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Executive Summary

This report documents the background sampling program conducted at the Defense Depot
Memphis, Tennessee (DDMT). The program was conducted to provide sufficienl data to
establish representative background concentrations for naturally occurring and, if
appropriate, anthropogenic constituents. Background concentrations are used to support
objectives of the environmental program at DDMT, including the following:

* Development of action levels to be used in further-action/ no-further-action
decisionmaking

¢ Development of interim remedial action/early removal decisionmaking

» Delineation of nature and extent during remedial investigation {R]) efforts
» Determination of potential offsite migration of site-related constituents

»  Assessment of potenl:ial/.future risk

* Development of cleanup criteria and preliminary remediation goals (PRGs)

Background data were collected for surface soil, subsurface soil, surface water, sediment,
and groundwater. Background sampling locations were selected in areas believed to be
unaffected by past or present DDMT waste management activities. However, background
sample locations in the surrounding urban environment were not necessarily unaffected by
residential or industrial activities. Twenty-two soil, surface water, and sediment sample
locations were selected to identify the 90th percentile (the value that bounds 90 percent of
the population values) of the population with 90 percent confidence. (That is, if 22 samples
were repeatedly taken from the background population {e.g., background surface soil], the
sample 90th percentile would be below the true 90th percentile of the population in

90 percent of the samples.) Twelve groundwater monitoring wells were assessed to be
representative of background conditions. Data from these wells provide 85 percent
confidence that the 85th percentile of the background population has been identified.

Surface and subsurface soil locations were selected along the perimeter of the DDMT main
installation and Dunn Field as well as at offsite locations. Concentrations of metals,
semivolatile organic compounds (SVOCs), and pesticides/ herbicides were higher at the
DDMT perimeter sample locations than at the offsite locations. The difference in the
concentration of background constituents between the perimeter and offsite sample groups
is low (less than 100 percent relative difference). This indicates that the difference is
representative of variations in anthropogenic conditions between the two sample groups
rather than a gross impact from waste management at DDMT. Therefore, perimeter and
offsite data were combined into one background data set.

Dioxins and furans were detected in most perimeter and offsite soils and at gencrally higher
concentrations at the surface than at depth. Dioxins were also detected in sediment and
surface water background samples with the highest detected concentrations exceeding

U.S. Environmental Protection Agency (EPA) Region III risk-based criteria at the Botanical

ORO113627.RR.2Z/026.00C ES-
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Gardens and Audubon Park. Specific dioxin and furan isomers detected in background
samples are indicative of ambient atmospheric deposition rather than industrial or waste

management sources.

Background data were validated according to EPA criteria. Constituents typical of field and
laboratory contamination as well as dioxin and furan isomers were identified in the
background samples as nondetected, following EPA procedures. Holding times, matrix
recoveries, and duplicate analyses were all within EPA quality control performance
requirements.

This report presents statistical summary tables for soil, sediment, surface water, and
groundwater background constituents. In addition, background data are evaluated for
quality and outliers or data population characteristics that could compromise the use of the
data to represent background conditions.

ORO113627 RR.ZZ026.00C ES-2
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1.0 Introduction

Defense Depot Memphis, Tennessee (DDMT) has conducted a multimedia background
sampling program to support implementation of its environmental restoration program.
The purpase of the background sampling program is to provide sufficient dala to establish
representative background concentration data for naturally occurring and, if appropriate,
man-made conshtuents (e.g., pesticides) at DDMT. Constituent concentrations detected in
various media as part of the remedial activities at the site will be compared with
background data established herein to evaluate whether reported concentrations of those
constituents were caused by DDMT operations, are naturally occurring, or are caused by
ambient effects from the urban environment surrounding DDMT.

This report documents the multimedia Background Sampling Program conducted by
DDMT to support its environmental restoration program. An overview of the facility and
site information is presented in Section 1.1. The remaining sections in the introduction
describe the background sampling project objectives and provide a guide to the
organization of the remainder of the report.

1.1 Facility Background

DDMT covers 642 acres of land in Shelby County, Memphis, Tennessee, in the extreme
southwestern portion of the state (see Figure 1-1). DDMT lies approximately 5 miles east of
the Mississippi River and just northeast of the Interstate 240-Interstate 55 junction, in the
south-central section of Memphis, approximately 4 miles southeast of the Central Business
District and 1 mile northwest of Memphis International Airport. Airways Boulevard
borders DDMT on the east and provides primary access to the installation. Dunn Avenue,
Ball Road, and Perry Road serve as the northern, southern, and western boundaries to the
main installation, respectively. Dunn Field, a known burial area at DDMT, is located just
north of the main installation. Person Avenue, Kyle Street, and Hays Street serve as the
northern, western, and eastern boundaries to Dunn Field, respechively.

The installation consists of approximately 110 buildings, 26 miles of railroad track, and
28 miles of paved streets. The facility has approximately 5.5 million square feet of covered
storage space and approximately & million square feet of open space.

Past activities at DDMT include a wide range of storage, distribution, and maintenance
practices. Dunn Field has been used as a landfill area (northwest quadrant), storage area for
mineral stockpiles (southwest and southeast quadrants), and pistol range (northeast
quadrant}. Activities within the southwest quadrant of the main installation have included
hazardous material storage and recoupment (Building [Bldg] 873), sandblasting/ painting
achivities (Bldgs 1086 through 1089), and maintenance (Bldg 770). Other activities that are
documented to have occurred in this area of the installation include polychlorinated
biphenyl (PCB} transformer storage (near Bldg 274), pesticide/herbicide storage and use,
and fire truck pump testing (Lake Danielson). The northern portion of the main installation
has a history of storage of hazardous materials, treatment of wood products with
pentachlorophenol (Bldg 737), and storage of items awaiting disposal.

CAo113827. RA.ZZ027.00C 1-1
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DDMT was issued a Resource Conservation and Recovery Act (RCRA) Part B permit

(No. TN4 210 020 570) by the U.S. Environmental Protection Agency (EPA), Region IV and
the Tennessee Department of Environment and Conservation (TDEC) on September 28,
1990. Subsequently, in accordance with Section 120(d)(2) of the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), 42 U.S.C. 9620(d){2),
EPA prepared a final Hazard Ranking System (FRS) Scoring Package for DDMT. On the
basis of the final HRS score of 58.06, EPA added DDMT to the National Priorities List (NPL)
by publication in the Federal Register (FR), 57 FR 47180 No. 199, on October 14, 1992,

As a result of DDMT's status as an NPL site, DDMT entered a Federal Facilities Agreement
on March 6, 1995. The signatories of that agreement, the Defense Logistics Agency (DLA),
EPA, and TDEC, agreed that the investigation of all applicable sites would proceed under
the CERCLA process for remediation (remedial investigation, feasibility study, propaosed
plan, record of decision, remedial design, and remedial action).

In July 1995, DDMT was placed on the Base Realigrunent and Closure (BRAC) list,
which indicates that the facility will be closed and converted to potentially different
ownership and uses. Therefore, in addition to meeting all CERCLA requirements,
environmental restoration at DDMT must also comply with specific requirements for
property transfer under development by the BRAC Cleanup Team (BCT).

1.2 Project Objectives

The purpose of the Background Sampling Program at DDMT is to provide sufficient
environmental data of known and acceptable quality to establish representative
background concentrations for constituents present in surface soil, subsurface soil, surface
water, and sediment at DDMT. Constituent concentrations detected in various media as
part of the future remedial activities at the facility will be compared with background data
to evaluate whether the reported concentrations of those constituents were caused by
DDMT operations, are naturally occurring, or are caused by ambient effects from the urban
environment surrounding DDMT.

The background data will be used to support several aspects of the environmental program
al DDMT, including the following:

* Development of action levels to be used in further-action /no-further-action
decisionmaking

* Development of interim remedial action/early removal decisionmaking

¢ Delineation of nature and extent during Rl efforts

* Determination of potential offsite migration of site-related constituents

+ Assessment of potential/future risk

* Development of remedial criteria and PRGs

During a BCT meeting on July 2, 1997, “sensitive” chemical constituents were identified
from analytical data gathered during environmental characterization efforts carried out at
BRAC, screening, and Rl sites between the fall of 1996 and the winter of 1997. Sensitive
constituents are those parameters detected in the BRAC, screening, and RI sampling events

0RO113627.AR ZZM27.D0C 13
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that exceeded applicable criteria as well as background. Background levels for these

. parameters are therefore critical, as they will be compared to applicable criteria during the
screening and data evaluation process to determine if parameter concentrations represent
releases to the environment or natural canditions. Modifications (removal of outliers) to the
background distributions were made by the BCT such that a more conservative (lower)
background concentration was used in evaluating DDMT data. These modified background
data are reported herein.

1.3 Organization

The report is organized into six sections:
* Section 1 contains intreductory and background information.

* Section 2 presents a field sampling summary, sampling rationale, and specific sampling
procedures.

* Section 3 identifies important background constituents, discusses the background data
spatial distribution, and presents summary statistics.

* Section 4 contains a summary of project quality assurance and quality control (QA/QC)
and the results of analytical data validation.

» Section 5 presents the summary and conclusions.
. * Section 6 is a list of reference material consulted for this document.
Other data and supporting information are presented in the following appendices.

* Appendix A contains the soil boring logs.

Appendix B presents copies of the field sampling logbooks.

Appendix C presents distribution plots of metal data for all media.
Appendix D contains a surnmary of the analytical data in tabular form.
Appendix E contains a summary of background data qualifiers.

Appendix F presents a compilation of summary statistics.

» Appendix G presents responses to review comments on the draft document.

CRO113627. RA.ZZN027.00C -4







2.0 Field Investigation

2.1 Field Sampling Summary

As specified in the Draft Final Generie RI/FS Work Plan (CH2M HILL, March 1995),
environmental samples were taken from areas believed to be unaffected by past or present
DDMT industrial activities. The soils, sediment, and surface water field sampling effort
began October 9 and concluded on October 12, 1995. Groundwater sampling was conducted
between February 6 and February 27, 1996.

Activities conducted by field personnel generally consisted of the following:

Instrument calibration

Equipment decontamination

Surface and subsurface soil sampling
Surface water and sediment sampling
Surface water filtering

Groundwater monitoring well purging
Groundwater sampling

Sample management, tracking, and shipping

A total of 101 environmental samples were taken during this field investigation, excluding
QA/QC samples. The distribution of the samples by medium is summarized as follows.

Sample Medium Number of Environmental Samples
Surface soil 22
Subsurface soil 22
Surface water 22
Sediment 22
Groundwater 12

Surface soil and subsurface soil sampling locations are shown in Fi gure 2-1 and described in
Tables 2-1 and 2-2. Surface and subsurface samples were each taken from the same location.
Although locations for samples BS02, BW14, BS15, BS16, and BS21 shown on Figure 2-1
appear to be near railroad tracks, all five locations are at least 50 meters away from the
nearest tracks. The condensed scale used in Figure 2-1 causes the sample locations to appear
to be within the railroad track areas.

Surface water and sediment sampling locations are shown in Figure 2-2 and described in
Tables 2-3 and 2-4. A surface water and sediment sample was taken at each location.
Figure 2-3 shows the location of background monitoring wells.

ORD113827.AR_ZZ028.00C 241
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Samples were taken according to the procedures developed in the Generic Remedial
Investigation/Feasibility Study Work Plan (CH2M HILL, 1995a) and discussed in Sections 2.3.1
through 2.3.3 of this report. Samples from all media were analyzed by the laboratory
according to the EPA Contract Laboratory Program (CLP) Statement of Work (SOW) except
for herbicides, which were analyzed using EPA SW846, Method B8151. Specific methods are
summarized as follows.

TAL A
Pesticides/ Herbi- Metals TAL Metals Dioxin/
Analytes | VOCs | 5VOC(Cs PCBs cides {Unfiltered) {Filtered) Furans
CLP Dioxin/
Furan
CLP Organic Laboratary CLP Inorganic Laboratory | Laboratory
Method Method 1.9 SW 846 Method 3.1 Method 1.1
Soil v v v v v '
Surface v v v v 4 v 4
Water
Sediment v v v v v 7
round- v v 4 v v
ater

Lists of all compounds analyzed are presented in Appendices F-1 through F-3.

The rationale for selecting the number, sampling depth interval, and location of samples is
presented by medium in Section 2.2. The location-specific methods, procedures, and other
sample information (e.g., sample depth, equipment, decontamination procedures) are
described in Section 2.3.

2.2 Overall Sampling Rationale

Background sampling locations were selected within areas believed to be unaffected by past
or present DDMT waste management activities. An important aspect of the sampling effort
was consideration of the potental effects of urban pollutants from the area surrounding the
site and of historical uses of the general area {e.g., pesticides from historical farming
operahons).

A stalistical approach was used to select the number of soil, sediment, and surface water
samples required to provide an appropriate level of confidence for each medium

(CH2M HILL, 1995a). Sample sizes appropriate to estimate nonparametric tolerance
intervals (Conover, 1980) were used to estimate the number of samples required for each
medium. Nonparametric tolerance intervals make no assumptons about the underlying
distribution of the data being evaluated. However, independent samples are assumed to be
randomly drawn from an infinite population. Coverage is the percent or quartile of the
population distribution to be bounded by the largest concentration in the sample. An upper
tolerance bound is designed to contain at least 100 percent of the sampled population from
a sample of size n with (1-a) percent confidence. The level of confidence reflects the
probability that the maximum concentration detected from a collection of samples will
bound the pre-specified quartile of the population distribution.

OAO113627 RA.ZZ/0028.00C 28
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The equation used to generate the minimum sample size is as follows:
n = In{a)/In(p)
where

a = significance level (0 <a < 1)
p = percentile of the population to be contained by the upper bound (0 < p <1)
n = minimum number of samples required

Levels of confidence for each medium (sediment, surface water, surface soil, subsurface
soil) were calculated accarding to the project objectives and are provided in the Generic
Remedial Investigation/Feasibility Study Work Plan (CH2M HILL, 1995a). The selection of
confidence intervals for DDMT was based on the need to obtain a relatively representative
data set and on the cost of oblaining such data. It was determined that for soil, sediment,
and surface water, the 90th percentile of the population would be determined with

90 percent confidence requiring 22 samples as follows:

n=1In(1-09)/In(0.9) =21.8=22

2.2.1 Surface and Subsurface Soil Sampling Rationale

The majority of the land surface at DDMT is classified as graded land (meaning that
cut-and-fill or other surface disturbances have occurred). During grading and land
development, the surface soil was mixed and reworked. Native surface soil is apparent in
the stream and swale channels. Therefore, for purposes of this background sampling
program, no distinctions were made between different surface soil mineralogies (as defined
in Section 5.3.2.1 of the Generic Remedial Investigation/Feasibility Study Work Plan [CH2M
HILL, 1995a]), although the soil type was classified in the field for identification purposes.
Subsurface soil samples were taken from the same location as the surface soil samples at a
depth interval representative of the native soil.

Surface and subsurface soil sampling locations are shown in Figure 2-1. Station descriptions
and sample information are provided in Tables 2-1 and 2-2.

To obtain a set of background soil data representative of the diversity (non-homogeneity
that results from regrading) of soil conditions anticipated at DDMT, samples were obtained
from locations both on an off DDMT property. Onsite locations were included to represent
ambient conditions expected at DDMT resulting from normal operation of the facility,
excluding waste management and waste disposal activities. Onsite soil sampling locations
were selected by first delineating areas throughout the installation that were not
appropriate for background sampling, including areas of known or suspected
contamination and areas covered by buildings or roads. A total of 11 onsite sample
locations (BS01 through BS08 and BS14 through B516; see Figure 2-1) were selected,
generally along the perimeter of DDMT, to represent the most reasonable geographical
distribution over the site, considering site limitations. Samples taken on DDMT property are
herein referred to as perimeter samples.

Soil sampling locations off DDMT property were primarily focused at schools (SB10, SB11,
SB17, SB18, and 5B19), golf courses (SB13 and 5B21), and cemeteries (SB20). Additional
sampling locations included residential neighborhoods swrrounding DDMT (BS09, BS12,

ORC113627.RR.ZZ028.00C 210
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and B522). These locations were selected as representative of ambient environmental
conditions in the urban environment surrounding DDMT. They also are subject to similar
grounds maintenance activities such as possible application of herbicides, pesticides,
fertilizers, and lawn seed as well as mowing and aeration. A total of 11 offsite locations
were sampled during the background program.

At each sampling location, soil samples were taken from the ground surface (zero to 1 foot
below ground surface [bgs]) and at a depth sufficient to be representative of native
(undisturbed) soil (4 to 6 feet bgs). The depth of the native soil was determined in the field
on the basis of visual sail classifications. All samples were scanned in the field with a
photoionization detector {PID) to eliminate sampling locations that might contain PTD
detectable volatile organic compounds (VOCs). No VOCs were detected in the field.

2.2.2 Surface Water and Sediment Sampling Rationale

To obtain a minimum 90 percent confidence and %0 percent coverage of the sample
population’s maximum value, 22 surface water and 22 sediment samples were required. All
surface water and sediment samples were taken from offsite {refer to Figure 2-2 and Tables
2-3 and 2-4). Sampling locations were selected upgradient of any outfalls from DDMT to
ensure a representative background sample. Two types of surface water and sediment
features were evaluated as part of the background program: ponds similar in size and
surrounding land use to DDMT’s golf course pond and Lake Danielson and perennial
streams.

Surface water/sediment samples were collected from four ponds during the background
sampling field effort. The pands were located in Medal of Honor Park, Audubon Park,
Memphis Lake in Chickasaw Gardens, and the Botanical Gardens in Audubon Park.

Surface water/sediment samples were also taken from two perennial streams located near
DDMT: Nonconnah Creek, located south of DDMT, and Cane Creek, located northwest of
DDMT.

2.2.3 Groundwater Sampling Rationale

Groundwater monitoring well installation and sampling has been occurring at DDMT since .
1982. During previous site characterization efforts, primarily the sitewide remedial
investigation of 1989 (Law, 1990), monitaring wells MW-2 through MW-39 were instalied to
evaluate the extent of potential groundwater contamination on a sitewide basis. All but two
of these wells were installed in the uppermost unconfined Fluvial Aquifer to depths
ranging from 29 to 157 feet bgs. In 1996, 16 additional groundwater monitoring wells
(MW-40 through MW-55) were installed to further evaluate groundwater contamination
west of Dunn Field and to characterize the chemical constituents in groundwater flowing
onto the main installation. Samples were taken from these wells and analyzed to assess the
background chemical characteristics of groundwater in the surrounding area that is not
affected by DDMT operations.

The approach to selecting wells for use in the background sampling program was to use the
presence of VOCs, SVOCs, or pesticides/PCBs as an indicator to eliminate wells that are
potentially affected by DDMT operations (CH2M HILL, 1995a). Areas outside known
contarmination and that are primarily upgradient of the site were considered as potential
sampling locations. Figure 2-4 presents the potentiometric surface based on data from new
(MW-40 through MW-54) and existing wells.

ORC113827 RR.ZZN26.DOC 2-11
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The potentiometric gradient indicates that groundwater flows onto the site from the
northeast, east, south, and southwest. Groundwater generally flows from Dunn Field offsite
to the west. On the basis of these criteria, the following existing wells were selected for use
as background wells: MW-16, MW-19, MW-24, MW-28, and MW-30, MW-45, MW-46,
MW-48, MW-49, MW-50, MW-52, and MW-53 (see Figure 2-3).

MW-23 was onginally identified as a background well (CH2M HILL, 1995), but was
dropped because the presence of methylethyl ketone (MEK, or 2-butanone) and
tetrachloroethylene (PCE) suggests that MW-23 may be impacted by an organic
groundwater plume located in the southwest portion of DDMT. Trace detections of both
compounds were estimated at 1 micragram per liter (ug/L), which is below the detection
limits. At this time, it has not been determined whether this plume results from sources on
or off DDMT property. Upgradient Wells MW-47 and MW-51 were not selected because
they appear to be associated with organic groundwater contamination that may originate
onsite.

Data from these 12 wells provide an 85 percent confidence level that the population’s
- 85th percent quartile has been identified.

2.3 Field Activities

The sampling procedures, equipment, and locations followed the Generic RI/FS Work Plan
(CH2M HILL, 1995a) and are fully described therein. Specific sampling equipment and
procedures used during the field investigation are discussed for each medium in the
following sectons. All sampling equipment was decontaminated before use in the field and
prior to sampling at each location.

2.3.1 Surface and Subsurface Soil Sampling

Surface soil samples were taken using a 5-foot stainless-steel continuous sampler from zero
to 1 foot bgs (surface vegetation or gravel was removed prior to sampling). Samples were
taken with the continuous sampler by either pushing the device hydraulically with the drill
rig or by drilling and advancing the sampler ahead of a 7-5/8 inch outside diameter (O.D.)
hollow-stem auger. If the amount of soil taken was insufficient to fill the designated
laboratory sample containers, additional soil was taken at the same depth interval by
offsetting a maximum of 2 feet from the original borehole location. VOC soil samples were
taken directly from the continuous sampler using stainless-steel spoons. The remaining soil
was placed into a stainless-steel bowl, mixed thoroughly, and then placed into the
remaining laboratory sample containers.

Subsurface soil samples were taken from 4 to 6 feet bgs at the same sample locations where
the surface soil samples were taken. Boreholes were advanced to the top of the sampling
interval using a 7-5/8 inch O.D. hollow-stem auger. Soil was then taken from the sampling
interval using a decontaminated 5-foot stainless-steel continuous sampler. VOC samples
were taken directly from the sampler. The remaining soil was placed into a stainless-steel
bowl, mixed thoroughly, and then placed into the appropriate sample containers. All soil
cuttings were returned to the borehole.
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An exception to the above procedures was the collection of soil from three locations (sample
locations BS14, BS15, and BS16) along the western edge of DDMT. These borings were
located beneath Memphis Light, Gas, and Water (MLGW) high-voltage power lines; and
because of safety concerns, the drill rig was unable to set up at these locations. The three
borings were completed to the desired depth intervals using a stainless-steel hand-auger.
Analytical samples were taken from the hand-auger bucket using the same methods
described above.

A soil boring log for each boring and well was completed in the field. Soils were logged
according to Visual-Manual Procedure for Description and Identification of Soils, American
Society for Testing and Materials (ASTM) D2488-24. The soil boring logs are included in
Appendix A. Tabies 2-1 and 2-2 contain specific information pertaining to each surface and
subsurface soil sample taken. This information includes sample number, sample lacation,
sample group, date and time taken, sample depth interval, boring location description, and
corresponding QA /QC samples taken.

2.3.2 Surface Water and Sediment Sampling

Surface water samples were taken before sediment samples to minimize the amount of
suspended solids in the water column. Thirteen samples were taken from ponds and

9 samples were taken from perennial streams within the area surrounding DDMT. All
surface water samples were taken directly into laboratory sample containers. Table 2-3
contains specific information pertaining to each surface water sample taken. This
information includes sample number, sample location, sample group, date and time taken,
sample location description, and corresponding QA /QC samples taken.

Table 2-5 presents field parameters measured during collection of surface water samples.
pH varies from near neutral at Nonconnah Creek {7.50 to 7.74) and Cane Creek (7.67) to
slightly basic in the ponds at Medal of Honor Park (8.06 to 8.2), Botanical Gardens (8.05),
Audubon Park (8.08 to 8.14), and Chickasaw Gardens (8.33). Conductivity is variable: it is
highest in Nonconnah and Cane Creeks (0.199 to 0.243 microSiemens per centimeter
[nS/cm]) as well as at Chickasaw Gardens (0.112) and is an order-of-magnitude lower in
Botanical Gardens (0.073 to 0.079) and Audubon Park (0.066). Temperature and dissolved
oxygen (DQ) are variable within and between sample groups.

Sediment samples were taken within the same area of the water body as the surface water
samples. Samples were taken from the top 6 inches using stainless-steel spoons. Samples
taken for VOC analysis were transferred directly to the laboratory sample containers. The
additional sediment material was placed into a stainless-steel bowl, thoroughly composited,
and then transferred into sample containers. Table 2-4 details the sediment sample
locations, sample numbers, sample locations, sample depths, dates and times taken, and
corresponding QA /QC samples taken.

2.3.3 Groundwater Sampling

Groundwater monitoring wells were sampled following procedures identified in the Generic
Quality Assurance Project Plan (CH2M HILL, 1995b). A Grundfos Redi-Flo2 submersible
pump and Teflon pump tubing were used to develop and purge all wells. Metals, SVOC,
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and pesticide/herbicide samples were taken using the Grundfos pump. Samples to be
. analyzed for VOCs were collected with a disposable Teflon bailer.

Groundwater field parameters are presented in Table 2-6. Field parameters were taken with
a Horiba U-10 Water Quality Meter.
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3.0 Sampling Results

This section summarizes the analytical results for background surface soil, subsurface soil,
surface water, sediment, and groundwater taken during the Background Sampling Program
at DDMT. All samples were analyzed for VOCs, SVOCs, pesticides /PCBs, herbicides, and
Target Analyte List (TAL) metals by CH2M HILL’s Montgomery, Alabama, Laboratory.
Dioxin/furan samples were analyzed by Triangle Laboratories, Durham, North Carolina.
The resulting data were validated by CH2M HILL’s data quality evaluation team.

3.1 Identification of Background Constituents Exceeding
Applicable Criteria

To provide a more concise understanding of the detected chemicals and their importance,
the detected chemicals were compared with criteria as described in the following sections.
The selected criteria are from existing guidance documents and were developed to be
protective of human health and the environment. Background constituents exceeding these
criteria are likely to be considered in evaluating remedial actions at DDMT.

Definitions of statistical terms used in this section are pravided in Table 3-1.

3.1.1 Applicable Criteria

Section 3.5 of the Generic Remedial Investigation/Feasibility Study Work Plan (CH2M HILL,
1995a) presents applicable criteria developed for groundwater, surface water, soil, and
sediment. Criteria are based on chemical-, location-, or acon-specific applicable or relevant
and appropriate requirement (ARAR} standards or on screening risk-based PRGs. As
discussed in Section 3.6 of the Generic Remedial Investigation/Feasibility Study Work Plan
(CH2M HILL, 1995a), DDMT-specific PRGs were developed using conservative
assumptions regarding human exposure and contarninant uptake and are therefore
appropriate for screening purposes. Sites or areas that do not exceed screening-level PRGs
most likely will not require additional risk-based analysis.

Background values that exceed applicable criteria will be considered in developing
site-specific cleanup levels. Background data were compared with the minimum value of
applicable criteria. Table 3-2 summarizes the comparison. Tables 3-7 through 3-10 in the
Generic Remedial Investigation/ Feasibility Study Work Plan (CH2M HILL, 1995a) provide the
constituent-specific source for each ARAR and the basis for the PRG calculations which
were used to establish the applicable criteria. Criteria have been updated to use the most
recent values available.

3.1.2 Metal Constituents

As discussed in Section 4.9, many of the metal constituents were detected at levels between
the Instrument Detection Limit (IDL) and the CLP contract-required detection limit (CRDL).
These metal data are qualified with a “J” flag and the concentrations are considered
estimated because results at or near the IDL (typically 5 to 10 times lower than the CRDL)
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Table 3-1
Definition of Statistical Terms
Background Sampling Program
Defense Depot Memphis Tennessee

Detected Values

Analytical constituents that were reporied as delected or
estimated below detection limits and reported with a
qualifier.

Mean Value

Arithmetic average value. Undetected values (J or UJ qualifier)
were averaged using one-half of the detection limit.

2 X Mean Value

Twice the mean value.

Ln{Mean Value)

The natural log of the mean value of a natural lognormal
digtribution.

Ln(Standard Deviation)

The natural log of the standard deviation of the data from a
natural lognormal distribution.

Geometric Mean

The mean value of a lognormal distribution. The anti-logarithm
of Ln (mean valug) [¢l¥Me= Yahushy

UCL (Normal)

The 95 percent upper confidence limit (UCL) of the mean
assuming the data are normally distributed. The true value of the
mean of the distribution is known to be less than or equal to the
UCL value with 95 percent confidence (EPA, 1992). The
distribution was determined using one-half of undetected (U or
U3 qualifier) values. Normality was determined using the
Shapiro-Wilkes Test (Gilbert, 1987).

UCL (Lognormal)

The 95 percent UCL of the mean, assuming the data are
lognormally distributed. The distribution was determined using
one-half of undetected (U or U5 qualifier) values. Normality
was determined using the Shapiro-Wilkes Test (Gilbert, 1987).

The reasonable maximum exposure (RME) value is defined as
the highest concentration that could reasonably be expected to
occur for a given exposure pathway at DDMT (EPA, 1992). If
the data are normal or lognormally distributed, the RME is the
UCL for the respective distribution. If the dara do not follow a
parametric distribution, the RME is the maximum detected
value.
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may be influenced by instrument noise or low-level background shifts rather than by an
analytical signal. Therefore, metal concentration statistics that are dominated by
low-concentration, J-qualified data should be considered approximate. Table 3-3
sumumarizes the distribution of analytical data qualifiers for metals exceeding applicable
criteria. Appendix E presents a compilation of data qualifiers for detected background
conshituents.

Surface and Subsurface Sail

Aluminum, antimony, arsenic, barium, beryllium, chromium, iron, manganese, mercury,
nickel, vanadium, and zinc exceed applicable criteria in surface and subsurface soils.

Because all of the soil selenium detections are below the CRDL, the reasonable maximum
exposure (RME} selenium soil background values are considered approximate.

Surface Water

Unfiltered metal constituents that exceed applicable criteria in surface water are aluminum,
arsenic, total chromium, copper, iran, nickel, lead, silver, and zinc. However, there were a
low number of detections of arsenic (three above and eight below CRDL), total chromium
(two above CRDL), copper (two above and three below CRDL), nickel (five below CRDL),
lead (six above CRDL), silver {two below CRDL), and zinc {one above and two below CRDL
[see Table 3-3]). The RME nickel and silver values in surface water are considered
approximate since they are below the CRDL.

Sediment

Metal constituents that exceed applicable criteria in sediment are antimony, arsenic,
cadmuum, total chromium, copper, mercury, lead, silver, and zinc. However, there were
infrequent detections of antimony, cadmium, mercury, and silver (see Table 3-3). Lead was
detected in 21 of 22 samples; three concentrations were above CRDL. The RME antimony
and silver sediment concentrations are considered approximate since they are below

the CRDL.

Groundwater

The RME values of antimony, barium, beryllium, and copper all exceed applicable criteria
for groundwater. Barium was detected in every sample; 15 percent of the detections
exceeded the CRDL. Antimony and arsenic each had one detection below the CRDL;

the RME concentrations should therefore be considered approximate (see Table 3-3).

3.1.3 Semivolatile Organic Compounds

SVOC constituents that exceed applicable criteria in surface soil are benzo(a)anthracene,
benzo(a)pyrene, benzo(b)flucranthene, dibenz(a,h)anthracene, indeno(1,2,3-c,d)pyrene,
and phenol. Phenol was detected in the subsurface samples as exceeding applicable criteria
at six locations.

Fewer sediment samples had SVOC detections relative to the number of soil samples with -
VOCs. However, a greater range of SVOCs were detected in sediment at concentrations
exceeding applicable critetia: acenaphthene, anthracene, benzo{a)anthracene,
benzo(a)pyrene, chrysene, dibenz(a,h)anthracene, flucrene, fluoranthene, naphthaiene,
phenanthrene, and pyrene.

SVOCs were not detected in surface water or groundwater at levels exceeding applicable
criteria.

QRO113627.RR.ZZ029.00C 37
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Table 3.3
. Qualifer Summary for Metals Exceeding Applicable Criteria
Background Sampling Program
Defense Depot Memphis Tennessee
Qualifier
Number
Matrix Chemical Sampled | = J U | ul
Burface S0l Aluminum 22 22
Anbmony 22 | B8 13
Arsenic 22 22
Barium 22 22
Beryllium 22 15 7
Chromium, Tolal P4 16 6
Irom n 22
Maoganese 22 15 7
Mercury 22 3 1 3 J
Nickel 22 22
Yanadium 22 22
Zine 2 ] 19
Subsurface Soil Aluminum 22
Apscnic 22 22
Barium 22 22
Beryllium 2 14 3 4],
Chromium, Totl 22 16 6
Cohalt 22 4 18
Iron 22 22
. Manganese 2 15 | 7
Micke] 22 21 |
| Vanadium 22 22
Zing 22 3 19
lIsurface Water  |Aluminum, Dissolved 22 1 1 20
Alnminum, Total 22 5 13 4
Antimony, Dissolved 22 1 21 .
Arsenic, Dissalved 22 -] 11 5
Arsenic, Totl 22 3 8 8 3
Chromjum. Dizsolved 2 1 17 4
Chromnium, Total 22 2 20
Capper 22 2 3 17
Iron 22 22
Iran, Dissalved 22 4] 16
Lead 22 & 14 2
Lead, Dissolved 22 1 21
Nickel, Dissolved 22 1 3}
Nickel, Total 22 5 ¥
Silver, Tatal 22 2 20
Zinz, Dissolved 22 1 21
Zinc, Tonal 12 1 2 8 11
[iSediten Antimony 22 2 17 3
Arsenic 22 5 12 3 2
Cadmium n 3 19
Chramium, Total n 12 10
Copper 22 1 5 6
Lead 2 k] 18 1
. Mercury 2 1 21
Nickel 22 8 5 9
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Table 3-3

Qualifer Summary for Metals Exceeding Applicable Criteria
Background Sampling Program

Defense Depot Memphis Tenncssee

Qualifier
Number
Matrix Chemical Sampled | = d U | ul
Sedimeni Silver 22 1 21
|Keontinued) Zinc 12 11 9

roundwater Antimoay 12 1 11
Beryllium 12 2 10
Chromium, Total 12 2 ]
Copper 12 I 3 8

Magnesium 12 | 12 _

otes:
‘=" = Detected above the method detection mit

= Reported value cstimated

J = Analyle aol detected at an estimaied detection 1imil
= Analyte not detected at the CRIDL

RDL = contract-required detection limit

lank cells indicate zero quatifiers.
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3.1.4 Volatile Organic Compounds

The VOC detected as exceeding applicable criteria was 1,1-dichloroethane (1,1-DCA) from
groundwater monitoring well MW-45 at 2.0 pg/ L.

3.1.5 Pesticides, Herbicides, and PCBs

Heptachlor epoxide was detected exceeding the PRG in one surface soil sample. PCBs were
detected exceeding the PRG at two surface soil sample locations. Alpha-chlordane and
gamma-chlordane were detected above ARARSs in five sediment samples. Pesticides
dichlorodiphenyldichloroethane (DDD) and 1,1,1-dichloro-2,2-bis{4-chlorophenyljethylene
(DDE) exceeded criteria in three and two samples, respectively.

Pesticides were not detected in surface water or subsurface soils.
No herbicides were detected in any media.

3.1.6 Dioxins and Furans

For surface soil and surface water, the maximum value of the dioxin/furan toxicity
equivalency factor (see Section 3.2.5 for definition) exceeds the applicable criteria of

0.004 micrograms per kilogram (ng/kg) for residential soil and 0.00001 pg/L for surface
water. The toxicity equivalency factor RME for subsurface soil also exceeds the soil criteria.

3.2 Background Statistical Summary and Data Evaluation

This section summarizes the results of the statistical analysis of the background analytical
data for surface soil, subsurface soil, sediment, surface water, and groundwater at DDMT.
Table 3-1 presents definitions for statistical terms presented in the following sections and
summary stalistics tables. Statistical summaries of background values for all detected
parameters are provided in Section 5 {see Table 5-1). Complete statistical tables of all
analyzed data are presented in Appendix F.

Comparisons between perimeter and offsite soil samples are made in the following sections
to confirm that there are no grass (i.e., order of magnitude) differences in concentrations
between samples taken at the DDMT perimeter and offsite. Such differences would indicate
that the samples may have intersected previously unknown waste disposal operations and
therefore are not valid background data.

Surface water and sediment samples were taken at the distinct locations (e.g., Audubon
Park) discussed in Section 2.2.2. Because these locations are upgradient of DDMT and
therefore not potentially impacted by DDMT waste management operations, statistics from
each location group were not evaluated to determine if there were distinct location-specific
sample populations. Differences in the concentrations between locations are indicative of
the ambient variability of constituents in the urban Memphis environment and are not an
indicator of potential impact from DDMT operations.

3.2.1 Metals

Appendix F-1 provides a listing of the statistics for background metals for all sample media.
Table 3-4 presents station-specific detected metal data for all media. The matrix-specific
distribution of the metal data is discussed in the fallowing sections.
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Soil
Figure 3-1 shows the spatial distribution of the total metal concentration at each surface soil
location. Typically naturally accurring (calcium and magnesium) and anthropogenic
(chromium and arsenic) metals are shown individually in Figure 3-1. The basic statistics for
shallow soil metal concentrations in the perimeter and offsite soil groups (shown in

Figure 3-2) indicate that there is a trend of somewhat higher concentrations in samples
taken along the perimeter of DDMT relative to those taken offsite {see Appendix F-4).

Differences in the concentrations of metals between the offsite and perimeter soil groups
may result from natural differences in soil type or past and present land management
activities at DDMT that could alter the natural distribution of metals (e.g., grading and
tilling). The statistical significance of the differences in metal concentrations between the
offsite and perimeter sample groups was initally evaluated using a statistical t-test. T-tests
are used to determine whether two sample populations are from the same parent
population by evaluating the statistical significance between mean concentrations in the
sample populations (Davis, 1973).

However, the commonly used statistical I-test assumes that both the perimeter and offsite
data sets are normally distributed. This is not the case for some constituents. The statistical
summary provided in Appendix F shows that many of the surface soil constituents are not
normally distributed for the combined data set. Because the t-test is not valid for some of
the constituents, the appropriate statistical test is the Wilcoxon test.

The Wilcoxon Rank Sum test (equivalent to the Mann-Whitney U test) is a nonparametric,
two-sample test that is independent of the underlying data distribution and sample size.
The Wilcoxon Rank Sum tests the null hypothesis that the distributions of two populations
are equivalent. The alternative hypothesis is that one distribution lies to the right of the
other.

To perform the test, data from both sets are combined and ranked from low to high;

the ranks for tied values are averaged. The calculated sum of ranks for each data set are
used to calculate simple linear rank statistics, which are then compared with statistics from
the normal distribution. Scores that exceed expected values for a normal distribution lead to
rejection of the null hypothesis and acceptance of the alternative hypothesis that the groups
are from different papulations. The Wilcoxon Rank Sum test was implemented using the
SAS Procedure NPARIWAY.

Sections F-4 and F-5 of Appendix F present the Wilcoxon test results for surface and
subsurface soil, respectively. Results of the Wilcoxon test showed that for all constituents
except chromium and potassium, the perimeter and offsite data were similar and the
combined data set was used to establish the background value. Background values for
chromium and potassium were developed using only the offsite data. Wilcoxon test results
for subsurface soils indicate that the perimeter and offsite soils are from one population for
all constituents. '

Variations in metal concentrations in surface soil may result from land management
activities or from natural variation in the soil type. Two lines of evidence suggest that the
differences result primarily from grading or other reworking of the sail. First, the lowest
concentrations of leachable metals, such as calcium, iron, and zinc in perimeter soil samples,
were associated with samples in the northeast portion of Dunn Field (BW01, BW02, and
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BW03) taken from undisturbed Falaya and Memphis Silt Loam (see Figure 3-3).

Because these s0ils are undisturbed, the lower values are likely to be associated with lass of
naturally occurring metals as a result of leaching. Soil associated with grading (Graded
Land in Figure 3-3) has been disturbed and possibly replaced with soil from depth or other
sources that are not depleted in these metals. Second, the uniformity of metal
concentrations at depth (4 to 6 feet bgs) indicates that the natural soil material below the
disturbed horizon has uniform chemical constituency.

Figure 3-4 presents background arsenic data as well as arsenic data from surface soil
samples taken during the background, BRAC, and screening site sampling efforts
undertaken in the fall of 1996 and the spring of 1997. Data from these sites are included
with the background data to support the interpretation that most of the arsenic
concentrations in surface soil, including the background arsenic concentrations, are below
20 mg/kg. The BCT reviewed these data and concluded that a value of 20 mg/kg was an
appropriate value for arsenic background concentrations in surface soil.

Surface Water, Sediment, Groundwater

Figures 3-5 through 3-7 show the spatial distribution of total and selected individual metals
in surface water, sediment, and groundwater for each of the sample location groups (see
Appendix F-1 for metals that were analyzed from each location). Total metal concentration
was used as a relative indicator of the variability of metal contamination between locations.
Individual metals were selected on the basis of toxicity and exceedance of ARARs or risk-
based criteria as discussed in Section 3.1 and plotted as location-specific arithmetic
averages. The total unfiltered inorganic loading of surface water at background locations is
highest in Cane and Nonconnah Creeks and lowest in ponds at the Audubon Park,
Botanical Gardens, and Chickasaw Gardens. The pond at Medal of Honaor Park contained
total chromium, lead, and the highest concentrations of arsenic (13.6 pg/L) and barium (185
pg/L). Other metals detected in Medal of Honor Park include silver, the highest
concentration of copper (76.4 ng /L), nickel, vanadium, and zinc. Lead, arsenic, and zinc
were also detected in Cane Creek.

The total metal concentration in sediment was also highest in Cane Creek, but was
considerably lower in Nonconnah Creek even though surface water concentrations there
are the highest of the background locations. The highest concentrations of total lead (147
mg/kg) and zine (7,630 mg/kg) were also found in Cane Creek. Total metal concentrations
in Medal of Honor Park were also relatively high among the background locations.

Unlike the surface soil sample locations, the surface water, sediment, and groundwater
sample locations are upgradient of DDMT and not potentially affected by DDMT waste
management operations. The variation in metal concentrations between the sample
groups results from differences in ambient background concentrations. A statistical
evaluation of the background metal concentrations between the groups was not
performed since these variations are expected in an urban industrial setling and are not
potentially affected by DDMT waste management operations. Box and whisker plots
showing the distribution of the surface water, sediment, and groundwater metal data
are presented in Appendix C.

Surface water data are presented for the dissolved (filtered) and total metals {unfiltered);
unfiltered groundwater samples were taken.

OR0113627.AR.ZZI026.00C 320
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3.2.2 Volatile Organic Compounds

Table 3-3 presents the VOC data summarized by individual stations. Sporadic
concentrations of VOCs were estimated in concentrations below CRDL in all media.
Analysis of perimeter versus offsite soil data presented in Table 3-6 indicates that with the
excephion of two MEK (2-butanone) detections, almost all VOC surface and subsurface soil
detections occur in the perimeter samples. Xylenes were found in 10 of the surface soils
samples at low concentrations (< 9 ng/kg) possibly resulting from automobile emissions
entrapped in soil pore spaces. The correlation between xylene concentrations and the
DDMT perimeter sample locations may result from the higher traffic on roads (Airways
Boulevard, Ball Road, Perry Road, and Dunn Road) that surround DDMT relative to less
traveled offsite residential streets.

Although there are a greater number of VOC detections and, in the case of xylene, generally
higher values in the perimeter soil surrounding DDMT, the magnitude of the perimeter
relative to offsite concentrations of about 100 percent RPD (see Table 3-6) does not indicate
impact from waste management operations. Perimeter and offsite background soil data are
therefore combined into one statistical data set.

MEK (five detections) and total xylenes (twa detections) were estimated at concentrations
below 2 pg/L in surface water. MEK was also detected in low concentrations (less than

10 pg/kg) in 10 sediment samples. Chloromethane (3 pg/kg) and toluene (<14 pg/kg) were
also detected in one and three sediment samples, respectively.

VOCs associated with arganic solvents 1,1,1-trichlorpethane (1,1,1-TCA) and
1,1-dichloreethane (1,1-DCA) were detected at concentrations less than 2 pg/L in
groundwater from monitoring well MW-45. Data from this well were retained in the
background database since MW-45 is upgradient from potential DDMT groundwater
sources.

Summary statistics for VOCs are presented in Section 5 (see Table 5-1).

3.2.3 Semivolatile Organic Compounds

Table 3-7 indicates that a range of SVOCs was detected in 15 surface soil, 8 subsurface soil,
and 15 sediment samples. Most of the compounds are typically associated with coal tar
distillation, dye production, diesel oil, and unburned hydrocarbons. Phenol, which was
detected in highest concentrations in surface and subsurface soils, is associated with the use
of disinfectants and industrial solvents.

SVOC concentrations were significantly higher in surface soil samples BS04 (located outside
the northeast comer of the DDMT property fence} and BS15 (located along the western
perimeter of the Main Installation). Phenol concentrations were also elevated at BS01 {Dunn
Field), BS08 (DDMT southwest perimeter), and BS09 (residential area 1.5 miles east of
DDMT). Other SVOC concentrations in surface soil samples were estimated at below the
CRDL. 5VOC values for perimeter and offsite surface soil samples are summarized in Table
3-8. With the exception of phenol, mean surface soil SVOC values are higher in the
perimeter samples than offsite (see Appendix F-6).

The range and concentrations of detected SVOCs decrease from surface to subsurface soils.
Concentrations of fluoranthene and pyrene in subsurface soil samples are about 2 factor of
seven lower than their corresponding surface soil samples. Phenol concentrations do not
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. Table 3-6
| Surface Soil Perimeter and Offsite VOC Concentrations
Background Sampling Program
Defense Depot Memphis Tennessee
=
< 2
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% % £ @ E
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= 3 =4 —
2 =2 = £
5§ |3° =
=
Matrix Group Data
Surface Soil All Mean Detected 2 2 2 2.8
ugkg) Number Detects 2 | )| 10
Oiisite Mean Detected ND 2 ND 1
Number Detects 0 1 0 2
Perimeter Mean Detected 2 ND 2 3.3
Number Detects 2 0 1 B
Percent Relative Difference® NA NA NA 106%
Subsurface Sail |All Mean Detected 1.5 ND ND 1.5
(ug/kg) Number Detects 2 0 0 4
Perimeter Mean Detected 1.5 ND ND 1.5
. Number Detects 2 )] 0 4 I
(Mean Perimeter - Mean Offsite)/{(Mean Perimeter + Mean (fsite)/2)
otes:

D = not detected
A = not applicable
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Table 3-8

Comparison of Perimeter and Offsitc SVOC Data
Background Sampling Report

Defense Depot Memphis Tennessee

A =not

OROM134627.RR.ZZ/020.XLS

oies:
. lank cells indicaie not detected

licahle

o ]
« gl el é H g
-3 ] E s = = E o E‘ o
E] F g z [ = " = c B [
= = 3 = gle] B g 5 2 ! £ = u
T S % | £ sl &|s| &8 E| S| ¢« |2 F|E
= X o < I & =z | E [ = g nt g = s
= a - = ] - ] - s a o “ a E E
g “ Eleis|3gl% e B |E
vi E{ & E g | 8 g = &
£ L & 4
= = a2 =
S urface Soil All Mumber Deteclions g 9 9 9 9 10 3 11 7 9 5 11
|kuez) All Mecan 151 | 186 | 208 | 169 ] 192 ] 190 117 310 179 159 | 5238 | 272
Offsite Number Detections 4 4 4 4 a4 4 2 4 3 3 1 4
Offsite  |Mcan 84 95 115 92 133 | 113 46 205 100 120 | &60C | 166
Perimeter | Number Detections 5 5 b} 5 5 [ 1 7 4 [+ 4 7
Perimeter |Mean 08 | 260 | 266 | 230 | 239 { 24] 260 369 239 179 | 4898 | 133
Percent Relative Difference B4% | 3% 665'5 B6% [ 5TS% | 72% | 140% | §57% B1% 0% | -W0% | 67%
[Subszurface All MNumber Detections 2 <] 2
Mupke) All Mecan 45 4295 4]
Qfisite Number Detections 1
Offsite  |Meon 580
Perimeler |Number Detections 2 5 2
Perimeter |Mean 45 5038 41
Percent Relative Difference NA NA NA NA | RA | NA NA NA NA NA | 159% | NA
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substantially decrease in the subsurface soil samples, most likely because of leaching of
water-soluble phenol and adsorption of other insoluble SVOC compounds in the surface
soil (CRC, 1971). Five out of six phenol detections in subsurface soil are from perimeter soil
samples and are all higher than the single offsite phenol detection also in BS09.

The generally low number of surface and subsurface soil detections does not allow a
meaningful statistical comparnson, but the uniformity of the elevated perimeter SVOCs
suggests that two populations of SVOCs are present. Where SVOCs are present in both
perimeter and offsite samples, the difference in mean values is less than 100 percent, which
is indicative of differences between industrial and residential and open field areas rather
than impact from waste management operations.

The range of 5VOC compounds detected in sediment is similar to that of surface soils.
However, mean concentrations of 5VOCs in sediments are generally 3 to 10 times higher
than those observed in surface soils. An exception is phenol, which is depleted in
sediments most likely because of its water solubility. Bis(2-ethylhexyl) phthalate is a
common laboratory contaminant. However, the single-sediment bis(2-ethylhexyl)
phthalate detection at BW10 (480 pg/kg) exceeds 10 times the maximum blank
concentration {36 ng/kg); therefore, the value cannot be dismissed as laboratory
contamination {EFA, 1994).

The phthalate concentration (estimated at below the detection limit) in groundwater at
monitoring well MW-24 is likely associated with laboratory contamination, since phthalates
are typically introduced in field and laboratory handling. However, SVOCs were not
detected in laboratory ar field QA blanks.

3.2.4 Pesticides, Herbicides, and PCBs

Table 3-9 presents pesticide and PCB concentrations detected in s0ils and sediment.

The distribution of pesticides and PCBs in surface soil is graphically presented in Figure 3-8.
Pesticides and PCBs were not detected in surface water or groundwater. No herbicides were
detected in any background matrix. Pesticides were primarily detected in soil samples
along the perimeter of DDMT, most likely associated with historic pesticide application by
facility personnel. Alpha-chlordane, gamma-chlordane, and dieldrin were most frequently
detected. Chlordane, dieldrin, and heptachlor epoxide were detected in twa offsite
locations, BS09 and B512 (in a residential area just west of DDMT). PCBs (Arochlor 1260)
were detected at two perimeter sample locations, BS05 and BS06, along the eastern fenceline
of DDMT. No PCBs were detected offsite.

The Wilcoxon statistical analysis to compare perimeter and offsite data for selected
pesticides in surface soil is presented in Appendix F, Section F-6. This evaluation shows that
the data sets are similar except for dieldrin.

For purposes of establishing background concentrations representative of industrial land
uses, application of pesticides and herbicides was considered a facility maintenance activity
rather than a waste management operation. Therefore, perimeter and offsite pesticide data
were combined into a single data set.

The highest background pesticide detection, heptachlor epoxide at 230 pg/kg, was detected
in sediment at the Audubon Park (BW18) lake, which receives surface runoff from the park
area. Alpha-chlordane, gamma-chlordane; dieldrin; p,p*-dichlorediphenyldichloroethane

ORC113627.RR.ZZ029.DOC 333
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Table 3-9
Detected Pesticides and PCBs
Dackground Sampling Program
. Defense Depot Memphis Tennessee
=9
S N I P DO R I PR [ %
< 23 5 E€ | €% a a 12 ~ &
E | 22| = |§2|82] = | = |& |B%
£ §| 8 |c8|£<| & | = |2 [=F
Matrix % <
Sediment BWO7 11=
BWOB 43] 13= 6.11]
BW09 521 581
BWI1 49) 6.1] '
BWI3 6] 58) |
BWI14 1.6) 79= I
BW16 28] 72=
BWI18 230 =
All 450 il 21.25 230 497 6.50
Audubon 230
Botanical 2.80 7.20 I
Cane 475 11 35.50 6.10
MOH 425 7.00 6.00 5.80
urface Soil BS01 49 =
BS02 84 = [
BSG3 24 =
BSO4 5301
. BS05 5= 110= 291 110 = 47 = 100]
BS06 15] 360 = 23] 160 = 74 = 110)
BSG7 4] 44] 161 6.71
BSO8 3.6]
BS09 22 26= 7.71
BS10 331
BS11 86 =
BS12 5.71] 53= 791 94] I
BS14 190 =
BS15 66 =
BSi6 3=
All 94 114 11.02 7.70 6.70 135 43.47 105.00
Cffsite 17.4 474 16.9 1.70 0.4
Perimeter 4.2 131 7.1 6.7 135 60.5 105.0
Subsurface Soil  |BS04 370 = 7.21
BS06 351 151
BSOR 6=
BS22 26= 232=
All 2.6 126 2.2 L5 7.2
Ofisite 26 22
Perimeter 126 1.5 7.2
[Notes:
. Blank cells indicate not detected at the CRDL. Units are in pg/kg.
[PCBs = polychlorinated biphenyls CRDL = contract-required detection limit
(MOH = Medal of Honor DDD = dichlerodiphenyldichloroethane
"=" = detected value DDE = 1,1,1-dichloro-2,2-bis(4-chlorophenyl)ethylene
J = estimated value DDT = dichlorodiphenylirichloroethane
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{(p.p’-DDD}; and p,p’-DDT (dichlorodiphenyl-trichloroethane) were detected in sediments
at the Botanical Gardens, Cane Creek, and Medal of Honor Park.

The BCT performed an evaluation of the background values in a meeting on July 2, 1997
(see discussion in Section 3.3 below}. The value for dieldrin was revised from 530 pg/kg to
86 ng/kg on the basis of the maximum of the three offsite dieldrin detections.

Pesticide/PCB background statistics are summarized in Section 5 (see Table 5-1) and
presented in full in Appendix F-2.

3.2.5 Dioxins and Furans

Polychlorinated dibenzo-p-dioxins (FCDDs) and polychlorinated dibenzofurans (PCDFs)
are two related classes of aromatic heterocyclic compounds. The toxicity of dioxins and
furans varies between the congeners. Total dioxin toxicity is typically expressed in terms of
a toxicity equivalency factor (TEF), which normalizes each congener toxicity to that of the
most toxic congener—2,3,7, 8-tetrachlorodibenzo-p-dioxin. TEF values reported herein were
calculated according to the I-TEF/89 scheme (EFA, 1989).

Dioxin concentrations in surface soil were evaluated to assess whether there was a
significant difference in concentration between the perimeter and offsite sample groups.
The distribution of the surface and subsurface soil TEFs is shown in Figure 3-9. Table 3-10
presents the results of a t-test evaluation and indicates that the I-statistic for
1.2,3,4,6,7,8-heptachlorodibenzo-p-dioxin exceeds the crilical t-value at 95 percent
confidence. The t-test resulls for more prevalent octachloradibenzo-p-dioxin and the
TEF values indicated that for these congeners and total toxicity, it cannot be determined
that the two groups are from different sample populations. Because there were a low
number of detections of 1,2,3,4,6,7,8-heptachloredibenzo-p-dioxin (two in the perimeter
group), background statistics were calculated for the combined perimeter and offsite
datasets.

Detected dioxin/furan values are presented in Table 3-11. Background statistics for detected
dioxin/furan data are summarized in Section 5 (see Table 5-1). A complete presentation of
the dioxin/furan background statistics is included in Appendix F-3.

The distribution of the average TEF at each surface water and sediment sample location
group is shown in Figure 3-10. TEF values are highest at Audubon Park, the Botanical
Gardens, and Nonconnah Creek because of detections of multiple dioxin/furan congeners
in Audubon sample locations BW16 through BW19, Botanical Gardens sample location
BW16, and Nonconnah Creek sample location BWO3 (see Table 3-11).

Dioxin concentrations in surface water were reported in concentrations of parts per trillion
(nanograms [ng] per liter), while concentrations in sediment are reported in parts per billion
(ng/kg). Surface water concentrations reported for unfiltered surface water samples are
therefore very sensitive to inclusion of suspended sediment. An analysis comparing the
turbidity of the water samples with the total dioxin/furan concentrations, represented by
the TEF, was performed to determine whether dioxin concentrations in water were
controlled by inclusion of suspended materials. Turbidity was used to provide a relative
measurement of the amount of suspended material. Figure 3-11 presents the correlation
between turbidity and total dioxin concentrations. The low correlation coefficient (R?) of
0.24 indicates that there is no significant correlation between the concentrations in the two

ORQGH13627.AR.Z2M29.00C 338
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Table 3-10
Surface Soil Dioxin/Furan Population Testing
Background Sampling Program
Defense Depot Memphis Tennessee
N 8 3 N
E | 3 2 2E
g i £ o=
=] =2 = i
- =} =] s s
= = 1
S EE 3 =
=o% Z % =
ex s U z =
el o) zg -« g 5
ak : | B8 | & e
Lo Ll
Minimum 0.07 0.75] 0.045 J
Maximum 0.39 23.33 0.393 0.023|
Mean 0.14 5.52 0.163 0.004|
Stand. Dev. 0.13 5.08 0.199| 0.005)
N 6, 22 3 22
[iOffsite Minimum 0.07 0.99| 0.045 0.001}
Maximum 0.10 23.33 0.045 0.023|
Mean 0.08 6.77 0.045 0.007t
Stand. Dev. 0.01 6.34 0.000 0.004|
N 4 11 I 11
Perimeter Minimum 0.12 0.75 0.050 0.001)|
Maximum 0.39 10.61 0.393) 0.011)f
Mean 0.26 4.27 0.222 0.004)]
Stand. Dev. 0.19 3.25 0.000 0.003|
N 2 11 2 11
Statistics S, 0.057 4.796 - 0.0048]l
T 1.56 1.23 - ]
T Critical" 2.13 1.73 —
[Notes:
*95 perceni confidence level, 2-tailed T distribution
Units are in micrograms per kilogram
-- indicaics not applicable because of infrequent deteclions
| —
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Table 3-11

. Detecled Dioxin/Furans
Background Sampling Program
Defense Depot Memphis Tennessee
- ]
& & o o o A E | 2.
g , S 8 £ g g g e K-
2 |22 | af_|as,. et |8 .| g | €<
EEIRC IR RS RIS SE| £ st
L & mc B Me s |TesS| L= 2 =] EE
§ |95F|3£3 | g (d3=|Rg~| 8 | £ | €3
3 - g 8 3 g S £ £
a g £ B E | £ | 8 €| EF
g g = A = & 5 = =
Matrix = = &
Surface Soil  [BS0] 5.632 = 0.005532
HSO2 122 41081 | .053 ] 0.004158
PS03 1.391) 0.001391
RS04 10.614 = 0.010614
BS05 3.227J 0.003227
BS06 45761 0.004576
BSG7 B.781 = 0.008781
BSO8 1.2571 0.001257
BS09 2.942 ] 0.002942
BS10 989 J 0.000989
BS11 1.274 ) 0.001274
BS12 0711 441171 | .045J] 0.004456
BS13 6.702 = 0.006702
. BS14 7471 0.000747
BS15 39] 5.597= | .393J] 0.00599
BS16 991 J 0.000991
BS17 3.136 ] 0.003136
BSI8 11.711 = 0.01171}
BS19 099 ] 23.325= 0.023325
0520 075] 8.488 = 0.008488
BS21 6.489 = 0.006489
BS822 0711 5.026 = 0.005026 |i
All 0.14 5.52 0.163 | 0.0055 "
Offsite 0.08 6.77 0.045 | 0.0063
Perimeter 0.26 4.27 0222 | ©.0043 ||
Subsurface Soil [BSO1 4.445) £.004445 ||
BS03 1.249 J 0.001249
BS04 2.948 J 0.002948
BS06 1.642 0.001642
BS07 1.75J 0.00175
BS09 3.439 1 0.003439
BS10 9.435 = 0.009435
BSI1 209) 0.000209
BS12 1.683 1 0.001683
BS13 2.1411 0.002141
BS14 645 ) 0.000645
BS15 5432 = 0.005432
. BS17 2.869 ] 0.002863
BS19 7.619 = 0.007619
ORO113827.AR.ZZM4.XLS Page 1of 3
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Table 3-11
. Detected Dioxin/Furans
Background Sampling Program
Defense Depot Memphis Tennessee _
=
2‘ i‘- o g & & E %‘ 5
g , 8 5 g g g g “ 1 B¢
- - - 5 2 E | 2
¢ |e3g|esg|[28s(RFs|2%e £ | 8| 52
% <22 |vMge |58 5|sS5| €8 | c g
s meao|lde2d |NEx [MER|ags = ga & o
- o £ - £ - 3 =g 'g £ 2 S E
2 |73 | £ s | | B | £ T 2%
é g = - et o g E =
Matrix
Subsurface Soil {BS20 2.498 J 0.002493
l(continued) B521 1.378 ] 0.001378
BS22 1.458 J 0.001458
All 2.99 0.0030
Offsite 327 0.0033 |
Perimeter 2.59 0.0026
Sediment BWO? 431} 0.00043 1
BW08 A483] 0.000483
BWI10 761J 0.000761
BWI1 1.484 J 0.001484
BW15 1.1J 0.0011 ||
BW16 067 1 3.655 1 0.003655
BW1? 064 1 2.536J 0.002536
. BWI8 5831 002 ] 7.207 = 0.008707
AW 19 8.556 = 0.008556
BW20 1.608 1 0.001608
BW?22 498 ) 0.000493
All 0.24 0.002 2.62 0.0027
Audubon 0.32 0.002 6.27 0.0066
Botanical 0.07 2.38 0.0024
Cane 0.46 0.0005
Chickasaw 1.05 0.0011
MOH 1.12 0.0011
Surface Water |BWO3 098 I 0571 024 ) 384 0.005634
BWO04 2541 0.000254
BW09 0BR J
BW10 645 ) 0.000645 ||
BWI} Ol1] 635 0.001735 ||
BWI12 597 0.000597 "
BWI13 - 043 ] 1.225 ] 0.001225
BW14 843 ] 0.000843
BWI15 206 0.000206 |
BWI16 0271 mal | o131 2321 0.014882
BWI17 184 ] 046 ] 037] 051 031) 1.135 J 0.031085 “
BWIR 01l 669 ] 0.001669
BWI19 007 ) 892 ) 0.001592 )|
BW?20 2209 ] 0.000299 ||
. BW21 374 ) 0.000374 ||
ORD113627. AR.ZZ014.XLS Page 2of 3
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Tahle 3-11
. Detected Dioxin/Furans
Background Sampling Program
Defense Depot Memphis Tennessee
& & & E £
= g $ g E ] § | 3 2 | 23
g a5 |5 2 |, 2 & g g [ =5
3 l“:.ﬁn: ® Lo | AG s iBT |y E = - 9 —
YERIS 'E BlegemNEf|lsEP g B & E &
T E8s|dee|[Is5 |£55|525] E2 = Eg
s M| Ngo | A& [MER|4E & == £ 73
= ~N g - = - § - q e g g2
3 - = g = 7] -] E = = =
o f—9 = & 7] o o s =
E S [ o = 5 3 = (]
Matrix 5
Surface Water jBW22 267 ] 0.000267
l(continued) All 0.08 0.046 0.040 0.037 0.016 0.58 0.0041
Audubon 0.09 0.046 0.037 0.050 0.016 0.90 0.0114
Botanical 0.027 0.024 0.013 022 0.0075
Cane 0.09
Chickasaw 0.31 0.0003
MOH 0.04 .011 0.79 0.0010
Nonconnah 0.10 0.057 0.024 0.32 0.0029
oles:
Blank cells indicate not detected at the CRDL.
OH = Medal of Honor
"=" = detected value
. = estimated value
RDL = contract-required detection limit
QRO 13827 RAZZ/4.XLS Page 3 of 3
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media, probably because of the low observed concentrations and other potential analytical
artifacts in reporting such low concentrations. Qutlier TEF values at Audubon Park (BW17),
Botanical Gardens (BW164), and Nonconnah Creek (BW03) discussed above are also
identified in Figure 3-11.

Dioxins are widespread in environmental media originating primarily from atmospheric
depositions that result from waste incineration /buming activities. In general, dioxins in
such emissions arec dominated by octa-CDD. Furthermore, if a source-related contribution
exists, a series of dioxins such as 2,3,7,8-TCDD and other lower chlorinated congeners are
expected in the samples. Most of the background detections were octa- and hepta- isomers,
indicating that the observed concentrations could be from atmospheric deposition, rather
than from a localized source contribution. There were no detects of 2,3,7,8-TCDD in any of
the 76 samples tested (22 sediment, 14 surface water, 20 deep soil, and 20 shallow soil
samples).

At very low concentrations (detected concentrations below the mean detection limits), the
presence of the reported chemical is uncertain. Additonally, most but not all of the detected
dioxins and furans were also detected in the field and trip blanks at concentrations similar
to the sample concentrations (see Section 4.5.1, Table 4-2). Following EPA CLP protocol {see
Section 4.5.1), dioxin and furan values less than 5 times the maximum blank ¢concentrations
were reported as undetected in the database. This could be because the diexin isomers have
very low solubility (20 to 483 ng/g) due to a very high carbon-based sediment partition
coefficient {log Koc = 7), and therefore high resistance to chemical and biological
breakdown. 1t is possible for these chemicals to strongly adhere to the analytical equipment
and hence be detected in several samples at low concentrations. Low solubility is also the
reason for suspecting that the observed surface water concentrations are from suspended
particulates in the surface water. Therefore, the detected dioxin/furan concentrations do
not appear to be source related and are likely from atmospheric deposition and runoff from
the surrounding soil depositions into the sediments.

Elevated TEF values in the surface soil samples indicate that the dioxin/furans result from
surficial deposition rather than from other sources (such as laboratory input), because
dioxin/furans are quickly sorbed onto soil particles and are not expected at depth under
normal conditions. Low-level detections in the subsurface soil could be a result of other
factors (such as an analytical artifact).

3.3 BCT Evaluation

During the BCT meeting of July 2, 1997, BRAC, screening site, and Rl site data were
evaluated relative to applicable criteria and background concentrations. A suite of chemical
constituents was identified for which concentrations exceeded the applicable criteria, but
the background concentration also exceeded the criteria. For these “sensitive” consHtuents,
background was considered an important evaluation criterion. To present a conservative
evaluation, the background concentrations for these chemical constituents were modified
by removing outliers (see Appendix C). In all instances, removal of outliers resulted in a
lower, more restrictive background criterion. The results of the BCT evaluation of sensitive
parameters are summarized in Table 3-12. Modified background values identified in this
table were used in evaluation of the data.
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___ Table 3-12
Background Data Modified by the BCT
Background Sampling Program
Defense Depot Memphls Tennessee
Initial Maodifed
Chemical Matrix Units Background Background Comments
Arsemic 5B me/kp 17
lArenic 5D mg/ke 12 17 detections. No outlicrs.
lArsenic 55 mg/kg 21.8 165 QOifsie locations only. Dropped outlier of 27.7.
Arsenic W mg/L 18 No ooliers
|Arsenic, Dissolved 5w mg/L. 124 No putliers
[Bariurm SB me/ke 300 No ontien
{[Barium S5 me/kg 253 14 Offsite locations only.
|Beryllivm 55 mp/kg 11 No outliers. Perimerter and offsite values nearly idenuical.
[iCadmium SD mp/kp 28.9 Only 3 delections.
([Chromium 5B mp/kp 26.4 Na outliers.
IChromium 5D me/ke 38 20 Dropped 2 ouliers (173 and 40).
[ICtromiom 55 mp/kp 274 4.8 Based an offsiic mean of 12.4.
|iCopper SD me/ke 271 58 Drupped 2 outlicrs (512 and 1250 — both arc ) qualified)
Nooparametric distribution ~ Maximum value proposed. Alternate value
5% me/kg 530 B6 15 mousimum of thres offsite dieldnn detections.
£D me/kg 6.1
55 tng/ke 5.7
sD me/kg 732
58 mp/kp 160
85 mp/kp 74
5D 59 353 Removed 2 outliers.
|lLead 55 me/ke 42.6 En Offsite velues only with 73,3 mg/kg outlier removed,
‘:ﬁ Sw mg/L. 18.6 Twice mean detected. Nao autliers.
, Dissolved SwW mg/L 113 Maximum detected. Only vne detected.
{IMercury SD mp/kg 4 Omly one detectian.
{Nicke! 55 me/kp 33 30 Ng outliers. Offsite values only.
[Nickel SB mp/ke n Ne positive cutliers.
Ivanadium 55 me/kg 52 48.4 No outliers. Offsitc valucs only.
1T
ntues preserued in bold-face wifl be used in evaluntion of DDMT daia
S8 = Surface Soil
B = Subsurfoce Soil
SW = Surface Water
D= Sediment
ORO113627.RR.ZZ/020.XLS
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4.0 Quality Assurance/Quality Control
Overview

The purpase of the data quality evaluation process is to assess the effect of the overall
analytical process on the usability of the data. The two major categories of data evaluation
are laboratory performance and matrix interference. Evaluation of laboratory performance
is a check for compliance with the method requirements: the laboratory either did or did
not analyze the samples within the limits of the analytical method. Evaluation of matrix
interference is more subtle and involves the analysis of several areas of results including
surrogate spike recoveries, matrix spike recoveries, and duplicate sample results.

Two separate sets of data were evaluated, and the results of both of these evaluations are
presented in this section. As discussed in Section 2.1, soil, sediment, and surface water
samples were collected as part of the DDMT Background Sampling Program in October
1995. These samples were analyzed for VOCs, SVOCs, pesticides /PCBs, herbicides, TAL
metals, and dioxins/furans. Groundwater samples were collected during the DDMT
groundwater sampling event in February 1996. All samples were analyzed using Level C
QC (Level Cis equivalent to EPA level 3 QC} as described in the Generic Quality Assurance
Project Plan (CH2M HILL, 1995b). EPA Level 3 QC requirements include collecting and
analyzing field and laboratory QC samples at a specified frequency. The data from these
samples are used to evaluate laboratory performance and matrix interference, as well as to
monitor potential field and laboratory contamination.

Section 4.0 is divided into 11 subsections. Sections 4.1 and 4.2 provide a discussion of the
ficld and laboratory QA /QC samples. Section 4.3 provides an overview of the data review
and the validation process. The remaining sections provide a summary of QA /QC
parameters and data quality conclusions.

4.1 Field QA/QC

Sampling requirements for EPA Level 3 Field QC include field blanks and duplicate field
samples. Three types of field blank QC samples were collected to detect and monitor the
existence and magnitude of contamination problems potentially introduced by field errors.
The three types are as follows:

Trip Blank (TB). Trip blanks were used to monitor any possible VOC contamination
intraduced to samples during shipping and handling. The blanks are 40-milliliter vials of
ASTM Type Il water that are filled in the laboratory, transported to the site with the sample
bottles, and returned to the laboratory with VOC samples for analysis. The trip blank
containers were not opened in the field. One trip blank sample was included with each
shipping container that contained samples requiring VOC analysis.

Equipment Rinseate Blank (EB). Equipment rinseates are samples of organic-free water
that is passed through and over decontaminated sampling equipment. The samples were
used to monitor the effectiveness of the decontamination process. Equipment rinseate

samples were collected at a rate of one per day per sample matrix. Because surface water
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samples were collected directly into the laboratory containers, rinseate samples were not
required for this medium. The equipment rinseate samples were analyzed for the same
parameters as the associated field samples.

Field Blank (FB). The field blank consisted of a sample of the organic-free water that was
used for the final rinse during equipment decontamination. This blank was used to monitor
contamination that may have been introduced by the rinse water. The ficld blank was
analyzed for the same parameters as the field samples.

Duplicate field samples were collected at a frequency of 10 percent of the samples collected
per matrix. Field duplicates consisted of an original (or native) sample and a replicate
sample that were collected from the same location at the same time. These samples were
used to manitor sampling precision.

4.2 Laboratory QA/QC

QA /QC samples analyzed by the laboratory during the DDMT background sampling
included methed blanks and spiked samples. The type and frequency af each QA /QC
sample is detailed in the analytical method. Resulls of these QA /QC samples and
laboratory performance data (e.g., instrument calibration) were used to evaluate data
quality during the data review and validation process.

Method blanks were analyzed each day prior to analysis of field samples. A method blank
is a sample of ASTM Type II water that is analyzed by the same process as the
corresponding field samples. Method blanks were used to manitor both laboratory
performance and contamination potentially introduced during the analytical process.

Laboratory QC samples can be categerized as organic or inorganic QC samples. The two
types of organic QC samples are as follows:

¢ Surrogate Spikes. Surrogate compounds are the structural homologs of target
compounds and are expected to behave in a similar manner during analysis. Surrogate
spike recoveries were used to monitor both matrix effects and laboratary performance
as well as to estimate laboratory accuracy.

* Matrix Spike/Matrix Spike Duplicates (MS/MSDs). MS/MSDs were used to estimate
the effect of the specific sample matrix on sample analyte recovery, as well as on
accuracy and precision. MS compounds are found on the Target Compound List (TCL).
The field sample was split into thirds, and two portions were spiked with knawn
quantitics of TCL compounds to ascertain the effects of the specific sample matrix on
the recovery of these analytes. M5/MSD samples were collected and analyzed with 5
percent of the samples from each matrix (i.e., soil, surface water, sediment, and
groundwater).

The three types of inorganic QC samples include:

» Laboratory Control Standard. A laboratory control standard (LCS) consists of an ideal
matrix (usually ASTM Type I water) that has been spiked with a known amount of the
analyte of interest; the LCS was prepared (digested) and analyzed with the field
samples. The LCS is designed to monitor the efficiency of the overall analytical
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procedure (including sample preparation); the resulting analyte recoveries must fall
within pre-established acceptance limits.

= Spiked Samples. Pre-digestion spikes are analogous to the MS/MSD spike recovery for
organic analyses because they measure the effects of the sample matrix on the recovery
of a known quantity of analyte after sample preparation and analysis. If the
pre-digestion spike recovery did not fall within the acceptance window of 75 to
125 percent, then a post-digestion spike was added and the sample reanalyzed. The
post-digestion spike monitors instrument performance and matrix effects. If both the
pre- and post-digestion spike recoveries fell outside the acceptance limits, the data were
flagged to indicate the non-conformance.

» Laboratory Duplicate Samples. Field samples were split in the laboratory, and the
duplicate results were used to estimate precision. These samples are not replacements
for field duplicate samples. Laboratory duplicate samples are analogous to the
MS/MSD because they measure the effects of the sample matrix on precision after
sample preparation and analysis. If the precision of the duplicate results was greater
than 20 percent relative percent difference (RPD), then the results were qualified to
indicate poor duplicate precision.

4.3 Data Review and Validation Approach

Before the analytical results were released by the laboratory, both the sample and QC data
were carefully reviewed to verify sample identity, instrument calibration, detection limits,
dilution factors, numerical computations, accuracy of transcriptions, and chemical
interpretations. Additionally, the QC data were reduced and the resulting data were
reviewed ta ascertain whether they were within the laboratory-defined limits for accuracy
and precision.

The data packages were reviewed by the project chemists using the process developed by
EPA (EPA, 1994 a/b). The data review and validation process is independent of the
laboratory’s checks and focuses on the usability of the data to support the project data
interpretation and decisionmaking processes. Areas of review included holding time
compliance, initial and continuing calibration, spiked sample results, method blank results,
and duplicate sample results. A data review worksheet was completed for each data
package.

Samples that were not within the acceptance limits were indicated with a qualifying flag,
which consists of a single or double-letter abbreviation that indicates a problem with the
data. Although the qualifying flags originate during the data review and validation process,
they are included in the data summary tables so that the data will not be used
indiscriminately. The following flags were used in this text:

¢ U Undetected. Analyte was analyzed for but not detected above the method detection
limit.

e U] Detection limit estimated. Analyte was analyzed for but qualified as not detected.
The result is estimated.

* ] Estimated. The analyte was present, but the reported value may not be accurate or
precise.
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*« R Rejected. The data are unusable. (Note: Analyte/compound may or may not be
present.)

As required by the EPA, organic sample results that are greater than the method detection
limit (MDL), but less than the contract-required quantitation limit (CRQL), are qualified
with a ] for estimated. Similarly, inorganic sample results that are greater than the IDL, but
less than the CRDL, are qualified with a J.

Once the data review and validation processes were completed, the entire data sets were
reviewed for chemical compound frequencies of detection, dilution factors that might affect
data usability, and patterns of target compound distribution. The data sets were also
evaluated to identify potenhal data limitations, uncertainties, or both in the analytical
results.

4.4 Holding Times

The holding imes for each parameter were evaluated according to EPA CLP requirements.
The holding time for metallic analytes is 180 days (except for mercury, which is 28 days).
All holding time requirements were met for elemental targets. The holding time for pH
measurement is 6 hours. All samples were received by the laboratory outside of the holding
ime and were therefore qualified as estimated. However, pH measurements were taken in
the field during sample collection {see Table 2-6). The helding time for VOC samples is 14
days from date af collection to analysis. For other organic analyses (i.e.,, SVOCs, pesticides,
herbicides, and PCBs), the extraction holding time is 7 days and the analysis holding time is
40 days. All organic holding times were met except in cases where samples were re-
extracted out of holding time in order to investigate low surrogate or low internal standard
recoveries. All results from samples re-extracted out of holding time were qualified as
estimated.

4.5 Potential Field Sampling and Laboratory Contamination

As discussed in Section 4.1, trip, equipment rinseate, and field blanks were used to monitor
potential contamination introduced during field sampling, sample handling, and shipping
activities. In addition to field blank samples, duplicate field samples were collected to
provide information about sampling and analysis precision and accuracy. One duplicate
sample was collected for every 10 field samples.

Also as discussed in Section 4.1, laboratory method blanks were analyzed. A laboratory
method blank is ASTM Type Il waler that is treated as a sample because it undergoes the
same analytical process as the corresponding field samples. Method blanks are used to
monitor laboratory performance and contamination introduced during the analytical
procedure. One method blank was analyzed for every 10 samples, or one per analytical
batch, whichever was more frequent.

According to EPA (1994 a/b), concentrations of comman contaminants detected in samples
at less than 10 times the maximum concentration in the blanks can be attributed to field
sampling or laboratory contamination rather than to environmental contamination from site
activities. Concentrations of less common blank contaminants are multiplied by 5 rather
than 10. Common contaminants include acetone, methylene chloride, and phthalates.

KAGUESTW30.00¢ 44




3G 85

Acetone and methylene chloride are used as extraction solvents in the laboratory and are
common Jaboratory contaminants. Acetone and methylene chloride were detected in the
field samples at concentrations greater than 10 times the highest concentration detected in
the corresponding blanks. However, acetone and methylene chloride can probably be
attributed to field sampling or laboratory contaminatlion because they were detected in the
majority of the blanks and samples at similar concentrations, indicative of systematic
contamination.

Phthalates are used as plasticizers. The most common phthalates are bis(2- ethylhexyl)
phthalate (BEHP) and di-n-butylphthalate (OINBP). These are often introduced into samples
during handling. Wearing latex gloves, the field samplers transfer the soil samples from the
sampling equipment (i.e., split spoons or stainless-steel spoons). Latex gloves are used
when handling groundwater sampling equipment such as pumps, hoses, and bailers. Also,
laboratory personnel wear latex gloves when handling samples during the analytical
process. The latex gloves are coated with plasticizers to facilitate release of the gloves from
the skin. Therefore, the BEHP and DNBP can be attributed to field sampling or laboratory
contamination. Similarly, other phthalates (e.g., butylbenzyl phthalate, diethylphthalate,
and di-n-octylphthalate) were detected in samples but not in corresponding field or
laboratory blanks. These sample results are most likely attributable to field sampling or
laboratory contamination rather than to environmental conditions.

Inorganic target analytes (metals} were detected in field and laboratory blanks at
concentrations at or near the [DL. These results can be attributed to instrument “noise” and
are nat indicative of contamination (see Section 4.9).

4.5.1 Soil, Sediment, and Surface Water

Table 4-1 summarizes the target compounds detected in the soil, sediment, and surface
water field and laboratory QC blanks. An evaluation of blank contamination compared
with field sample results for soil, sediment, and surface water is presented in Table 4-2.

These samples were analyzed for dioxins and furans using EPA Method 5W-846/8290,
which is a sensitive method with low MDLs. Concentrations of dioxins and furans were
detected in the field and laboratory blank samples as well as in the field samples. These low -
concentrations of dioxins and furans can be attributed to background or instrument noise
and are not indicative of environmental conditions. Dioxin and furan concentrations less
than 5 times the maximum concentration in associated blanks were qualified (in the
database) as undetected.

Bromomethane (two of eight laboratory method blanks) and carban disulfide (one of six
equipment rinseate blanks) were detected in selected field and laboratory blank samples at
concentrations equal to or less than the reporting limits. These target compounds were not
detected in the field samples; these results can therefore be attributed to laboratory
contamination.
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Table 4-1
. Summary of Target Compounds in the Field QA/QUC Samples
Background Sampling Program
Defense Depot Memphis Tennessee
- Frequency of Maximum
Blank Type Fraction Target Compound Detection Concentration Units
TR voC Aceione 40fb 51 pefl
Methylene Chloride 1of6 9 JB
FB VOC Acetone l1ofl 7]
Dioxin/Furans (2378-TCDD 1of i 0.03}
123678-HxCDD 1of | 0.007
RS vOC Acetone 6of 6 )
Methylene Chloride 2ofé 11B
Carbon Disullide lof & 2]
SVOC Bis(2-ethylhexyl)phthalate 10f 6 2]
Dioxin/Furans [2378-TCDD 2ofb 0.033 B) ng/L
2378-TCDF lof 6 0.011
23478-PeCDF 1 of 6 0.0081J
123478-HxCDF 2of6 0.0101]
123678-HxCD lof6 0.008 BJ
123678-HxCDD 2o0f6 0.014 BJ
123789-HxCDD 1ofé 0.013 B!
234678-HxCDF 2of6 0.007 J
123789-HxCDF 1of 6 0.009J
1234678-HpCDF 2of6 0.025 BJ
1234678-HpCDD 1 of 6 0.031J
. 1234789-HpCDF 1 of 6 0.008 J
QCDD 1ofé 0.637 BJ |
Notes: T
 indicates an estimated value.
B indicates the analyte was found in the associated blank as well as in the sample.
QA/QC = yuality sssurance/quality cantrol
[TH = trip blank
FB = field blank
RS = equipment rinseale
g/l = microgram per liter
ng/L = nanogram per liter
VOC = volatile organic compound
SVOC = semivolatile organic compound _
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Compounds found in soil, sediment, and surface water blanks that should be attributed to

. field sampling or laboratory contamination include:
* Acetone
* Methyiene chloride
+ Bis(2-ethylhexyl)phthalate
e Di-n-butyl phthalate

» Selected dioxins and furans as summarized in Section 4.5.1 (see Table 4-2)

4.5.2 Groundwater

Tables 4-3 and 4-4 summarize the target analytes and compounds detected in the field and
laboratory QC blanks associated with the groundwater sampling event.

Several inorganic analytes were detected in QC blanks. Silicon was detected in several
method blanks but not in field blanks. Silicon can be attributed to dissolubon of the
barosilicate glass beakers used in the sample digestion process. Target metals detected in
groundwater field and laboratory blanks are summarized in Table 4-3. Sample results less
than 5 times the maximum concentration detected in associated blanks were attributed to
contamination and were qualified (in the database) as undetected.

Chloroform and tetrachloroethene were detected in one equipment rinseate blank each and
2-butanone was detected in two of the equipment rinseate blanks. Presence of these
compounds in the equipment rinseate blanks is indicative of incomplete decontamination of
field sampling equipment. Sample results for these target compounds at concentrations less
than 5 times that in the associated equipment rinseate blanks were attributed to field

. sampling contamination and were qualified as undetected.
TABLE 4-3
Targel Analytes Datected in Laberatory and Fiald Blanks for the Groundwater Sampling
Background Sampling Program
Defense Depat Mamphis Tennessea
Analyte Detected / Highest
{inorganic} Analyzed Concentration CRDL Probable Source
Aluminum 24138 124 200 Field contaminalion
Barium 3137 3.1 200 Field contamination
Calcium 35737 211 5,000 Field conlamination
Chromium 3/13 9.5 10 Field comamination
Copper 9/20 3.2 25 Field contamination
lron 367 3% 410 100 Field contamination
Lead 4720 14 3 Fiald contamination
Magnasium 12/30 68 5,000 Field contamination
Manganesa 27137 a9 15 Field contamination
Nickel 1/13 16 40 Field contamination
Sodium 37/37 10,100 5,000 Field contaminalian
Zing : 39/39 63.4 20 Field contaminalion
Notes:

The total number of blanks analyzed are not the same because of the varying number of |aboratory
method blanks prepared per analyte,
Concentration values are presentad in pg/L.
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TaBLE 4-4
Target Compounds Detected in Laboratory and Figid Blanks for the Groundwater Sampling
Background Sampiing Program
Dalensa Depol Mamphis Tennessaa
Compound Detected / Highest
Analyzed Concentration
{organic) CRAL Probable Source
BEHP B/36 45 10 Sample handling
DNBP 18/ 3B 26 10 Sample handling
Acetane 51759 12 1¢ Laboratory contamination
Methylane Chicrida 42 ) 589 3 10 Leboratory contamination
2-Butanone 2/29 2 10 Field conlamination
Chiorolorm 1728 1 10 Field conlamination
Tetrachloroetheng 1128 2 10 Field contamination

Nota:
Concentration values are presented in pg/L.

Compounds found in groundwater samples that should be atiributed to field sampling or
laboratory contamination include:

Acetone

Methylene chloride
BEHFP '
Di-n-butylphthalate
» Di-n-octylphthalate
*» Butylbenzylphthalate
¢ Diethylphthalate

4.6 Surrogate Spike Recovery

Surrogate spike compounds were added to every sample analyzed for the organic
parameters including field and laboratory blanks as well as field environmental samples.
Surrogate spike compounds are the structural homologs of target compounds and are
therefore expected to behave in a similar manner during analysis.

Surrogate spike recoveries were used to monitor both laboratory performance and matrix
interference. Surrogate spike recoveries from field and laboratory blanks were used to
evaluate laboratory performance because the field blanks represent an "ideal” sample
matrix. Surrogate spike recoveries for field samples were used to evaluate the potential for
matrix interference. For field samples, when the surrogate spike recoveries fell outside the
target acceptance windows of the method, the samples were re-analyzed. If the surrogate
spike recovery was still outside the acceptance window for the re-analyzed sample, then the
sample results were qualified as affected by matrix interference.
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The VOC surrogate recoveries for surface water, soil, and groundwater samples were
clustered within a window of about 85 to 115 percent, which is within the target acceptance
limits of the method. A greater variation (and hence broader range of recoveries) in
surrogate spike recovery was observed for the other organic analyses, but this is typical of
these analyses and is reflected by the broader target acceptance limits of the method. Except
for SVOC analyses, samples with surrogate recoveries outside the acceptance limits are
flagged as estimated. For SVOC analysis (where there are eight surrogates), the method
allows one surrogate recovery to be outside the acceptance limits before requiring sample
results to be qualified.

Many surrogate recoveries of zero were a result of sample dilution. Samples were diluted
because of high target content or matrix interference, and surrogate compounds were not
added to the diluted sample. Sample results with low surrogate recoveries that resulted
from dilution were not qualified.

4.6.1 Soil, Sediment, and Surface Water

The majority of surtogate spike recoveries for sediment, soil, and surface water were within
the target acceptance limits of the method, which indicates that the matrix did not influence
the overall analytical process or the final numerical sample result.

4.6.2 Groundwater

As above, the majority of surrogate spike recoveries for groundwater were within the target
acceptance limits of the method, which again indicates that the matrix did not influence the
analytical process or sample result.

The pesticide /PCB results for one sample, IDWW01 (MA251010), exhibited extremely low
surrogate recoveries in both the original (22 percent and zero percent recovery) and the
repeat (42 percent and zero percent recovery) extracts. IDWW01 was a sample from the
holding tank for equipment decontamination water. The decontamination water contains
cleaning agents and surfactants (soap) that typically interfere with the laboratory extraction
process. Final results for the pesticide/PCB fraction of this sample were qualified as
estimated.

4.7 Matrix Spike Recoveries

For organic analysis, three aliquots of a single sample are analyzed: one native and two
spiked with matrix spike compounds. Unlike the surrogate spike compounds, matrix spike
compounds are found on the method compound list. For inorganic analysis, two aliquots of
a single sample are analyzed: one native and one spiked with target analytes. Spike
recovery is used to evaluate potential matrix interference with and accuracy of the
analytical process. The duplicate spike results are compared to evaluate precision.

More than 90 percent of matrix spike recoveries were within the target acceptance ranges of
the method, which indicates that the specific sample matrices did not influence the overall
analytical process or the final numerical sample result.
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4.8 Duplicate Sample Results

Duplicate sample analyses were used to evaluate the precision of the analytical data.
Approximately one duplicate field sample was collected for every 10 field samples. Both the
native and duplicate samples were analyzed for the same parameters. EPA (1994 a/b) sets
advisory limils of 20 RPD for water and 35 RPD for soil when both values are more than 5
imes the CRDL for inorganic analytes or the CRQL for organic analysis. If either one or
both of the values is less than 5 times the CRDL or CRQL, then duplicate results should be
within plus or minus the CRDL or CRQL for water, or plus or minus 2 times the CRDL or
CRQL for s0il. Overall, the field duplicate results indicate that precision was not
compromised by either the matrices or the field sampling techniques.

4.8.1 Soil, Sediment, and Surface Water

Target analytes were detected 73 times in field duplicate samples for soil, sediment, and
surface water. Two of these had RPDs that were outside of the criteria described above.
They are summarized in Table 4-5.

TABLE 4-5
Soil, Sediment, and Surface Water Field Sample Duplicate Precision Quiside Acceptance Criteria
Background Sampling Program
Defsnse Depot Memphis Tennesseg
Native Duplicate
Sampla ID Element Concentration Concentration RPD
SD240 Copper 13.5 20.8 43
SD220 Manganase 227 121 54

Note;
Concentralion values are presenled in mg/kg

4.8.2 Groundwater

Target analytes were detected 35 times in field duplicate groundwater samples. Six of these
had RPDs that were outside of the criteria described above. They are summarized in
Table 4-6.

TaBLE 4-6
Groundwater Field Sample Duplicata Precision Qutside Acceptanca Criteria
Background Sampiing Program
Delense Dapat Memphis Tennesses
Natlive Duplicate

Sample ID Element / Compound Concentration Concentration RPD
MwW241 Aluminum 718 973 30
Mwz241 tron 5,180 7,450 36
MW311 Trichloroethene 680 1,100 47
MW311 1,1,2,2 - Tetrachlorosthane 420 280 40
MW311 (Total} 1,2 - Dichleroelhana 760 480 45
MW311 Chloroform 350 23 (J} 41

Note:
Concentralion vajues are presented in po/L.
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4.9 Results for Metals Near the Instrument Detection Limit

The IDL is the constituent concentration that produces a signal greater than 5 times the
signal/noise ratio of the instrument and is a calculated value rather than an experimentally
demonstrated value. Therefore, sample results at or near the IDL may be caused by
instrument noise or low-level background shifts rather than an analyte signal.

The samples were analyzed for the TAL list of metals (or parts thereof) consisting of
antimony, aluminum, arsenic, barium, beryllium, cadmium, calcium, chromium, cobalt,
copper, lead, iron, magnesium, manganese, mercury, nickel, potassium, selenium, silver,
sodium, vanadium, and zinc.

Concentrations of metals near the IDL were reported for many of the target metals. These
data were evaluated before they were used in the risk evaluation and report preparation
process.

The sample results were reported in terms of the CRDL. Sample results that were above the
[DL, but less than the CRDL were qualified as estimated values. The reporting limit, or
CRDL, is typically 5 to 10 times the concentration of the IDL. Results at or near the CRDL
are more "viable” sample results and are not suspect in the same way as results reported at
or near the IDL.

4.10 Precision, Accuracy, Representativeness, Completeness,
and Comparability (PARCC)

Precision—is defined as the agreement between duplicale results and was estimated by
comparing duplicate matrix spike recoveries and field duplicate sample results. More than
90 percent of matrix spike recoveries was less than 20 percent RPD. More than 90 percent of
RPDs for duplicate field sample results was less than 20 percent for water and 35 percent for
soil samples, indicating that sample matrix did not interfere with the overall analytical
process.

Accuracy—is a measure of the agreement between an experimental determination and the
true value of the parameter being measured. For the organic analyses, each of the samples
was spiked with a surrogate compound; and for inorganic analyses, each sample was
spiked with a known reference material before digestion. Each of these approaches provides
a measure of the matrix effects on the analytical accuracy. Accuracy can be estimated from
these analytical data but cannot be measured directly. More than 95 percent of the spike
recaveries was within the method acceptance limits; therefore, there was no evidence of
matrix interference.

Representativeness-—this criterion is a qualitative measure of the degree to which sample
data accurately and precisely represent a characteristic environmental condition.
Representativeness is a subjective parameter and is used to evaluate the efficacy of the
sampling plan design. Representativeness was demonstrated by providing full descriptions
in the project scoping documents of the sampling techniques and the rationale used for
selecting sampling locations.

Completeness—is defined as the percentage of measurements that is judged to be valid
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compared with the total number of measurements made. A goal of 95 percent usable data
was established in the project scoping document and maore than 99 percent of the data was
determined to be valid.

Comparability—is another qualitative measure designed to express confidence for
comparing data sets. Factors that affect comparability are sample collection and handling
techniques, sample matrix type, and analytical method. Comparability is limited by the
other PARCC parameters because data sets can be compared with confidence only when
precision and accuracy are known. Data from this investigation are comparable with other
data collected at the site because only EPA methods were used to analyze the samples, and
Level 2 QC data are available to support the quality of the data.

4.11 Data Quality Evaluation Conclusions

Conclusions of the data quality evaluation process are as follows:

» The laboratory analyzed the samples according to the EPA methods stated in the work
plan as demonstrated by acceptable instrument calibration and blank spikes.

= Concentrations of acetone, methylene chloride, and phthalates (including BEHP,
di-n-butylphthalate, di-n-octylphthalate, butylbenzylphthalate, and diethylphthalate}
can all be attributed to field sampling or laboratory contamination rather than to
environmental contamination.

» Sample results for metals above the IDL but less than the CRDL may be attributed to
instrument noise and not to site-related activities.

e Sample results for organics above the MDL but less than the CRQL should be
considered indicative of the presence of that compound but at an estimated
concentration.

» Spike recoveries and duplicate sample results indicate that the specific sample matrix
did not interfere with the analytical process.

The data can be used in the project decisionmaking process without further gualification.
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o 9.0 Summary and Conclusions

Soil, sediment, surface water, and groundwater were sampled in locations unaffected by
DDMT waste management operations and analyzed for a wide range of organic and
inorganic chemical constituents. A background statistical database has been developed to
identify background concentrations of contaminants at DDMT that will be used to
determine whether site-specific waste management operations or releases of hazardous
materials at DDMT have confributed contaminants exceeding background levels.

Metals and SVOC, pesticide, and dioxin/furan compounds were detected at concentrations
exceeding risk-based preliminary screening criteria, as summarized below.

Background Constituents Exceeding

Matrix Screening Criteria
Soil Arsenic, barium, beryllium, manganese, and seleniums,
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene,
dibenz(a,h)anthracene, indeno(1,2,3-c,d)pyrene, phenol, and
dioxin/ furan TEF
Sediment Antimony?®, arsenic, cadmium, total chromium, copper,
mercury, lead, silvers, zinc, acenaphthene, anthracene,
benzo(a)anthracene, benzo(a)pyrene, chrysene,

dibenz(a h)anthracene, fluorene, flucranthene, naphthalene,
. phenanthrene, and pyrene
Surface water Aluminum, arsenic, total chromium, co pper, iron, nickels,
lead, silvers, zinc, and dioxin/furan TEF
Groundwater Antimony®, arsenic®, barium, beryllium, copper, Iead,

vanadium, 1,1,1-trichloroethane; 1,1-dichloroethane; and
trichloroethylene

s All concentrations are estimated.

Background values for all detected constituents are presented in Table 5-1. Complete
statistical tables were developed for all media and are presented in Appendix F,

Surface and subsurface background soil samples were taken from locations along the
DDMT perimeter and off DDMT property to evaluate the potential impact that normal
operation of the DDMT facility, excluding waste management operations, has had on
background soil concentrations. Perimeter DDMT sample locations are representative of an
industrial environment, whereas offsite background locations are associated with
residential or recreational environments. DDMT perimeter surface soil concentrations were
higher for metals, VOCs, SVOCs, pesticides, and PCBs, but the difference between
perimeter and offsite concentrations was less than 100 percent RPD. Elevated xylene and
phthalate concentrations at the DDMT perimeter are likely a result of increased vehicular
traffic around the facility. This difference in concentration is expected when comparing
industrial land use with residential and recreational land uses and does not suggest impact
. from waste management and disposal operations.
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Table 5-1
. Statistics for Detected Background Constituents
Background Sampling Program
Defense Depot Memphis Tennessee
z e
TRE ARAE
18 s £ g g
21| 2|28 =2} & | &
g=|c| 2 |58l §| € | £
Matrix Constituent s | 212 = s & = = &
Metals
Surface Water | Aluminium, Tam) ng/L 2 18 260 16900 2538 3077 TMDV
Aluminem, Dissolved 22 2 191.09 2800 2155 471.4] TMDV
Antmony. Dissclved . | 164 16.4 16.4{ 31287 TMDV
Arsznic, Tatal 2 11 6.5 13.6 9.0 (8.0 TMDYV
Arsenic, Dissalved 2 i 5.1 7.4 6.2 12,41 TMDV
Rarium, Tatal 2 22 262 185.0 61.6 1253 TMDV
Barium. Dissolved 23 19 210 99.4 43.8 §7.6] TMDV
Colcium. Tat) 22 2 441D 348008 15900, 31800 TMDYV
Calcium, Dissolved ] 2 3710 342004 15100 30200 TMDV
Chromiom, Dissolved 2 1 16.7 16.7 167 3347 TMDV
Chromium, Total 22 l 18.0 1B.1 18.1 36.11 TMDV
Copper. Toul by 5 10.4 76.4| 37.3 7489 TMDV
Iron, Toml 22 22 345 20800 30D51.7 6103.5 TMDV
Iron, Dhssolved 22 H 118 2040 600.5 120 TMDV]I
. Lead. Tom) 7 53] 167 93 186 TMDV
Lend, Dissolved 22 1 1.2 113 1.3 .81 TMDV
Magnesium, Tatal el 12 1470 67101 38309 7701.8] TMDV
Magnesium, Dissolved 2 2 1220 6550] 34323 6864.5] TMDV
Manganese, Toml 22 22 48.5 1140 328.1 656.2] TMDV
Manganese, Dissolved 2 A 32 713 179 35 ™MDV
Mickel. Towal 2 5 6.9 19.9 114 2289 TMDV
Nickel. Dissolved v 1 118 118 9% | 23571 TMDV
Potassiem, Towl 22 19 713 6730 J640 7280 T™MDV
Potassium, Dissolved 22 17 1050 6450 33608 &§720] TMDV
Scleniem, Dissolved 2 p 1.4 1.6 1.5 3.04 ™MDV
Silver, Tow) 2] 1.9 1.4 1.g 16] TMDV
Sodium, Tatal 22 18] 28 17900, 10700 214000 TMDY
Sodium, Dissolved 22 17 67205 17500, 10B00] 21500] TMDY
Vanadium, Tolzl 22 5 132 394 12.5 9.0 TMDV
Zine, Total 2 3 540 221.0] 1432.7 287.3] TMDV
Zinc, Dissalved 22 I| 20500 2050 2050 aipo] T™MDV
[Surlace Soil Aluminum mg/kg 22 22 8160 18500 11905 3810 TMDV
Antimony ] 1 35 35 15 7.01 TMDV
Arscnic 2 22 4.2 277 10,9, 165 RCT
Barium 22 23 77 1601 1264 24 gCT
Beryllium 22 15 0.5 0.4 0.5 1.11 ™MDV
Cedmiurm 22 4 0.6 0.8 07 .47 TMDV
: Calcium o2 a24 30600 29200  s840] TMDV
. Chromium, Toul 2 2 B4 177 137 248 BCT
ORO113627 RR.ZZ/019.XL8 Page 116
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Table 5-1
Statistics for Detected Background Constituents
Background Sampling Program
__ Defense Depot Memphis Tennessee
T 3 5 .
] B 4
2 T > e
8l s| & 2 2 B
| % 8 g - - 2 ]
« - 2 28 5 E £
0 é = E E E = = =
E|lsls| & |eag| & F 5
Matrix Constituent 2 | Zz | E = |=05]| = - -2
Surface Soi) Cobalt me/k 2y 22 57 123 a1 183] TMDYV
(continued) Copper 2] 22 7.3 23 163 315 TMDYV
lron 2 23] 1o0s00| 251000 185200  37040] TmpDYV
Lead 5% TK] 723 213 300 BcT
Magnesium 22 22 1110 32004 1308| 4616 TMDV
Mangancse 22 22 330 1080 6524 1304] TMDV
Mercury pl 4 {1 D4 0.2 0.4] TMDV
Nickel 2] 22 104 214 16.5 300 BCT
Potassium 22 22 641 1460 1013 2025 TMDV
Selenivm n 3 013 05 0.4 0.8 TMDV
Silver 22 1 1.0 1.0 1.0 2071 TMDV
Vanadium 7 EE 17.7 152 26.1 484 BCT
Zinc ] 22 5.6 895 628 126 TMDV
Subsurface Soil [Aluminum 2] 2] ég20{ 14900 10915 11829 TMDV
Arsenic ] BET! 3.1 14.1 8.5 17.0| TMDV
Barium 2z 2 9 243 150 300) TMDV
Beryllium 22 14 0.5 0.7 0.6 129 TMDV
Cadmium 2 3 0.7 a7 0.7 1.47 TMDV
Calcium P 511 2630 1216 2432 TMDV
Chromium, Total 2] 22 8.7 18.0 13.2] 26.4) TMDV
Cobalt 22l 23 5.0 20.4 10.2] 20.4] TMDV
Copper rax] 22 7.4 21 16.3 2.7 TMDV
Iron 221 2 s34y 24500 192400 38480 Tm™MDYV
Lead 2] 2 6.9 2.7 12.0 239 TMDV
Magnesium 22 2 1200,  3370] 24509 4300] TMDV
Manganess 2 2 231 1580, T 1540] T™MDV
Mercury 22 | 0.1 0.1 a1 0.2 TMDV
Nickel 2] 2 9.0 2.4 13.3 36.6] TMDV
Potnssiumn 22 22 483 14808 900 183000 TMDYV
[Selenium 22 | 0.3 0.3 Q. .61 TMDV
Silver 22 2) 0.4 0.6 0.5 1.0 ™MDV
Vanutium . EZ 15.0 317 25.8 513 TmMpY
Zinc 23 309 79.5 57.00 114] TMDV
Sediment Aluminium 2 a0 14200 5042 10085] TMDV
Antimony 2 2 7 9 3.8 767 TMDV
Arscnic b BT 1.5 TH 6.0 12.0] TMDV |
Barium 2 2 37 1370 59.0) 18] TMDV ||
Beryllium 2l s 0.5 08 0.6 L3 ™™DV ||
Cadmium 7 E EEEREE 28] T™MDV|
Calcium n 134 56 74300 14860] TMDV ||
ORO113627.RA.ZZ019.XLS Page 20f 6
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Table 5-1
. Statistics for Detected Background Constituents
Background Sampling Program
Defense Depot Memphis Tennessee

i = 8

. L T| S| 3

@1 a| S f E B

=8 E g 5 g g

g | & 8 2 T = 8 4

<8 E L8| s 4 =

Flsls| E158) & 2 | %

Matrix Constituent S | Z | Z = =8| = g9 =
Sediment Chromivm, Towl mefkg s 2 4.1 174 18 20 RCY
hcontinued) Cahalt 21 14 1.2 10,5 6.8 13.6{ TMDV
Copper 5 T 1.7 12504 115 38 BCT
Iron 22 22 3330 30700 1154 23080| TMDYV

Lezd 2] 2 17 251 36.0} 5.2 mer
Magnesium 2 22 5.2 2950 1220)] 2440] TMDV
Manganese 20 » 59.3 2610, 438 871| TMDYV
Mercury 22 1 20 2.0 20 4,07 TMDV
Nickel 21 13 53 37.4 15.2 30.5 TMDV
Potassium 13 9 269 1080 T80 1560% TMDV
Selenium 12 4 0.4 1.5 0.5) 1.7l TMDV
Silver 1 1 0.9 0.9 0.9 1.8 TMDV
Sodium 29 ) 120 120 120, 2400 TMDV
Thallium 22 2 05 0.6 Q.5 1.17 T™MDV
Vonadium 22 22 4.4 s 15.0 309 ™DV
. Zinc 2] 22 8.4 7630} 199 797 TMDV
|[Groundwarer Aluminum Hg/L 1 5 2335 26704 899.2 1798 TMDV
Antimony 12 1 17.2 172 17.2 34,49 TMDV
Barum E 429 3070 1119 223.8] TMDV
Beryllium 12 2 02 0.4 03 0.6 TMDV
Calcium 12l 12} 99500] 492000 264375 s52875.0] TMDV
Chromiurm, Total 12 el 20.3| 34.0 27.2 544 TMDVY
Cobalt t2) 5 2.2 19.6 12.4 24 8] TMDV
Copper 12 4 2.0 315.0 813 1626 TMDV
fron 12 8| 5980 79600 32640 6728.0] TMDV
Lead 12 3 1.5 7.6 4 9.41 TMDV
Magnesivm 124 1Y 5350.0] 24000.0] 13022.5] 26045.0] TMDV
Manganese 2l n 17.2] 120  280.0 560.0} TMDV
Nickel 12 3 9.4 5.6 157 31.4] TMDV
Polassium 12 9  B49.0] 40400] 17477  34954] TMDV
Scleniom 12 1 19 5 2.9 589 TMDV
Sodinm - 12 4 323000 7450000 5312500 1osssod TMDV
Vonadium 12 4 14.8] 7.3 3.0 6.0 TMDV

QORO113627.RR.ZZ/019.XLS Page 3 of 6

54




358 100

Table 5-1
. Statistics for Detected Background Constituents
Background Sampling Program
Delense Depot Memphis Tennessec_
- o
o, | T2 |¢
212 & | E z = s
a8 2 |E2| & E 2
E |ET| = &0 st
21<|e| E|=zE| & < | %
Matrix Constituent = 12|z = l=28] = £ =
Volatile Organic Compounds
5urface Soil Carbon Disulfide ugfkg el 3 3 2 2 2l NP
Methylethyl Ketene {2-Butanone) 22 1 3 2 4 Y NP
Toluene 22 1 i 2 z ] NP
'Total Xylenes 22 10 1 9 28 9 NP
ISubsurface Soil fCarbon Diselfide 22 2 1 2 1.5 3 NP
Total Xylenes 22 4 l 2 1.5 A NP
Surface Water  [Methylethyl Kewone {2-Buanone) pg/L 22 5 1 i 1.5 A NP
Taotal Xylenes 2 k) 1 1 1 Il NP
Sedimenin Chloromzthanc pgfkg 22 i 3 3 3 3] wNr
Methylethyl Ketone (2-Bulanone) i 1{3 1 10y 4.4 1} NP
Taluene 22 k! ki 14 8.7 14 Np
[iGroundwater 1.1,1-Trichlomethane pg/l 12 1 1 1 1 1| NP
1.1,-Dichlorocthens 12 1 2 i ! d NP
Tetrachiproethylers (PCE) 12 1 1 1 1 Il NP
. Semivolatile Organic Compounds
[Surface Soil Acenaphythylene ngkg 22 1 190, 1913 1908 19y NP
Anthrzcene 22 1 26 26 a6 2| NP
Benzn{a)anthracene pari k 43 710 151 T NP
Benzo(n)pyrene 22 9 a4y 960 184 9600 NP
Benzo{b)fluranthene 22 5] 51 900} 208 900 NP
Benzo(g.h.ijperylenc i E 37 820 169 820 np
Benzo{kHlucranthene 22 9 45 780 192 780 NP
Carbazole el 1 67 67 &7 67 NP
Chrysene ol 10 4D 940y 190} 93 NP
Dibenz{a h)anthracene 2 3 35 2604 117 2600 NP
Fluoranthens 22 1 45 1600, 3o 1600] NP
Idene{1.2.3-c.d)pyrene 22 7 63 7004 179) 700 NP
Phenathrene n 9 17 6108 159 6l NP
Phenol 22 5 52 14000, 5238) 14000 NP
Pyrene 22 1] 50 1500, il 15000 NP
[Subsurfoce Soil | Fluoranthenc 22 b 44 45 45 45 NP
Phenol 22 o 5808 12000 4295 19000] NP
Pyrenc 22) 2 19 47 4l a2l wNp
Sediment Acenaphthene rarl p. 39 ril 415 70 NP
Anthracene parl p: 30 16004 955 1600 NP
Benzo(a)anthracene 22 & B4 2900 B204 29001 NP
Benzoja)pyrens 22 7 64 25001 632 2500 NP I
. Benzo{b)fluornthene 22 59 669 2216.046] LN ||
ORO113627.RA.ZZ/019.XLS Page 4 of 6
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Table 5-1
. Statistics for Detected Background Constituents
Background Sampling Program
Defense Depot Memphis Tennessee
= C =

2 2 | 3

: | 5|8

Hi P ‘E b -

Elel B le | £ 5| ¢

g | < 2 23 =] e e

e & E E = o 73 £o

2S5 E | 58| § % <

Matrix Constituent sizlz2| E |= 8l = 2 =
[Sediment Benza(g,h.i)perylene up/kg 23] 7 48} 1800 452 1800 NP
|[ccontinued) Benzo(k)uormnthene 22 7 75 2300, 624 23000 NP
bis{2-ethylexyl}phthalate vl 1 480 480 4808 48l NP

Carbazolc ekl bl 23 1100, 592 1100, NP

Chrysene 22 8 B8] 3200 735 3200 NP
Dibenzeia.hiznthracene rel 2 130 00 415 70 NP

Dibenzofuran 22 2 4 380 2} 380 NP
Di-n-Ccrylphthalate 2] 1 47 47 a7 47| NP

Fluoranthene 2 10 50 7100 1294 7100 - NP

Fluorene 23 2 (Ele 870, 500, 878 NP
Ideno{1,2,3-cAl)Pyrene s 7 42 1700 428 1700 NP

Naphihalens 2 1 1303 1304 130 13 NP

Phenanthrene 2 6 53 6500 1651 5900 NP

Phenol ol 5 51 2004 £6 IDH NP

Pyrene 2 104 43 6800 1360 2882 LN

. [Croundwater Benzyl Buiyl Phthalare pe/l 12 1 2 p: i 4 NP

Pesticides/PCBs

Surface Soil  |Alpha-Chlordanc ughg | 22 9 35 29.0 9.4 20 ~p
Dicldrin 22 1a 33 530 114 85 BCT
Gamma-Chlordane 22 5 23| 26.0 1.0 6.0 NP

Heptachlor Epoxide ] I 77 7.7 1.7 7M1 NP

p.p-DDD 23] t 6.7 6.7 6.7 67 NP

p.p’-DDE 2 2 110 160 135 1601 NP

p.p’-DDT 2 3 9.4 4.0 43.5 240, NP
PCB- 260 (Arochlor 1260) 22 i 1004 110 311 1 NP

Subsurface Soil | Alpha-Chlordane Ll 1 16 2.6 2.4 28 NP
Dneldrin bl 3 35 370.0% 127.0 37000 NP
Gamma-Chlordanc 22 1 Pl 2.2 R 2.0 NP

p.p’-DDE 2 1 1.5 1.5 1.5 15| NP

p.p-DDT 7. K 1.9 7.2 7.3 1.2 np

Scdimen Alpha-chlardane 2l 4 2.6 5.2 4.5 s nNp
Dieldrin 22 1 11.0 11.0 11.04 11y NP
Gammia-Chlordane rri 5 6.1 20000 417.08 0000 NP

Heprachlor Epoxide 22 1 230 2308 230 130 NP

p.p'-DDD 2] 3 2. 6.1 S0 61 Np

p.p-DDE 2] 2] 5.8 7 6.5 72 NP
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Tahle 5.1

. Statistics for Detecied Background Constituents
Background Sampling Program

Defense Depot Memphis Tennessee

. 2|2
S0 BBzl B¢
1S9 |58 8| £ | %

Matrix Constituent = _2:=I Z _E— § a § = =g_

Dioxin/Furans

Surface Soil Octachlorodibenzofuran ugfug 2] 3 0.045 0.35 0.16 0.393] NP
Ociachlorodibenza-p-Dioxin 22 22 0.747 2133 5.52 972 LN
1,2.3,4.6.7,8-Heptachlorodibenzo-p-Dioxin v o 00N 0.35] 0.14 0.390] NP
Towl Equivalency Facwor 27] . 0.001 0.03 0.01 0010 LN
ISubsurface Soil {Octachlorodibenzo-p-Dioxin 22 17 0.209 G.44) 299 9.44] NP
Total Equivalency Facter 22 17} 0.000 0.01 0.00 0006] LN
Surface Woter  |2,3,7,8-Tetrachlorodibenzofuran ng/L 2 o 0.007] 0.03 0.02 0031] NP
2.3.4,7.B-Pentachlarodibenzafuran 2 2 0.024 0.05 0,04 0.050] NP
1,2,3,7.8-Pentachlordibenzoluran 22 3 0.027 0.056 0.04 0057 NP
1.2.3.7.B-Pentachloredibenza-p-Diaxin 22 1 Q.046 .05 0.05 0.046] NP
Cretachlorodibenzo-p- Dioxin 22 15 0.206 1.23 0.58 12251 NP
1.2.3.4.6.7.8-Heptachlorodibenzo-p-Dixoin 22 4  0.043 0.18] 0.10 0.184] NP
. Total Equivalency Factor 22 15 0.000 .03 0.00] 0.0IHI LN
Sediment 2.3.4,7.8-Pemachlorodibenzofuran kg 22 | o000 o002 o002 0.002] NP
Ocmchtorodibenzo-p- Dixoin 2 11 0.431 8.58 262 B.56] NP
1,2,3,4,6,7,.B-Heplachlorodibenzo-p-Dicxin 23 3 0.064 Q.38 0.24 0.583] WP
Total Equivalency Foctor 22 11 0.0008 _ODO'BI 0,003 D.CI)BI NP

“Because of the low number of detections, the background value, based on twice the mean detecied value,
cxceeds the maximum detecied value.

[Noles:

BCT = Background value established by BCT review of daia.

[TMDV = Twice mean detected value.

NP = Background is the maximum value based on nonparametric distribution.

NO = Background is the UCL95 value based on a normal distribution.

[.N = Background is the UCL9Y5 value based on a lognormal distribution.

UCLY5 = 951h percentile upper confidence level on mean concentration

pg/L = micrograms per liter
mg/kg = milligrams per kilogram
pg/kg = micrograms per Kilogram
ng/L = nanograms per liter

ORC113627.ARZZ/019.5LS Page 6 of 6
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Dioxins and furans were detected in most perimeter and offsite soils and at generally higher
concentrations at the surface than at depth. Dioxins were also detected in sediment and
surface water samples, with the highest detected concentrations exceeding EPA Region ]
risk-based criteria at the Botanical Gardens and Audubon Park. Most of the background
detections were octa- and hepta isomers, indicating that the detections likely resulted from
atmospheric deposition rather than isolated surface sources.

Validation of the data indicated that the results for the following soil, sediment, and surface
water parameters should be attributed to field or laboratory contamination:

¢ Acetone

¢ Methylene chiaride

» Bis(2-ethylhexyl)phthalate
= Di-n-butyl phthalate

Likewise, the results for the following groundwater parameters should be attributed to field
or laboratory contamination:

* Acetone

Methylene chloride
BEHP
Di-n-butylphthalate
Di-n-octylphthalate
Butylbenzylphthalate
Diethylphthalate

Dioxin and furan isomers were also identified in field and laboratory blanks. Background
dioxin concentrations less than 5 times the maximum blank concentration were reported as
not detected. Holding times, matrix recoveries, and duplicate analyses were all within CLP
performance requirements.

ORO113627.RR.ZZ/031.00C 58
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Appendix A

() Soil Boring Logs




SR 308 1yl
. PROJECT NUMBER | BORING NUMBER I ]
5 z S8 -51 /Sn - 04~ § SHEET oF ||
_ 1136A7.BS. 22 S / |
SOIL BORING LOG :
. PROJECT _DPM T - BACRAZOUKD SAM PUAE ocation [MERPAL, TN - Ouspn Feid
ELEVATION DAILLING CONTRACTOR TRISTATE _TESTWG SERVKES .
DRILLING METHOOD 440 EQUIPMENT (omMTinuows_ GANpLIsk v 3-4" ID HSA - CME 55
WATER LEVELS NOT _ENCouniBZED START B40cTAS . s 0% ocT 957 10GGER 5. BRUBR/ MGM
3~ SAMPLE STANDARD SOIL DESCRIPTION COMMENTS
Cu + | PENETRATION
B | 2 a2 |§ | mésies SO!L NAME. USCS GROUP SYMBOL. COLOR. |  DEPTH OF CASING. DRILLING RATE.
2| 2 ez |2 WMOISTURE CONTENT. RELATIVE DENSITY DAILLING FLUID LOSS.
=2 | 5 |22 | 8~ [ soe OR CONSISTENCY. SOIL STRUCTURE. TESTS AND INSTRUMENTATION
W= = =5 | e MINERALOGY
=17 z ZZ | NI _
e To?P |.& yNdiEs = ToPsoil- STAXT |43Z
4 o } )
] s,f,‘i |0 Sty Ceay (u..), l-.3h+ brava| S55-51 /¢s-5la
. - { .
i S8-Sla d-f'Y; with & +rate of reots _ - Co“fl'l"“a 1447
4 a - han = S ppm
| 4= _ - first run from A
i / ' i @ £r A 1hF bgs
not =n0ujk sampls,
of{fset borehole i
i - approv- |4 for -
7 - second ren from -
. Z - — G Lt vo L FE by
’ T a - -
i W Sicty CLAY Cf-l—), \Zﬂ}ﬁ' brows,
= - -
. § 4'0 — dry to moist, with « trece | |
y 3 ot roets . R
v
3+ - —_ -
i [+]
z - -
- w ) _
J
. o ] )
] L
< - -
4 — A -
3 _ </ b -
S LTY CLAY CC\-;), light broww, SB-oa- M5 M52 -
. \n T e a e 9 A = coltected \4S | )
N o Mo s ; ol a alT Dk 4 — hﬂ“ - tb'PP"‘ |
® | i
i . i
@ -
] 0 - |
. O _BoRiNG TERMinATED AT § Feer | STOP 14S6

18,30} REY 11/89 FORM D1526
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PROJECT NUMBER

113627, BS. 22 |

! BORING NUMBER

SO S A/SB-10-5 SHeeT /

SOIL BORING LOG {

erOJECT DRPMT - Racktiound SAmMmPLAL
ELEVATION

LOCATION

MeEMPHIS, TN - poa

— DRILLING CONTRACTOR T RISTATE TESTING SERWLES

i

DRILLING METHOD AND EQUIPMENT (COATINUGIS SAMPLING \WITH 3/ 1D HSA - CME S5

NeT Edcountoren

WATER LEVELS START @90 95 FNSH &5 0¢745 | oaaer S;.'_B&‘{“—"_%/_f“_‘_ﬁﬂ
2= SAMPLE STANDARD SOIL DESCRIPTION COMMENTS |
cL > | PENETRATION _
Wy, ] Lt = g
4 o SOIL NAME. USCS GROUP SYMBOL. COLOR. PTH
22 I 5 RESULTS MOISTURE CONTENT. RELATIVE DENSITY BRILLING FLOM L 1L ING RATE.

e | 2 |2 [ G~ | &5 OR CONSISTENCY. SOIL STRUCTURE. TESTS AND INSTRUMENTATION
w5 | = [ 35 | BF o MINERALOGY
Qv = Z =L c= J
o TOP 1.© 1n¢H = ToPSOIL START (535
il ss-sa| .o Suty Cuay (cv), lisht brows) S5-52
4 d"‘f to mo'rs-{', with ¢ +roce - coltected 1547
4 o4 resdy - hua = & PP™
| ).O — coliected ¢ splt
/ SGPP}E T
- : o
A N
§ o
l'J —_— = —
. a d('.D Siet (ML), browa +‘-"'j"“'}"; - -
] 2 - dry 4o moist - R
L
3 - I -
_ -
o = —
i T
. u - ]
- |
. <9
r - —
+ - 4L —
I _
\L - 1
¢ 150 - |
] STy Ciay (1), Vight brown, S—B;'E'—_}% B
. -] -~ coll 5 -
i W MDls'l', with a +race st rorts collee 155
Slie] — - — hnu = Pppm .—
i € ) i
- a -
b.o Borns Termwareo AT b Fpe7

SToP 1559

1830y
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PROJECT NUMBER BORING NUMBER
308 i1l 13X BS. T SS";3/SB"”'5‘— SHEET _ / or !

Ig -
I: )

SOIL BORING LOG

PROVECT DD IMT -~ BAKGROVND SAMPRInG Location _MEMPHIS, TN = 0vnn Freld
ELEVATION DRILLING CONTRACTOR T R\STATE TEsTinNG SERYICES

DRILLING METHOD AND EQUIPMENT ( anTiNvous SAMPLING wanTH 3-74" TD He4 - CME §5°
WATER LEVELS NOT  BrtownTERED START @A6cT4s™  FnsH $5 0<T 957 (aGGER 5. BRUEE/MGM

2~ SAMPLE STANDARD S0IL DESCRIPTION COMMENTS
Qo > | PENETRATION
Gy | 2 | ¥ | & RESLTS SOIL NAME. USCS GRCUP SYMBOL. COLOR. DEPTH OF CASING. DRILLING RATE,
o | £ |g> | ¥ MOISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS.
EZ 1 E 25| 8. [ oue DR CONSISTENCY. SOIL STRUCTURE. TESTS AND INSTRUMENTATION
3| 5 |22 | &€ o IMINERALOGY
=4 Top | Mt = TopPsoiL <TART IbO8
1 lecss| vo STy Ciax (ev), gt browny  S5-53 ]
. dry 4o most, wwith o trace - —¢oliected 1LIE i
1 o-z roots . - hnu = $ppm
-
P _ _
2.7 a = —
i e . i
N .
w N
_ x Siery Ceay (o), l.aJkJr - )
7 S |4.0 - Dy own, d'T 4o n-niS'l; - -
N b= With a +race of roots - -
4]
3 = — —
J “ i i
-l
- oy . _
E
] < 1 )
i N
< 5. c i
SwTY CLAY CCI—)’ ];gjht broren <B- -5 -
' wiiHh r:jn7 Mﬂ'{‘f‘l.-uj’ mo:5+, B ~ ¢olleeted 16} -
i L1{1.© Wit+h @ +rere o4 roots 7 - hnwn = g Pp™ -
- . ) )
o0
i 0 . -
6.0 BoORING TERruNATED AT 6 preT| STOP b 32X |

REV 11,83 FORM D1586
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R PROJECT NUMBER BORING NUMBER » ]

A— {37 BS.EZF 55-54'/53.,3:.'5' SHEET  J  OF /|

' |

CHMHANL

SOIL BORING LOG

prOJECT DR MT - BAtesRouaD_ SAM pLinG rocation I EMPHIS IM{.&gE_g’ma_ﬂ

m
ELEVATION CRILLING CONTRACTOR T R STATE _-—TESTING SERVIECES
ORILLING METHOD AND EQUIPMENT CoxNTimuaws SAmMP Ling st 3-4 ' TD WS4 - CME 55
WATEALEVELS MNOT S N(OLUNTERED  START 13 0eT &5 FINISH Ip o<l 85" _ | o6GER 5. BevER/ MG
- SAMPLE STANDARD SQIL DESCRIFTION : COMMENTS
1y = |PENETRATION -
Bu | o | ¥ | & RESULTS SOIL NAME. USCS GROUP SYMBOL. COLOR. DEPTH OF CASING. DRILLING RATE.
8 3 [ox | ¥ MOISTURE CONTENT. RELATIVE DENSITY DRILLING FLUID LOSS.
S B Il I < S OR CONSISTENCY. SOIL STRUCTURE. TESTS AND INSTRUMENTATION
H5E e | 52 | af - MINERALOGY
om | £ | Fg | Eu (N)
= T OF .S INCHES = ToPSaIL START ©R8S0
3 SaLty CLAav (c.l_), L‘:ihi- brot) <s-54 _
55-5%| 1.© — d T+h i
3 vy, Wi some roots and _ —~ ¢ollectl oBSH -
i +race JFmeﬁn—g!Lker-{- 3"\:5} - - hnu = ¢ PP _
( ].o ({PossiBLEe FiLL)
- —
A @ ]
i = -
- \'.l - -
3 SueTY Ciay (er) light
i o _ — . - i
i 8 4 Drowin with 3"(\, moﬂl.lj, _ |
M oi‘:-+
3 - — —
o
- z - -
N " - -
ot
- n_ bl -
] b
< - -
$4 |V - -
z— 5. o / |
] STy CLAY (‘{,;.)J l:3h+ SB-12-5
- \n brplin wirth c]rsT mp'!'H:Aa_’ — colirctad O‘lo{-
& |1 e - hnu = @ppm ‘
iy A
. U\ - -
b.o BORING TERMINATED AT fF STOP oqi10

(8.30 REV 11/8% FORM P1586
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PROJECT NUMBER { BORING NUMBER |

N3L2T. BS. ZZ S$-5S5/SB-1%- 8 SHEET | oo | |
i
SOIL BORING LOG l

|§
S

. prosECT DM T - BACKKROUAD _SAMPUING wocation __ M emphs | TN - Bhub_.f_‘!*f
ELEVATION DRILLING CONTRACTOR -!_-'E,‘lwﬁmjﬁ___TEﬁTl_ NG SERYICES
DRILLING METHGD AND EQUIPMENT (_ONTIHY0US SamPeidh Wird 3~ /4 TP Hop - CME 55
WATEA LEVELS NoT _ EN(OUNTERED START (¢ ocT 95 finisH 1 o¢T 25 LOGGER Sj&gy’_riﬁﬂ

g = SAMPLE STANDARD SO DESCRIPTION COMMENTS
L PENETRATIOM
Ty | o2 | @ = . SOIL NAME. USCS GROUP SYMBOL. COLCR. DEPTH OF CASING. DRILLING RATE.
221 2 |ax | % MQISTURE CONTENT, RELATIVE DENSITY DRILLING FLUID LOSS,
= = g; Q P OR CONSISTENCY. SOIL STARUCTURE. TESTS AND INSTAUMENTATION
S E = 52 | 8- £-6"-6 MINERALOGY
om | T |27 | g% iN)
= 1.5 LTANIHES OF -ToPShiL START 1010
1 STy Cray (Cl—:), l'.c_)k"r 1 cc ]
| e-55| VP | T brown, dry, with a trice] =5 N ooted '
of rocts and ruundc&‘, coliec Loy
1 fine-grainek, cherk grevel 1 T hauz @ppm -
| = - -
N
L I I —-
i - SwTT CLAY ((.l-), liih'l'
] :;1 40 - prown +o 1'.-.1'\'!' Drown 1
2 ' with q ey no‘f'H'-'\‘)a dry )
4] 4+ moi s )
394 | — -
i " - |
i o
=z - i
i o - |
- - - -
o
4 — T — _
Py
- m - -
sse l 1 —
] Sy Cuay (€1, 1;2\& SB-13-S -
) \f‘ Drowna wWith gray 0 '-"-"]; ~ collected 1028
. o | \L.O - moist - hnh = Gppm
4 - - )
- o
n -1 ;
Lo BORING TERMINATED AT b FErT] STOP 1037 _

18.30 AEV 1186 FORM D1585
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AN S
- — ' PROJECT NUMBER | BORING NUMBER _
ol 13621 RS ZZ S5-56/SB-i4-Sswesr | ok ||

SOIL BORING LOG

CHMHILL
L

sraseet DDMT - Backepound SAMPLING ocation _Mlempris, TN - Clde ;"

ELEVATION JRILLING CONTRACTOR "TRISTATE  TEsTNG  SERYICES
DAILLING METHOD AND EQUIPMENT _C onTinnoos SAMPLING vt 24" TD HSA - CME S5

WATEALEVELS MNpT ENCOONTERED _  START 16 ocF G5 rivise b_oeT 9457 Loceen 5. BRUER/MAM
= SAMPLE STANDARD SOIL DESCRIPTION COMMENTS i
S - FENE‘EF;;TION
Su | = “le ' SOIL NAME. USCS GROUP SYMBOL COLOR. |  DEPTH OF CASING. DRI A
2| £ Sz |y [oBws MOISTURE CONTENT. RELATIVE DENSITY DRILLNG FLOID LOoE . o FATE
5t | S |85 18- ors OR CONSISTENCY. SQIL. STRUCTURE, TESTS ANO INSTRUMENTATION
w3 Ly 2 = | u- MINERALOGY .
S z z< | T iN)
© 1.8 zrcHES oF ToPsoIL START 1044
4 <56l 1.0 - SILTY C LAY CCI.-): 15h+ {1 <5-s5t | )
- brown, dry, with & 4 - collected 1055 _
_ “+race of reods _| - hnu = ¢PPh
1. O
I — —
a | 1 1
3 y A —
- a i
v
'51 SA\LTY cLay CCI..)’ l:ij]d- ) i
] 2 |40] - brown 4o lght krown o
e wirth cjru. o lmy dry - -
3 - 40 moi — -
. i
4 7 7
m = -
- - |
[+ -1 -
4 5 ﬁ
( -
4| » - .
g.o - -
s - — _
] Sicrr Gay ((.I.)J \‘.tjh" SB - 14-5
{ - LA brolwa with %:y i} ~ CollecteR 11| -
‘j_' . O - runﬁt'\f} ;] po 7 — hhnte = CP PP™ -
. : -
. h
ko v - -
: Dowwng Teprunarep AT ( Feerl  SToP 163
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PROJECT NUMBER  BORING NUMBER | |
308 115 1 327, BS.Z&2  S5- 51/ O - e

‘! 1

SOIL. EORING LOG - !}

I_%
E

. aaciect DD HT - P ACkGROUND_ SampuinGg  ocsaton MEMPHIS TN /S, of by 43¢

ELEVATION DAILLING CONTRACTOR T RUSTATE. T E3TiNG SERVICES

ORILLING METHOD AND EQUIPMENT (optimuevs  Samprimb  wweid Z-Vd" T HSA - ChE §5~
waTERLEVELS NeT ENCOuNTERED START (g4 peT 45 =INISH L@ 0eT 95 LOGGER 5t Beuse/ Mo
2~ SAMPLE STANDARD SOIL DESCRIPTION COMMENTS !
9.:.___ - PENETRATION
o 2 | ¥ | E RESULTS SOIL NAME. USCS GROUP SYMBOL COLCR. |  DEPTH OF CASING. DRILLING RATE.
T S | SE1% MOISTURE CONTENT. RELATIVE DENSITY BRILLING FLUID LOSS.
E s z gs g - 66" OR CONSISTENCY, SOIL STRUCTURE. TESTS AND INSTRUMENTATION
&S| 5 | 32| &E o MINERALOGY
o |. 5 TMHLHEd oF ToOPsoL START (A8
) S vy Ceay (L), I:5k+ 4 85-517 ' i
] syl — brown, dry, with & | - collected 1334
| +race of roeds _ ~- hna = P PPm )
1.0 '
' 3
L Z A — —
@ I '
F -
i {'1’5 Sicryy CLAY Cc.l.-) M- i
. j 4o - brown - | )\«‘\‘ brvlu!\ - .-
) .
i S Wit oy MD‘H' "‘3) dr)l |
3' B Fe oy Iﬂ"feqs "‘% | _—
- sil4 cm-’ren-k it
T g Iniroks, A}, dc'P"H'\ -
- W - -
-J
[«
i T - .
,j( — < — —
- m -
€.o j
5] ) Sty ceay (1), lighd | SBo1S-S/5B-15-Sa
[ v W Brown with g .-.+H -5, - collected 1340
, .EE Lo| — moist, very s: lty - hnwz & PP -
. . é 2 ] ]
6.0 " |Bomns Topminamsp AT b Feer| STOP 1344
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= PROJECT NUMBER TORING NUMBER
CHMHIL 308 116 1155?1-'%5-2:1— SS'SB/‘SE')‘O'S— sHEeT  J or |
F
SOIL BORING LOG
prosEcT_ DD MT - P Ack G2ound Sanbong cocation__ M EmMpHIs T N /.5'. g b!ﬁ
ELEVATION DRILLING CONTRACTOR T BPASTATE Tt ins <EpwvicEs )

ORILLING METHOD AND EQUIPMENT (L ONTINUOUS S ampint W 3-%4 " TD HSA - CMESS

WATER LEVEL anp DaTe NOT EncounTEged  stant 1@ oeT 55 rmimisa_lep 0tT 55 | gooenS.BRUER! M6M
ki

2 E SAMPLE ,,3;:-#:::3" 50IL DESCRIPTION COMMENTS
o TEST
2= . > 50 . COLOR, , ‘
Sy | ¥ |5z |5 [T OO v Dendiry On CONEISTENCY SO g DRILLING RATE
I« x w3 | 3 & 676" STRUCTURE, MINEAALOGY. USCS GADUP 2 DRILLING FLUID LOSS.
Eg | 2 |22 | oz M1 SYMBOL 3¢ TESTS AND
S z B w ps]
as = -z T @ o INSTRUMENTATION
o 1,5 ITHLNES ~ToPSel START 14905
' ss-sB(Y.o [ — Eia C::Y Cev), Ikt Drows, S5 -SP 1
1 dry, Wi e +rate o€ roois ] —colleche® 1409 |
I R .
‘ -
\ — —
2. -
B
]
. W STt CLAY CCL-)‘ Iljh"' Lrotrm J
] 3 40| — fo Nakk brown with qray ]
; 8 mod % dr\f 45 st wi e i
3 . " & Fruae o L fuo+~5 i |
i o
F - _
m - —
. r i i
) o
= - ]
- «
k < § -
. i
5= - y _
i SITY CLaYy C_ﬂ.b), Ja{\:. browun SB- -5
W WTHh ey motttag, moist, ] - collecte s -
] 3 Lo - Neey  §i Hw, Wit a +rate ot - - haw = qu'P'o—
' Fosy . -
o]
i 7 _ N J
.o ToR\RG_ Tepm KaTED AT L FGET SToV _ ldze

AEV T/B0 FOR%.LSE
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] PROJECT NUMBER BORING NUMBER
1LDL 2T BS. =F 55'5':‘/593"7'5-5HEET ! oor !
- B S

SOIL BORING LOG
racsecT__ P DMV T~ BaACEOGROI AR  SAMPLING Location M EMPHIS, TN /E,_E-E- 0omT
ELEVATION ORILLING CONTRACTOR A YIe

DAILLING METHOD AND EQUIPMENT _C ONTINVOUS  SampAané wmd 3-7¢" LD wold - CME 55
NATER LEVEL AND DATE DNOT ENtOynTERED START 1gp o TES™  FiMisn L O€T 5997  0GGER S. BRuER) Mo M

. SAMPLE eeranoN SOIL DESCRIPTION COMMENTS
ofF TEST
= vt g Qe x RESWTS | SOIL NAME, COLOR, MOISTURE CONTENT, g DEPTH OF CASING,
SB 1 3 | ZE [ 2 [ 6a6 |  CTRUCTURE MMMERALOGY. USCS GROUP 2 BAILLING FLUIB L08S.
EE | @ [ &2} 8- N STMBOL 30 TESTS AND
o# z |z | &« =9 INSTRUMENTATION
< ) THCt TOPSDI- START |SCR
] Q _ Sicry Cuax (o), Bght <5 - 59 |
S. "D o .
{ P Drovw, dry, with e trare | _Coliectel) 150
ok roots
. - ~hnu = P ppm .
.=
| y - -
2_ - - -
- Q - h
1 tg ST CLav C«:L)} I:‘)‘d- ’ h
:,l A v over df‘-{ 45 Mmoo 5+,
i 8 vy a4 dvwre roots i ]
3 - i -
i -
O b p
. z .
4 W i |
d
-
- : - n
£
t9 | % - .
- J .
§ 4= 4 .
_ St _cuay (u), “1‘& ] SR-1I-S i
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Appendix B

Field Sampling Logbooks
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DDMT Background Sampling

Soil Sampling
10/9/95 - 10/17/95
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Appendix C

. Box and Whisker and Probability Plots for Metals
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Appendix C

Box and Whisker and Probability Plots for
Metals

Both probability and box and whisker plots are presented to represent the distribution of
metal constituents in soil and groundwater. The plots do not present rigorous statistics but
rather represent a graphical presentation of background data distributions. Plots were
presented only for metals because the infrequent detection of organic constituents does nat
permit meaningful graphic presentation of the data distribution.

Elements of the probability and box and whisker plots are presented in Figure C-1.
Probability plots are used to determine how well dala fit a theoretical distribution such as
the normal or lognormal distribution (Helsel and Hirsch, 1991). The concentration of each
metal is converted to standard normal (value minus the sample mean divided by the
sample standard deviation) quartiles and plotted against the concentration. If the data are
perfectly normally distributed, the data plot will be linear. Departures from normality are
indicated by departures of the plotted data distribution from a straight line.

Box and whisker plots are used to provide visnal summaries of the center, the variation,
and the skewness of the data as well as any data outliers (Helsel and Hirsch, 1991). The
hinges of the plot mark the first and the third population quartiles. The “pinched” partion
of the plot between the hinges and the median covers the range of the 95 percent confidence
limit about the median. The median splits the ordered numbers in half, and the hinges split
the remaining halves in half again. The term Hspread is comparable with the interquartile
range or midrange. It is the absolute value of the difference between the values of the two -
hinges (Systat, 1992). The whiskers show the range of values that fall within 1.5 Hspreads of
the hinges. Outlier values that exceed or are less than the absolute value of 3 times Hspread
from the upper or lower hinge, respectively, are plotted with an open circle. Outlier values
between the whisker values and the absolute value of 3 times Hspread from the upper or
lower hinge, respectively, are plotted with an asterisk.

Surface water and groundwater are in units of micrograms per liter (ug/L). Soil data are in
units of milligrams per kilogram (mg/kg).

0R0113627 ARZZ/021.00C &1
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. Appendix C-2

All Shallow Soil Locations
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. Appendix C-3

Offsite Shallow Soil Locations
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