 9 00E~

2" 1 900E-0(

2 6 00E-O(

2" 5 00E*0(

2" 1’ I 20E*0,~

2" 1 20E~.=

2" 6 00E-0(

2" t 20E-0.=

2" 1 20E-0.=

2 800E=0(

2~ 1 40E~.=

99’ 500E-0~

27! 251 300E-0(

24 24i 2 39E-0z

27 271 1 (HE-O( 

3S 17 2 C~E-O( 

35 13 6 GOES3( 

35 5 1 20E-O! J

35 5 100E~3~ J

35 2 600E-O( 

35 6 2 00E-0t J

35 4 00E-0{ J

35 1 20E-0! J

35 300E-0( 

35 900E-0( 

35 700E-0( 

35 22 200E-~ J

35 6 00E-C~ d

35 8 I~E~O( 

35 1 70E~! J

35 18 200E~ J

35 31 1 40E-0! J

35 32 4 50E*OI =

Minimum

DetectJon Qualifier l~QuaIlfler

Maximum NumbEr
Dotectlo9 MaXimum Detection Background Background

Value Exceedanc~s

1 20E’0; =

2 34E*0~ = 3 90E-O~

1 80E-0~

4 01E-0Z

1 31E-0~

1 35 E.O~

I 32E-0:" J

1 20E’0.= J

2 92E-0= J

1 20E-0.= J

5 50E-0.=

4 14E-0~ J

1 40E-0.= J

4 40E-01J 6 47E-01

3 97E-0~ = 3 93E-0~

7 21E-0; = $ 72E-0~

4 66E-0~ ̄ 1 00E-O!

1 05E’431 J

4 88EJJ1 J

6 64E~0: =

1 70E-O~ J

3 90E-0! J

5 04E-0’ J

6 61E-0! =

1 33E-0’ J

4 96E-0~ J

90E-0~ J

700E-O~ J

3 44E-0~ J

3 89E-0.~ J

800E-C~ J

1 70E-O~ J 6 00E~C~

2 31E+C< J

3 25E+0( 9 44E-0:

1 25E-0: = $ 00E-0~

p \147543~ec~o~ 20 Table$~FOD Ana~ys~s fo’ FU4 x~s 20-39
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TABLE 20-6
Frequency of VOC and OtJ~er Organcs Detecbon in Sudace and Subsurface Soil at FU4
Memphis Depot Math/nsta/latlon RI

Number

Mldtix I

Minimum Maximum
Numbe¢ Number Minimum Detection Maximum Detecbor= BackgrOund Background

Pmrameter Anal~ Detected
Surfaca Sod

I Detection Oual~e¢ Detection Quahtier Vldue Exceedances

SS 1,1,2,2*TETRACHLO ROEIHANE 105 4 00E-O~ 7 0OE43~J
SS Z-HEXANONE 105 1 0OE-03 1 0OE -0: J

SS ~,CETONE 105 33 2 00E-03 3 10E~0=
SS 3ENZENE ~05 20OE~3 200E~):J
SS 3ROMOMETHANE 105 1 0OE~3 3 COE-O:J
SS 3ARSON DLSULFIDE 105 100E~3 100E-O:J 2 00E~:
SS ~HLOROMETHANE 105 100E..0~ 1 00E-0:iJ
SS ErHYLBENZENE 105 8 0OE-O3 8 COE~:
SS ~ETHYL ETHYL KETONE (2-BUTANONE) 105 6 0OE-0~ 4 40E-O’, 2 00E -0.’
SS ~E/HYLENE CHLORIDE 105 21 1 O0 E,,~ 1 0OE-~
SS =ETROLEUM HYDROCARBONS 1 30E+O~= 1 57E+0:
SS rETRACHLOROETHYLENE(PCE) 105 8 0OE~ 8 0OE-O:
SS rOLUENE 105 2 00E~." 1 70E-O’ 2 0OE~3:
SS ~talX~enes 105 1 0OE-0~ 2 00E-O: 9 0OE~;
SS FRICHLOROETHYLENE (TCE) 105 5 0OE-O:. 5 00E~3,
Subsu~ace Soil
SB L1,2,2-TETRACHLO ROE]HAN E 157 500E-,3; 2 00E~2
SB 1-DICHLOROETHENE 157 900E~3E 9 ~E~3
SS ~,CETONE t57 5~ 3 0OE-0: 1 60E.O1
SB 3ENZENE 157 1 COE-O: 1 0OE-03
SB 3ROMOMETHANE 151 1 0OE’O: 200E~3

SB 3HLOROMETHANE 157 1 00E-0~ 2 ~E~3
SB ~ETHYL E3~,Y L KETONE (2-BUTANONE) 157 11 1 00E-0~ 2 ~E~2
SB ~ETHYLENE CHLORIDE 157 2~ I 00E-O: 8 ~E~3
SB :’ETROLEUM HYDROCARBONS 1 85E~O"= 1 98E+01
SB rETRACHLOROETHYLENEIPCE} 157 4 00E-O~ 6 ~E~3
SS TOLUENE 157 2 00E-0! 2 00E=03
SS TOTAL 1,2-DICHLOROE~ENE 157 600E-O! 1 10E’01
SB To~lX~enes 157 2 0OE~:J 2 0OE-03 2 0OE-O3
SB TRICHLOROETHYLENE (TCE) 157 1( 100E,O:J 3 20E.O1
Note
All un,ls are m~dk~
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TABLE 20-9 - ~-

Frequency of Me~s Oetecb0~ in Surface Water and Se0~r~nt Soil at FU4

Mempt~s Depot Ma~n InstNlat~on R/

Numbe¢ Number Minimum DetaDctlon Maximum DeblcUon Blckground Blckground
MItr~ Par|met~. Analyzed Detected DltJcbon Qulllt~r n,d~^~ Qualifier Value =~,-~.~c~m

SIJNICe Wlltl~r
SW ALUMINUM 2 26E-0 1 70E*0~ = 50aE÷00
SW AJu~mum D~soJved 320E-0 320E-0 = 471E~1
SW ARSENIC 4 60E*0~ 1 25E4 = I 80E~)2
SW A~n¢, DlCSOlved 4 20E,~ 8 92E JJi = 1 20E~
’SW BARIUM 2 03E-~ 339E-0; 1 25E-01
SW Barium D =~,olved 1 89E-~ !J 2 8aE-~, 8 76E-01
SW CALCIUM 6 19E*C~ := 3 03E~0 = 3 18E+01
SW Calcium Disco#red 728E~C~ = 244E+0̧ = 302E÷01
SW ChtompJm Di~cJ:~ed 2 20E~3~ ,J 4 00E-0~ 3 34E~)2
SW CHROMIUM, TOTAL 2 ~0E*0: J 820E-0~ 3 61E~2
SW COPPER S93E.0I = 593E-0; = 746E,O2
SW Copper, D~soJved 2 97E~3; = 2 97E-0,’ =
SW IRC~ 312E-0 = 252E+C~ = 610E÷00
SW IrOn D~r~lved 7 19E-O: J 4 45E-0¸ ~ 20E~01
ISW LEAD 2 60E~ J 3 BTE4 = I 86E~2

ISW 280E~3: J 710E-0: = 226E-02
SW MAGNESIUM i 46E÷C~ J 241E÷{~ 7 70E~00
~W Magnesium D~’,r, olved ~ 63E+0~ J 2 20E÷C~ 6 86E÷00

:SW MANGANESE 1 0BE~ J 4 ~2E-O; = 6 56E~1
SW Manganese, Dit~solved 3 10E-O: J 1 02E-O; 3 52E~
SW NICKEL 6 00E~: J 1 21E,O; 2 28E-01
ISW POTASSIUM t 53E~0~ J 3 02E+0~ 7 28E+00
SW Potassium, D=.solved 1 53E~0~ J 2 80E+C~ 6 72E+00
SW Selenium, D~ssotved 1 01E-0I = 1 01E-0; = 3 00E-03
SW Sdver D~sso~,sd 2 30E-O: J 230E-0:
SW SODIUM ~84E.0 J 2 07E+C~ 2 14E÷01
SW Sodium Dissok/ed 570E~3 J 211E÷0~ 216E+01
SW VANADIUM 3 20E~: J 4 00E~: 3 90E~)
SW Vanadium Dluok, ed 1 80E~3: J 930E~:
$W ZINC 2 51E,0I J 7 02E-0; 2 87E-01
SW Z~nc D~ss~hted 1 88E,0I J 640E-0: = 4 10E-01
Sediment Sod

SE ALUMINUM 203E+0: = 345E+0: = 101E÷04
SE ANTIMONY 11 t 30E÷0~ J 1 40E+0~ 7 60E+00
SE ARSENIC 11 1c 260E~0 J 101E*0 = 120E÷01
$E BARIUM 580E+C~ J 786E÷0 = 1 18E+0
SE BERYLLIUM 11 4 00E*0: J 3 50EJ~ 1 30E+00
SE CADMIUM 11 1 30E+0~ = 3 00E+O~ = 2 89E+01
SE CALCIUM 246E÷0, = 2 43E+0~ = 1 49E+04
SE CHROMIUM, TOTAL 11 II 3 70E÷0~ = 6 85E+0 2 00E+01

SE CC~ALT 1 50E÷0~ J 1 0BE+0 1 36E+01
SE COPPER 11 tt 29OE÷0~ J 565E*0 = 580E+01

SE IRON 296E~0: = 1 22E+0~ = 231E+04
SE LEAD 11 It t 80E+0~ = 484E+0; = 352E+0t
SE MAGNESIUM t 62E÷0: = 7 78E+C< = 244E+0

SE MANGANESE 3 73E+0 J 3 41E~0; 8 71E+0
SE MERCURY 11 1 00E~3 = 1 20E~ = 4 00E*OO

SE NICKEL 11 t£ 300E+0~ J 1 91E+0 = 305E+01

SE POTASSIUM 76OE+0 J 4 19E+O; ~ 56E+03
SE SELENIUM 11 8 70E,O J 1 10E+0~ 1 70E+00

SE SODIUM 6 33E*0 J 1 58E*0; 2 40E*02
SE VANAOIUM 2 ~0E*0~ J 1 75E~ = 3 00E+01
SE ZINC 11 II 162E*0 J 288E*0; = 797E+02

NOle5

All units are m~k9 or m~t (sudace water)
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TABLE 20-10

Frequency of SVOC$ I~tec~on in S~ac~ Wate~ at~d Sediment Solt at FU4
Menph/s Depot Ma~n /t~stal~t~o~ RI

I
I NumberMi~’il( ChemGrouF Paramlilr Analyzed

Surface Wa~er

WS SVOC PENTACHLOROPHENOL

Sedlme,lt Se41
$E PAH 2~t ETHYL.NApHTHALENE tl

SE PAH ACENApHTHENE tt

SE ~AH ACENAPHTHYLF.NE 1~

SE ~AH ANTHRACENE 11

$E ~AH BENZO(a)ANTHPACEN 11

SE ~AH BENZO(a)PYRENE 11

SE ~AH BENZO(b)FLUORANTHENE 11

SE ~AH 8ENZO(g,h,~PERYLENE 11

SE ~AH BE NZO(k)FLUORANTNF.~ 11

SE ~AH CARBAZOLE 11

SE ~AH CHRYSENE 11

5E ;’AH DIBENZ(I,h)ANTHRAC EN 11

SE PAN FLUORANTH~NE It

SE PAH FLUORENE ~

SE PAH IN DENO(1,2,3-c,c0 PYREN ~

SE PAH PHENAh~HRENE ~1

SE PAH PYRENE 11

$E PAH Toto~ POly~UCI6Q" Aror~3hc HycirccQr~C,~S I I

SE SVOC 4~’~t ETHyLPHENOL (p-CR ESOL) 11

$E SVOC beq2-ETHYLHEXYL) PHTHALATE 11

SE $VOC DIETHYL PHTHALATE 11

$E SVOC D~*n-BUTYL PHTHALATE 11

SE SVOC PENTACHLOROPHENOL 1 I

Note

Air units are mc~g or m,~ (sudace water)

I I I M’n’m-I I--mural INumbNumber Minimum DetectJorl Muimum Detection Backg(ound Background
Detected Detection Qualifier DetectJon Oualifle¢ Va~ue Exceedancel

I 1
2 60E-02 100E+01

6 IOE~ 6 10E-02 7 70E.O"

3 80E4)2 3 BOE-02
9 40E*02 6 90E+O0 I 60E*C~

I( 600E-O2 200E+01 2 90E+O~

1( 8 50~32 1 90E+01 2 50E+O~

1( 1 BOEr1 2 60E+01 2 22E+0~

9 50E-O,~ 9 50E÷OC I 80E+O~

1( I 20E-01 2 50E+01 2 30E+Ow
100E~)I 2 40E~OC 1 IOE*C~

11 1 60E-01 300E÷01 3 20E+OI

9 03E-O~ 900E-O; 700E~)

11 1 60E~1 3 20E÷01 7 IOE+O

6 60E~; 7 20E+0£ 8 70E-O

1 00E-31 g 10E+0£ 1 70E+(~

11 200E-O~ 3 30E+01 6 90E+O’

11 1 30E-01 5 50E+O1 2 88E+0

I 460~; 262E+0;

I 70E-01 1 70E-01

7/OE*O~ I 50E+O( 4 80E~11

7 70E+O( 7 70E+O(

3 40E-0~ 3 40E-O~



TABLE 20-11

Freq~ncy of P~(~ (~tec~n m Sumfa~ Wat~ ~d Sed¢~nt ~ll at FUA
Memphr$ Depot MaJn InsfalJa~on RI

Matr~ I Plra~
Surface Water
SW

IDOT
SW D~ELDRIN

¯ ~d=m~t SOd

SE ~PI~’CHLORO~IE

SE DDD

SE DOE

SE DOT

$E DIELDRIN

SE ~IDRIN

$E F~IDRIN ALDEHYDE

SE ~.M~-CHLORDANE

NoIe

All un=ts are mg~~ ot m~L Isurra~ waler)

rlll’-III I
Minimum Numl~w ~

Numbe¢ Number Minimum ~ItecUon M~imum O~l=ctlon Background Backgtoun~
Analyzed Detected Detection Ocu=llfter ~.~’~;~ Oumllf~- Value Exceedance=

11 3 20E,O 3 20E~=~

11 3 20E-O, 5 30E,01 5 20E-O:
11 300E,O g ~-01 6 10E-O:

11 1 50E,,G¯
2 SOE-01 7 20E-O,

11 10 2 20E~3 2 70E<]1
11 3 8GE ~3: 3 10E~1 1 10E~3:

11 4 50E,,O; 4 80E,O~=

11 2 gOE-O: 4 30E-~,
11 3 80E-O 6 50E-01 ~ OOE+C~

487 231
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TABLE 20"12

Frequency of DIoxJns 0etecbon m Sur[ace Wa~e~ and Sediment Sog at FU4
Memptus Depot Mare/nstaJlatlon R/

Mattb(I plrlr~i¢

Su~oceWltof
I I I I"n’-I I--m l IN--Numb=,," Number Minimum~te¢~on M~lmum DetecUon Background Background

Anllyzod Detected DetKtlon OullJfle¢ Detection OuRlifi~r Value Excc~dancel

SW 1 2 3 4 6 7 8"HEPTACHLORODISENZO FU RAN 7t0E~ 7 07E~07
SW I 2,3,7 8 9-HEY.ACHLORODIBENZOFURAN 6 00E~ 260E~07
SW 23 4,6 7 84-~EXACHLORODZBSNZOFURAN I 53E~ 5 07E~6

SW OCTACHLORODIBENZOFURAN 810E-01 130E-06
$W OCTAC HLORODIBENZO*F-OIOXIN I 63E-0; 271E-O$ 1 23E*C~

SW TCOD EquNalent 163E-1(= Z8449E-08 1 80E-0~

Sediment Sod
SE 1,2,34 6 7,8 -HEPTACHLORODIBENZO FURAN 6 90E-0~ 6 99EJJ3

SE 1 23 4 6 7 84"~E PTACHLORODIBENZO~p-OIOXIN 180E~3~ 2 38E-02 583E~

SE I 234 7 8 9~’~E PTAC HLORODIBENZO FU RAN ,1i
210E~ I 10E-04

$E t 2 34 7 8,H EXACHLORODtBENZOFURAN 11i I OOE~! 7 40E~35

SE 2,3 4,7 8~ EXACHLORODIBENZO.p-DIOXIN 11 8 00E-C4 1 40E~05

SE I 2 3 6 7 8 HE XAC HLORODIB ENZOFURAN 11 4 00E-34 790E-0~
SE I 2 3 6 7 B H E XAC HLOR ODIB ENZO- p-DIOXIN 11 700E~ 2 60E-04

5E I 2 3 7 8 9 ~’~EXAC HLOR ODIB ENZO-P-DIOXlN 11 1 SOE~ 1 50E-0~

$E 234 6 7 84"IEXACHLORODI8 ENZOFURAN 11 220E-0! 2 20E.O~
SE OCTAC HLORODJB ENZOFU RAN 11 243E-0! J t49E~

$E OCTACHLORODIB ENZO+p-DIOXIN 11 2 07E-0,J I 14E~01 B56E~):

SE TCDD Equwa~nt 11 3 00E-0 = 4 94E-~ 9 00E~

Nole

AJl units are mo/K9 or m~L (sudace watet~
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Table 20-13
Frequency ot VOC and Other Organics Det ecizon m Seal=merit Sod at FtJ4

Men~ph~s Depot f~n I~tal/ago,q RI

Moximurn Num~l
NUmber Number klinln’,t un Detection Moxlmurn Detech0n Boo,ground 6o¢ kgrour, d

Mo;1t x POn3~elor Ar~lyzed Detecte~ Defection Q~dl~ r Detecflor~ QQOIJJle r Vcduo £xceedo~es

Sediment Soil

11 2 50E~ 250E~

~E .~AG~ON TETRACHLOR]DE 11 780E~

~4ET~L ETHYL KETONE (2-BUTANONE) 11 I DOE~:

~E vIETHYLE N£ CHLOR4DE II 3 2QE~ 4E~E~

5E o?~ X~enes II I BOE~;

Note

A~I units are m~
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21.0 Fate and Transport for FU4

The overall fate and transport discussion was included in Section 6.0. This section covers
information specific to FU4 and Site 36. The CSM for FU4 is presented on Figure 22-2.

21.1 Fate and Transport for FU4
A summary of site conditions influencing the fate and transport of site contamination is
presented in this discussion. Figures 2-16 and 19-1 show the land cover types within FU4.

Source Area Characterization: FU4 is the largest of the FUs within the Main Installation,
consisting of 20 screening sites (Sites 28, 35, 36, 37, 38, 39, 42, 43, 46, 54, 55, 56, 70, 71, 72, 73,
74, 79, 80, and 83) and 8 BRAC parcels (13, 14, 15, 29, 30, 31, 32, and 33). Several small
buildings and three relatively large buildings (Buildings 209, 210, and 835) are located 
this FU. There are no RI sites within this FU. A large portion of the Depot’s railroad tracks
(Site 70) is located within this FU, which will be removed as part of the Depot
redevelopment planned for Year 2003 to 2006 (The Pathfinders et al., 1997). The majority 
the Depot operations in this FU consisted of open storage yards and areas used for wood
pallet preservation treatment with PCP (Sites 42 and 43), which have been remediated
(OHM, 1986). The storage drums of various hazardous and nonhazardous materials were
removed and properly disposed of during remediation (OHM, 1986). Sampling was
implemented to analyze for dioxins in the drainage ditches and at sites with past PCP-
related operations in this area.

Surface water runoff wzthin FU4 travels to the north in the northern portion of FU4
(Parcels 13, 14, and 15) through concrete-lined drainage ditches at Sites 54 and 55, and to the
west through the drainage ditch at Site 56. Drainage through Sites 54 and 55 is routed to the
enclosed pipes of the City of Memphis collection system along Dunn Road. Runoff not
collected by the ditch associated with Site 56 is collected by the enclosed pipes of the City of
Memphis collection system along Perry Road. The stormwater runoff from the
northwestern, central, and western parts of FU4 that drains through Site 56 is routed to
Tarrent Branch, which is an open concrete-lined ditch that eventually reaches Nonconnah
Creek. These drainage ditches are dry under normal conditions. Sampling from Sites 54 and
55 and the drainage confluence at Site 56 indicated the presence of naturally occurring
inorganic chemicals and chlorinated pesticides (i.e., DDT and DDE) at concentrations lower
than those detected in the Depot surface soils. All of the detected sediment and surface
water constituents were included in the RA for the potential direct exposure-related risk
estimates, as well as for potential indirect effects on the groundwater.

Tables 6-4 and 22-1 list the COPCs for FU4 surface soils, which were alurmnum, antimony,
arsenic, chromium (total), copper, manganese, selenium, thallium, zinc, PAHs, DDE, DDT,
dzeldrm, chiordanes (alpha/gamma-), Aroclor-1260, PCP, petroleum hydrocarbons,
1,1,2,2-Tetrachloroethane, and TCDD equivalent. The maximum concentrations detected for
metals predominantly were found in Sites 36, 56, and 83 and Parcel 14. The PAHs were
detected mostly along the asphalt roads or along the railroad tracks at concentrations
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similar to those detected across the Deplot. The maximum concentrations of PAHs were

detected at B(30.2), at the railroad tracks next to Building 925. Several samples also had
residual chlorinated organic pesticides, presumably from historical applications, at
concentrations similar to those detected at other areas of the Depot.

Subsurface soils at the site had the same COPCs as surface soil, plus cobalt, 1,2-DCE (total),
and TCE, which were detected at low concentrations in a few locations. Arsemc, chromium,
copper, and lead were detected in practically all 150 surface and 157 subsurface soil samples
analyzed for inorganic constituents.

Sediment and rainwater data were recorded from the drainage ditches that collect

stormwater runoff at Sites 54, 55, and 56. These drainage ditches extend off-site at Gates 9,
21, and 22. The drainage ditch samples were analyzed for dioxins and furans, which are
commonly present in the urban environment. The COPCs for FU4 sediment are chrorruum
(total), PAHs, dieldrin, PCP, 2-Methylnapthalene, 4-Methylphenol, carbon tetrachloride,
methylene chloride, and TCDD equivalent. COPCs for FU4 surface water, based on data
from samples collected during a storm event, included DDT, dieldrin, TCDD equivalent,
and PCP, possibly from the suspended sediments in the rainwater. The surface runoff from
previous dip vat operations and wooden pallet-related operations flows westward through
the concrete-lined drainage ditch at Site 56, and is not likely to reach the ditches in the north
(Sites 54 and 55).

Potential Contaminant Migration, Persistence, and Exposure Points: The potential
transport and migration pathways at FU4 are considered to be surface runoff,
percolation/leaching, and dust emission/volatilization. These pathways are likely to occur
mostly in the areas without an impervious cover, which are limited to the strips of grass-
and gravel-covered areas around the warehouse buildings.

Surface Runoff Pathway: Surface runoff may have occurred during historical operations m
open areas such as the open storage facilities and the pallet drying areas near Sites 42 and
43. The sediments in the drainage ditches at the property boundary had pestiodes, PCP, and
dioxms/furans. The concentrations observed are low; however, to be conservatwe in the
RA, these constituents were included. Most of the surface softs wlthm FU4 have COPCs
sirrular to those elsewhere within the Depot. The chiormated hydrocarbons such as
pesticides and TCDD-related compounds degrade slowly in the environment and are likely
to remain bound to the soil/sediments. Because no new or significant contarmnant sources
were identified within the site, detected concentrations are not likely to increase. There are
no human or ecological receptors within the ditches. However, conservative human health
RAs and ERAs were conducted to evaluate future potential effects from direct exposures.
The downstream locations at Site 56 had only trace levels of site-related contamination.

Air/Dust Emission Pathway: The surface soft COPCs are likely to remain bound to the soft,

so dust-borne air emissions are relatively unimportant. 1,1,2,2-Tetrachloroethane was
detected in 3 of the 105 samples for which it was analyzed, at concentrations near detection
limits (maximum concentration of 0.0007 mg/kg) and was not detected in subsurface soils 
the site. Therefore, though this is a volatile constituent, because of the low and infrequent
concentrations detected, this chemical is not likely to emit significant air concentrations.
Nonetheless, direct inhalation exposures to this chemical were assumed in the risk
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estimations. Exposure via inhalation of dust-bome particle-bound COPCs~was evaluated in
the RAs using EPA-recommended dust emission assumptions (PEF = 1.3 x’109 m3/kg).

The subsurface soils had 1,2-DCE (total) and TCE, which could become air-borne through
volatilization from subsurface soil or during excavation activities. Thus, exposure to
airborne volatiles from shallower subsurface soil is a potential migration and exposure

pathway. The VOCs therefore were included for inhalation exposure through vo!atilization
using conservative exposure assumptions (see Section 22.0 and Appendix G).

Migration to Groundwater Pathway: Leaching to groundwater is not an issue for surface
so:l COPCs within FU4, except for 1,1,2,2-Tetrachloroethane. The low concentrations of this
chemical detected in surface soil and its absence in subsurface soils indicate that it is

degrading and not reaching the subsurface soils or groundwater at measurable levels.
COPCs-TCE, and 1,2 DCE~:letected in the subsurface soil are very soluble, are considered
mobile, and could reach the groundwater, although they are not distributed widely (4 to 10
concentrations detected of the 157 samples analyzed for these constituents). The
groundwater underneath FU4 does have detectable levels of chlorinated solvent
contamination.

Figure 32-9 presents the subsurface soil VOC concentrations at different soil boring
locahons. Two of the 10 detected concentrations of TCE in subsurface soils (with 
maximum of 0.32 mg/kg) exceeded groundwater transfer (GWP/SSL) criteria, indicating
that soils within FU4 may be a continuing source of groundwater contamination. These
higher concentrations were recorded in samples collected from 18 to 20 ft bgs at Site 36.
Most of the detected concentrations of TCE were from samples collected at Site 36.1,2-DCE
(total) was detected at a maximum concentration of 0.11 mg/kg, which is below a GWP
criteria of 0.4 to 0.7 mg/kg (cis vs. trans - isomers) in subsurface soils (4 of 157 samples
analyzed for these constituents); thus, this compound may not be reaching the groundwater.
Groundwater monitoring samples from PZ06 and MW53 did not have CVOCs.

Fluvial aquifer groundwater beneath the Depot in general has been affected by VOCs,
primarily TCE and PCE. Groundwater at FU4 flows to the west and southwest to the central
trough within the Depot, so potential groundwater contaminants are likely to flow onto the
site. The potential effects on the groundwater are addressed as part of FU7 in Sections 32 0
through 35.0.

21.2 Fate and Transport for Screening Site 36

The following is a brief summary of the sRe features that could influence the fate and
transport of the contaminants in the site media. Screening Site 36 is located within a concrete
pad that is part of the DRMO Hazardous Waste Concrete Storage Pad measuring 300 ft by
60 ft, in the northern portion of FU4 and the Depot¯ Hazardous wastes were stored in this
area until shipment to a licensed hazardous waste disposal facility (CH2M HILL, 1998)¯

On the basis of this historical use, constituents expected to be present at this site are metals
and chlorinated solvents. Figure 20-2 shows the surface and subsurface soil samphng
locations.
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The surface soil COPCs included antimony, arsenic, selenium, dieldrin, PCP, and
1,1,2,2-Tetrachloroethane. The same compounds plus chromium (total), copper, 1,2-DCE
(total), and TCE were selected as COPCs in subsurface soil.

The CSM for Site 36 is identical to the one for FU4, and is presented on Figure 22-5. Primary
release mechanisms include historical spills and leaks during storage. The metals and VOCs
may have contaminated the soils from spills on or along the concrete pad. The pesticides
detected at low concentrations appear to be from historical applications along the grassy
areas and buildings.

Contaminants could be transported through surface runoff, suspension of entrained dust
particles, volatilization into ambient air, and infiltration and leaching from soil to shallow
groundwater. Potential off-site migration pathways include surface runoff and dust
emissions.

Surface Runoff Pathway: The site is located near the drainage ditch at Site 54, and potential
runoff may reach this concrete-lined ditch flowing along B Street. The ditch at Site 54 also
receives overland flow from other areas within FU4. There are no direct surface flow
features, except the stormwater runoff potential for Screening Site 36. The surrounding area
is gravel-covered on three sides and is covered by grass on the southern side of the concrete
pad. The COPCs detected in the surface soil at Site 36 are similar to those found across the
Depot and are not expected to be a surface runoff concern to off-site areas.

Dust/Air Pathway: Because of the presence of asphalt cover on the soils, dust generation is
not an important emission pathway for the site COPCs. However, for conservative risk

estimation purposes, assumptions were made that the site consists of open area and that the
soil COPCs could become airborne. The risk calculations used EPA’s default dust emission
assumptions (PEF of 1.3 x 109 m3/kg).

Groundwater Migration Pathway: Two of the detected COPCs (TCE and DCE) could 
associated with site storage activities and may have resulted from accidental historical
releases. They were not detected in the surface soils. These compounds were detected in the
subsurface soils at relatively low levels; they are highly mobile, and thus, could continue to
leach to groundwater (see Table 6-2). The groundwater in the area had trace levels of TCE
(MW53 at 0.001J lag/L). The groundwater quality and the fate and transport of the CVOCs
in the groundwater are further addressed in FU7 (Sections 32.0 through 35.0).
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22.0 Baseline Risk Assessment for FU4

22.1 Human Health Evaluation for FU4
A baseline RA was conducted at FU4, which covers the largest surface area of all FUs
within the Main Installation. Specifically, FU4 consists of Screening Sites 28, 35, 36, 37, 38,
39, 42, 43, 46, 54, 55, 56, 70, 71, 72, 73, 74, 79, 80, 81, and 83 and BRAC Parcels 13, 14, 15, 29,
30, 31, 32, and 33. Several small buildings and three relatively large buildings
(Braidings 209, 210, and 835) are present in this FU. There are no RI sites within this FU. 
large portion of the Depot’s radroad tracks (Site 70) is located within this FU, which wdl 
removed as part of the Depot redevelopment planned for Year 2003 to 2006 (The
Pathfinders et al., 1997). The majority of the Depot operations in this FU consisted of open
storage yards and areas used for wood pallet preservation treatment with PCP (Sites 42, 43,
46 and 80). The areas of contamination related to PCP use were remediated by excavating
soils from the dipping vat, storage tank, and surrounding areas (OHM, 1986). The storage
drums of various hazardous and nonhazardous materials were removed and properly
disposed of during remediation (OHM, 1986).

The RA was conducted using data collected as part of the BRAC sampling program (from
BRAC parcels), and data from the screening site investigations. Data were collected from
biased locations within known historical site activity areas to evaluate maximum possible
contamination levels within a site and parcel. Once contamination was detected in a
sample, the extent of that contamination was further defined in the area around that sample
in the next phase of sampling. In general, several surface and subsurface soil samples were
collected within each site to assess the nature and extent of chemical distributions.
Currently, the FU is not being used. To make the site more accessible for future light
industrial uses, the Memphzs Depot Redevelopment Plan (The Pathfinders et al., 1997) proposes
to remove all of the railroad tracks, to build new public access roads, and to demohsh
buildings in poor condition. The future demolition plan includes removal of most of the
small bmldings (Buildings 308, 309, 319, 416, 417, T702, 720, 737, 860, 863, 865, and 949) and
the two larger warehouses (Buildings 209 and 210). Buildings T702 and 209 were
demohshed during the period of this report preparation. The only buildings planned to be
retained are Buildings 835, 925, and the complex that includes Buildings 753, 754, 755, and
756. The main off-site truck access is a public road planned for the Gate No. 15 area. This
public road will be connected with other planned public roads within the Main Installation.
Most of Parcel 15 will be used as a parking area and will be landscaped with new
ornamental plants. The northeastern corner area warehouse Building 210, will be used as a
hght industrial facility (The Pathfinders et al., 1997).

As with the other FUs within the Main Installation, a surrogate approach was implemented
to conservatively assess potential human health risks. The surrogate approach is used in
lieu of an individual RA at each of the identified parcels and sites. The approach was
presented in Section 7.1 and Table 7-1. Selection of the surrogate site and the worst-case
representative sample point for the future hypotheti.cal residential evaluations was based on
exposure units designed according to predicted receptor behavior within an ldenhhed area
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(exposure unit). Three exposure units were identified to represent conservative exposure
scenarios. First, the FU-wide exposure unit assumes that a maintenance worker has equal
and random access to the entire area within FU4. Therefore, all the data collected m the FU
were used to calculate the EPC. Second, maintenance workers and industrial workers were
assumed to be exposed to a smaller exposure urut represented by a surrogate site (Site 36).
Because Site 36 had the highest PRE ranking, estimating exposure and risk at this site
provides a conservative surrogate for maintenance worker or industrial worker exposure at
all the other sites within FU4. Finally, a resident was assumed to be exposed to soils from a
0.5-acre lot. This exposure unit was represented by the sample location that generated the
highest PRE estimates within FU4. Figure 22-1 presents the various hypothetical exposure
units within FU4. The residential scenario is included for comparison purposes only. The
PRE results used as the basis for the surrogate site and the highest PRE data-point selection
are presented in Appendix E.

RGOs were not calculated for FU4 because there were no risks above the upper lirmt of the
acceptable risk range of 104 to 10‘4, and there were no HQs or His above 1.0.

Some discrete areas within FU4 may have unique exposure scenarios that differ from the
scenarios quantified in this RA. In an attempt to limit the number of quant*fied exposure
scenarios, yet to ensure a conservabve approach, relative exposure levels to several different
receptor populations were compared (Appendix F). On the basis of the comparison, the
most conservative representative exposure scenario for an industrial setting was used in the
risk estimations for FU4.

22.1.1 Selection of COPCs for FU4
As noted previously, data collected from parcels and from the screening sites were used for
this RA at FU4. The media of interest are soils (surface and subsurface), sediments, and
surface water. Soil COPC selection was based on soil samples collected from the gravel or
grass strips along the railroad tracks, warehouses, and grassed areas adjacent to paved
roadways or alongside warehouses. COPCs in sediments were selected from samples
collected from drainage ditches within FU4. The drainage ditches are dry for most of the
year. The surface water and sediment samples were collected durxng a storm event, and are
not representative of normal site conditions. Also, the drainage ditches (Screening Site 54
and part of 55 and 56) are concrete-lined and do not have typical sediment accumulation.
Therefore, surface water samples were not included for quantitative RA. Sediments were
included for RA, because workers involved in maintenance at FU4 could be exposed to
these dry ditch linings.

The soil samples were analyzed for the TCL/TAL compounds in most, but not in all, of the
samples. As a result, the number of samples analyzed differed between various chemical
groups¯ The total number of samples included m the RA ranged between 27 to 150 for
surface soil samples and 35 to 157 for subsurface soil samples for this FU-wide RA. A total
of 11 sediment samples from Sites 54, 55, and 56 were included for RA. The stormwater
(surface water) samples were not included in the RA. The soil and sediment data were used
to select COPCs to evaluate the current and future industrial worker exposure scenarios.

Section 7.0 provides a description of the COPC selection methodology. The COPCs for FU4
were selected by comparing the detected chemical maximum concentration with
background and health-based criteria (RBCs), as presented m Tables 22-1, 22-2, 22-3, and
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22-4. Chemicals detected above background and the RBCs were selected as COPCs for
surface soil and subsurface soil. The surface and subsurface soil sampling results also were
compared with leachability to groundwater-based RBCs. This method of comparison
conservatively selects the COPCs. A table showing human health screening criteria by
medium and the results of the COPC selection screening is provided in Appendix D.

Dioxins and harans were analyzed in samples collected from soils and sediments from
selected sites (Sites 42, 43, 46, 54, 55, 56, and 80) because of PCP use as a wood preservative
in railroad ties and wooden pallets. Soils at Sites 42 and 43 were remediated in 1986 (OHM,
1986). TCDD equivalents were detected in all the analyzed samples, as well as in all the
background samples. Of the detected dioxins and furans, the higher chlorinated, more
persistent hepta- and octa-chlorinated isomers were the most commonly detected of this
group of compounds.

COPCs were selected separately for the FU-wide RA, Site 36 (surrogate site), and the single
sample point (SS14A) used for the residential RA:

COPCs for FU4 surface soil include inorganic, PCBs, organo-chlorine pesticides, and
SVOCs (including PAHs);

Surface soil had several inorganic chemicals as COPCs, of which chromium and lead
may be associated with the past paint chip area south of Building 949. However, paint
chip disposal-related inorganic chemicals, lead and chromium, were not detected in the
subsurface soils;

The SVOCs selected as COPCs in surface soil are PAHs, PCP, and petroleum
hydrocarbons;

The surface soil pesticide/PCB group COPCs are DDE, DDT, dieldrin, chlordanes
(alpha/gamma-), Aroclor-1260, and TCDD equivalent;

Of the CVOCs, 1,1,2,2-Tetrachloroethane is the only COPC in surface soil, and it was
detected in subsurface soil also; and

¯ The COPCs for FU4 subsurface sod included the same ones as surface soil, with the
addition of cobalt, 1,2-DCE (total), and TCE.

For conservative assessment of risks during excavation-type exposures, all of the surface
soil COPCs were included for subsurface soil, to account for exposure to the excavated soils
up to zero- to 10-ft depths by utility or industrial workers. COPCs for FU4 sediment are
chromium (total), PAHs, dieldrin, carbazole, PCP, 2-Methylnapthalene, 4-Methylphenol,
carbon tetrachloride, methylene chloride, and TCDD equivalent. COPCs for surface soil at
data point SS14A evaluated for residential exposure-related risk estimations are
benzo(a)anthracene, BaP, chrysene, carbazole, and PCP.

22.1.2 Exposure Assessment for FU4
Regional land use within a 3-mile radius of the Depot is presented on Figure 2-15.
Historically, operations in FU4 included open storage of materials in the DRMO yards,
wooden pallet preservation treatment and drying, and indoor storage in warehouses.
Therefore, environmental samples collected from this medium within FU4 were analyzed
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for a variety of constituents (such as the TCL/TAL). The areas with historical PCP
operations were remediated in 1986, as indicated above.

22.1.2.1 Conceptual Site Model and Fate and Transport Overview

Figure 22-2 presents the exposure CSM for FU4. Each of the components of a CSM are

discussed below, including the primary and secondary sources of contamination, primary
and secondary release pathways and mechanisms, potential receptors, and routes of
exposure.

The primary sources of COPCs in the soil at FU4 are suspected to be historical site
operations involving storage of various industrial materials and chermcals, as well as wood
treatment and paint chip disposal. As noted in the fate and transport discussion in
Section 6.0, primary release mechanisms include historical spills and leaks from storage of
chemicals and surface apphcation of pesticides, herbiodes, and waste oil. Some of the
chemicals detected in the environmental media could be the result of past railroad
operations. Thus, soils could become secondary sources of contamination. Over time,
surface soils could leach more mobile constituents to subsurface soil and eventually to
shallow groundwater if conditions are favorable. "Favorable conditions" include the
presence of shallow groundwater under soils that are very porous, high precipitation
conditions at the site, and the presence of very mobile chemicals in the open soils. Most of
these conditions do not exist at the Main Installation and FU4. The depth to groundwater
averages more than 85 ft bgs, with the maximum depth of 132 ft bgs in the northwestern
portion (MW-38) to the minimum depth of more than 5 ft bgs. Surficial soils are clayey and
relatively impervious and there are no highly mobile organic COPCs.

Other potential migration pathways for contaminants could include surface runoff,
suspension of entrained dust particles, and chemical volatilization into ambient air. Most of
the COPCs are naturally occurring inorganic chemicals and semivolatile or chlorinated
organic constituents. Migration of these cherrucals could occur via surface runoff or dust-
borne emissions. On the basis of the COPCs identified, volatilization is not an important
migration pathway because no significant concentrations of volatile constituents were
identified in the soils within FU4.

Low levels of three CVOCs were detected in subsurface soil within FU4, but these are not
expected to produce a significant source of chemical vapors in the ambient air.
Concentrations were near detection limits in 2 to 8 samples of 208 analyzed. There is a
potential for leachability of these constituents. Groundwater underneath the Ivlam
Installation has CVOCs, which are addressed as part of FU7. Soils under FU4 were not
identified as potential sources of groundwater contamination (see Sections 32.0 through
35.0).

Potential exposure points on-site include areas where human activities or ecological
receptor occurrences are likely and could result in physical contact with one or more
contaminated media. Most of the FU is inactive, with human activity limited to property
maintenance in grass- and gravel-covered areas. The potential for direct human exposure
depends on the presence of exposed contaminated soil and the types of activities within the
contaminated areas. Direct human exposure is limited by pavement, gravel, and grass cover
(see Figure 2-16). Much of the surface area at FU4 is covered by grass, gravel, and asphalt
pavement in the roadways. However, for the purposes of this risk evaluation, exposures
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were assumed to be unlimited. Future exposures were evaluated assuming unrestricted
land use. Exposures under a future land use therefore are assumed to be maintenance-
related work and industrial and residential activities for the entire FU. Samphng locahon
SS14A is from the northeastern comer of FU4, along the northwestern comer of
Building 209. This building was demolished recently. This area is not likely to be used as
residential area and thus provides a worst-case scenario for future residents. The utility
worker can work anywhere in FU4 and therefore can be exposed to the larger exposure
unit. Screening Site 36 was used as a surrogate to evaluate the potential RME to both the
industrial and utility workers. These theoretical exposure scenarios were included to
evaluate the site under conservative exposure assumptions.

On the basis of the good functional condition of the warehouse buildings in the area and the
planned reuse activities described in the Memphis Depot Redevelopment Plan (The Pathfinders
et al., 1997), the site is likely to remain industrial. Future land use plans indicate a need to
demolish some of the older buildings to provide adequate parking space for future
industrial use. Also, the railroad tracks and associated material will be removed; thus, some
of the surface soil sampling locations may be removed and replaced. Potential exposure
routes for the maintenance worker include incidental ingestion and dermal contact with
surface soil and inhalation of particulate ermssions via dust from surface soil. Because of the
presence of pavement, concrete, gravel, and grassy land cover over FU4, dust generation is
anticipated to be limited.

The ecological receptors of interest are discussed below in the ERA section. The following
text identifies the human receptors and the potentially complete exposure pathways.

22.1.2.2 Potentially Exposed Population and Identification of Complete Exposure
Pathways

Currently, the warehouses in FU4 are not used and the facility is inactive. Maintenance
workers occasionally cut the grass between the warehouses, but this is the only potentially
exposed population under current conditions. The overgrowth of the grass and weeds
observed in some of the areas during the site visit indicates that the site may not be under a
regular maintenance program. However, if the site is to be reused, routine maintenance is
likely to resume.

Under foreseeable future conditions, potentially exposed receptors could include
maintenance workers, similar to those identihed under current land use. The s~te is not
likely to be used for residential land use because of its physical attributes and historical use;
in addition, the site conditions indicate that the warehouses and the surrounding Depot
property could be used for light industrial purposes that provide economic benefits to the
surrounding community. Therefore, current and future potentially exposed populations are
likely to be industrial workers.

For conservative risk estimation purposes, future workers are assumed to contact soils
around warehouses routinely on a daffy basis over a 25-year exposure durahon. A general
description of activities to be performed by a maintenance worker within the Depot is
provided in Section 7.0. On the basis of occupational duties, it is assumed that a
maintenance worker spends half-a-day (4 hours) out of an 8-hour workday, once per week
(excluding vacation), 50 days per year for 25 years, cutting grass or weeds around the
gravel-covered areas. These are conservative assumptions considering the small size of the
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grass- and gravel-covered surface soil area in FU4. Exposure of these workers is assumed to
occur via incidental ingestion of soil (50 mg/day). The skin surface area accessible for
dermal exposure is assumed to include the face (1/2 of head area), hands, and forearms.
About 4 hours of the 8-hour maintenance workday is assumed to be spent in contaminated
areas of FU4, so half of the total incidentally ingested soil is assumed to come from the
contaminated soil. Thus, the FI or ET term of the dose estimates is 0.5. The adherence factors
used are estimated as documented in Appendix G. Most of the other exposure factors used
are default assumptions from the Exposure Factors Handbook (EPA, 1997b). Site-specific
factors used for EF and ED, as discussed above (½ workday), are based on best professional
judgment. The exposure factors and the rationale for their selection are included in tables in
Appendix G.

As noted previously, future base redevelopment is expected to focus on light
manufacturing and warehouse uses, so site activities are expected to remain industrial.
Therefore, future potentially exposed populations are expected to be the same as the current
human receptors for the site. However, in the interest of conservatism in risk estimations, it
was assumed that the site would be converted to an alternate industrml facility that requires
workers to spend more time on-site, with a higher frequency of visits to the contaminated
soil areas. This represents the RME scenario for industrial land use. Routes of exposure are
identical to those for a maintenance worker, which mclude incidental ingestion, dermal
contact, and inhalation of dust from surface soils¯ Future industrial worker exposures were
assumed to occur from the surface soil and from subsurface soil in the event the Depot
undergoes construction or excavation and subsurface soils become surface soils. Thus, a
future industrial worker’s long-term exposure to subsurface soil was evaluated. Exposure
factors used were the default values for industrial workers from the Exposure Factors
Handbook (EPA, 1997b) and other published sources, as referenced in Appendix G. Under
these assumptions, this hypothetical receptor category would represent the maximum or
most conservative degree of exposure that would be associated with this site.

Selected areas of the Depot will be landscaped for aesthetic purposes¯ Such land use
alterations could expose landscaping workers to surface soil (zero to 2 ft bgs) via direct
contact and inhalation of particulate emissions during future redevelopment activities. This
potential future receptor would be expected to have a short ED (1 year or less). Because this
scenario results in relatively lower exposure levels compared to those of a maintenance
worker, this scenario was not included for quantitation (see Appen&x F for relative
exposure comparisons).

On the basis of the Memphis Depot Redevelopment Plan (The Pathfinders, et al., 1997), future
residential use of FU4 is unlikely. A hypothetical future residential receptor was evaluated
m this baseline RA for comparison purposes only. There are no residents within the Main
Installation under current land use conditions. The nearest residential areas in the vicimty
of FU4 are located to the north along Dunn Road and to the west across Perry Road. The
Depot property is separated from surrounding areas by a chain-link fence, which hmits
access to off-site residents. Thus, there are no direct exposure pathways for the off-site
residents to the on-site contamination. The only potentially complete exposure pathway for
off-site residents is inhalation of particulate emissions (dust) from on-site surface soil. The
potential for exposure of off-site residents is considered negligible, because there are no
dust-generating activities within on-site areas, and contamination is limited to COPCs that
are detected everywhere else within the Main Installation. The off-site dust inhalation
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exposures are likely to be lower than the on-site dust inhalation scenarios because of the
dilution and attenuation processes natural to the airborne dust. Thus, the on-site residential

scenario is assumed to conservatively represent an off-site resident’s exposure.

The on-site hypothetical residential scenario evaluated the ingestion, dermal, and inhalation
pathways. Hypothetical exposure units are presented on Figure 22-1. Table 22-5
summarizes potential current and future exposure pathways for FU4 and identifies the
pathways that were evaluated quantitatively in this RA. Under these assumed conditions
for exposure under current and future land use, the receptor groups considered in deriving
estimates of exposure and health risk for FU4 were as follows:

¯ Current on-site maintenance worker;
¯ Hypothetical future on-site commercial or industrial worker; and
¯ Hypothetical future on-site resident-adult and child (for comparison purposes only).

A description of the UCL 95% calculation is provided in Appendix H. The EPCs were the
estimated UCL 95% concentrations for surface soils, subsurface soils, and sediments. EPCs
for a maintenance worker and a future industrial worker are either the UCL 95% estimates
or maximum detects for the COPCs detected in the surface soil. All of the sediment COPCs
defaulted to the maximum concentration despite the relatively large number of samples in
the data sets, because of data distributions that do not fit normal or lognormal distribution
curves. Therefore, the risk estimates are overly conservative for the sediment medium,
because the entire ditch system was assumed to be covered wRh maximum contaminant
levels. The sampling results indicate that most contamination in the areas of the ditches is at
lower concentrations. The EPCs for subsurface sod for the UCL 95% were estimated by
combining samples collected from zero- to 10-ft depths (assuming future soil conditions if
surface and subsurface soils are rruxed during construction and excavation activities).

The EPCs for the future residential scenario are the maximum PRE sampling location
concentrations for all chemicals detected in that partxcular sample (sample SS14A). The
estimated EPCs are listed in Tables 22-6, 22-7, 22-8, and 22-9. The dose (intake) was
estimated for each of the complete exposure pathways (see Appendix I).

22.1.3 Toxicity Assessment for FU4
Table 22-10 presents the toxicity factors for COPCs and the WoE classifications for each
Detailed information about the basis for toxicity classification and the uncertainty
associated with the listed toxicity factors based on the EPA toxicity database are listed in the
master toxicity tables located in Section 7.0, Tables 7-7 and 7-8.

The detected carcinogenic chemicals in site soils and sediments were Class A, B2, or C
carcinogens (see Table 30-8). Oral CSFs are available for 17 of the COPCs, and inhalation
CSFs are available for 15 of the COPCs. The individual CSFs for the PAHs were derived
using the TEF compared to the BaP CSF. TEFs are provided in Table 7-9. The oral RfD
values are available for 15 of the COPCs. The inhalation RfD values are available for six

COPCs. Oral toxicity factors were adjusted by the gastrointestinal ABSGz factors for
comparisons with dermal intake estimates. These values were presented in Table 7-10.

Lead was detected in soils at a maximum concentration of 2,800 mg/kg and a mean
concentration of 153 mg/kg. There is no toxicity factor for lead. Therefore, it is compared
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with a target concentration calculated for the protection of workers in the risk
characterization subsection below.

22.1.4 Risk Characterization for FU4
Section 7.0 describes the methodology used to calculate risks and His and Appendix I
provides the actual risk and HI calculations for FU4. Carcinogenic risks and
noncarcinogenic HI results from Appendix I are summarized in Table 22-11. A set of
histograms of the risks and His is presented on Figures 22-3 and 22-4. FU4 was evaluated as
one exposure unit. Workers and residents were assumed to have uniform exposures, and
the EPCs were assumed to be present over the entire surface area of the FU. These are
conservative assumptions, because most soil is covered with gravel and requires hmited
maintenance work (see Figures 2-16 and 22-1), thus reducEng dsrect contact with soil.

The ELCR from surface soil to a maintenance worker at FU4 is estimated at 3 x 10.6,

primarily because of TCDD. The carcinogenic risks are within the acceptable range of 1 to
100 in one million (10.6 to 10-4). However, the exposure assumptions used are considered 
be overly conservative for a maintenance worker’s exposure to surface soils at this site. The
noncarcinogenic HI for the maintenance worker is estimated at 0.01, which is below the
target value of 1.0. Both carcinogemc and noncarcinogenic risk estimates are within the
acceptable lircuts. Thus, maintenance worker exposure to the site soils is not a concern,
gwen that the risks and His are within acceptable limits. The estimated ELCR to a
maintenance worker from drainage ditch sediments is 4 x 10"6. The cancer risks m sediment
were from BaP. The ELCR for sediment is within the acceptable risk range of 10.6 to 10-4. The
noncarcinogenic hazard is 0.001 for sediment exposure, which is below the acceptable
threshold of 1.0

Combined risks from soil and sediment exposure pathways for the maintenance worker
resulted in a total ELCR of 7 x 10.6 and a total HI of 0.01. The cumulative surface media
exposure ls within the acceptable hmits.

The est,mated ELCR to an industrial worker from surface soil is 3 x 10-s and subsurface soft
mixed with surface soil presents an ELCR of 3x 10"s, both of which are within the acceptable
risk range of 104 to 10-4. However, the exposure assumptions used are considered to be
overly conservative for a maintenance worker’s exposure to surface soils at this site. Cancer
risks were due to arsenic, dieldrin, and Aroclor-1260 for both surface and subsurface soil
estimates. The noncarcinogenic hazards from surface soil and from the soft column (surface
and subsurface together) are 0.1 and 0.08, respectively, both of which are below the target
value of 1.0. Thus, the FU4 soils do not pose a health threat to future industrial workers,
despite the conservative exposure assumptions used.

The estimated ELCR to an industrial worker from drainage ditch sediments is I x 10-%
Cancer risks in sediment were due to TCDD and PAHs. The ELCR for sediment is withm
the acceptable risk limit range of 10.6 to 10-4. The noncarcmogenic hazard is 0.003 for
sediment exposure, which is below the target value of 1.0.

Combined risks from soil and sediment exposure pathways for the industrial worker
resulted in a total ELCR of 4 x 10.5 and a total HI of 0.1. The cumulative surface media
exposure is within the acceptable limits.
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The single point (sample SS14A) specific risk estimate for the hypothetical future residential
receptor resulted in an ELCR of 3 x 10-s. Cancer risks were within the acceptable risk range
of 10.6 to 10-4. Noncareinogenic hazards were below the standard of 1.0 for both adult and
child receptors. This hypothetical worsbcase scenario is included for comparison’purposes
only, because the site is unlikely to be used for residential purposes. The inhalation risks for
an on-site hypothetical resident are estimated to be 1.9 x 10-1° (see Appendix I, Table I5-4b),
which is below I in a million. Thus, extrapolating this risk to an off-site resident who is
likely to receive average concentrations of the attenuated dust, the risks are likely to be
much lower. Thus, there are no health concerns for off-site residents from exposures to on-
site contamination at FU4.

22.1.4.1 Combined Risks with Groundwater at FU4

There are currently no groundwater exposures for these receptors and none are likely in the
foreseeable future because of the established water use patterns in the area and the fact that
residents are provided with water from the public water supply system. However, a plume
of low-level chlorinated solvents is present in the groundwater under FU4. Groundwater
wells identified in the vicinity of FU4 have been associated with Plume C (see Section 34.0).
Risk estimates of the combined inorganic and average organic concentrations for Plume C

are detailed in Section 34.0 (Table 34-5).

The hypothetical cumulative risks from groundwater and all other media combined within
FU4 for industrial workers and residential adults and children are presented in Table 22-12
and m Appendix I. This cumulative summary merges the average organic concentrations
from Plume C, the site-wide inorganic groundwater results, and FU4 soils and sediment
results. An industrial worker exposed to site soils, sediments, and groundwater
simultaneously may have a total ELCR of 5 x 10-s and total HI of-0.6, for the combined
exposure routes. These results indicate that, despite the conservative assumptions used,
risks are within the acceptable limits for a future worker. The total ELCR is I x 10-4 and the
total HI is 1.0 for the future hypothetical residential adult for the combined pathways. The
total ELCR is 5 x 10-s and the total HI is 3.0 for the future hypothetical residential child for
the combined pathways. Most of the risks were from groundwater, which also were
addressed as part of Section 34.0. The residential scenario is included for comparison
purposes, although the site is unlikely to be used for residential purposes and, even if it
were, water probably would be supplied from a public system. The groundwater at the
Depot is recognized to flow to the center of the site into a central trough, and thus, direct
downgradient migration to off-site areas is not a concern (see Sections 32.0 through 35.0).
The groundwater currently is not being used.

The site-specific risk evaluations under current land use conditions do not present excess
risks or His. Future potential use of FU4 for industrial purposes does not pose a human
health risk concern. Therefore, RGOs were not developed for FU4 because industrial worker
risks were not excessive.

22.1.4.2 Lead in FU4 Soils

Lead was detected m all 150 surface soil samples and in 156 out of 157 subsurface soil
samples. The range of concentrations in surface soil samples was 5 mg/kg to 2,800 mg/kg.
The highest detected concentrations were associated with Building 949 in the southwestern
corner of FU4, where former paint stripping operations wastes were disposed. Lead in
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subsurface soils ranged between 1.8 and 38.4 mg/kg, compared to a background value of
23.9 mg/kg. The subsurface soils do not appear to have lead at elevated levels.

The target concentration estimated using TRW’s adult lead model (EPA, 1996) was
1,530 mg/kg, which is protective of a worker (see Table 7-16). The maximum detected
concentration in the surface soil is shghtly above this target level; however, the mean
concentration is below the target lead concentration.

Lead was not detected above background levels in the drainage, indicating that off-site
migration is not occurring.

22.1.4.3 Uncertainty Analysis

Section 7.0 presents the general concepts and sources of uncertainty at a given site. The
following are some of the major points pertaining to FU4.

Constituents of Potential Concern. Data were collected from 1996 to 1998. Many of the
COPCs such as PAHs and metals also were detected in background soils. Several of the
PAHs were detected at higher concentrations along the railroad tracks within the Depot.
Site operations at several of the sites did not involve PAHs as potential source constituents.
Pesticides and waste oils tainted with PCB (Aroclor-1260) were not used in the storage-
related operations; however, they were apphed during routine maintenance of the storage
facilities and are not directly related to the site operations. Likewise, site-wide statistical
evaluations indicate that the contaminants were distributed similarly in the background
samples. Some of the inorganic COPCs were selected based on their exceedances of the
GWP criteria. These chemicals are not a direct exposure concern. However, their inclusion
contributes to the conservatism of the risk estimation.

The majority of the contamination (PAHs and PCP) is associated with the railroad tracks
distributed abundantly across FU4. The future redevelopment plans probably will remove
these tracks. Some of the highest contamination data points may not exist after removal of
the railroad tracks and ties.

Subsurface soil organic COPCs are the same as those for surface soil, although most of the
organic chemicals were not detected in the soils below 1 ft within FU4. Surface soils in this
data set were defined as zero to 2 ft, whereas deeper soil was evaluated from zero to 10 ft.
EPA defines a surface soil as being in the zero- to 1-ft range. Most of the contaminants at
this site have been located in the first 6 inches of the soil. Therefore, there is some added
uncertainty in the actual concentration of contaminants evaluated because the 2-ft interval
was analyzed.

Exposure Assessment. There are no exposures under current conditions. Most of the area
within FU4 is paved or covered with gravel or grass. Some of the samples collected were
from paved areas, which were assumed to be readily available for exposure. "I1~ere are no
human receptors in FU4, as mentioned previously. This site is highly unlikely to be used for
residential purposes without significant structural changes to the existing warehouse
buildings. Future land use plans for the Depot include various small industrial uses; thus,
land use is likely to remain industrial/commercial. Under future land use, also, indoor
warehouse workers would rarely come into contact wzth the grass strips around the
warehouses. Much of the direct exposure would be limited because of the presence of
paved roads and walkways around the buildings. Utility and future industrial worker
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exposure to subsurface soil that might become surface soil is a conservative risk estimation
scenario.

r-o
Most of the quantitative exposure values such as EF and ED are assumed values, arid the
true likely exposure of a receptor is not known. Most of the site-related uncertainty within
the R.As is attributable to this exposure quantitation step. ,~

Toxicity Assessment. The toxicity criteria used are those recommended by EPA through the
toxicity databases; therefore, the uncertainty associated with the toxicity factors is
predetermined by the methods used and the studies selected by EPA in calculating these
toxicity factors. The quantitative UFs associated with toxicity factors are included in the
master toxicity factors tables (Section 7.0, Tables 7-7 and 7-8). Some of the primary sources
of uncertainty are listed there. Most of the toxicity factors are based on studies from animals
extrapolated to humans using arbitrary assumptions (UF, or MF), which introduces a major
uncertainty. In extrapolating from carcinogenic dose for the slope factor estimation, no
threshold for toxicity is assumed. Some of the metal toxicity factors are based on evidence of
toxicity from occupational exposures (chromium) involving a high level of exposures 
fumes and airborne particles. The applicability of data from high occupational exposures to
relatively low environmental exposures adds uncertainty to the RA and probably produces
overestimates of risk.

Risk Characterization. As noted previously, the risks and hazards estimated in this
assessment are conservative. Several scenarios were evaluated to simulate possible
alternative future land uses for FU4. The fact that samples were collected from biased
locations within suspected past activity and spill areas near warehouses adds to the
conservatism of the estimates. As a result, the areas represented by each sample in the
combined assessment at the FU4 level represent the areas of highest contamination within
the site and FU4.

22.1.4.4 Remedial Goal Options

RGOs were not calculated for any of the surface media for industrial exposure at the site.
Exposure of a worker under current land use conditions did not result in excessive risks
associated with the soils and other surface media. The estimations of industrial worker
exposure also were within the acceptable risk limits. However, there were some risks at the
acceptable boundaries for residential exposure. There are no human health protection-based
ARARs for soils. A general list of RGOs for some of the primary COPCs detected across the
Depot is included in Section 7.0. The target lead concentration based on the industrial
worker exposure is estimated to be 1,530 mg/kg (Section 7.0, Table 7-17).

RGOs are developed only for the chemicals that are either detected at the site at
concentrations above the applicable state or federal standards or that present risks or His
above the acceptable levels. "Acceptable" risks are defined as risk levels below 100 in one
million (104) or an HI below 1.0, for either current or future exposure pathways analyzed 
the RA. The risk evaluations under future land use conditions included potential exposures
of maintenance, industrial, and utility workers within FU4 based on activities observed to
be applicable to the site. Hypothetical future scenarios included residential land use.

The groundwater within the area is addressed as part of the groundwater FU (see
Section 34.0). The site groundwater currently is not used in the Depot. Shallow
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; groundwater does not qualify for potable use. However, because the shallow aquifer is

contaminated with CVOCs (Sections 32.0, 33.0, and 34.0), it is unfit for potable use.
However, such a use is highly unlikely for several reasons related to poor yield, set water
use patterns in the area, flow to the center of the property, degradation and attenuation
before off-site release, and lack of groundwater use in the area.

22.2 Environmental Evaluation for FU4

22.2.1 Introduction
An ERA was conducted at FU4, the Northern and Central Open Areas, to evaluate whether
contarmnants detected in surface soil, surface water, and sediment potentially pose adverse
ecological effects to terrestrial or aquatic receptors. FU4 is a large (approximately 200-acre)
area (see Figure 20-1) that consists primarily of open storage areas lined wRh gravel 
asphalt; railroad tracks; and administrative, maintenance, and general purpose warehouse
buildings. FU4 is entirely industrialized and contains a few mowed grass areas among the
railroad tracks and gravel areas that provide little, if any, ecological habitat for plants or
animals. There are no water bodies on-site; however, drainage swales, which direct
stormwater to the perimeter of the facility, contain water only during occasional storm
events. The current land use in this FU is expected to remain unchanged in the future. EPA
ERA guidance (EPA, 1997d) recommends a screening level ERA for risk management
decisions. Although FU4 does not provide significant habitat, a screening level ERA was
initiated to aid in risk management decisions.

This ERA was conducted in accordance with the Ecological Risk Assessment Guidance for
Superfund: Process for Designing and Conduchng Ecological Risk Assessments (Process
Document)(EPA, 1997d). Steps 1, 2, and 3 of the EPA ERA model were completed, as
summarized m Section 7.8.

22.2.1.1 Step 1: Screening Level Problem Formulation and Effects Evaluation

This is the initial step in the ERA and includes all of the elements of a problem formulation
and ecological effects analysis, but on a screening level. The results of this step support the
exposure estimates and risk calculation in Step 2.

Environmental Setting and Contaminants at the Site. The environmental setting at the Depot

is described in Section 2.0. An ecological assessment checklist was completed as described
in the Process Document (EPA, 1997d) and is provided in Appendix S. Site characteristics
most relevant to the ERA are discussed here.

Most of the land cover within FU4 consists of open storage areas lined with gravel or
asphalt; railroad tracks; and administrative, maintenance, and general purpose warehouse
buildings. The western half of this FU was used primarily for open storage of steel, PVC
pipe, miscellaneous nonhazardous materials, petroleum products, equipment, transformers,
and drums that stored flammables. Four large warehouses also are located in the western
half of this FU and were used to store flammables and hazardous materials such as
reactives, oxidizers, corrosives, pesticides, and others¯

The FU overall is relatively flat with large expanses of gravel, pavement, routinely mowed
grass areas, and a few warehouses and buildings. The entire area is interspersed with
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railroad tracks that were used to transport stored materials. A perimeter fence is located
along the northern, western, and eastern sides, beyond which are dense residential areas.
Along the southern side of FU4 are the industrialized areas of FUs3, 5, and 6. Typically, dry
stormwater swales and ditches occur throughout the area and stormwater is discharged
primarily through Outfall 005 along the western perimeter.

Potentially occurring terrestrial wildlife may include urban-adapted birds such as sparrows,
rock doves, grackles, and mockingbirds, and small mammals such as mice, rats, and
shrews. The stormwater ditches and swales do not provide suitable habitat for aquatic plant
or animal species. Overall, there is no suitable ecological habitat within or near this FU.

The media sampled at FU4 to which ecological receptors could be exposed included surface
soil, surface water, and sediment, and these are therefore evaluated in this ERA. A list of
media COPCs at FU4 is provided in Section 22.1.1.

Contaminant Fate and Transport, An overview of contaminant fate and transport of
chemicals detected at FU4 is provided in Section 21.0 and is not repeated here.

Complete Exposure Pathways. For a pathway to be complete, a contaminant must travel
from the source medium or media to an ecological receptor and be taken up by the receptor
via one or more exposure routes. Although ecological habitats are minimal at FU4, a
conservative assumption was made that a potentially complete exposure pathway may exist
for direct contact of terrestrial plants and invertebrates with contaminants detected in
surface soil, and direct contact of surface water and sediment to aquatic species

Assessment and Measurement Endpoints. Assessment endpoints are expressions of’the

environmental value(s) to be protected. The assessment endpoint for FU4 is to sustain sod,
surface water, and sediment quality and to achieve COPC concentrations that are below
adverse effect thresholds for terrestrial plants and soil invertebrates, and aquatic hsh and
invertebrates. Measurement endpoints are measurable ecological characteristics of the
assessment endpoint. In this screening level evaluation, the measurement endpoint is the
ratio of maximum media concentrations to conservative screening level benchmarks for
these media. An exceedanee of COPC concentrations compared to the benchmarks would
be a "measure" of a potential effect. If an exceedance occurs, it can be inferred that a
possible adverse effect may occur to exposed ecological receptors.

Screening Level Ecological Effects Evaluation. Conservative thresholds for adverse ecological
effects, or screening ecotoxicity values, were used for contaminants detected m surface soil,
surface water, and sediment. These values were determined as follows:

Surface Soil: The soil ecological screening values are those recommended by EPA
Region IV (1998). The EPA values were obtained from a variety of sources, including the
USFWS, the ORNL, the Canadian Council of Mimsters of the Environment, the
Netherlands Mimstry of Housing, and the R1VM;

Surface Water. The surface water ecotoxicity screening values are those recommended
by EPA Region W (1998). The EPA values were obtained from EPA Region 4
Supplemental Guzdance to RAGS: Region 4 Bulletins, Freshwater Surface Water Screening
Values for Hazardous Waste Sztes (EPA, 1995b); and
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Sediment. The sediment ecotoxicity screening values are those recommended by EPA
Region 1V (1998). The EPA values were obtained from EPA Region 4 Supplemental
Guidance to RAGS: Region 4 Bulletzns, Sediment Screemng Values for Hazardous Waste Sites
(EPA, 1995c).

The screening ecotoxicity values are shown in Table 7-14.

Uncertainty Assessment. Uncertainty is inherent in each step of the ERA. The following text
presents major factors contributing to uncertainty in this assessment.

EPCs were assumed to be maximum media concentrations. This is a highly conservative
assumption that may overestimate risk. Under this assumption, the receptor spends
100 percent of its life cycle at the highest concentration area; although this can be true for
plants, most terrestrial wildlife and aquatic receptors are mobile and can be exposed to the
complete range of soil concentrations.

The ecological screening values used were obtained from various sources in the literature
and may not be representative of actual site conditions. Exposure pathways to terrestrial
plants and animals were assumed to be potentially complete, even though the maintained
grass- and gravel-covered areas provide low-quahty habitat in this generally disturbed and
industrial setting.

22.2.1.2 Step 2: Screening Level Exposure Estimate and Risk Calculation

This step includes estimating exposure levels and screening for ecological risks as the last
two phases of the screening level ERA. At the end of Step 2, an SMDP will be made to
evaluate whether ecological risks are negligible or whether further evaluation is warranted.

Screening Level Exposure Estimate. The maximum concentration of all chemicals detected in
surface soil, surface water, and sediment at FU4 was used as the EPC for estimating risk to
directly exposed organisms.

Screening Level Risk Characterization. The quantitative screening level risk estimate was
conducted using the HQ approach. This approach divides the EPCs (maximum detected
media value) by the EPA screening ecotoxicity values.

Tables 22-13, 22-14, and 22-15 summarize the results of the surface soil, surface water, and
sediment screening level risk calculations. These tables provide information about the FOD,
range of detection, selected ecotoxicity values, and HQs based on comparison of the
maximum concentration to the criteria. An HQ less than 1.0 indicates that the contarrunant
is unlikely to cause adverse effects, and it was therefore not considered further in the ERA.
Contaminants with HQs greater than or equal to 1.0, or contaminants for wl-uch criteria
were not available, were identified as COPCs and were carried forward to Step 3.

Surface Soil Screening Results-A total of 17 inorganic and 41 orgamc compounds were
identified as COPCs in surface soil. No screening criteria were available for 10 of the
compounds.

Surface Water Screening Results-A total of 11 inorganic and 10 organic compounds were
identified as COPCs in surface soil. No screening criteria were available for 9 of the
compounds.
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Sediment Screening Results-A total of 16 inorganic and 47 organic compounds were
identified as COPCs m surface soil. No screening criteria were available for 35 of the
compounds.

Scientific Management Decision Point. The information indicates a potential for adverse
ecological effects in all media, and a more thorough assessment is warranted. The identified
COPCs are to be carried forward to Step 3. ~ ~"

22.2.1.3 Step 3: Baseline Risk Assessment Problem Formulation

Step 3 refines the problem formulation developed in the screening level assessment. In this
step, the results of the screening level assessment and additional site-specific information
are used to evaluate the scope and goals of the baseline ERA.

Refinement of COPOs. In Steps I and 2, conservative assumptions were used. As a result,
some of the COPCs were retained for Step 3, although they may pose only negligible risk
Therefore, in the first phase of Step 3, the assumptions used were further evaluated and
other site-specific information was considered to refine the hst of COPCs. In this refinement
phase, the revised assumptions and site-specific considerations used were as follows:

¯ Arithmetic mean contaminant concentrations were considered, along with maximum
concentrations when a comparison to the benchmarks was conducted;

¯ Arithmetic mean and maximum values were compared to background concentrahons,

¯ Contaminant concentrations were compared to background values;

¯ The FOD was considered; and

¯ Less conservative screening ecotoxicity values were considered m addition to the more
conservative ecotoxicity screening values used in Step 2.

For soil, less conservative screening ecotoxicity values are termed "secondary benchmarks"
in this report. The secondary benchmark selection process for soil focused on identifying
the next l’ughest benchmark value among the soil literature references used by EPA
Region IV (1998). This was a stepwise process in which the first set of toxicological
benchmarks considered was from two ORNL studies (Efroymson et al., 1997). These studies
established separate screening benchmarks for soil microorganisms, earthworms, and
plants. A secondary screening value was chosen from these three data sets that was the next
highest value above the primary EPA Region IV screening value. If no values were
available, the selection process proceeded to the Netherlands values (MHSPE, 1994). 
addition, if the selected value from ORNL was found to be greater than the highest
Netherlands value, then the ORNL value was rejected and the process moved forward to
the Netherlands values as a conservative measure.

The Netherlands values included optimum values and action values. When this set of data
was considered, the next highest value above the primary EPA Region IV screening value
was selected as a secondary benchmark. If a value was not available, the process proceeded
to a final set of data as compiled by the USFWS (Beyer, 1990). The values in this data set
represent Dutch background, moderate contamination, and cleanup values. As stated
above, the next highest value above the primary EPA Region IV screening value was
selected as a secondary benchmark.
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For surface water COPC refinement, acute screening values, as identified by EPA Region IV
(1998), were used as the less conservative screening criteria for Step 

For sediment, EPA Region IV (1998) had used conservative TELs or ERL values for the
initial screening; therefore, the values chosen for this Step 3 refinement were the less
conservative PELs and ERM. The lowest of these two literature values was used in Step 3.

In Step 3, the conservative ecological exposure pathways used in Step 2 also were
reevaluated based on actual site conditions. All of this information provides a WoE to
evaluate which, if any, contaminants should be recommended for further evaluation in a
baseline ERA.

The results of the Step 3 refinement of the COPC lists are summarized in Tables 2-10, 2-11,
and 2-12. These tables present the maximum and average EPCs, background concentrations,
conservative/primary and less conservative/secondary screening criteria, range of HQs,
background comparisons, and FOD.

Surface Soil COPC Refinement Results-On the basis of the weight of evidence presented
in Table 22-16, a few of the inorganic and many organic COPCs indicated a potential for
adverse effects. These included chromium, selenium, zmc, dieldrin, and Aroclor-1260.

These are contaminants for which all HQs were at or above 1.0 and also were above
background in all comparisons. Many of the contaminants could be removed from further
consideration as a result of some HQs being near or less than 1.0, being less than
background, or having an FOD at 5 percent or below¯ Surface soil criteria for a total of seven
contaminants were not available for comparison, so HQs could not be determined;
however, three of these contaminants were compared to available background
concentrations.

The key consideration in this refinement step is the lack of ecological exposure pathways at
FU4. As previously discussed, the screening process in Steps I and 2 was conducted as a
conservative measure, given that EPA guidance recommends minimal or no risk
management considerations in a screening level ERA. FU4 is entirely an industrial area, and
this land use is expected to continue into the future. The on-site habitat is hrmted to a few
large mowed grassy areas adjacent to gravel lots and roadways. There are no on-site or
near-site natural habitats that could support significant populahons of terrestrial wddllfe.
Given the industrial nature of FU4, and the lack of suitable on-site habitats, ecological
effects are expected to be negligible because complete exposure pathways are not present
and are not expected to be present in the foreseeable future.

Surface Water COPC Refinement Results-On the basis of the WoE presented in
Table 22-17, none of the inorganic or organic COPCs indicated a significant potential for
adverse effects on aquatic organisms. This conclusion was based on an evaluation of the
range of HQs, comparison to background, and FOD.

The stormwater swales and ditches sampled within FU4 do not provide suitable habitat for
aquatic species. The sampled areas are typically dry throughout the year and only contain
substantial water during rain events. Therefore, aquatic ecological effects are expected to be
negligible because complete exposure pathways are not present and are not expected to be
present in the foreseeable future.
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Sediment COPC Refinement Results--On the basis of on the WoE presented in Table 22-18,
several of the organic COPCs indicated a potential for adverse effects to aquatic benthic
organisms. These included alpha-chlordane, DDD, DDT, dieldrin, and several PAHs. These
are contaminants for which all HQs were at or above 1.0 and also were above bacl~ground

in all comparisons. Many of the contaminants could be removed from further consideration
as a result of some HQs being near or less than 1.0, being less than background, or having
an FOD at 5 percent or below. Sediment criteria for a total of 36 contaminants were not
available for comparison, so HQs could not be determined.

As described in the surface water results section, stormwater swales and ditches sampled
within FU4 do not provide suitable habitat for aquatic species; therefore, benthic organisms
are not likely to be exposed to sediment contaminants. Therefore, ecological effects on
benthic organisms are expected to be negligible because complete exposure pathways are
not present and are not expected to be present in the foreseeable future.

Scientific Management Decision Point. Although a few COPCs were identified in surface soil
and sediment in the Step 3 refinement phase, the lack of complete ecological exposure
pathways at FU4 indicates that current and future ecological effects are negligible.
Therefore, no further assessment of ecological risk associated with contaminants at FU4 is
warranted.

323

22.3 Human Health Evaluation for Screening Site 36
Screening Site 36 was selected as the surrogate site for FU4 because ,t resulted in one of the
highest human health risk ratios during the PRE (see Appendix E). This site was selected
based on PRE ratio estimates that result in risk, and HI ratios. The risks identified were
primarily due to PAHs in surface soils at this site. Screening S~te 36 is a past storage area
consisting of the eastern half of the concrete pad. The storage pad is part of the DRMO
Hazardous Waste Storage Area, measuring 300 ft by 60 ft, and the pad is located in the
northern portion of FU4. Hazardous wastes were stored in this area until shipment to a
licensed hazardous waste disposal facility (CH2M HILL, 1998a). There are no materials
currently stored in this area; therefore, the current investigation focus is to evaluate possible
past spills and the potential effects on the environmental media.

22.3.1 Selection of COPCs for Screening Site 36
Twenty-three surface soil samples (zero- to 1-ft deep) were included for analysis of SVOCs,
and 24 samples were analyzed for inorganic chemicals. A total of 42 subsurface soil samples
were analyzed for organic and inorganic chemical groups at Screening Site 36. The
maximum detected chemical concentrahon within this data group was compared against
background concentrations and the RBCs for direct exposure, as well as groundwater
protection concentrations (SSLs). The subsurface soil (greater than 1 to 10 ft) maximum
detected concentrations were compared with the background concentrations and SSL
criteria for COPC selection.

The COPC selection indicated that surface soils at the site had antimony, arsenic, selenium,
dieldrin, PCP, and 1,1,2,2-Tetrachloroethane exceeding the background levels and
comparison criteria (see Table 22-19). The PRE indicates PAHs, pesticides, and metals as the
primary risk drivers (Appendix E) in surface soil. In the deep soil samples group for utility
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worker exposure evaluations, soils from zero to 10 ft are included. The subsurface softs
(greater than 1 ft to water) (see Table 22-20) had antimony, arsenic, chromium (total),
copper, selenium, dieldrin, PCP, 1,2-DCE (total), TCE, and 1,1,2,2-Tetrachloroethane that
were selected as COPCs. However, the chemicals selected as COPCs for subsurface soil
include the same compounds that were selected for surface soil.

22.3.2 Exposure Assessment for Screening Site 36
Figure 22-1 depicts the site and its relative location within FU4. Screening Site 36 is located
in Parcel 15, in the northeastern part of FU4, along B Street. Screening Site 36 is an old
storage pad for hazardous waste drum storage and consists of a concrete pad. It also is
located adjacent to a major railroad confluence area in the center of the Main Installation.
Figure 22-5 presents the exposure CSM for Screening Site 36.

22.3.3 Potentially Exposed Human Population and Identification of
Potentially Complete Exposure Pathways

Site 36 has been inactive since the closure of the Depot. There are no potentially exposed
populations under the current conditions specific to this site. Maintenance workers
performing periodic weed control and other maintenance-related activities could be present
for hmited periods of time. Maintenance worker exposure at Site 36 was not quantitatively
evaluated because of the small area of the site. A maintenance worker exposure scenario
was quantified for FU4, including Site 36 data. Other potential receptors evaluated
qualitatively for surface soil exposure at this site were landscapers.

Potentially exposed populations under future land use are unknown at this time. On the
basis of the Memphis Depot Redevelopment Plan (The Pathfinders et al., 1997), it is likely that
the area around Site 36 will be used in the future for light industrial or commercial

operations, and Site 36 may become part of the future planned parking area. Under such a
scenario, direct exposure to the site soils will be eliminated because of the presence of
impervious asphalt. However, a future direct exposure to the site media is assumed to
future industrial workers. Future residential use of this site is highly unhkely, because of its
location within a highly industrial area, and future redevelopment plans include conversion
of the site into commercial use facility. However, hypothetical future residential exposures
were evaluated for comparison purposes as a worst-case scenario for FU4. A detailed list of
exposure factors and the rationale for their selection are included in tables in Appendix G.

Subsurface soils were evaluated for direct exposure of a future utility worker and an
industrial worker. These scenarios are based on the assumption that, in the future, ff the
contaminated subsurface soil (zero to 10 ft bgs) is disturbed (for installation or maintenance
of underground utilities), exposure to contan~nated subsurface soil for utility workers or
future industrial workers in the area could become a complete pathway. A summary of
exposure pathways for Screening Site 36 is included m Table 22-21.

A UCL 95% concentration was estimated for EPC for surface soil (zero to I ft) and
subsurface (zero to 10 ft) data for the COPCs identified. The EPCs for surface and
subsurface soil data sets were selected from the lognormal distributions. These values are
listed m Tables 22-22 and 22-23, and the estimation methodology is described in

Appendix H. The dose (intake) was estimated for each of the complete exposure pathways.
The dose estimates are included m Appendix I.
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22.3.3.1 Toxicity Assessment for Screening Site 36

The COPCs for Screening Site 36 are a subset of those previously listed in the FU4 RA
section (Section 22.1.1). Table 22-10 includes the toxicity factors for the COPCs identihed 
Screening Site 36. ,,

22.3.3.2 Risk Characterization for Screening Site 36

The carcinogenic risks and noncarcinogenic His are summarized in Table 22-24. A set of
histograms *s included on Figures 22-6 and 22-7. The ELCRs and His were estimated for a
future industrial worker and utility worker.

The carcinogenic risks for industrial worker exposures to Site 36 surface soil resulted in
estimated risks of 8 x 10.6 and a noncarcinogenic HI of 0.06. The carcinogenic risks are from
arsenic and dieldrin. The carcinogenic risks for exposures to Site 36 subsurface soil resulted
in estimated risks of 6 x 10.6 and a noncarcinogenic HI of 0.05. The carcinogenic risks are
primarily from arsemc. Because deep soils include surface and subsurface soils, the risks are
not additive. Thus, total risks are the higher of the two sets of risks estimated for the
industrial worker. This worker scenario conservatively assumes a full workday exposure,
250 days per year, for an exposure period of 25 years. The resulting risks are within the
acceptable range for cancer risks of 1 to 100 in one million and below the target HI of 1.0.
Thus, the overall Screening Site 36 soils do not pose a health threat to future industrial
workers.

Exposures of a utility worker assume exposure to the soil column that includes surface and
subsurface soil mixed during excavation. Exposure to the utlhty worker resulted m an
ELCR of 7 x 10.7 and noncarcinogenic HI of 0.006. Both carcinogenic and noncarcinogenic
health risks are below the acceptable limits of 10.6 to 104 and 1.0, respectively. Thus,
excavation-types of activities do not pose health threats to these site workers.

Uncertainties associated with this RA are similar to those listed in the FU4 RA section
(Section 22.1.4). RGOs were not calculated for the industrial worker at Screening Site 
because the risks were not excessive.

325
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TABLE 22-5
Summary of Exposure Pathways to be Quantified at FU4 i
Memphis Depot Main Installation RI , ,

Potentially Exposed Exposure Route, Medium, and Pathway Selected Reason for Selection or
Population Exposure Point for Evaluation? Exclusion

Current Land Use

Onslte Maintenance Incidental ingestion, dermal contact, Yes Oceastonal maintenance work is
Worker and dust mhalatton from the surface assumed to revolve a worker

soils, and ingestion and dermal spendfng time ]n the contaminated
contact wth sediments from drainage soil, and cleaning drainage ways
systems

331

Future Land Use

Ons[te ]ndustrtal Worker IncldentaJ ingestion, dermal contact,
and dust inhalatton from the surface
sotls, and ingestion and dermal
contact vath sediments from drainage
systems

Onslte Utility Worker Incidental ingestion, dermal contact, No
and dust inhalation from the
subsurface soils (0 to 10 feet below
ground surface)

Yes

Onstte Landscaper Incidental ingestion, dermal contact, No
and dust mhalatton from the surface
sods

Hypothettcal Future Inctdenta] ingestion, dermal contact, Yes
Ons~te Residential and dust inhalation from the surface

sotls

Hypothetical future reasonable
maximum exposure scenano for
future workers

A hypothetical future utlhty worker
mstalhng or ma=ntammg
underground utd~tles ts assumed to
be exposed to contammated
subsurface sod. Thts is evaluated
as part of the surrogate site
exposure untt

Landscaper exposure to surface
sod would be short exposure
duratton (less than one year)
during property redevelopment
Mamtenance worker exposure
assumpttons are protective of
landscaper

Evaluated for companson
purposes only

p ~147543~TBLS22-5 &-21 DOC 22-25
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TABLE 22°9
Exposure Point Concentzahons for FU4, Station SS14A - Surface Sod (0-2 feet)

Memphis Depot Mare/nsta/lat~on RI

Parameter EPC (mg/kg)

BENZO(a)ANTHRACENE 2 9
BENZO(a)PYRENE 2 5
CARBAZOLE 1
CHRYSENE 3 1
PENTACHLOROPHENOL 0 1 1

Notes

Data evaluated include normal samples only
Field duphcates have been dropped fTom risk avaluahon

EPC values represent Me m~,x=mum PRE sampTe wtthm Functmnal Unit 4 at ]ocahon SS14A

487 335
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"fABLE 22-10
ToxJcity Factors for FU4
Memph;s Depot Main Installation RI

Weight-of- Oral SF kg- Dermal SF Inhal SF kg- C Oral RfD Dermal RfD C Inhal RfDName Evidence Class ABSGI day/mg kg.day/mg day/rag mg/kg-day mg/kg-day mg/kg-day
1,1,2,2-Tet rachloroethane C 700E-01 2 COE-01 2 86E-01 2 03E-01
1,2-DCE (total) 1 00E+00 9 00E-g3 9 00E-03
2oMelhylnaphl~alene D 8 COE-01 2 00E-02 1 60E-02 9 00E-04
4-Methylphenor (p-cresol) C 6 50E-01 5 00E-g3 3 25E-03
alpha-Chlordane B2 5 00E-01 3 50E-01 7 00E-01 3 50E-01 5 00E-04 2 50E-04 2 00E-04
Alumtnum 1 00E-g1 1 00E+00 1 00E-0t 1 00E+OO
Antimony D 2 00E-02 4 00E-04 8 00E-06
Arsenic A 4 1OE-01 1 50E+00 3 66E+00 1 51E+01 3 00E-04 1 23E-04
Barium D 7 00E-02 7 00E*02 4 90E-03 1 43E-04
Benzo(a)anthracena B2 3 10E-01 7 30E-01 2 35E+00 3 10E-0I
Benzo(a)pyrene B2 3 10E-01 7 30E+00 2 35E+01 3 10E+00
Benzo(b)fluoranf~ene B,?. 3 10E-01 7 305-01 2 35E+00 3 1OE-01
Carbazole B2 7.00E-01 2 00E-g2 2 86E-02
Carbon tetrachtoride B2 6 50E-01 1 30E-01 2 00E-g1 5 25E-02 7 00E-04 4 55 E-04 5 71E-04
Chromium (total) A 2 00E-02 4 20E+01 3 00E-03 6 00E-05 2 86E-05
Chrysene B2 3 10E-01 7 30E-03 2 35E-02 3 10E-03
Cobalt 800E-Ol 600E-02 4 8OE-O2
Copper D 3 00E-01 3 70E-02 1 t t E-02
DDE B2 7 00E-Or 3 40E-01 4 86E-01
DDT B2 7 00E-01 3 40E-01 4 86E-01 3 4OE-Ol 5 00E-04 3 50E-04
Dibenz(a,h)anthracene B2 3 IOE-01 7 30E+O0 2 35E+01 3 IOE+O0
Dieldnn B2 500E-01 I 60E+01 3 2OE+01 1 60E+01 500E-05 2 50E-05
gamma-Chlordane B2 500E-01 3 50E-01 7 OOE-Ol 3 50E-01 500E-04 2 50E-04 200E-04
Indeno(1,2,3-c,d)pyrene B2 3 10E-01 7 30E-01 2 35E+00 3 10E-01
Manganese D 4 00E-g2 1 40E-01 5 60E-03 1 43E-05
Me~ylene chloride B2 9 50E-01 7 50E-03 7 89E-03 1 65E-03 6 00E-02 5 70E-0g 8 57E-01
PCB-1260 (Aroclor 1260) B2 9 00E-01 2 00E+00 2 22E+00 2 00E+00
Pentachlorophenoi B2 1 00E+00 1 2OE-01 1 20E-g1 3 00E-02 3 00E-02
Petroleum Hydrocarbons 5 00E-g1 4 00E-g2 2 00E-02 6 00E-02
Selenium D 4 40E-g1 5 00E-g3 2 20E-03
TCDD Equivalent B2 5 00E-01 1 50E+05 3 00E+05 1 50E+05
Thallium D I 50E-01 7 00E-05 1 05E-05
Trichloroethylene CrCE) B2 1 50E-01 1 10E-02 7 33E-02 6 00E-g3 6 00E-03 9 O0E-04
Zinc D 2 0OE-01 3 00E-01 6 00E-g2

Note Master list of toxicd~ factors, with sources and basis is provided in Section 7
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TAB LE 22-11
Carcinogenic RISKS and Noncarclnogenlc Hazards of FU4

Memptes Depot Main tnsta]lat~on RI

487 337

Exposure Scenarios Exposure Pathways
Industrial Worker

Sudace Sod (0-2it) 2E-05
Sod Column (0-10it)~

3E-05
Segment 1E-05

TotalJ 4E-05

Total ELCR Total HI

Maintenance Worker

Surface Soil (0-2fl) 3E-06
SedLment 4E-06

Total 7E-06
Residential Adult (age-adjusted)

So~l point exposure at SS14A 3E-05
Total 3E-05

Resident;al Chdd3

Soil point exposure at SS14A 3E-05
Total 3E-05

Chemicals of Concern

0 1
Arsemc, D~eldnn, PCB-1260, TCDD

0 08
Arseru~ TCDD

0.003 TCDD, Benzo(a)pyrene "

0.1 TCDD, Dieldrin, Benzo(a)pyrene,
At’sen cr PCB-1260

0 01 TCDD
0 001 Benzo(a)pyrene
0.01 I TCDD, Benzo(a)pyrene

0 000005 Benzo(a)anthracene, Benzo(a)pyrene

0 000005 JBenzo(a)anlhracene, Benzo(a)pyrene

0 00005 Benzo(a)anthracene, Benzo(a)pyrene
0.00005 I Benzo(a)anthracene, Benzo(a)pyrene

Notes
Residential receptors have been included for companson purposes only
i Sod Column Includes surface and subsurface sod, therefore cannot be combined wzth surface sod nsks

Total Risks presented is the higher of Surface and subsurface soils

J Catclnogensc nsks for chdd scenano are optional eva/uahons & may not have been evaluated for aft medsa

TCDD = 2,3.7,8 TCDD equlvaJent

P JI47543LFU4_newlbls JdS/?~- 11 22-31
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TABLE 22-12

Carcinogens: Risks and Noncarr~nogen¢ Hazards for AJI Media of FU4

Mamph~ Depot Main InstaHa~ RI

Exposure Scenarios

Industrial Worker

Maintenance Worker

Re$1denffizl Adult (age-adjusted)

Residential Child3

Exposure Pathways Total ELCR Total HI

Groundwater - $1te*w~de Inorganics 1E-05 0 5

Groundwater - Plume C Organics (Averages) 5E-06 0 02

GrcundwRter TO¢II 2E-05 0.5

Sudace So;I (0-2/I) 2E-05 0 I

SCdl Colun~n (0-10ft)l 3E-05 0 08

Sediment 1 E-05 0 003
Other Media Total# 4E-OS 0 1

Totals for All Media (including Groundwater) 5E-05 0 6

Surface SO~I (0-211) 3E-06 0 01

Sediment 4E-06 0 001

Total[ 7E.g6 001

Groundwater - S=le-w=de Inorgan~cs 5E-05 1

Groundwater - Plume C Organics (Averages) 2E-05 0 05
Groundwater ToMI 7E.05 1

Sod pomt exposure at SS14A 3E-05 0 000005

Other Media Total 3E-05 0 060005

Totals for All Media (Including Groundwater) 1E-04 1

GrOundWater - Sdte-wlde Inorganlcs

Groundwater * Plume C Organics (Averages)

Groundwater Total

SOd pomt exposure ~lt SS14A

Other Medla Total

Totals for All Media (Including Groundwater) J

Chemicals o1 Concern

Arsenpc

I, 1,2,2- Tetrachlotoethane, PCE

Arsemc, Dleldnn, FCB-1260, TCDD

ArSen*c, TCDD

TCDD, Benzo(a)pyrene

2E-05 3

6E.06 0 1

3E-05 3

3E-05 0 00035

3E-05 0 00005

TCDD, Dieldrin. PCE. 1,1.#,2-Totrachloroefhane,

Arsenic t BaPr PCB-1260

TCDD

Benzo(a)pyrene

I TCDD, Benz(~a)pyrene, Pentachloropdenol

Arsen¢

1,1 2 2- Tetrachloroethane, PCE, TCE, DBCM

Benzo(a)anthracene, Benzo(a)pyrene

Benzo(a)&nthracene, Benzo(a)pyrene, Arsenic.
tPCE, TCE, 1,1,2,2-Tetrachloroethane, DBCM

Atssnlc

I, f ~ Totrachtoroethans, PCE

Benzo(a)anthracene, Benzo(a)pyrene

5E-05 3 Benzo(a)anthracene, Benzo(a)pyrene.
~BArsenic, PCE, 1,1,2.2-Tetrachforoethane

Notes
Res=dentlal receptors have bee:l included for o3mpanson purposes only

Sod Column Jncludes surface and subsurface so~ therefore cannot be combined with surface sod nsks
a Total Risks presented ts the higher o f surface and subsurface sot/s

3 Carc~t~ogenfc nsks for Cl~ld scena~o are Gptloqal evaluattor~ & may not have b~otl evaluated for all media

BaP = Benzo{a)pyrene

DBCM = D=bromochloromethans

PCE = Telrachloroe~hane

TCDD = 2,3.7.8 TCDD equrvstent

TCE = TnchlorOethsne

p JI 47~U4ne~$ ~ t2 2232
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TABLE 22-21
Summary of Exposure Pathways to be Quantified at Screening Site 36
Memphis Depot Main/nsta//ation RI

Potentially Exposed
Population

Current Land Use
Onslte Maintenance
Worker

Future Land Use
Onslte Industrial Worker

Onslte Utility Worker

Exposure Route, Medium, and
Exposure Point

Incidental ingestion, dermal contact,
and dust inhalation from the surface
soils.

Incidental ingestion, dermal contact,
and dust inhalation from the surface
sods.

Incidental ingestion, dermal contact,
and dust inhalation from the
subsurface sods (0-10’ bgs)

Pathway
Selected for
Evaluation?

No

Yes

Yes

Reason for Selection or
Exclusion

Occasional maintenance
work IS assumed to revolve
a worker spending time in
the contaminated soil.

Hypothetical future
reasonable maximum
exposure scenario for
future workers.

A hypothetical future utthty
worker installing or
maintaining underground
utilities is assumed to be
exposed to contaminated
subsurface sod.

Onslte Landscaper

Hypothetical Future
Onslte Residential

Incidental ingestion, dermal contact,
and dust inhalation from the surface
soils.

Incidental ingestion, dermal contact,
and dust inhalation from the surface
sods.

No

No

Landscaper exposure to
surface soil would be
shorter exposure duration
(less than 1 year) during
property redevelopment
Maintenance worker
exposure assumptions are
protective of landscaper.

Evaluated for comparison
purposes only
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1.E-05.

1.E-06.

Maintenance Worker

EXposure Pathways Industnal Worker

[] Total ELCR (accepted range of 1E-4 to 1 E-6)

Note
ELCR = Estimated Lifetime Cancer Risk
ELCR ~e dimensionless

~ 2972__57 (1/27/00)

FIGURE 22-3
TOTAL EXCESS LIFETIME CANCER
RISKS FOR TOTAL SOIL AND GROUNDWATER
EXPOSURE AT FUNCTIONAL UNIT 4
MEMPHIS DEPOT MAIN INSTALLATION RI

CH2MHILL
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EXposure Pathways Ind~

rl Total HI (threshold of 1.0)

Note
HI = Hazard Index
HI ~s d~mens=onless

2972=58 (1/27100)

FIGURE 22-4
TOTAL HAZARD INDICES FOR TOTAL SOIL AND
GROUNDWATER EXPOSURE AT FUNCTIONAL UNIT 4
MEMPHIS DEPOT MAIN INSTALLATION RI

JClN2MHILL 22-~9



THIS PAGE INTENTIONALLY LEFT BLANK.

22-60



\

OX,
~, ~ LLIC

0
Q.

b-- .o

5 ~ ’~1
~ 0 ~,~ ~/

,_ ~’J

QI~I

-.o~I

iESe

Ii

©

©

©

©

a

t

~ o

a

?

0

x

E
Jl

0

X

E

II

A



~1 E-04~

1 .E-07

nTotal ELCR (accepted range of 1E-4 to 1E-6)
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Note
ELCR = Estimated Lifetime Cancer R~sk
ELCR =s dCmens~onless

~,= 2972_59 (1/27/00)

EXposure Pathways Utility

FIGURE 22-6
TOTAL EXCESS LIFETIME CANCER RISKS FOR
SOIL EXPOSURE AT SCREENING SITE 36
MEMPHIS DEPOT MAIN INSTALLATION RI

GH2MHILL 22~3
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EXposure Pathways

[] Total HI (threshold of 1.0)

Note
HI = Hazard Index
HI ts dimensionless

~ 2972_60 ( 1/27/00)

FIGURE 22-7
TOTAL HAZARD INDICES FOR SOIL
EXPOSURE AT SCREENING SITE 36
MEMPHIS DEPOT MAIN INSTALLATION RI
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23.0 Summary and Conclusions for FU4

23.1 Summary

23.1.1 Nature and Extent of Contamination
RI data were collected for surface and subsurface soil, sediment, and surface water to assess
the nature and extent of contamination at FU4.

23.1.1.1 Soil

Metals, PAHs, pesticides, VOCs, and dioxins were detected in the soils across FU4. Some of
these contaminants were detected at elevated concentrations (concentrations above
background values) in areas that may have contributed to contamination based on past
operations. The data interpretation associates the detected contamination with the following
historical site operations:

¯ The southwestern section of FU4 for metals (lead and chromium)-at the dried paint area
(near Building 949);

The central section of FU4 for dioxins, pesticides, and PAHs-at the former PCP dip vat
area, the former underground PCP storage tank area, and the pallet drying area. The

PCP operations area was remediated in 1986. The detected contaminant concentrations
were similar to those detected across the Main Installation; and

The northeastern section of FU4 for metals, SVOCs, pesticides, and dioxins-at the
DRMO drum storage area, grassy areas around Buildings 209 and 210, and the east

stormwater drainage canal.

In addition, the elevated concentrations typically were detected in the surface soils.

Contaminants detected in the subsurface soil were generally below (or near) background
values.

Metals. Arsenic, total chromium, copper, lead, nickel, selenium, and zinc are the commonly
detected metals of concern throughout FU4. These constituents exceeded background values
in surface soil in a few specific areas within FU4:

¯ The surface soil at the dried paint area south of Building 949;
¯ The surface soil at the waste loading and unloading area adjacent to Building 702;
¯ The surface soil at the DRMO Drum Storage Area near Building 309; and
¯ The surface soil at the recoupment area at Building 865.

Arsenic was detected in the surface soil at concentrations just above background levels
throughout the Depot. The observed arsenic may be associated with site-wide pesticide
application activities. Total chrormum, lead, and zinc were detected in surface soil at
concentrations significantly above background values near Building 949 at the dried paint
disposal area.
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None of the metals of concern in surface soil appear to have infiltrated to the subsurface soil
with the exception of total chromium in one locahon (discussed in the following paragraph).
Metals detected in the subsurface soil such as arsenic and lead appear to be attributable to
natural soil formations rather than to surface infiltration. Concentrations of these
contaminants were at or just above background levels in the subsurface soil.

Total chromium was detected in the 1996 boring SB79C located at the former waste loading
and unloading area adjacent to Building 702 at a concentration greatly above background. In
1998, boring SB79D was drilled relative to boring SB79C to confirm this elevated chromium
concentration. Chromium concentrations detected in boring SB79D were much lower than
those detected in boring SB79C. The elevated 1996 chromium concentration could not be
confirmed, but the lateral extent of contamination appears to be bound. The observed
chromium could be naturally occurring due to the geology, because these concentrations are
similar to chromium occurrences elsewhere across the Main Installation at these depths.

Pesticides. Most of the samples analyzed for pesticides within FU4 indicate no detections or

detechons below background concentrations. DDT, DDE, DDD, alpha-chlordane, gamma-
chlordane, and dieldrin were the only pesticides detected above background levels in
surface soil at FU4. The pesticides were detected in two areas of FU4:

¯ West-central portion of FU4-in the surface soil just north of Building 737 in the open
gravel area; and

¯ The far eastern portion of FU4-in the surface soil near Building 209 and Building 210 in
the grassy areas and the grassy areas surrounding these buildings.

The pesticide concentrations detected probably are attributable to site-wide application
rather than to site-specific releases. DDT was the most common pesticide detected in the
subsurface soil above background. The pesticide concentrations detected in subsurface soil
were located infrequently throughout FU4, normally at the 8- to 10-ft depth, and possibly
associated with sampling artifacts.

SVOCs. The primary SVOCs of concern in the surface soil at FU4 were PAH compounds.
PAHs were detected throughout the Main Installation, with the highest concentrations in
proximity to railroad tracks. PAH compounds can originate from the seepage of creosote
from railroad ties, from historical railcar leaks, or from PCP and used-oil mixtures
historically applied for weed control along the tracks. At Parcels 30 and 33 (western portion
of FU4), where the highest levels of PAH compounds were detected, the elevated
concentrations probably resulted from railroad ties.

SVOCs, including PAHs, generally were not detected in the subsurface soils.

VOCs and Other Organics. The majority of the surface and subsurface soil sampling results
for VOCs within FU4 indicate no detections. MEK was one of the most common VOCs
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detected, with the exception of laboratory contaminants. MEK was detected in the following
locations:

¯ Northwestern corner outside of Building 209-in the surface soil;
¯ Northwestern corner outside of Building 210-m the surface soil; and
¯ South of the concrete pad located west of Building 309 (former DRMO drum storage

area)-in the surface soil.

The VOCs in the subsurface soil also were detected south of the concrete pad in the former
DRMO drum storage area. Two chlorinated VOCs-l,l,2,2-Tetrachloroethane and TCE-were
the only VOCs detected at concentrations that exceeded the GWP values. These VOC
concentrations above the GWP values were detected at the lowest sample depth of 18 to
20 ft. TCE was detected in the groundwater just north of this site in MW53.

Other Organics. Concentrations of petroleum hydrocarbons were detected in the surface and
subsurface soil at depths of zero to 10 ft in one sample location, A(24.2), and in its duphcate
located near Building 770, at the FU4 and FU3 boundary. The surface soil sample
concentrations exceeded the Region Ig RBC direct exposure value of 34 mg/kg and the
GWP value of 340 mg/kg. The subsurface soil sample concentrations did not exceed the
GWP value of 340 mg/kg.

Fewer than 50 surface and subsurface soil samples were analyzed for dioxins and furans. All
of the analyzed samples had detectable levels of dioxins and furans, mostly the hepta- and
octa- isomers. Concentrations of dioxins and furans were detected in the surface soil m the
PCP dip vat area and along the east stormwater drainage canal. The soil around the former
PCP dip vat area and storage tank area previously was contaminated with dioxins and
furans, based on past practices. The area was remediated in 1986 for possible PCP and
dioxin contamination in the surface soil. The highest dioxin concentrations are now detected
at the east stormwater drainage canal; the source of these contaminants in this location ~s not
known. However, background samples indicated dioxins and furans at similar
concentrations.

23.1.1.2 Surface Water

Metals, pesticides, and dioxins were detected in the water collected during ram events from
the drainage ditches and drainage areas within FU4. The specific constatuents with
concentrations that exceeded background values in the drainage ditches are dissolved
arsenic, dissolved iron, dissolved selenium, and octachlorodibenzo-p-dioxin. Background
values were not established or available for some constituents, but some of these
constituents had detectable concentrations above the ecological criterion value. These
include DDT, dieldrin, octachlorodibenzofuran, and dissolved silver. The detected
constituents could be associated with suspended particulates in the rainwater.

Metals. Dissolved arsenic, dissolved iron, dissolved selenium, and lead were the only metals
detected above background values. The elevated concentrations of dissolved arsenic were
detected at the east stormwater drainage canal and the west stormwater drainage canal. The
elevated concentrations of lead and dissolved selenium were only detected in the west
stormwater drainage canal. The elevated lead detection could be a result of surface runoff
from the dried paint disposal area. Dissolved iron was detected at elevated concentrations at
the north stormwater drainage area and the west stormwater drainage canal.
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Pesticides. The pesticides detected in the surface water runoff at FU4 are DDT and dieldrin.
Both pesticides were detected in the east stormwater drainage canal. The west stormwater
drainage ditch only had detections of dieldrin, and the north stormwater drainage area only
had a detection of DDT. Pesticide detections in the drainage ditches are probably an
indication of surface water runoff from the grassy areas within FU4. Background values

were not established for pesticides in surface water.

Dioxins. Octachlorodibenzo-p-dioxin was detected at concentrations above background in
the north and east stormwater drainage areas. The source of these contaminants in the
drainage areas is not known. The detections are not a result of surface water runoff from the
PCP dip vat area, because surface water runoff from this site discharges through the west
stormwater drainage canal (Site 56). The estimated TCDD equivalents are a result of the
detected octa-isomer. The oeta-isomers are the most persistent and could be from
atmospheric deposition and not related to the Depot’s activities.

23.1.1.3 Sediment

Metals, pesticides, SVOCs (including PAHs), VOCs, and dioxins were detected m the
sediment samples collected from the drainage ditches and drainage areas within FU4.
Background values were not established or available for some constituents, but some of
these constituents had detectable concentrations above the EPA Region III RBC exposure
and GWP values. These include a number of hepta-, hexa-, and octa- dioxin isomers, carbon
tetrachloride, DDT, endrin, and PCP.

Metals. Total chromium, calcium, lead, and magnesium were the only metals detected above
background values. The elevated concentrations of lead and total chromium were detected
in the same sample locations at the east and west stormwater drainage canals at sediment
samples SD14, SE56A, SE56B, and SB56C. Calcium and magnesium are naturally occurring
metals.

Pesticides. The pesticides detected in the sediment at FU4 at concentrations above
background are alpha-chlordane, DDD, DDE, and dieldrin. The pesticides were detected in
the east and west stormwater drainage canals and in the north stormwater drainage area.
Pesticide detections in the drainage ditch sediment are probably an indication of site-wide
pesticide application within the Main Installation.

Dioxins. A number of dioxins were detected in the sediment at FU4. The ones detected at
concentrations above background include 1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin,
octachlorodibenzo-p-dioxin, and TCDD equivalent. The dioxins were detected at
concentrations above background in the sediment at the north, west, and east stormwater
drainage areas. The source of these contaminants in the east and north drainage areas is not
known. Stormwater runoff from the PCP dip vat area discharges through the west
stormwater drainage canal. TCDD equivalent was detected above background in the north
stormwater drainage canal, as well.
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23.1.2 Fate and Transport

23.1,2.1 Migration Pathways

FU4 is mostly an open storage area with a number of loading docks and general purpose
warehouse buildings, covered mostly with coarse gravel, some grass, railroad tracks, and
paved roads (see Figure 2-16). Potential pathways for migration at FU4 are surface runoff,
leaching, volatilization, and dust emission.

Surface runoff will migrate from concrete-, asphalt-, and gravel-covered areas around the
warehouse buildings, the gravel-covered open storage areas, and the grassy areas located
near the FU boundaries. Leaching could occur and dust emissions could be generated from
the grass- and gravel-covered areas within FU4. However, dust en-usslons will be reduced
dramatically, based on the types of ground cover within FU4.

FU4 consists of three drainage basins that normally route stormwater runoff to three
different drainage areas: the east stormwater runoff canal (Screening Site 54), the west gate
stormwater drainage canal (Screening Site 56), and the north stormwater drainage area
(Screening Site 55). All stormwater drainages discharge into the city collection system The
area most affected by contaminants at FU4 is Screening Site 83. Stormwater runoff from this
area flows in a westerly direction into storm drains, which connect to a drain pipe that
discharges into the west gate stormwater canal.

The western and northern boundaries of FU4 are also the Main Installation-site boundaries,
which are fenced and covered with grass. The area outside of the northern boundary is
Dunn Avenue and the area outside of the western boundary is Perry Road. The areas
outside of the fenced area on the western and northern boundaries are not accessible to
direct releases from site operations at the Main Installation because runoff from the Mare
Installation discharges into the concrete berms downhill from Perry Road and Dunn
Avenue. However, some stormwater runoff in the northern boundary of FU4 discharges
directly to the City of Memphis.

23.1.2.2 Contaminant Persistence and Migration

Metals, dioxins, and PAHs were the most frequently detected contaminants at FU4. Metals
are persistent in the environment; however, they are likely to remain bound to
soil/sediments. Emissions of metals to the ambient air would be m the form of particulate
emissions. PAHs and dioxins are not very volatile and are expected to remain bound to the
soil; thus, they are likely to be released through dust.

The surface soils at the site operations areas involving past wood treatment and pallet
drying areas have been remediated. Surface runoff to drainage ditches on the northern and
eastern sides is not possible. The storm drain from the Sites 42 and 43 runs to the Site 56
drainage system. The surface runoff migration of dioxins is not likely for any of the sites
within FU4. The detected hexa- and octa- isomers probably are from atmospheric deposition
and may not be related to the site’s past operations. Although the dloxm and furan
compounds are persistent in the environment, off-site runoff from the site is not a concern
because of the lack of a site-specific source, the lack of a sigruficant flow to the off-site areas,
and the relahvely low levels detected in the off-site drainage ditch sediments.
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The soils immediately above shallow groundwater at a depth of 18 to 20 ft had detected
concentrations of TCE, with a maximum concentration of 0.32 mg/kg. At this maximum
concentration, TCE exceeded the groundwater transfer (GWP/SSL) criteria. Thus, soils
within FU4 at Screening Sites 36 through 39 may be a continuing source of groundwater
contamination. Most of the other detected concentrations of TCE also were from samples

collected at Screening Sites 36 through 39. Additionally, 1,2-DCE (total) was detected in the
subsurface soil at a maximum concentration of 0.11 mg/kg. This detected maximum is
below the GWP values of 0.4 to 0.7 mg/kg (cis-DCE and trans-DCE isomers). Thus, this
compound may no longer be at high enough concentrations to be a continuing source for
groundwater contamination. Also, it could be the result of the degradation of the TCE,
which is the parent compound.

Fluvial aquifer groundwater beneath the Depot in general has been affected by VOCs,
primarily TCE and PCE. Groundwater at FU4 flows to the west and southwest onto the
Depot, so contaminated groundwater is likely to flow onto the site. The potential effects on
the groundwater also are addressed as part of FU7 in Sections 32.0 through 35.0.

23.1.3 Risk Assessment

23.1.3.1 Summary and Conclusions of Risk Assessment for FU4

The human health risk RA for FU4 included all of the data collected within this physical
unit. The primary conclusions of this RA are as follows:

¯ The RA included data for the surface and subsurface soils, which included more than
300 samples in total. The COPCs selected for the soils are inorganic cherrucals, SVOCs
(including PAHs), chlorinated pesticides, and dioxins, reported as TCDD equivalents
Sediments and rainwater collected from the drainage ditches at Sites 54, 55, and 56 also

had similar constituents as COPCs. Metals, chromium, and lead from the past paint
stripping waste disposal area near Building 949 were elevated. The subsurface soil also
had chlorinated solvents, TCE, and 1,2-DCE as COPCs because of the potential for
leaching to groundwater;

¯ There are three drainage ditch systems, identlhed as Screemng Sites 54, 55, and 56,
leading to different areas. These ditches were sampled for dry sediments and surface
water during a rain event. Only sediments were mcluded for the RA, and COPCs
identified in the sediments were similar to those found in surface soil elsewhere within

the Depot. TCDD equivalents reported in the sediments primarily were from hexa- and
octa-isomers of the dioxin and furans. The concentrations appear to be similar to
background and are likely to be from atmospheric depositions common in urban areas;

¯ Overall human health risks and noncarcinogenic hazards to current and future
maintenance workers in FU4 are within acceptable risk hmits. Risks and His to a future
industrial worker are within the acceptable limits (in the range of 10-6 to 10-5) from
surface and subsurface soils; and

Potential risks from direct exposure to the surrogate site (Site 36) are negligible. The

COPCs identified are a subset of those found in FU4. Overall risks to a utility worker
and industrial worker were within acceptable levels.
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23.1.3.2 Summary and Conclusions of Ecological Risk Assessment for FU4

A screening-level ERA was conducted for the entire FU4 to evaluate whether constituent
concentrations potentially could adversely affect ecological receptors. Although ecological
habitat at FU4 is limited, the ERA was conducted in accordance with EPA guidance, which

recommends little or no risk management input in the screening assessment. The screening
assessment (Steps 1 and 2) identified a number of COPCs for consideration m Step 3. The
refinement process in Step 3 indicated that there were no COPCs in the rainwater at FU4,
based on WoE. Although some COPCs remained for surface soil and sediment, ecological
exposure pathways are incomplete at this site because of the lack of suitable terrestrial or
aquatic habitat. Therefore, there is adequate information to conclude that the ecological risk
at FU4 is negligible, and remediation based on ecological risk is not warranted.

23.1.3.3 Summary and Conclusions for RI Site 36

Conclusions specific to the surrogate site RA performed at Site 36 are presented below:

¯ Site 36 is selected as the surrogate site to represent the worst-case potential risk areas
within FU4, based on the results of the evaluation presented in Section 7.0;

¯ A human health RA also was conducted for this site because it represents one of the
worst-case exposures to human receptors. An ERA was not conducted at this site
because it is an industrial site and not a suitable habitat for terrestrial receptors. Also, the
ecological risks overall from FU4 were evaluated as part of the FU4-wide RA section;

¯ Surface soil samples indicated the presence of several inorganic chemicals, SVOCs
(including PAHs), organo-chlorine pesticides, and dioxms above screening criteria
and/or background values; these were selected as COPCs. The subsurface soils had two
CVOCs;

Deep soil risk evaluations included the soil column from the surface to a 10-ft depth.
Nine surface soil (zero to 1 ft) and six deeper samples (greater than 1 to 10 ft) were
included in this data set;

Risks and noncarcinogenic hazards estimated for workers under various exposure
scenarios represent risks within the I to 100 in a million range (10-6 to 10-4) and His
below a target value of 1.0. The total risks are represented by the higher of the surface
and deeper soil risk estimates; and

¯ Site 36 does not pose a significant human health concern for future industrial land use at
FU4, even under high-end exposure assumptions.

23.2 Conclusions

23.2.1 Data Limitations and Recommendations for Future Work
The nature and extent of the chemical constituents in surface and subsurface soil have been

defined both vertically and horizontally in FU4. In general, surface soil samples with
concentrations attributable to source areas within FU4 were delineated until the least-
contaminated area concentrations were similar to those in the background. Similarly,
subsurface soil samples with elevated concentrations generally were located in borings that
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contained deeper samples with concentrations below the background values. As a result, no
data limitations exist with respect to the surface or subsurface soil samples collected in FU4.
Therefore, no additional future work is recommended for FU4.

The combined risks from groundwater, and soil are above acceptable limits, primarily from
groundwater contamination. Potential continuing sources for groundwater contamination at
Site 36 may need further evaluation.

23.2.2 Recommended Remedial Action Objectives
As shown in the RA detailed in Section 22.0, overall human health risks and
noncarcinogenic hazards associated with exposure to soil and sediment are within
acceptable risk limits. Groundwater risks are further discussed in Section 34.0. Some of the
PCP operations-related areas previously were remediated. Elevated metals around
Building 949 are within acceptable exposure levels for lead and chromium. Elevated
concentrations of metals, primarily lead, exceeding the target concentration value of
1,530 mg/kg require the removal of soils to reduce potential hot spots, although overall
EPCs are within the target levels. The combined risks from groundwater and soil are above

acceptable lirmts, primarily from groundwater contamination. Potential continuing sources
at Site 36 may require further actions.
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24.0 Nature and Extent of Contamination
at FU5

This section addresses the nature and extent of contamination within FU5, the Newer
Warehouses. The subsections below provide a description of how FU5 was defined, discuss
the probable sources of contamination that exist within FU5, and identify the nature and
extent of contamination at FU5 by identifying the distribution and location of widespread
contaminants in the surface and subsurface soil of FU5. Groundwater contamination
beneath FU5 is addressed in Section 32.0.

As described in the following subsections, FU5 contains CERCLA sites identified in the
original RI activities prior to 1990, as well as screening sites and TEC sites identified by
CH2M HILL. These sites were investigated as possible sources of contaminant releases to
the environment. Areas not associated with a specific site were sampled as part of the BRAC
characterization program. This section d~scusses the nature and extent of contamination
within the entire FU area by evaluating the combined CERCLA and BRAC data.

24.1 Functional Unit Background

24.1.1 FU5 Description
FU5 is described as the Newer Warehouses, consisting of Screening Sites 70/71, 73, 75, 76,
77, and 78; BRAC Parcel Areas 16, 17, 18, 19, to, 21, 22, and 34; and proposed NFA sites (see
Figure 1-1). As discussed in Section 1.1, FU5 was established based on similar operational
activities in the south-central portion of the Main Installation, including general purpose
warehouse buildings. Most of the buildings within FU5 were constructed after the 1980s.

24.1.2 FU5 History
FU5 consists of 13 buildings surrounded by asphalt, grass, and/or gravel. Six of these
buildings were constructed after the 1980s. Most of the buildings in FU5 were described as
general purpose warehouses. The warehouses were used to store matenals such as clothes,
miscellaneous equipment, medical supplies, hazardous materials, waste petroleum product
drums, waste oil, and material handling equipment. Figure 24-1 shows the locations of
buildings within FU5. Railroads used for the transport of warehoused materials also are
adjacent to some of the buildings.

24.2 Summary of Remedial Investigations at FU5

24.2.1 Historical Remedial Investigations
No previous media sampling has occurred at PUS. However, Building 490 and Building 469
are the location of proposed NFA Sites 40 and 41. Although no analytical data are available
for the NFA sites, the sites were evaluated during the 1990 RFA (Law, 1990), with the results
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indicating that the potential for release from all pathways was low. There was no history or
evidence of uncontrolled leaks or spills, the units appeared to be in good condition, and the
sites were designated for no further action. Additionally, the FFA designates these sites as
NFA sites (CH2M HILL, September 1998c).

24.2.2 Summary of Key Findings from Past Remedial Investigations
There have been no previous RIs conducted at FU5. However, the surface soils surrounding
buildings at FU5 may contain pesticides as a result of routine pesticide application at the
facility. In addition, the FU contains railroad tracks that historically were sprayed with
pesticides, herbicides, and waste oil containing PCP. A biased sampling approach was
conducted to evaluate whether contaminants exist within the FU. A number of BRAC
surface soil samples were collected to provide information regarding the presence of
pesticides and PCBs in surface soil.

24.2.3 Current Remedial Investigations
The screening sites within this FU initially were investigated by CH2M HILL from
December 1996 through January 1997. At this time, the surface soil was sampled to assess
the nature and horizontal extent of contamination at these sites, and the subsurface soil was
sampled at most of these sites to assess the vertical extent of contamination. No surface
water bodies exist at FU5, so no surface water data were collected.

Additional investigations of the screening sites and initial investigations of areas of potent,al
concern identified in aerial photographs taken by the TEC were conducted from September
1998 through October 1998. Additional surface and subsurface soil sample data were
collected to accomplish the following:

¯ Further characterize the nature and extent of contamination;

¯ Collect a sufficient number of data points to perform an RA;

¯ Confirm the absence of contamination at some screening sites based on initial (1996-
1997) screening results;

¯ Assess the groundwater contamination; and

¯ Collect FS samples where remedial activities are likely.

The sites investigated within FU5 and the sampling rationale for each are described in
Table 24-1. Figure 24-1 shows the location of these sites. The basis for the 1996 sampling
rat,onale was the same for each site ident*fied at the time:

1) To collect soil samples that are representative of site conditions;
2) To compare the detected concentrations to background and screening levels; and
3) To develop appropriate recommendations.

The 1998 sampling rationale was developed so that the recommendations made from the
1996-1997 sampling event could be accomplished. Information about specific activities that
occurred at the FU5 sites of concern is presented in Section 24.3.
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24.3 Potential Sources of Contamination

Because hazardous materials were handled and stored at some buildings within FUb, there
was the potential for spills of hazardous materials to soil surrounding the buildings.
Furthermore, soil may have been contaminated with pesticides as a result’c)f routine
pesticide application at the facility. In addition, the FU contains railroad tracks that
historically were sprayed with pesticides, herbicides, and waste oil containing PCP.

24.3.1 Building 359
Building 359, a general purpose warehouse, has 240,000 square ft of space and was used to
store medical supplies, caustic soda, historical USTs, and sodium chloride. Built in 1942,
Building 359 formerly housed a boiler; an out-of-service incinerator also is located in this
building.

On August 27, 1993, a sulfuric acid spill was reported in Section 2 of Building 359. The
quantity of material spilled is unknown.

The expired medical supplies storage area, located near the center of Building 359 and
consisting of a concrete-floored storage bay approximately 50 ft by 30 ft, is a proposed
NFA site under the FFA. The storage area is used to store expired-shelf-life medical supplies
in their original containers, on pallets or shelves throughout the unit, until these supplies
are transported or disposed. The site was evaluated during the RFA in 1990, and it was
concluded that no remedial actions are necessary for the protection of human health or the
environment (CH2M HILL, September 1994).

No "red bag" medical waste has been stored in this building. Some "red bag" wastes were
generated by the Health Clinic, which was located on the western end of the building. These
wastes would have consisted mainly of tongue depressors and possibly syringes (for allergy
or insulin shots), and were disposed of at a local landfill (personal communication, Denise
Cooper/Memphis Depot, April 1998).

24.3.2 Building 469
Building 469, a battery shop, was built in 1960 and includes 9,600 square ft of space used to
store sulfuric acid, batteries, lead, and spray paint. In the past, this building has housed an
electrical shop and acid recycling facility. In December 1993, about 6 ounces of transformer
oil were spilled in Building 469. The Depot Spill Team contained the spill and removed the
affected materials. Depot, EPA, and TDEC staff conducted a site inspection and concurred
that the remedial action had been complete and no further investigation was necessary.

Building 469 is also the location of proposed NFA Sites 40 (Safety Kleen units) and 
(satellite drums). Site 40 consists of nine locations throughout the installation where the self-
contained Safety-Kleen solvent parts cleaning stations are located. The 20-to 40-gallon steel
holding tanks, supported by steel legs, have been used in various locations since 1985. The
parts cleaning solvent is recirculated in the tanks and periodically replaced by Safety-Kleen
(CH2M HILL, September 1998c).

The Safety-Kleen units are used for carburetor and cold parts cleaning. New cleaning
material contains 11.9 percent cresylic acids, 31.7 percent methylene chloride, and
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81.3 percent ortho-di-chlorobenzene. Used material generally is contaminated with various
oils and greases from the parts themselves. Safety-Kleen handles the manifesting,
transporting, and recycling of the used material.

Building 469 is one of the five locations of proposed NFA Site 41 (satellite drum

accumulation areas). Site 41 consists of five satellite drum storage locations throughout the
installation that have been used since 1985 to store drums of waste materials. The umts vary
in the number and size of drums that they contain, but all units are located on concrete
floors within buildings. Building $469 has one unit, and the stored wastes include sulfuric
acid. The drums and areas are maintained in good condition and are regulated All wastes
collected in these areas are transported to the DRMO before off-site disposal (CH2M HILL,
September 1998c).

24.3.3 Unknown Wastes Near Building 690 (Screening Site 76)
Building 690, a general purpose warehouse, was built in 1953 and includes 218,000 square ft
of space used to store material-handling equipment and materials awaiting shipment. At
ttmes in the past, unknown wastes and vehicle maintenance supplies have been stored here.

24.3.4 Unknown Wastes Near Buildings 689 and 690; and Alcohol, Acetone,
Toluene, and Hydrofluoric Acid Area, Building 689 (Screening Sites 75,
77, and 78; NFA Site 40)

Building 689, another general purpose warehouse built in 1954 and measuring
228,000 square ft, was used to store material-handling equipment and materials awaiting
shipment. Only the western end of Building 689 was used for temporary staging before
shipment In the past, this facility has been used to store Safety-Kleen parts cleaning units
and unknown waste.

Building 689 is associated with the following activities: 11 spills documented from May 8,
1990, through November 16, 1995, inside and outside of Building 689; Screening Site 78
(alcohol, acetone, toluene, and hydrofluoric acid area, Building 689); Screening Site 
(unknown wastes near Building 689); and proposed NFA Site 40 (Safety-Kleen units).

The materials spilled at Building 689 include nitric acid, corrosion-removing compound,
hydraulic fluid, oil, and sulfuric acid. Absorbent was applied to clean up the spills
(Memphis Depot, November 1997).

Screening Site 78 is located in the northern section of Building 689. This section of the
building historically staged hazardous substances prior to shipment (Memphis Depot,
November 1997).

Screening Site 75 is located between Buildings 689 and 670, on the eastern side. The area is
not bermed and is adjacent to a storm sewer inlet (Memphis Depot, November 1997).

The proposed NFA Site 40 consists of nine locations throughout the installation where the
self-contained Safety-Kleen solvent parts cleaning stations are located. The 20- to 40-gallon
steel holding tanks, supported by steel legs, have been used in various locations since 1985.

The parts cleaning solvent is recirculated in the tanks. The parts cleaning solvent
periodically is replaced by Safety-Kleen Corporation (CH2M HILL, September 1998c).
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487The Safety-Kleen units are used for carburetor and cold parts cleaning. New cle0ning
material contains 11.9 percent cresylic acids, 31.7 percent methylene chloride, and
81.3 percent ortho-di-chlorobenzene. Used material generally contains various oils and
greases from the parts themselves. Safety-Kleen handles the manifesting, transporting, and
recycling of the used material. ..~’

24.3.5 Former Container Storage Strip
A rectangular area oriented east-west in the 1945-1946 aerial photos is shown between what

is now Buildings 670 and 560. The containers do not appear to be drums, because they are
rectangular and probably 10 ft wide by less than 20 ft long. Their contents and purpose are
not known. It is also not known if they were placed in a trench, or on the ground surface.

24.3.6 Railroad Tracks (Screening Site 70/71)
Railroad operations were the main means of transporting materials to the warehouses for
storage. Throughout the Main Installation, railroad tracks historically were sprayed with
pesticides, herbicides, and waste oil containing PCP.

24.3.7 All Grassed Areas (Screening Site 73)
Grassed areas throughout the Main Installation were treated as one screening site during
the investigation. The historical application of pesticides such as dieldrin on grassy areas
was cause to consider areas as a potential source of contamination.

24.3.8 BRAC Parcels
Environmental sampling was performed at BRAC property parcels to assess whether the
property was suitable for transfer or lease. Sampling was conducted to assess whether
chemicals existed in the surface and subsurface soils in concentrations that might present a
concern for industrial, and in some portions of the Main Installation, residential uses.

24.4 Nature and Extent of Soil and Subsurface Soil
Contamination

To characterize the nature and extent of contamination within FU5, surface and subsurface
soil samples were collected and analyzed for VOCs, SVOCs, metals, and the TCL/TAL
parameters (organochlorine pesticides, herbicides, PCBs, and hexavalent chrorruum).
Figure 24-2 shows the sample locations for FU5, and Table 24-2 lists the parameters
analyzed for at each site. Appendix P provides a list of all parameters detected in the surface
and subsurface soil samples collected at FU5 and compares them to screening and
background values. The nature and extent of the contaminants detected above background
values at the FU are discussed below.

24.4.1 Nature and Extent of Metal Contamination
Several metals were detected throughout FU5 at concentrations above background values.
The results of the analyses are presented in Table 24-3. The metals that exceeded
background values were divided into three categories based on the number of
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. ¯ concentrations that exceeded background values and the relative importance of the metal as

potential contaminants. Each metal that exceeded an background value was classified as a
"primary metal of concern," a "distributed metal," or a "naturally occurring metal."
Primary metals of concern were those detected above background values in a significant
number of samples and may indicate a release from source areas in FUb. Distributed metals
were those detected above background values in a relatively small and insignificant number
of samples. Naturally occurring metals are metals associated with the natural soil conditions
that were detected above background levels.

24.4.1.1 Primary Metals of Concern

On the basis of the results of the surface and subsurface soil sampling, arsenic, total
chroimum, copper, lead, nickel, and zinc were designated as the primary metals of concern
throughout FUb. The soil samples that exceeded the background values for these
constituents are shown on Figures 24-3 through 24-16. These constituents were designated
as primary metals of concern primarily because, with the exception of arsenic, they
exceeded background levels in a number of concentrated discrete areas throughout FUb.

Arsenic. Two of the 21 surface soil samples analyzed for arsenic contained an arsenic
concentration that exceeded the background value of 20 mg/kg. SS75D contained a
concentration of 29.0 mg/kg. SB77B contained a concentration of 22.9 mg/kg; however, the
duplicate sample taken at this location contained a concentration (18.7 mg/kg) below the
background value. Arsenic was detected below background levels in each of the remaining
samples, with concentrations ranging from 5.05 mg/kg to 18.7 mg/kg. No significant cluster
of elevated arsenic concentrations that might indicate a release from a specific source could
be delineated, so no figure was generated. The highest arsenic concentration was 29 mg/kg,
relatwely close to the background value of 20 mg/kg.

Arsenic was detected in each of the 27 subsurface soil samples analyzed. Seven of these
samples contained concentrations that exceeded the background value of 17 mg/kg. The
concentrations did not greatly exceed the background value; in fact, the highest arsenic
concentration was only 22.6 mg/kg (1- to 3-ft interval of SB78D). Screening Site 78 was the
location of six of the seven elevated concentrations, as shown on Figures 24-3 and 24-4. The
upper portions of the sample locations (1 ft to 7 ft) contained the majority of the elevated
concentrations. The only elevated arsenic concentration deeper than 7 ft occurred in the 18-
to 21-ft interval of SB78D (17.8 mg/kg). These factors indicate that the upper subsurface
arsenic concentrations may occur as a result of surface infiltration.

As described above, the arsenic samples that exceeded the background values in both the
surface and subsurface were located primarily at Screening Site 78. In most cases, the
concentrations of arsenic did not significantly exceed the background value. The highest
surface or subsurface concentration of arsenic was only 29.0 mg/kg, and only four surface
or subsurface samples contained arsenic concentrations that exceeded 20 mg/kg. Arsenic is
present in low concentrations throughout the Depot, probably because of site-wide pesticide
management activities and naturally elevated background levels in soil that may be
misinterpreted as specific source areas in FUb.

Chromium. Six total chromium concentrations, including 1 duplicate, exceeded the
background value of 24.8 mg/kg in the 21 surface soil samples. As shown on Figure 24-5,
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chromium concentrations that exceeded the background value primarily were located m
Screening Site 76 (unknown waste storage). This site is located in a grassy area outside 
the southwestern corner of Building $690. Total chromium was detected in the remaining
15 surface soil samples at concentrations ranging from 6.15 mg/kg to 24.6 m g/kg.

Chromium concentrations in 17 of the 27 subsurface soil samples exceeded the background
value of 26.4 mg/kg. The concentrations detected over background occurred at all sample
intervals, with the majority (11 of 17) being found in the 4- to 6-ft and 18- to 21-ft intervals,
as shown on Figures 24-6 and 24-7, respectively. Screening Sites 76, 77, and 78 contained at
least three concentrations each in the 4- to 7-ft interval. Screening Sites 76 and 78 contained
three concentrations each in the 18-to 21-ft interval. Overall, chromium was detected in all
27 subsurface soil samples, with concentrations ranging from 9.6 mg/kg to 48.3J mg/kg.

Elevated chromium concentrations in the surface and subsurface soil in FU5 were located
primarily in Screening Site 76. Half of the elevated surface concentrations and nearly one
third of the elevated subsurface concentrations were observed in this site.

Copper. Copper concentrations in 3 of the 21 surface soil samples, including 1 duphcate,
exceeded the background value of 33.5 mg/kg. However, the copper concentrations
remained relatively low. The three elevated concentrations were observed m two surface
soil sample locations. SB77B contained a copper concentration of 43.3 mg/kg (the duphcate
concentration was 36.3 mg/kg) and SS77C contained a copper concentration of 51.6 mg/kg.
Copper was detected in the remaining 18 samples at concentrations ranging from
9.55J mg/kg to 29.0 mg/kg.

Of the 27 subsurface soil samples analyzed for copper, 5 samples contained concentratmns
that exceeded the background value of 32.7 mg/kg. The elevated copper concentrations
were found primarily in the upper portion of each sample location. Figure 24-8 shows the
concentrations detected from I ft to 4 ft and Figure 24-9 shows the concentrations from 4 ft
to 7 ft. The copper concentrations were not significantly higher than the background value

of 32.7 mg/kg. Only three concentrations exceeded 35 mg/kg. The highest detected copper
concentration in the subsurface (38.3 mg/kg) was observed in the 1- to 3-ft interval 
SB78C. Copper was detected in the remaining 22 subsurface soil samples, with
concentrations ranging from 3.3J mg/kg to 32.4 mg/kg. The concentrations were detected
throughout FU5, primarily in the 4- to 6-ft and the 18- to 21-ft sample intervals.

Screening Sites 77 and 78 were the only areas where elevated concentrations of copper were

observed. Detected concentrations below background values were dispersed throughout the
FU.

Lead. Of the 21 surface soil samples analyzed for lead, 6 samples contained lead
concentrations that exceeded the background value of 30 mg/kg. As shown on Figure 24-10,
three elevated lead values (38.1 mg/kg, 32.8 mg/kg, and 71.3 mg/kg) and four
concentrations below the background value were observed in Screening Site 77. The other
elevated concentrations were dispersed throughout FU5, ranging from 37.3 mg/kg to
109J mg/kg. Lead was detected in the remaining 15 surface soil samples throughout FU5 at
concentrations ranging from 8.7 mg/kg to 26.9 mg/kg.

Lead concentrations in 6 of the 27 subsurface soil samples exceeded the background value of
23 9 mg/kg. Three of the elevated concentrations occurred in the 1- to 3-ft interval (shown
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on’Figure 24-11) at Screening Site 78. The other three elevated concentrations occurred in the
4- to 6-ft sample interval (shown on Figure 24-12). Only one of the subsurface soil samples
contamed a lead concentration that exceeded 30 mg/kg. The sample collected from the 4- to
6-ft interval of SB76B contained a lead concentration of 53.8 mg/kg. Lead was detected at
concentrations below background value in the remaining 21 samples dispersed throughout
FUS. The concentrations ranged from 4.8 mg/kg to 21.4 mg/kg and were located primarily
m the 4- to 6-ft and the 18- to 21-ft sample intervals.

Lead concentrations were frequently detected throughout the surface and subsurface soil in
FU5. Elevated concentrations were located primarily in the surface soils of Screening Site 77
and the subsurface soils of Screening Site 78. Concentrations detected in the surface soils
were notably higher than those detected in the subsurface soils.

Nickel. Nickel concentrations were detected in all 21 surface soil samples analyzed, though
only two of the sample locations contained concentrations that exceeded the background
value of 30 mg/kg. SB76A contained a concentration of 33.7 mg/kg. A concentration of
51.1 mg/kg was observed in SB77B (39.3 mg/kg was the concentration detected in the
duplicate sample).

Eight of 27 subsurface soil samples contained nickel concentrations that exceeded the
background value of 36.6 mg/kg. These elevated concentrations were detected primarily m
the 1- to 3-ft and 4- to 6-ft intervals. Screening Site 78 contained two of these concentrations
in the 1- to 3-ft sample interval (Figures 24-13). Screening Sites 77 and 78 each contained two
elevated concentrations in the 4- to 6-ft interval (Figure 24-14). Concentrations below
background were detected in the remaining 19 samples, ranging from 1.7J mg/kg to 34.4
mg/kg. These concentrations were found primarily in the 4- to 6-ft and the 18- to 21-ft
sample intervals.

Nickel concentrations were frequently detected throughout FU5 in both the surface and
subsurface soils; however, the elevated concentrations did not slgmficantly exceed the
background values.

Zinc, One of the 21 surface soil samples analyzed for zinc contained a concentration that
exceeded the background value of 126 mg/kg. SB77B had a concentration of 136 mg/kg.
The duplicate sample taken at this location contained a concentration of 108 mg/kg.
Concentrations in the remaining 19 samples ranged from 28.8J mg/kg to 91.9J mg/kg.

Zinc concentrations in 6 of the 27 subsurface soil samples exceeded the background value of
114 mg/kg. Screening Site 78 contained five of the six elevated concentrations, with three
concentrations occurring in the 1- to 3-ft interval (Figure 24-15) and the other two occurring
in the 4- to 6-ft interval (Figure 24-16). SB77A contained the remaining elevated
concentration (121 mg/kg) in the 4- to 5-ft sample. The zinc concentrations in the subsurface
did not significantly exceed the background limit. In fact, the zinc concentrations that
exceeded the background limit of 114 mg/kg ranged from 120 mg/kg to 132 mg/kg. The
elevated zinc concentrations were dispersed through the upper portion of the borings. No
concentrations above the background limit were detected at intervals deeper than 9 ft.

Elevated zinc concentrations in the surface and subsurface soils were observed in Screerung

Sites 77 and 78. The concentrations did not greatly exceed background values, rangmg from
114 mg/kg to 136 mg/kg.
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Distributed Metals. Antimony, beryllium, cadmium, manganese, and selenium were detected
at concentrations that exceeded background values. However, the elevated concentrations
for these constituents occurred infrequently (see Table 24-3) and were widely dispersed. 
a result, the elevated concentrations of these constituents were not considered indicative of a
release from a source area in FU5, and these constltuents were classified as distributed
metals.

Antimony. Antimony was detected in three of the 17 surface soil samples. The concentrations
ranged from 0.87J mg/kg to 7.4 mg/kg. Only one concentration (SS77B) exceeded the

background value of 7.0 mg/kg. One antimony concentration was detected out of the
27 subsurface soil samples. A concentration of 0.89J mg/kg was detected in the 3- to 5-ft
interval of TEC91A. No background value was established for the subsurface antimony
concentrations.

Beryllium. The background value of 1.1 mg/kg for beryllium was not exceeded by any of the
21 surface soil samples. Beryllium was detected at a lower concentration in 13 of the
21 samples. The detected concentrations ranged from 0.18J mg/kg to 0.56J mg/kg.

Beryllium concentrations in one subsurface soil sample exceeded the background value of
1.2 mg/kg. A concentration of 1.4 mg/kg was detected in the 18- to 21-ft interval of SB78D
Concentrations ranged from 0.33J mg/kg to 1.2 mg/kg in the 8 samples detected below the
background value.

Cadmium. The background value of 1.4 mg/kg was exceeded by 2 of the 21 surface soil
samples. Concentrations ranged from 0.02J mg/kg to 1.17 mg/kg in the 9 samples detected
below the background value.

One subsurface soil sample out of 27 exceeded the background value of 1.4 mg/kg. A
cadmium concentration of 77.4 mg/kg was detected m SB78C Cadmium also was detected
at a concentration of 0.11J mg/kg in TEC91A.

Selenium. The background value of 0.8 mg/kg was exceeded in 2 of the 21 surface soft
samples. Concentrations of 1.4 mg/kg and 1.3 mg/kg were observed in SS77F and TEC91A,
respectively. SS75D contained selenium at a concentration of 0.76 mg/kg.

The background value of 0.8 mg/kg was exceeded in three of the 27 subsurface sod
samples. Concentrations of 1.9 mg/kg, 1.5 mg/kg, and 1.3 mg/kg were observed in
TEC91A, SB78C, and SB78B, respectively.

Naturally Occurring Metals. Various samples collected throughout FU5 contained
concentrations of calcium and potassium that exceeded background values. However, these
metals frequently occur in the natural clay sods beneath the site. Most soil samples analyzed
for these constituents at FU5 contained a detected concentration. In addition, these metals
do not pose significant health risks and generally are not indicative of a release from source
areas in FU5. Therefore, calcium and potass*um were classified as naturally occurring
metals.

Calcium, Calcium was detected in all nine surface soil samples and all seven subsurface sod
samples. Concentrations in two surface soil samples exceeded the background value of
5,840 mg/kg. TEC91A and A(20.6) had concentrations of 12,1000 mg/kg and 39,800 mg/kg,
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respectively. Calcium concentrations in one subsurface soil sample exceeded the
background value of 2,432 mg/kg. The concentration was located in the 3- to 5-ft interval of
TEC91A.

Potassium. Potassium concentrations in five surface soil samples exceeded the background
value of 1,820 mg/kg. These elevated potassium concentrations were detected throughout
FU5. Potassium concentrations in the subsurface soil samples did not exceed the
background value of 1,800 mg/kg. Four out of the seven subsurface samples did contain
potassium concentrations ranging from 523 mg/kg to 1,580 mg/kg.

24.4.1.2 Metals below Background Values

Aluminum, barium, cobalt, iron, magnesium, and vanadium were detected in each of the
9 surface and 7 subsurface soil samples analyzed for these constituents. However, no
concentrations of these constituents exceeded the background values of 23,800 mg/kg,
234 mg/kg, 18.3 mg/kg, 37,000 mg/kg, 1,300 mg/kg, and 48.4 mg/kg, respecbvely, in the
surface and 21,800 mg/kg, 20.4 mg/kg, and 1,540 mg/kg, respectively, in the subsurface.

Mercury and silver both were detected below background values of 0.4 mg/kg and
2 0 mg/kg, respectively, in the surface soil of FUS. Mercury concentrations ranging from
0.01J mg/kg to 0.14 mg/kg were observed in seven of 21 samples. One silver concentration
of 0.6J mg/kg was observed out of 21 samples. Neither metal was detected in the subsurface
soil samples from FU5.

24.4.2 Nature and Extent of SVOC Contamination

24.4.2.1 Surface Soil

On the basis of soil sample results for FUS, the primary SVOCs of concern in the surface soil
were determined to be PAHs. As shown on Figure 24-17 and Table 24-4, 22 of 31 surface
samples, including I duplicate, contained detectable concentrations of total PAHs. No
background for total PAHs was established for the surface soil in FU5. The detected
concentrations were located primarily in Screening Sites 75 (grassy area located outside the
northwestern comer of Building 689) and 77 (gravelly area located between Buildings 689
and 690). Screening Site 75 had seven concentrations ranging from 0.105J mg/kg in SS75B to
23.83 kg/mg in SS75F. Screening Site 77 had five concentrations ranging from 1.259J mg/kg
in SS77B to 335.4 mg/kg in SS77C. Other detected concentrations of PAHs in the surface soil

were dispersed throughout FU5, ranging from 0.087J mg/kg to 85.5 mg/kg.

PAHs are observed throughout the Main Installation, generally from surface soil samples in
proximity to railroad tracks and those not adjacent to railroad tracks. PAH compounds can
generate from creosote seepage that comes from railroad track cross ties, from historical
railcar leaks to the surface, or from application of a PCP/used-oil mixture that historically
was applied for weed control along the tracks. PAH compounds also can be generated as a
result of engine exhaust from trucks, automobiles, and trams. To further assess the presence
of PAH compounds in surface soil from railroad track cross ties and asphalt, two samples
(RR57A and RR65A) were collected from the cross ties and two samples were collected from
asphalt (RD57A and RD65A) and analyzed for PAHs (see Figure 8-2).
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As shown in Table 8-5, high concentrations of the following PAHs were detected in the

railroad cross tie samples, indicating potential source contamination frown railroad tracks.

acenaphthene, benzo(a)anthracene, chrysene, fluoranthene, naphthalene,,-phenanthrene, and
pyrene.

Section 8.4.2.1 discusses the correlation between the presence of railroad tracks and asphalt
to the presence of PAHs. The conclusion is that although a correlation exists, it is not the
sole factor responsible for the presence of PAHs.

24.4.2.2 Subsurface Soil

As shown in Table 24-4, PAHs were not detected frequently in subsurface soil samples.
Total PAH concentrations were detected in 6 of 32 subsurface soil sample samples
throughout FUb. Background values were not established for the subsurface soil in FUb.
SB78A contained concentrations of 1.564J mg/kg and 4.55 mg/kg in the 1- to 3-ft and the 4-
to 6-ft intervals, respectively. SB78D contained a concentration of 2.013J mg/kg in the 1- to
3-ft interval. A concentration of 2.508 mg/kg was detected in the 3- to 5-ft interval of
TEC91A. SB75A, and A(20.6) contained concentrations of 0.688J mg/kg (4- to 6-ft interval 
and 0.29J mg/kg (1- to 4-ft interval). No concentrations were detected below 6 ft m any 
the 32 samples taken.

24.4.3 Nature and Extent of Pesticide Contamination
A total of six pesticides were detected in 24 surface soil samples at FUb: alpha-chlordane,
DDT, DDE, DDD, dieldrin, and gamma-chlordane. Table 24-5 lists these pesticides, the
number of times they were analyzed, and the minimum and maximum concentrations
detected.

There are three general areas in which elevated concentrations of pesticides were detected
within FUb:

¯ Screening Site 75-Unknown Wastes Near Building 689;
¯ Screening Site 76-Unknown Wastes Near Building 690; and
¯ Screening Site 77-Unknown Wastes Near Building 689 and Building 690.

DDT was detected in 15 of 24 surface soil samples, with 5 concentrations exceeding the
background value of 0.074 mg/kg (as shown on Figure 24-18). Screening Site 77 appears 
be the primary area of detected concentrations, with elevated concentrations in SB77A,
SS77A, and BRAC sample A(22.1). The 10 samples with concentrations below background
values ranged from 0.0022J mg/kg to 0.071 mg/kg.

Dieldrin was detected throughout the Main Installation and is not associated with known
sources of contamination at FUb. It was sprayed routinely on grassy areas and around
warehouses. Within FUb, dieldrin exceeded its background concentration (0.086 mg/kg) 
5 samples, ranging from 0.26 mg/kg to 1.1J mg/kg, taken from both grass and gravel
surfaces. Concentrations ranged from 0.0041 mg/kg to 0.083 mg/kg in 10 other samples.
Figure 24-19 shows the location of the dieldrin concentrations.

Alpha-chlordane was observed in 6 out of 24 samples, with 2 concentrations exceeding
background. A(34.2) and SS34A, both BRAC samples, had concentrations of 0 14J mg/kg
and 0.033 mg/kg, respectively.
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24.4.3.1 Pesticides in Subsurface Soil
DDE, DDT, and dieldrin were each detected in I out of 13 subsurface soil samples. The
pesticides were observed in the 3- to 5-ff interval of TEC91A, located by the railroad tracks
outside of the northwestern corner of Building 670. The concentration of DDE
(0.002J mg/kg) barely exceeded the background level of 0.0015 mg/kg. Background values
were not exceeded by the DDT and dieldrin concentrations. The remaining subsurface
samples showed no detected concentrations of pesticide concentrations.

24.4.4 Nature and Extent of Dioxin and Furan Contamination
Dibenzofuran was detected in 3 of the 21 surface soil samples in FU5, as shown in
Table 24-6. The background value of 0.647 mg/kg was exceeded in one sample. BRAC
sample A(20.6) had a concentration of 1.2J mg/kg. CGncentrations of 0.11J mg/kg and
0.31J mg/kg were observed in SS75A and TEC91A, respectively. No concentrations of
dibenzofuran were observed in the subsurface soils.

24.4.5 Nature and Extent of VOC Contamination in Surface and Subsurface
Soil

24.4.5.1 VOCs in Surface Soil

A total of 10 VOCs were detected in the 21 surface soil samples analyzed for VOCs
throughout FU5. The compounds are 2-Hexanone, acetone, benzene, bromomethane, carbon
disulfide, ethyl benzene, MEK, methylene chloride, toluene, and total xylenes. Table 24-7
presents a list of these compounds, the number of times they were detected, the number of
times background values were exceeded (where applicable), and the minimum and
maximum concentrations detected.

The majority of the surface soil sample results for VOCs within FU5 indicate no detected
concentrations or detected concentrations below background. However, there are three
VOCs with concentrations detected above the background value within FU5:

MEK was detected five times, all above the background value of 0.002 mg/kg. The
sample locations are dispersed throughout FU5, with concentrations ranging from
0.016 mg/kg to 0.076 mg/kg, as shown on Figure 24-20;

¯ Toluene was detected in TEC91A and A(20.6) at concentrations of 0.007J mg/kg and
0.001J mg/kg, respectively. The background value for toluene is 0.002 mg/kg; and

¯ Carbon disulfide was detected in A(20.6) at a concentration of 0.037 mg/kg, exceeding
the background value of 0.002 mg/kg.

24.4.5.2 VOCs in Subsurface Soil

Thirty-two subsurface soil samples were analyzed for VOCs. The compounds detected were
acetone, chlorobenzene, MEK, methylene chloride, PCE, total 1,2-DCE, and TCE (see
Table 24-7). Background values for these detected VOC constituents have not been
established in the subsurface soil.
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Probably because of volatilization at the surface, detected concentrations of VOCs in
subsurface soils were not always colocated with elevated surface soil concentrations, as
noted below:

¯ 2-Hexanone, benzene, bromomethane, carbon disulfide, ethyl benzene, toluene, and
total xylenes were not detected in any subsurface soil sample from FU5. Each of these
compounds was detected in at least one surface soil sample;

¯ Chlorobenzene, PCE, total 1,2-DCE, and TCE were detected in the subsurface soil at
FU5, but were not present in the surface soil; and

¯ Methylene chloride was observed in the 18- to 20-ft interval of SB76A and the 4- to 6-ft
interval of SB76B at concentrations of 0.001J m~/kg and 0.002J mg/kg, respectively.
Methylene chloride was not detected in any surface soil sample from Screening Site 76.

The GWP values for the VOCs detected in the subsurface soil are 16 mg/kg (acetone),
1.0 mg/kg (chlorobenzene), 17 mg/kg (MEK), 0.02 mg/kg (methylene chloride),
0.06 mg/kg (PCE), and 0.06 mg/kg (TCE). A GWP value is not available for total 1,2-DCE.
TCE was the only VOC detected in the subsurface soil at concentrations that exceeded its
GWP value. Elevated TCE concentrations were detected in boring SB78B at 11 mg/kg (18 to
20 ft), 0.4 mg/kg (1 to 3 ft), and 0.085 mg/kg (4 to 6 ft). The boring was drilled 
subsurface soil a few ft west of the 10~ loading dock from the south of Bmldmg 689. TCE
concentrations were not detected in any other borings at FU5. It appears that the subsurface
soil in this area may be a potential continuing source of contamination to groundwater,
because detected TCE concentrations exceeded the GWP values at the lowest sample depth
of 18 to 20 ft and the vertical extent of contamination has not been bounded.

487 395

24.5 Nature and Extent of Surface Water Contamination

The majority of stormwater collected in FU5 is transported via the underground pipe
system to the concrete-lined ditch that runs parallel to N Street south of Lake Danielson
(Black & Veatch, 1999). This d]tch discharges (Outfall 4) to an unnamed tributary south 
N Street that eventually discharges to Noncounah Creek. A small portion of stormwater
from the western end of FU5 flows via the underground pipe system and is discharged to
Tarrant Branch at Gate 9 (OutfaU 5).
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TABLE 24-2
Analytes Investigated for FU5
Memphis Depot Main Installatton RI

Functional
Unit Site Matrix1 Event

5 75 SB SS X X X X

5 75 SS MAINRIFS X X X X X

5 75 SS SS X X X X

5 76 SB SS X X X X

5 76 SS SS X X X X

5 77 SB SS X X X X X

5 77 SS MAINRIFS X X X X X X

5 77 SS SS X X X X X

5 78 SB SS X X X X X

5 91 SB MAINRIFS X X X X

5 91 SS MAINRIFS X X X X

5 BRAC SB BRAC X X X

5 BRAC SS BRAC X X X X

5 BRAC SS MAINRIFS X X X X X X X X

5 NA SB DO4 X

Notes
tMatrlx

2GW

3MAINRIFS

4RI

5SS

BRAC

SB-subsurface soft, SS-surface soft

Groundwater sampled in March 1996, March 1997, September 1997, June 1998, and October 1998

Additional samples for R[, BRAC, and Screenmg Sttes (and mttlal investtgatlons for TEC sites) collected 
September and October 1998

RI Sttes sampled tn December 1996 and January 1997

Screening Sites sampled m December 1996 and January 1997

Base Realignment and Closure

24-16 ATLJ147543/SECTf0N 24 TABLES/rABLE 24 2 DOC



TABLE 24-3

Frequency of Metals Detection m Surface and Subsurface Soil at FU5

Memphis Depot Mare InstaJlatlon RI
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Matrix I

Minimum Maximum Number
Number Number Minimum Detection Maximum Detection Background Background

Parameter Anal~sd Detected Detection Quahfier Detection Quahfier Value., Exceedances
=~urface Soil

SS ALUMINUM 9 1 95E+0:J 1 22E+04 2 38E+04
~S ANTIMONY 1; 3 8 70E-B1J 7 4BE+00 7 00E+0C
3S ARSENIC 21 21 5 05E+0(= 2 90E+01 2 00E+01
~S BARIUM 2 20E+01J 1 ~E~2 2~E~2
SS BERYLLIUM 21 13 1 80E*01J 5 60E-01 1 IOE+O(~
~S CADMIUM 2. 11 2~E-~ J 6 00E+C~ 1 40E+O0
SS CALCIUM 1 58E+0:= 3 98E+04 5 84 E+03
SS CHROMIUM. TOTAL 2, 21 6 15E+O(= 3 70E+01 2 48E+01
SS COBALT 3 30E+0(J. 1 24E+01 1 83E+01
SS COPPER 2. 21 9 55E+0(J 5 16E+01 3 35E+01
SS IRON 6 43E+0~J t 98E+04 3 70E+04
SS LEAD 2. 21 8 70E+O(= 1 09E+02 300E+01
~S MAGNESIUM 1 16E+0~= 2 39 E+O3 4 60E+03
SS MANGANESE 4 37E+0’J 7 13E+02 1 30E+03
SS MERCURY 2. 100E-~ J 1 40E-01 4 00E-el
SS Mercury, TCLP 1 5OE-0zJ 1 50E-04
SS NICKEL 2, 21 4 10E+0(J 5 11 E+01 3 00E+Ol
SS POTASSIUM 7 43E÷0;= 2 50E+03 1 82E+03
SS SELENIUM 2, 7 EOE-O~= 1 40E+0~ 8~E-Ol
SS SILVER 2. 6~E-0" J 6 00E-01 2 00£+0£
SS SODIUM 1 33E+0;J 1 92E+02
SS VANADIUM 7 20E+0(J 2 81E+Ot 4 84S+01
SS ZINC 2, 21 288E~" J 1 36E+02= 1 26 E+0,~
SS Zinc, TCLP 2 16E-O"= 2 16E-01=

Subsurface Soil
SB ALUMINUM 4 84E+O:= 1 17E+04= 2 18E+C~
SB ANTIMONY 2: 8 90E-0’J 8 90E-01
SB ARSENIC 2: 27 2 80E+O(= 2 26E+01= 1 70E+01

SB BARIUM 8 50E+0(J 8 75E+01 3 00E+0~
SB BERYLLIUM 2: 3~E-0" J I 40E+0C= 1 20E+OC
SB CADMEUM 2: 1 10E-0’J 7 74E+01= 1 40E+0C
SB CALCIUM 5 20E+0;J 5 15E+03= 2 43E+03
SB CHROMIUM, TOTAL 2: 2? 9 60E+0< 4 83E+Ot 2 64E+01
SB COBALT 1 10E+0(I; 1 70E+0t 2 04E+01
SB COPPER 2: 27 3 30E+0<JJ 3 83E+O1= 3 27E+O1
SB IRON 1 16E+G 2 48E+04 3 85E+O~
SB LEAD 2: 27 4 80E+0~ 5~E~1 = 2 39E+01
SB MAGNESIUM 2 79E+O; 2 51E+O~= 4 90E+O["
SB MANGANESE 1 73E+0 2 26S+03 I 54 E+O,"
SB NICKEL 21 27 1 70E+C4 4 63E+01= 3 66E+01
SS POTASSIUM 5 23E+0; I 58E+0 = I 80E+0~
SS SELENIUM 2Z 1 30E÷0~ 1 90E+0C= 6 00E-01
SB SODIUM 7 1 57E+0: 1 57E+02

SB rHALLIUM 27 2~E-0 2 30E-01
SB /ANAD[UM 7 2 36E+0 3 74E÷01J 5 13E+01
SB -~INC 27 27 4 50E+0~ 1 32E+0~ 1 14E+0;

Note

All units Bre m~A<g
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TA8LE~
Frequency of SVOCs Detectmn =1 Suflece and Subsurface Sod at FU5
MemOs Depot M~n ~ R;

11Mntrl~ ChemGroup pamrnetmr

~udace Soil
111 I--I I I i

M=ixlmum Number
Numbe¢ Number MLnlmum DetecUon Mau~Imum Detection Background Background

AnalyZed Detected Dotoc6on Oualifle¢ Oot~Uon Qualifier Va~ue ExC~danCea

;S PAH Z-METHyLNApHTHALENE 31 1 20E~1 1 20E-01
~S PAH =,CENAPkrrHEN E 31 8 60E~ 4 10E+0(

~S PAH M~TH~C~E 31 1 40E-01 6 7OE*OC 9 60E-0;
~S PAH 3ENZO(a)MqTHRACENE 31 2 60E+01 7 10E-0
~S PAH 3ENZO(a)PYRENE 31 6 40E.0; 2 60E*01 9 60E-0

~S PAH 3EI~O(b)FLUORANTHEN 31 8 O01E~ 2 EOE+01 9 00E-0
~S PAH 3ENZO(g h,OPERYLENE 31 6 2OE~ 80E+01 B 20E~3
~S pAH 3ENZO(k) FLUORANTHENE 31 7 70E-0; 2 00E~01 760E-O
~S pAH 3ARBAZOLE 2t I 20E-01 4 00E*(X 6 70E~):
~S pAH 3HRYSENE 31 8 10E-0; 3 CQE÷01 9 40E-0

~S PAH 31B ENZ(a,h)ANTH RAC EN 31 1 10E+0( 4 00E+(X 2 60E~3

~S PAH FLUORANTHENE 31 21 4 70E-0; 6 70E÷01= 1 60E*~
~S PAH FLUORENE 31 6 10E-G~4 2 60E+0(

~S PAH :ND EN O( i ,2,3-c,d) pyR EN 31 14 5 90E43; t 70E+O~= 7 00E-01:

~S PAH NAP~H~ENE 31 1 90E~1 I 40E~

$S PAH ~HENANTHRENE 31 19 5 50E.O;= 3 60E+0"= 6 10E~)I

~S PAH PYRENE 31 22 4~E~ 5 60E+0’= 1 50E+00

~S PAH Total Po~/n~le~t Amm~hc H~afoons 31 22 8~E~ 3 35E+0~=

~S SVOC t*METHYLPHENOL (J-CRESOL) 21 5~E~ 5 60E-0;
~S SVOC ~m(2-ElldYLHEXYL) PH134ALATE 21 I 00E-0’ 2 50E+~=

~S SVOC PENTACHLOROPHENOL 21 4 00E~; 32~ =

SUbsurface Soil
~8 ~ARBAZOLE 32 4 80E~; 4 BOE-0;J

SB CHRYSENE 32 400E~; 6 70E~T=

~B >AH FLUORANTHENE 32 1 00E-0 8 50E-0 = 4 50E+02

~B ~AH LN DENC~t ,2,3"c,d) PYR EN 32 8 2 0 E’~, 2 40E-0 J

~B =AH F~ENANTHRENE 32 6 90E-0; 3 70E~)J

~B 3AH PYRENE 32 I] tOE-0; 7 40E~3J= 420E~2

SB :AH Total polynu<dear ArOm~h¢ Hydrocarbons 3~ 2 90E~ 4S5E÷~

~B ;VCC BENZYL BUTYL PHTHALATE 3~ 7 70E~: J 7 70E-3.

~8 ;VOC b~S(2-ETHYLHEXYL} pHTHALATE 3~ 4 60E-0:J 8 20E-0,

SB ~VOC DI-n-BUTYL pHTHAI~TE 3~ 70OE-O;J 21OE-O

Note

~JI umts are mg/kg

p~14754~ ~4 Ta~es~¢~ ~ldy,s~ lot FU5 Jds 24 18
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TABLE 24-5
Frequency of Pesticides Detection in Surface and Subsurface Sod at FU5 "’

Memphis Depot Main Instal!a~on RI

Minimum Maximum , Number
Number Number Minimum Detection Maximum Detection Background Background

M4trix Psrameter AnalYZed Detected Detection Quolifler Detection Qualdi~ Value , Exceedances
Surface Soil
SS ~LPHA-CHLORDANE 24 6 80E~4 1 40E’01 2 90E*O’, 2
SS )DD 1 30E-02 220E-02 6 70E-0; 2

SS )DE 2~ I, 3 80E~33 7 70E-02 I 60E.O 0
SS 3DT 2~ 2 20E~3 2 60E-01 7 40E-0: 5
SS :)IELDRIN 2~ 4 10E~3 1 10E+00 8 60E*0’,
S$ .3AMMA-CHLORDANE 2~ 6 90E~4 I 50E-01 2 60E*0’. 3
Subsurface Soil

SB 3DE
$B 3DT

2 C<3E*0t J 200E-03 1 50E-0:
4 60E-O = 4 60E-03 720E-0:

$B DIELDRIN 1[ 5 70E--O = 5 70E-03 370E0
Note
A~I umts are m~9

P/147543%SeC~3Z124 T~FOO_A~Jys~ for FU5 ~ds 2419
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TABLE 24-6
Frequency of D~oxms Detection m Surface Sod nl FU5
Memphis Depot Main Insta/labon RI

Matrix Parameter

INITtuelts are m~z

Minimum Maximum Qualifier
Number Number Minimum Detection Ma.Xlmum Oetectlon Background

AnalyZed Detected Detection Qualifier Detectiott Value

I 2’1 31 1 ,oE-oftJ I ’ 2°E+°°lJ I 6~7E-0~I

Number 1

Background
Exceedancea
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TABLE 24-7

Frequency of VOCs Dete~on in Surface anrf Subsurface Sod at FU5

Memphis Depot Mare Installahon RI

Minimum Maximum Number
Number Number Minimum Detection Maximum Detecbon Background Background

Matdx ParametEr AeazFfzed Detected Oetecbon Quahfler Detection QuahfHlr Value Exceedances
Surface Soil

SS 2-HEXANONE 2, 2 00E-02 3 00E~):
SS ACETONE 2, 500E*O:

SS BENZENE 2, 200E-O~ 2 00E-0:
SS BROMOMETHANE 2, 2 00E-0~ 200E-O:
~E CARBON DISULFIDE 2, 3 70E-0; 3 70 E-O’, 2 00E-0~
SS ETHyLBENZENE 2, 2 00E~03 2 00E~: !J
SS METHYL ETHYL KE-r ON E (2-BUTANONE) 2, 1 60E~ = 7 6OE-O’, 2 00E-0!
SS METHYLENE CHLORIDE 2’ 2 00E*£ 6 00E~):

SS TOLUENE 2, 1 00E ~." 7 00E~ 200E-O:

SS Tota~ Xylenes 2, 9 00E-03 9 00E-0; 9 00E’3;
SubsurfaceS oil

SB ACETONE 3,’ 1( 4 00E< 7 90E-0;
SB CHLOROBENZENE 3; 2 00E-C 2 00E-0:
SB METHYL E*n~YL KETONE (2~UTANONE) 3; 200E -0." 1 00E*0;
SB METHYLENE CHLORIDE 3: 1 00E-0~ 4 00E-0:

SE TETRACHLOR OETHYLE N E( PC E) 3; 100E~3 300E*O:

SB TOTAL 1,2-DICHLOROE3HENE 3: 200E ~." 200E-O:

SB TRICHLOROETHYLENE (TCE) 3; 8 50E~3~= 110E+0

Note

All umts am rngJk9
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25.0 Fate and Transport for FU5

The overall fate and transport discussion was included in Sechon 6.0. This section covers
information specific to FU5 and Site 77. The CSM for FU5 is presented on Figure 26-2.

25.1 Fate and Transport for FU5
A summary of site conditions influencing the fate and transport of site contamination is
presented in this discussion. Figures 2-16 and 24-1 show the land cover types within FU5.

Source Area Characterization: FU5 is an entirely industrialized area covered mostly with
paved roads and railroad tracks, large warehouses (closed), and some grassy and small
gravel areas. The warehouses are large (218,000 ft 2 or larger) and were built during the 1940s
and 1950s mostly for the storage of clothing and other materials, as well as for various types

of equipment. Specific uses included storage of medical supplies, historical USTs, and
hazardous wastes (Building 359); microfiche development and dlppmg of machine parts for
preservation (Building 490); and storage of Safety-Kleen parts cleaning units and unknown
wastes (Building 689). A Safety Kleen machine was located and used in Building 689, which
also staged hazardous materials prior to shipment. Some office spaces were developed in
the 1980s in Building 685. Most of the surface area around the buildings is covered with
concrete or asphalt pavement, interspersed with grass or gravel in areas surrounding the
buildings. Most of the area (more than 70 percent) is covered with asphalt or concrete.

The majority of stormwater collected in FU5 is transported via the underground pipe
system to the concrete-hned ditch that runs parallel to N Street south of Lake Damelson
(Black & Veatch, 1999). This ditch discharges (Outfall 4) to an unnamed tributary south 
N Street that eventually discharges to Nonconnah Creek. A small portion of stormwater
from the western end of FU5 flows via the underground pipe system and is discharged to
Tarrant Branch at Gate 9 (Outfall 5).

Table 6-4 presents the comparison of site soil constituents, their comparison criteria, and the
number of concentrations above the criteria. In the nature and extent of contamination
inveshgation, two inorganic chemicals (arsenic and antimony) were detected slightly above
background levels at the maximum detected concentrations in surface soil (see Table 26-1).
Surface soil also had PAHs in 50 percent of the samples analyzed, mostly along the railroad
tracks. Antimony was detected in 3 of the 7 samples analyzed for this metal, and the highest
detected concentration was 7.4 mg/kg, compared to a background concentration of
7 mg/kg. The highest detected concentration of arsenic was 29 mg/kg compared to a
background value of 20 mg/kg. Table 26-1 lists the COPCs for the FU5 surface soils. Thus,
he inorganic chemicals at this FU could be within the naturally occurring levels. Several of
the samples had residual dieldrin, which was detected across the Main Installation and is
thought to be from historical applications. Subsurface soils had low levels of metals, PAHs,
dieldrin, and VOCs in a few locations. The PAHs and dieldrin were detected at lower
concentrations and lower frequencies than in the surface soil.
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CVOCs detected in the groundwater under Main Installation also were detected in soil
boring samples at Site 78, located west of Building 689. A detailed presentation of the results
of the Site 78 investigation is included in the Screening Sites Letter Reports (CI-t2M HILL,
1998). The samples were collected from underneath concrete adjacent to ~ Street. S ample
SB78B had TCE at different depths ranging between 0.085 and 11 mg/kg. These CVOCs can
be a potential source of groundwater contamination in the area.

Potential Contaminant Migration, Persistence, and Exposure Points: The potential
transport and migration pathways at FU5 are considered to be surface runoff, percolation/
leaching to groundwater, and dust emission/volatilization. These pathways are hkely to
occur mostly in the areas without an impervious cover, which are hmited to the strips of
grass-covered areas around the warehouse buildings. The relevance of each of these
migration pathways for FU5 is discussed in further detail below.

Surface Runoff Pathway: As described above, much of the site is covered by buildings,
asphalt, and concrete-covered roads. There is no distinct slope or gradient at the site, all of
the open areas are grass-covered, and the stormwater is collected into the stormwater
drainage system. For these reasons, surface soil erosion-related runoff from the grassy areas
to off-site is not likely. Stormwater from the site is expected to percolate through grassy
areas, and from paved areas is collected through a stormwater drainage system that
eventually flows to an open drainage ditch in a location south of the Depot. Thus, surface
runoff to adjacent FUs or release to surface water features such as the off-site ditch is not a
pathway of concern for FU5. Historical investigations sampled the open drainage ditches
and found no site-related contamination and no contamination, except for low-level
chlorinated pesticides at concentrations lower than those found in surface soils across the
Depot (CH2M HILL, 1996). The storm drains from the southern part of the Depot eventually
drain to the Nonconnah Creek in the downgradient location (see Figure 2-15).

Air/Dust Emission Pathway: The surface soil COPCs such as PAHs and dieldrin have low
volatility and thus are not readily airborne. However, these could become airborne
whenever activities resulting in dust generation occur in the open areas. The only likely
airborne pathway for the site COPCs is through dust, although to a limited extent. Potential
dust emissions were included in the risk estimations using EPA-recommended dust
emission assumptions (PEF = 1.3 x 109 m3/kg).

The subsurface soils at FU5 had a trace level of 1,2-DCE (0.002 mg/kg) in I of the 31 samples
analyzed for this compound. TCE was detected in 3 of the 31 samples analyzed, with a
maximum concentration of 11 mg/kg at a depth of 16 to 30 ft at Site 78. The potential for
volatilization of TCE from such depths witkun small areas with low concentrations is
considered negligible. Thus, the airborne volatile emission pathway is considered
unimportant at FU5.

Migration to Groundwater Pathway: Leaching to groundwater is not an issue for any of the
surface soil COPCs in FU5, based on their physico-chemical properties, their absence in the
subsurface soil, and regional groundwater. Also, a large part of the surface area is occupied
by paved surfaces, including roadways, which minimizes the potential for leaching.
Considering the time that has elapsed since the releases may have taken place, migration
would have occurred by now. Also, these COPCs tend to sorb to soil and have a low
migration potential (see Table 6-2).
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Subsurface soils at Site 78 had CVOCs. The three detected concentrationg..(ranging from
0.085 to 11 mg/kg) exceeded the groundwater transfer (GWP/SSL) criteria, indicating that
soils in FU5 may be a continuing source of groundwater contamination. The subsurface soil
near Site 78 had TCE at 11 mg/kg (Sample SB78B). Additional samples collected from the
northern end of the concrete pad contained TCE compounds throughout the soil column,
although at lower concentrations. Thus, pavement may limit the percolation-related
leaching; however, slow leaching from gravitational pull could be occurring.

Groundwater: The groundwater underneath FU5 had detectable levels of chlorinated VOC
contamination. Fluvial aquifer groundwater beneath the Depot in general has been affected
by VOCs, primarily PCE and TCE (see Figures 32-2 and 32-3). The groundwater
contamination and the potential source areas for the groundwater contamination were
addressed as part of FU7.

Groundwater from FU5 flows to the center of the Main Installation to a central trough, so
migration beyond the property boundary from FU5 is not a potential pathway. Also,
regional groundwater use patterns are established, with the City of Memphis supplying the
potable water for the area residents and the Depot. As a result, future poten~al exposures
may not be a concern for FU5.

25.2 Fate and Transport for Screening Site 77

The following is a brief summary of the site features that could influence the fate and
transport of the contaminants in the site media. Site 77 is located in Parcel 22, between
Buildings 689 and 690, is situated at the end of 1st Street, and is about 2/3 of an acre. Part of
Site 77 formerly was used as a battery recoupment area. On the basis of this historical use,
constituents most likely to be present at this site are metals, and lead in particular. However,
a TCL/TAL analysis was performed on the surface and subsurface soil samples collected
from this site (CH2M HILL, 1998). Figure 24-2 shows the surface and subsurface soil
sampling locations.

The surface soil COPCs included low levels of arsenic, antimony, PAHs, PCP, and dieldrin.
The detected arsenic, at a maximum concentration of 22.9 mg/kg compared to a
background value of 20 mg/kg, does not indicate a site-specific exceedance. Also, antimony
was detected at a maximum concentration of 7.4 mg/kg compared to a background level of
7 mg/kg. Lead was not a COPC at the site. Thus, there are no inorganic chermcals of
importance for the site.

The subsurface soil included arsenic at a maximum concentration of 17.9 mg/kg compared
to a background value of 17 mg/kg. Copper was detected at a maximum concentration of
33.4 mg/kg compared to a background value of 28.7 mg/kg. No organic chemicals were
detected m the subsurface soil. Thus, site soils have inorganic chemicals at levels similar to
naturally occurring levels and the subsurface soils are free of contamination. The detected
organic chemicals are similar to those detected across the site (e.g., PAHs, PCP, and
dieldrin). Therefore, there is no site-specific source of contamination at Site 77.

The CSM for Site 77 is identical to the one for FU5, and is presented on Figure 26-5. As
indicated in the CSM, the primary release mechanisms typically include historical spills and
storage. No such spills or leaks are apparent at Site 77, because of the lack of contamination
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specific to the battery recoupment activities. The PAHs and PCP detected in site surface
soils could be associated with the railroad tracks and the dieldrin is thought to be from
routine spraying to protect stored materials in the warehouses. Secondary sources of
contamination are the site soils that have PAHs and pesticides.

Contaminants could be transported through surface runoff, suspension of entrained dust
particles, volatilization into ambient air, and infiltration and leaching from soil to shallow
groundwater. Potential off-site migration pathways include surface runoff and dust
emissions.

Surface Runoff Pathway: There are no significant drainage features for Screening Site 77.
The site is located between two large buildings that are connected. The only potential for
surface water flow from the site is via percolation or draining to the stormwater drainage

system (see Figures 2-1 and 2-16). Although COPCs such as PAHs bound to soil particles
have been detected in site soils, off-site migration is not likely. The Depot stormwater from
FU5 is released to the open ditch located in the south of the Depot.

Dust/Air Pathway: Because of the presence of the gravel cover on the surface area at Site 77,
dust generation is not an important emission pathway for COPCs. Potential dust generation
was included in the risk calculations under conservative dust emission assumptions (EPA’s
PEF of 1.32 x 109 m3/kg).

Groundwater Migration Pathway: Potential migration to the subsurface soil is not
indicated at this site because of the absence of surface soil constituents in the deeper soil
column. The detected COPCs are relatively insoluble (see Table 6-2), and therefore, are not
mobile. Leaching to groundwater is not considered a significant migration pathway for this
site because COPCs were not detected in subsurface soil or groundwater. All other
migration pathways are negligible at this site, based on the media monitoring information.
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26.0 Baseline Risk Assessment for FU5

26.1 Human Health Evaluation for FU5
This section presents the baseline RA for FU5. Because FU5 comprises numerous parcels

and sites, a conservative, surrogate approach was implemented to assess potential human
health risks. Exposure units were developed to assess risks across FU5 in lieu of an
individual RA at each of the identified parcels and sites. Three exposure units were
developed for this RA. First, a maintenance worker is assumed to work across the entire
Screemng Site 77. Site 77 is an appropriate surrogate site for FU5 because Site 77 has the
highest concentrations among all the sites m FU5. Finally, a residential receptor is assumed
to be exposed to a 0.5-acre lot represented by the highest PRE data point within FU5.
Figure 26-1 presents the different hypothetical exposure units within FUS. The exposure
unit approach was presented in Section 7.0. The PRE results used as the basis for the
surrogate site and the highest PRE data-point selection are presented in Appendix E.

FU5 is a physically contiguous unit that includes large warehouses within Parcels 16-22 and
34. It includes six screening sites-Sites 70/71, 73, 75, 76, 77, and 78. All railroad tracks across
the base are grouped under Screening Site 70, part of which is also included in FU5. FU5
consists of highly industrialized areas with 10 large warehouses, all of which are in good
working condition. To make the site more accessible for future light industrial and
commercial uses, the Memphzs Depot Redevelopment Plan (The Pathfinders et al., 1997)
proposes to remove two of the large warehouses (Buildings 359 and 559). These areas will
be converted into parking areas and access roads to the remaining warehouses.

The RA was conducted using data collected as part of the BRAC sampling program (from
BRAC Parcels 16-22 and 34), and Screening Sites 73, 75, 76, 77, and 78. There are no RI sites
located within this FU. Data were collected from biased locations within known historical
site activity areas to evaluate maximum possible contamination levels within a site and
parcel. Once a sample was identified as having contamination, the extent of the
contamination was further defined around that sample m the next phase of sampling. In
general, several surface and subsurface soil samples were collected within each site to
evaluate the nature and extent of chemical distributions. A summary of the number of
samples collected and the frequency of detection for the detected chemicals are included m
Tables 26-1 and 26-12.

Screening Site 77 is the surrogate site for FU5. Site 77 was chosen as the surrogate site for
FU5 because it had the highest human health risk ratio during the PRE (see Section 7.1
[Table 7-1] and Appendix E). As presented on Figure 26-1, the surrogate site, Site 77, was
evaluated as an exposure unit for a future industrial worker and a utility worker exposure
in the RA. RGOs were calculated for COPCs, when risks for an industrial worker were
above the upper limit of the acceptable risk range of 10.6 to 10"4 within the FU5 and/or
Site 77 risk estimates. In an attempt to limit the number of quantified exposure scenarios,
relatwe exposure levels were compared (Appendix F), and the most conservative
representative exposure scenario for an industrial setting was used in the risk estimations
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for ~7J5. Also, for the FU5 evaluations, all samples across the FU were used for risk

estimations. The highest risk area was identified by the PRE evaluations (Appendix E), and
the future residential scenario was evaluated for the highest risk sampling point from the
results of the PRE estimations (i.e., SS77C) to calculate the potential exposure at a future
residential lot (assumed to be a 0.5-acre lot).

26.1.1 Selection of COPCs for FU5
As previously stated, data collected from parcels and screening sites were used for this RA
at FU5. The primary media of interest for FU5 are soil (surface and subsurface) and
groundwater. The groundwater underneath the Main Installation was addressed as part of
FU7 (Sections 32.0 through 35.0). The groundwater RA is included in Section 34.0, which
identifies various contamination areas within the groundwater. The southern end of
Plume C, which is a coalesced region of Plumes A and B (see Figure 32-2), is located under
FU5. However, wells with higher levels of contamination are under FU4. Therefore, the
cumulative risks from exposures to groundwater from the center of the plume were added
to the surface media risk estimates for FU4. The COPC selection was based on results from
soil samples collected from the gravel or grass strips along the railroad tracks and from the
grass adjacent to paved roadway areas around the warehouses within FU5. There is no
sediment or surface water within FU5.

The soil samples were analyzed for TCL/TAL compounds in most, but not all, of the
samples. As a result, the number of samples analyzed for various chemical groups differed
for soils. The total number of samples included in this FU-wide RA ranged from 16 to 30 for
surface soil samples and from 14 to 51 for subsurface soil samples. As described further
below, surface soil results were combined with subsurface soil data to select subsurface
COPCs. These data were used to select COPCs to evaluate the industrial worker exposure
under current and future land use scenarios.

A description of the COPC selection methodology was provided in Section 7.0. Chemicals
detected above background values and the RBCs were selected as COPCs for surface and
subsurface soil. A list of COPCs was selected for FU5 by comparing the detected chemical
maximum concentration with background and health-based criteria (RBC), as presented 
Tables 26-1 through 26-3. A list of the human health screening criteria by medium and the
results of the COPC selection screening are provided in Appendix D.

The COPCs were selected separately for the FU-wide RA, Site 77 (surrogate site), and the
single sample point used for the residential RA. COPCs for FU5 surface soil are antimony,
arsenic, PAHs, dieldrin, carbazole, PCP, and 4-Methylphenol. COPCs for FU5 subsurface
soil are antimony, arsenic, cadmium, chromium, copper, manganese, PAHs, dieldrin,
carbazole, PCP, 4-Methylphenol, 1,2-DCE (total), and TCE. However, for a conservative
assessment of risks during excavation type exposures, all the surface soil COPCs also were
included for subsurface soil to account for exposure to the excavated soils from zero- to
10-ft depths by commercial or industrial workers. This scenario represents a conservative
risk analysis for future commercial or industrial worker exposures.

Four PAH constituents from data point SS77C were evaluated as COPCs for residential
exposure-related risk estimations.

26-2
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26.1.2 Exposure Assessment for FU5
The regional land use within a 3-mile radius of the Depot is presented on Figure 2-15. The
exposure units identified within FU5 are presented on Figure 26-1. Historically~ operations
in FU5 included general purpose warehouses for the storage of clothes, miscellaneous
equipment, medical and general supplies, caustic soda, sodium chloride, petroleum product
drums, and batteries. The storage activities at the warehouses were discontinued between
1990 and 1996. Currently, only Buildings 685, 689, and 690 are used (for McAuley’s
Potpourri) in FU5. The future proposed use plan includes future light industrial
storage/distribution types of use for the selected remaining warehouses. Future
redevelopment may include demolition of two of the larger warehouses, removal of
railroad tracks throughout FU5, and new landscaping along the roadways and new parking
areas (The Pathfinders et al., 1997). The environmental samples collected from the media
within this FU were analyzed for a variety of constituents (e.g., TCL/TAL). The following
text presents a CSM for FUS, as well as potentially exposed human receptors within the FU5
under current and future land use scenarios.

26.1.2.1 Conceptual Site Model and Fate and Transport Overview

Figure 26-2 presents the exposure CSM for FU5. Each of the components of a CSM are
discussed below, including the primary and secondary sources of contamination, primary
and secondary release pathways, mechanisms, potential receptors, and routes of exposure.

The primary sources of COPCs in the soil at FU5 are suspected to be historical site
operations involving the storage of various industrial materials and chemicals and
maintenance applications of pesticides and herbicides. As noted in the fate and transport
discussion in Section 6.0, primary release mechanisms include historical spills and leaks
from the storage of chernlcals and the surface application of pesticides, herbicides, and
waste oil. Some of the chemicals detected in the environmental media could be the result of
past railroad operations.

Soils could become secondary sources of contamination. Over time, surface soils could leach

more mobile constituents to subsurface soil and eventually to shallow groundwater, if the
conditions are favorable. "Favorable conditions" can be described as the presence of
shallow groundwater under soils that are very porous, high precipitation conditions, and
the presence of very mobile chemicals. These conditions do not exist at the Main
Installation. The depth to groundwater averages more than 85 ft bgs, with the maximum
depth of 132 ft bgs in the northwestern portion (MW-38) and a minimum depth of more
than 55 ft bgs; surficial soils are clayey and relatively impervious; and there are no highly
mobile organic COPCs. A large part of the FU5 surface area is covered with warehouses,
roadways, and concrete pads, thus reducing surface infiltration of water and the potential
for leaching to groundwater. However, subsurface soil at SB78B (15- to 20-ft depth) has 
TCE concentration of 11 mg/kg, whereas adjacent sample SB78C had PCE at 0.003 mg/kg
(see Figure 32-9). In a sample to the south (SB78A), neither TCE nor any other CVOCs 
detected. Therefore, the soils at Site 78 could potentially be a continuing contributor of
contamination to groundwater.

Additional, generic potential migration pathways for contaminants include suspension of
entrained dust particles and chemical volatilization into ambient air. On the basis of the
characteristics of the COPCs identified at FU5, volatilization is not an important migration
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pathway. No significant concentrations of volatile constituents were identified in the
surface and shallower subsurface soils within FU5. Volatile en~ssions from shallow
groundwater to ambient air within FU5 are expected to be negligible because of the
approximately 50-ft depth to groundwater, the clayey nature of the overlying soils, and the
presence of low levels of groundwater contamination within FU5. Most of the COPCs
identified for soils are naturally occurring inorganic chemicals and semivolatile
constituents. Migration of these chemicals could occur via surface runoff and/or dust-borne
emissions.

There are no surface water bodies or drainage &tches within FU5. Surface water runoff

within FU5 flows in a generally north to south pattern based on surface topography. The
runoff is routed through a stormwater drainage system that discharges into a concrete-lined

drainage ditch at the northeastern comer of the intersection of 3ra Street and N Street. This
ditch ultimately discharges to Nonconnah Creek south of the Depot and south of N Street.
Because of the paved areas across FU5 and limited open areas, runoff is likely to be limited.
Drainage ditches at Sites 51 and 52 and the confluence with the open ditch previously were
sampled to estimate the potential for runoff and were found to have low levels of inorgamc
chemicals and organo-chlorine pesticides such as DDE and DDT. However, these low levels
may have been from direct applicahons to these areas in the past, and the runoff pathway is
not significant from FU5. The releases to Lake Danielson, which had sin~lar constituents,
also were studied as part of this investigation.

Dust emission from the soil areas covered with grass and gravel had been included as
potentially complete exposure pathways¯ Potential releases from surface soil were included
for risk estimations as a complete pathway.

Potential exposure points on-site include areas where human activities and/or ecological
receptor occurrences are likely and could result in physical contact with one or more
contaminated media. Most of the FU is inactive, with human activity limited to the
surrounding outdoor areas and McAuley’s Potpourri. Thus, human activity in this area
currently is limited to maintenance work in the vicinity of the warehouse buildings. In the
future, when the warehouse buildings are leased for light industrml storage and
distribution centers, industrial workers are assumed to be present at FU5. The potential for
direct human exposure depends on the presence of exposed contaminated soil and the
types of activities within the contaminated areas. Direct human exposure is limited by
pavement, gravel, and grass cover (see Figure 2-16). A large portion of the surface area
within FU5 is covered with grass, gravel, concrete, or asphalt pavement, thus lirmtmg the
exposure to soils during maintenance activities. However, for the purposes of this risk
evaluation, exposures were assumed to be unlimited, so dust intakes were included for
quantitation. Future exposures were evaluated assuming unrestricted land use. Exposures
under a future land use are therefore assumed to be maintenance -related work and
industrial and residential activities for the entire FU. Exposure units within FU5 are
presented on Figure 26-1. Soil sample SS77C was collected from a location next to Site 77
along the radroad tracks. The railroad tracks and associated gravel and surface soils are
proposed to be removed before re-use of the facility. Thus, this area and the contamination
conditions will be altered before use in the future. As a result, this evaluation is a worst-case
scenario for future residents. The utility worker can work anywhere in the FU and therefore
can be exposed to the larger exposure unit. However, Site 77 was used as a surrogate,
potential RME site to evaluate both the industrial and utility workers’ exposures. Also, the
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future subsurface exposures are assumed to have the same COPCs as surface soil. These
theoretical assumptions were included to evaluate the site under conservative exposure
assumptions.

On the basis of the good functional condition of the warehouse buildings in the area and
planned re-use activities described in the Memphis Depot Redevelopment Plan (The
Pathfinders et al., 1997), the site is likely to remain industrial. The future land use plans
indicate a need to demolish some of the older buildings to provide for adequate parking
space for future industrial use. Potential exposure routes for the maintenance worker
mclude incidental ingestion and dermal contact with surface soil and inhalation of
particulate emissions via dust from surface soil. Surface runoff is not a concern for FU5,
because of the lack of surface runoff. Given the presence of pavement, concrete, gravel, and
grassy land cover over FUS, dust generation is anticipated to be hmited.

26.1.2.2 Potentially Exposed Population and Identification of Complete Exposure
Pathways

Currently, most warehouses in FU5 are not in use, with the exception of Buildings 685, 689,
and 690. A potentially exposed population under current conditions could be maintenance
workers occasionally cutting grass between the warehouses. Based on the overgrowth of the
grass and weeds observed in some of the areas, the site may not be under a regular
maintenance program. However, if the site is to be re-used, routine maintenance is likely to
occur.

Under foreseeable future conditions, potential receptors could include maintenance
workers, similar to those identified under current land use. The site is not likely to be used
for residential land use because of its physical attributes and historical use; also, site
conditions indicate that some of the warehouses and the surrounding Depot property could
be used for light industrial purposes that would provide economic benefits to the
surrounding community. Therefore, current and future potentially exposed populations are
likely to be industrial workers.

For conservative risk estimation purposes, future workers are assumed to contact soils
around the warehouses routinely on a daily basis, during their entire ED (25 years).

A general description of activities to be performed by a maintenance worker within the
Depot was provided in Section 7.0. On the basis of occupational duties, it is assumed that a
maintenance worker spends half-a-day (4 hours) of an 8-hour workday, once per week
(excluding vacation), 50 days per year for 25 years, cutting grass or weeds in the grass-
covered areas around the warehouses. These are conservative assumptions considering the
small size of the grass- and gravel-covered surface area available for exposure within FU5.
Exposure of these workers is assumed to occur via incidental ingestion of soil (50 mg/day).
The skin surface area accessible for dermal exposure is assumed to include face (1/2 of head
area), hands, and forearms. About 4 hours of the 8-hour maintenance workday is assumed

to be spent in contaminated parts of the grass- and gravel-covered areas of the FU, so half of
the total incidentally ingested soil is assumed to come from the contaminated soil. Thus, the
FI or ET term of the dose estimates is 0.5. The adherence factors used are estimated as
documented in Appendix G. Most of the other exposure factors used are default
assumptions from the Exposure Factors Handbook (EPA, 1997b). Site-specific factors used for
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EFand ED, as discussed above (e.g., ~ workday), are based on best professional judgment.
Exposure factors and the rationale for their selection are included in tables in Appendix G.

As noted previously, future base redevelopment is expected to focus on light industrial and
redistribution center types of warehouse uses, so site activities are expected to remain
industrial. Therefore, future potentially exposed populations are expected to be the same as
the current human receptors for the site. Additional landscaping may increase the area that
requires landscape maintenance work. However, in the interest of conservatism in risk
estimations, it was assumed that the site would be converted to an alternate industrial
facility that requires workers to spend more time on the site, with a higher frequency of
visits to the contaminated soil areas. The railroad tracks and surrounding materials are
proposed to be removed as part of the redevelopment plan for FU5, thus eliminating some
of the highest PAH contaminatior~ areas identified within FU5 (near Site 77). This represents
the RME scenario for industrial land use. Routes of exposure are identical to those for a
maintenance worker, which include incidental ingestion, dermal contact, and inhalation of
dust from surface soils. Future industrial worker exposures were assumed to occur from the
surface soil and from subsurface soil in the event that the Depot undergoes construction or
excavation and subsurface soils become surface soils. Thus, a future industrial worker’s
long-term exposure to subsurface soil was evaluated. Exposure factors used were the
default values for industrial workers from the Exposure Factors Handbook (EPA, 1997b) and
other published sources, as referenced in Appendix G. Under these assumptions, this
hypothetical receptor category would represent the maximum or most conservative degree
of exposure that would be associated with this site.

Selected areas of the Depot and areas within FU5 will be landscaped for aesthetic purposes.
Such land use alterations could expose landscaping workers to surface soil (zero to 2 ft bgs)
via direct contact and inhalation of particulate emissions during future redevelopment
activities. This potential future receptor would be expected to have a short ED (1 year or
less). Because this scenario results in relatively lower exposure levels compared to those of 
maintenance worker, this scenario was not included for quantitation (see Appendix F for
relative exposure comparisons).

On the basis of the Memphis Depot Redevelopment Plan (The Pathfinders et al., 1997), future
residential use of FU5 is highly unlikely. A hypothetical future residential receptor was
evaluated in this RA for comparison purposes only. There are no residents within the Main
Installation under current land use conditions. The southeastern portion of FU6 includes
residential housing from the period when the Depot was in operation. However, this
housing is not currently used. In the future, these residential units may be used by the City
for alternatives such as shelters. Currently, the nearest residential areas in the vicinity of
FU5 are to the south across Ball Road. The only potentially complete exposure pathway for
off-site residents is the inhalation of particulate emissions (dust) from surface soil. Because
the routine activities involving dust generation are limited and on-site dust is likely to
attenuate with travel distance, off-site exposures through dust inhalation are lower than
those of an assumed on-site resident. Thus, the inhalation pathway for a hypothetical future
on-site resident is compared with potential off-site dust exposures m the risk
characterization subsection below..
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The area east of FU5 is occupied by a golf course (Parcel 3), which will remain a golf course
and could be opened for public use. FU5 is separated from off-site areas by a barbed-wire
fence and the road. Thus, casual trespassing onto the site is not a possible scenano.

Table 26-4 summarizes potential current and future exposure pathways for FU5 and
identifies the pathways that were evaluated quantitatively m this RA. As discussed above,
the receptors selected represent the higher exposures of all of the potentially exposed
receptors in the area under current and future land use conditions. Thus, the selected
receptors were conservatively protective of the all other relatively lower exposure
populations. Appendix F compares each potential receptor to the selected representative
exposure scenarios to ensure that selected exposure scenarios are protective against all
potential current and future exposures. Under these assumed conditions for exposure under
current and future land use, the receptor groups that were considered in denying estimates
of exposures and health risks for FU5 were as follows:

¯ Current on-site maintenance worker;
¯ Hypothetical future on-site commercial or industrial worker; and
¯ Hypothetical future on-site resident-adult and child (for comparison purposes only)

The EPCs were the estimated UCL 95% concentrations for surface and subsurface soils.
EPCs for a maintenance worker and a future industrial worker are either the UCL 95%
estimates or maximum detected concentrations for the COPCs detected in the surface soft.
Some COPCs defaulted to the maximum detected concentrations even when sample s~ze
was above 10 (n=,>10) because of data distributions that do not fit normal or lognormal
distribution curves, or where variance in the lognormal distribution was so great that the
calculated UCL 95% exceeded the maximum detected value. Thus, most of the
concentrations are conservative estimates of the potential EPCs. The EPCs for subsurface
soil for the UCL 95% were estimated by combining samples collected from zero- to 10-ft
depths (assuming future soil conditions if surface and subsurface soils are mixed during
construction and excavation actiwties). A description of the UCL 95% calculation ~s
provided in Appendix H.

The EPCs for the future residential scenario are the maximum PRE sampling location
concentrations for all chemicals detected in that particular sample (e.g., SS77C). The
estimated EPCs are listed in Tables 26-5 through 26-7. The dose (intake) was estimated for
each of the complete exposure pathways (see Appendix I).

26.1.3 Toxicity Assessment for FU6
Table 26-8 presents the toxicity factors for COPCs and the WoE classifications for each.
Detailed information regarding the basis for toxicity classification and the uncertainty
associated with the listed toxicity factors based on the EPA toxicity database are listed in the
master toxicity tables in Section 7.0, Tables 7-7 and 7-8.

Oral CSFs are available for dieldrin, individual PAHs, PCP, TCE, methylene chloride, and
arsenic. An inhalation CSF is available for the same constituents, with the exception of
carbazole and PCP, and the addition of cadmium and chromium. The individual CSFs for
the PAHs were derived using the TEF compared to the BaP CSF. TEF values are provided m
Table 7-9.
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Oral RfD values are available for antimony, arsenic, cadmium, chromium, copper,
manganese, dieldrin, 4-Methylphenol, PCP, methylene chloride, and TCE. Inhalation Rfl9
values are available for chromium, manganese, mercury, and methylene chloride. Oral
toxicity factors were adjusted by the gastrointestinal ABSc~ factors for comparisons with
dermal intake estimates. These values are provided in Table 7-10. EPA RAGS guidance
recommends a discussion of chemicals without toxicity factors. All of the COPCs identified
had toxicity criteria.

26.1.4 Risk Characterization for FU5
The methodology used for the risk and HI calculations is described in Section 7.0, and risk
and HI calculations are included in Appendix I. The carcinogenic risks and noncarcinogenic
HI results from Appendix I are summarized in Table 26-9. A set of histograms of the risks
and His is presented on Figures 26-3 and 26-4. FU5 was evaluated as one exposure unit.
Workers and residents were assumed to have uniform exposures, and the EPCs were
assumed to be present over the entire surface area of the FU. These are conservative
assumptions, because most soil is covered by gravel, pavement, or warehouse buildings
(see Figures 2-16 and 24-1), thus restricting direct contact with soil.

The ELCR from surface soil to a maintenance worker from FU5 is estimated at 4 x 10-6,

because of BaP. The carcinogenic risks are within the acceptable range of I to 100 in one
million (10-6 to 10-4). The noncarcinogenic HI for the maintenance worker is estimated 
0.006, below the target value of 1.0. Both carcinogenic and noncarcinogenic risk estimates
are within the acceptable limits. Thus, maintenance worker exposure to the site soils is not a
health concern, given that the risks and His are within acceptable limits.

The estimated ELCR to an industrial worker from surface soil is 3 x 10-5, and subsurface soil
rmxed with surface soil presents an ELCR of I x 10"S, both of which are within the
acceptable risk limit range of 10-6 to 10-4. Cancer risks were due to arsenic, dieldrin, and
PAHs (especially BaP) for both surface and subsurface soil estimates. The noncarcinogenlc
hazards from surface soil and from the soil column (surface and subsurface together) are
0.05 and 0.07, respectively, both of which are below 1.0. Thus, the FU5 soils do not pose a
health threat to future industrial workers, despite the conservative exposure assumptions
used.

The single point (SS77C) specific risk estimate for the residential receptor resulted in 
ELCR of 4 x 10-4. Cancer risks were above the upper limit of the acceptable risk range of
10-6 to 104 because of arsenic and PAHs. Noncarcinogenic hazards were below the standard

of 1.0 for both adult and child receptors (0.07 and 0.7, respectively). This worst-case scenario
is included as a hypothetical conservative evaluation scenario, although the site is unlikely
to be used for residential purposes. The dust inhalation pathway for an on-site hypothetical
resident resulted in a risk estimate of 2.3 x 10.9 (see Appendix I, Table I16-4b), which 
below I in a million. When extrapolating thrs value to an off-site resident who is likely to
receive average concentrations of the attenuated dust, the risks are likely to be much lower.
Thus, there are no health concerns for off-site residents from exposures to on-site
contamination at FU5.

There are no present groundwater exposures for these receptors. None are likely in the
foreseeable future because of the established water use patterns and the fact that users are
provided with water from a public water supply system. The groundwater underneath FU5
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has low levels of chlorinated solvents (PCE and TCE) resulting from plumes originating 
the southeastern and southwestern portions of FU5. The centers of th~se three organic
contamination plumes are not under FUS. Flume descriptions and migration potentials are
described in Section 32.0 and 33.0, respectively. A risk evaluation for the groundwater
contamination under FU5 is presented in Section 34.0.

The site-specific risk evaluations under current land use conditions do not present excess
risks. Future potential use of FU5 for industrial purposes also does not pose a human health
risk concern. A future residential scenario indicated unacceptable risks because of the
presence of PAHs (Table 26-9). The risks are mainly from PAHs in the sample collected
from the railroad track area. These PAHs are likely to be eliminated as part of the future
redevelopment.

Because the industrial worker scenarios evaluated did not exceed the acceptable risk and HI
criteria, RGOs were not developed for FU5.

26.1.4.1 Uncertainty Analysis

Section 7.0 and Table 7-11 introduce the general concepts and sources of uncertainty in RA
at a given site. The following are some of the major points pertaining to FU5.

Constituents of Potential Concern. Data were collected from 1996 to 1998. Many of the
COPCs, such as PAHs and metals, also were detected in background soils. Several of the
PAHs were detected at higher concentrations along the railroad tracks and adjacent
warehouses within FUS. Site operations at several of the sites did not involve PAHs as
potential source constituents. Pesticides and the PCB Aroclor-1260 were not used in the
storage-related operations, but were applied during routine maintenance of the storage
facilities. Likewise, site-wide data statistical evaluations indicated that the contaminants
were similarly distributed in the background samples. Some of the inorgamc COPCs were
selected based on their exceedances of the GWP criteria. These chemicals are not a direct
exposure concern. However, their inclusion contributes to the conservatism of the risk
estimation.

A certain level of uncertainty is expected in the sampling design across the FU, because
biased sampling was performed in the areas with suspected site-related activities. Selected
sampling locations are conservatively biased. Because parcels were divided based on
historical nonhazardous waste-related use, only few samples were collected. However,
contaminated areas were further investigated to evaluate the nature and extent of the
contamination, thus reducing the uncertainty.

Subsurface soil organic COPCs are the same as surface soil COPCs, although most of the
organic chemicals within FU5 were not detected in soils below a depth of 1 ft. In this RA,
surface soils were defined as those from zero to 2 ft, whereas deeper soil was evaluated
from zero to 10 ft. EPA Region IV typically defines a surface soil as being in the zero- to 1-ft
range. The original work plan proposed using samples within a zero- to 2-ft interval as
surface soil. However, most of the surface soil samples were collected at intervals ranging
from zero to 0.5 ft or zero to I ft. Thus, there is little uncertainty associated with the surface
soil sampling. Appendix P provides the data with the sample depths.

Exposure Assessment. There are no human receptors in FU5 under current conditions,
except occasional maintenance workers cutting back overgrowth. Most of the area within

46t
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FU5 is paved or grass-covered. Some of the samples collected were from paved areas, which
were assumed to be readily available for exposure. This site is highly unlikely to be used for
residential purposes without significant structural changes to the existing warehouse
buildings. The railroad tracks from around the warehouses are hkely to be removed. Future
land use considerations for the Depot include various small industrial uses; thus, land use is
likely to remain industrial/commercial. Under future land use, also, indoor warehouse
workers are rarely in contact with the grass strips around the warehouses. Much of the
direct exposure is limited because of the presence of paved roads and walkways around the
buildings. Utility and future industrial worker exposure to subsurface soil that could
become surface soil through excavation activities is a conservative risk estimation scenario.

Most of the quantitative exposure values such as EF and ED are assumed values, and the
true likely exposure of a receptor is not known. Most of the uncertainty within RAs is
attributable to this exposure quantitation step.

Also, because of the presence of chlorinated solvents, exposure to groundwater under FU4
could occur if this aquifer were tapped for industrial or potable use. The City of Memphis
requires permits to install wells in any aquifer, and the shallow aquifer probably will not be
permitted for use, so such future use is unlikely.

Toxicity Assessment. The toxicity criteria used are those recommended by EPA through the
toxicity databases; therefore, the uncertainty associated with this section is predeterrmned
by the methods used and the studies selected by EPA in calculating these toxicity factors.
EPA has classified the cancer potential of the carcinogenic chemicals into groups from A
through E, where chemicals with direct evidence of human cancers are sncluded in Group
A, and those with no evidence are included in E. EPA has proposed changing this
classification system.

The quantitative UFs associated with reference doses are included in the master toxicity
factors tables (Tables 7-7 and 7-8). Some of the primary sources of uncertainty are listed
here. Most of the toxacity factors are based on studses from animals extrapolated to humans
using arbitrary assumptions (e.g. UF, or MF), which introduces a major uncertainty. 
extrapolating from carcinogenic dose to estimate slope factor, no threshold for toxicity is
assumed. Some of the metal toxicity factors are based on evidence of toxicity from
occupational exposures (e.g., chromium) involving a high level of exposures to fumes and
airborne particles. These data may have limited applicability in cases of much lower
environmental exposures.

Significant uncertainty also is expected from using the PAH slope factors, which used
experimental animal data for the carcinogenicity assessments. Other human carcinogenicity
evidence is from exposures to occupational exposures. However, the presence of PAHs in
the environmental media, being exposed to sunlight and other environmental weathering
processes, could alter the bioavailability and the toxicity of these compounds.

Risk Characterization. As noted previously, the risks and hazards estimated in this
assessment are conservative. Several scenarios were evaluated to simulate possible
alternative future land uses for FU5. The fact that samples were collected from biased
locations within suspected past activity and spill areas near warehouses adds to the
conservatism of the estimates. Thus, the areas represented by each sample in the combined
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assessment at the FU5 level represent the areas of highest contamination within the site and
FU.

Surrogate site and the worst-case sample-based exposure unit selection, EPC calculations,
and risk evaluations to a hypothetical future resident and future industrial and utility
workers are highly uncertain, and assumptions are conservative based on the sampling
results, which indicated that contamination is not widespread in areas where the maximum
concentrations were detected.

26.1.4.2 Remedial Goal Options

No quantitative RGOs were calculated for any of the surface media for industrial exposure
at the site.

Exposure of a worker under current land use conditions did not result in excessive risks
associated with the soils and other surface media. The estimations of industrial worker
exposure also were within the acceptable risk limits. However, there were some risks at the
acceptable boundaries for residential exposure, primarily from four of the PAH
constituents. There are no human health protection-based ARARs for soils. Thus, no
quantitative RGOs were included for FU5 because of the lack of unacceptable risks and His.
The groundwater in the area is addressed as part of the groundwater FU (Section 34.0). The
subsurface soil at one location within Site 78 indicates the presence of CVOCs at
concentrations that could leach to groundwater. The site groundwater currently is not used
within the Depot. Shallow groundwater does not qualify for potable use. The low-level
chlorinated solvent plume under FU5 in the shallow aquifer and the potential source areas
for the groundwater contamination in subsurface soil (see Figure 33-1b) are addressed 
part of FU7 (see Sections 32.0 and 35.0).

463

26.2 Environmental Evaluation for FU5

26.2.1 Introduction
An ERA was conducted at FU5, the Newer Warehouses area in the south-central portion of
the Main Installation, to evaluate whether contaminants detected in surface soil potentially
pose adverse ecological effects to terrestrial receptors. FU5 is an entirely industrialized area
containing a few mowed grass strips adjacent to the warehouses that provide little, if any,
ecological habitat for plants or animals. This FU also is expected to remain an industrial
area in the future. EPA ERA guidance (EPA, 1997d) recommends a screening level ERA for
risk management decisions. Although mowed grass strips along the existing warehouses in
FU5 do not provide a significant habitat, a screening level ERA was initiated to aid in risk
management decisions.

This ERA was conducted in accordance with the Ecological Risk Assessment Guidance for
Superfund: Process for Designing and Conducting Ecological Risk Assessments (Process
Document)(EPA, 1997d). Steps 1, 2, and 3 of the EPA ERA model were completed, as
summarized in Section 7.8.
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26.2.2 Step 1: Screening Level Problem Formulation and Effects Evaluation
This is the initial step m the ERA and includes all of the elements of a problem formulation
and ecological effects analysis, but on a screening level. The results of this step support the
exposure estimates and risk calculation in Step 2.

26.2,2.1 Environmental Setting and Contaminants at the Site

The environmental setting at the Depot is described in Section 2.0. An ecological assessment
checklist was completed as described in the Process Document (EPA, 1997d) and is provided
in Appendix S. Site characteristics most relevant to the ERA are discussed here.

FU5 is an entirely industrial area located in the south-central portion of the Main
Installation, and consists of about 10 large warehouses with interspersed roadways and
railroad tracks. The limited groundcover consists predominantly of paved roadways and
strips of infrequently mowed grass along the warehouses¯ The industrial land use of this FU
is expected to remain unchanged into the foreseeable future¯

Potential ecological habitat is limited to narrow maintained grassed areas along the edges of
warehouses and roadways. There are a few small landscape trees or shrubs in the grassed
areas, and there are no on-site aquatic habitats (e.g., ponds or ditches). Potentially occurring
plants are limited to a low diversity of landscape grass and other weed species. Potentially
occurring wildlife may include tolerant birds such as sparrows, rock doves, grackles, and
mockingbirds, and small mammals such as mice, rats, and shrews. There are no wetlands,
and no state or federally listed or proposed endangered or threatened species are known to
inhabit the area of the site (TDEC, 1996; USFWS, 1996; and Appendix T). Overall, the
limited ecological habitat is highly disturbed and of poor quahty.

Land use in the immediate vicinity of the site consists of industrial areas associated with the
Main Installation. A residential community is located to the south, beyond the fenced
property boundary (Figure 2-15). Stormwater flow is directed primarily into a system 
stormwater ditches that ultimately discharge at Outfall 4 and into Nonconnah Creek

Surface soft was the only medium sampled at FU5 to which terrestrial ecological receptors
could be exposed and is, therefore, the only medium evaluated in this ERA. A list of surface
soil COPCs at this FU is provided in Section 26.1.1.

26.2.2.2 Contaminant Fate and Transport

An overview of contaminant fate and transport of chemicals detected at FU5 is provided in
Section 25.0 and is not repeated here.

26.2.2.3 Complete Exposure Pathways

For a pathway to be complete, a contaminant must travel from the source medium or media
to an ecological receptor and be taken up by the receptor via one or more exposure routes¯
Although ecological habitats are minimal to non-existent at FU5, a conservative assumption
was made that a potentially complete exposure pathway may exist for direct contact of
terrestrial plants and invertebrates with contaminants detected in surface soil. There are no
other potentially complete exposure pathways at this site.
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26.2.2.4 Assessment and Measurement Endpoints ,"

Assessment endpoints are expressions of the environmental value(s) to be protected. The
assessment endpoint for FU5 is to sustain soil quality and to achieve COPC concentrations
that are below adverse effect thresholds for plants and soil invertebrates. Measurernent
endpoints are measurable ecological characteristics of the assessment endpoint. In this
screening level evaluation, the measurement endpoint is the ratio of surface soil maximum
concentrations to conservative screening level soil benchmarks. An exceedance of soil
COPC concentrations compared to the benchmarks would be a "measure" of a potential
effect. If an exceedance occurs, it can be inferred that a possible adverse effect may occur to
exposed ecological receptors.

26.2.2.5 Screening Level Ecological Effects Evaluation

Conservative thresholds for adverse ecological effects, or screening ecotoxicity values, were
used for contaminants detected in surface soil. These values were determined as follows:

¯ Surface Soil: the soil ecological screening values are those recommended by EPA
Region IV (1998). The EPA values were obtained from a variety of sources, including the
USFWS, the ORNL, the Canadian Council of Ministers of the Environment, the
Netherlands Ministry of Housing, and the RIVM.

The screening soil ecotoxicity values are provided in Table 7-14.

26.2.2.6 Uncertainty Assessment

Uncertainty is inherent in each step of the ERA. The following text presents major factors
contributing to uncertainty in this assessment.

EPCs were assumed to be maximum soil concentrations. This is a highly conservative
assumption that may overestimate risk. Under this assumption, the receptor spends
100 percent of its life cycle at the highest concentration area; although this can be true for
plants, most terrestrial wildlife receptors are mobile and can be exposed to the complete
range of soil concentrations.

The soil criteria used were obtained from various sources in the literature and may not be
representative of actual site conditions. Exposure pathways to terrestrial plants and animals
were assumed to be potentially complete, even though the maintained grass habitats do not
provide suitable habitat in this industrial setting.

26.2.3 Step 2: Screening Level Exposure Estimate and Risk Calculation
This step includes estimating exposure levels and screening for ecological risks as the last
two phases of the screening level ERA. At the end of Step 2, an SMDP will be made to
evaluate whether ecological risks are negligible or whether further evaluation is warranted.

26.2.3.1 Screening Level Exposure Estimate

The maximum concentration of all chemicals detected in surface soil at FU5 was used as the
EPC for estimating risk to directly exposed terrestrial organisms.

465
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26.2.3.2 Screening Level Risk Characterization

The quantitative screening level risk estimate was conducted using the HQ approach. This
approach divides the EPCs (maximum detected soil value) by the soil screening ecotoxiclty
values.

Table 26-10 summarizes the results of the surface soil screemng level risk calculations. This
table provides information regarding the FOD, range of detection, selected soil criteria, and
HQs based on a comparison of the maximum concentration to the criteria. An I-IQ less than
1.0 indicates that the contaminant is unlikely to cause adverse effects and is therefore not
considered further in the ERA. Contaminants with HQs greater than or equal to 1.0, or
contaminants for which criteria were not available, were identified as COPCs and were
carried forward to Step 3.

A total of 14 inorganic and 32 organic compounds were identified as COPCs in surface soil
No screening criteria were available for 7 of the organic compounds.

26.2.3.3 Scientific Management Decision Point

The Step 2 screening information indicates a potential for adverse ecological effects, and a
more thorough assessment is warranted. The identified COPCs are to be carried forward to
Step 3.

26.2.4 Step 3: Baseline Risk Assessment Problem Formulation
Step 3 refines the problem formulation developed in the screening level assessment. In this
step, the results of the screening level assessment and additional site-specific reformation
are used to assess the scope and goals of the baseline ERA.

26.2.4.1 Refinement of COPCs

In Steps I and 2, conservative assumptions were used. As a result, some of the COPCs were
retained for Step 3, although they may pose only negligible risk. Therefore, in this first
phase of Step 3, the assumptions used were further evaluated and other site-specific
information was considered to refine the list of COPCs. In this refinement phase, the
revised assumptions and site-specific considerations used were as follows:

¯ Arithmetic average contaminant concentrations were considered, along with maximum
concentrations when a comparison to the benchmarks was conducted;

¯ Arithmetic average and maximum values were compared to background
concentrations;

¯ Contaminant concentrations were compared to background values;

¯ The FOD was considered; and

¯ Less conservative (secondary) soil screening values were considered in addition to the
more conservative (primary) screening values used in Step 

The secondary benchmarks described above were identified to provide a less conservat|ve
benchmark for comparison with site contarmnant exposure concentrations. The secondary
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benchmark selection process focused on identifying the next highest benchmark value
among the soil literature references used by EPA Region IV. This was a stepwise process in
which the first set of toxicological benchmarks considered was from two ORNL studies
(Efroymson et al., 1997). These studies established separate screening benchmarks for soil
microorganisms, earthworms, and plants. A secondary screening value was chosen from
these three data sets that was the next highest value above the primary EPA Region IV
screening value. If no values were available, the selection process proceeded to the
Netherlands values (MHSPE, 1994). In addition, if the selected value from ORNL was found
to be greater than the highest Netherlands value, then the ORNL value was relected and the
process moved forward to the Netherlands values as a conservative measure.

The Netherlands values included optimum values and action values. When this set of data
was considered, the next highest value above the primary EPA Region IV screening value
was selected as a secondary benchmark. If a value was not available, the process proceeded
to a final set of data as compiled by the USFWS (Beyer, 1990). The values in this data set
represent Dutch background, moderate contamination, and cleanup values. As stated
above, the next highest value above the primary EPA Region IV screening value was
selected as a secondary benchmark.

In ad&tion, the conservative ecological exposure pathways used in Step 2 were reevaluated
based on actual site conditions. All this information provides WoE to evaluate which, if any,
contaminants should be recommended for further evaluation in a baseline ERA.

The results of the Step 2 refinement of the COPCs list are summarized in Table 26-11. This
table presents the maximum and average EPCs, background concentrations, primary and
secondary surface soil screening criteria, range of HQs and backgr6und comparisons, and
FOD.

The WoE is presented in Table 26-11 for one inorganic and many organic COPCs. These
included selenium, dieldrin, and several PAHs. These are contaminants for which all HQs
were at or above 1.0and that also were above background in all comparisons. Many of the
contaminants could be removed from further consideration as a result of some HQs being
near or less than 1.0, being less than background, or having an FOD at 5 percent or below.
Surface soil criteria for a total of 6 contaminants were not available for comparison, so HQs
could not be determined; however, 3 of these contaminants were compared to available
background concentrations.

The key consideration in this refinement step is the lack of ecological exposure pathways at
FU5. As previously discussed, the screening process in Steps I and 2 was conducted as a
conservative measure, given that EPA guidance recommends minimal or no risk
management considerations in a screening level ERA. FU5 is enhrely an industrial area, and
this land use is expected to continue into the future. The on-site habitat is limited to small,
mowed grassy strips adjacent to warehouses and roadways. There are no on-site or near-
site natural habitats that could support sigmficant populations of terrestrial wildlife. The
effects are expected to be negligible because complete exposure pathways are not present
and are not expected to be present in the foreseeable future.

26.2.4.2 Scientific Management Decision Point

Although several COPCs were identified in the refinement phase of Step 3 as potentially
causing adverse ecological effects, the lack of complete ecolog:cal exposure pathways at
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FU5 indicates that current and future ecological impacts are negligible. Therefore, no
further assessment of ecological risk to contaminants at FU5 is warranted.

26.3 Human Health Evaluation for Screening Site 77
Screening Site 77 was selected as the surrogate site for FU5 because it resulted in the highest
human health risk ratio during the PRE (Appendix E). This site had the highest calculated
PRE risk and HI ratios, primarily because of the presence of PAHs in surface soils at this

site.

Site 77, located in Parcel 22, is situated at the end of the L Street and is about 2/3 of an acre.
Part of Site 77 was formerly used as a battery recharge area. Residues from overfilled
batteries were historically washed out the adjacent door to the ground behind Building 685.
On the basis of this historical use, the most likely constituents expected to be present at this
site are metals, lead in particular. However, a TCL/TAL analysis was performed on the
surface and subsurface soil samples collected from this site (CH2M HILL, 1998c).

26.3.1.1 Selection of COPCs for Screening Site 77

Nine surface soil (zero to I ft deep) samples were included for the analysis of metals and
SVOCs, and six samples were analyzed for pesticides and VOCs at Site 77. The maximum
detected chemical concentration within this data group was compared against background
concentrations and the RBCs for direct exposure, as well as against the GWP concentrations

(SSLs). There were a total of 13 samples of subsurface soil (greater than 1 to 10 ft) included
for the RA.

The COPC selection indicated that surface soils at the site had antimony, arsenic, copper,
dieldrin, PCP, and PAHs that exceeded the background levels and comparison criteria
(Table 26-12). The PRE indicated PAHs as the primary risk drivers in surface soil
(Appendix E). In the deep soil samples group for utility worker exposure evaluations, soils
from zero to 10 ft are included. The subsurface soils (greater than I ft to water) (Table 26-13)
had arsemc and copper that were selected as COPCs. However, the chemicals selected as
COPCs for subsurface soil include all compounds that were selected as COPCs for surface
soil. This approach ensures conservatism in the risk estimations for the site.

26.3.1.2 Exposure Assessment for Screening Site 77

Figure 24-1 depicts the site and its relative location within FUb. Site 77 is located between
warehouse Buildings 689 and 690, at the end of L Street. The site was used as the recharge
area for the used batteries. The site is located at an open gravel covered area on northern
and southern sides of the street between the buildings, and is about 2/3 of an acre. A

railroad track runs along the northern edge of the site along the southern edge of
warehouse Building 689. Future redevelopment actions may remove these railroad tracks
and maintain the warehouses as storage and distribution centers. Figure 26-5 presents the

exposure CSM for Site 77.

26-16
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26.3.1.3 Potentially Exposed Human Population and Identification of Potentially Complete

Exposure Pathways

The Depot (including the Site 77 area) has been inactive since its closure. There are no 
potentially exposed populations under current conditions specific to this site, except for /:
McAuley’s Potpourri in Buildings 685, 689, and 690. Maintenance workers for the Depot "
involved in weed control in the gravel area and other maintenance-related activities could "
be present for limited periods of time. Maintenance worker exposure at Site 77 was not
quantitatively evaluated because of the small area of the site. A maintenance worker
exposure scenario was quantified for FUb, including Site 77 data. Other potential receptors
evaluated qualitatively for surface soil exposure at this site were landscapers.

Potentially exposed populations under future land use are unknown at this time. On the
basis of the Memphis Depot Redevelopment Plan (The Pathfinders et al., 1997), it is likely that
Site 77 will be used in the future for light industrial or commercial operations. Under such a
scenario, likely future receptors are also site workers. Future residential use of this s,te *s
highly unlikely, because of the site’s central location within an industrial facility.
Hypothetical future residential exposures were evaluated for the worst-case scenario for
FUb; a separate evaluation for Site 77, therefore, was not required. Also, the highest
detected concentration point selected for the residential scenario evaluation is located
within Site 77. A detailed list of exposure factors and the rationale for their selection are
included in tables in Appendix G.

Subsurface soils were evaluated for direct exposure of a future utility worker and an
industrial worker. These scenarios were based on the assumption that, in the future, if the
contaminated subsurface soil (zero to 10 ft bgs) is disturbed (e.g., for installation or
maintenance of underground utilities), exposure could become a complete pathway
Exposures were assumed to occur to a utility worker, and an industrial worker through
incidental ingestion, inhalation, and dermal contact. A summary of exposure pathways for
Site 77 is included in Table 26-14.

A UCL 95% concentration was estimated for the EPC for surface soil (zero to I ft) and
subsurface (zero to 10 ft) data for the COPCs identified. The EPC defaulted to the maximum
detected concentrations for both the organic and inorganic COPCs in surface and
subsurface soils, possibly because of the high level of the maximum detected concentration
and the relatively small sample size. These values are listed in Tables 26-15 and 26-16, and
the estimation methodology is described in Appendix H. The dose (intake) was estimated
for each of the complete exposure pathways. The dose estimates are included m Appendix I.

Toxicity Assessment for Screening Site 77. The COPCs for Site 77 are a subset of those
previously listed in the FU5 RA section (Section 26.1.1). Table 26-8 includes the carcinogemc
and noncarcinogenic toxicity factors, and the WoE classification for the carcinogens for the
COPCs identified at Site 77.

Risk Characterization for Screening Site 77. The carcinogenic risks and noncarcinogenic His
are summarized in Table 26-17. A set of histograms of risks and His for the industrml land
use is included on Figures 26-6 and 26-7. The ELCRs and His were estimated for a future
industrial worker and utility worker. The carcinogenic risks for industrial worker exposures
to the Site 77 surface soil resulted in estimated risks of 7 x 10-S and a noncarcinogemc HI of
0.05. The majority of the carcinogenic risks are from arsenic and PAHs. Deeper soil risks

468
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and hazards are identical to or less than those for surface soil, because these include surface
soils and represent carcinogenic COPCs in shallow soils. Risk drivers also were identical.
Because deep soils include surface and subsurface soils, the risks are not additive. Thus,
total risks are the higher of the two sets of risks estimated for the industrial worker. This
worker scenario conservatively assumes a full workday exposure, 250 days per year, for an
exposure period of 25 years. The resulting risks are at the upper limit for cancer risks of I to
100 in one million and below the accepted HI of 1.0. Thus, the overall Site 77 soils do not
pose a health threat to future industrial workers.

Exposures of a utility worker assume that surface and subsurface soil are mixed during
excavation. Exposure to the utility worker resulted in an ELCR of I x 10-s and a
noncarcinogenie HI of 0.005, because of BaP. Both carcinogenic and noncarcinogenic health
risks are within the acceptable limits of 10-6 to 10-* and 1.0, respectively. Thus, excavation-
types of activities do not pose a health threat to these site workers.

Uncertainties associated with this RA are similar to those listed in the FU5 RA section
(Section 26.1.4). RGOs were not calculated for the industrial worker at Site 77 because risks
were not exceeded above the acceptable limits for the carcinogens or noncarcinogens.
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TABLE 26-4
Summary of Exposure Pathways to be Quantified at FU5
Memphis Depot Main installation RI

Potentially Exposed Exposure Route, Medium, and Pathway Selected Reason for Selection or
Population Exposure Point for Evaluation? Exclusion

Current Land Use

OnSlta Maintenance Inmdental ingest=on, dermal contact, Yes Occaslonat maintenance work is
Worker and dust inhalation from the surface assumed to involve a worker

sods. spending time in the contaminated
soil.

487

Future Land Use

Onslta Industeal Worker

Onslte Utility Worker

Ons=te Landscaper

Hypothetical Future
Onslte Residential

Incidental ingestion, dermal contact,
and dust inhalation from the surface
soils

Incidental ingestion, dermal contact,
and dust mhalabon from the
subsurface soils (O to 10 feet below
ground surface)

Incidental ingestion, dermal contact,
and dust mhalabon from the sudace
soils

Incidental ingestion, dermal contact,
and dust inhalation from the surface
soils.

Yes

No

No

Yes

Hypothetical future reasonable
mayJmum exposure scenano for
future workers

A hypothetical future utility worker
installing or maintaining
underground ubhbes [s assumed to
be exposed to contaminated
subsurface soft Thin ~s evaluated
as part of the surrogate site
exposure unit

Landscaper exposure to surface
sod would be short exposure
durabon (less than one year)
dunng property redevelopment
Maintenance worker exposure
assumptions are protective of
landscaper

Evaluated for companson
purposes only.
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TABLE 26-7

Exposure Point Concentrations for FU5, Stetlon SS77C - Surface Soil (0-2 feet)
Memphis Depot Main Installatmn RI

Parameter EPC (mg/kg)

BENZO(a)ANTHRACENE

8ENZO(a) PYRENE

BENZO(b)FLUORANTHENE

INDENO(1,2,3-c,d)PYRENE

26

26
26

17

Notes
Data evaluated include normal samples only

Field duplicates have been dropped from risk evaluation

EPC values represent the maxlmnum PRE sample within Functtonal Unit 5 at location SS77C

487 477
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TABLE 26-9
Carcinogenic Risks and Noncar~nogenlc Hazards of FU5
Memphis Depot Mmn Installation RI

Exposure Scenarios Exposure Pathways Total ELCR Total HI Chemicals of Concern
Industrial Worker

Maintenance Worker

Surface Sod (6-2ft) 3E-05 0 05 Arsemc, Dteldnn, PAHs
Sod Column (0-1 Oft)~ 1E-05 0 07 Arsemc, Dle/dnn, BaP

Total~ 3E-05 0.05 ]Arsemct Dieldrinr PAHs ]

Surface Sod (0-2ft)~ 4E-06 0 006 Benzo(a)pyrene
Total 4E~6 0.006 [Benzo(a~pyrene I

4E-04 NIA pAHs

Total 4E-04 N/A
IPAHs I

Sod point exposure at SS77C 3E-04 N/A PAHs

Total 3E.04 N/A
.LPAHs J

Residential Adult (age-adjusted)

Soil point exposure at SS77C

Residential Child=

Notes

Residential receptors have been included for companson purposes only
Sod Column includes surface and subsurface sod, therefore cannot be combined with surface sod nsks

2 Total Risks presented/s the higher of surface and subsurface sods

3 Carcmogemc risks for chdd scenano are optional evaluations & may not have been evaluated for aft media.

N/A = no toxicity factors available for these COPCs

BaP = Benzo(a)pyrene

PAHs = Po]ynuclear aromatic h~/drocarbons

ATU147543/Sect~on 26 Tables?FU5 newtbls ~ls/tabte 26-9 26-27
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486487
TABLE 26-14
Summary of Exposure Pathways to be Quantified at Screemng Site 77
Memphis Depot Main/nstal/ation RI

Potentially Exposed
Population

Current Land Use
Onslte Maintenance
Worker

Exposure Route, Medium, and
Exposure Point

Incidental ingestion, dermal contact,
and dust inhalation from the surface

solls.

Pathway
Selected for
Evaluation?

No

Reason for Selection or
Exclusion

Occasional maintenance
work is assumed to involve

a worker spending time in
the contaminated soil

Future Land Use
Onsite Industrial Worker Incidental ingestion, dermal contact,

and dust mhalabon from the surface
soils.

Yes Hypothetical future
reasonable maximum
exposure scenario for
future workers

Ons~te Utd~ty Worker Incidental ingestion, dermal contact,
and dust inhalation from the
subsurface soils (0-10’ bgs)

Yes A hypothetical future utility
worker instalhng or
maintaining underground
utilities is assumed to be
exposed to contaminated
subsurface soil

Onslte Landscaper

Hypothetical Future
Onsite Residential

Incidental ingestion, dermal contact,
and dust mhalabon from the surface
soils

Incidental ingestion, dermal contact,
and dust inhalation from the surface
sods.

No

No

Landscaper exposure to
surface soil would be
shorter exposure duration
(less than 1 year) dunng
property redevelopment
Mamtenance worker
exposure assumptions are
protective of landscaper.

Evaluated for companson
purposes only.
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1.E-06

Ma

EXpOsure Pathways

O Total ELCR (accepted range of 10-4 to 10-6)

Note’
ELCR = Estimated Lifetime Cancer Risk
ELCR is dimensionless

2972__48 (1/27/00)

FIGURE 26-3
TOTAL EXCESS LIFETIME CANCER RISKS
FOR TOTAL SOIL EXPOSURE AT FUNCTIONAL UNIT 5
MEMPHIS DEPOT MAIN INSTALLATION RI
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EXpOsure Pathways Maint

[] Total HI (threshold of 1.0)

Note
HI = Hazard Index
HI ~s d~mens~onless

2972__49 (1/27/00)

FIGURE 26-4
TOTAL HAZARD INDICES FOR TOTAL
SOIL EXPOSURE AT FUNCTIONAL UNIT 5
MEMPHIS DEPOT MAIN INSTALLATION RI
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Ind

EXposure Pathways Utihty

[] Total ELCR (accepted range of 1E-4 to 1E-6)

Note
ELCR = Eshmated L~fettme Cancer Rfsk
ELCR ts dimensionless

¯ 2972__50 (1/27/00)

FIGURE 26-6
TOTAL EXCESS LIFETIME CANCER RISKS
FOR SOIL EXPOSURE AT SITE 77
MEMPHIS DEPOT MAIN INSTALLATION RI j

CH2MHILL 2~9



487 500

THIS PAGE INTENTIONALLY LEFT BLANK.

26-50



487 501

0.1

-7
"o

o

Q.

0.01

0.001

EXpOsure Pathways

[] Total HI (threshold of 1.0)

Note.
HI = Hazard Index
HI rs dlmens=onless

~ 2972 51 (1/27/0(])

FIGURE 26-7
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Summary and Conclusions for FU5

27.1 Summary

27.1.1 Nature and Extent of Contamination
Data were collected for surface and subsurface soil to assess the nature and extent of
contamination within FU5.

27.1.1.1 Soil

Metals, PAHs (and several other SVOCs), pesticides, dioxms, and VOCs were detected 
the soils across FUS. Some of these contaminants were detected at concentrations above
background values in areas that may have contributed to contamination, based on past
operations. These areas include the following:

¯ Screening Site 75-unknown wastes near Building 689;
¯ Screening Site 76-unknown wastes near Building 690;
¯ Screening Site 77-unknown wastes near Buildings 689 and 690; and
¯ Screening Site 78-alcohol, acetone, toluene, naphtha, and hydrofluoric acid spill

(Building 689).

Most elevated concentrations in FU5 related to SVOCs, pesticides, dioxlns, and VOCs were
detected in the surface soils. Concentrations of contaminants detected m the subsurface soil
were generally below (or near) background values.

Metals. The primary metals of concern (those with detected concentrations routinely above
the background value) were arsenic, total chromium, copper, lead, mckel, and zinc. These
constituents exceed background values in surface soil at a number of areas throughout FU5.

Elevated arsenic concentrations were located primarily at Screening Site 78 for both surface
and subsurface soil samples. Arsenic is present in low concentrations throughout the Depot,
probably because of site-wide pesticide application and natural soil conditions. Half of the
elevated chromium surface concentrations and nearly one third of the elevated subsurface
concentrations were observed in Screening Site 76.

Elevated lead concentrations were located primarily in the surface soil at Screening Site 77
and in the subsurface soil at Screemng Site 78. These sites (77 and 78) also were the only
areas affected by elevated copper concentrations. Nickel concentrations in both the surface
and subsurface soils were dispersed throughout FU5.

The distributed metals of concern (those with detected concentrations infrequently above
the background value) were antimony, beryllium, cadmium, manganese, and selenium
Naturally occurring metals (those associated with natural soil conditions with detected
concentrations infrequently above the background value) in FU5 were identified as calcium
and potassium. Aluminum, barium, cobalt, iron, magnesium, and vanadium were not
detected in concentrations above background values.

ATI_\ 147543~C URRE NTTEXT~ECTIO N 27 DOC 27-1
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With the exception of elevated total chromium concentrations in the surface and subsurface
soil at Screening Site 76, elevated metal concentrations in surface soil exceeding background
levels were detected in samples from Screening Sites 77 and 78.

Subsurface soil samples do not indicate downward migration of metals within FU5.

Pesticides, A total of six pesticides were detected in the surface soil samples at FU5: alpha-

chlordane, DDT, DDE, DDD, dieldrin, and gamma-chlordane. The three general areas
affected in FU5 are Screening Sites 75, 76, and 77 (all associated with Buildings 689 and 690).
DDT and dieldrin each exceeded background values in five samples, and alpha-chlordane
exceeded the background value in six samples.

Pesticides were analyzed for in 13 subsurface soil samples. DDE, DDT, and dieldrin were
each detected once, with the DDE concentration exceeding the background value. The
concentrations were found in sample TEC91A.

Pesticides have not been detected in groundwater samples taken across the Main
Installation, so the transfer of pesticides to groundwater from subsurface soil contarrunatlon
is not evident. The GWP values for DDT and DDE were not exceeded. The dieldrin
concentration exceeded the GWP value of 0.004 mg/kg, but was still below the background
value.

SVOCs. PAH compounds were the primary SVOCs of concern in the surface soil at FU5.
PAHs were detected throughout the Main Installation, with the highest concentrations in

proximity to the railroad tracks. PAH compounds can originate from the seepage of creosote
from raltroad ties, from historical railcar leaks, or from PCP/used oil mixtures such as those
historically applied for weed control along the tracks. Twenty-two surface soil samples
contained detectable concentrations of total PAHs located primarily in Screening Sites 75
and 77.

It has not been established that the elevated PAH concentrations result entirely from
hazardous waste operations or emissions associated with transport in and out of the
buildings. PAH concentrations at Sites 57 and 65 (both m FU1) are considered outliers
relative to the distribution of PAH concentrations across the Main Installation. On the basis
of these outliers, the elevated concentrations may result from hazardous material handling
at these locations.

PAHs were not detected frequently in the subsurface soil samples. Six concentrations were
detected in the 32 samples analyzed. None of the detected concentrations were detected
below 6 ft.

VOCs, The majority of the surface and subsurface soil sampling results for VOCs within FU5
indicate no detected concentrations or no detected concentrations above background.
However, there were three VOCs with concentrations detected above background in the
surface soil within FU5:

¯ MEK was detected five times, all at elevated concentrations, throughout the FU;

¯ Toluene was detected above the background value at sample TEC91A, at the
northwestern corner of Building 670; and

27-2 ATL %147543~CURRENTrEXT~$ECTION27 DOC
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¯ Carbon disulfide was detected at 0.037 mg/kg at BRAC sample point A(20.6), between
Building 489 and Building 490.

Volatilization at the surface probably led to the finding that detected concentrations of

VOCs in subsurface soils were not always colocated with elevated surface soil ,"~
concentrations. The subsurface soil areas with VOCs are identified below: ./"

2-Hexanone, benzene, bromomethane, carbon dilsulfide, ethyl benzene, toluene, and
total xylenes were not detected in any subsurface soil sample within FU5, yet each was
noted in at least one surface sample;

Chlorobenzene, PCE, total 1,2-Dichloroethene, TCE, and methylene chloride were
detected in the subsurface soil at FU5, but not the surface soil; and

The area around Screening Site 78 had two samples with TCE and PCE concentrations
underneath the concrete pad. One of the TCE concentrations at 11 mg/kg in boring
SB78B (18 to 20 ft) could be a potential continuing source for low level groundwater
contamination. This aspect is further evaluated in the FU7 sections (Sections 32.0
through 35.0).

Dioxins and Furans, Dibenzofuran was the only dioxin detected in FU5. The surface soil was
sampled 21 times, with 3 concentrations exceeding the background value of 0.647 mg/kg
The subsurface soil was sampled 32 times, with no concentrations of dibenzofuran detected.

27.1.1.2 Sediment

No sediment samples were taken m FU5 because there are no surface water bodies or
drainage ditches present.

27.1.2 Fate and Transport

27.1.2.1 Migration Pathways

FU5 is an entirely industrialized area, covered mostly with coarse gravel, some grass, paved
roads, railroad tracks, and large warehouses (closed) (see Figures 24-1 and 2-16). Potential
pathways for migration at FU5 are surface runoff, leaching, and dust emission. Because of
the ground cover, significant leaching and volatilization are not anticipated.

Surface runoff migrates from roads, grassy strips, and concrete- or gravel-covered areas
around the warehouse buildings and the grassy areas located near the FU boundaries.
Leaching may occur in the open contaminated areas because of the percolation of rainwater,
and dust emissions may be generated from the grass- and gravel-covered areas if soils are
disturbed within FU5. However, dust emissions are relatively minor because they are likely

to be associated with grass-cutting types of activities within grass- and gravel-covered areas
rather than in the paved areas within FU5.

There are no drainage ditches or bodies of water within FU5. The surface is relatively flat
with a slight slope to the north. Surface water runoff within FU5 flows to the south and
discharges to an open drainage ditch in FU2. The stormwater from this area eventually
flows to the Nonconnah Creek.

ATL \147543~CURRENTrEXT\SECT]ON27 DOC 27-3
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27.1.2.2 Contaminant Persistence and Migration

Metals, PAHs, and pesticides were the most frequently detected contaminants at FU5.
Metals are persistent in the environment and are naturally occurring. Emissions of metals to
the ambient air would be in the form of particulate emissions. PAHs are not very volatile
and are likely to degrade with time because of exposures to sunlight and air. The pesticides
degrade slowly; thus, they are expected to remain bound to the soil and are likely to be
released through dust.

The surface runoff pathway is not important because of the lack of significant flow through
surface drainage features within this FU. Runoff within FU5 is routed to stormwater
drainage systems and discharged to a concrete-lined drainage ditch, which extends into FU2
and ultimately discharges into Nonconnah Creek. Low levels of arsenic, antimony, PAHs,

and pesticides that are COPCs for FU5 were detected in samples collected from Screening
Sites 75, 77, and 78 and Parcel 20. Off-site migration is not considered a significant concern
for FU5.

Leaching from surface soil contamination migration to groundwater is a potential pathway
at Screening Site 78, because the TCE concentrations in the deeper soils above shallow
groundwater exceeded the leachability criteria. Regional groundwater has CVOCs, which
are addressed as part of the groundwater FU.

27.1.3 Risk Assessment

27,1.3.1 Summery and Conclusions of Risk Assessment for FU5

The human health RA for FU5 included all of the data collected within this physical unit
The primary conclusions of this RA are as follows:

¯ The following chemicals were detected in surface soils above background and RBC
values and therefore were included as COPCs: antimony, arsenic, PAHs, dieldrin,
carbazole, PCP, and 4-Methylphenol;

¯ Antimony, arsenic, cadmium, chromium, copper, manganese, PAHs, dieldrin, carbazole,
PCP, 4-Methylphenol, 1,2-DCE (total), and TCE were detected in the subsurface soils
above the background and RBC values. For the evaluation of the exposures to a soil
column (zero to 10 ft), the COPCs detected in the surface soft were used in addition 
subsurface soil COPCs to account for potential future mixing of surface and subsurface
softs during excavations;

¯ Overall human health risks and noncarcinogenic hazards to workers in FU5 are within
acceptable risk limits. Potential risks from the surrogate site (Screening Site 77) are
negligible for the industrial and utility workers. The identified COPCs for Screening
Site 77 are a subset of those found in FU5. Overall risks to various receptors were within
acceptable levels, considering that assumptions are overly conservative; and

¯ Overall human health noncarcinogenic hazards to residents in FU5 also are within
acceptable risk limits. The carcinogenic risks under a hypothetical residential scenario
estimated for a single data point were above the upper-bound acceptable limits for
carcinogenic risk of the I in 10,000 (10-4) level, primarily from the arsenic and PAHs
detected in the sample. The sample was collected from Screening Site 77, adjacent to
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Building 689. Overall risks to residential receptors were acceptable, considering that the
assumptions are overly conservative and industrial land use is expected to ’continue in
this area.

273.3.2 Summary and Conclusions of Ecological Risk Assessment for FU5

A screening level ERA was conducted for the entire FU5 to evaluate the extent to which
contaminant concentrations could adversely affect ecological receptors¯ Although the
ecological habitat at FU5 is limited to a few maintained grassed areas, the ERA was
conducted in accordance with EPA guidance, which recommends little or no risk
management input in the screening assessment. The screening assessment (Steps I and 2)
identified a number of COPCs for consideration in Step 3. The refinement process in Step 3
reduced the number of preliminary COPCs; however, further consideration of site-specific
ecological exposure pathways indicated that current and future exposure pathways at this
site are incomplete. There is adequate information to conclude that the ecological risk at FU5
is negligible, and there is no need for remediation based on ecological risk.

27.1.3.3 Summary and Conclusions for Screening Site 77

The conclusions specific to the surrogate site RA performed at Screening Site 77 are
presented below:

¯ Screening Site 77 was selected as the surrogate site to represent the potential RME areas
within FU5, based on the results of the PRE presented m Section 7.0;

¯ A human health RA was conducted for this site because it was assigned the highest
human health risk ratio during the PRE An ERA was not conducted at this site because
it is an industrial site and not a suitable habitat for terrestrial receptors;

¯ Surface soil samples indicated the presence of antimony, arsenic, copper, dieldrin, PCP,
and PAHs above screening criteria and/or background values; these were selected as
COPCs. Arsenic and copper were selected in subsurface soil based on the exceedance of
background or criteria values;

¯ Deep soil risk evaluations included the soil column from the surface to a 10-ft depth¯
Nine surface soil (zero to I ft) and 13 deeper samples (greater than I to 10 ft) 
included in this data set. The COPCs for the evaluation of the soil column included those
selected for surface soil;

Risks and noncarcinogenic hazards estimated for workers under various exposure
scenarios represent risks within the I to 100 in one mdlion range (10.6 to 10"4) and His
below a target value of 1.0;

The total risks are represented by the higher of the surface and deeper soil risk
eshmates; and

¯ Screening Site 77 does not pose a significant human health concern for future industrial
land use at FU5, even under high-end exposure assumptions¯
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27.2 Conclusions

27.2.1 Data Limitations and Recommendations for Future Work
The nature and extent of the chemical constituents in surface and subsurface soil have been

defmed both vertically and horizontally in FU5. In general, surface soil samples with
concentrations attributable to source areas within FU5 were surrounded by sampling
locations that had concentrations more representative of background levels.

The subsurface soils at most of the screening sites were investigated. Similarly, subsurface
soil samples with elevated concentrations generally were located in borings that contained
deeper samples with concentrations below background values. The CVOCs detected near
Screening Site 78 may need further investigation as part of the groundwater source area
identification.

27.2.2 Recommended Remedial Action Objectives

As shown in the baseline RA detailed m Section 26.0, overall human health risks and
noncarcinogenic hazards associated with exposure to soil and sediment are within
acceptable risk limits. Groundwater risks are further discussed in Section 34.0. No
additional soil remedial actions are recommended for FU5.
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28.0 Nature and Extent of Contamination at
FU6

This section addresses the nature and extent of contamination within FU6, the
Administrative and Residential Areas of the Main Installation. The subsections below

provide a description of how FU6 was defined, discuss the probable sources of
contamination that exist within FU6, and ~dentify the nature and extent of contamination at
FU6 by identifying the distribution and location of widespread contaminants in the surface
and subsurface soil and in the sediment in FU6. Groundwater contamination beneath the FU
is addressed in Section 32.0.

As described in the following subsections, FU6 contains CERCLA sites identified in the
original RI activihes prior to 1990, as well as screening sites and TEC sites idenhfied by
CH2M HILL. These sites were investigated as possible sources of contaminant releases to
the environment. Areas not associated with a specific site were sampled as part of the BRAC
characterization program. This section discusses the nature and extent of contamination
within the entire FU area by evaluating the combined CERCLA and BRAC data.

28.1 Functional Unit Background

28.1.1 FU6 Description
FU6 is the Administrative and Residential Areas, consisting of BRAC Parcels 1, 2, 4, and 5
(see Figure 1-1). As discussed in Section 1.1, FU6 was established based on similar
operational activities in the far eastern portion of the Main Installation, which included
buddings for residences and administrative activities.

28.1.2 FU6 History
Most of the land cover within FU6 consists of asphalt parking areas and a few
administrative buildings. There is also some grass cover within FU6 in the residential area.
The eastern portion of this FU contains Gate 1, which provides an entrance into the Main
Installation directly off of Airways Boulevard.

The administrative area faces Airways Boulevard and consists of two major buildings built
in the early 1940s, waiting shelters, and sentry gates. The largest building is the
t3,500-square-ft administrative building (Building 144). South of the administrative area 
the residential housing area, where residential housing and detached garages were built in
1948. The houses remain residential, but the detached garages have been used for
automotive storage and maintenance.

Numerous buildings behind the southern parking lot are used primarily for maintenance
and automotive activities¯ Achwhes include those associated with vehicle maintenance
shops, service station, vehicle storage and maintenance, heating fuel storage, a vehicle
grease rack, and a gas stahon. This FU also includes a former building location used for
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storing and mixing pesticides and herbicides. Other miscellaneous building uses include a
thrift shop, former pro shop, and facility installation services building.

28.2 Summary of Remedial Investigations at FU6

28.2.1 Historical Remedial Investigations
Initial sampling of surface soil occurred at FU6 as part of the 1990 RI conducted by Law
Environmental (Law Environmental, 1990a). Two surface soil samples were collected at 
Site 48 (Former PCB Transformer Storage Area) and ILl Site 58 (Pad 267) in areas where

spills may have occurred. General types of chemicals detected at these sites during the 1990
Law Environmental investigation included PAHs and pesticides.

28.2.2 Summary of Key Findings from Past Remedial Investigations
The results of the surface soil sample data collected during the 1990 RI investigation
indicated the following:

¯ The soil was contaminated with PAHs and peshcldes; and

¯ Although RI Site 48 was a former PCB Transformer Storage Area, no PCBs were
detected.

On the basis of the fate and transport analysis, the peshcides and PAHs were determined to
be relatively immobile, and it was concluded that these compounds were detected at
locations near their original sources of contamination-in grassy areas (pesticides) and from
asphalt (PAHs).

The extent of contamination from the constituents detected was not defined by Law
Environmental. Results from the 1990 Law Environmental RI were used to evaluate

potenhal problem areas within FU6 and to provide the basis for additional sampling.
Additional sampling was conducted for areas where data gaps existed and where sampling
and analyses were required to characterize the nature and extent of contaminants from past
activities of the site.

28.2.3 Current Remedial Investigations
The RI and screening sites within this FU initially were investigated by CH2M HILL from

December 1996 through January 1997. At that time, the surface soil was sampled to assess
the nature and horizontal extent of contamination at these sites, and the subsurface soil was
sampled at most of these sites to assess the vertical extent of contamination. A single BRAC
sediment sample was collected from the sump located beneath a floor drain toward the
southern end of Building 251 and another single BRAC sediment sample was collected from
the sump located beneath a floor drain toward the eastern side of Building 265. No surface
water bodies exist at FU6, so no surface water data were collected.
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Additional investigations of RI and screening sites were conducted from September 1998
through October 1998. Additional surface and subsurface soil sample data were needed to
accomplish the following:

¯ Further characterize the nature and extent of contamination;

¯ Collect a sufficient number of data points to perform an RA;

¯ Confirm the absence of contamination at some screening sites based on initial (1996-
1997) screening results;

¯ Assess the extent of groundwater contamination; and

¯ Collect feasibility samples where remedial activities are likely.

No additional sampling of dieldrin in the grassy areas surrounding the administration
buildings was proposed. There are 23 surface soil samples within FU6 analyzed for dieldrin.
The maximum concentration over this area is 0.73 ppm with an average of 0.18 ppm.
Although not discussed in the RI report, there are two background samples taken along the
eastern perimeter of the Main Installation: BS05 off the southeastern corner and BS06 off the
northeastern comer of the Administration Building. The results of these samples are within
the range observed throughout FU6; 0.11 and 0.36 ppm, respectively. Because the
apphcation mode of dieldrin should not have changed across this area of the Depot, it is
reasonable to accept the consistency in dieldrin concentration across FU6 and the
administrative area as demonstrated by these perimeter background samples. Therefore the
risks to industrial (10"5) and maintenance workers (10"6) is applicable to the administrative
area.

The sites investigated within FU6 and the sampling rationale for each site are presented in
Table 28-1. Figure 28-1 shows the location of these sites. The basis for the 1996 sampling
rationale was the same for each site identified at the time: (1) to collect soil samples that
were representative of site conditions; (2) to compare the detected concentrations 
background and screening levels; and (3) to develop appropriate recommendations. The
1998 sampling rationale was developed based on the recommendations from the 1996-1997
sampling event. Information regarding specific activities that occurred at the FU6 sites is
discussed in Section 28.3.

28.3 Potential Sources of Contamination
Because hazardous materials were handled and stored at a few buildings within FU6, there

was the potential for spills of hazardous materials to soil surrounding the buildings.
Furthermore, soil may have been contaminated with pesticides or petroleum products from
the vehicle maintenance and servicmg activities. Other areas of concern within FU6 (and
also throughout the Main Installation) include releases associated with transport along
railroad tracks and pesticide/herbicide applications in grassy areas. The following
paragraphs provide a description of operations that have taken place at these sites, plus
other areas of concern within FU6.
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28.3.1 Former PCB Transformer Storage Area (RI Site 48)
R[ Site 48 was the former storage location of at least two electrical transformers. The

transformers were discovered during the Installation Assessment conducted in March 1981
(U.S. Army Toxic and Hazardous Materials Agency, July 1982). Tests of the fluid from the
transformers indicated less than 50 ppm of PCBs. This is the current location of Building 274
("J" Street Cafeteria), which measures 13,500 square ft and was constructed in 1989 after
transformer storage had ceased. The August 1997 BCT approved the early removal of
surface soils at this site, which was completed in 1998 (Memphis Depot Caretaker, 1998).

Two surface soil samples (SS30 and SS31) were collected at this site during the 1990 RI (Law
Environmental, 1990). In these samples, PAHs and pesticides were detected, but there were
no PCB concentrations detected.

28.3.2 Pad 267 (RI Site 58)
RI Site 58-Pad 267 refers to the area that was formerly the site of Bmlding T-267, the
Pesticide Shop. This 150-ft by 200-ft building previously was located north of the current
Building 274. The building was demolished in 1987 and the area is now a paved parking lot.

Budding T-267 formerly was used for the storage and mixing of pesticides and herbicides
that were applied to the Depot grounds by Depot Entomology Division personnel. The shop
is believed to have operated from the 1940s until the mid-1980s.

The Installation Assessment (U.S. Army Toxic and Hazardous Materials Agency, 1982)
documented that rinse water from pesticide and herbicide spraying operations was
disposed of on the ground near the facility until 1980. The specific location where rinse
water was disposed of is unknown. After that time, the rinse water was held for the mixing
of later batches. Past pesticide and herbicide spray operations at the Depot generally
included 2,4-Dichlorophenoxyacetlc acid (2,4-D) on grassy areas, Monuron on railroad track
areas, pyrethrum in textile warehouses, Hy-Var-X in gravel areas, and phostoxin (aluminum
phosphide) for stack and transit fumigation (USATHMA, 1982).

28.3.3 POL Building 253 (Screening Site 66)
This vehicle maintenance shop, measuring approximately 50 ft by 125 ft, was located in the

facility engineering maintenance yard. The shop has been demolished. Operations at
Building 253 consisted mainly of motor pool services (minor maintenance, oil changes,

steam cleaning, cold-solvent degreasing, washing, and lubrication). Additionally, 
5,000-gaUon UST containing No. 4 fuel oil was installed at this site in 1952 and was removed
in July 1996.

During the RI (CH2M HILL, May 1997), one surface soil and three soil boring locations were
sampled. Three biased soil borings were used to evaluate whether potential contaminants
exist at the site, and samples were collected to 40 ft. A boring depth of 40 ft was selected
because of releases that may have occurred from the UST previously located at the site.

28.3.4 Installation Gas Station, Building 257 (Screening Site 67)
Since 1942, fuel dispensIng and storage have been ongoing at Building 257 (Screening

Site 67). Antifreeze also has been stored in this building. The four original steel USTs,
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installed in 1942 and 1951, were removed in 1986 (three tanks, two 12,000- and one
20,000-gallon tank) and in ]989 (one 2,580-gallon tank) and replaced with 18,000- 
20,000-gallon fiberglass tanks. All tanks stored gasoline (leaded and unleaded).
Additionally, two formerly actwe 1,000-gallon ASTs, one for gasoline and one for diesel,
were located at this site (Woodward-Clyde, 1996), but are now inactive and have been
moved during construction of the main entrance corridor (Personal Communication,
Denise Cooper, 2000).

Building 257 was east of Building 359 at the intersection of G and 2nd Streets, but has been
demolished.

According to the Remedial Investzgation at DDMT, Final Report (Law Environmental, 1990),
one surface soil sample (SS25) taken west of Building 257 indicated the presence of PAHs,
dieldrin, and metals (see Table B-7 and Figure 4-17 in the Screening Sites F~eld Sampling Plan,
CH2M HILL, September 1995e). These sample locations were chosen based on previous
sampling results and fuel-dispensing activities conducted at vehicle fueling areas and UST
filling areas within the site.

Two 40-ft borings and additional surface soil samples were taken as part of this RI.

28.3.5 POL Building 263 (Screening Site 68)
Building 263 has been used as an attendants’ room for the dispensing of POL to vehicles
since the 1940s. The site is located 500 ft southwest of Gate I and west of Building 260.
Building 263 measures approximately 20 ft by 40 ft and is surrounded by a large expanse of
asphalt pavement.

The site historically was used to store small containers of POLs. These materials were

dispensed to the POL staff and were not used in the Building 263 area. There is little
potential for contamination resulting from past practices at this site because the materials
were stored inside, the building is surrounded by asphalt pavement, and no releases are
known to have occurred.

28.3.6 All Grassed Areas (Screening Site 73)
Grassed areas throughout the Main Installation were treated as one screening site during
the investigation. The historical application of pesticides such as dieldrin on grassy areas
was cause to consider areas as a potential source of contamination.

28.3.7 BRAC Parcels
Environmental sampling was performed at BRAC property parcels to assess if the property
was suitable for transfer or lease Sampling was conducted to assess whether chemicals
existed in the surface and subsurface soils in concentrations that might present a concern for
industrial, an din some portions of the Main Installation, residential uses.

517
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28.4 Nature and Extent of Soil and Subsurface Soil
Contamination

To characterize the nature and extent of contaminants within FU6, surface and subsurface
soil samples were collected and analyzed for VOCs, SVOCs, total metals, PAHs, petroleum
hydrocarbons, organochlorine pesticides, herbicides, and PCBs. Figure 28-2 shows the
sample locations for FU6, and Table 28-2 lists the parameters analyzed for at each site.
Appendix Q provides a list of all detected parameters in the surface and subsurface soil
samples collected at FU6 and compares them to screening and background values. The
nature and extent of the contaminants detected above background values at the FU are
discussed below.

28.4.1 Nature and Extent of Metal Contamination
Several metals were detected throughout FU6 at concentrations above background values.
The results of the analyses are presented in Table 28-3. The metals that exceeded
background values were divided into three categories based on the number of sample
concentrations that exceeded background values and the relative importance of the metal as
a potential contaminant. Each metal that exceeded a background value was classified as a
primary metal of concern, a distributed metal, or a naturally occurring metal:

¯ Primary metals of concern were those detected above background values m some
samples and may indicate a release from source areas in FU6;

¯ Distributed metals were those detected above background values in a relatively small
and insignificant number of samples; and

¯ Naturally occurring metals were those associated with the natural soil conditions that
were detected above background levels.

A fourth category of metals was those that were detected frequently, but never above
background values. These metals are briefly discussed in Section 28.4.1.4.

28.4.1.1 Primary Metals of Concern

On the basis of the results of the surface and subsurface soil sampling, lead, copper, and
selenium were designated as the primary metals of concern throughout FU6. The soil
samples that exceeded the background values for these constituents are shown on
Figures 28-3 through 28-6. These constituents were designated as primary metals of concern
primarily because they exceeded background levels in a number of areas throughout FU6.

Lead. Of the 13 surface soil samples analyzed for lead (including 2 duplicates), 6 samples
contained lead concentrations that exceeded the background value of 30 mg/kg. As shown
on F:gure 28-3, the elevated lead values were concentrated in the southwestern corner of the
FU, near Building 257 (Screening Site 67), Building 253 (Screening Site 66), and Pad 267 
Site 58). The highest exceedance was found at SB58B, in the zero- to 1-ft interval, at 
concentration of 136 mg/kg. One other exceedance, 67.1J mg/kg m SS66A, was more than
twice the background value of 30 mg/kg.
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None of the lead concentrations in the 14 subsurface samples (taken,to depths of 40 ft)
exceeded the background value of 23.9 mg/kg. Detected values ranged from 4 to
19.3 mg/kg.

Overall, lead was detected in concentrations above background values in surface soil in one

main area of the FU-the southwestern corner. However, lead does not appear to be leaching
to the subsurface, because no subsurface samples contained lead concentrations that
exceeded 23.9 mg/kg.

Copper, Copper concentrations in 5 of the 13 surface soil samples, including 2 duplicates,
exceeded the background value of 33.5 mg/kg. As shown on Figure 28-4, four of the five
elevated copper values were concentrated near Building 257 (Screening Site 67). The highest
detected concentration (50.7 mg/kg) was also detected in SS67B. None of the 13 copper
concentrations exceeded twice the background limit.

Of the 14 subsurface soil samples analyzed for copper, only one contained copper
concentrations that exceeded the background value of 32.7 mg/kg. The elevated copper
concentration was found in the 8- to 10-ft depth of SB67B, at a level of 33.9 mg/kg. The
copper concentrations in the other borings m FU6 at that depth interval ranged from 8.8 to
11.9 mg/kg. Copper concentrations with depth show no clear pattern and with the one
exception described above, did not exceed background values.

Copper concentrations that exceeded the background value were concentrated near
Building 257 (Screening Site 67). However, these concentrations were relatively low. 
addition, elevated copper concentrations appeared only once in the subsurface.

Selenium. Selenium concentrations in 2 of the 13 surface soil samples, including 2 duplicates,
exceeded the background value of 0.8 mg/kg. The elevated selenium concentrations of

0.89 mg/kg (at SB58A) and 0.86 mg/kg (at SB68C) are just slightly above the background
concentrations of 0.8 mg/kg for surface soils.

All detected concentrations of selenium in the subsurface exceeded background values. Five
of the 14 subsurface soil samples contained selenium concentrations that exceeded the
background value of 0.6 mg/kg. Four of the 5 elevated selenium concentrations were found
at Pad 267 (RI Site 58), as shown on Figures 28-5 and 28-6, ranging from 1.2 to 1.7 mg/kg,
while the fifth exceedance (1 mg/kg) was found at Site 68, at a depth of 8 to 10 ft.

Selenium was barely elevated in the two surface locations (Screening Site 68 and RI Site 58)
at which subsurface concentrations exceeded background values. These locations are
colocated in the west-central part of FU6. Subsurface soil concentrations of selenium
exceeded background values more than surface soil concentrations.

28.4.1.2 Distributed Metals

Nickel, chromium, zinc, and arsenic were detected at concentrations that exceeded
background values. However, the elevated concentrations of these constituents occurred
infrequently (see Table 28-3) and were widely dispersed. As a result, the elevated
concentrations of these constituents were not considered indicative of a release from a
source area in FU6 and these constituents were classified as distributed metals.
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Nickel. Four nickel concentrations, including 2 duplicates, exceeded the background value of
30 mg/kg in the 13 surface soil samples analyzed for nickel at FU6. The two sample
locations with exceedances were SS67A and SB67A, with the values of 37.8 mg/kg at SS67A
and 41.1 mg/kg at SB67A. However, these nickel concentrations did not significantly exceed
the background limit, and were not greater than two times the background value of
30 mg/kg.

One of 13 subsurface soil samples contained nickel concentrations that exceeded the
background value of 36.6 mg/kg. The elevated nickel concentration (41.7 mg/kg) was
detected in a sample from the 8- to 10-ft interval of SB67B.

Building 257 (Screening Site 67) is the only location in FU6 with nickel exceedances. The
nickel concentrations in both the surface and subsurface do not significantly exceed the
background values.

Zinc. Four of the 13 surface soil samples analyzed for zinc, including I duplicate, contained a
zinc concentration that exceeded the background value of 126 mg/kg. The elevated zinc

values were concentrated near Building 253 (Screening Site 66) and Building 257 (Screening
Site 67). The highest zinc concentration of 541J was found at SS66A, to the northwest of
Building 253. The remaining 3 exceedances were barely above background values, with the
highest being 193 mg/kg at SS67B.

Zinc was detected in all 14 subsurface samples for which it was analyzed, but no
concentrations exceeded the background value of 114 mg/kg.

Overall, shghtly elevated zinc concentrations were observed in the surface soil only at
Screening Site 66 and Screening Site 67 in this FU. However, zinc was not detected above the
background value in the subsurface.

Chromium. Three total chromium concentrations, including I duplicate, exceeded the
background value of 24.8 mg/kg m the 13 surface soil samples analyzed for chromium at
FU6. The chromium concentrations that exceeded the background value were detected in
samples collected from SS67A and SB67A. Concentrations were barely above the
background value, with the highest value of 27.2 mg/kg occurring at SS67A. The detected
concentrations ranged from 11.3 mg/kg to 27.2 mg/kg.

Chromium concentrations in 3 of the 14 subsurface soil samples barely exceeded the
background value of 26.4 mg/kg. The elevated chromium concentrations were found only
at Screening Site 67 (Building 257) and were located in or above the 6- to 10-ft interval. 
SB67B, elevated chromium values were found in both the 3- to 5-ft interval (26.7 mg/kg)
and in the 8- to 10-ft interval (27 4 mg/kg); both concentrations were barely above the
background value. In SB67A, only the 4- to 6-ft interval had an exceedance above the
background value (27.6 mg/kg). No chromium concentrations exceeded the background
value at a depth greater than 18 ft.

Chromium was present in surface and subsurface soil samples at concentrations that barely
exceeded the background value. These exceedances occurred only near Building 257
(Screening Site 67).
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Arsenic. Thirteen surface soil samples, including 2 duplicates, were analyzed for,arsenic in
FU6. Each sample contained a detected concentration of arsenic, although SS67A was the
only location with a concentration above the background value of 20 mg/kg. SS67A
contained a concentration of 29.2 mg/kg. The remaining locations contained concentrations
ranging from 3.6J mg/kg in SS66A to 17.2 mg/kg in the duplicate of SB67A. No signihcant
cluster of elevated arsenic concentrations was noted that might indicate a release from a
specific source.

Of the 14 subsurface soil samples analyzed for arsenic, 1 contained an arsenic concentration
that exceeded the background value of 17 mg/kg. The 8- to 10-ft interval of SB67B contained
a concentration of 17.3 mg/kg. The concentrations detected at levels below the background
value in the remaining 13 samples ranged from 1.2 mg/kg to 13.1 mg/kg. Sample locations
SB67A and SB67B contained concentrations in both of their 18- to 20-ft and 38- to 40-ft
intervals, but the concentrations were below the background value.

As described above, the arsenic concentrations were detected in both the surface and
subsurface soil throughout FU6. Except for two instances, the concentrations of arsenic did
not exceed the background value. The highest surface or subsurface concentration of arsenic
was only 29.2 mg/kg. Arsenic is present in low concentrations throughout the Depot,
probably because of site-wide pesticide management activities.

28.4ol.3 Naturally Occurring Metals

Various samples collected throughout FU6 contained concentrations of calcium and
potassium that exceeded background values However, these metals frequently occur in the
natural clay soils beneath the site. Specifically, every soil sample analyzed for these
constituents at FU6 contained a detected concentration of calcium and potassium. In

addition, these metals do not pose significant health risks and generally are not indicative of
a release from source areas in FU6. Therefore, the following constituents were classified as
naturally occurring metals.

Potassium. Potassium concentrations in five surface soil samples (out of eight total samples)
exceeded the background value of 1,820 mg/kg. These elevated potassium concentrations
were detected throughout FU6, but no exceedances were greater than twice the background
value. Potassium concentrations in five out of seven subsurface soil samples exceeded the
background value of 1,800 mg/kg. The elevated potassium concentrations were below twice
the background value, and were found throughout the FU.

Calcium, Calcium concentrations in one surface soil sample exceeded the background value
of 5,840 mg/kg. The surface soil sample with elevated calcium concentrations (SS66A at
33,800 mg/kg) was located to the northwest of Building 253. No calcium concentrations in
subsurface soil samples exceeded the background value of 2,432 mg/kg. Calcium was

detected in all eight surface soil samples and all seven subsurface soil samples.

28.4.1.4 Metals below Background Values

Aluminum, barium, cobalt, iron, magnesium, manganese, and vanadium were detected in
each of the eight surface soil samples analyzed for these constituents. However, no
concentrations of these constituents exceeded the background values of any of these metals.
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Antimony, beryllium, cadmium, and mercury were detected some of the time in the surface
soil, but the detected concentrations never exceeded the background values.

Metals that were always detected in the subsurface soil, but never at concentrations
exceeding background levels, include aluminum, barium, calcium, cobalt, iron, lead,
magnesium, manganese, vanadium, and zinc. Those that were detected some of the time,
but never above background levels (if a background value was established), include
antimony, beryllium, cadmium, mercury, nickel, selenium, and sodium.

28.4.2 Nature and Extent of SVOC Contamination

28.4.2.1 Surface Soil

On the basis of soil sample results for FU6, the primary SVOCs of concern in the surface soil
were determined to be PAHs. As shown on Figure 28-7 and Table 28-4, 7 out of 14 surface
sample locations contained detectable concentrations of total PAHs. The total PAH
concentrations were detected throughout FU6 in RI Sites 48 and 58, Screening Sites 66 and
68, and BRAC sample SSIA. The detected total PAH concentrations ranged from 0.2J mg/kg
in SB66B to 81.4 mg/kg in SS66A.

The 11 individual PAHs that comprised the total PAH data (shown in Table 28-4) were
detected above their respective background values in one sample, SS66A. This sample was
collected in the nearest stormwater drain northwest of Building 253 to attain a sample
representative of the motor pool activities. Four additional samples were taken north of
SS66A to evaluate whether the adjacent asphalt was the primary reason for the elevated
PAH concentrations. No detected PAH concentrations were observed above background
values in any of the four samples.

Concentrations of anthracene (a PAH), BEHP, and di-n-butylphthlate (both SVOCs) 
detected in surface soil samples. Anthracene was detected in SB58A and SB58B, but did not
exceed the background value of 0.096 mg/kg. No background values were established for
comparison against detected concentrations of the two remaining SVOC constituents.

28.4.2.2 Subsurface Soil

As shown in Table 28-4, total PAHs were rarely detected in subsurface soil samples. Total
PAH concentrations were detected in only I out of the 24 subsurface soil samples. The 3- to

5-ft interval of SS66A contained a total PAH concentration of 0.179 mg/kg.

Fluoranthene, phenanthrene, and pyrene were the three constituents comprising the total
PAH data. The fluoranthene concentration of 0.061 mg/kg exceeded the background value
of 0 045 mg/kg and the pyrene concentration of 0.066 mg/kg exceeded the background
value of 0.042 mg/kg.

Concentrations of BEHP and di-n-butylphthlate (both SVOCs) also were detected in FU6.
No background values were established for comparison against detected concentrations for
these constituents.

PAHs were the most common VOCs detected throughout FU6 above background values,
and they were usually detected in the surface soil. The highest total PAH concentrations
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were detected primarily around the POL Building 253 (Screening Site 66). SVOCs, including
PAHs, were rarely detected in the subsurface soils. ,<~,

28.4.3 Nature and Extent of Pesticide Contamination
A total of six pesticides were detected in 32 pesticide surface soil samples at FU6. The
pesticides were DDT, DDE, DDD, alpha-chlordane, gamma-chlordane, and dieldrin.
Table 28-5 lists these pesticides, the number of times they were analyzed, and the minimum
and maximum concentrations detected.

In the majority of the sample locations analyzed for pesticides within FU6, the results
indicated that pesticides were not present or that the detected concentrations are below
background values. However, each pest,cide was detected above background values in at
least one sample location.

DDT was detected in 19 of the 32 surface soil sample locations, with 14 concentrations,
including 3 duplicate samples, above its background value of 0.074 mg/kg (see Table 28-5).
Most elevated concentrations of DDT were detected in RI Sites 48 and 58 (Figure 28-8).
Elevated concentrations ranged from 0.18 mg/kg to 0.6 mg/kg in four locations in ILl
Site 48. BRAC sample A(5.1), located in this area, contained a concentration of 0.25 mg/kg
One additional location in Site 48 contained a concentration below the background value
Elevated concentrations ranged from 0 15 mg/kg to 1.8 mg/kg in two locations in RI Site 58.
Two additional locations in Site 58 contained concentrations below the background value.
The four remaining locations with elevated concentrations were detected throughout FU6.

Dieldrin was detected throughout the Mare Installation and is not associated with known
sources of contamination at FU6. It was sprayed routinely on grassy areas and around
warehouses. Within FU6, dieldrin was detected in 17 of the 32 surface soil samples and
exceeded its background concentration of 0.086 mg/kg in ten samples, which were taken in
grassy areas. All 17 detected concentrations were above the GWP value of 0.004 mg/kg. The
highest elevated concentrations were located m Parcel 2. BRAC samples A(2.7), B(2 7), 
C(2.7) contained concentrations of 5.5J mg/kg, 0.72J mg/kg, and 0.98J mg/kg, respectively
(Figure 28-9).

DDE concentrations were observed in 18 of the 32 surface soil samples. Five samples,
including one duplicate, contained concentrations above the background value of

0.16 mg/kg (Figure 28-10). The elevated concentrations in the four sample locations ranged
from 0.026J mg/kg to 2.3J mg/kg. The locations were dispersed throughout FU6.

DDD concentrations were observed in seven of the 32 surface soil samples. Six samples,
including two duplicates, contained concentrations above the background value of
0.0067 mg/kg (Figure 28-11). The elevated concentrations in the four sample locations
ranged from 0.026J mg/kg to 0.13J mg/kg. The locations were dispersed throughout FU6.

Alpha-chlordane and gamma-chlordane were each detected in nine out of the 32 surface soil
samples. Each pesticide was detected at a concentration above the background value in two
locations. SS58I contained an alpha-chlordane concentration of 0.049J mg/kg and a gamma-
chlordane concentration of 0.055J mg/kg. BRAC sample D(2.7) contained an alpha-
chlordane concentration of 1.2J mg/kg and a gamma-chlordane concentration of
1.1J mg/kg.
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28.4.3.1 Pesticides in Subsurface Soil

Seven subsurface soil samples were analyzed for pesticides m FU6. The samples showed no
detected concentrations of pesticides in the subsurface soil.

In summary, most of the samples analyzed within FU6 indicate that pesticides were not
present or that the detected concentrations were below background values. DDT, DDE,
DDD, alpha-chlordane, gamma-chlordane, and dieldrin were the only pesticides detected
above background levels in surface soil at FU6. Dmldrin was the only pesticide detected at
concentrations above the GWP value. The pesticides were dispersed throughout FU6.

Because the pesticides are distributed throughout FU6, their detection probably is
attributable to site-wide application rather than to site-specific, activity-related releases at
these specific waste management sites. No pesticides were detected in the subsurface soil
above background values.

28.4.4 Nature and Extent of Dioxin and Furan Contamination
Dioxins are ubiquitous in the urban environment and have been detected in the background
samples. However, dioxins were not analyzed for in surface soil and subsurface soil in FU6
because records of past activities did not indicate the need to analyze for these parameters
m this portion of the Depot.

28.4.5 Nature and Extent of VOCs in Surface and Subsurface Soil

28.4.5.1 VOCs in Surface Soil

A total of 15 VOCs were detected in the 22 surface soil samples analyzed for VOCs
throughout FU6. The VOCs are 2-Hexanone, acetone, benzene, bromomethane, carbon
disulhde, chloroform, chloromethane, ethyl benzene, MEK, MIBK, methylene chloride, PCE,
toluene, total xylenes, and TCE. Table 28-6 presents a list of these compounds, the number
of times they were detected, the number of times background values were exceeded (where
applicable), and the minimum and maximum concentrations detected.

The majority of the surface soil sample results for VOCs withm FU6 indicate no detected
concentrations. However, one isolated area contained detected concentrations of VOCs.
SB58B contained concentrations of eight VOCs, six of which were only located in this
sample location: carbon disulfide, chloromethane, ethyl benzene, toluene, total xylenes, and
TCE.

28.4.5.2 VOCs in Subsurface Soil

A total of 28 subsurface soil samples were analyzed for VOCs. The same VOCs detected in
surface soil-minus 2-Hexanone, carbon disulfide, chloromethane, MIBK, and PCE-were
detected in the subsurface soils (see Table 28-6). Most subsurface soil results showed 

concentrations detected. Total xylenes was the only constituent with a background value
established for comparison to detected concentrations.

Total xylenes were detected in nine of the 28 subsurface soil samples and exceeded the
background value of 0.002 mg/kg in five samples, including one duplicate. The elevated
concentrations were all found in Screening Site 67 SB67A had concentrations of 0.4 mg/kg
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and 0.22 mg/kg in the 4- to 6-ft and 8- to 10-ft intervals. SB67C contained concentrations of
0.57J mg/kg and 0.49J mg/kg in the 8- to 10-ft and 16- to 18-ft intervals.

Probably because of volatilization at the surface, detected concentrations of VOCs in
subsurface soils were not always colocated with elevated surface soil concentrations:

¯ SB58B contained only three VOCs in the subsurface samples. Bromomethane, total
xylenes, and TCE were the only detected parameters, compared to the six VOCs
detected in the surface samples; and

¯ Benzene and methylene chloride were detected in four additional sample locations in
the subsurface samples. The benzene concentrations were observed in locations where
the surface samples showed no presence of benzene. Methylene chloride was observed
in three additional locations in Screening Site 66.

Benzene, methylene chloride, and total xylenes were the only VOCs to exceed their
respective GWP values. The GWP values for the VOCs detected in the subsurface soil are
16 mg/kg (acetone), 0.03 mg/kg (benzene), 0.2 mg/kg (bromomethane), 0.07 

(carbon tetrachloride), 0.6 mg/kg (chloroform), 13 mg/kg (ethyl benzene), 17 
(MEK), 0.02 mg/kg (methylene chloride), 12 mg/kg (toluene), 0.2 mg/kg (total xylenes),

and 0.06 mg/kg (TCE).

Benzene was detected in six samples, includmg one duplicate, and exceeded the GWP value
in each instance. Concentrations of benzene ranged from 0.17 mg/kg to 2.0 mg/kg. Each
sample was located in Screening Site 67. Methylene chloride was detected in seven locations
and exceeded the GWP value once. SB67C contained a concentration of 0.069J mg/kg in the
16- to 18-ft interval. The GWP values for total xylenes were exceeded only in the samples
that also exceeded the background value.

In summary, Screening Site 58 (Building 267, Pesticides and Herbicides) is the primary area
with VOCs detected in the surface soil and Screening Site 67 (Installation Gas Station,
Budding 257) is the primary area with VOCs detected in the subsurface soil. Carbon
disulfide, chloromethane, ethyl benzene, toluene, total xylenes, and TCE were detected
above background in the surface soil at Screenmg Site 58. Benzene, methylene chloride, and
total xylenes were detected above background in the subsurface soil at Screening Site 67.
Elevated concentrations of VOCs in subsurface soils probably are not collocated with
elevated surface soil concentrations because of volatilization at the surface.

525

28.5 Nature and Extent of Surface Water Contamination
Stormwater collected in the western third of FU6 is transported to the underground pipe

system that empties in the concrete-lmed ditch below Lake Danielson, and ultimately
discharges off-site to an unnamed tributary south of N Street that discharges into
Nonconnah Creek (Black & Veatch, 1999). Stormwater in the central part of FU6 flows
through drop inlets to the underground pipe system that discharges either into the pond or
into the concrete-lined ditch (Site 52) below the pond. The ditch discharges into an unnamed
tributary south of N Street (Outfall 12) that eventually discharges to Nonconnah Creek.
Stormwater from the southern portion of FU6 flows via the underground pipe system and
discharges to the city’s stormwater drainage system south of the community club complex.
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Stormwater collected from FU1 passes through FU6 and is discharged off-site to the city’s
system along Airways Boulevard.

28.6 Nature and Extent of Sediment Contamination
To evaluate the environmental conditions within Building 251 and Building 265, two BRAC
sediment samples, A(4.12) and A(4.13), were collected. Sample A(4.12) was collected 
sump beneath a floor drain in the southern end of Building 251 (a thrift shop used for
storage and repair). Sample A(4.13) was collected from a sump beneath a floor drain on 
eastern side of Building 265 (facility engineer maintenance shop). Contaminants detected 
the sump sediment at the two buildings are listed in Tables 28-7, 28-8, and 28-9 and include
metals, SVOCs, and petroleum hydrocarbons. These sediments are beneath a grate and are
not subject to direct surface water transportation because they are within a covered
building. Therefore, the sediments do not present a direct exposure to humans or aquatic
organisms. Additionally, Building 251 has been demolished since these samples were taken.
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TABLE 28-2

Analytes Invest=gated for FU6
Memphis Depot Main Installation RI

Functional
Unit Site Matrix’ Event

O

E ’E "o
¯ = = "6 --°
- _~

6 48 SS RI

6 58 SB MAINRIFS

6 58 SS MAINRIFS

6 58 SS RI

6 66 S8 SS

6 66 SS SS

6 67 SB MAINRtFS

6 67 SB SS

6 67 SS $S

6 68 SB MAINRIFS

6 68 SB SS

6 68 SS MAINRIFS

6 69 SS SS

6 BRAC SE BRAC

6 BRAC SS BRAC

6 BRAC SS MAINRIFS

X

X X

X X

X

X

X

X

X

X X

X X X

X X

X X

X X X

X X X

X X X

X

X X X

X X X

X X

X

X X X X

X

X X X

X

X X X X

Notes
~Matnx GW-groundwater, SB-subsufface so=l, SS-sufface sotl, SE-sump sed=ment
2GW Groundwater sampled Jn March 1996, March 1997, September 1997, June 1998, and October 1998
3MAINRIFS Additional samples for RI, BRAC and Screening Sftes (and imtlal investigations for TEC s~tes) collected 
September and Ootobar 1998

4RI RI Sites sampled in December 1996 and January 1997
SSS Screening Sites sampled m December 1996 and January 1997
BRAC Base Reahgnment and Closure
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TABLE 28-3

Frequency of Metals Detecbons =n Surface and Subsurface Soil at FU6

Memphis Depot Main Installabon RI

Matrix

;udace SOil
SS ~LUMtNUM

SS kNTIMONY

SS ~RSENIC

SS 3ARIUM

SS 3ERYLLIUM

SS ~,ADMIUM

SS ALCIUM

SS 3HROM~UM, TOTAL

SS 3OBALT

SS 3OPPER

SS RON

SS .EAD

SS ~AGNESIUM

SS ~IANGANESE

SS ~IERCURY

SS NICKEL

SS POTASSIUM

SS SELENIUM

SODtUM

VANADIUM

ZINC

ubaurlace SoU

~B ALUMINUM

~B ANTIMONY

~S ARSENIC

~B BARIUM

SB BERYLLIUM

SB CADMIUM

SB CALCIUM

SB CHROMIUM TOTAL

SB COBALT

SB COPPER

SB ~RON

SB LEAD

SB MAGNESIUM

SB MANGANESE

EB MERCURY

SB NICKEL

SB POTASSIUM

SB SELENIUM

SB SODIUM

SS VANADIUM

SB ZiNC

NOteS

All un=ls ate mg/kg

Parameter
Number Number

Analyzed Detected

Minimum Maximum

Minimum Detection Maximum Detecuon Background

Detection Quallflar Detection Qualif kat Value

5 12E+03 1 37E+C= =

1; 7 00E-01 2 90E+01 J

1: 1~ 3EOE~ 2 92E+0 =

8 65E+01 I ESE+0:

1: 2 30E-01 5 30E~3¸

1: 4 00E~; 6 20E-O

9 54E+0~ = 3 38E+~

1I 1~ 1 13E+01 = 2 77E+0tl

4 60E+0( 1 71E,~01

1: I: 1 21E+01 = 5 07E+01

1 47E+0~ = 2 47E÷04

1: 1: 9 50E+~X = 1 36E+02

P~ 1 48E~0: = 3 63E+03

8 2 42E+0;J 6 01E+02

13 ~ 2 00E-0; J 3 00E~02

13 13 1 19E~3̧ = 4 11E+01

8 4 01E+O; J 3 09E~03

13 6 60E-O̧ ¯ B 90E-01

I 52E+0: J 1 52E+02

2 00E+0 = 3 20E+01

13 13 4 04E+O 5 41E+02

8 86E+0: I 42E.~

14 4 20E-0 7 90E~O 1

14 14 1 20E,~ 1 73E+01

7 BtE+0J 1 54E+02 =

14 2 60E-01 1 20E*O( 

14 1 60E~ I 2 90E*01

I 34E~03 1 92E+0: -

14 14 1 07E~01 2 76E+01 =

5 00E+00 8 80E+O( 

14 14 5 30E+C~ 3 39E+01 =

9 19E+03 I 7EE+O~ =

1¢ 1’~ 4 00E+O0 1 93E+0’ =

I 75E+03 2 40E+O: =

4 94E.tOt 6 81E+0; =

1z 4 00E-02 4 00E’0~ J

1l 1: 5 COE+O3 4 17E,q3 =

6 63E+02 2 74E+0: =

I~ % 00E+0C 1 70E÷C~ =

2 74E*~02 2 74E+0;J

I 65E+01 3 22E+0 =

1~ lz 1 36E~01 1 12E+0: =

Number
Background

Exceedance$

2 38E+C~

7 00E,~X

200E+01

2 34E+0;

1 10E+0(

1 40E+O(

5 84E+0:

2 48E+0

83E+0

3 35E+0

3 70E+O,

3 OOE+0

4 60E+O:

1 30E-0;

400E-O

3 O0E.*01

1 82E-~03

8 OOE~I

4 84E+01

1 26E+02

2 18E+04

1 70E4-3 t

3 00E+02

I 20E+CC

1 4OE+OC

2 43E+03

2 64E+0~

2 04E+01

3 27E+91

3 85E+0~

2 39E+01

4 90 E .,,O C’

1 54E+0~

2 00E~31

3 66E+01

I 80E+O:

6 00E-01

5 13E+01

1 14E+O;
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TABLE 28-4

Frequency of SVOCs Detections in Surface and Subsurface Soil at FU6

Memphis Depot Main/nsta//atlon R/

[ IMltrLx ChemGIoup Parameter

Sur~lco Soil
I I I I"-ml I I-- I-rNumber Number Mmimum Detection MaximumI~tectlon Background Oackground

AnalyZed Detected Deteclion Qualifier Detection Ouuhfler Value Exceedances

SS ~AH A~THRACENE 3 80EJJ2 4 70E-~2 9 60E-0;
SS PAH BENZO{a)ANTHRACENE 1, 4 50E*02 5 40E*C,3 7 1 DE-D1

SS ~AH BENZO(a)PYRENE 5 20E-02 6 30E+00 9 60E-01

SS ~AH BENZO(b)FLUORAN~ENE 6 00E-02 8 I 0E+C0 9 00E~)I

SS =AH BENZO(g h I)PERYLENE 4 40E-02 6 60E+¢0 8 20E-01
SS =AH BEN, ZO(k) FLUORANTHEN I, 6 60E-02 7 40E~CQ 7 80E~01

SS ~AH CARBAZOLE t: 6 30E,02 1 50E+GO 6 70E-9;
SS >AH CHRYSENE 1, 6 80E-02 9 20E+G0 9 40E-01

SS ~AH FLUORANTHENE 7 80E 02 1 40E~1 1 60E+0(

5S =AH INDENO(1 2 3~ ¢)PYRENE I, 4 20E 02 6 20E+ ~’0 7 00E 01

SS =AH PHENA~RENE 1, 4 80E*02 6 00E+E0 6 10E 01
$S =AH PYRENE %, 4 40E-02 t 20E+CI I FOE+0(
SS =AH Tolal potynuClear Aromat¢ Hydrocarbons 1, 2 00E 01 8 14E+CI

SS ~VOC OLS(2 ETHyLHEXYL) PHTHALATE 1 40E 01 1 40E~I

SS ~VOC Dl*n BUTYL pHTHALATE 4 40E 02 4 4DE-C2

Subsurface Soil
SB ~AH FLUORANT~ ENE 2 6 10E 02 6 10E-£2 4 50E O~

SB ~AH PHENANTHRENE 2 5 20E 02 5 20E*C2
SB ~AH PYRENE 2 6 60E 02 6 60E-E2 4 20E 0;

SB ~AH Total Poh/nuclear Aromatx: Hy~rocafoons 2 1 79E 01 I 79E-01

SB ~VOC ~LS(2-ETHYLI-{EXYL) pHTP~ALATE 4 60E 02 5 3OE÷OC

SB 3VOC DI n-BUTYL PHTHALATE 7 70E-02 7 70E 02

Notes

All un=ts are mgrK~
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TABLE 28-5

Frequency ot Pesticides Oelecbons in Surface Soil at FU6

Memphis Depot Ma~n Instailatson R~

Minimum Maximum o Number

Number Number Minimum Detection Maximum Oetection Background Background

Parame~r Analyzed D~ec~d D~ecUon QuaUfier Detection Quahfler Value Exceedances

~urface SOU

~S ALPHA-CHLORDANE 32 320E-0: J 120E+00 2 90E-~

~S DDO 32 5 60E~: = I 30E-01 6 70E’~

~S DDE 32 18 8 60E~3:= 2 30E+Q0 1 60E,011

35 DDT 32 19 6 80E-0: = 3 5OE+00 740E~2

~IELDRIN 32 17 1 30E-0;J 5 50E~0~ 8 60E~2 t(3S

~S IAMMA-CHLORDANE 32 3 70E’O: iJ 110E~0C 260E~2

~ote$

~.ll un=ls are mq~q
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TABLE 28-5

Frequency of VOC Detect~ns In Surface and Subsurface Soil at FUE

Memphis Depot Mmn Instaltabon R~

Minimum Maximum Number
Number Number Minimum Detection Maximum DetecUon Background Background

Matdx Payment Analyzed De~ed De~cbon Qualifier DetectJon Qualifier Value Exceedarme$

Surface Soil

SS 2-HEXANONE 2; 200E*00 400E-~

SS ACETONE 2; 500E.O~ 3 3OE-O.

SS BENZENE 2; 100E-~ 100E-0

5S BROMOMETHANE 2; 2COE~ 400E-9~

SS CARBON DISULFIDE 2; 8 00E -0.*’ 8 00E.O~ 2 00E~:

KS CHLOROFORM 2~ 400E’03 5 00E-0

KS CHLOROMETHANE 2; 200E~ 2 00E-03

KS ETHYLBENZENE 2; I OOE-O3 100E-03

KS METHYL ETHYL KETONE (2-BUTANONE) 2; 1 60E’O~ 3 40E-0Z 2 COE-0:

SS METHYL ISOBUTYL KETONE (4-METHYL:2-PENTANONE) 2; 600E-03 6 00E-03

3S METHYLENE CHLORIDE 2; 300E.O3 5 00E-03

~S TETRACHLOROETHYLENE(PCE) 2; 4 COE-03 1 30E-02

KS TOLUENE 2; 4 00E-05 4~E~3 200E-0:

~S Total Xylenes 2; 3 ~E~3 9 ~E~3

~S TRICHLOROETHYLENE ~CE) 2; 2 00E-0." 2 00E JJ3

Subsu~aeeSoll

~B ACETONE 2~ 4 00E-OC’ 3 50E~I

$8 BENZENE 2E 820E~2 200E+0O

~B BROMOMETHANE 2~ 1 00E-0~ 4 00E-03

$8 CARBONTETRACHLORIDE 2~ 110E~ I 90EIJ2

SB CHLOROFORM 2~ 2 00E-03 4 30E-02

KS ETHYLBENZENE 21 700E~; 360E-01

KS METHYLETHYLKETONE(2-BUTANONE) 21 I 50E4); 3 80E4)1

KS METHYLENECHLORIDE 21 100E-O~ 6 90E-02

$8 TOLUENE 21 6 80E~11= 680E~1

SB Total Xylenes 2~ 1 00E 4)." 5 70E4)t 200E©3

KS TRICHLOROETHYLENE(TCE) 2~ 2 00E-0! 2 ~E~3

No|es

~11 unlls are m~k9
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TABLE 28-7

Frequency ol Metals DMeczmns ~n Sediment Scd at FU6

Memphss Depot Main Installation RI r

MelrlxI Plrlr~Btor

.~lct =merit Soil

] I INumber Number Minimum
Analyzed Delectecl Deltctton I I’°-Oet~ctiorl Maxbmum

Qualifier Detection I-°°L INum"Detection Beckgfound Background

Qualifier Value EJKCeedances

$E ALUMINUM 327E*0E B21E+03 101E+~

;E ANTIMONy 154E*0; 121E+0~ 760E+~

~E AF~ENIC 530E*0C 530E~0( 1 20E÷O

;E BARIUM 363E+C~ 365E~0~ 118E+0i

;E BERYLLIUM 3 30E~)1 3 3OE*01 1 30E+C~

;E ~ADMIUM 272E+01 325E+01 2 89E*0

~E CALCIUM 308E÷~ 791E+~ 49E+~.

~E CHROMIUM, TOTAL 158E*~ 257E+0; 200E*0

.~E COBALT 654E,01 909E+01 136E+0

~E COPPER 250E*0: 142E+~ 5aOE+O

~E IRON 959E+~ 133E+0~ 231E+04

~E LEAD 311E+0~ 357E+0: 352E+01

~E MAGNE$;UM lt6E÷~ = 1 70E÷0’= 2 44E÷03

~E MM~GANESE 505E+0; 739E+0; 871E+02

SE AERCURY 6 70E-0 = 670E-0 = 4 00E*00

SE ¢ICKEL 825E+0 = 139E+0; = 305E÷01

SE IOTASSIUM 105E+0: = 140E+0; = 156E+03

SE ~ELENIUM 49gE*0 J 182E*0; J 170E+00

SE ~ILVER 490E+0 ,= 490E~0 = 1 80E÷0O

SE 5001UM 8 0AE *0: 175E÷0:iJ 240E÷02

SE tHALLIUM 210E+0 ~IOE+0 I10E*00

SE /ANADIUM 115E*0 154E+0 300E+01

SE ~INC 4gEE+0: 557E*0: 797E+02

Notes

All units are mO&Q

487 533

ATLI147543 ~ 2B T~c4~s~OD_Ar~Jys~ f~ FL~ ~ls/Ta~4e 28-7 28 21



487 534

TABLE 28-15

Frequencj of SVOCs DeleCt~ons in Sed=ment So~l at FU6

Memphis Depot I, fa~n /nszal/abon RI

J JMaIHx ChemGroup Parameter

.T~e~tm, i n t SOJJ
I I I I--uml INumber Number MinimumDellct ion Maximu~rl Detection Background

Analyzed DeleCted D~t [~CllOrt Ouahf~er DeteClion Qualifier VaZue iN-Background
Exceeciances

SE ~AH ACENAPHTHENE 5 60E-01 5 60E~01 7 70E©!
SE =AH ANTHRACENE 1 20E*0~ 1 2OE÷C~ 1 60E+0(

SE ~AH BENZO(a)AN~RACENE 3 00E ÷ 0~0 6 50E* 0C 2 90E+0(

SE ~AH BENZO(a)PYRENE 3 00E÷00 5 40E~ C¢ 2 50E+0(
SE ~AH BENZO(b )FLUORAN1~I EN 4 70E+O3 8 70E~ 01: 2 22E+0(

$E 3AH BENZO(g h ~PERYLENE 3 90E.Ot 2 3OE*OC 1 8OE+O(

$E )AH BENZO(k)FLUORANTHENE 3 30E+00 3 30E*0C 2 30E+0(

SE )AH ~ARBAZOLE 8 30E-01 8 30E~ 1 IOE+0(
5E 3AH .~HRYSENE 5 00E+00 9 80E, 0C 3 20E+C~
5E ~AH DIB ENZ(a,h)AN~d RACE,NE 8 60E-01 8 EOE-01 7 COE 0’
SE =AH FLUORAN~ENE 3 10E+00 9 00E40C 7 10E~I

~E ~AH ;LUORENE 6 00E-0~ 6 00E~01 UTOEO
~E )AH NDF.J~O(1 2 3-C d)PYRENE 2 20E+00 2 20E40C 1 70E+0¢

~E )AH :’HENANTHRENE 1 90E+00 6 70E*OC 6 90E+0~

~E >AH ~YRENE 5 60E+0O 9 70E~ OC 2 88E+01

~E jPAH rOlal PoIynuclear A~omat~ Hydrocarbons 3 41E+01 5 94E+01

SE ISVOC METHYLPHENOL (p CRESOL) 5 10E+00 5 10E+0C

~E SVOC )is(2 ETHYLHEXYL) PHTHALATE 7 5~E+0~ 1 30E< 01 4 60E-0

~E
SVOC

=HENOL 7 60E-01 7 60E-01 2 00E-0

~ote$

¢dl units are m ~1~1



TABLE ?.8-9

Frequency of OJher Organ,s Dejections in SedlmenI Soll at FU6

M~’nphas D~DOt Mash Instsfla~on RI

/

1.1 1 IMl I’I ...... ..... I "~o~-Numbe¢ Numbtr Minimum Detection Mlxlmum Detection Backgrc~und Background
Anal Detecled Detsction Qualifier Detection Quallher Value Exceedan~s
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29.0 Fate and Transport for FU6

The overall fate and transport discussion was included in Section 6.0. This section covers
information specific to FU6 and Site 66. The CSM for FU6 is presented on Figure 30-2.

29.1 Fate and Transport for FU6
A summary of site conditions influencing the fate and transport of site contamination is
presented in this discussion. Figures 2-16 and 28-1 show the land cover types within FU6.

Source Area Characterization: FU6 consists of the main administration building
(Building 144), large parking lots, a police station, a gasoline filling stahon, a housing area,

and several smaller buildings. Building 274 is the new cafeteria building. Most of the surface
area in FU6 is covered by asphalt for parking lots and roadways, or concrete-paved roads,
with small grassy strips between the roads and the parking lots or surrounding buildings.
The complex that includes Buildings 260, 263, 265, and 270 currently is being used as a
police station. The area surrounding the old housing buildings and the cafeteria has been
replaced with clean soil and fresh sod and the roadway adjacent to the housing buildings
has been covered with new asphalt.

Because of the flat surface topography, there is no preferred direction of surface water
runoff within FU6. Similar to other areas within the Main Installation, surface water runoff
from paved areas is collected in the stormwater drainage system, which in turn drains to
concrete-lined open ditches leading off-site from the surface impoundments in FU2
(Parcel 3), and flows east and southeast along Ball Road. The stormwater drainage open
ditch system eventually discharges to Nonconnah Creek, located further south
approximately 0.6 mile from the Depot. The western portion of the stormwater drainage
system drains either to the Golf Course Pond or to the concrete-lined drainage ditches from
the pond and Lake Danielson (Sites 51 and 52). These conduits contain water only during
rain events. These ditches also join the open drainage ditch, which ultimately reaches
Nonconnah Creek.

Tables 6-4 and 30-1 list the COPCs for FU6 surface soils, which were arsenic, PAHs, DDE,
DDT, dieldrin, and Aroclor-1260. Arsenic was detected (29 mg/kg) only slightly above the
background value (20 mg/kg) in surface soil. Surface soil also had PAHs, mostly along the
asphalt roads at concentrations similar to those detected across the Depot. The highest
concentration of PAHs was detected near Site 66. Several of the samples had residual
chlorinated organic pesticides, at concentrations similar to other areas of the Depot, that are
thought to be from historical applications. Subsurface softs at the site had low levels of
petroleum hydrocarbons (benzene and xylene) and methylene chloride in a few locahons.

Potential Contaminant Migration, Persistence, and Exposure Points: The potential
transport and migration pathways at FU6 are considered to be surface runoff,
percolation/leaching, and dust emission/volatilizahon. These pathways are likely to occur
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mostly in the areas without an impervious cover, which are limited to the strips of grass-
covered areas around the warehouse buildings.

Surface Runoff Pathway: The surface runoff pathway is not considered important based on
the relatively flat gradient around the various buildings and housing units; surface runoff
from the grassy areas is not anticipated. Most of the contamination is associated with grass-
covered areas that typically are surrounded by raised roadways, railroad tracks, and
buildings, and therefore, are not likely to contribute to off-site runoff. Stormwater from the
site is expected to percolate through open areas; in paved areas, stormwater is collected in a
stormwater drainage system that flows to the Golf Course Pond within Parcel 3, or the
drainage ditches downstream from the ponds. Thus, direct surface runoff from
contaminated soils to adjacent FUs or release to surface water features is not a significant
pathway of concern for FU6. The off-site drainage ditches were sampled during historical
investigations, the results of which indicated that site contaminants were not reaching the
off-site drainage ditches (CH2M HILL, 1996). Potenbal release to an off-site surface water
body (i.e., Nonconnah Creek) is therefore not a likely pathway, considering the historical
nature of the site operations.

The off-site area to the east of the site is a main road (Airways Boulevard), so any potential
off-site rmgration beyond the property boundary to the east is not likely to reach other
properties.

Air/Dust Emission Pathway: The surface soil COPCs did not include any VOCs. The other
COPCs are likely to remain bound to the soil, so dust-borne air emissions are somewhat
important. Therefore, the potential exposure to dust has been evaluated in the RAs using
EPA-recommended dust emission assumptions (PEF = 1.3 x 109 m3/kg).

The subsurface soils had VOCs, related to petroleum hydrocarbons (e.g., benzene and
xylene), that could become airborne through volatilization from subsurface soil or durmg
excavation activities. Thus, exposure to airbome volatiles from shallower subsurface is a

potential migration and exposure pathway. Therefore, VOCs were included for inhalation
exposure through volatilization using conservative exposure assumptions (see Section 30.0
and Appendix G).

Migration to Groundwater Pathway: Leaching to groundwater is not an issue for any of the
surface soil COPCs within FU6, because these chemicals are not readily soluble (see
Table 6-2). As a result, they are less mobile for leaching and, except for one occurrence of
arsenic that exceeded background, were not detected in the subsurface soil or regional
groundwater. Considering the time that has elapsed since the releases occurred, migration
may have occurred by now.

The VOCs detected in the subsurface soil are very soluble, are considered mobile, and could
reach the groundwater, although they are not distributed widely (6 detected concentrahons
among 28 samples analyzed). The groundwater underneath FU6 did not have detectable
levels of BTEX-related contamination. The nature and extent of contamination at the
screening sites were discussed in the Final Screening Sites Letter Reports (CH2M HILL, 1998a).
Petroleum hydrocarbon constituents (mostly BTEX) were detected in subsurface soils near
Site 67 at 4- to 20-ft depths in two samples (SB67A and SB67C). The highest detected
concentrations of benzene, ethyl benzene, and xylenes were in samples from 8- to 10-ft
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depths. The deeper samples had lower concentrations (see Appendix Q). Groundwater may
continue to receive some of these VOCs over time, although at very low levels.

The BTEX compounds detected in the deep soils (4 to 10 ft) could volatilize (as indicated 
their high vapor pressure) with time into the soil vadose zone and could migrate to the
deeper soils and possibly to groundwater. However, all three compounds have short half-
lives in groundwater, depending on aerobic and anaerobic conditions, ranging from days to
months. The following chart provides half-life values for the BTEX constituents detected m
Site 67, based on technical literature (Howard et al., 1991).

Compound Aerobic Anaerobic

Benzene 5-16 days 16 weeks-2 years

Toluene 4-22 days 8-30 weeks

Ethyl Benzene 3-10 days 176-288 days

Xylenes 1-4 weeks 6-12 months

The groundwater at Site 67 and in the areas immediately downgradient is not monitored.
However, because of the common natural attenuation processes associated with low-level
BTEX compounds, these constituents are not expected to be present in groundwater at
measurable levels. Groundwater at the site migrates west and northwest to the center of the
Main Installation, so off-site migration of the FU6 contamination is not likely to occur.
Fluvial aquifer groundwater beneath the Depot in general has been affected by CVOCs,
primarily TCE and PCE. Although TCE was detected in one subsurface soil sample at
3J ~g/L, this occurrence does not indicate the presence of a significant source of TCE
potentially migration to the fluvial aquifer. Groundwater at FU6 flows to the west onto the
Depot, so contamination in the groundwater is likely to remain within the site. The potential
effects on groundwater are addressed as part of Sections 32.0 to 35.0.

29.2 Fate and Transport for Screening Site 66

The following is a brief summary of the site features that could influence the fate and
transport of the contaminants in the site media. Screening Site 66 is located in Building 253,
north of the gasoline filling station, in Parcel 4. It consists of the old vehicle maintenance
shop within Building 253. Because of the lack of open areas immediately surrounding
Bmldlng 253, grassy areas across G Street and immediately south of Building 250 were

investigated. The site is about 0.22 acre. Building 253 was built in the 1950s and measures
9,600 ft 2. This facility historically has stored 55-gallon drums of petroleum products
(hydraulic oil), antifreeze, and a Safety-K!een unit. Operations consisted mainly of motor
pool vehicle services (minor maintenance, oil changes, steam cleaning, cold-solvent
degreasing, washing, and lubrication) (CH2M HILL, 1998a). On the basis of this historical
site use, constituents expected to be present at this site are petroleum products and PAHs.
Figure 28-2 shows the surface and subsurface soil sampling locations.
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The surface soils COPCs included PAHs. There were no exceedances of criteria in
subsurface soil.

The CSM for Site 66 is identical to the one for FU6 and is presented on Figure 30-5. Primary
release mechanisms include historical spills and storage activities. The PAHs detected could
be attributable to the asphalt roads and paved areas. Secondary sources of contamination
are the site soils with PAHs.

Contaminants could be transported through surface runoff, suspension of entrained dust

particles, volatilization into ambient air, and infiltration and leaching from soil to shallow
groundwater. Potential off-site migration pathways include surface runoff and dust
emissions.

Surface Runoff Pathway: There are no significant drainage features at or near Site 66, which
is located in Building 253, leaving limited potential for direct runoff. The entire area
surrounding the building is asphalt-paved and the runoff is collected in the stormwater
drainage system. The Depot stormwater is collected in a stormwater drainage pipeline,
which eventually discharges to the open ditch located along the southern boundary of the
property through the ditch at Site 51. Some of these downstream locations were sampled
during earlier investigations. These ditches are found to have low-level chlorinated
pesticides such as DDT and DDE (CH2M HILL, 1995a). Thus, no site-specific COPCs have
reached these off-site areas.

Dust/Air Pathway: Because of the presence of asphalt cover on the soils, dust generation is

not an important emission pathway for the site COPCs. However, for conservative risk
estimation purposes, it was assumed that the site consists of open area and that the soil

COPCs could become airborne. In the risk calculations, EPA’s default dust emission
assumptions were used (PEF of 1.32 x 109 m3/kg).

Groundwater Migration Pathway: Potential migration to the subsurface soil is not
indicated at this site because the site has impervious cover and no surface soil constituents
in the deeper soil column. The detected COPCs are relatively insoluble (see Table 6-2) and
therefore are not mobile. As a result, the site is not hkely to affect the regional groundwater,
based on the detected COPCs in the site soils and the lack of exposed surface area.
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487 567

Baseline Risk Assessment for FU6

30.1 Human Health Evaluation for FU6
A RA was conducted for FU6, which includes BRAC parcels and screening sites previously
used for administration, vehicle repair maintenance shops, a cafeteria, the old housing area,
and parking lots. A surrogate site approach was implemented to conservatively assess
potential human health risks in lieu of completing individual RAs at each parcel and site
within FU6.. The selection of the surrogate site and the worst-case representative sample

point for the future hypothetical residential evaluations was based on exposure units
designed according to predicted receptor behavior within an identified site. The approach
was described in detail in Section 7.1 and Table 7-1.

The RA for the FU6 sites and parcels included three data groupings, depending on the
receptor. First, an FU-wide RA was performed for a current and future industrial land use
scenario. In this case, the exposure unit is the entire area of FU6 because a maintenance
worker is assumed to work across the entire site. All samples across the FU were used in the
exposure and risk calculations. Second, the site with the highest PRE ratio within FU6 was
selected as the surrogate site and an industrial exposure scenario was applied for risk
estimates to represent an RME scenario. The industrial worker is assumed to work in a
hmited exposure unit represented by the surrogate site. Finally, a worst-case risk PRE ratio

data point within the FU-wide data set (including data from BRAC parcels) was evaluated
for the future hypothetical residential scenario. An exposure unit for a resident is assumed
be a 0.5-acre lot, represented by the highest PRE data point within FU6. Figure 30-1 presents
the various hypothetical exposure units within FU6. The PRE results used as the basis for

the surrogate site and the highest PRE data-point selection are presented in Appendix E.
Appendix F provides an analysis of exposure levels for various receptors, and provides
justification for selection of the most conservative representative exposure scenario for this
RA.

FU6 consists of the main administration building (Building 144), large parking lots, a pohce
station, a gasoline filling station, a housing area, and several smaller buildings. Bmlding 274
is the new cafeteria building. Most of the surface area within FU2 is covered by asphalt for
parking lots and roadways, or by concrete-paved roads with small grassy strips. The
building complex, including Buildings 260, 263, 265, and 270, currently is being used as a
police station. The housing buildings are completely surrounded by fresh sod and an
asphalt drive. The Memphis Depot Redevelopment Plan (The Pathfinders et al., 1997) proposes
to maintain the isolated buildings independently and to convert the housing area into a
homeless shelter. A community center is planned for the parking lot area south of the
existing administrative building, Building 144. Building 144 is planned for use as traimng
center in the future.

This RA was conducted using data collected as part of the BRAC sampling program (from
BRAC Parcels 1, 2, 4, and 5), data from the RI (RI Sites 48 and 58), and data from 
screening site investigations (Sites 66, 67, 68, and 73). Screening Site 66, located within

ATL\147543~CURRENT TEX~SECTION30 DOC 30-1



487 568
MEMPHIS DEPOT MAIN INSTALLATION RI~’INAL 1/2000

Building 253 east of the gasoline filling station, is an old vehicle maintenance shop.
Screening Site 66 is on the southern side of G Street along the southern border of
Building 250. The site covers about 0.22 acre.

Data were collected from biased locations within known historical site activity areas to
evaluate the maximum possible contamination levels within a site and parcel. When
contamination was identified in a sample, the extent of contamination was further defined
around that sample in the next phase of sampling. In general, several surface and subsurface

soil samples were collected within each site to assess the nature and extent of chemical
distributions. A summary of the number of samples collected within an FU and the

surrogate site, and the frequency of detection for the detected chemicals, are included in
Tables 30-1 to 30-4 and 30-14. Two areas within FU6 were remediated during interim
removal actions-the area around the cafeteria, Building 274, and the grass-covered area
around the old housing units. Therefore, data collected before the removal actions from
these two areas are not included in this RA.

Screening Site 66, the surrogate site for FU6, was selected following the methodology
presented in Section 7.1 (see Table 7-1 and Appendix E). This site had the highest PRE ratio
in FU6. A separate human health RA was conducted at Site 66. A future utility worker
exposure was evaluated for this site. The RGOs are to be calculated for COPCs that present
risks for an industrial worker, if the risks and His are above the upper limit of the acceptable
risk range of 10.6 to 10-4 at FU6 and/or Site 66. If no excessive risks are observed, no RGOs
will be calculated.

30.1.1 Selection of COPCs for FU6
As previously stated, surface and subsurface soil data collected from the BRAC parcels and
from the RI and screening sites were used for this RA. Soil COPC selection was based on
samples collected from the grassy areas adjacent to paved roadways or parking lots near the
buildings within FU6.

Soft samples collected from the housing area and the cafeteria area were excluded because
sample locations were eliminated during interim actions. Contaminated surface soils were
removed and the excavations refilled with clean soils in both areas. Specifically, samples
SS48A, SS48B, SS48C, SS48D, SS48E, A(2.7), B(2.7), C(2.7), D(2.7), and E(2.7) were 
from the analysis because they were collected from the excavated area before remediation.
Residual soil samples collected during the removal actions indicated that contamination was
below detection and/or target concentrations in the area (OHM, 1999).

Sump sediment samples at FU6 were collected from Buildings 251 (thrift shop and a small
engine and equipment repair shop) and 265 (engine maintenance shop) at sampling stations
A(4.12) and A(4.13), respectively. These two samples were included for the COPC selection.

Most of the initial soil samples were analyzed for the TCL/TAL compounds. However, only
the detected group of compounds (pesticides) was analyzed in later investigations. As 
result, the number of soil samples analyzed differed between chemical groups. Sediment
samples were analyzed for metals, SVOCs, and petroleum hydrocarbons. The total number

of samples included in the RA ranged from 11 to 23 for surface soil samples and from 7 to
29 for subsurface soil samples; there were 2 samples for sump sediments These data were
used to select COPCs to evaluate current and future industrial worker exposure scenarios.
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A description of the COPC selection methodology was provided in Section 7.0. Chemicals
detected above background values and the RBCs were selected as COPCs for surface ar{d

subsurface soil and for sump sediment. A list of COPCs was selected for FU6 by comparing
the detected chemical maximum concentration with the background values and health-

based criteria (RBC), as presented in Tables 30-1 through 30-4. A table showing human
health screening criteria by medium and the results of the COPC selection screening is
provided in Appendix D.

The COPCs were selected separately for the FU-wide RA, Site 66 (surrogate site), and the
single sample point used for the residential RA. COPCs for FU6 surface soil are arsenic,
DDE, DDT, dieldrin, Aroclor-1260, and PAHs. COPCs for FU6 subsurface soil (zero to 10 ft)
are arsenic, copper, DDE, DDT, dieldrin, Aroclor-1260, PAHs, benzene, methylene chloride,
and total xylenes. For a conservative assessment of risks during excavation types of
exposures, all of the surface soil COPCs were included as subsurface soil to account for
exposure across the zero- to 10-ft depth range by commercial or industrial workers. This
estimation represents a conservative risk analysis for future commercial or industrial
worker exposures.

COPCs for the FU6 sump sediment are antimony, barium, chromium, copper, lead, nickel,
selenium, silver, thallium, zinc, PAHs, 4-Methylphenol, and petroleum hydrocarbons. Lead
levels in the two samples are 3,570 and 3,110 mg/kg in the two sumps from Buildings 251
and 265.

COPCs for surface soil at the highest PRE data point, SS66A, evaluated for residenhal
exposure-related risk estimations are PAHs. The RA for Site 66 is discussed in Section 30.3.

30.1.2 Exposure Assessment for FU6
The regional land use within a 3-mile radius of the Depot is presented on Figure 2-15.
Historically, operations in FU6 included administration, cafeteria operations, gasoline filhng
stabon, and vehicle repair and maintenance. The housing area was used to house military
officers and their families. All of these uses have been discontinued. However, future
redevelopment plans recommend using these buildings for other purposes. The building
complex, including Buildings 260, 263, 265, and 270, is expected to continue being used as a
police station. The main administrative building (Building 144) and the cafeteria building
(Building 274) may potentially be used as training centers, and a new community center 
planned in the southern parking area. The following text presents a CSM for FU6 and the
potentially exposed human receptors within FU6 under current and future land use
scenarios.

30.1.2.1 Conceptual Site Model and Fate and Transport Overview

Figure 30-2 presents the exposure CSM for FU6. Each of the components of a CSM is
discussed below, including the primary and secondary sources of contamination, primary
and secondary release pathways, mechanisms, potential receptors, and routes of exposure.

No hazardous waste handling operations were identified within a large part of FU6.
Buildings used for vehicle and small engine maintenance may have left residual wastes in
the sump and runoff areas. Other potential sources of soil contamination include routine
pesticide applications at the Depot. As noted in the fate and transport discussion m
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Section 6.0, primary release mechanisms include historical spills and leaks from chemical
storage areas and the gasoline tilling station, and surface application of pesticides,
herbicides, and waste oil. Contaminated soils could become secondary sources of
contamination. Over time, surface soils could leach more mobile constituents to subsurface
soil and eventually to shallow groundwater, if conditions are favorable. "Favorable
conditions" can be described as the presence of shallow groundwater under soils that are
very porous, high precipitation conditions, and the presence of very mobile chemicals. Most

of these conditions do not exist at the Main Installation. The depth to groundwater averages
more than 85 ft bgs, with a maximum depth of 132 ft bgs in the northwestem portion
(MW-38) to a minimum depth of more than 55 ft bgs. Surficial soils are clayey and relatively
impervious, and there are no highly mobile organic COPCs. Therefore, contaminant
migration to groundwater is expected to be negligible.

Other potential migration pathways for contaminants could include suspension of entrained
dust particles and chemical volatilization into ambient air. On the basis of the chemical and
physical characteristics of the COPCs, volatilization is not an important migration pathway
because there are no significant concentrations of volatile constituents within FU6. Most of
the COPCs are naturally occurring inorganic chemicals, pesticides, and semivolatile
constituents. Migration of these chemicals could occur via surface runoff and/or dust-bome
emissions.

The nature and extent of the screening sites investigations were mcluded in the Screening
Sites Letter Reports (CH2M HILL, 1998a). Petroleum hydrocarbon constituents (mostly BTEX)
were detected in subsurface soils near Site 67 at 4- to 20-ft depths in two samples (SB67A

and SB67C). The highest detected benzene, ethyl benzene, and xylene were at 8- to 10-ft
depths. The deeper samples had lower concentrations (see Appendix Q). Groundwater may
receive some of these VOCs over time, though at very low levels. Groundwater at the site
migrates west and north-west to the center of Main Installation; thus, off-site migration of
the FU6 contamination is not likely to occur.

Potential exposure points on-site include areas where human activities and/or ecological
receptor occurrences are likely and could result in physical contact with one or more
contaminated media. Most of the FU is inactive, with human activity currently limited to the
police station and administration buildings (Buildings 270 and 144, respectively) and to the
surrounding areas. Most of the current human activity within FU6 is limited to indoor office
workers and outdoor facility maintenance workers. The primary activity of interest,
maintenance work, typically involves routine activities such as lawn mowing and weed
cutting. Future activities may involve construction activities (such as building the
community center) for new buildings within FU6.

The potential for direct human exposure depends on the presence of exposed contaminated

soil and the types of activities within the contaminated areas. Direct human exposure is
limited by pavement and grass cover (Figure 2-16). Much of the surface area at FU6 
covered by grass, concrete, or pavement, thus limiting the potential exposure to soils during
maintenance activities. However, for the purposes of this risk evaluation, exposures were
assumed to be unlimited. Future exposures were evaluated assuming unrestricted land use.
Future land uses are therefore assumed to be maintenance-related work and industrial and

residential activities for the entire FU. The exposure units assumed for the various scenarios
are identified on Figure 30-1. SS66A is located to the northwest of Building 253 and to the
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northeast of areas 257 and 256, where buildings once stood. This station is located south of
G Street and east of 2na Street. This area is not likely to be used as a residential area in the
future, thus providing a worst-case scenario for future residents. The utility worker can

work anywhere in the FU and therefore can be exposed to the larger exposure unit.
However, Screening Site 66 was used as a surrogate, potential RME site to evaluate both the
industrial and utility workers’ exposures. These theoretical assumptions were included to
evaluate the site under conservative exposure assumptions.

On the basis of the good functional condition of the warehouse buildings in the area and the
planned reuse activities described in the Memphis Depot Redevelopment Plan (The Pathfinders
et al., 1997), the site is likely to remain commercial/industrial, with the addition of 
community center and use of housing buildings as a homeless shelter, as previously stated.
The future land use plans indicate a need to demolish some of the older buildings to
provide adequate parking space for future industrial use. Potential exposure routes for the
maintenance worker include incidental ingestion and dermal contact with surface sod and
inhalation of particulate emissions via dust from surface soil. Because of the presence of
pavement, concrete, and grassy land cover over FU6, dust generation is anticipated to be
limited.

30.1.2.2 Potentially Exposed Population and Identification of Complete Exposure

Pathways

Currently, most of the buildings in FU6, including the housing area, are not used and the
facility is inactive. The potentially exposed population under current conditions includes
maintenance workers occasionally cutting grass between the bmldings and houses and
alongside the roads and parking lots. This area seemed to be under routine maintenance
during the site visit. Grassy areas adjacent to the housing buildings and the abandoned
cafeteria have been resodded and are under routine maintenance.

Under foreseeable future conditions, potential receptors could include maintenance
workers, similar to those identified under current land use. The site is not likely to be used
for residential land use because of its physical attributes and historical use; additionally, the
site conditions indicate that the buildings, warehouses, and surrounding Depot property
could be employed for light industrial use that would provide economic benefits to the
surrounding community. The administrative building (Building 144) and the new cafeteria

(Building 274) could conceivably be used as a training center to stimulate and support
future job growth in the area, but no final decisions on their future uses have been made.
Construction activities could occur in the south parking area to build a commumty center
for local community residents. Most of the future activities will be performed indoors,
except for construction and maintenance. Therefore, exposure units and receptors identified

for other FUs are likely to be representative, yet conservative, surrogate receptors.

However, it has been proposed that the housing area located within FU6 function as a
homeless shelter in the future, which may introduce transient residents to the area. Because
this is a proposed use and because the future transient residents are likely to be indoors, no
yard work or other outdoor activities are likely to occur. Therefore, the future hypothetical
residential scenario will conservatively evaluate the transient residential exposure at FU6.
Even if these future transient residents are outdoors, the soils around the housing units have
been remediated to remove the pesticides detected in soils and have been covered with
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clean soils and new grass. Thus, the exposure pathways for the users of the housing units
are incomplete because of the lack of contamination.

The exposure scenario of a trespasser across the unfenced area around the administration
building was not included for quantitation. The Depot is likely to remain light industrial
and housing units that may be used for transient residents. If a trespasser/recreational
visitor were to be exposed to the administrative area of the FU6 in the future, that receptor
exposure is likely to be lower than a future industrial worker exposure. This is because a
recreational visitor is likely to have shorter duration and less frequent visits compared to a

default industrial worker. Most of the site is occupied by asphalt-paved areas of FU6 rather
than the much smaller area of the grass strips, which is where direct exposures are likely to
occur. Thus future industrial worker scenario is a conservative representative of a future
recreational trespasser scenario. For FU6, both the default worker and the resident scenarios
were used as conservative evaluation scenarios for this FU.

For conservative risk estimation purposes, future workers are assumed to contact soils
around buildings routinely on a dally basis, during their entire exposure duration (25 years).

A general description of activities to be performed by a maintenance worker within the
Depot was provided in Section 7.0. On the basis of occupational duties, it is assumed that a
maintenance worker spends half-a-day (4 hours) out of an 8-hour workday, once per week
(excluding vacation), 50 days per year for 25 years, cutting grass or weeds around the
warehouses in the grass-covered areas around FU6. These are conservative assumptions
considering the small size of the grass- and gravel-covered surface soil area in FU6
Exposure of these workers is assumed to occur via incidental ingestion of soil (50 mg/day).
The skin surface area accessible for dermal exposure is assumed to include face (1/2 of head
area), hands, and forearms. About 4 hours of the 8-hour maintenance workday is assumed
to be spent in contaminated areas of the FU, so half of the total incidentally ingested soil is
assumed to come from the contaminated soil. Thus, the FI or ET term of the dose estimates
is 0.5. The adherence factors used were estimated as documented in Appendix G. Most of
the other exposure factors used are default assumptions from the Exposure Factors Handbook
(EPA, 1997b). Site-specific factors used for EF and ED, as discussed above (½ work-day), 
based on best professional judgment. Exposure factors and the rationale for their selection
are included in the tables in Appendix G.

As noted previously, future base redevelopment is expected to focus on light manufacturing
and warehouse uses, so site activities will remain industrial. Therefore, future potentially
exposed populations are expected to be the same as the current human receptors for the site.
However, in the interest of conservatism in the risk estimations, it was assumed that the site
would be converted to an alternate industrial facility that requires workers to spend more
time on the site, with a higher frequency of visits to the contaminated soil areas. This
represents the RME scenario for industrial land use. Routes of exposure are identical to
those for a maintenance worker, which include incidental ingestion, dermal contact, and
inhalation of dust from surface soils.

Future industrial worker exposures were assumed to occur from the surface soil and from
subsurface soil in the event the Depot undergoes construction or excavation and subsurface

soils become surface soils. Thus, a future industrial worker’s long-term exposure to
subsurface soil was evaluated. Exposure factors used were the default values for lndustr:al
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workers from the Exposure Factors Handbook (EPA, 1997b) and other published sources, 
referenced in Appendix G. Under these assumptions, this hypothetical receptor category
would represent the maximum or most conservative degree of exposure that would be
associated with this site. However, an exception in default EF has been made l~ecause of the
reality of exposure to sump sediments. It has been estimated that an industrial worker may
be exposed to sump sediments 1 hour a week, every week (excluding vacations) for a total
of 50 days per year.

Selected areas of the Depot will be landscaped for aesthetic purposes. For example, the

northern parking lot will receive landscape work if the redevelopment plan is implemented
as proposed. Also, a community center may be built on the southern parking lot. The
potential exposure to workers in this area will be conservatively evaluated at the surrogate
site, where higher levels of contamination have been identified. Also, there are no Depot
activities or other contaminated areas close to the planned community center area.
Therefore, future land use alterations and the potential exposure of landscaping workers to
surface soil (zero to 2 ft bgs) via direct contact and inhalation of particulate emissions during
future redevelopment activities are a likely exposure scenario. This potential future receptor
would be expected to have a short ED (1 year or less). Because this scenario results 
relatively lower exposure levels compared to those of a maintenance worker, this scenario
was not mcluded for quantitation (see Appendix F for relative exposure comparisons).

On the basis of the Memphis Depot Redevelopment Plan (The Pathfinders et al., 1997), future
residential use of FU6 is unlikely, other than as temporary residence in the planned
homeless shelter. However, temporary shelter is distinctly different from permanent
housing. Also, the residential area has been reme&ated, making tkus an incomplete
exposure pathway to potential residents of the housing units. A hypothetical future
residential receptor was evaluated in this baseline RA for comparison purposes only. There
are no residents within the Main Installation or FU6 under current land use conditions. The
nearest off-site residential areas in the vicinity of FU6 are located to the east across Airways
Boulevard and to the south beyond the southern border of FU2, south of Ball Road. The only
potentially complete exposure pathway for off-site residents is inhalation of particulate
emissions from surface soil. Evaluation of the inhalation pathway for a hypothetical future
on-site resident is protective against potential off-site residential exposure, because dust
generated from on-site areas probably will dissipate to a large extent before reaching off-site
areas. Thus, exposures to an off-site receptor are likely to be lower than the potential
exposure to an on-site receptor. The risk characterization below includes a comparison of
the dust inhalation pathway results to an off-site resident dust inhalation.

Table 30-5 summarizes potential current and future exposure pathways for FU6 and
identifies the pathways that were evaluated quantitatively in this RA. Receptors were
conservatively selected to be protective of other relatively lower exposure receptors for
quantitative risk evaluation for this FU. Appendix F compares each potential receptor to the
selected representative exposure scenarios to ensure that selected exposure scenarios are
protective against all potential current and future exposures. Under these assumed
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conditions for exposure under current and future land use, the receptor groups that were
considered in deriving estimates of exposure and health risks for FU6 were as follows:

¯ Current on-site maintenance worker;
¯ Hypothetical future on-site commercial or industrial worker; and
¯ Hypothetical future on-site resident-adult and child (for comparison purposes only).

The EPCs were the estimated UCL 95% concentrations for surface and subsurface soils in
FU6. EPCs for a maintenance worker and a future industrial worker are either the UCL 95%
estimates or the maximum concentrations of the COPCs detected in the surface soil. The
EPCs for subsurface soil for the UCL 95% were estimated by combining samples collected
from zero- to 10-ft depths (assuming future soil conditions if surface and subsurface soils
are mixed during construction and excavation activities). A description of the UCL 95%
calculation is provided in Appendix H.

The EPCs for the future residential scenario are the maximum PRE sampling location
concentrations for all chemicals detected in that particular sample (e.g., sample SS66A). The
estimated EPCs are listed in Tables 30-6 through 30-9. The dose (intake) was estimated for
each of the complete exposure pathways (Appendix I).

30.1.3 Toxicity Assessment for FU6
Table 30-8 presents the toxicity factors for COPCs and the WoE classifications for each.
Detailed information regarding the basis for the toxicity classification and the uncertainty
associated with the listed toxicity factors, based on the EPA toxicity database, is included in
the master toxicity tables located in Section 7.0 (Tables 7-7 and 7-8).

The detected carcinogenic chemicals in site soils and sediments were either Class A or B2
carcinogens (see Table 30-10). Oral CSFs are available for arsenic, DDE, DDT, dieldrin,
Aroclor-1260, PAHs, carbazole, benzene, and methylene chloride. An inhalation CSF is
available for the same constituents with the exception of carbazole and DDE. The individual
CSFs for the PAHs were derived using TEFs compared to the BaP CSF. TEFs are available in
Table 7-9.

Oral RfD values are available for arsenic, copper, Aroclor-1260, DDT, dieldrin, methylene
chloride, and total xylenes. An inhalation RfD was available for methylene chloride only.
Oral toxicity factors were adjusted by the gastrointestinal ABSc~ factors for comparisons
with dermal intake estimates. These values are presented in Table 7-10.

Lead was detected in the sump bottom grit samples grouped as sediments located within
Buildings 251 and 265. The concentrations are above the target concentration estimated
using TRW’s adult lead model (EPA, 1996) of 1,530 mg/kg, which is protective of a worker
(see Table 7-16).

30.1.4 Risk Characterization for FU6
Section 7.0 provides the methodology used to calculate risk and HI values; Appendix I
provides the actual calculations. The carcinogenic risks and noncarcinogenic HI results from
Appendix I are summarized in Table 30-11. A set of histograms of the risks and His is
presented on Figures 30-3 and 30-4. FU6 was evaluated as one exposure umt. Workers and
residents were assumed to have uniform exposures and the EPCs were assumed to be
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present over the entire surface area of the FU. These are conservative assumptigns, because
most soil is covered by pavement or grass (Figures 2-16 and 28-I), which restricts’d,rect
contact with soil.

The ELCR from surface soil to a maintenance worker from FU6 is estimated at 3 x 10"6,

because of arsenic and BaP. The carcinogenic risks are within the acceptable range of I to
100 in one million (10.6 to 10-4). The nonearcinogenic HI for the maintenance worker is
estimated at 0.007, below the target value of 1.0. The ELCR from sump sediment to a
maintenance worker from FU6 is estimated at 1 x 10-6. The carcinogenic risks are at the
lower limit of the acceptable range of I to 100 in one million (10-6 to 104). The
nonearcinogenic HI for the maintenance worker is estimated at 0.1, below the target value of
1.0.

Carcinogenic and noncarcinogenic risk estimates for both media are within the acceptable
limits. Total surface media risks and hazards were 4 x 10"6 and 0.1, respectively. Thus,
maintenance worker exposure to the site soils and sediments is not a concern, given that the
risks and His are within acceptable limits.

The estimated ELCR to an industrial worker from surface soil is 3 x 10"s and subsurface soil
mixed with surface soil presents an ELCR of I x 10-5, both of which are within the acceptable
risk limit range of 10-6 to 10.4. Cancer risks were due to arsenic, dieldrin, BaP, and
Aroclor-1260 for both surface and subsurface soil estimates. The noncarcinogenic hazards

from surface soil and from the soil column (surface and subsurface together) are 0.06 and
0.05, respectively, both of which are below 1.0. The ELCR from sump sediment to an
industrial worker from FU6 is estimated at 3 x 104 and the noncarcinogemc HI for the
industrial worker is estimated at 0.4. The carcinogenic risks are within the acceptable range
of 1 to 100 in one million (10-6 to 10.4) and the HI is below the threshold value of 1.0. Total
surface media risks and hazards were 3 x 10.5 and 0.5, respectively. Thus, the FU6 soils and
sump sediments do not pose a health threat to future industrial workers, despite the
conservative exposure assumptions used.

The single point (sample SS66A) specific risk estimate for the residential receptor resulted 
an ELCR of I x 10.4. Cancer risks were at the upper limit of the acceptable risk range of 10" to
10.4, because of PAHs. Noncarcinogenic hazards were not estimated because no RfDs were
identified for these COPCs. This worst-case scenario is included as a hypothetical
conservative evaluation scenario, although the site is unlikely to be used for residential
purposes. The cumulative inhalation risks to a future on-site adult are at the 6 x 10-10 level
(see Table I7-4b in Appendix I), which are below the lower end of the acceptable limits. The
off-site receptor exposures from airborne, site-related exposures are likely to be lower than
these levels. Thus, exposures of off-site residents to on-site contamination are negligible.

There currently are no groundwater exposures for these receptors and none are likely in the
foreseeable future because of the established water use patterns in the area and because
water is provided from the public water supply system. The groundwater underneath FU6
(MW-50 and PZ-07) did not have detectable levels of organic contamination. Also, the
groundwater flow is toward the center of the Main Installation. Therefore, future potential
exposures to on-site receptors and immediate off-site receptors are primarily from soils at
the site.

575
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’ ’ The site-specific risk evaluations under current land use conditions do not present excess

risk (risks above the 104 level) to a future industrial worker. The future potential use of FU6
for industrial purposes does not pose a human health risk concern, because the risks and the
His to a future industrial worker are within acceptable limits. Therefore, RGOs were not
developed for COPCs, because none presented excessive risks or His.

Lead concentrations in the sediment (sump bottom grit) samples from inside Buildings 251
and 265 are elevated above the target concentration of 1,536 mg/kg. However, direct
exposure to these sediments is expected to be limited, so risks from direct exposures are not
likely to be significant. For long-term prevention of direct exposures and potential release to
the subsurface environment, the sump grit lead has been eliminated and the sumps have
been grouted. Building 251 also has been demolished.

30.1.4.1 Uncertainty Analysis

Section 7.0 presents the general concepts and sources of uncertainty at a given site. The
following are some of the major points pertaining to FU6.

30.1.4.2 Constituents of Potential Concern

Data were collected from 1996 to 1998. Many of the COPCs, such as PAHs and metals, also

were detected in background soils. Several of the PAHs were detected at higher
concentrations along the railroad tracks within the Depot. Operations at several of the sites
did not revolve PAHs as potential source constituents. Pestiades and the PCB Aroclor-1260
were not used in the storage-related operations. Pesticides may have been applied during
routine maintenance of the storage facilities. Likewise, site-wide statistical evaluations
indicated that most of the inorganic chemicals and some of the organic contaminants (PAHs,
DDT, DDE, and dieldrin) were similarly distributed in the background samples. Some of the
inorganic COPCs were selected based on their exceedance of the GWP criteria. These
chemicals are not a direct exposure concern. However, their inclusion contributes to the
conservatism of the risk estimation.

Subsurface soil organic COPCs are the same as the surface soil COPCs, although most of the
organic chemicals were not detected in the deeper soils below I ft w~thin FU6 because they
tend to remain within the first few inches of the surface. Surface soils in this data set were
defined as those from zero to 2 ft, whereas deeper soil was evaluated from zero to 10 ft. EPA
defines a "surface soil" as being in the zero- to 1-ft range. Some of the surface soil samples
were collected from within the first I ft bgs; however, to obtain a large enough data set for
statistical evaluations, samples collected from slightly deeper areas were included in the
surface soil group. Individual depths of the samples are included m Appendix Q.

Exposure Assessment. There are no exposures under current conditions except for
occasional maintenance of the grounds. Most of the area within FU6 is paved or grass-
covered. Some of the samples collected were from paved areas; however, they were
assumed to be readily available for exposure. There are no human receptors in FU6, except
m the administration buildings and police station, as mentioned prewously. This site is
highly unlikely to be used for residential purposes without significant structural changes to

the existing buildings. The housing area is the only area within the FU or the Depot where
residents could be expected in the future. The area has been remediated for the
organochlorine pesticides detected in surface soil and has been resodded. Thus, the future
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exposure pathway is incomplete because of a lack of contamination. This area is separated
from the rest of the Depot by a fence. Future land use considerations for the Depot include
various small industrial uses, thus, land use is likely to remain industrial or commercial.
Under future land use, also, indoor office workers are rarely in contact with the grass strips
around the warehouses. Much of the direct exposure is limited because of the presence of
paved roads and walk’ways around the buildings. Utility and future industrial worker
exposure to subsurface soil that becomes surface soil through excavation types of activities
is a conservative risk estimation scenario.

Most of the quantitative exposure values such as EF and ED are assumed values, and the
true likely exposure of a receptor is not known. Most of the uncertainty within RAs is
attributable to this exposure quantitation step.

Toxicity Assessment. The toxicity criteria used are those recommended by EPA through the

toxicity databases; therefore, the uncertainty associated with the toxicity factors is
predetermined by the methods used and the studies selected by EPA in calculating these
toxicity factors. The quantitative UFs associated with toxicity factors are included in the
master toxicity factors tables (Tables 7-7 and 7-8). Some of the primary sources 
uncertainty are listed there. Most of the toxicity factors are based on studies from animals

extrapolated to humans using arbitrary assumptions (e.g. UF, or MF), which introduces 
major uncertainty. In extrapolating to the low carcinogenic dose levels for the slope factor
estimahon, no threshold for toxicity is assumed. Some of the metal toxicity factors are based
on evidence of toxicity from occupational exposures (e.g., chromium) involving a high level
of exposures to fumes and airborne particles. The applicability of these data to
environmental exposures requires close scrutiny.

Risk Characterization. As noted previously, the assumptions used to estimate risks and
hazards in this assessment are conservative. Several scenarios were evaluated to simulate
possible alternative future land uses at FU6. The fact that samples were collected from
biased locations within suspected past activity and spill areas near warehouses adds to the
conservatism of the estimates. Thus, the areas represented by each sample in the combined
assessment at the FU6 level represent the areas of highest contamination wlthin the site and
FU.

30.1.4.3 Remedial Goal Options

Quantitative RGOs were not calculated for any of the surface media at the site because
exposures did not result in excessive risks associated with the soils and other surface media.
Also, there are no human health protection-based ARARs for soils. A general list of RGOs

,for some of the primary COPCs detected across the Depot is included in Section 7.0.

RGOs are developed only for the chemicals that are detected at the site at concentrations
either above the applicable state or federal standards or that present risks or His above the
acceptable levels. "Acceptable" risks are defined as risk levels above 100 in one rmlhon (104)
or HI above 1.0, for either current or future exposure pathways for a worker analyzed in the
RA. The risk evaluations under future land use conditions included potential exposures of

maintenance, industrial, and utility workers within FU6 based on activities observed to be
applicable to the site. Hypothetical future scenarios included residential land use.
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The groundwater within the area is addressed as part of the groundwater FU (see
Section 34.0). The site groundwater currently is not used within the Depot. Shallow
groundwater does not qualify for potable use. There is no contaminated groundwater under
FU6, and the groundwater under the facility was addressed as part o[ FU7 (Sections 32.0
through 35.0).

Lead concentrations in the sediment (sump bottom grit) samples from inside Buildings 351
and 365 are elevated above the target concentration of 1,536 mg/kg. The two lead
concentrations are 3,110 mg/kg and 3,570 mg/kg. These may need to be addressed for
potential future industrial use.

30.2 Environmental Evaluation for FU6

30.2.1 Introduction
An ERA was conducted at FU6, the Administrative and Residential Areas, to evaluate
whether contaminants detected in surface soil potentially pose adverse ecological effects to
terrestrial receptors. FU6 is primarily a light industrial area that contains administrative
buildings, a small area of residential buildings, and large paved parking lots. A few mowed
grass areas occur adjacent to the buildings and roadways, but provide little, if any,
ecological habitat for terrestrial plants or animals. The land use at FU6 is expected to remain
unchanged in the future. EPA ERA guidance (EPA, 1997d) recommends a screening level

ERA for risk management decisions. Although the mowed grass areas within FU6 do not
provide a significant habitat, a screening level ERA was initiated to aid in risk management
decisions.

This ERA was conducted in accordance with the Ecological Risk Assessment Guidance for
Superfund: Process for Designing and Conducting Ecological Risk Assessments (Process
Document)(EPA, 1997d). Steps 1, 2, and 3 of the EPA ERA model were completed, as
summarized in Section 7.8.

30.2.2 Step 1: Screening Level Problem Formulation and Effects Evaluation
This is the initial step in the ERA and includes all the elements of a problem formulation
and ecological effects analysis, but on a screening level. The results of this step support the
exposure estimates and risk calculation in Step 2.

30.2.2.1 Environmental Setting and Contaminants at the Site

The environmental setting at the Depot is described in Section 2.0. An ecological assessment
checklist was completed as described in the Process Document (EPA, 1997d) and 
provided in Appendix S. Site characteristics most relevant to the ERA are discussed here.

Most of FU6 consists of asphalt parking areas and a few administrative buildings. South of
the administrative area is the residential housing area, where residential housing and
detached garages were built in 1948. The houses remain residential, but the detached
garages have been used for automotive storage and maintenance. There is some routinely
mowed grass cover within FU6 in the residential area. The eastern portion of this FU
contains Gate 1, which provides an entrance into the Main Installation off of Airways
Boulevard.
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Numerous buildings behind the southern parking lot have purposes largely related to
maintenance and automotive activities. These activities include vehicle storage and,,
maintenance shops, heating fuel storage, vehicle grease rack, and a gas station. This FU also
includes a former building location used for storing and mixing pesticides and herbicides.
Other miscellaneous building uses include a thrift shop, former pro shop, and facility ~"
installation services building.

There is no significant ecological habitat at FU6. The limited groundcover consists
predominantly of paved roadways, parking lots, and strips of routinely mowed grass and
landscape plants along the buildings and within the residential area. There are no on-site
aquatic habitats (e.g., ponds or ditches). Potentially occurring wildlife may include tolerant
birds such as sparrows, rock doves, grackles, and mockingbirds, and small mammals such
as mice, rats, and shrews. There are no on-site aquatic habitats or wetlands, and no state or
federally endangered or threatened species are known to inhabit the area of the site (TDEC,
1996; USFWS, 1996; and Appendix T). Overall, the habitat at this site is highly disturbed and
of poor quality. The land use of this FU is expected to remain unchanged into the
foreseeable future.

Land use in the immediate vicinity of the site primarily consists of industrial areas
associated with the Main Installation. A residential commuruty occurs to the east, beyond
the fenced property boundary (Figure 2-15).

Surface soil is the only medium sampled at FU6 to which terrestrial ecological receptors
could be exposed and is, therefore, the only medium evaluated in this ERA. A list of surface
soil COPCs at this FU is provided in Section 26.1.1.

30.2.2.2 Contaminant Fate and Transport

An overview of contaminant fate and transport of chemicals detected at FU6 is provided In
Section 24.0 and is not repeated here.

30.2.2.3 Complete Exposure Pathways

For a pathway to be complete, a contaminant must travel from the source medium or media
to an ecological receptor and be taken up by the receptor via one or more exposure routes.
Although ecological habitats are minimal to non-existent at FU6, a conservative assumption
was made that a potentially complete exposure pathway may exist for direct contact of
terrestrial plants and invertebrates with contaminants detected in surface soil. There are no
other potentially complete exposure pathways at this site.

30.2.2.4 Assessment and Measurement Endpoints

Assessment endpoints are expressions of the environmental value(s) to be protected. The
assessment endpoint for FU6 is to sustain soil quality and to achieve COPC concentrations
that are below adverse effect thresholds for plants and soil invertebrates. Measurement
endpoints are measurable ecological characteristics of the assessment endpoint. In this
screening level evaluation, the measurement endpoint is the ratio of surface soil maximum

concentrations to conservative screening level soil benchmarks. An exceedance of soil COPC
concentrations compared to the benchmarks would be a "measure" of a potential effect If
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an exceedance occurs, it can be inferred that a possible adverse effect may occur to exposed
ecological receptors.

30.2.2.5 Screening Level Ecological Effects Evaluation

Conservative thresholds for adverse ecological effects, or screening ecotoxicity values, were
used for contaminants detected in surface soil. These values were determined as follows:

Surface Soil: the soil ecological screening values are those recommended by EPA
Region IV (1998). The EPA values were obtained from a variety of sources, including the
USFWS, the ORNL, the Canadian Council of Ministers of the Environment, the

Netherlands Ministry of Housing, and the RIVM.

The screening soil ecotoxicity values are provided in Table 7-14.

30.2.2.6 Uncertainty Assessment
Uncertainty is inherent in each step of the ERA. The following text piesents major factors
contributing to uncertainty in this assessment.

EPCs were assumed to be maximum soil concentrations. This is a highly conservative
assumption that may overestimate risk. Under this assumption, the receptor spends
100 percent of its life cycle at the highest concentration area; although this can be true for
plants, most terrestrial wildlife receptors are mobile and can be exposed to the complete
range of soil concentrations.

The soil criteria used were obtained from various sources in the literature and may not be
representative of actual site conditions. Exposure pathways to terrestrial plants and arumals
were assumed to be potentially complete, even though the maintained grass habitats do not
provide suitable habitat in this industrial setting.

30.2.3 Step 2: Screening Level Exposure Estimate and Risk Calculation

This step includes estimating exposure levels and screening for ecological risks as the last
two phases of the screening level ERA. At the end of Step 2, an SMDP will be made to assess
whether ecological risks are negligible or whether further evaluation is warranted.

30.2.3.1 Screening Level Exposure Estimate

The maximum concentration of all chemicals detected in surface soil at FU6 was used as the
EPC for estimating risk to directly exposed terrestrial organisms.

30.2.3.2 Screening Level Risk Characterization

The quantitative screening level risk estimate was conducted using the HQ approach. This
approach divides the EPCs (maximum detected soil value) by the soil screening ecotoxlcity
values.

Table 30-12 summarizes the results of the surface soil screening level risk calculations. This
table provides information regarding the FOD, range of detection, selected soil criteria, and

HQs based on a comparison of the maximum concentration to the criteria. An HQ less than
1.0 indicates that the contaminant is unhkely to cause adverse effects and is therefore not
considered further in the ERA. Contaminants with HQs greater than or equal to 1.0, or
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contaminants for which criteria were not available, were identified as COPCs and were
carried forward to Step 3. ""

J"

A total of 12 inorganic and 29 organic compounds were identified as COPCs in su;~face soil.
No screening criteria were available for 8 of the organic compounds.

30.2.3.3 Scientific Management Decision Point

The Step 2 screening information indicates a potential for adverse ecological effects, and a
more thorough assessment is warranted. The identified COPCs are to be carried forward to
Step 3.

30.2.4 Step 3: Baseline Risk Assessment Problem Formulation
Step 3 refines the problem formulation developed in the screening level assessment. In this
step, the results of the screening level assessment and additional site-specific information
are used to determine the scope and goals of the baseline ERA.

30.2.4.1 Refinement of COPCs

In Steps 1 and 2, conservative assumptions were used. As a result, some of the COPCs were
retained for Step 3, although they may pose only negligible nsk. Therefore, in this first
phase of Step 3, the assumptions used were further evaluated and other site-specific
information was considered to refine the list of COPCs. In this refinement phase, the revised
assumptions and site-specific considerations used were as follows:

¯ Arithmetic mean contaminant concentrations were considered, along with maximum
concentrations when a comparison to the benchmarks was conducted,

¯ Arithmetic average and maximum values were compared to background concentrations,

¯ Contaminant concentrations were compared to background values,

¯ The FOD was considered, and

¯ Less conservative (secondary) soil screening values were considered in addition to the
more conservative (primary) screening values used in Step 

The secondary benchmarks described above were identified to provide a less conservative
benchmark for comparison with site contaminant exposure concentrations. The secondary
benchmark selection process focused on identifying the next highest benchmark value
among the soil literature references used by EPA Region IV. This was a stepwlse process m
which the first set of toxicological benchmarks considered was from two ORNL studies
(Efroymson et al., 1997). These studies established separate screening benchmarks for soil
microorganisms, earthworms, and plants. A secondary screening value was chosen from
these three data sets that was the next highest value above the primary EPA Region IV
screening value. If no values were available, the selection process proceeded to the
Netherlands values (MHSPE, 1994). In addition, if the selected value from ORNL was found
to be greater than the highest Netherlands value, then the ORNL value was rejected and the
process moved forward to the Netherlands values as a conservative measure.
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The Netherlands values included optimum values and action values. When this set of data
was considered, the next highest value above the primary EPA Region W screening value
was selected as a secondary benchmark. If a value was not available, the process proceeded
to a final set of data as compiled by the USFWS (Beyer, 1990). The values in this data set
represent Dutch background, moderate contamination, and cleanup values. As stated
above, the next highest value above the primary EPA Region IV screaning value was
selected as a secondary benchmark.

In addition, the conservative ecological exposure pathways used in Step 2 were reevaluated
based on actual site conditions. All of this information provides a WoE to assess which, if
any, contaminants should be recommended for further evaluation in a baseline ERA.

The results of the Step 3 refinement of the COPCs list are summarized in Table 30-13. This
table presents the maximum and average EPCs, background concentrations, primary and
secondary surface soil screening criteria, range of HQs and background comparisons, and
FOD.

On the basis of the WoE presented in Table 30-10, one of the inorganic and several organic
COPCs indicated a potential for adverse effects. These included zmc, dieldrin, and several
PAHs. These are contaminants for which all HQs were at or above 1.0, and also were above
background in all comparisons. Many of the contaminants could be removed from further
consideration as a result of some HQs being near or less than 1.0, being less than
background, or having an FOD at 5 percent or below. Surface soil critena for a total of seven
contaminants were not available for comparison, so HQs could not be determined, however,
three of these contaminants were compared to available background concentrations.

The key consideration in this refinement step is the lack of ecological exposure pathways at
FU6. As previously discussed, the screening process in Steps I and 2 was conducted as a
conservative measure, given that EPA guidance recommends mimmal or no nsk
management considerations in a screening level ERA. FU6 is entirely a light industrial and
residential area, and this land use is expected to continue into the future. The on-site habitat

is limited to mowed grassy strips adjacent to buildings, roadways, and residential buildings.
There are no on-site or near-site natural habitats that could support significant populations
of terrestrial wildlife. Given the land use characteristics of FU6 and the lack of suitable on-
site habitats, ecological effects are expected to be negligible because complete exposure
pathways are not present and are not expected to be present in the foreseeable future.

30.2.4.2 Scientific Management Decision Point

Although several COPCs were identified in the refinement phase of Step 3 as potentially
causing adverse ecological effects, the lack of complete ecological exposure pathways at FU6
indicates that current and future ecological effects are negligible. Therefore, no further
assessment of ecological risk associated with contaminants at FU6 is warranted.

30.3 Human Health Evaluation for Screening Site 66
Screening Site 66 was selected as the surrogate site for FU6 because it had the highest
human health risk ratio among all the sites within FU6 evaluated in the PRE (Appendix E).
PAHs in surface soils produced the high risk estimates and HI ratios.
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Site 66 formerly was used as a thrift shop and a vehicle repair and maintenance building
(CH2M I-JILL, 1998a). This facility used to be a storage facility for drums containing

petroleum products (hydraulic oil), antifreeze, and a Safety-Kleen unit. The building was
used as a motor pool vehicle maintenance and service facility for vehicle maintenance, oll
changes, steam cleaning, cold-solvent degreasing, washing, and lubrication. A UST was
installed in this area in 1952 and was removed in 1996 (CH2M HILL, 1998a).

30.3.1 Selection of COPCs for Screening Site 66
A range of 13 to 32 surface soil (zero to I ft deep) samples were included for analysis 
SVOCs, and fewer samples were analyzed for other cheznical groups at Site 66. The
maximum detected chemical concentration within this data group was compared against
background concentrations and the RBCs for direct exposure, as well as against the GWP
concentrations (SSLs). There were a total of 14 to 28 analyses of subsurface soil (greater than
I to 10 ft), (duplicate samples included); the maximum detected concentrations were
compared with the background concentrations and SSL criteria for COPC selection.

The COPC selection indicated that surface soils at the site had PAHs exceeding the
background levels and comparison criteria (see Table 30-14). The PRE indicates PAHs as the
primary risk drivers (Appendix E) in surface soil. In the deep soil samples group for utility
worker exposure evaluations, soils from 0 to 10 ft are included. The subsurface soils did not
have any chemicals that were selected as COPCs.

30.3.2 Exposure Assessment for Screening Site 66
Figure 28-1 depicts the site and its relative location within FU6. Screening Site 66 is located
within Building 253. However, some of the samples collected were from further
downgradient locations such as the grassy areas south of Building 250, because there are no
open surface areas immediately adjacent to Building 253. Figure 30-5 presents the exposure
CSM for Site 66.

30.3.3 Potentially Exposed Human Population and Identification of Potentially
Complete Exposure Pathways

The site has been inactive since the closure of the Depot. There are no potentially exposed
populations under current conditions specific to this site. Maintenance workers for the
Depot involved in weed control and other maintenance-related activities could be present
for limited periods of time. Maintenance worker exposure at Site 66 was not quantitatively
evaluated because of the small area of the site. A maintenance worker exposure scenario
was quantified for FU6, including Site 66 data. Other potential receptors evaluated
qualitatively for surface soil exposure at this site were landscapers.

Potentially exposed populations under future land use are unknown at this time. On the
basis of the Memphis Depot Redevelopment Plan (The Pathfinders et al., 1997), it is likely that
Site 66 will be used in the future for light industrial or commercial operations. Under such a
scenario, likely future receptors are also site workers. Future residential use of this site is

highly unlikely, because of the site’s central location within a highly industrial area of the
Depot. According to future redevelopment plans, the commercial use of the area and of this
site is to be retained. Hypothetical future residential exposures were evaluated for the
worst-case scenario for FU6; a separate evaluation for Site 66, therefore, was not performed
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for this site (see Appendix A). A detailed list of exposure factors and the rationale for their
selection are included in tables in Appendix G.

Subsurface soils were evaluated for direct exposure of a future construction/utility worker
and an industrial worker. These scenarios are based on the assumption that, in the future, if
the contaminated subsurface soil (zero to 10 ft bgs) is disturbed (e.g., for installation 

maintenance of underground utilities), exposure to contaminated subsurface soil for utility
workers or future industrial workers in the area could become a complete pathway. A
summary of exposure pathways for Site 66 is included in Table 30-15.

A UCL 95% concentration was estimated for the EPC for surface soil (zero to I ft) and
subsurface soil (zero to 10 ft) data for the COPCs identified. These values are listed 
Tables 30-16 and 30-17, and the estimation methodology is described in Appendix H. The
dose (intake) was estimated for each of the complete exposure pathways. The dose estimates
are included in Appendix I.

30.3.3.1 Toxicity Assessment for Screening Site 66

The COPCs for Site 66 are a subset of those previously listed in the FU6 RA section (Section
30.1.1). Table 30-10 includes the toxicity factors for the COPCs identified at Site 66.

30.3.3.2 Risk Characterization for Screening Site 66

The carcinogenic risks and noncarcinogenic His are summarized in Table 30-18¯ His could
not be estimated because of a lack of toxicity factors for COPCs identified in the site soils.
Histograms of the risks calculated are included on Figure 30-6. The ELCRs were estimated
for a future industrial worker and utility worker. The carcinogenic risks for industrial
worker exposures to Site 66 surface soil resulted in estimated risks of 2 x 10-S. The
carcinogenic risks are from PAHs. The risk associated with deeper soil is 3 x 10-6. Because
deep soils include surface and subsurface soils, the risks are not additive. Thus, total risks
are the higher of the two sets of risks estimated for the industrial worker. This worker
scenario conservatively assumes a full workday exposure, 250 days per year, for an
exposure period of 25 years. The resulting risks are at the upper limit for cancer risks of I to
100 m one million. Thus, the overall Site 66 soils do not pose a health threat to future
industrial workers.

Exposures of a utility worker assume surface and subsurface soil mixed during excavation
Exposure to the utility worker resulted in an ELCR of 5 x 10-7. Carcinogenic health risks are
below the lower end of the acceptable limits of 10-6 to 10-4. Thus, excavation-type activities
do not pose a health threat to these site workers.

Uncertainties associated with this RA are similar to those listed in the FU6 RA section
(Sechon 30.1.4). RGOs were not calculated for the industrial worker at Site 66 because risks
did not exceed acceptable risk criteria.
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TABLE 311-5
Summary of Exposure Pathways to be Quantified at FU6

Memphis Depot Main Installation RI

Potentially Exposed Exposure Route, Medium, and Pathway Selected Reason for Selection or
Population Exposure Point for Evaluation? Exclusion

Current Land Use

Onslte Maintenance Incidental ingestion, dermal contact, Yes Occasional maintenance work ~s
Worker and dust inhalation from the surface assumed to revolve a worker

soils, end mgesbon and dermal spending brae m the contaminated
contact with sump sedcments sod, and clean~ng sumps

589

Future Land Use

Ons=te Industnal Worker Incidental ingesbon, dermal contact,
and dust inhalation from the surface
sods, and mgesbon and dermal
contact with sump sediments.

Onslte Ut=l=ty Worker Incidental ingestion, dermal contact, No
and dust inhalabon from the
subsurface sods (0 to 10 feet below
ground surface).

Yes

Ons~te Landscaper Incidental ingestion, dermal contact, No
and dust inhalation from the surface
soils

Hypothetical Future Incidental ingestion, dermal contact, Yes
Onslte Residenttal and dust mhalabon from the surface

SOILS

Hypothetical future reasonable
maximum exposure scenario for
future workers

A hypothetlca) future ubhty worker
mstalhng or maintaining
underground utd~bes is assumed to
be exposed to contaminated
subsurface soil This ts evaluated
as part of the surrogate site
exposure unit

Landscaper exposure to surface
sod would be short exposure
duration (less than one year)
during property redevelopment
Maintenance worker exposure
assumptions are protectwe of
landscaper

Evaluated for companson
purposes only
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TABLE 30-9
Exposure Point Concentrahons for FU6, St~tlon SS66A- Surface Soil (0-2 feet)
Memphis Depot Math Insta/lat/on RI

Parameter EPC (mg/kg)

BENZO(a)ANTHRACENE 5 4

BENZO(a)PYRENE 6 3
BENZO(b)FLUORANTHENE 8 1
CARBAZOLE 1 5
CHRYSENE 9 2

INDENO(1,2,3-c,d)PYRENE 6 2
Note

Data evaluated include normal samples only.
Field duplicates have been dropped from risk evaluation

EPC values represent the maximum PRE sample within Functional Unit 6 at Iocahon SS66A
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TABLE 30-11
Carcmogen¢ R~sks and Noncarc[nogen~c Hazards o! FU6

Memphis Depot Mare fostalfabon RI

Exposure Scenarios
Industrml Worker

Maintenance Worker

Exposure Pathways

Surface Soil (0-2ft) 3E-O5
SoJI Column (0-10 II)1

1E-O5
Sediment 3E-O6

Total= 3E.05

Sudace Soil (0-2ft) 3E-06
Sediment 1E-06

Total 4E-06
Residential Adult (age-adjusted)

Sod point exposure at SS66A 1E-04
Total IE-04

Residential Child~

Sod point exposure at SS66A 7E*05

Total 7E-05

To~IELCR ToblHI Chemlca~ of Concern

006
0 05

04

05

Arsenic, Dleldnn, PCB- 1260, SaP

Arsemc, Dleldnn, PCS. 1260, SaP

Benzo(a)pyrene
IArsemcT Dieldrin I PCB-12601PAHs I

0 007 Arsenic, Benzo(a)pyrene
01

0.1 IArsenic, Benzo(a)pyrene I

N/A

N/A
PAIls

IPAHs I

PAHs

I PAHs I
Notes
Residential receptors have been included for comparison purposes only
T SOl~ Column includes surface and subsurface so//, and therefore, cannot be combtned with surface sol~ risks

2 Tofa/Risks presented is the higher of surface and subsurface so~fa

3 Carcinogenic nsks for ChlJd scenano Bre optional eva/uabon$ & may not have been evaluated for all metha
N/A = no toxtclty factors avadab/e for these COPCs

BaP= Benzo(a)pyrene

PAHS = Pol~,nuclear aromatic hydrocarbons

ATU147543/Secbon 30 Tables/FU6 newlbls xls/table 30-11 30-29



487 596

ZZZ 0

0

!
II "~ II }[ "3 II II II II II II II II II II II ~ ~ II "~ "-J "3 "~ It "3 ~ ~ ~ "~ "-~ "-~ -3 ~

-=E
oo

~-©o=o o ° o oo ooo

:E

i
II’-~ II II "~*~ ii *~ II l] ,I "~’~ II il II II -~*~..~*-~ ..~-~ --~.-~..~*~..~..~--~.~

¯
~ 0(:300000000 0(3000

E 0
O0 00000

t.

Z

L~

3
LU LU<
Z Z:I:

W I--- Uj h- I~-

< ~ z o z-Jz~ w
~3 UJ< ~ LU .< >- < LU ZEZEEE~’Zo a =~o~o*< ~z<

}" ~ I’Ll 0 Z Z>- -J --~2. J_~ ~--

~(j 
~0 z Z~<’JLu 0w

~z~<~<zoo_~,~<~°Nzz° ~,z~zzzzzz~°~:°°w~ ~,=<<z:=~z~ - <<<mmmmmm.~mO0OO<<<mmoooo >N

8

<:



487 597~

088 ~-~ ~ §ooo~ ~ooo o
dodo o

000 0 0

000000

o ~oooo~oooooooooo

<
~Z W

m,>-o

ZW

o 0.
~Z c0~o ~h~LU

.°~eoi,Ll -J .J

~00z

LI E~:

:-J -~-J ~ z ZLUgi : >- >- >- ~ .< z .< w ~<LUOZ

¯ ~ ! W W UJ 0:3:: >. W 0~

LD

2

.~ o

5 9

5"oC

C

= d
0

[] 0
"0

0

=8

~--_-

8~,
~LU E

~I e~

,%

5



598

o
o

&
0

I:~ "0 "=m~

8~

Io

°1

o--
~ cI

i
~,

i

0
0
¢J

ZZZ ZZ Z~ZZ~ Z~

~o ~O ~ O~OO~

<<

O ~ OJ~ O i’~ O OO O

O~OOO

~§~

U3

O ~ ~O

e
o

~o ~
~E~O~ ~Z~

< < = OO ~ 5 N

ooooooo
0 0000

0 ~ O0 ~00~
oOO°Oo ooo oooo

o o o ~ ~
o o o o ° ~ ° o o o

oo

<

Z Z~

z z o~ ~= ~Ozo ~ z ~
OE~~o~ ~

NNNNN , ~0~



487 599

5



487 600

U a

~|

~ ~ 2N N h I

a m a
&e,a

c ~ol~i°°:

i! ....i
g ....

ii ....
1

i

1

Ji....
ii ....

i!,~

~mmm0

o



MEMPHIS DEPOT MAIN INSTALLATION RI-FJNAL 1/2000

TABLE 30-15
Summary of Exposure Pathways to be Quantified at Screening Szte 66
MemphJs Depot Main Installation RI

487 60t

Potentially Exposed
Population

Current Land Use
Ons=te Maintenance
Worker

Exposure Route, Medium, and
Exposure Point

Future Land Use
Onslte Industrial Worker

Incidental ingestion, dermal contact,
and dust inhalation from the surface
soils.

Pathway
Selected for
Evaluation?

Onsite Utility Worker

Incidental ingestion, dermal contact,
and dust inhalation from the surface
sotls.

No

Onsite Landscaper

IncLdental ingestion, dermal contact,
and dust inhalation from the
subsurface soils (0-10’ bgs)

Yes

Hypothetical Future
Onslte Residential

Incidental Ingestion, dermal contact,
and dust inhalation from the surface
soils.

Yes

Incidental ingestion, dermal contact,
and dust inhalation from the surface
soils.

No

Reason for Selection or
Exclusion

No

Occasional maintenance
work is assumed to involve
a worker spending time in
the contammated sod

Hypothetical future
reasonable max=mum
exposure scenario for
future workers

A hypothetical future utility
worker instalhng or
maintaining underground
utdlties is assumed to be
exposed to contaminated
subsurface soil.

Landscaper exposure to
surface soil would be
shorter exposure duration
(less than 1 year) during
property redevelopment
Maintenance worker
exposure assumptions are
protective of landscaper

Evaluated for comparison
purposes only.
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Lake
D~elson i

Golf Course
Pond

] Rernedlal Inveshgat/on S~te

A~k Screemng Site
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31.0 Summary and Conclusions for FU6

31.1 Summary

31.1.1 Nature and Extent of Contamination
RI data were collected for surface and subsurface soil to assess the nature and extent of
contamination at FU6.

31.1.1.1 Soil

Metals, SVOCs, pesticides, and VOCs were detected in the soils across FU6. Some of these
contaminants were detected at elevated concentrations (concentrations above background
values) in areas that may have contributed to contamination, based on past operations. The
following data interpretation associates the detected contamination with the historical site
operations:

¯ Screerung Site 58 for metals and VOCs-at Pad 267;
¯ Screening Site 66 for SVOCs-at Sample SS66A near Building 253; and
¯ Screening Site 67 for metals and VOCs-at the Installation Gas Station (Building 257).

In addition, the elevated concentrations typically were detected in the surface soils.
Contaminants detected in the subsurface soil generally were below (or near) background
values, with the exception of total xylenes.

Metals. Lead, copper, and selenium are the primary metals of concern throughout FU6.
These metals exceed background values in surface soil at a number of areas throughout
FU6.

Elevated lead and copper concentrations in surface soil samples were observed in the
southwestern comer of FU1 and near Building 257 (Screening Site 67), respectively. Only
one elevated concentration of either metal (a copper concentration in SB67B) was noted 
the subsurface soil samples.

Subsurface soil concentrations of selenium exceeded the background value more than did
surface soil concentrations.

Nickel, chromium, zinc, and arsenic were identified as the distributed metals. Potassium
and calcium were identified as the natural metals, with detected concentrations above
background values.

Pesticides. Most of the samples analyzed within FU6 indicate that pesticides were not
present or that the detected concentrations were below background values. DDT, DDE,
DDD, alpha-chlordane, gamma-chlordane, and dieldrin were the only pesticides detected
above background levels in surface soil at FU6. Dieldrin was the only pesticide detected at
concentrations above the GWP value. The pesticides were dispersed throughout FU6.
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Because the pesticides are distributed throughout FU6, their detection probably is

attributable to site-wide application rather than to site-specific, activity-related releases at
these specific waste management sites. No concentrations of pesticides were detected in the
subsurface soil above background.

$VOCs. The primary SVOCs of concern in the surface soil at FU6 were PAH compounds.
PAHs were detected throughout the Main Installation, with the highest concentrations in
proximity to the railroad tracks. PAH compounds can origInate from the seepage of creosote
from railroad ties, from historical railcar leaks, or from PCP/used-oil mixtures historically
applied for weed control along the tracks.

The highest concentration of total PAHs was observed in Sample SS66A, taken to be a
representative sample of motor pool activities.

SVOCs, including PAHs, rarely were detected in the subsurface soils.

Dioxins. Dzoxins were not analyzed for in the surface and subsurface soils in FU6 because
records of past activities did not indicate the need to analyze for these parameters.

VOCs and Other Organics. The majority of the surface and subsurface soil sampling results
for VOCs within FU6 indicated no detected concentrations. However, there was one isolated
area where elevated concentrations of VOCs were detected in the surface soil within FU6.

SB58B contained concentrations of eight VOCs, six of which were only located in this
sample location: carbon disulfide, chloromethane, ethyl benzene, toluene, total xylenes, and
TCE.

Probably because of volatilization at the surface, detected concentrations of VOCs in
subsurface soils were not always colocated with elevated surface soil concentrations. These
areas are identified below:

SB58B contained only three VOCs in the subsurface samples. Bromomethane, total
xylenes, and TCE were the only detected parameters, compared to the six VOCs
detected in the surface samples;

¯ Benzene, ethyl benzene, and xylene were detected in four additional sample locations in
the subsurface samples at Site 67, which is a former gas station. The benzene

concentrations were observed in locations where the surface samples showed no
presence of benzene; and

¯ Methylene chloride was observed in three additional locations in Screening Site 66.

Benzene, methylene chloride, and total xylenes were the only VOCs to exceed their
respective GWP values.

31.1.1.2 Sediment

Two BRAC sediment samples were collected from sumps beneath floor drains in
Buildings 251 and 265. Building 251 is a thrift shop used as a storage and repair facility and
Building 265 is the facility engineer maintenance shop. Contaminants detected in the sump
sediment included metals, SVOCs, and petroleum hydrocarbons. The sediments are beneath
a metal grill and are not subject to direct surface water runoff because they are within an
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enclosed building. The sediments in both sumps have been removed, and the stfmps closed
with grout. Building 251 has been demolished.

31.1.2 Fate and Transport

31.1.2.1 Migration Pathways

FU6 consists of the main administration building (Building 144), large parking lots, police
station, gasoline filling station, housing area, and several smaller buildings (Buildings 251
through 257, 260, 261, 263, 265, and 270 through 274). Building 274 is the new cafeteria
building, which provided food for Depot employees. Most of the surface area within FU6 is
covered by asphalt for parking lots and roadways, or concrete-paved roads, with small
grassy strips. The building complex, including Buildings 260, 263, 265, and 270, currently is
being used as a police station. The area surrounding the housing buildings is completely
surrounded by flesh sod and an asphalt drive (Figure 2-16). Potential pathways for
migration at FU6 are surface runoff, leaching, and dust emission. Because of the current
ground cover, significant leaching and volatization are not anticipated.

Surface runoff will migrate from concrete-, asphalt-, and gravel-covered areas around the
buildings and the grassy areas located near the FU boundaries. There are no surface water
bodies or drainage ditches within FU6. Surface water runoff within FU6 flows m a general
north to south pattern, based on surface topography. Stormwater collected in the western
third of FU6 is transported to the underground pipe system that empties in the concrete-
lined ditch below Lake Danielson and ultamately discharges off-site to an unnamed
tributary south of N Street that discharges into Nonconnah Creek (Black & Veatch, 1999).
Stormwater in the central part of FU6 flows through drop inlets to the underground pipe
system that discharges either into the pond or into the concrete-lined ditch (Site 52) below
the pond. The ditch discharges into an unnamed tributary south of N Street (Outfall 12) that
eventually discharges to Nonconnah Creek. Stormwater from the southern portion of FU6

flows via the underground pipe system and discharges to the city’s stormwater drainage
system south of the community club complex. Stormwater collected from FU1 passes
through FU6 and is discharged off-site to the city’s system along Airways Boulevard.

The eastern boundary of FU6 also is the Main Installation’s site boundaries, which are
fenced and covered with grass. The grassy areas outside of the fenced areas were not
accessible to site operations-related direct releases. These grassy areas are more than 100 ft
wide between the fence and public roads.

Dust emissions could occur from the grass- and gravel-covered areas within FU6. However,
dust emissions will be dramatically reduced because of the asphalt cover present as ground
cover over a major portion of FU6 (see Figure 2-16). Also, grass-covered areas around the
housing units and the cafeteria were remediated and covered with clean soils; thus, dust
from these areas is not likely to be associated with site contamination.

31.1.2.2 Contaminant Persistence and Migration

Metals, PAHs, and pesticides were the most frequently detected contaminants at FU6.
Metals are persistent in the environment, but are not volatile. Emissions of metals to the
ambient air would be in the form of particulate emissions. PAHs are not very volatile and
are likely to degrade with time because of exposures to sunlight and air. The pesticides
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degrade slowly and are expected to remain bound to the soil; thus, they are likely to be
released through dust. The surface runoff pathway is not complete because of the lack of
significant flow through surface drainage features within this FU; in particular, off-site
runoff only occurs along the southeastern and northeastern borders of FU6 through
stormwater drainage systems. The remaining runoff is routed to FU2, where concrete-hned
stormwater drainages ultimately reach off-site at the southern boundary of FU2. Off-site
rmgration is not considered a significant concern for FU6.

Leaching to groundwater could be a potentially complete migration pathway for the
detected petroleum VOCs in subsurface soil. Because of the low levels in the deepest
samples (18- to 20-ft depths), the infrequently detected concentrations of these VOCs, and
their short half-lives in groundwater, they may not affect the groundwater. However,
groundwater at the site is addressed in Sections 32.0 through 35.0.

31.1.3 Risk Assessment

31.1.3.1 Summary and Conclusions of Risk Assessment for FU6

The human health RA for FU6 included all of the data collected within this geographic area.
The primary conclusions of this RA are as follows:

¯ Arsenic, DDE, DDT, dieldrin, Aroclor-1260, and PAHs were detected in surface soils
above background and RBC values, and therefore, were included as COPCs.
Additaonally, benzene, methylene chloride, and xylenes were added as COPCs to the
subsurface soils. Sediments from the sumps in Buildings 251 and 265 had inorganics,
PAHs, and petroleum hydrocarbons as COPCs;

The COPCs at Site 66 were a subset of what was detected within FU6, mostly PAHs.
There are no exposed soils adjacent to Building 253 where Site 66 is located; therefore,
soil samples were collected from an adjacent parcel south of Building 250;

¯ The potential exists for subsurface VOCs to migrate to groundwater. However, based on
the low levels in the deeper samples and short half-lives in water, these chemicals may
not be at measurable levels in the regional groundwater;

¯ Overall human health risks and noncarcinogenic hazards to current maintenance
workers, future industrial workers, and utility workers in FU6 are within the acceptable
risk limits for carcinogenic and noncarcinogenic end points;

¯ Potential risks from the surrogate site (Screening Site 66) are negligible. The COPCs
identified are a subset of those found in FU6. Overall risks to various receptors were
within acceptable levels; and

¯ Overall human health risks and noncarcinogenic hazards to residents in FU6 also are
within acceptable risk limits. The risks under a hypothetical residential scenario
estimated for a single data point were above the upperbound acceptable limits for
carcinogenic risk of the I in 10,000 (10.4) level, primarily because of the PAHs detected m

the sample.
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31.1.3.2 Summary and Conclusions of Ecological Risk Assessment for FU6 ~

A screening level ERA was conducted for the entire FU6 to evaluate the extent to which
contaminant concentrations potentially could adversely affect ecological receptors.
Although ecological habitat at FU6 is limited to a few maintained grassed areas, the ERA
was conducted in accordance with EPA guidance, which recommends little or no nsk
management input in the screening assessment. The screening assessment (Steps 1 and 2)
identified a number of COPCs for consideration in Step 3. The refinement process in Step 3
reduced the number of preliminary COPCs; however, further consideration of slte-specitic
ecological exposure pathways indicated that current and future exposure pathways at this
site are incomplete. There is adequate information to conclude that the ecological risk at FU6
is negligible, and there is no need for remediation based on ecological risk.

31.1.3.3 Summary and Conclusions for Screening Site 66

Conclusions specific to the surrogate site RA performed at Site 66 are presented below:

¯ Site 66 was selected as the surrogate site to represent the worst-case potential risk areas
within FU6, based on the results of the evaluation presented in Section 7.0;

¯ The site is located at Building 253 (with the UST at the northern end of the building) and
there are no exposed soils immediately adjacent to the building;

¯ A human health RA was conducted for this site because it represents the worst-case
exposures to human receptors. An ERA was not conducted at this site because it is an
industrial site and not a suitable habitat for terrestrial receptors;

¯ Surface soil samples indicated the presence of several PAH compounds above screerung
criteria and/or background values; these were selected as COPCs;

¯ Risks and noncarcinogenic hazards estimated for workers under various exposure
scenarios represent risks within the I to 100 in a million range (10-6 to 10.4) and His
below a target value of 1.0. The total risks are represented by the higher of the surface
and deeper soil risk estimates; and

¯ Site 66 does not pose a mgnificant human health concern for future industrial land use at
FU6, even under high-end exposure assumptions.

31.2 Conclusions

31.2.1 Data Limitations and Recommendations for Future Work
The nature and extent of the chemical constituents in surface and subsurface soil have been
defined both vertically and horizontally in FU6. In general, surface soil samples with
concentrations attributable to source areas within FU6 were further investigated until the
extent of contamination was been defined. Similarly, subsurface soil samples with elevated
concentrations were investigated to shallow groundwater or until contamination was not
detected further (below detection limit). Sampling investigations were carried out in several
rounds to define the nature and extent around an identified contamination. As a result, no
data limitations were identified with respect to the surface or subsurface soil samples
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collected in FU6. The groundwater under the FU and the Depot is considered as one unit for
investigations. Therefore, no additional future work is recommended for FU6.

31.2.2 Recommended Remedial Action Objectives
As shown in the baseline RA detailed in Section 30.0, overall human health risks and
noncarcinogenic hazards associated with exposure to soil and sediment are within
acceptable risk limits. Groundwater risks are further discussed in Section 34.0. No areas
within FU6 require remedial action to facilitate the transfer of property.

3~-6
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32.0
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Nature and Extent of Contamination at
FU7

625

Current knowledge about the nature and extent of contamination in the FU7 groundwater is
based on an evaluation of chemical data that were obtained from groundwater samples
collected during five sampling events from January 1996 through November 1998. During
this time, groundwater samples were analyzed for herbicides, metals (total), pesticides/
PCBs, SVOCs, and VOCs. Samples were collected from wells installed by Law
Environmental during the initial 1990 RI activities at the Depot (Law Environmental, 1990a),
wells and piezometers installed by CH2M HILL, and push samples collected by
CH2M HILL. Locations of wells sampled over the entire Depot are shown in Figure 32-1. All
wells within the Main Installation were completed near the base of the fluvial aquzfer. Most,
but not all, identified the surface of the confining unit clay (see Figures 2-8a and 2-8b). Only
analytical data from wells and other groundwater sampling locations identified as Main
Installation wells are reported in this document. Groundwater data associated with the

Dunn Field wells will be reported in the upcoming Dunn Field RI report.

Table 32-1 identifies the groundwater samphng locations and summarizes the analyses that

were conducted on the Main Installation. Of these groups of chemicals, VOCs, SVOCs, and
metals (total) were detected. Because of their low mobilities from the surface to depth,
herbicides and pesticides/PCBs were not detected in groundwater samples.

The nature and extent of specific chemicals in Main Installation groundwater are discussed
in the following subsections.

32.1 VOCs in Groundwater
A total of 20 VOCs were detected in groundwater samples collected since November 1998.
Table 32-2 lists these VOCs, along with pertinent statistics. The numbers of detected
concentrations are calculated on both normal and duplicate samples.

Of the 20 VOCs detected, only six were determined to warrant detailed discussion based on
the frequency of detected concentrations per well and spatial occurrence: carbon
tetrachloride, total 1,2-DCE, PCE, TCE, 1,1,1-Trichloroethane (1,1,1-TCA), and chloroform.
Three general areas of persistent VOC occurrences are discernible within the Main
Installation: the southeastern section, the southwestern section, and the west-central section.
The southeastern section includes the golf course, Lake Danielson, the Golf Course Pond,
and other sites within the Southeast Golf Course\Recreational Area and Administrative and
Residential Area FUs that are the subject of this RI. The southwestern section is
characterized by past industrial activity, as is the west-central section. One persistent VOC,
1,1,1-Trichloroethane, was not detected in either of these general areas, but was detected at
two locations beyond the western boundary of the Main Installation outside the Depot
boundaries. 1,1,1-TCA is a constituent associated with the northern portion of Dunn Field
(CH2M HILL, 1997); however, groundwater beyond the western perimeter of the Main
Installation is not downgradient of Dunn Field.
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32.1.1 Southeastern Section
The VOCs consistently detected in the southeastern section include PCE, TCE, 1,2-DCE,
carbon tetrachloride, and chloroform. PCE and TCE were detected most frequently in
groundwater samples. The highest detected concentrations at each well ranged from
0.001J mg/L to 0.016 mg/L PCE, and from 0.001J mg/L to 0.058 mg/L TCE. Figures 32-2
and 32-3 present the distributions of PCE and TCE and show the highest concentrations
detected during the RI sampling. The highest concentration of PCE was detected in MW-26,
located to the west of Building 274. The spatial distribution of PCE occurrences suggests that
a plume may be present that trends northwest to southeast. Concentrations decrease to the
north, south, and east from an area of high concentration in the vicinity of MW-26 located
west of Building 274, and MW-25 located south of Lake Danielson (Figure 32-2).
Groundwater flow directions across the Main Installation support the observed
configuration of the plume. Low estimated quantities of PCE have been detected in
groundwater samples from wells near the southern boundary, so these wells are considered
to be at or near the edge of the southern extent of the plume in the southeastern section of
the Main Installation. The potentiometric surface (Figure 2-12) indicates that groundwater
flow from this area is toward the southwest and toward a northwest-southeast trending
depression in the potentiometric surface in the vicinity of PZ05 and MW-24. Groundwater
flowing from the Building 274 area is beheved to flow to this depression, then
southeastward toward the Main Installation boundary. To date, no PCE has been detected
in MW-24, which is the most downgradient well in the south-central depression.

TCE, which may result from anaerobic degradation of PCE, has been detected in wells in the
southeastern section of the Main Installation at concentrations and spatial distributions that
suggest its presence may be partially unrelated to PCE occurrence. TCE does occur in three
(MW-26, MW-64, and HY03) of the five locations where PCE was detected and, except 

MW-64 (the northwestern-most well in the southeastern section), concentrations of TCE are
lower than those of PCE (Figure 32-3). The occurrence of TCE at these locations might 
attributable to the anaerobic degradation of PCE; if so, it originates from the same source.

The absence of TCE in groundwater samples collected from MW-25 and MW-52, which are
intermediate/upgradient and downgradlent of the TCE occurrences, implies that the plume
has become diluted.

Other sources of TCE are suggested by occurrences of TCE in groundwater samples from
HY04 and PZ05. HY04 is located perpendicular to groundwater flow from MW-26 and the
Building 274 area, a potential source area for PCE and TCE. The concentration of TCE
detected in a groundwater sample from HY04 was 0.002J mg/L. If there is another source
area at this location, the source does not appear to be a significant contributor of TCE to
groundwater. Another potential source area for TCE is indicated by the presence of TCE in
PZ05, the southernmost sampling location in the southeastern section. This location is
oblique to groundwater flow from MW-26 and the Building 274 area. Groundwater samples
collected from wells MW-25 and MW-52 contained no TCE. A groundwater sample
collected from upgradient well HY04 contained TCE at a lower concentration, 0.002J mg/L,
compared to 0.058 mg/L at PZ05. The potentiometric surface indicates that groundwater
flow from this area is to the southwest into a northwest-southeast trending depression in the
potentiometric surface in the vicinity of PZ05 and MW-24. To date, no TCE has been
detected in MW-24, which is the most downgradient well m the south-central depression.
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Only a trace quantity of carbon disulfide, at I #g/L, has been detected in groundwater
samples from MW-24. The elevated concentration of TCE detected in the off-site piezometer

PZ05 is anomalous because this location is not directly downgradient of the other ~ells that
show organic contamination on the Main Installation. The industrial facilities records search
(Appendix H) identifies a dry cleaning operation and an electrical shop approximately
2,000 ~ southwest of the southeastern corner of the Main Installation. TCE could be present
in PZ05 as a degradation product of PCE (otherwise known as perchloroethylene, the
predominant solvent used in dry cleaning), released from historic or current dry cleaning
operations.

Because of its limited areal extent and detection at low concentrations, 1,2-DCE is not
considered to be a significant contributor to groundwater contamination at the Main
Installation. The VOC 1,2-DCE, which is a degradation product of TCE, was found to occur
in groundwater samples from two locations (MW-52 and HY04), as shown on Figure 32-4.
The maximum detected concentration was 0.001J mg/L. Groundwater from HY04 was
found to contain TCE. Groundwater from MW-52 also was found to contain PCE, although
TCE was not detected.

Carbon tetrachloride has been detected in groundwater samples from three locations
(MW-25, MW-26, and MW-64) in the southeastern section (Figure 32-5). The highest
concentration detected was 0.004J mg/L in a groundwater sample from MW-26. In MW-26,
the concentration of carbon tetrachloride detected m groundwater samples has remained at
0.004J mg/L during five sampling events covering first quarter 1996 to fourth quarter 1998.
At MW-25, the concentration increased from "not detected" to 0.002J mg/L over the same
time period. MW-64 has been sampled only once. The low concentrations of carbon
tetrachlonde reported are considered estimates, because they were quantified below the
detection limit of the analytical method ("J" qualified).

Chloroform has been detected in groundwater samples at low, estimated concentrations
from two locations (Figure 32-6). At MW-26, just west of Building 274, chloroform has been
detected consistently at 0.001J mg/L to 0.002J mg/L during RI sampling. Only during the
third quarter 1997 sampling event was it not detected. At MW-64, located northwest of
MW-26 and obliquely downgradient, chloroform was detected at 0.001J mg/L in a
groundwater sample. This well was installed in October 1998 and has been sampled only
once. Chloroform is a degradation product of carbon tetrachloride, so detected
concentrations in MW-26 and MW-64 may be associated with the carbon tetrachloride found
in these wells.

32.1.2 Southwestern Section
The persistent VOCs detected in the southwestern section of the Main Installation include
PCE, TCE, and 1,2-DCE. The maximum concentrations detected ranged from 0.001J mg/L to
0.120 mg/L of PCE, 0.004J to 0.031 of TCE, and 0.002J mg/L to 0.009J mg/L of 1,2-DCE, as
shown on Figures 32-2, 32-3, and 32-4, respectively. PCE was detected at its highest
concentration (0.120 mg/L) in a groundwater sample collected from MW-21 during the
fourth quarter of 1998. Figure 32-2 shows the areal distribution of the maximum
concentrations of PCE detected during the RI sampling. As further discussed in
Section 32.1.6, the concentration of PCE in groundwater samples from this location has been
increasing since RI sampling began during the first quarter of 1996. This increase in
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concentration is accompanied by an increase in groundwater level of approximately 1 ft at
this location. The increase in concentration over time may be related to the increase in
recharge the aquifer has received, resulting in more PCE being leached from the vadose
zone to the aquifer.

A similarly high concentration of 0.11 mg/L of PCE was detected in a groundwater sample
from PZ04 located beyond the Main Installation boundary to the southwest of MW-21. PZ04
is directly upgradient from MW-21. Groundwater flow is from the southwest onto the Main
Installation area, suggesting the possibility of an off-site source of PCE. To the southeast of
locations PZ04 and MW-21, groundwater from MW-47 has been affected by PCE, but to a
lesser degree. Concentrations have fluctuated from 0.023 mg/L detected during the first
quarter of 1996 to 0.001J mg/L detected during fourth quarter 1998 sampling.

PCE also has been detected in groundwater samples collected at two downgradient
locations (MW-39 and PZ03, located in the central section of the plant and discussed below)
to the east of MW-21 toward the eastern boundary of FU3, Concentrations have been
estimated below 0.010 mg/L Although these locations are downgradlent from the
occurrences of PCE in the southwestern section, groundwater converges from the southeast
with that from the southwest into the central portion of the MaIn Installation. The central
section of the Main Installation area could be receiving PCE via transport from the
southwestern and southeastern sections.

TCE has been detected at maximum concentrations ranging from 0.004 mg/L to 0.031 mg/L
in the southwestern section of the Main Installation. TCE was detected, as a possible
degradation product of PCE, in groundwater samples from MW-21, MW-22, and MW-47
(Figure 32-3). 1,2-DCE was detected in groundwater samples from two locations (MW-21
and MW-47), both of which contained PCE and TCE. The maximum concentration detected,
o.009J mg/L at MW-47, occurred during first quarter 1998 sampling. Fourth quarter 1998
sampling results showed 0.001J mg/L

Appendix A identifies an abandoned dry cleaning operation about 1,200 ft south of the
southwestern comer of the Main Installation, just southeast of the PZ08 location. This
location was suspected to be a possible source of the PCE and degradation products found
in groundwater in the southwestern section of the Main Installation. However, no organic
compounds have been detected in PZ08, located between MW-47 and the dry cleaner
location, nor is the dry cleaner oriented within the upgradient flow path, as currently
depicted, of the elevated organic concentrations in PZ04 and MW-21. Therefore, it is
unlikely that this facility is contributing organic chemicals to the Main Installation plume.
An unidentified off-site source of PCE to the southwest of PZ04 and MW-21 continues to be

a possibility. It is also possible that the source of PCE is on the Main Installation and has
migrated off-site because of the topography of the confining clay unit, which is observed to
dip toward the south and southwest (Figure 2-9) and because of the relatively flat
groundwater gradient.

32.1.3 Central Section
Persistent VOCs have been detected in groundwater samples at some locations in the central
section of the Main Installation, including PCE, TCE, chloroform, and carbon tetrachloride.
The potentiometric surface indicates that groundwater flow converges from the southeast,
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the south, and the southwest to the central portion of the Main Installation area. These
VOCs have been detected at locations upgradient from the central section. "

PCE has been detected in groundwater samples from MW-39 and PZ03, which are’

downgradient from the southeastern and southwestern sections of the Main Installation,
where PCE also has been detected (Figure 32-2). PCE has been detected in four samples
from MW-39, ranging in concentration from 0.003J mg/L to 0.009J mg/L. The suspected
source of PCE in groundwater samples from these wells is the upgradient area to the
southwest.

PCE has been detected in one of the four groundwater samples collected from MW-34,
located in the depressed clay feature in the southwestern corner of Dunn Field. PCE was
detected at 0.001J mg/L during the first quarter 1996 sampling event, but was not detected
m any subsequent sampling events.

TCE has been detected in four wells in the central section (Figure 32-3). This compound
consistently has been detected at concentrations below 0.010J during four sampling events.
PCE, TCE’s parent compound, also has been detected in groundwater from one of these
wells.

The highest concentration of TCE (0.037 mg/L) was detected in a groundwater sample from
MW-62 during the fourth quarter 1998 sampling event. No other persistent VOCs havre been
detected at this location.

Carbon tetrachloride was detected in groundwater samples from MW-34 only once in four
sampling events (Figure 32-5). This compound was detected at 0.001J mg/L during the first
quarter 1996 sampling event but has not been detected since, and therefore, is not a
significant contributor to VOC contamination. Carbon tetrachloride has been detected in
groundwater at Dunn Field (CH2M HILL, 1997). MW-34 is in the depressed clay feature 
an area where flow from the southern portion of Dunn Field may be converging with flow
from the Main Installation. It is possible that this isolated, low-level detection of carbon
tetrachloride originated from Dunn Field.

Chloroform was detected in groundwater samples from MW-34 and MW-43 (Figure 32-6),
both of which are located within the depressed clay feature. The sample from MW-43 was
collected from a temporary well installed below a clay unit, presumably a thinned section of
the uppermost clay of the Jackson Formation-Upper Claiborne Group, which was
encountered during drilling activities. Chloroform also was detected in a groundwater
sample collected from MW-63, located near the southeastern edge of the depressed
groundwater surface. MW-34 had the highest chloroform concentration (0.005J mg/L), but
this compound was not detected in this well during the fourth quarter 1998 sampling. Like
carbon tetrachloride, chloroform was detected in groundwater at Dunn Field, so these low-
level, estimated detected concentrations may be attributable to groundwater transport from
Dunn Field.

32.1.4 Occurrences Beyond Depot Boundary
The VOC 1,1,1-TCA was detected in groundwater samples from two locations, both of
which are beyond the Main Installation boundaries (Figure 32-7). 1,1,1-TCA was detected 
MW-66 (west of the Main Installation) in the fourth quarter 1998 sampling at an estimated
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concentraHon of 0.00lJ mg/L. This location is upgradient of the Main Installation. No
I,I,I-TCA was detected in groundwater samples collected from downgradient wells
immediately to the east of IVIVG66 on the Main Installation property.

As dlscussed in Section 2.5.2.3, the installation of IVIW-43, clay was encountered between
elevations 112.5 and ]07.5 ft msL A temporary well was set below this elevation, screened
between 91.7 and 81.7 ft msl, to obtain a water quality sample from the underlying saturated
sand. The well was permanently installed, with the screened interval immediately above the
clay. In two samples collected from the lower interval, one with the Grundfos pump and
one with a bailer, concentrations of 1,1,1-TCE at 0.001J mg/L (pumped) and 0.014 mg/L
(bailed) were detected. 1,1,1-TCE also was detected in the upper sample at 0.002J mg/L. 
groundwater samples from upgradient wells, 1,1,1-TCA was detected only in MW-66.
Numerous Main Installation wells between MW-66 and MW-43 have been sampled,
resulting in no detected concentrations of 1,1,1-TCA.

Concentrations of 1,1,1-TCA have been est,mated below the MDL in wells at Dunn Field, at
concentrations less than 0.01 mg/L. The highest concentration above the detection limit was
0.011 mg/L in PZ02, located beyond the northeastern corner of Dunn Field. Therefore, the
1,1,1-TCE detected in MW-43 may originate from sources at Dunn Field. Additional

groundwater sampling is planned and will be documented in the Dunn Field RI report.

32.1.5 Other VOCs

Of the remaining 14 VOCs that were detected (Table 32-2), none was detected more than
four times and most were detected only once or twice in 83 total samples. The occurrences
are temporally sporadic, indicate no significant effect on the fluvial aquifer by these VOCs,
and suggest no significant source area. With the exception of acetone, these VOCs were
detected at estimated concentrations not exceeding 0.010 mg/L.

Acetone was detected in groundwater samples from three locations (HY04, MW-41, and
MW-43). HY04 was sampled in October and November 1998. Acetone was not detected in
the October sampling event, but was detected at 0.024 mg/L in November. Therefore, its
presence is uncertain at this time. MW-41 has been sampled five times since 1996. Only in
the 1996 sampling episode was it detected. MW-43 was sampled three times in October 1998
and in only one sample was acetone detected. It was sampled again in November 1998 and

acetone was not detected. The anomalous occurrences of acetone and the lack of any known
source area at HY04 and northwest of the Main Installation, suggest that acetone may be
attributable to laboratory contamination. Acetone is a commonly occurring laboratory
contaminant (see Section 5.3)

32.1.6 Temporal Trends in Persistent VOC Concentrations

The concentrations of persistent VOCs were plotted over time to evaluate trends at locations
with more than one sampling event. No more than five samples were collected and no more
than five groundwater levels were measured between January 1996 and November 1998.
Only general observations can be made regarding trends and relationships, because the
groundwater samples were collected and the groundwater level measurements were
recorded during five sampling events over nearly a 3-year time frame

@
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Generally, groundwater levels were observed to fluctuate over an elevation change’of
approximately I ft. Temporal trends in groundwater level fluctuations in the fluvial aquifer
beneath the Main Installation are variable, though some patterns between well~ are evident.
Figure 2-2 shows the trend m actual and average monthly precipitation from January 1996
and the precipitation conditions during each of the groundwater sampling events. The
average precipitation data for the Memphis area covers the period from 1961-1990. The
actual average precipitation for each month is presented on Figure 2-2. Hydrologic
conditions for each sampling event can be summarized as follows:

¯ I st Quarter 1996 (February)-This sampling period has historically average precipitation.
The preceding month’s actual precipitation is higher than average; actual February
precipitation lower than average February precipitation.

¯ 2na Quarter 1997 (June)-This sampling period has historically below average
precipitation. Actual precipitation during the sampling period and the preceding
10 months above average.

¯ 3rd Quarter 1997 (October)-This sampling period has historically below average
precipitation. Actual prec,pitation in preceding 2 months below average.

¯ 1st Quarter 1998 (March)-Both historic average and actual precipitation were above
average.

¯ 4th Quarter 1998 (October)-Both historic average and actual precipitation were below
average.

For the most part, the degree of groundwater fluctuation is less than 10 percent of the
saturated thickness of the aquifer and does not change the general flow directions across the
Main Installation. Specific reasons for the variation in groundwater level trends have not
been identified; the variation may be an artifact of the limited groundwater elevation data
available. Possible reasons for the variation between wells involve the dynamics of surface
water runoff across the Main Installation and the local configuration of the confining unit
clay.

With a couple of exceptions discussed below, neither positive nor negative correlations of
groundwater level with change in concentration are discernible (Figures 32-8a and 32-8b).
Concentrations of persistent VOCs at most wells tend to be below the detection limit, so
some variation may result from variations in estimating the concentration rather than actual
changes in groundwater concentrations. Fluctuations in concentrations are erratic,
sometimes increasing or decreasing several times the previous sampling events’
concentration. Correlation patterns of VOC concentration levels with groundwater
elevations when concentrations tend to be in the vicinity of the detection limit are, at best,
speculative.

In contrast, groundwater samples from MW-21 exhibit a significant positive correlation of
groundwater level change with concentration, particularly for PCE and TCE. From the first
quarter 1996 to the fourth quarter 1998, the concentration of PCE increased from 0.052 mg/L
to 0.12 mg/L. TCE also increased in concentration from 0.009J mg/L to 0.031 mg/L. During
five sampling events, 1,2-DCE was detected only once, at 0.002J, which is below the
detection limit during fourth quarter samplmg in 1998. The increase in concentrations of
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PCE, TCE,’ and possibly 1,2-DCE suggests a nearby soil source that is leaching VOCs to
groundwater during recharge through the soil column and vadose zone. However, no VOCs
have been detected in soil samples collected in this area (Figure 32-9).

Plume geometry during the course of this RI from January 1996 to November 1998 changed
only slightly because of changes in concentration¯ In the southwestern area, PCE was
intermittently detected in MW-47. In downgradient MW-23, PCE was detected at low
estimated concentrations in the first sampling event, and not at all in subsequent sampling.
Fourth quarter 1998 results that show decreasing concentrations of PCE in MW-47 and non-
detect levels in MW-23 suggest that the plume is becoming diluted because of rising
groundwater levels or that the plume has passed from this point downgradient. No other
significant plume geometry changes are evident.

32.1.7 Relationship Between VOCs in Groundwater and Subsurface Soils
To evaluate the potential relationship between VOCs in groundwater and subsurface soil,
the concentrations of orgamc compounds observed in the Main Installation groundwater
(PCE, TCE, 1,2-DCE, carbon tetrachloride, and chloroform) that also were detected 
subsurface soil were summed and plotted as a function of sampling interval depth.
Figure 32-9 shows the distribution of total organic compounds in subsurface soil for the
following sampling intervals: 3- to 5-, 7- to 15-, 16- to 30-, and deeper than 30-ft bgs. Because

of the varying objectives of subsurface sampling at Individual sites, subsurface boring
intervals vary across the site. The intervals presented in Figure 32-9 are groupings of
intervals that vary within the reported range¯ Additional discussions of subsurface VOC
contamination are presented in the individual FU sections.

Subsurface organic compounds are consistently present throughout the borehole in two
locations: the cluster of boreholes associated with Site 36, the DRMO Hazardous Waste
Concrete Storage Pad; and two borings near Site 78, the Acetone, Toluene, Naptha,
Hydrofluoric Acid Spill Area. A relatively high concentration of TCE, 11 mg/kg, was
detected in the 16- to 30-ft subsurface interval at SB78B. However, TCE was not detected in
PZ03, adjacent to SB78B, or in surrounding wells MW-23 and MW-24. Likewise, VOCs were
not detected in PZ06, located within the boring cluster at Site 36. Isolated subsurface VOC
concentrations were detected throughout the central portion of the Main Installation. A
correlation between subsurface soil VOC detected concentrations and VOCs in groundwater
was not observed, particularly in the centroid of the PCE plume in the southwestern area.

32.2 Semivolatile Organic Compounds in Groundwater
Five SVOCs were detected in groundwater samples collected durIng the RI activities. These
Include chrysene, BEHP, diethyl phthalate, d~-n-butyl phthalate, and di-n-octylphthalate.
The most frequently detected SVOC was BEHP. Among 57 samples, this compound was
detected 5 times at concentrations ranging from 0.001J mg/L to 0.019 mg/L and not more
than once at any location¯ The other SVOCs were detected only once. None of the other
SVOCs detected in groundwater exceeded an estimated concentration of 0.004J mg/L.

The phthalate compounds are common plasticizers in latex gloves and other common
plastic materials used in the sampling and analysis process¯ Their mobility through the soil
column to groundwater is generally quite limited. Their presence in groundwater samples
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at the Depot, therefore, is probably not attributable to waste management practices at the
Main Installation.

32.3 Metals and Other Inorganics in Groundwater

Twenty-two metals and other inorganics were detected in groundwater samples collected
from 19 wells on the Main Installation. Seventy-seven samples were collected during five
sampling periods from first quarter 1996 to fourth quarter 1998. All reported metal results
are total concentrations-no samples were filtered¯

During quarterly sampling, metals concentrations were compared with groundwater
turbidity measurements to evaluate whether a statistically significant relationship between
these two parameters exits. Such an analysis of the I st quarter 1996 data produced
ambiguous results, with correlation coefficients for each metal analyzed ranging from 0.47
for aluminum to -0 81 for silicon¯ Turbidity ranged from 6 NTUs to 999 NTUs (off the scale
of the instrument). The correlation coefficients of subsequent quarterly data of turbidity and
metals concentrations suggested moderate (0.32 nd quarter 1997) t o very weak positive
correlations (0.13 and 0.14, ra quarter 1997 and Ist quarter 1998, respectively)¯

Because it may not be reasonable to assume that all metals concentrations in groundwater
will respond identically to increases in turbidity, two of the more common mineral-forming
metals (iron and aluminum) were investigated. Both of these metals were detected
commonly above background in groundwater samples from the Main Installation and are
discussed in more detail in subsequent paragraphs.

Turbidity values measured during the RI sampling were plotted with the corresponding
aluminum and iron concentrations, as shown on Figures 32-10 and 32-11. On both plots

several outliers were removed to observe the relationships on a finer scale¯ At turbidity
values less than 10 NTUs, there appears to be httle to no relationship between concentration

and turbidity. Between NTU values of 10 and 100, the plots begin to show a marginal
positive relationship between increasing concentration and turbidity for both aluminum and
iron. At turbidity values exceeding 100, the relationship between increasing concentration
and turbidity becomes stronger. Therefore, for iron and aluminum, there does appear to be
a positive relationship of increasing concentrations with turbidity. The causes of turbidity
typically are associated with disturbances to the water column (during sampling) that
suspend small particles. During RI sampling, care was taken to minimize disturbances to
the water column; however, at some locations, turbid samples were unavoidable. There are
several occurrences of elevated iron and aluminum concentrations associated with low
turbidity values (10 NTUs or tess). These occurrences may reflect the natural variation in the
geochemical properties of the aquifer. On the other hand, there are numerous occurrences of
high turbidity with non-elevated concentrations of iron and aluminum. Turbidity in this
case may be attributable to some factor other than suspended clay and finer material,
perhaps organic material in suspension.

The concentrations of metals detected in groundwater samples from the Main Installation
area and adjacent off-site locations were compared with background concentrations. The
metals antimony, magnesium, and sodium were detected in groundwater samples, but did
not exceed background concentrations at any location. The remaining 19 metals exceeded
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background concentrations, but at different percentages. Table 32-3 summarizes the metals
data.

Seven metals were found to occur at frequencies and locations that suggest their occurrences
could be related to waste management practices at the Depot. These frequencies and
locations were based on temporal distribution in groundwater samples from each well and
by spatial distribution. These metals include (from highest to lowest frequency of detection
above background) zinc, cadmium, iron, aluminum, vanadium, arsenic, and potassium. In
contrast to the plumes of VOCs that underhe a large portion of the Depot, locations where
metals exceeded background concentrations are limited to smaller geographic areas,
primarily in the southwestern comer of the Depot. There are some scattered and isolated
occurrences elsewhere.

As discussed in Section 16.0, chromium, lead, cadmium, copper, nickel, selenium, and zinc
concentrations are elevated in the surface soil at the southwestern comer of the Main
Installation because of sandblasting and painting operations. Groundwater samples most
frequently containing metal concentrations that exceeded background levels also were
collected from this area. The following discussion focuses on each of the seven primary
metals and is augmented by a discussion on spatial and temporal distribution.

32.3.1 Primarily Occurring Metals and Inorganics
Zinc was detected in groundwater at the Main Installation in concentrations most
frequently exceeding background. Figure 32-12 shows the spatial distribution of zinc
detected during the fourth quarter 1998 and also the maximum concentration detected
during RI sampling. Zinc was analyzed for 76 times and was detected 40 times. In
background wells, zinc did not exceed the detection limit. Therefore, occurrences above the
detection limit are background exceedances. Significant concentrations of zh:c were detected
in groundwater samples from wells located in the general vicinity of the sandblasting area
located in the southwestern corner of the installation. The maximum concentration of zinc

was 0.351 mg/L, detected in a groundwater sample from HY89A during the fourth quarter
of 1998. HY89A is located in the southwestern comer of the installation adjacent to the
sandblasting area. Other monitoring wells located in the southwestern comer of the Main
Installation near the sandblasting area are MW-21 and MW-22. Groundwater samples from
both wells contained zinc at concentrations consistently exceeding background.

MW-20, located to the north of the sandblasting area, yielded groundwater samples
containing zinc above background concentrations multiple times during RI sampling
events. It is unlikely that groundwater in the vicinity of MW-20 has been affected by
operations at the sandblasting area because it is perpendicular to the groundwater gradient
from the sandblasting area. Another local source is probably the contributor. Other
significant concentrations of zinc have been detected in groundwater samples from MW-38,
MW-39, and MW-55, located in the western third of the installation. Zinc was detected in
groundwater samples from 17 locations, and although there have been other occurrences of
zinc in addition to the locations just discussed, the frequency of detection of zinc in
groundwater at these locations suggests transient conditions with insignificant effects on
groundwater quality.
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Cadmium is the second most frequently detected metal in groundwater at the Main
Installation. It was analyzed for 76 times and was detected 37 times. Figure 32-13 shows the
spatial distribution of cadmium detected during the fourth quarter of 1998 andalso the
maximum concentration detected during RI sampling. In background wells, cadmium did
not exceed the detection limit. Therefore, concentrations above the detection limit d~re
background exceedances. Significant concentrations of cadmium were detected In
groundwater samples from MW-22 near the sandblasting area. In contrast with zinc,
cadmium was not detected in groundwater samples from MW-21, which is north of MW-22,
indicating the limits of the areal extent of cadmium in groundwater above background
Other significant concentrations of cadmium in groundwater were detected in samples from
the following:

¯ MW-20, located north of the sandblasting area and west of the P949 area (POL area);
¯ MW-38, located south of Dunn Field; and
¯ MW-41, located beyond Depot boundaries to the northwest of the Main Installation.

The maximum concentration of cadmium was 0.0846 mg/L, detected in a groundwater
sample collected from MW-20 during the third quarter of 1997. It should be noted that in
two subsequent sampling events, the concentration of cadmium in groundwater samples
collected at this location decreased more than two orders of magnitude to 0.00036 mg/L and
0.00073 mg/L, implying irregularities in either sample collection or analytical procedures.
Cadmium was detected in groundwater samples from 12 locations, and although there have
been other occurrences of cadmium in addition to the locations just discussed, the frequency
of detection of cadmium in groundwater at these locations suggests transient conditions
with insignificant effects on groundwater quality.

Iron was analyzed for 70 times and was detected in 64 samples above the detection limit.
The background concentration of 6.73 mg/L was exceeded in 18 samples from 10 locations
(Figure 32-14). The highest concentration of iron was 136 mg/L, detected in a third quarter
1997 groundwater sample collected from MW-20. Subsequent concentrations were three to
four orders of magnitude lower, at 0.0971 mg/L and 0.182 mg/L, detected in the first and
fourth quarters 1998, respectively. Iron was often detected In groundwater samples from
MW-22, located in the southwestern area in the southwestern corner of the installation. In
five sampling events, iron exceeded background four times. Only during the first quarter of
1998 did the concentration not exceed background. Iron was detected in groundwater
samples from MW-21, located north of MW-22; only in the third quarter of 1997 (one
sampling event in five) did the concentration exceed background. Although iron was
detected in groundwater samples at other locations, the frequencies of detection of iron in
groundwater samples at these locations suggest transient conditions with insignificant

effects on groundwater quality.

Aluminum was analyzed for 69 times, detected 55 times, and exceeded background 16
times. The background concentration for aluminum is 1.8 mg/L. Aluminum was detected in
groundwater samples above the background value at nine locations, as shown on
Figure 32-15. The highest concentration of aluminum detected was 126 mg/L in a third
quarter 1997 groundwater sample collected from MW-20. As with iron, in groundwater
samples collected in the first and fourth quarters of 1998 concentrations diminished three to
four orders of magnitude to below background. At MW-22 and MW-55, aluminum was
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detected exceeding background more often (3 out of 5 sampling events) than at any other
locations and included the fourth quarter 1998 sampling event. MW-55 is located within an
area of multiple railroad tracks and on a groundwater high, upgradient to other monitoring
well stations at the installation.

Vanadium was analyzed for 69 times, detected 48 times, and exceeded the background
concentration of 0.006 mg/L 15 times. Vanadium was detected at eight locations exceeding
background (Figure 32-16) The highest concentration of vanadium was detected m MW-20
at 0.262 mg/L during third quarter 1997 sampling. The following sampling events resulted
in concentrations of vanadium in groundwater samples from MW-20 approximately two

orders of magnitude lower than the highest concentration and below background. This was
also the case with aluminum, iron, and cadmium in the groundwater samples collected at
MW-20. Only at MW-22 was vanadium detected more than twice during RI sampling.
Vanadium was detected in groundwater samples at other locations; however, the
frequencies of detection of vanadium in groundwater samples at these locations suggest
transient conditions with insignificant effects on groundwater quality.

Arsenic was analyzed for 76 times and detected 13 times, all at concentrations greater than
background (the detection limit). Arsenic was detected in groundwater samples collected
from six locations, as shown on Figure 32-17. The highest concentration was 0.0905 mg/L in
the third quarter 1997 groundwater sample collected from MW-20. Subsequent results for
the first and fourth quarter 1998 sampling events show decreasing concentrations, with
arsenic not being detected in the fourth quarter of 1998. Elsewhere, arsenic concentrations
above background have been detected only sporadically. In the southwestern area, where
groundwater samples from MW-22 contained other metals exceeding background, arsenic
was detected in two of five sampling events, in&cating no sign:ficant effects. The sporadic
occurrence of arsenic in groundwater samples indicates no sustained effects on the fluvial
aquifer.

Potassium was analyzed for 69 times, detected 53 times, and exceeded background 11 times.

It was detected in groundwater samples collected from five locations (Figure 32-18). The
highest concentration of potassium (13.9 mg/L) in the third quarter 1997 sampling event
was detected in a sample from MW-20. In the two sampling events that followed in 1998,
potassium was detected below the background concentration of 3.50 mg/L. Potassium has

been detected in groundwater samples in three of five sampling events, including the fourth
quarter 1998 event at MW-22. Elsewhere, detected concentrations have occurred only
sporadically.

32.3.2 Infrequently Occurring Metals and Inorganics
The low frequency of detection and the sparse geographic distribution indicate that for
some metals their occasional exceedance above background is not generally related to waste
management practices at the facility, but rather to statistical outliers in the concentration
distribution for that metal when compared to background concentrations. The metals in this
category include calcium, copper, selenium, silver, cobalt, mercury, nickel, barium,
berylhum, chromium, lead, and manganese. These metals were detected at concentrations
exceeding background 11 times or less during RI sampling events. Table 32-4 presents the
concentrations, locations, and sampling periods when these analytes were detected in Main
Installation wells at concentrations above background.
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None of these metals were detected above background more than twice in the same well
during the five sampling events at the Main Installation. AddiHonal discussiom of temporal
[Tends is provided in the following subsection. Barium, beryllium, total chromium, cobalt,
copper, lead, manganese, and nickel were detected in wells MI, V-20, ~-21, and h/FW-22,
located near the area of elevated metals in surface soil associated with sandblasting~and
painting operations in the southwestern comer of the Main Installation. Max,mum
concentrations of barium, beryllium, copper, and lead in the Main Installation groundwater
were observed at MW-20. Total chromium, copper, lead, and nickel also are elevated in the
overlying surface soil in this area. Although these metals were only sporadically detected in

groundwater above background, their presence in the southwestern area groundwater
suggests potential effects on groundwater from surface soil contamination.

32.3.3 Temporal Trends in Metals Concentrations
The concentrations of metals in wells that were sampled more than once were plotted over
time to evaluate whether any trends were discernible. Groundwater elevations for the same
time period also were plotted to observe their relationship, if any, with metals
concentrations (Figures 32-19a through 32-19c). Trends in groundwater levels and the
response of groundwater to precipitation are discussed in Section 32.1.5.

Generally, metal concentrations at any one location were not consistent over time. Although
elevated concentrations were detected at varying times, maximum concentrations occurred
predominantly during the second and third quarter 1997 sampling events. Peaks in
concentrations observed during the second and third quarters of 1997 were preceded by
significant springtime precipitation events. Precipitation amounts of 11 inches, 9 inches, and
8 inches were recorded during March, April, and May, respectively, in 1997 and are above
average precipitation amounts for those months (Section 32.1.5). Correspondingly, during
this period, groundwater levels rose in 13 of the 18 wells presented in Figure 32-8.
Exceptions are wells in the northwestern and northern perimeter of the Depot (MW-34,
MW-38, MW-41, MW-53, and MW-55). Concentrations before and after these sampling
events were significantly lower. Generally, maximum concentrations were detected for
more than just one of the metals. Wells that illustrate this clearly are MW-20, MW-24, MW-
25, MW-26, and MW-47. It should be noted that in most of these wells turbidity values were
higher during the 1997 sampling events than in 1996 and 1998. Following these peaks,
concentrations of metals typically decreased, as did turbidity values. Generally,
concentrations decreased between the first and fourth quarter 1998 sampling events.

Exceptions to decreasing trends, evident from fourth quarter 1998 sampling, are indicated
for MW-22 and MW-55. MW-22 is located in the southwestern comer of the Depot and
south of the sandblasting and painting area. This area is also noted for occurrences of VOCs
in groundwater. The results of metals analyses from the fourth quarter 1998 indicate
concentrations of metals at their highest values during RI sampling. This is contrasted with
the previous quarter’s results, m which concentrations were at or near their lowest. It should
be noted that the turbidity did not significantly increase from the I st quarter 1998 (when
concentrations were lower than in the 4th quarter 1998) to the th quarter 1998.

Concentrations of metals in samples from prior sampling events are between these
extremes. MW-55 is located in the northwestern comer of the Depot in a gravelly area
adjacent to railroad tracks and upgradient to groundwater flow on the Depot. Notable
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increases were detected for vanadium, lead, and cobalt. In the case of MW-55, a very
significant increase in turbidity was measured from the Ist quarter 1998 to the 4th quarter
1998.

In some instances, turbidity and water levels increase as concentrations of some metals
increase. In other cases, turbidity and water levels appear to have no relationship with
either increases or decreases in metals concentrations. The relationships remaIn ambiguous,
particularly in some of the low-yield fluvial wells. No conclusions have been drawn about
these apparently anomalous relationships.
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HY01 HY015B 10/25/1998 X

HY02 HY025B 10/26/1998 X

HY03 HY035B H/08/1998 X

HY04 HY045B2 11/07/1998 X
HY04 HY045B 10/28 / ] 998 X

HY07 HY075B 11/03/1998 X
HY09 HY095B 11/04/1998 X

HY-83A HY83A5 1012411998 X
HY-83A HY83A5FD I012411998 X
HY-89A HY89A5 10/23/1998 X
MW20 MW205 10/17/1998 X X X

:MW20 MW205FD 10/17/1998 X
IMW20 MW204 03/25/]998 X X X
’vlW20 MW204D 03/25/1998 X
MW20 MW203 09/24/1997 X X X
MW20 MW203DUP 09t24/1997 X
MW20 MW202 06118/1997 X X X

’,,4W20 MW201 02/07/1996 X X X X X
MW21 MW215 10119/1998 X X X X
MW21 MW214 03/27t1998 X X X X
MW21 MW213ADD 09/28/1997 X X
MW21 MW213 09/27/1997 X X X
MW21 MW212 06/20/1997 X X X
MW2] MW211 02/10/1996 X X X X X

MW22 MW225 10119/19~8 X X X X
MW22 MW224 03/28/1998 X X X X
MW22 MW223 09/25/]997 X X X X
MW22 MW222 06/1911997 X X X
MW22 MW221 0211011996 X x x X X
MW23 MW235 10/19/1998 X x X X
MW23 MW234 03/26/1998 X X X X
MW23 MW233 09/2611997 X X X X
MW23 MW232 06118/1997 X X X
MW23 MW231 02/10/1996 X X X X X
MW25 k4W255 10/1611998 X X X
MW25 MW254 03/26/1998 X X X
MW25 MW253 09/25/1997 X X X
MW25 MW252 0611911997 X X X
MW25 MW251 02/09/1996 X X X X X
MW26 MW265 10/20/1998 X X
MW26 MW2M 03/28/1998 X X
MW26 MW263 09/26/1997 X X
MW26 MW262 06/20/1997 X X
MW26 MW261 02/0811996 X X X X X
MW34 MW344 03/27/1998 X X X X
MW34 MW344D 03/2711998 X
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TABLE 32-1

Analytes Investigated for FU7

Memphis Depot Main Installation RI
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MW34 MW343 09/26/1997 X X X X

MW34 MW343DUP 09/26/1997 X
MW34 MW342DUP 06/19/1997 X
MW34 MW342 06/19/1997 X X X X

MW34 MW341 02/09/1996 X X X X X X

MW38 MW385 1o11711998 x X X
MW38 MW385FD lO/17/199a X
MW38 MW384 03/26/1998 X X X
MW38 MW384D 03/26/1998 X
MW38 MW383 09/25/1997 X X X

MW38 MW383DUP 09/25/1997 X
MW38 MW382 06/19/1997 X X X X

MW38 MW382DUP 06/19/1997 X
MW38 MW381 02/11/1996 X X X X X X
MW39 MW395 10/19/1998 X X X

MW39 MW395FD 10/19/1998 X
MW39 MW394 03/27/1998 X X X

MW39 MW394D 03/27/1998 X

MW39 MW393 09/26/1997 X X X

MW39 MW393DUP 09/26/1997 X

MW39 MW392 0612011997 X X X

MW39 MW392DUP 06/20/1997 X
MW39 MW391 02/10/1996 X X X X X

MW41 MW415 1011611998 X X

MW41 MW414 03/25/1998 X X

MW41 MW413 09/27/1997 X X

MW41 MW412 06117/1997 X X

,MW41 MW41011796 01/17/1996 X

MW43 MW435U 11/08/1998 X X X

VlW43 MW435B I0124/1998 X

’v1W43 MW435 10/23/1998 X X X

MW47 MW475 10/19/1998 X X X X

MW47 MW474 03/28/1998 X X X X

MW47 MW473 09/26/1997 X X X X

MW47 MW472 06/2211997 X X X

Mwa7 MW471 02/09/1996 X X X X X

MW55 MW555 10/16/1998 X X X X

MW55 iMW554 03/25/1998 X X X X

MW55 MW553 09/26/1997 X X X X

MW55 MW552 06/18/1997 X X X X

MW55 MW551 02/10/1996 X X

MW62 MW625 10/26/1998 X X X

MW63 MW635 10/21/1998 X X X X

MW64 MW645 10/25/1998 X X X X

MW66 MW665 11/12/1998 X X X

MW66 MW665FD 1111211998 X X X
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TABLE 32-1
Analytes Investigated for FU7
Memphis Depot Matn Installation RI

487 G41

Station Sample
HY065BPZ01

PZ03 HY78A5
PZ04 HY085B
PZ05 HY055B
PZ06 HY36A5
PZ07 HY67A5
PZ08 HYll5B
Notes’

Date
Collected
10/27/1998
10/29/1998
11/03/1998
11/05/1998
11/O8/1998
Hio911998
1111~11998

1) All samples taken as part of Delivery Order 4 (DO4)

2) "X" - denotes that consituent was analyzed for in that particular sample

_8

x
X
x
x
X
X
X
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TABLE 32-2
Frequency of VOC Detecbons m Groundwater
Memphis Depot Mare Inste/Jat~on RI

Minimum Maximum
Number Number Minimum Detecfion Maximum Detection Number Background

Parameter AnalyZed Detected Detection Qualifier Detection Qualifier Ungs Background Val&le Exceedancea

Persistent VOC$
TETRACHLOROETHYLENE(PCE) 83 33 0 0010 0 1200 MG/L o3oi 3o

TRICHLOROETHYLENE (TCE) 83 31 00010 0 0580 MG/L

TOTAL1,2-DICHLOROETHENE 83 00010 0 0090 MG/L

1,1 ,loTRICHLOROETHANE 83 00010 0 0140= MG/L 0001 2

CARBON TETRACHLORJDE 83 10 0 0010 0 OO4O MG/L

;HLOROFORM 93 10 0 0010 0 0050 MG/L

Sporadic VOC$

ACETONE 83 00140 0 1900 MG/L

BROMODICHLOROMETHANE 83 00010 0 0020 MG/L

BROMOFORM 83 00010 0 0010 MG/L

CARBON DISULFIDE 83 00010 00010J MG/L

BENZENE 84 0 0030 0 0030J MG/L

CHLOROBENZENE 83 0 0010J 0 0040J MG/L

;HLOROETHANE B3 0 0010J 00010J MG/L

CHLOROMETHANE 83 00010J 0 0020J MG/L

DIBROMOCHLOROMETHANE 83 00010J 0 0020J MG/L

METHYL ETHYL KETONE (2-BUTANONE) 83 0 OO40J 0 0090J MG/L

1,1,2,2-TETRACHLO RO ETHAN E 83 0 002(]J 0 004CJ MG/L

TOLUENE 84 0 O02GJ 0 002CJ MG/L

2-HEXANONE 83 0 005CJ 0 005CJ MG/L

1,2-DICHLOROETHANE 83 0001CJ 0001CJ MG/L

Notes
*J" - Indicates an estimated value Refer to Page 5-2 for more detad
"=" - Indicates a detection Refer 1o Page 5-2 for more detail
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487 643
TABLE 32-3
Frequency of Metals Delec~ons m Groundwater

MernphJs Depot Main Ins$llaf~ RI

Minimum Maximum!
Number Number Mlnlmurn Detection MaXlmum Detectlon Background

Parimeter Amdyzed Detected Detection OuaMier Oetectmn Ouahfmr Umts Value

ALUMINUM 6¢. 55 0 0113 12( ~G/L

ANTIMONY 7( 0 0017 0 002.¢ J ~GJL

ARSENIC 7( 13 0 0016 0 091 = ~GfL
BARIUM 6! 60 0 0309 0 39.’ = VIG/L

BERYLLIUM 71 1C 00002 0005.¢ = WC.dL

CADMIUM 7( 37 O 0003 0 0g.= = ~G/L

CALCIUM 6~ 6S 737 = 11( MG/L

CHROMIUM. TOTAL 76 4S 0 0012 0 271 = MG/L

COBALT 69 37 0 000g 0 08t = MG/L

COPPER 76 3E 0 0011 J 0 20; I= MG/I-

IRON 70 6~ 0 048C J 13( MG/L

LEAD 76 41 0 0011 J 0 11’ MG/L

MAGNESIUM 69 6.c 2 800C J 18 ; MG/L

MANGANESE 69 61 O 000S J 2 6( MG/L
MERCURY 76 0 0001 J 0 CO0: MG/L

NICKEL 76 4( 0 000~ J 0 21; MG/L

POTASSIUM 69 5." 0 84E J 13 9 MG/L

SELENIUM 76 0 0041 J 0 0083 MG/I_

SILVER 76 0 002E J 0 011 MG/L

SODIUM 69 6C 7 0A J 42 6 MG/L

VANADIUM 69 4f 0 0003 J 0 262 MG/L

ZINC 76 4( 0 C02~ J 0 351 MGJL

Note Bold va}ues indicate CRDL (contract*required detection I~mlt) values Background values were not reported above the CRDLs for these metals
The CRDL values were used as bgckground conceRt rations for the classiflcaI~on of these metals

Number
Background

Exceedances

1 8C 1t

0 03~
OOl 1:

¯ 022~
O00~

0.00! 3~

BE
0 05~
0 02~

0 16:
67~ II

0 009 1’

26 O

0 550
O 0002

0 031
3 50 1

0 006
001
107

0 006 1J
O 02 4q



487 644

Table 32-4
Infrequently Occurring Inorganic Compounds =n Main Installation Groundwater
Memphis Depot Main Installation RI

Well IDate Collected IConcentration (mg/L)
Barium

IQualifier IBackground (mg/L)

MW20 2nd Q, 1997
MW26 2nd Q, 1997
MW43 4th Q, 1998
MW64 4th Q, 1998
MW66 4th Q, 1998

MW20
MW20
MW22
MW26
MW39
MW55

2nd Q, 1997
1st Q, 1996
4th Q, 1998
2nd Q, 1997
lstQ, 1996
1st Q, 1996

MW23 12rid Q, 1997

MW20 2nd Q, 1997
MW21 4th Q, 1998
MW22 4th Q, 1998
MW38 1st Q, 1996
MW39
MW47
MW55

lstQ, 1996
2nd Q. 1997
lstQ, 1996

0.3931=
0 264]=
0 297l=
0 229 =
0.348 =

Beryllium
0.0059 =
0 0011

0 00097
0.0012
0 0016

0 002 J
Calcium

116l=
Total Chromium

0 147
0 0595
0 0652

0.278=
0215 =

0 0686
0 0967 =

Cobalt

0 2238

0 0006

52 875

0.0544

MW20 2rid Q, 1997
MW38 1st Q, 1996
MW39 1st Q, 1996
MW43 4thQ, 1998

MW20 Ilst Q, 1998 I

0 038 =

0 03781J
0 0525 =
0.0862 =

Copper
0 2071=

0 0248

0.1626

a)

a)

9)
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Table 32-4
Infrequently Occurnng Inorganic Compounds in Math Installation Groundwater
Memphis Depot Main Installation RI

487 645

Well IDate Collected IConcentration (mg/L) IQualifier IBackground (mg/L)
Lead

MW20 0.111 0.0094

MW22
2nd Q, 1997
4th Q, 1998 0 0228

MW25 2ndQ, 1997 0 0104
MW26 2ndQ, 1997 0.0102

MW38 lstQ, 1996 0.0302
MW38 2ndQ, 1997 0.0195

MW39 lstQ, 1996 0 0998
MW39 2ndQ, 1997 0.0608
MW55 lstQ, 1996 0 0204
MW55 4thQ, 1998 0 0116 =

Manganese
MW20 2ndQ, 1997 1

MW25 2ndQ, 1997 0 895
MW26 2ndQ, 1997 0 568

MW39 lstQ, 1996 1 72
MW43 4th Q, 1998 2.66
MW64 4~ Q, 1998 1 39 =

Nickel

0.56

MW20 2ndQ, 1997
MW21 4th Q, 1998
MW38 lstQ, 1996
MW39 1st Q, 1996
MW55 lstQ, 1996

0 06871=
0 04041=
0.212l=
0 164 =

0.0459 =
Selenium

0 0314

MW55
MW66

Note.

4th Q, 1998 0.006 =
4th Q, 1998 0.0083 =
1) Only detections exceeding background are listed
2) 1st Q, 1996 = Sampled tn February, 1996
3) 2nd Q, 1997 = Sampled in June. 1997
4) 4th Q, 1998 = Sampled in October-November, 1998
5) Itahc~zed date denotes only sampling event at that well
6/ Bold concentratLon denotes maximum observed concentratLon

0 0058
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33.0 Fate and Transport for FU7

33.1 Introduction
This section provides an overview of the potential migration pathways, mechanisms for
transport, and behavior of chemical substances reported in the groundwater at the Main
Installation. The fate and transport of site-related contaminants are important in assessing
the potential for exposure to these contaminants, as well as the potential changes in
concentration or migration if no actions are taken. The potential for direct contact with
chemicals in surface soil and for residual constituents in soils to affect groundwater was
discussed in previous sections. The risk management decisions also include effects on
groundwater and are based in part on the potential for the continued migration of
groundwater contaminants to affect downgradient receptors.

Physical, chermcal, and biological processes affect the nature and distribution of chemicals
in the environment. Because the Main Installation consists of numerous individual sites,
migration in groundwater is addressed for the entire portion of the Depot facility south of
Dunn Road (i.e., the Main Installation). Although in many instances, the specihc chemicals,
sources, and concentrations differ across the Main Installation, physical, chermcal, and
hydrogeologic conditions that affect the migration and fate of contaminants are sinular.

This section presents the following:

¯ Overview of the groundwater CSM, a summary of potential sources, and groundwater
transport pathways; and

¯ Chermcal-specific discussions of common constituents at the Main Installation,
including the properties that influence migration.

The principles of contaminant fate and transport analysis and the results of modeling
(analytical calculations) activities are summarized in this section. Section 33.2 presents 
conceptual model for potential contaminant rmgration pathways at the Main Installation
that considers site topography, geology, hydrology, and site-related chemicals. Section 33.3
presents a brief discussion of the persistence of the contaminants in the environment and
the physical and chemical properties of the site-related chemicals that were used in the fate
and transport analysis. See Section 6.0 for a more detailed discussion of the physical and
chemical properties of the detected chemicals. Contaminant release mechanisms and
transport media also are described in this section. A summary of the natural attenuation
assessment for the Main Installation is presented in Section 33.4. Cherrucal migration rates
for the Main Installation groundwater COPCs are presented in Section 33.5.

33.2 Conceptual Site Model
The CSM developed for the Main Installation is a representation of known site condlhons
and serves as the framework for quantitative modeling. Site conditions described by the
CSM include waste source information, the surrounding geologic and hydrologic

ATL \147543~CURRENT TF.X’~ECTJON33 DOC 33-1
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conditions, a list of site-related chemicals, and the current spatial distribution of the site-
related chemicals. The graphical representation of the CSM for all exposure pathways and
environmental media at the Main Installation is shown on Figure 18-1. Figure 33-1a
presents a generalized schematic east-west trending cross section through the Main
Installation and identifies all transport pathways associated with subsurface transport
through soil and groundwater. Figure 33-1b expands the conceptual model into three
dimensions and shows groundwater flow directions and transport pathways across the
Depot. This information is combined to identify the likely chemical migration pathways. A
conceptual model focusing on the transport of VOCs in the southwestern corner of the Mare
Installation is presented in Figure 33-1c. There are no known offsite sources of VOCs
southwest of the Main Installation, so observed concentrations of VOCs at PZ-04 are
thought to migrate upgradient of the Main Installation by way of discontinuous lateral
transport along thin clay laminae observed in the unsaturated zone. Migration would occur
in the dissolved phase during periods of recharge and move laterally in temporary perched
zones above the clay laminae.

With the exception of the metals soil contamination delineated in the southwestern portton
of the Main Installation, surface and subsurface borehole samples did not indicate any
specific contaminant sources that could be linked to the VOC contamination present in the
fluvial aquifer. The relatively low concentrations of VOCs in groundwater over most of the
Depot and the absence of definitive soil sources suggest that the sources are diffuse and
probably are the result of past industrial activity at the Memphis Depot. Data indicate that
releases from these sources (on-site or off-site) would directly affect soils below or areas
adjacent to the sources. Continuing transport processes also may result in secondary
releases, which are likely if all contaminants are site related, that could affect larger areas or
additional environmental media. Transport processes likely to be active at the site include
vertical infiltration of chemicals into the substrate and lateral and vertical migration in
groundwater.

Surface water is a potentially viable exposure pathway for the site because of the risk to
ecosystems at or near Lake Danielson. It should be emphasized that because the depth to
groundwater at the Main Installation is so great (at least 55 ft bls and typically m excess of

90 ft bls), the potential for groundwater discharge to on-site surface waters does not exist;
therefore, this exposure pathway is incomplete.

Off-site and southwest of the Main Installation, the surface waters of Nonconnah Creek are
at an approximate elevation of 225 ft above msl (USGS, 1996), an elevation similar to the
water table elevation underlying the southern portion of the Main Installation (see
Figure 2-12). Given the apparent closeness of the creek and groundwater levels along
Nonconnah Creek, it is highly probable that the creek and the fluvial aquifer are
hydraulically connected. These conditions would result in a more direct recharge to the
fluvial aquifer. In addition, during periods of high water table, the fluvial aquifer recharges
the creek and when the reverse condition occurs, the creek recharges the fluvial aquifer.

The majority of runoff from the Main Installation flows into surface ditches, enters the
storm sewer system, and eventual discharges into Nonconnah Creek. The result of a
walkover survey conducted during the summer of 1997 indicate that there are 130 acres of

grass and 145 acres of gravel on the Main Installation-the rest is impermeable asphalt,
concrete, and buildings. The Main Installation covers about 590 acres; therefore, only
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47 percent (275 acres) is opened to receive direct recharge to the fluvial aquifer. The average
annual net recharge in the Memphis area is 9 inches (CH2M HILL, 1995a). AdJusting this
average infiltration for the infiltration area at the Main Installation results in an effective
infiltration rate of about 4.23 inches per year. Only this amount is available to recharge the
fluvial aquifer within the Main Installation area; the remaining 4.77 inches flows as runoff
into a series of on-site ditches and storm drains before eventual discharge off-site and into
Nonconnah Creek. Recharge across the Main Installation is expected to be variable and
concentrated in areas of permeable land cover.

33.2.1 Contaminant Sources, Release Mechanisms, and Migration Pathways
In accordance with historical process knowledge and the findings of sampling and analysis
performed at the Main Installation, contaminant sources for metals were identified. As
previously mentioned, the presence of organic contaminants in the fluvial aquifer is not
directly linked to on-site contaminant or soil sources. Continued release of organics may be
from historical releases or possibly off-site industries that use chlorinated hydrocarbon
solvents. These industrial facilities may be contributing to the presence of the VOC plume
identified in the southeastern comer of the Main Installation. Although specific sources
have not been identified, chemicals detected in soil and groundwater confirm the potential
for media-specific chemical transport. The migration pathways discussed below appear to
be the most viable exposure routes and include the potential for migration of groundwater
to downgradient receptors. The primary groundwater receptors are the people who drink
water obtained from the public water supply wells of the Allen Well Field, located 1.5 miles
to the west of the Main Installation. The Allen Well Field supplies the City of Memphis with
a portion of its drinking water. It should be emphasized, as discussed in Section 2.0, that
groundwater is pumped from the Memphis aquifer, which over most of the Main
Installation is separated from VOCs in the fluvial aquifer by a confining clay layer. In areas
where this clay is thinned or potentaally absent, groundwater monitoring wells indicate that
VOCs are not migrating at detected concentrations downward to the Memphis aquifer.

The suspected contributing sources of metals contamination are primarily the Former Pamt
Spray Booth (RI Site 31) and the Sandblasting Waste Accumulation Process Area (ILl
Site 32). Organic contaminants either continue to migrate from undetermined on-site source
terms related to past industrial process releases, or are transported advectively by
groundwater from off-site sources onto the Main Installation from areas located southeast
and southwest of the Main Installation property.

33.2.2 Hydrologic Properties
A description of the site hydrology and hydrogeology is provided in Section 2.0. Four
geologic units underlie the Main Installation and control the flow of groundwater and thus
contaminant migration. These are, in descending order:

¯ Loess: discontinuous and variable interfingerings of silt and sand averaging 28 ft thick;

¯ Fluvial Deposits: sand, silt, and clay deposits with varying thicknesses, averaging 73 ft;

¯ Jackson, Cockfield, and Cook Mountain Formations (Jackson Formation-Upper
Claibome Group): approximately 90 ft of clay lignitic clay, and sand, which may be
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discontinuous in the northwestern portion of the Main Installation near STB-13, MW-34,
and MW-18; and

¯ Memphis Sand Formation: approximately 800 ft of sand and gravely sand.

For analytical modeling purposes, it was assumed that the loess deposits are not perennially
saturated, as suggested by the water level data presented in Section 2.8. Instead, it was
assumed that groundwater infiltrates and migrates downward to recharge the fluvial
aquifer. This is a conservative assumption because, if saturated conditions in the loess were
assumed, contaminant transport through it would have been attenuated.

33.2.3 Site-related Chemicals
Site-related chemicals for the Main Installation are identified in Section 32.0. These
chemicals were detected frequently and at elevated concentrations in various
environmental media. It is important to note that all waste-source chemicals that were
detected in groundwater at least once above screening criteria are addressed quantitatively
m this fate and transport analysis. The primary groundwater COPCs are as follows:

¯ VOCs, including PCE and its degradation products (TCE and 1,2-DCE), and carbon
tetrachlonde, 1,1,1 TCA, chlorobenzene, chloroethane, chloromethane, and
1,1,2,2-tetrachloroethane; and

¯ Ten metals: aluminum, arsenic, beryllium, cadmium, chromium, iron, lead, manganese,
nickel, and vanadium.

33.3 Chemical Properties
The physical and chemical properties of primary chemicals reported in all media at the
Main Installation that affect contaminant migration are discussed in Section 6.0 and
summamzed in Tables 6-1 and 6-2. This section focuses on the COPCs reported in
groundwater and summarized in the previous subsection. In general, organic and inorgamc
chemicals with high solubilities are more mobile in water than those that sorb more
strongly to soils. Henry’s Law constants are a measure of the partitioning of a chemical
between the air phase and the water phase. Because of the abundance of water in the
environment, this property is best used to estimate the tendency for organic compounds to
volatilize.

The primary parameters used to evaluate the mobility of constituents in groundwater
include IGc, Kow, and I~ (Table 6-1). Other properties including pH, conductivity, turbidity,
redox, DO, and TOC also were measured and used to assess the mobility of groundwater
constituents.

Chemical distributions in both soil and water are more difficult to predict for metals than
for organic compounds. A direct relationship between the measured total metal
concentration in soil and the extractable aqueous concentration cannot be assumed. The
metal may be fixed in the interior of the soil and be unavailable for exchange or release to
water, or an exchangeable metal may be present at the surface of the particles.

33.4 AT]. ~147543~CURRENT TEXT~SECTION33 DOC



487 690
MEMPHIS DEPOT MAIN INSTALLATION RI -FINAL 1/2000

Published Ka values generally represent the potential relationship between water and
exchangeable metal at the surface of the soil, which is as follows:

Ctotal = Cfixed -b Cabsorbed

Kd = Cabsorbed/Cwater

where

Ctotal

C~ed
Cabsorbed

Cwater

total concentration of metal (fixed plus adsorbed)
fixed concentration of metal
absorbed concentration of metal
concentration of metal in water

This relationship is useful in determining retardation (the velocity of the chemical to the
velocity of groundwater) and the tendency for the metal to sorb to the surface of the soil
(Ka) but it does not relate the total metal concentration in the solid to a dissolved
concentration.

33.3.1 Metals
Inorganic chemicals released to unsaturated soil become dissolved in soil moisture or
adsorbed onto soil particles. Dissolved inorganic analytes detected at the Main Installahon
are subject to movement by vadose zone water and fluctuations in the elevation of the
water table. Aqueous transport mechanics may result in metal migration through the
vadose zone to groundwater. Metals, unlike organic compounds, cannot be degraded.
However, retarding reactions such as adsorption, surface complexation, and ion-exchange
reactions with the soils with which they come into contact can attenuate metals migration
Such reactions are affected by pH; oxidation-reduction conditions; and the type and amount
of organic matter, clay, and hydrous oxides present.

Once dissolved into groundwater, metals move at a slower rate because of the retardation
factor (RF), which describes, numerically, the extent to which the velocity of the
contaminant migration is decreased relative to the groundwater velocity, and is largely
derived from the partition coefficient (Kd). Table 33-1 presents the Ka values for metals for
the sandy-type soils prevalent in the fluvial aquifer underlying the Main Installation. The
Kd values of metals vary widely in the same soil type and may vary by orders of magnitude
among samples from the same site (EPA, 1996).

Contaminant persistence is a function of physical, chemical, and biological processes that
affect the chemical as it moves through water. The mobility of metals is directly related to
their solubility in water or other fluids and to pH and redox conditions. In the absence of
fluids to mobilize and transport metals, virtually no transport is possible. Even if fluids are
present, metals become more mobile only under favorable pH and redox conditions. The pH
of the fluvial aquifer water samples ranged from a low of 5.49 (MW-35) to 7.9 (MW-62) 
averaged 5.95. In general, a lower pH enhances the process of metals precipitation into
solution (Dominico and Schwartz, 1990).

The most persistent and frequent detection of metals throughout the groundwater-
monitoring program was observed in MW-21 and MW-22. The highest concentration of
metals occurred in these wells during the October 1998 sampling event. Although it has
been concluded that the presence of metals in groundwater (MW-21 and MW-22) is due 
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the release of metals from the sandblasting waste accumulation pile/former paint spray
booth, it should be noted that the groundwater samples collected during October 1998 had
the highest increase in turbidity over the previous sampling event in March 1998 (see
Table 33-2). The turbidity of the groundwater samples collected from monitoring wells
MW-21 and MW-22 increased by 38 and 41 nephelometric turbidity umts (NTUs),
respectively. With the exception of the samples collected from these wells, the turbidity of

the groundwater was below 40 NTU.

Given the inconsistent and sporadic occurrence of metals at the Main Installation in MW-21
and MW-22 and the difficulty in achieving acceptable turbidity levels in groundwater
samples at these locations, discretion should used in basing risk management deosions on
metals chemistry from low-yielding, small-diameter monitoring wells that exhibit large
fluctuations in turbidity. It is difficult to achieve acceptable turbidity in these wells and to
sample them, because they rarely produce sustainable yields of water. A continuous yield
of water is necessary to move soil particulates that cause anomalously high metals
concentrations. Low or intermittent yields and higher turbidity have been observed in the
groundwater samples collected from monitoring wells MW-21 and MW-22.

Although metals COPCs have been detected in the fluvial aquifer, they are not mobile and
have a very low horizontal migration potential.

33.3.1.1 Abundant Metals

A recurring issue in the Main Installation is the ubiquitous presence of abundant, generally
non-anthropogenic metals identified in all media. The most common of these are aluminum
and iron. It is important to distinguish evidence for release and transport from the natural
variability at the site or secondary factors that may alter the solubihty. Aluminum and iron
are not primary constituents associated with operations performed across the Main
Installation, with the exception of sandblasting operations in the southwestern corner of the
Mare Installation. The patterns of these constituents suggest that they are not related to site
activities, based on the following:

¯ Ten metals occur in the fluvial aquifer above screening levels, and their distribution is
relatively random. The random distributmn makes it impossible to establish a
correlation with process or source areas;

¯ Aluminum and iron have been identified as groundwater COPCs, and m particular, are
the second and third most abundant metals in the earth’s crust. These were present m
the soil and sediment samples analyzed, as well; and

¯ The metals reported in groundwater at elevated concentrations form no distingmshable
"plume" (pattern of high to lower concentrations). In addition, at some locations, the
concentrations are sensitive to turbidity.

33.3.2 Chlorinated VOCs
CVOCs detected at the Main Installation could be related to the use of solvents such as PCE,
TCE, or 1,1,1-TCA, which typically are used for degreasing activities. In addition to these
solvents, common degradation products were detected, including 1,2-DCE (related to the
degradation of PCE or TCE), and 1,1-DCE(related to the degradation of TCE and 1,1,1-
TCA). Because the actual source of the chlorinated solvents has not been determined, it is
not known if the solvents are directly site-related or if they are migrating onto the Main
Installation from off-site areas.
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The nature of the release is considered in interpreting constituent patterns. There are two
distinct VOC plumes present at the Main Installation. The PCE plume is the largest and
most concentrated of the plumes and has two distinct centroids: one is centered at MW-21
(southwestern portion of the Main Installation) with a maximum PCE concentration 
120 ~tg/L; and the second is centered at MW-26 (southeastern portion of the Main
Installation) with a maximum PCE concentration of 16 p-g/L. The PCE within both the
southwestern and southeastern plumes extends beyond the Main Installation property.

The other major contaminant plume defined on the Main Installation consists of TCE. This
plume is thought to be a result of the degradation of PCE (although TCE may also be 
source material) and is located in the area formed by the outline of monitoring wells
MW-64, MW-21, MW-39, and MW-62. The TCE plume also extends off-site to the southeast
to include PZ05, where the highest TCE concentration was reported. The TCE plume is
more centrally located within the Main Installation and is hydraulically downgradient from
the PCE centroids. On the basis of the biodegradation processes (PCE degrades to TCE), the
direction of groundwater gradients, and degradation ratios of PCE to TCE, this
interpretation is well supported.

When releases are associated with aqueous discharges that contain trace amounts of
solvents, migration is associated with the behavior of the aqueous phase. In some instances,
the organic solvent itself could be spilled or released, in which case the migration of the
separate organic solvent phase must be considered. The presence of a solvent phase
generally is suspected only when high concentrations of CVOCs are reported. The
chlorinated solvents detected at the Main Installation were reported at various locations
and levels that typically ranged from trace amounts to as high as 120 p-g/L. At MW-21, the
concentration of PCE was reported at 120 ~tg/L. EPA (1991) suggests that a groundwater
concentration equal to I percent effective solubility is a good indicator of DNAPL. On the
basis of this criterion and the solubilities reported in Table 6-1, dissolved phase
concentrations of 2,000 ~tg/L PCE and 11,000 p~g/L TCE would be necessary to suggest the
presence of DNAPL. Maximum concentrations of PCE and TCE in groundwater are orders
of magnitude below this criterion, indicting that an active source of DNAPL has not been
identified. To put these low concentrations in further perspective, extensive soil testing
conducted at other sites in the southeast region indicated that TCE soil concentrations at or
above 225,000 micrograms per kilogram (iag/kg) are a reliable indicator of TCE DNAPL
(LMES, 1997). VOC concentrations in soil throughout the Main Installation, again, are
orders of magnitude lower than this indicator value.

Overall, the levels of PCE and TCE in groundwater at the Main Installation have remained
constant (both increasing and decreasing trends have been observed) over the past four
sampling events. Dispersion, diffusion, degradation, and water level fluctuations all have
contributed to the observed trend.

33.4 Preliminary Screening of Natural Attenuation Potential
After the September 1997 groundwater sampling event, a screening of natural attenuation
potential was added to the groundwater monitoring program. Biodegradation and chemical
degradation are important considerations in evaluating chlorinated solvents because of the
potential formation of COPCs and/or losses of COPCs.

The screening was conducted for the purpose of evaluating whether biological degradation
was a dominant physical process in the fluvial aquifer. The sampling strategy and
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parameter selection for the natural attenuation screening were developed from the
September 1997 groundwater sampling and all previously collected groundwater data.

During the March 1998 and October 1998 groundwater monitoring events, selected natural
attenuation parameters were measured from wells installed at the Main Installation. In
addition to the analysis of VOCs, the protocol listed in the following chart was used for
evaluating natural attenuation:

Selected Natural Attenuation Parameters at Main Installation for
March 1998 and October 1998 Sampling Events

Oxygen (dissolved)
Iron (11) (expressed as total iron)
Sulfate
Methane, Ethane, and Ethene
Redox Potentml
pH
Temperature
Conductivity
TOC (aqueous)
Alkalinity
Ammonium

On the basis of the extent of groundwater contamination, as indicated by the September
1997 groundwater sampling results, the data collection protocol was implemented for wells
located upgradient of the source (MW°48), in the dissolved plume downgradient of the
source (MW-21 and MW-47), and downgradient of the dissolved plume (MW-20) 
evaluate the potential for anaerobic biodegradation. The groundwater samples were
collected with a Grundfos (submersible) pump using the lowest flow rate possible, while
still allowing for continuous groundwater flow through the YSI multimeter. DO, pH,
turbidity, redox potential, temperature, and conductivity were measured with the YSI
multimeter. The other natural attenuation parameters were collected in appropriate sample
containers and analyzed by the off-site lab.

Aerobic and anaerobic biodegradation are important transformation processes for
chlorinated aliphatic compounds in natural water systems and soil. Considerable research
has been done on the degradation mechanisms and pathways for this class of compounds.
Although several degradation pathways could occur for these constituents, the following
patterns have been identified for degradation under anaerobic conditions. The anaerobic

degradation pathway is as follows:

PCE ....... > TCE ....... > DCE ...... > vinyl chloride ...... > ethene ...... > ethane

The anaerobic biodegradation of TCE, which initially forms cis-l,2-DCE, occurs under
reducing conditions where sulfide- and/or methane-producing conditions exist. Such

conditions occur primarily in the presence of other natural or anthropogenic carbon
sources. TOC concentrations in soil samples from MW-40 at 89 ft bls, MW-42 at 23 ft bls,

and MW-46 at 67 ft bls were 4,760, 2,220, and 56.3 mg/kg, respectively. The three samples
ymlded an average TOC concentration of 2,345 mg/kg. A higher TOC indicates a greater

potential for VOCs to sorb to soil.
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DCE (particularly the cis-I,2-DCE isomer), is an indicator for this degradation pathway,
because it is not used as a pure product but is found solely as a degradation product.
1,2-DCE may further degrade anaerobically to vinyl chloride, but the rate is slower and the
process may require stronger reducing conditions than those required for the reduction of
PCE or TCE (Chapel, 1997). Geochemical markers indicate a more oxidizing environment,
evidence that the conditions are not optimal to drive the degradation process to vinyl
chloride. Only three low-level detected concentrations (1, 1, and 2 ~tg/L) of 1,2-DCE
(conservatively assumed to be the cis-l,2-DCE isomoer) were reported in the October 1998
sampling event and no vinyl chloride was reported above the MDL. Very little DCE in any
form and no vinyl chloride, ethene, and ethane were observed in the last 2 years of
groundwater data.

TCE, which may occur as a source material or degradation produce of PCE, generally
would be expected to persist under aerobic or demtrifying conditions. Denitrifying
conditions are indicated when nitrates are present in groundwater but no oxygen is present.
Also, with the right microorganisms and the proper concentrations of ammonia, methane,
and toluene, TCE can be aerobically degraded. Smaller chlorinated compounds such as
DCE are harder to degrade anaerobically, but are easier to aerobically degrade than the
more chlorinated solvents such as TCE.

33.4.1 Degradation Ratios
To evaluate the change in chemical mass over time, the molar ratios of the parent to
daughter products and to total concentrations (sum total of the parent and daughter
products) were calculated. The data collected during the March 1998 and October 1998
sampling events were used to calculate molar ratios of the daughter products to parent
products (e.g. TCE to PCE, DCE to TCE) and their molar ratios to the sum total
concentration for the Main Installation wells (see Table 33-3). These ratios were used 
develop trends that would show the progression and/or accumulation of degradation
products in the fluvial aquifer as the groundwater moves downgradient, through the source
area, and as a dissolved plume into a clean zone.

In general, the molar ratios calculated for the March 1998 sampling event are consistent
with the molar ratios calculated for the October 1998 data. As previously mentioned, the
only evidence of biodegradation is the transformation of PCE to TCE. TCE is more
prevalent within areas downgradient of the PCE plume, as shown in the contaminant
plume maps presented in Section 32.0. The three primary TCE plume wells (MW-39,
MW-62, and MW-64) show a sharp reduction or no PCE, and an increase in the levels of
TCE and ratios in these wells, with the ratios being the highest in these wells. Within the
PCE plume, however, the ratios of TCE to PCE are low, suggesting a slower transformation
of PCE to TCE. Well MW-21 did show an increase in concentration of PCE and TCE during
the March 1998 to October 1998 time period. Overall, the ratios indicate that the
geochemical conditions are adequate to support moderate transformation of PCE to TCE.

33.4.2 Geochemical Markers
Geochemical parameters were measured to assess the extent to which physical conditions in
the fluvial aquifer would support natural attenuation of chlorinated solvents. PCE and TCE
are present in groundwater at concentrations that range from below MDLs up to 120 and
58 ~g/L, respectively. TCE is most widespread within the central portion of the Main
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Installation, whereas PCE is concentrated within the southwestern and southeastern
portions of the Main Installation. The hydraulic gradient is from the southwest and
northeast to the central portion of the Main Installation, where flow converges, and then
toward the potentiometrie low centered at MW-34.

33.4.2.1 Soluble Chloride Ion

A strong indicator of chlorinated solvent degradation is the simultaneous increase in
chloride concentration and the decrease in chlorinated solvent concentrations as the
chloride ion is produced during degradation. The chloride concentrations are summarized
m Table 33-2. A similar trend was observed in the March 1998 data. Typically, a strong
indicator of reductive dehalogenation would be chloride concentrations in the
source/dissolved plume greater than two times the background chloride concentrations
(Wiedemeier et al., 1996). This trend is not supported by the current data.

33.4.2.2 Dissolved Oxygen

The concentrations of DO must be kept low for anaerobic bacteria to function In general,
DO values greater than 7 mg/L are considered to be very high for an aquifer. Outside the
dissolved plume, background DO concentrations ranged from 1.01 to 9.52 mg/L. DO values
measured in the source and dissolved plume ranged from 4.01 to 8.6 mg/L (Table 33-2).
Traversing a path in the direction of groundwater flow from upgradient (MW-47), through
the centroid of the plume (MW-21 and MW-39), downgradient from the source within the
dissolved plume (MW-20) to a clean zone, the reported DO concentrations were 4.23 mg/L,
4.53 mg/L, 5.7 mg/L, and 9.52 mg/L, respectively. DO concentrations of less than I mg/L
generally indicate a reductlve pathway. These conditions are not evident from the DO data.
However, these elevated DO levels are somewhat suspect for groundwater at depths
exceeding 70 ft bgs. Additional confirmatory monitoring using m-situ oxygen probes or
other appropriate methods is warranted.

33.4.2.3 Redox Potential

Redox potential in the source and dissolved plume range from 57 to 130 rrullivolts (mV).
Beyond the dissolved plume, redox potential ranged from 113 to 219 mV (Table 33-2).
Typically, redox potential below 50 mV enhances the potential for reductive dechlorination
(Wiedemeier et al., 1996). The probability of a reductive dechlorination pathway is not
strongly supported by the redox values. However, as discussed in Section 33.4.2.2, elevated
DO levels indicate additional confirmatory monitoring using in-situ redox probes or other
appropriate methods is warranted.

33.4.2.4 Total Iron

Total iron concentrations (conservatively assumed to be Fe÷2) were measured for wells
located within and beyond the contaminant plume. Typically, Fe÷2 concentrations greater
than I mg/L (oxygen-deficient) indicate the potential for an anaerobic pathway
(Wiedemeier et al., 1996). Total iron concentrations, however, can be used as a preliminary
indicator of where the reductive pathway is present. Iron concentrations that were reported
in the dissolved plume ranged from 48 to 59,000 pg/L. Eliminating MW-22 (59,000 ~g/L)
and MW-55 (21,300 lag/L) because of high sample turbidity, iron concentrations ranged
48 to 1,710 lag/L. These values suggest a low probability for a reductlve pathway.
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33.4.2.5 Sulfate

Sulfate concentrations ranged from 5.7 to 37.2 mg/L. These data indicate a trend where
concentrations within the dissolved plume (MW-21 at 5.7 mg/L) generally were lower than
those outside of the plume (MW-48 at 37.2 rag/L). Sulfate can drive a reductive pathway
when background concentrations exceed 20 mg/L and source/dissolved plume
concentrations are less than 20 mg/L (Wiedemeier et al., 1996). When sulfate levels exceed
20 mg/L, sulfate may cause exclusion of dechlorination. If oxygen or nitrate is present at
optimum levels, biodegradation can still occur. Current sulfate data indicate limited
evidence for a reductive pathway.

33.4.2.6 Total Organic Carbon, Alkalinity (HCO3), and Ammonium

Llrmted TOC and ammonium data currently are available. The concentrations of TOC and
ammonmm suggest conditions that are not optimal to drive a reductive pathway. Without
the presence of anthropogenic carbon sources, natural TOC is required to drive anaerobic
metabolism of chlorinated solvents. The levels of TOC measured at the Main Installation
(below MDL to 2.5 mg/L) indicate limited evidence for a reductive pathway. Only one well
was sampled for HCO 3; therefore, no trends for this parameter could be evaluated.

33.4.2.7 Summary of Preliminary Screening for Natural Attenuation
The evaluation of the natural attenuation parameters measured during the past two
groundwater sampling events indicates that biodegradation is not a dominant physical
process in the fluvial aquifer. Localized observations, such as the presence of PCE and TCE
at favorable ratios in MW-21, support the transformation of the parent (PCE) to a daughter
(TCE) product. Additional evidence supporting biodegradation is the presence and
separation of the TCE plume downgradient of the PCE plume. However, geochemical data
show little evidence that a reducfive pathway exists at the Main Installation. In addition, the
apparent lack of 1,2-DCE and vinyl chloride in the groundwater indicates that the
transformation of TCE cannot be supported in the current geochemical environment.

The geochemical data collected to date do not indicate that chemical and biological
conditions in the fluvial aquifer are favorable for anaerobic (reductive) dehalogenation 
chlorinated hydrocarbons. However, considering the depth to fluvial groundwater over the
Main Installation, previous field measurements that indicate high levels of DO and redox
are suspect and may result from oxygen being introduced into the sample tubing and
pumps. Also, low concentrations of chlorinated hydrocarbons result in significantly lower
concentrations of biodegradation products. Additional monitoring using in-situ sampling
and measurement methods, as well as sampling and analysis of the full suite of MNA
indicator parameters, should be performed to confirm the preliminary evaluation presented
in this RI.

33.5 Chemical Migration Rates
Chemicals in soil or groundwater migrate at a velocity slower than that of the water, which
is the transport medium¯ The RF is the relative chemical migration velocity, which is
calculated as follows:
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where

RF = chemical-specific retardation factor (dimensionless)

p = bulk mass density of dry aquifer system skeleton (g/cc)

{1.67 g/cc (Everett, Wilson, and Hoylman, 1984)}

TI = total porosity (dimensionless)

{0.40 (Dawson and Istock, 1991)}

Ka = chemical-specific distribution coefficient (cc/g)

The distribution coefficient Kd for organic constituents is estimated as follows:

Ka = Koc * foc

where

Koc = chemical-specific organic carbon partition coefficient

foc = fraction of organic carbon

{0.002345 (based on soil samples collected during this RI)}

In general, metals are persistent in the environment. Metals are not typically volatile, so any
emissions to ambient air would be in the form of particulate emissions. The chemical
migration rates for site-related COPCs are presented in Table 33-1.

33.5.1 Migration Pathways
The COPCs reported in the fluvial aquifer groundwater beneath the Main Installation
include the metals aluminum, arsenic, beryllium, cadmium, chromium, iron, lead,
manganese, nickel, and vanadium; and VOCs, including: PCE and its degradation products
(TCE and 1,2-DCE), carbon tetrachloride, 1,1,1-TCA, chlorobenzene, chloroethane,
chioromethane, and 1,1,2,2-Tetrachloroethane. VOCs are the most widespread of the
COPCs. The highest concentrations of VOCs were reported in the southwestern portion of
the Main Installation at MW-21. On the basis of the October 1998 sampling results, PCE was
present in the fluvial aquifer at concentrations ranging from I ~tg/L (MW-47) to 120 ~tg/L
(MW-21). TCE was reported at concentrations ranging from I ~tg/L (MW-22) to 58 ~tg/L
(PZ-05). As noted earlier, TCE is formed from anaerobic biodegradation of PCE. 
conditions are optimal, TCE subsequently degrades to DCE, vinyl chloride, and ethene
and/or ethane. The current data indicate that anaerobic biodegradation (e.g., PCE to TCE) 
occurring, but may not be a major process in the hydrogeological and geochemical
environment at the Main Installahon.

The ultimate discharge point for groundwater on the Main Installation is the potenbometric
low associated with the thinning of the lower Jackson Formation/Claiborne Group clay unit
located near STB13, MW-38, and MW-34, 3,600 ft hydraulically downgradient from MW-21.

Once in the groundwater, the COPCs generally move through the fluvial aquifer via
advecbon. Using the hydraulic properties of the fluvial aquifer as a conservative estimate of
advective transport, the seepage velocity (advection velocity) at the site was estimated 
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0.4 ft/day. Therefore, based on advection alone, it was estimated that contaminants from
the site could migrate 149 ft each year.

COPCs spread both horizontally and vertically because of the process of dispersion, while
adsorption retards the movement of chemicals in groundwater. Dispersion generally causes
chemicals to migrate from 10 to 20 percent farther than migration caused by advectlon
alone. Adsorption, which retards the movement of chemicals, counteracts the advection and
dispersion processes. Adsorption generally is described by a chemical’s distribution
coefficient (Kd). The migration potential for 1 year is calculated for COPCs in accordance
with the groundwater flow velocities at that location. These calculations were based on the
following equation:

Vc=V/Rd

where

Vc = chemical horizontal migration velocity in ft per year (ft/yr)

V = site-specific groundwater flow velocity (ft/yr)

Rd = chemical-specific retardation factor (dimensionless)

Calculated horizontal migration velocities are based on advection, retardation, and
dispersion, but not on the effects of biodegradation. In accordance with the COPCs
identified in Table 33-1, the most mobile constituents include the CVOCs. Other
constituents, including metals (such as lead and vanadium), are not readily transported 
groundwater.

The maximum extent of contamination confirmed in the fluvial aquifer is due to TCE.
Considering that the site began operations approximately 55 years ago, the current
horizontal migration potential of TCE from advection, retardation, and dispersion is
estimated to be 2,882 ft. This distance is consistent with plume maps developed to evaluate
the nature and extent of contarcunation that show TCE at MW-62, a distance of about
2,800 ft from MW-21. Once at MW-62, groundwater will move under the influence of a
higher gradient between MW-62 and MW-34. The 39-ft drop in groundwater levels over the
1,120 ft between MW-62 and MW-34 results in a 0.035 gradient, about three times that
assumed over the Main Installation. Chemical migration rates between these wells therefore
will be about three times faster. TCE will migrate at a rate of about 130 ft/yr and therefore
will reach MW-34 in about 8.5 years. The depressed potentiometric surface at this location
suggests downward transport to the underlying confined sand aquifer, which is probably
not confined from the overlying fluvial aquifer at this location.

It should be noted that trace concentrations (estimated at less than 5 ~g/L) of TCE, carbon
tetrachloride, and chloroform have been measured sporadically in MW-18 and MW-34.
However, these compounds also are present in the southern portion of Dunn Field, an area
that may also be contributing groundwater to the depressed groundwater table monitored
at MW-34 and MW-38. Therefore, it is not assumed that the trace levels of VOCs in these
wells invahdate the transport calculations.
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Table 33-3
Percentages of Degradable VOCS
March and Od0t)er 1998 Sam~lno Events
Memphis Dep~l Mash/ns~laOon RI
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34.0 Baseline Risk Assessment for FU7
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34.1 Human Health Evaluation
This RA was conducted in accordance with the RA approach presented in Section 7.0 and
the agreements reached during meetings with the agencies, which are presented in
Appendix A. This section describes each of the four steps of the RA applied to groundwater
at the Main Installation, addressed as FU7. Figure 32-1 shows the locations of the
groundwater monitoring wells across the Main Iffstallation and immediately off-site of the
Depot. The Allen Well Field location and the potentiometric surface map are shown on
Figures 2-14 and 2-12, respectively. Monitoring well data collected between 1996 and 1998
were used for this RI/RA. Figures 32-2 to 32-7 present the distribution of CVOCs in the
monitoring wells in the Main Installation.

A network of monitoring wells and pizometers was used to evaluate the nature and extent
of groundwater contamination at the Main Installation. Low levels of chlorinated organic
VOCs were detected in the southeastern, southwestern, and central portions of the Main
Installation. No correlation between subsurface soil and groundwater contan-unation was
found. The organic chemicals detected in the southeastern portion of the Main Installation
were found to include chlorinated solvents at higher concentrations near the property
boundary in the off-site and upgradient location (groundwater flows to the northwest
toward the center of Main Installation), indicating a possible off-site source. Similarly,
groundwater in the southwestern portion has the chlorinated solvents TCE and PCE, with
the highest concentrations in the off-site upgradient location (PZ04). Groundwater from this
area also flows to the center in the northeastern portion of the Main Installation. Dry
cleamng facilities, which have since been removed, may have been the sources of the PCE
and its degradation products.

Potential risks from groundwater use within the Main Installation are estimated for three
separate areas represented by a plume in the southwestern area (Plume A), a plume m the
southeastern area (Plume B), and a separate more diffuse area (Plume C) in the center of 
Main Installation. Each of these plumes for this RA are defined by the monitoring results
from the following wells:

Plume A is represented by temporary and permanent wells HY02, MW-21, MW-22,
MW-23, MW-47, and PZ04;

¯ Plume B is represented by temporary and permanent wells HY03, HY04, MW-25,
MW-26, MW-64, and PZ05; and

¯ Plume C is represented by temporary and permanent wells MW-34, MW-43, MW-38,
MW-39, MW-62, MW-63, and PZ03.

As discussed in Section 32.0, inorganic chemicals tend to be commonly and sporadically
distributed throughout the Main Installation groundwater (see Table 32-3). Their occurrence
also was sporadic during various monitoring periods. For example, arsenic was detected in
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only one well in the fourth quarter 1998 monitoring (see Figure 32-17). Metals
concentrations appear to be slightly elevated in the southwestern corner (two wells, MW-21

and MW-22) near the plating shop. Concentrations were significantly lower during the
fourth quarter 1998 monitoring. Groundwater from this area (southwest) moves to the
center of the site toward two troughs, one located in the south-central portion of the Main
Installation and a second located in the northwestern portion (see Figure 2-12). All of the
data from 1996 to 1998 were included in this COPCs selection and the risk estimations.

There currently is no groundwater use within or surrounding the Depot. In the interest of
conservatism, a future exposure scenario was assumed whereby industrial and residential
receptors are exposed to groundwater via potable use. This section therefore focuses on risk
estimations for a hypothetical future groundwater use.

34.1.1 COPC Selection
Chemicals detected in the monitoring wells above background levels and groundwater
screening levels were selected as COPCs, as discussed m Section 7.0. Groundwater
screening levels are determined by the most conservative of three values: MCLs, MCLGs,
and EPA Region III Tap Water RBC values (see Appendix D). To maintain conservatism 
this risk analysis, target analytes are sometimes retained as COPCs even though they may
be detected below MCLs. Detected compounds analyzed to characterize general aquifer
water quality (sodium, chloride, total dissolved solids [TDS], and nitrate/nitrite) 
essential nutrients are not important for human health protection and often do not have a
toxicity value. Therefore, these general chemistry parameters were not included as COPCs.
The COPCs used for the RA for FU7 are shown in Table 34-1.

34.1.2 Exposure Assessment
A CSM for groundwater was discussed briefly in Section 33.2. The primary sources of
COPCs in the environmental media within the Main Installation are historical spills and
leaks from the storage of chemicals and the surface application of pesticides, herbicides, and
waste oil, as well as any unknown buried wastes disposed during Depot operations.
Contaminants could be transported through infiltration and leaching to shallow
groundwater and subsequently could migrate to downgradient areas.

Section 33.0 presents a fate and transport discussion for the groundwater flow direction,
velocity, and contaminant migration pathways. The site groundwater fate and transport can
be summarized as follows. Groundwater in the uppermost water-bearing unit, the fluvial
aquifer, flows from south, east, and west to lows in the potentmmetric surface toward the
center of the Main Installation. One low is toward the northwestern portion of the Main
Installation and a second is present is the south-central portion. On the basis of the available
data, site groundwater is moving at a rate of approximately 149 ft/yr toward the center of
the site. Plumes A and B probably are moving to the center of the site toward the two
troughs and are potentially co-mingling in the Plume C area. The downgradient-most well
in the trough to the northwest of the installation (MW-43, located off the Depot boundary 
the downgradlent location) has only trace levels of chloroform at 21Jg/L. Contamination is
not found to move toward the southern trough in measurable concentrations. No other
VOCs, except carbon disulfide at a trace level of I ~g/L, have been detected in MW-24,
which is the downgradient well in the trough in the south-central section of the Main

34-2 ATL \147543~CURRENT TEXT~SECTION34 OOC



 487 713
MEMPHIS DEPOT MAiN INSTALLATION RI-FJNAL 1/20(~

Installation. Thus, with regard to off-site locations to the south, little or no migration of
groundwater contaminants through the trough would occur.

The wells MW-43, MW-34, and MW-38 are in an area of potential vertical rmgration to the
underlying confined sand (possibly the Memphis) aquifer; however additional
characterization is being performed at Dunn Field to evaluate whether downward
migration is occurring here. Off-site migration is occurring through the depressed clay
surface aligned with wells MW-43, MW-34, and MW-38. Small amounts of degradation
products were detected in the site groundwater. Some of the more toxic degradation
products (such as vinyl chloride), however, were not detected in the site groundwater The
potential for volatilization exposures through the ground surface for the CVOCs in
groundwater is negligible, because of the impervious nature of surface soils in the area, the
depth to groundwater (greater than 50-ft depths),’and the low levels of the COPCs detected.

Considering the historical nature of VOC releases at the site (55 years), potenhal migration
to off-site areas would have occurred by now. However, estimated chemical-specific
rrugration rates (Table 33-1) indicate the maximum likely distances the CVOCs could reach.
The monitoring data for the off-site areas show that the site constituents are not reaching
off-site areas in measurable levels.

There is no residential groundwater use on the Depot or in the surrounding community
under current or foreseeable future land use conditions. Drinking water is supplied by
MLGW pumping wells in the Memphis aquifer. Currently, site groundwater is not being
used for industrial use at the Depot. Because of the availability of municipal water supplies,
the groundwater is not likely to be used for drinking in the foreseeable future, even if site
operations were to be altered to a different industrial use; i.e., redevelopment of the Depot.

Table 34-2 summarizes hypothetical future exposure pathways for FU7 and identifies the
pathways that will be evaluated quantitatively in this RA. The potential receptors evaluated
for potable water use are:

¯ Hypothetical future industrial worker; and
¯ Hypothetical future on-site resident-adult and child (for comparison purposes only).

Maximum and average concentrations were estimated for groundwater from each plume
for chemicals that exhibit plume behavior (i.e., CVOCs). For chemicals that do not occur 
plumes (i.e., inorganic chemicals), the upperbound exposure concentration was estimated
using the UCL 95% concentrations on the mean for all wells associated with the Main
Installation. The estimated concentrations, referred to as EPCs, are listed in Tables 34-3 and
34-4. The dose (intake) was estimated for each of the complete exposure pathways and
included in Appendix I. The exposure assumptions are standard default factors. For
example, ingestion rates of 2 L/day for an adult and 1 L/day for a child and industrial
worker were used. Exposure frequency is assumed to be 350 days per year for residential
receptors and 250 days per year for industrial receptors. All assumptions are presented in
Appendix G.

An oral exposure dose was estimated for organic and inorganic COPCs. The dose estimates
are used for comparison with the CSFs and the RfDs to estimate risks and hazards.
Inhalation exposure to the CVOCs was assumed equal to the oral dose to estimate intake.
Inorganic COPCs were evaluated for oral and dermal doses.
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34.1.3 Toxicity Assessment
Table 34-5 presents toxicity values from EPA toxicity factor sources for all of the COPCs at
FU7.

Oral CSFs are available for 1,1,2,2-Tetrachloroethane, arsenic, chloroethane, chloromethane,
dibromochloromethane, PCE, and TCE. Inhalation CSFs are available for
1,1,2,2-Tetrachloroethane, arsenic, beryllium, cadmium, chloromethane, chromium (total),
PCE, and TCE. Chronic oral RfDs are available for aluminum, arsenic, beryllium, cadmium,
chlorobenzene, chloroethane, chromium (total), dibromochloromethane, manganese, nickel,
PCE, TCE, and vanadium. Inhalation RIDs are available for chlorobenzene, chloroethane,
and PCE. Oral toxicity factors were reduced by the gastrointestinal dermal absorption
(ABScI) factors for comparisons with dermal intake estimates. These values can be found 
Table 7-10. Ten carcinogenic and five noncarcinogenic inorgamc and organic chemicals
were identified as COPCs at FU7. All of the chemicals were analyzed for their potential
toxicity contribution to represent the combined effect of all site-related chemicals.

34.1.4 Risk Characterization
Estimates of ELCR and noncarcinogenic health hazards are summarized for all of the
COPCs on a route- and receptor-specific basis for FU7 in Tables 34-6 (average VOC plume
concentrations) and 34-7 (maximum VOC plume concentrations). Appendix I provides
detailed risk calculations, along with histograms of the risks and the His per receptor
group For the chemicals that do not occur as plumes (e.g., inorganic COPCs), the EPC was
estimated as the UCL 95% concentration across the Main Installation, and one set of risk
and HI values was estimated for the entire Main Installation area. Three sets of risk and HI

calculations were performed for organic COPCs for Plumes A, B, and C. The average
concentrations within each of the three organic plumes combined with inorganic risks and
His across the Depot are included in Table 34-6. The max*mum concentration within each of
the three plumes, combined with inorganic risks and His across the Depot, are included in
Table 34-7. The ELCR estimates for a future industrial worker exposure to Plumes A, B, or C
are 2 x 10-S each, and the HI is below 1.0. The risk driver within the site-wide morgamcs is
arsenic. The risk drivers for all organic plumes are PCE and 1,1,2,2-Tetrachloroethane (with
the exception of Plume A, which is PCE only). The risks from maximum organic COPC
concentrations within Plumes A, B, and C are 4 x 10-s, 2 x 10-S, and 2 x 10"S, respectively. The
carcinogenic risks are within the acceptable risk limit range; noncarcinogenic HIs for
Plumes A, B, and C, respectively, are 0.6, 0.6, and 0.5, all of which are below 1.0.
Figures 34-1 and 34-2 present the risks and His for an industrial worker from groundwater
use at the Main Installation.

For exposure to site-wide inorganics and organics at average concentrations from either
Plume A or B, the ELCR to a future hypothetical residential adult is 9 x 10-S and the HI is
1.0. Plume C resulted in an ELCR of 7 x 10-s and an HI of 1.0. The risk driver within the site-
wide inorganics is arsenic. The risk drivers for all organic plumes are PCE and TCE,
including 1,1,2,2-Tetrachloroethane, for Plumes B and C, and dibromochloromethane for
Plume C. The risks to a hypothetical residential adult from exposures to the maximum
concentrations estimated from Plumes A, B, and C are 2 x 10-4, 1 x 10-s, and 8 x 10s,

respectively. The risks are either above or near the upper limit of the acceptable risk range,
indicating that groundwater within the plume area is unfit for drinking.
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For exposure to site-wide inorganics and average concentrations of organics from
Plumes A, B, or C, the ELCR to a future hypothetical residential child is 3 x 10.5 and the HI
is 3.0. The risk driver within the site-wide inorganics is arsenic. The risk drivers for all
organic plumes are PCE, TCE, and 1,1,2,2-Tetrachioroethane (with the exception of
Plume A, which is PCE only). For exposure to site-wide inorganics and organics at
maximum concentrations from Plume A, B, or C, the ELCRs for a future hypothetical
residential child are 6 x 10-5, 4 x 10-5, and 3 x 10-5, respectively. The His are 4.0 for Plumes A
and B and 3.0 for Plume C. The risk driver within the site-wide inorganics is arsenic.

Groundwater is not currently used for potable purposes at the site. Overall, risks to a future
industrial worker or hypothetical resident from exposure to average concentrations present
risks that are within the I to 100 in a million risk range (10.6 to 10-4). Risks from maximum
concentrations, on the other hand, are slightly above the upper limit of the acceptable risk
levels, while the HI is at or below 1.0. Although there is no intent to use groundwater as
potable water in the future, any plans for future use would have to be carefully evaluated

In addition to baseline RA results, the following factors also must be considered for future
site management decisions:

¯ Distance to the potential exposure point for the observed plume(s); and
¯ Time required for the plume(s) to attenuate below MCLs at the identified point 

exposure.

There are no residential or industrial groundwater users within the site. The downgradlent
location of the nearest potential receptor is not clearly known, but in a well survey none
were identified between the Depot and the Allen Well Field (see Figure 2-14). 
conservative assumption regarding exposure is that fluvial groundwater enters the
Memphis aquifer m the northwestern portion of the Depot, where it is eventually pumped
and potentially enters the City of Memphis drinking water supply. It should be stressed
that this assumption has not been verified in evaluating groundwater at the Depot or in
monitoring wells at the Allen Well Field.

As discussed in Section 33.5.1, transport calculations indicate that CVOCs from the
southwestern and southeastern portions of the Main Installation are not reaching (in
measurable quantities) the low in the potentiometric surface in the vicinity of MW-34.
Evaluation of the plume configuration, based on monitoring data, confirms this calculated
result. Concentrations of PCE from the southwestern portion of the Main Installation
(MW-21) have decreased by about a factor of 50 at the most downgradient well where PCE
was detected (MW-39)-a distance of about 2,200 ft (see Figure 32-2). Similar reductions 
concentrations would be expected along the 2,000-ft distance from MW-39 to the
potentiometric low at MW-34. Additional order-of-magnitude concentration reductions are
expected over the approximately 1.5-mile distance from the Depot to the Allen Well Field.
Because no TCE or PCE, or their degradation products, were detected in these

downgradient wells, future migration in detectable levels is highly unlikely.

The groundwater within areas of organic contamination is not usable for potable purposes
because of the presence of CVOCs. Although site groundwater has low-level CVOC
contarrunation, the shallow aquifer is not used for residential or industrial potable use at the
Depot or within the surrounding community. Because of this lack of exposure, risks are not
considered significant.
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TABLE 34-2
Summary of Exposure Pathways to be Quantilied at FU7
Memphis Depot Main Installation RI

Potentially Exposed Exposure Route, Medium, and Pathway Selected Reason for Selection
Population Exposure Point for Evaluation? or Exclusion

Future Land Use

On-site Industrial
Worker

Incidental ingestion, dermal contact,
and inhalahon from groundwater.

Yes

Hypothettcal On-site Inc=dental ingestion, dermal contact, Yes
Resldent=al and inhalation from groundwater

Hypothetical future
reasonable maximum
exposure scenario for
future workers

Worst-case scenano
evaluated for
companson purposes
only
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TABLE 34-5

Toxicity Factors for FU7
Memphis Depot Main Installation R/

487 721

Weight-of. Oral SF kg- Dermal SF Inhal SF kS- C Oral RfD Dermal RfD C Inhal RfD
Name Evidence Class ABSc~ day/rag kg-day/mg daylmg mg/kg-day mg/kg-day mgJkg-day
1,1,2,2-Tetrachloroethane C 70% 2 00E-01 2 86E-01 2 03E-01
Aluminum 10% 1 00E+00 1 00E-01 1 00E+00
Arsenic A 41% 1 50E+00 3 66E+00 1 51E+01 3 00E-04 1 23E-04
Berylhum B1 1% 8 40E+00 2 00E-03 2 00E-05 5 70E-06
Cadmium B1 1% 6 30E+00 1 00E-03 1 00E-05
Chlorobenzene D 31% 2 00E-02 6 20E-03 5 70E-03
Chloroethane 80% 2 90E-03 3 63E-03 4 00E-01 3 20E-01 2 90E+00
Chloromethane C 80% 1 30E-02 1 63E-02 6 00E-03
Chromium (total) A 2% 4 20E+01 3 00E-03 6 00E-05 2 86E-05
Dibromochloromethane C 60% 8 40E-02 1 40E-01 2 00E-02 1 20E-02
Manganese D 4% I 40E*01 5 60E-03 I 43E-05
Nickel D 27% 2 00E-02 5 40E-03
TetracMoroethene C-B2 100% 5 20E-02 5 20E-02 2 00E-03 I 00E-02 t 00E-02 1 71E-01
Tr~chloroethene B2 15% 1 10E-02 7 33E-02 6 00E-03 6 00E-03 9 00E-04
Vanadium 1% 7 00E-03 7 00E-05
Note Master list of toxicity factors, with sources and basis, is provided in Section 70
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FIGURE 34-2
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35.0 Summaryand Conclusions for FU7

35.1 Summary

35.1.1 Nature and Extent of Contamination
To evaluate the nature and extent of contamination in the groundwater at FU7, samples
were collected from 19 permanent groundwater monitoring wells and piezometers during

five sampling events from January 1996 to November 1998. Groundwater samples were
analyzed for herbicides, metals (total), pesticides/PCBs, SVOCs, and VOCs. Of these groups
of chemicals, VOCs, SVOCs, and metals (total) were detected in groundwater samples.
Because of their low mobilities from the surface to depth, herbicides and pestlcides/PCBs
were not detected in subsurface soils or groundwater samples.

Twenty VOCs were detected in groundwater. Of these, the VOCs PCE, TCE, 1,2-DCE,
1,1,1-TCA, chloroform, and carbon tetrachloride were evaluated for temporal and spatial
distributions. PCE and its degradation products, which include TCE and 1,2-DCE, were the
most frequently detected of the six compounds.

Spatial distributions of PCE and TCE, combined with an understanding of groundwater
flow at the Main Installation, define two plumes: one that originates in the southwestern
section of the Main Installation and a second plume that originates m the southeastern
section. Groundwater from these areas flows toward the central section of the Main
Installation and exits the Depot boundary via a low in the potentiometric surface in the
northwestern area of the Depot. The highest concentration of any VOC detected was
0.120 mg/L of PCE. Some VOCs have been detected in groundwater samples downgradient,
but in low concentrations-generally at estimated quantifies (with a J-flag) below
0.010 mg/L. These low-end concentrations are near the sample quantitation limits. The
extent of the plume in the southeast does not extend beyond the boundaries of the Main
Installation. PCE and TCE have been detected in groundwater samples collected beyond the
Main Installation boundaries in the southwestern section, implicating a source area to the
farther southwest, possibly in the off-site area from which groundwater flows onto the Main
Installation.

Twenty-two inorganic chemicals were detected in groundwater samples from monitoring

wells on the Main Installation and surrounding vicinity. Most of the inorganic chemicals are
naturally occurring. Although metals concentrations in groundwater samples from any
individual well may have at one time or another exceeded background values, consistently
elevated concentrations of metals exceeding background levels are not common; these are
limited to only a few wells, and only a few of the metals are considered significant. These
wells are located in the western third of the Main Installation and primarily in the
southwestern section in the vicinity of the sandblasting area.

In contrast to the plumes of VOCs that cover larger areas of the Main Installation, the
immediate vicinity of the sandblasting area is the only significant area where metals have
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been consistently detected, suggesting the presence of a metals "plume." The sandblasting

area is also a location of significant surface and subsurface metals contamination, as
discussed with regard to FU3. The most frequently detected metals that exceeded
background were arsenic, vanadium, aluminum, iron, cadmium, and zinc. These metals are
not present in areas away from the site and thus are limited in their distribution. Also, the
latest monitoring data for the metals indicate lower concentrations; in particular, arsenic
was detected in only a single well. There were no significant off-site detections of metals.

Metals detected in groundwater elsewhere, such as near Building 949, north of the
sandblasting area, and in MW-55, in the northwestern section of the Main Installation,
appear to be isolated occurrences unrelated to any specific activities that occurred at these
locations.

The SVOCs detected in groundwater samples were attributed to sampling and analybcal
artifacts such as the introduction of plasticizers (e.g., BEHP) via the sampling and analysis
process rather than to waste management practices at the Main Installation.

The nature and extent of contamination are defined by the occurrence of inorganic
chemicals above background levels and organic chemicals based on their detection without
a comparison to health-based criteria. However, the chemicals detected above background
and health-based comparison criteria were selected as COPCs. The primary groundwater
COPCs are as follows:

¯ VOCs, including PCE and its degradation products (TCE and 1,2-DCE), and carbon
tetrachloride, 1,1,1-TCA, chlorobenzene, chloroethane, chloromethane, and
1,1,2,2-tetrachloroethane; and

¯ Ten metals: aluminum, arsenic, beryllium, cadmium, chromium, iron, lead, manganese,
nickel, and vanadium.

35.1.2 Fate and Transport
The migration pathway that appears to be the most viable exposure route includes the
potential for migration of groundwater to downgradient off-site locations and receptors.
The potential groundwater receptors are the off-site public, who may drink water from off-
site groundwater. There are no known receptors for the site groundwater within the site or
in the immediate vicinity of the Depot. Among potential receptors considered are the off-site
public who receive drinking water through the public water supply system, which
withdraws from the Allen Well Field located 1.5 miles to the west of the Main Installation.
No contamination currently is reaching the Allen Well Field from the Depot. The VOCs
detected at the Allen Well Field are not related to the VOC contamination found in the
groundwater at the Main Installation.

The suspected sources of metals contamination are primarily the Former Paint Spray Booth
(RI Site 31) and the Sandblasting Waste Accumulation Process Area (RI Site 32). The 
persistent and frequent detected concentrations of metals throughout the groundwater
monitoring program were observed in MW-21 and MW-22. However, given the difficulty in
achieving acceptable turbidity levels in groundwater samples at these locations, discretion
should used before basing risk management decision on metals chemistry from low-
yielding, small-diameter monitoring wells that exhibit large fluctuations in turbidity.
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A recurring issue in the Main Installation is the ubiquitous presence of abundant, naturally
occurring metals (primarily iron and aluminum) that are relatively nontoxic, which were
identified in all media. A review of the patterns of these constituents suggests that they are
not related to site activities.

The subsurface soils at the site are not a continuing source of groundwater chlorinated
solvents. Organic contaminants either continue to migrate from undetermined on-site
source terms, possibly related to past industrial process releases, or are transported
advectively by groundwater from off-site sources onto the Main Installation from areas
located southeast and southwest of the Main Installation property. Because the actual source
of the chlorinated solvents has not been determined, it is not known if the solvents are
directly site-related or if they are migrating onto the Main Installation from off-site areas.

Of the two distinct VOC plumes present at the Main Installation, the PCE plume is the
larger and most concentrated and has two distinct centroids. The PCE within both the
southwestern and southeastern plumes extends beyond the Main Installation property.

TCE comprises the other major contamination plume defined on the Main Installahon. This
plume is thought to be a result of the degradation of PCE and is located in the area formed

by the outline of MW-64, MW-21, MW-39, and MW-62. The TCE plume is more centrally
located within the Main Installation and is hydraulically downgradient from the PCE source
areas. This interpretation is based on the blodegradation processes whereby PCE degrades
to TCE, on the direction of groundwater gradients, and on the degradation ratios of PCE to
TCE. An assessment of natural attenuation indicates that biodegradation is not a dominant
physical process in the fluvial aqmfer. The potential for biodegradation of chlorinated
hydrocarbon compounds in the fluvial aquifer is low.

VOCs are the most widespread of the COPCs. The highest concentrations of VOCs were
reported at the southwestern portion of the Main Installation at MW-21. The most mobile
constituents are the CVOCs. On the basis of advection alone, it was estimated that
contarrunants from the site could migrate 149 ft each year.

The maximum extent of contamination confirmed in the fluvial aquifer ~s due to TCE.
Considering that the site began operations approximately 55 years ago, the current
horizontal migration potential of TCE because of advection, retardation, and dispersion is
estimated to be 2,882 ft. This distance is consistent with plume maps developed for the
nature and extent of contamination assessment that show TCE at MW-62, a distance of
about 2,800 ft from MW-21. It would take an additional 8.5 years to reach MW-34, the last
monitoring point within the uppermost aquifer on the Main Installation.

35.1.3 Risk Assessment Summary
Groundwater is not currently used within or in areas immediately surrounding the Depot.
The nearest groundwater use in the downgradient location is at the Allen Well Field, located

approximately 1.5 miles west of the Depot. These public water supply wells draw from a
deeper (Memphis Sand) aquifer that is not contaminated either within the Depot 
downgradient from it. In the interest of conservatism, a future exposure scenario was
assumed whereby industrial and residential receptors are exposed to groundwater within
the Depot through potable use.
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Overall, risks to a current worker from groundwater are negligible because of the lack of
exposure. A future industrial worker and a hypothetical resident, from exposure to average
organic COPC concentration plumes, present risks that are within the I to 100 in a rmllion
risk range (10-6 to 10-4). The His to the future industrial worker are within the acceptable
level of 1.0, whereas the His for a future residential adult and a future residential child were
at 1.0 and above 1, respectively. Risks from maximum organic COPC concentrations are
within acceptable levels for Plume C, but above these levels in the upgradient areas
(Plumes A and B). The His are above 1.0 for both the residential adult and child scenario.
Concentrations of VOCs are decreasing over time because of dilution and natural
attenuation. Although there is no intent to use groundwater under the Depot as potable
water in the future, any plans for future use would have to be carefully evaluated.

35.2Conclusions about Data Limitations and
Recommendations for Future Work

35.2.1 Data Limitation and Recommendations for Future Work
The source of the VOC plume containing PCE in the southwestern section of the Main
Installation that extends off the Main Installation boundaries has not been identlhed. Soil
samples from borings (of which the deepest was collected at 38 ft) in the southwestern
section of the Main Installation were devoid of PCE, but were found to contain other VOCs,
supporting the inference of an off-site source. Therefore, it is recommended that one fluvial
aquifer monitoring well be installed southwest (upgradient) of PZ04, which is the
southwestern-most monitoring point. Samples from this well will be useful in defining the
upgradient extent of the PCE plume, will provide an additional control point for delineating

the potentiometric surface, and will provide geologic and stratigraphic information
regarding the distribution of clay layers that could control the distribution of potentially
perched organic compounds.

It also is recommended that groundwater monitoring be continued on a regular basis at
strategic upgradient and downgradient locations to assess changes in the plume geometry
and concentration levels.

35.2.2 Recommended Remedial Action Objectives
The recommended remedial action objectives include the evaluation of natural attenuation
of the VOCs through continued regular groundwater monitoring and the prevention of
future exposure to ground water. The concentrations detected to date do not suggest any
significant source term such as a DNAPL present in the subsurface. Soil boring data also
substantiate this conclusion.

Generally, in addition to the baseline RA results, the following factors must be considered m
future site management decisions:

¯ Distance to the potential exposure point for the observed plume(s); and
¯ Time required for the plume(s) to attenuate below MCLs at the identified point 

exposure.
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There are no residents within the site. The downgradient location of the nearest potential
receptor has not been identified. Contamination is present in the shallow aquifer, and the
deeper aquifer is relatively clean. No off-site exposure points have been identihed, because
there are no water supply wells in the area and the observed plumes are either rrugrating
onto the Depot or are not observed to extend beyond the Depot perimeter. Thus, although
site groundwater has low-level CVOC contamination, the shallow aquifer is not suitable for

residential or industrial potable use at the Depot or within the surrounding community.
Therefore, risks are not considered significant because of the lack of exposure.

In summary, the shallow groundwater underneath the site presents risks mostly within the
upper limit of the acceptable risk range of 10"6 to 10-4. The noncarcinogenic hazards are at or
below 1.0 for a future industrial worker, but above 1.0 for a residential receptor. Continued
monitoring of groundwater migrating beyond the Depot boundary is recommended to
protect potential off-site groundwater users. A specific groundwater monitoring schedule
will be developed in conjunction with groundwater monitoring requirements at Dunn Field.
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