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Generic RI/FS Work Plan

Executive Summary
April 17, 1995

Introduction

In October 1992, the Defense Depot Memphis, Tennessee (DDMT), was placed on the
NMational Priorities List (NPL) by the Environmental Protection Agency (EPA).
Therefore, DDMT must fulfill requirements under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) and National Contingency Plan.
A remedial investigation/feasibility study (RI/FS} must be prepared to determine the
nature and extent of contamination, to evaleate the risk to human hezlth and the
environment, and to screen potential cleanup actions. The Generic RI/FS Work Plan was
prepared to show how the investipation and study would be accomplished: to investipate
the sites that were not previously investigaled and to fill data gaps at previously
investigated sites.

Description of Work Plan and Other Plans

The Generic RIJFS Work Plan includes a facility description, background information,
findings of previous studies, and potential ways contamination may have reached and
affected people. Preliminary information regarding potential applicable or relevant and
appropriate requirements and preliminary cleanup goals are presented. A CQualiry
Assurance Praject Plan (QAPP) and a Health and Safety Pian (HASP) have been
prepared to supplement the Work Plan. The QAPP describes general sampling
procedures and quality assurance/quality control procedures to be used so that the quality
and quantity of the information is adequate to evaluate the nature and extent of the
contamination. The HASP was prepared to provide procedures for the safety and health
of factlity personnel and the general public during the investigation at DDMT. Included
in the HASP are the assignment of responsibilities, employee training requirements,
medical surveillance requirements, and a list of substances with possible routes of
exposure and symptoms of acute exposure.

Information from previous investigations, plans, and procedures that applies to ait
operable units {QUs) is discussed in the Generic RIFFS Work Plan. QU-specific plans are
discussed in Field Sampling Plans (FSPs) for each OU, Additionally, a separate FSP for
screening siles has been prepared. Screening siles are those sites where additional
information is needed to determine whether they warrant RI/FS or no further action,

DDMT is using several concepts to expedite cleanup, including the observational
approach, interim remedial actions, early removal, and community relations. By
implementing these concepls, DDMT's cleanup will be achieved morce efficiently and
cost-effectively. Where possible, efforts will be made to verify existing information and
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to fill data gaps. Future data collection will be evalualed and revised where appropriate,
based on information and data collected during the RI/FS process.

Site Background and Location

DDMT covers 642 acres of land in Memphis, Shelby County, Tennessee, in the extreme
southwestern portion of the state. The installation contains approximately 110 buildings,
26 miles of railroad track, and 28 miles of paved strests. Approximately 5.5 million
square feet is covered storage space and approximately 6.0 miilion square fect is open
storage space. Stored items include food, clothing, electronic equipment, petroleum
products, construction materials, and industrial, medical, and general supplies.

Previous Investigations at DDMT

In conformance with Defense Logistics Agency (DLA) environmental programs, a
number of technical studies have been conducted at DDMT.

A 1982 peohydraulic study, conducted by the U.S. Army Environmental Hygiene Agency
(USAEHA), identified Dunn Field and the Pentachlorophenol (PCP) Dip Vat as having
the potential for groundwater contamination. Six monitoring wells were installed,

logged, and sampled in the Dunn Field location. Five of the six well analyses indicated
the presence of volatile organic compounds {VOCs) at levels requiring further
investigation and possible future remediation. An investigation of the Dip Vat Building
(Building 737) indicated no groundwater contamination, but did indicate limited soil
contamination. Cleanup of the area involved excavation to a depth of 10 feet, removing
approximately 602 cubic yards of soil from bengath and adjacent to the Dip Vai Building.

In March 1986, the USAEHA also performed a Water Quality Biological Study that
indicated the presence of dichlorodiphenyltrichloroethane (DDT) in the storm water
influent to Lake Danielson. Several metals and pesticides also were found in the
sediments of Lake Danielson.

Additional studies conducted indicate contamination of the Fluvial Aquifer beneath Dunn
Field. A Resource Conservation and Recovery Act (RCRA) Facility Assessment was
conducted in December 1989, Assessment data were used to define sites for future
investigation that were classified as solid waste management uniis (49) and areas of
concern {8). The RI/FS study focused on the installation; its activifies; the study area’s
environmental setting; the facility's environmental data collecdoon, sample analyses, and
data evaluation; and a risk assessmenl. Environmental Science & Engineering, Inc.,
performed a proundwater monitoring study in 1993 to assess changes in groundwater
quality since the completion of the RI/FS in 1990. The purpose of the sampling was to
identify and delineate contaminants in the grovndwater, and to evaluate the extent of
migration of these contaminants on and around DDMT,
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Description of Operable Units

DDMT is divided into four QUs for evaluation purposes. Dunn Field is designated
OU-1. The Main Installation is divided into three areas: the southwestern quadrant,
QU-2; the southeastern lakes and golf course area, QU-3; and the north-central area,
OU-4. Substances found in O1J-1 probably resulted from use of the area for landfill
operations, mineral stockpiles, pistol range use, and pesticides storage. Potential
contamination of OU-2 may have resulted from spills or releases from the hazardous
material storage and repouring area, sandblasting and painting activilies, or both. Storage
of polychlorinated biphenyls (PCBs) and the use of pesticides and herbicides are potential
sources of contamination for QU-3. Principa! contamination in OU-4 probably resulted
from a wood treatment operation and hazardous material storage.

Physical Characteristics

The two main surface water features at DDMT are currently off-limits for recreational
purposes and serve primarily as drainage reservoirs. Drainage channels on the facility
drain either to Cane Creek or Nonconnah Creek. Cane Creek drains into Nonconnah
Creek several miles southwest of DDMT; Nonconnah Creek, in turn, drains into Lake
McKellar. Because DDMT lies well above the average Mississippi River alluvial valley
flood levels and is generally higher than its adjacent properties, it is unlikely that flooding
will occur at the installation.

Five distinct surface soil units have been mapped in the study area: Falaya Silt Loam,
Filled Land-Silty, Graded Land, Memphis Silt Loam, and Memphis Silt Loam 2. The
primary surface soil Lype is filled land for the developed pertion of the depot.

The following geological units have been identified at DDMT: loess, which can contain
"perched” water-bearing zones for short periods of ume after a rainfall event; fluvial
(terrace) deposits, which contain the site's shallow aquifer; the Jackson Formation/Upper
Claiborne Group, which is a confining unit between aquifers; and the Memphis Sand,
which represents the region’s most important source of water.

Nature and Extent of Known Contamination

QU-1. Soil samples taken in OU-1 during previous investigations indicated the presence
of pesticides and polynuclear aromatic hydrocarbons (PAHs).

Groundwater analyses in the Fluvial Aquifer reveal contaminant migration beyond Dunn
Field boundaries. Contaminants include VOCs, chlorinated compounds, and metals
(including chromium, fead, and mercury). Other potential contaminants may include
arsenic and barium.
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QOU-2. One soil boring (yielding three samples) and 15 surface soil samples were
collected from OQU-2 during previous investigations, These samples were collected in an
effort to better characterize the former hazardous materials recoupment area, the
maintenance shop and the sandblasting/painting areas. In general, sample analysis
detected the presence of pesticides, PCBs, and PAHS at the sandblasting/painting area,
and pesticides, solvents, and PAHs in the area of the maintenance shop. Groundwater
investigations in OU-2 have indicated the presence of solvents and metals.

OU-3. In general, soil samples collected from OU-3 (seven surface samples) were
insufficient to characterize individual sites or sources. Groundwaler analysis in OU-3
detected VOCs and metals, Surface water and sediment samples also were collected from
Lake Danielson, the Golf Course Pond, and from storm drainage ditches. Surface water
in the drainage ways generally indicated higher levels of potential contaminants
(pesticides) than water in either Lake Daniclson or the Golf Course Pond. Sediments
collected from both Lake Danielson and the Golf Course Pond revealed contamination
with PCBs, pesticides, and PAHs.

U4, OU-4 contains the former PCP Dip Vat area, which is now used for pesticide
storage and hazardous materials storage. Extensive remediation of soils was conducted at
this site during 1985 and 1986. Samples taken in 1990 revealed pesticides and solvents.
Soil samples were also taken where past spilis have occurred. These samples indicated
the presences of PAHSs, pesticides, and metals. Groundwater samples in OU-4 indicated
the presence of solvents, pesticides, and meials.

Potential Pathways of Contaminant Migration

Contamination migration can ocecur in several ways, depending on the characteristies of
the element or compound in question, the medium in which the element or compound is
located, and the type(s) of media in close proximity. Possible contaminant pathways
could occur through surface water, groundwater, soil, and air.

Identification of Contaminants of Potential Concern

Factors considered in selecting contaminants of potential concern included the measured
concentrations and frequency of detection at the site, level of toxicity, physical and
chemical characteristics related to environmental mobility, and persistence and relative
contribution of chemicals to overall health risks associated with the site. On the basis of
these cnteria, 28 contaminants for potential concern were identified. Potential public
health risks stem from the following: the Fluvial Aquifer containg chlorinated organic
compounds that may negatively affect the Memphis Sand Aquifer, surface soils contain
potential human carcinogens, and the need exists for additional data to assess the potential
elfect of contamination to surface waters and sediments,
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General response actions were developed from the following: potential contaminants of
concern; allowahle exposure levels based on compliance with RCRA and CERCLA
regulations; EPA guidance for conducting RI/FSs under CERCLA,; and known site
conditions. The general response actions include no action, implementing institutional
controls, excavation and treatment, in-situ treatment, plume and/or source containment
for groundwalter, pump and treat technologies for groundwater, storm water drainage
diversion or treatment, establishment of aquatic vepetation, lake abandoriment with
sediment removal, and dredging with offsite treatment for surface waters.

Conceptual Site Model

Exposure pathways associated with DDMT include ingestion, inhalation, and dermal
absorption of contaminants present in surface soils, groundwater, or surface waler.
Humans potentially at risk of such exposure could include employees of DDMT, residents
and neighbors of DDMT, residents of Memphis, fisherman, and recreational users of
surface waters, including Cane Creek and Nonconnah Creek.

Generic RI/FS Objectives

Data quality objectives (DQQs) specify the qualitative and quantitative data required to
support the decision-making process during remedial response and sampling activities.
DQOs are developed to eliminate collechon of extraneous sampling data while
simultaneously collecting sufficient data to make substantive decisions.

Up to four data quality levels may be used at DDMT during the field work investigation.
Level 1 data provide the most rapid results and will generate environmental
characteristics for the site. Level 2 data provide rapid results and }imited information on
contaminant specification, and can give quantitative results. However, the analytical
detection limits for Level 2 data are higher than those of an analytical laboratory. Levels
3 and 4 data are generated by an analytical laboratory that implements specified QA/QC
methods. By implementing combinations of data at up to all four levels, cleanup
decisions will be resolved expeditiously.

Summary of RI/FS Tasks

A total of 14 standard RI/FS tasks have been defined by EPA to provide consistent
reporting and to allow more effective monitoring of RI/FS projects.  Project planning is
the first task and involves defining the appropriate type and extenl of site investigation
needed to characterize the site. Community relations (Task 2) will be established to
ensure community understanding and input conceming the RI/FS program.
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Field investigations (Task 3) will be conducted to characterize soil, groundwater, surface
water, and sediments at DDMT and the surrounding areas. Samples of the three media
will be analyzed (Task 4) and validated in the field or laboratory to determine if the data
are adequate for their intended use. The data will be evalvated (Task 5) to develop
knowledge of the nature and extent of contamination. A risk assessment (Task 6) can be
conducted using the data to assess the risk to human health and the environment. Should
a risk be identified, treatability and pilot testing (Task 7} studies will be conducted to
determine effective remedial solutions to eliminate the risk. An RI Report (Task 8) will
document all findings during the investigation of each O1J.

Remedial alternatives development and screening {Task 9) includes development of a
range of distinct management altematives designed to remediate any contaminated media.
A detailed analysis of remedial alternatives (Task 10) will consist of comparing each
alternative against 10 criteria, the main criterion being overall protection of human health
and the environment. An FS Report (Task 11) will present the results of the remedial
alternative development and screening and the detailed analysis of alternatives, along with
a description of the preferred remedial alternative. Post-RI/FS support (Task 12)
includes preparation and submittal of proposed plans, records of decision, remedial
designs, and remedial action work plans. Enforcement support (Task 13} includes efforts
associated with enforcement aspects of the project at any time during the RI/FS, The
final task (Task 14) is associated with work included in the project, but is cutside the
RI/FS activities.

Cleanup Actions

Cleanup actions will be based on the contaminants, future land use, potential exposure
levels, regulations, and site conditions. The objective of groundwater remediation will be
to stop the migration of contaminants and to attenuate the contamination that threatens the
Memphis Sand Aquifer.

The objective of the so0il remediation will be to prevent the possibility of ingestion, to
limit surface water runoff, and to prevent migration of contaminanis to the groundwater.
The objectives of the surface water cleanup are to protect aquatic life and to mitigate
surface water contamination during peak storms.

The ultimate goal of the RI/FS is to select eost-effective cleanup actions that minimize
threats and provide protection of public health and the environment. To accomplish this,
the nature and extent of the release of hazardous substances to the Fluvial Aquifer must
be identified, the source of release must be determined, and proposed cleanup actions
must be evaluated.
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. The ultimate goal of the RI/FS is to select cost-effective cleanup actions that minimize
threats and provide protection of public health and the environment. To accomplish this,
the nature and extent of the release of hazardous substances to the Fluvial Aguifer must

be identified, the source of release must be determined, and proposed cleanup actions
must be evaluated.
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1.1 Purpose

Defense Disimbution Depot Memphis, Tennessee (IDDMT) has been placed on the
National Priorities List (NPL) and must fulfill requirements under the Comprehensive
Environmental Response, Compensation, and Liahility Act (CERCLA) and National
Contingency Plan (NCP). The remedial process under CERCLA and the NCP requires
the preparation of a Remedial Investigation/Feasibility Study (RI/FS) to determine the
nature and extent of contamination, to evaluate public health risks, and to screen potential
remedial actions. An overview of the RI/FS process is provided in Section 5.

DDMT's Generic RI/FS Work Plan was prepared by the United States Army Corps of
Engineers, Huntsville Division {CEHND) and revised by CH2M HILL, Inc., for the
DDMT. The Plan’s purpose is to present general information conceming the following:
facility background, previous studies; physical characteristics; potential pathways;
preliminary screening of technologies to identify specific data needs relative to potential
remedial action; preliminary information on potential applicable, relevant, and
appropriate requirements (ARARs) and preliminary remediation goals (PRGs); sampling
and quality assurance methodologies; and safety and health procedures.

This Work Plan cutlines the strategy for achieving the objectves of a CERCLA
investigation and remediation program that also fulfills the requirements of DDMT’s
Resource Conscrvation and Recovery Act (RCRA) Part B permit. The RCRA Permit
identifies the list of sites where hazardous and toxic wastes were managed or stored and
requires that DDMT investigate these sites regardless of when the wastes were hardled at
these sites.  This information is provided in support of the operable unit (OU)-specific
Field Sampling Plans (FSPs) to minimize repetition of non-site-specific information.

This document summarizes site conditions and previous investigations that have been
conducted at DDMT. Detailed descriptions of the tasks to be completed during the
course of the RI/FS will be provided in the OU-specific FSPs. The Quality Assurance
Project Plan (QAPP) and the Health and Safety Plan (HASP) for DDMT have been
prepared as separate documents and will be submitted with this document.

Several reports document those sites where past waste disposal activities have occcurred at
DDMT. The RCRA Facility Assessment (RFA) (ref. 68), which was performed by the
U.S. Environmental Protection Agency (EPA) in 1990, identified 49 Solid Waste
Management Units (SWMUs) and 8 Areas of Concern (AOCs) at DDMT. The REFA was
performed subsequent to DDMT s application for a RCRA Part B permit. The RFA also
specified the level of additional investigation necessary for each SWMU and AOC (for

example, no further action [NFA], RCRA Facility Investigation [RFI], and Preliminary
RFI[/Confirmatory Sampling).
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In 1990, a study was prepared by Law Environmental, Inc. {the RI Report, ref. 18),
dentifying 75 sites of potential contamination and some general storage sites. Because
these hists were independently prepared, DDMT needed to consolidate the RFA and R]
Report lists into a singie, coordinated list; to prepare a work plan to investigate the sites
that were not investigated previously; and to fill data gaps at previously investigated sites.
Where possible, efforts will be made to verify existing information and to fill data gaps.
Conclusions reached during previous investigations will be evaluated and revised where
appropriate based on information and data collected during the RI/FS process.

This Work Plan combines both lists into one comprehensive list of 93 sites, as presented
in Table 1-1. Table 1-1 was prepared from information contained in the RFA, RI

Report, and FFA, and from early removal meetings to determine potential candidates for
the early removal process.

Representatives of DDMT, CEHND, EPA, and the Tenncssee Department of
Environment and Conservation (TDEC) agreed during a technical meeting held January 5
through 7, 1993, to divide the facility into four potential OUs to assist further
investigation, as follows:

OU-1: Dunn Field
OU-2: Southwestern Quadrant, Main Installation

OU-3: Southeastern Watershed and Golf Course, Main [nstallation
OU-4: North-Central Area, Main Installation

The following general criteria were used to define the OUs:

Geographic proximity of sites

Similar contaminants of concern previously identified
Similar investigation methods

Scope and complexity of investigation

Results of previous site studies

Potential for offsite migration and exposure

Relauve threat to the City of Memphis drinking water supply
Suspected maobility of contaminants

The OUs may be redefined as more data are collected and evaluated. In addition, a list
of screening sites is presented for sites from which more sampling is needed, but which
are not currently believed to require an RI/FS type investigation. These sites generally
match those SWMUs identified in the RCRA Permit as requiring "Confirmatory
Sampling." A Preliminary Assessment/Site Investigation (PA/S1) type of sampling effort
will be performed on these screening sites, which will be investigated using a biased
sampling approach. These siles will either be added to an QU or placed on the proposed
NFA list based on the results of field investigative efforts. Each screening site will
remain as a screening site until defensible, validated Level 3 or 4 data become available.
Once available, DDMT will use these data to either prepare a report to support an NFA
decision with EPA/TDEC concurrence, or to immediately reclassify the site to RI/FS
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. Tahle 1-1
Comprehensive List of DDMT Sites
Defense Depot Manphis, Tennessee
Pape 1 of 7 l
Site Previous Current
Nimber* Location Deseription Disposition
Operable Uniit 1—Dunn Field
L7171 QU-1 Moustard and Lewsite Training Sats (5} Burial CWMP® I
Site {1955}
/o/10 Qu-1 Aghes and Metal Burial Site (burning pit CWMP
refuse) (1955)
24524131 0ou-1 Former Bumn Site {1944) CWMP
222 Ou-1 Ammonia Hydroxide (7 lbs) and Acetic Acid ER*
{I gal.) Burial (1955)
37313 oLu-1 Mixed Chemical Burial Site {orthotoluidine ER
dihydrochloride} (1955)
4/414 0OuU-1 POL Burial Site (13 33-gal. drums of oil, ER
grease, and paint: date unknown)
d4.1/—15 oU-1 POL Burial Site {32 55-gal. drums of oil, ER
. grease, and thinner) (1955)
515ie ou-1 Methyl Bromide Buriasl Site A (3 cubic feet) CR
(1955)
I8 QuU-1 Nitric Acid Burial Site (1,700 bottles) (1954) ER I
B/B/D Q-1 Methyl Bromide Burial site B (3,768 1-gal. ER
\‘ cans) (1954)
13/13413 ouU-1 Mixed Chemical Burial {Acid, 200 1bs.; ER “
Deter., 7,000 lbs; AL,S0,; and 200 lbs Na)
171717 ou-1 Mixed Chemical Burial Site C {1969) ER
B3/-125 Qu-1 CGid Pistol Range Blgd. 1184/ Temporary ER
Pesticide Storage
‘afhfc a = RI/FS Site Number ‘ER = Early Removal
b = RFA Site Number ‘NFA = No Further Action
C = RI Report (ref. 18) NMumber *R1 = Remedial Investipation
YCWME = Chemical Warfare Management Plan  'TDEC Lead Siles
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. | Table 1-1 %

Mo
-

Comprehensive List of DDMT Sites
Defense Depot Memphis, Tennessee

Page 2 of 7
Site Previous Current
Number Locatian Description Disposition
I 18/18/— Qu-1 Plane Crash Residue (Dunn Field) NFA!
\
22/22/19 Qu-1 Hardware Bual Site (nuets and balts) (Dunn NFaA
Field)
23/23130 OuU-1 Construction Debris and Food Burial Site NFA
{Duan Figld)
637128 0oU-1 Fluorspar Storage {Southeastern Quadrant of NFA
Dunn Field)
86/ =729 Q-1 Food Supplies (Dunn Field) NEA
| 67617 OU-1 40,037 units ointment (eys) Burial Sits (1955) Rl |
10/10/74 OU-1 Salid Waste Burial Site (near MW-10} (metal, Ri
plass, (rash, etc.)
11/11411 Q-1 Trichloroacetic Acid Burial Site {1,433 1-0z RI '
| battles) (1965)
. 12412412 ou-1 Sulfuric and Hydrochloric Acid Burial Rl
i {quantity) (1967)
14714175 oy-1 Municipal Waste Burial Site B {(near MW-12) Rl
{food, paper products)
15/15/14 au-1 Sodium Burial Sites (1968) Rl
1 15.1/-=/15 oL-1 Sodivm Phosphate Burial (1966) RI
15.2/—133 au-1 14 Burial Pits: Na,PO,, Na, Acid, Medical Rl
Supplies, and Chlorinated Lime
16/16/16 ol-1 Unknown Acid Burial Site (1959) RI I
‘a!b.fc a = RIFFS Site Number *ER = Early Removal
= RFA Sitz Numbar ‘NFA = Ne Further Action
= RI Report (ref. 18} Number "RI1 = Remedial [ovestigation
"CWMP = Chemical Warfars Management Plan  TDEC Lead Sites
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. Table 1-1
Comprehensive List of DDMT Sites
Defense Depot Memphis, Tennessee

Page 3 of 7
| Site Previous ‘Current
Numiber Location Descriplion Dispasition
15.1/—F18 au-1 Acid, date unknown RI |
19719421 0oU-1 Former Tear Gas Canister Burn Site {Dunn Screening
Fiald)
20020020 cu-1 Probable Asphalt Burial Sita (Dunn Field) Screening
2152122 OLl-§ XX CC-3 Burial Site (Dunn Field) Screening
S50fFAQCASZS OouU-1 Dunn Field Northeastern Quedrant Drainage Screening
f Ditch
60/ — /24 ouU-1 Pistel Range Impact AreafBullet Shop Secreening
I 61/~126 OU-1 - | Buried Drain Pipe (Northwestern Quadmmnt of Screcning
Dwuaon Field}
62 —127 Q-1 Bauxite Storage (Northeastern Cuadrant of Screening
Dunn Field)
. 64/ —/32 0u-1 Bauxite Storage (Southwestern Quadram of Scresning
_ | Dunn Field) (1942 10 1972)
01)-2—Southwestern Quadrant
|
30430/ — Qu-2 Paint Spray Booths (2 of 3 total; Bldgs. 770 NFA
and 1086)
40440 — Q-2 Safety Kieen Unita—3 of 9 total {all located in NFA
Building 770)
41id1/— ou-2 Satellite Drum Accumulation Areas -2 of 4 NFA
total {vicinity Building 770)
| 4T/4TI— ou-2 Former Cont. Soil Drum Storage Agea (300 1t NFA
west of Building 6B9, removed 1988)
*a/bic a = RI/FS Site Number ‘ER = Early Removal
b = RFA Site Number ‘NFA = No Further Action
c = Rl Report {ref. 18) Number *R1 = Remedial Investigation
BCWMP = Chemical Warfare Management Flan "TDEC Lead Sites
——l
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. Table 1-1
\i

Comprehensive List of DDMT Sites
Defense Depot Memphis, Tennesses

Page 4 of 7
Site Previous Current
Number Location Description Dispocition
29128466 ou-2 Former Underground Waste Oil Stocage Tank ER
7 — 164 ou-2 DDT, banned pesticides (Building 1084) ER
88/ —165 ou-2 POL (Building 1085) ER "
2127160 ou-2 Former Recoup Area RI |
32132467 on-2 Sandblasting Waste Accumulalion Area RI l
34/34{38 ou-2 Building 770 Undergreund il Storage Tanks Rl
BO/ —(68 ouy-2 Acids (Building 1039) RI
317314 = ou-2 Former Paint Spray Booth (Building 1087) Screening
33/33/ - o2 Sandblasting Wasle Drum Stompe Area (metal Serecning
shed south of Building 1058) “
82 —/59 ou-2 Flammables (Buildinp 783) Screening
. R4/ —163 OU-2 Flammables, Solveats, Waste Oil, efc. Screening
| (Building 972}
OU-3-Southeastern Quadrant
| 30/30/ — ou-3 Paint Spray Baoths (I of 3 total —Building NFA
260}
404407 — Q-3 Safery Kleen Units —4 of 9 total nnits (Bldgs, NEA
253, 469, 490, and 689)
41/414— au-3 Satellite Drum Accumulation Areas—2 of 4 NFA
total areas (Bldgs. 469 and 260)
"aibic a = RI/FS Site Number ER = Early Removal
b = RFA Site Number ‘NFA = No Further Action
C = RI Report (ref. 18) Mumber *RI = Remedial Investigation
I YWMP = Chemical Warfere Management Plan ~ *TDEC Lead Sites
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I Table 1-1
Comprehensive List of DDMT Sites
Defense Depol Memphis, Tennessee
Foage 5 of 7
Site Previous "Current
Number Location Description Disposition
l| 49/49146 OU-3 | Medical Wasts Storage Area NFA
25/25/42 aU-3 Golf Course Pond Rl
26/26143 Oou.-3 Lake Danielson Rl
48/48/39 Q-1 Former PCE Transformer Storage Area BRI
5B/—138 oU-3 Pesticides, Herbicides {(PAD 267) RI
39/ —140 ouU-3 Pesticides, Cleaners (Building 273} RI
S1/A0CHE/ - ou-3 Lake Danielson Cutlet Ditch Screening
S2/AOCC,— ou-3 Golf Course Pond Outlet Ditch Screening
I 65/ —{34 OoU-3 XXCC-3 (Building 249 Screening
66/ — 135 Qu-3 POL {(Building 253} Screening
67/- 136 OU-3 MOGAS (Buikling 253) Screening
68/-137 Qu-3 POL (Building 263) (20 x 40 fi) Screening
69/ —141 QU-3 2,4-D, M2Al and M4 Flamethrower Liguid Screening
I Fuels (surface appl.)
R kPR ou-3 2,4-Dichloropbenox yacetic Acid (all grassed Screeninp
areas)
75/ —150 0u-3 Unknown Wastes near Building 689 Screening
76§ —13] Cu-1 Unknown Wasles near Building 690 Screcning I
V Tii—152 ouU-3 Unknown Wastes near Bldgs. 689 oand 690 Screening
\
T8/ —153 ou-3 Alcohol, Acetone, Toluene, Waptha; Screening
Hydroflouric Acid Spill
I *a/bic o = RI/FS Site Number “ER = Early Removal
b = RFA Site Number INFA = No Further Action
c = RI Report {ref. 18) Number “RI = Remedial Investigation
*CWMP = Chemical Warfare Management Plan ~ *TDEC Lead Sites
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= |
. [l Table 1-1
Comprehensive List of DDMT Sites
Defense Depot Momphis, Tennessce
i Page 6 of 7
Site Previous Current
Number Location Description Disposilion
QU-4-North Area of Main Installation
I 41/41/— Ou-4 Satellite Drum Accumulation Area (1 of 5 NEA
tota] — Ruilding 210)
44/44456 a4 Former Wastewater Treatment Unit Area NFA
45045156 ou-4 Former Contaminated Soil Staging Area NFA
53/A0CD/61 and ou- X-25 Flammable Solvents Storage Area {near NFA |
62 Ruilding $25)
S AOCH49 ouU-4 Building 629 Spill Area RI
I 28128/ — oU-4 Recoup Area Building Screening
35/35/46¢ QU4 DRMO Building T-308 —Hazardous Waste Screening
| Storuge
6136 -1 QU4 DRMO Hammndows Waste Concrete Storage Sereening
@ -
NI Oou-4 DRMO Hazardous Waste Gravel Storage Pad Screening ||
3873841 oU-4 DRMO Damaged/Empty Hazardous Materials Scresning
q Drum Siorage Area
{ 3913971 Qu-4 DRMO Damaged/Empty Lubricant Container Screening
Arza
42/42/56 oL-4 Former PCP Dip Vat Area Screening
43/43/56 ou-4 Former Underground PCP Tank Arca Screening
46/46/56 oU-4 Former PCP Pallet Drying Area Screening l
54fAOCE! — ouU-4 Main Installation —DRMO East Storm Water Screening |
Runoff Canal
I 355/A0CF/- QU-4 Main [nstallation - DRMO North Storm Water Screening
Runoff Arca I
56/A0CGI— OU-4 Mazin Installation — West Storm Water Screening I
Drninape Canal
*n/blc a = RI/FS Site Number ER = Early Remaval
b = RFA Site Number *NFA = No Further Action
[ = RI Report (ref. 18) Number | = Remedial Investigation
*CWMP = Chemical Warfore Management Plan ~ 'TDEC Lead Sites
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. Table 1-1

Comprehensive List of DDMT Sites
I Defense Depat Memphis, Tennessee

Page 7 of 7
Site Previous Current
i Number Location Descriplion Disposition
H
T0/—1— Qu-4 POL, Various Chemical Leaks (RR tracks, 1, Screening |
2,3, 4,5 and 6)
TV —i— ou4 Herbicide (All RR tracks) (used to clear Screening
tracks)
T2~ = ou4 Waste Gil (PDO yard) (surf. appl. for dust Screening
control})
T3 —H713 au4 2,4-Dichlaraphenoxyacetic Acid (all prassed Screening AI
aresas)
T4/ — 145 ou-4 Flammables, Toxics (West End —Building Screening
319y
T9f—i54 Qu-4 Fuels, Misc. Liquids, Wood, and Paper Screcning
(Vicinity $702)
B0/ —i55 otl-4 Fuel and Cleaners Dispensing (Building 720) Screening
. | 8L/ ~i57 OU-4 Fuel Qil (Building 765) Screening |
B3/ —(59 ouU4 POL (iro-octane, woluene, acetone, MEK, Screening
naptha) Areas X-13, 15, and 25
*a/bic a = RITFS Site Number “ER = Early Removal
b = RFA Site Number INFA = No Further Action
c = RI Repont {rcf. 18) Number Rl = Remedial lnvestigation
"CWMP = Chemical Warfare Manapement Plan ~ 'TDEC Lead Sites
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status. IF RI/FS activities are recommended, DDMT will either propose incorporation of
these sites into existing OUs or will designate them as new OUs following the criteria

listed previously. Further discussion about the application of this process is found in the
Screening Sites Field Sampling Plan (SSFSP).

Alternatively, screening sites may be designated for removal either as an Inferim
Remedial Action (TIRA) or under EPA's Superfund Accelerated Cleanup Model {(SACM)

process. Removal of a site involves excavating and removing contaminants for offsite
disposal and performing confirmatory sampling. The site is then recommended for NEA

or for further RI/FS based on confirmatory sampling results.
1.2 Objectives of the RI/FS

According to the Guidance for Canducting Remedial Investigations and Feasibility Studies
Under CERCLA (ref. 63), the RI/FS has the foltowing overall objectives:

* Collecting and evaluating data to characterize site conditions
. Assessing risks to human health and ihe environment

Conducting treatability tests, as necessary, o evaluaie the potential
performance and cost of the treatment technologies being considered

. Developing alternatives for remedial actions
. Screening the potential remedial alternatives
. Conducting detailed evaluations of remedial alternatives

The overall objective of providing a description of the preferred alternative that is
consistent with EPA CERCLA requirements is met in the Proposed Plan for the site.
Additional informatipn concemning the RI/FS process (by task) is provided in Section 5.

The RI/FS will be conducted concurrently, but in a manner that allows data collected
during the Rl to influence the selection of candidate remedial actions for the FS. The
candidate removal or remedial actions can, in turm, influsnce the data needs and scope of
potenbial treatability studies and additional field investigations.

Scoping is the initial planning phase of the RI/FS process, and many of the planning steps
begun here are continued and refined as the process develops into later phases. The
RI/FS is an iterative process: as the feasibility study progresses, more detailed data may
be required as part of the RI to assess the feasibility of an alternative. For instance, in
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addition to a literature survey, more site data or bench-scale testing ol a treatment
technology may be needed. By separating the RI/FS$ into phases, data can be collected
and evaluated sequentially, with a refinement or redefinition of data collection needs at
the completion of each phase.

1.3 Regulatory Background
1.3.1 RCRA Part B Permit and Designation as an NPL Site

DDMT was issued a RCRA Part B permit (No. TN4 210 020 570) by the EPA, Region
IV, and the TDEC on September 28, 1990. Subsequently, and in accordance with
Section 120(d)(2) of CERCLA, 42 U.S.C. 9620{d)(2), EPA prepared a final Hazard
Ranking System (HRS) Scoring Package for DDMT. The final HRS score was 38,06,
and EPA added DDMT to the NPL by publication in the Federal Regisier, 199 FR
47180, on October 14, 1992, Future investigation at DDMT will be conducted in

accordance with criteria established by the EPA RFA (ref. 68) and the RCRA Part B
Permit.

1.3.2 Federal Facilities Agreement

DDMT has entered into a Federal Facilities Agreement (FFA) between the Defense
Logistics Agency (DLA), EPA, and TDEC, which was sigred on March 6, 1995. The
* agreement establishes a procedural framework and sehedule for developing, '
implementing, and monitoring appropriate response actions at DDMT in accordance with
existing regulations and with achieving RCRA/CERCLA integration. In response to the
FFA, sites at DDMT have been grouped into four OUs to be addressed under the
CERCLA process. Because of DDMT's status as an NPL site, it was agreed that the
investigation of all applicable sites (which excludes screening sites) would proceed under
the CERCLA process for remediation (remedial investigation, feasibility study, proposed
plan, record of decision, remedial design, and remedial action) and that this process wilt
meet RCRA requirements. OU-specific FSPs will be prepared for QUs-1, 2, 3, and 4
and will provide guidelines for conducting the RI/FS for each of those OUs, However,
screening sites, which by definition are not assigned to OUs until they have been
upgraded to RI status, may be investigated concurrently with an OU. Schedules for

completing specific tasks during the process have been submitted separately in the Site
Management Plan (SMP).

As established in the NCP (40 Code of Federal Regulations [CFR] Part 300.120), the
Department of Defense (DOD) is the lead agency at NPL sites involving federal facilities.
Accordinply, EPA and TDEC have been identified as support agencies in this process.
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1.4 Environmental Restoration Strategic Plan

As described in the SMP, one of DDMT’s goals in implementing the RI/FS process is to
set priorities for the sites according to the potential threat to human health and the
ernvironment. DDMT is using several concepts to help set these pricrities and to expedite
¢leanup. These concepts range from using the observational approach philesophy
throughout the project to recognizing the importance of involving the public in
decisionmaking throughout the cleanup process. This document has been designated as
the master reference document for the environmental restoration work al DDMT.
Therefore, this subsection includes a discussion of the various concepts being used at
DDMT to achieve cleanup to provide the reader with an overall understanding of the
restoration activities.

The concepts inciude the following:

Observational Approach

Interim Remedial Actions (IRAS)

Early Removal

Integrate the RI/FS Process—(Identify Cleanup Alternatives Early)
Community Relations

Each of the concepts described below has one theme in common, which is that use of the
concept will enable the goal of site cleanup to be achieved as soon as possible,

1.4.1 Observational Approach

Recognizing the inherent uncertainty in site remediation is a key element in the
observational approach. Qriginally developed and implemented for soil mechanics
applications, the observational approach is readily adapted to site remediation.

The traditional approach to site remediation follows the "smdy-design-build" paradigm
fundamental to many engineering problems. As applied to remediation, this paradigm
assumes significant investigation of the site or medium of concern to develop a full
understanding or characterization of key conditions and parameters. Often, a series of
studies is needed before enough information is obtained to complete selection of remedial
aliernatives and begin design of selected altematives. Qnce the remedial design is
complete, the selected alternatives are constructed. Gathering such large amounts of data
before remedial alternatives are evaluated theoretically reduces uncertainty in the design
phase.

However, the approach does not recognize that uncertainty is inherent in sile remediation.
Regardless of how much investigative work is done, unanticipated conditions are
encountered once construction is started. As a result, unnecessary time and effort can be
spent collecting data that ultimately do not improve the performance of the implemented
remedial strategy significantly.
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When applied 1o remediation problems, the observational approach provides a system for
responding to major technical uncertainties, because it assumes that such uncertainties
exist and may need to be dealt with during remediation. This goal is accomphished by
applying the following four primary elements to the design activities:

. Develop remedial design concepts based on most probable site conditions,
- as understood through a conceptual site model (working hypothesis)
. Define reasenable deviations from these conditions
. ldentify parameiers that can be observed to detect variations in site
conditions
. Develop contingencies to respond to potential deviations

The cbservational approach applied at DDMT will allow remediation to begin sooner.
The common terms used in the observational approach are as follows:

» Probable Condition —this is the initial assessment of assumed conditions for
the contaminaticn at the site based on available data. This condition can
include such things as the lateral and vertical extent of the contamination
plume, concentration levels of expected constituents, and initial remedial
action (for example, number of wells and discharge rates for groundwater
pumping systems).

. Reasonable Deviation—is a manageable change (deviation) from the
probable condition. This can include such things as a larger contamination
plume and higher constituent concentrations, both of which can require
additional recovery wells or increases in discharge rate. Some deviations
will not be manageable; therefore, they will not be reasonable and a
revaluation of the site conditions must be conducted.

. Parameters to Observe —these parameters will be observed during the
inidal remediation to collect additional data to aid in the early identification
of deviations.

. Contingency Plan—is the plan to adjust the remediation process io the
deviations encountered. This plan will help finalize the remediation
process by continuing to make adjustments to remedy the deviations at the
site.

DDMT is also using some support techniques to help implement the observational
approach. These include the use of quick turmnaround time sample results during the
investigation. The quick turnaround time results will allow for a more immediate
determination of whether the probable condition or reasonable deviations have been met.
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These quick results will provide the flexibility to make "onling” decisions, to validate or
invalidate the probable conditions, and to more quickly implement contingency plans.

Non-traditional investigation techniques may also be used at DDMT, including
hydropunch ard a field kit for testing polychlorinated biphenyls (PCBs). The advaniages
of these techniques are that they provide relatively inexpensive data in a timely manner to
facilitate field decisions.

1.4.2 Interim Remedial Actions (IRAs)

IRAs are options under CERCLA that allow DDMT to initiate reasonable actions to
altenuate contaminant migration, to expedite cleanup, and to reduce risk to the public.
These actions are typically some type of source control or presumptive remedy and are
not intended to be the final remedy. Examples of IRAs include source removal and soil
vapor extraction. The following section discusses an interim action that is being
implemented for contaminaled groundwater at Dunn Field.,

1.4.2.1 DDMT Groundwater IRA

DDMT has prepared a Proposed Groundwarer Action Plan, Defense Depot Memphis,
Tennessee (December 1994}, in compliance with Section 117(a) of CERCLA, that
identifies the preferred option for the IRA for the contaminated groundwater beneath
Dunn Field. In addition to identifying the preferred IRA, the proposed plan identifies
other remedial options in detail, solicits public review and comments, and provides
information on how the public can be involved in the remedy selection process.

Data collected in the previcusly mentioned documents indicated the presence of volatile
organic compounds {(VOCs) and heavy metals in the Fluvial Aquifer, which is the
uppermost aquifer at the site. Because the contaminated Fluvial Aquifer poses a potential
threat to the deeper Memphis Sand Aquifer through a possible interconnection, it is
considered as a potential threat to human health and the environment. Thus, DDMT is
implementing a groundwater 1RA to provide a quick response measure that will help
prevent the possible contamination of the area’s drinking water supply.

The groundwater IRA involves placing a series of containment wells along the leading
edge of the plume. Pumping groundwater from these wells will draw down the Fluvial
Aquifer water table, thus inducing a hydraulic barrier. This barrier will prevent further
migration of the contamination plume,
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Locating the leading edge of the plume and containing the plume will be achieved in the
. following manner;

o A groundwater recovery well will be installed onsite in the middle of the
plume to determine aquifer characteristics.

. Additional monitoring wells will be installed to locate the western edge of
the contaminant plume.

. Once the aguifer characteristics are determined and the leading edge of the
plume is identified, additonal groundwater recovery wells, which are
located along the leading edge of the plume screened to the confining clay

layer of the Memphis Sand Aquifer, will be installed as appropnate to
contain the plume.

The groundwater and the associated contamination will be captured by the recovery wells
(see Figure 1-1). The spacing and pumping rate of the wells will be such that the
contaminaton should not move beyond the line of wells. Once the recovery wells are
operating, the system will be checked frequently and any necessary adjustments made

(including the installation of additional recovery wells if needed) (o verify that the plume
is contained,

be discharged into the T.E. Maxson Wastewater Treatment Plant (WWTP) publicly

owned treatment works (POTW). The discharge permit will set maximum levels for
groundwater constituent concentrations. If the extracted groundwater exceeds these

limits, groundwater will be treated so that the limits are met before discharge.

DDMT will obtain a discharge permit to allow the groundwater pumped from the wells to

Follow-on activities include monitoring the groundwater plume migration and response to
the IRA. Once the plume has been characterized, subsequent action may be taken to
provide long-term definitive protection, including remediation of source areas and
poiential dense nonaqueous phase liquid {DNAPL). To the extent possible, the interim

action will not be inconsistent with, nor preclude implementation of, the expected final
remedy.

A discussion of the range of alternatives evalualed and a more complete description of the
scope and approach for implementing this IRA is in the Proposed Groundwater Action
Plan. A public hearing was held on December 22, 1994, o present the Groundwater
IRA, and preparation of the Record of Decision (ROD) is currently underway (February
1995). Implemenltation is planned to occur over a 1-year period. The system of recovery

wells will be operated until the risk associated with the contaminants is reduced to
acceptable levels or until the final remedy is in place.
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The early removal process is proposed for selected sites at DDMT as an alternative to the
traditional RI/FS/remedial design (RD)/remedial action (RA) process. The primary
objectives of the early removal process are {0 begin cleanup of selected sites and to
reduce program costs. Removal activity may involve the excavation of buried waste
material and contaminated scils. The advantages of the early removal process include the

following:

. In some cases removal of all contaminated materials may be possible so
that risks are reduced, an extensive RI is not necessary, and the site can be
recommended for NFA.

. By removing the source materials to minimize further migration of
contaminants, the RI for the sile may be better focused and reduced in
scope.

. Cleanup occurs in a timely manner.

. Reduced overall remedial action costs may be realized due to reductions in
the costs of studying the site and reductions in costs of performing the
work now, instead of later when costs could be higher, especially where
removal is ultimately expected to be the primary remedial action.

The approach involves evaluating sites vsing pre-established criteria to select sites for
removal action. Assuming that early removal is a viable option, a ranking system was
used as a guide to prioritize the sites for removal. Other factors that were considered
include the ability to group sites into efficient contract packages, nominal cost to
completely remove lower-ranking sites from the RI list, and ability to begin work more
quickly in OU-1. The preliminary results showing early removal candidates are
summarized in Table 1-2.

The methodology and recommended sites will be presented to EPA and TDEC in an
action memorandum. Once the proposed sites are approved, activities to perform early
removal will begin. These activities include performing an ARAR evaluation and an
early removal design investigation, preparing an action memorandum and conducting a
workshop with EPA and TDEC, preparing site-specific design documents and project
control plans, providing services during construction, conducting confirmatory sampling,
preparing a post-removal report, and providing decision documents for NFA where
appropriate.
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Potential Site Candidates for Early Remaval
Defense Depot Memphis, Tennessce

. “ Table 1-2

Polential Contaminants
Site - (based on site
Grouping Number* Description description/records)
0uU-1 21212 Ammonia Hydroxide (7 1bs} and Acetic Asid Possibly metals
(1 gal.) Burial (1955)
!
3/3/3 Mixed Chemical Burial Site A (QT None expected to be
| Dihydrochloride) {1955) hazardous
474/4 POL Burial Site {13 35-gal. drums of oil, grease, VOCs, metals
and paint: date wnknown)
4,1/-15 POL Burial Site {32 55-gal. drums of cil, grease YVOCs, metals
and thinner) [1955)
5/5fa Methyl Bromide Burial Sila A (3 cubic feel) Methyl Bromide, ¥ OCs
\ {1955)
B/819 Methyl Bromide Burizl Site B (3,768 one-gal. Methyl Bromide, YOCs
cans) (1954)
I 13/13/13 Mixed Chemical Bural Site B (mixed chemicals; Metals
acid, 900 Ibs; detargent, 7,000 Ibs; aluminum 3
. sulfate, 200 1bs; sodium)
171117 Mixed Chemieal Buorial Site C (1269) Possibly VOCs, meatals
| By/-125 Old Pistol Ranpe Building 1184/Temporary Pesticides f
Pesticide Stormge
29/29566 Former Underground Waste Oil Storage Tank Pesticides/PCBs, PAHs,
(near Building 1086) metals
Main Installation B7{-164 DDT, Banned Pesticides (Building 1084) Pesticides/PCBs, melals
BR/-/65 POL (Building 1085) Pesticides/PCBs, metals,
VOCs
I Acid Sites 7iHA Nitric Acid Burial Site (1,700 bottles} {1954) Metals
i 11411711 Trichlaroacetic Acid Burial Site {1,433 one-oz VOCz, metals
batiles) (1965)
i12/12/12 Sulfuric and Hydrochleric Acid Burial {quantity) Metals [
{1967}
168/16/16 Unknown Acid Bunal Site (1969) Metals
| 16.1/-/18 Acid, date unkncwn Metals

*‘afb/c a = Current Sitz Number
b = RFA Site Number

. c = RI Report (1290} number
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1.4.4 Integrate the RI/FS Process: Early Identification of FS
Alternatives

Initial screening has been performed to forecast the cleanup and remedial aliermnatives that
may be appropriate so that the types of data necessary to determine if the alternative is
feasible will also be identified. The RI investipation will be amended 1o include

gathering the data necessary to expedite the altermnative selection process. A preliminary
list of alternatives and their data needs is found in Section 3 of this report.

1.4.5 Community Relations

DDMT will seek community participation and involvement throughout the environmental
restoration process. DDMT recognizes the imponance of maintaining adequate
community relations, and has employed a specialist in the field to prepare and implement
a community relations plan. Mailing lists are maintained, fact sheets are prepared and
distributed, and public meetings and hearings are conducted, An Environmental Hotline
(telephone number 901-775-4569) also has been established to provide easy access to the
latest information about the restoration process. A Restoration Advisory Board,
composed of community group leaders and concerned citizens, meets monthly to discuss
issues of ¢concern. In addition to these meetings, additional public meetings and hearings
are planned. More information about the community relations activities may be found in
the Draft Final Community Relations Plan (April 1994),
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2.0 Site Background and Setting

This section describes the environmental setting and geologic and hydrogeologic
conditions that exist in DDMT's vicinity, A summary of previous investigations
conducted as part of the DDMT environmental management program also is provided.

2.1 Site Background
2.1.1 Location

DDMT covers 642 acres of land in Memphis, Shelby County, Tennessee, in the extreme
southwestern portion of the state. Approximately 5 miles east of the Mississippi River
and just northeast ¢of the [nterstate 240 —Interstate 55 junction, DDMT is 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

boumdaries, respectively. Figure 2-1 shows the instaliation’s location within the Memphis
area.

2.1.2 Mission

The DLA, an agency of the DOD, provides logistics support to military services. As a
major field insiallation of the DLA, DDMT receives, warehouses, and distributes supplies
commen to all U.S. military services and some civil agencies located primarily in the
southeastern United States, Puerto Rico, and Panama. Stocked items include food,
clothing, electronic equipment, petroleum products, construction materials, and industrial,
medical, and general supplies. Approximately 4 million line jtems are received and
shipped by DDMT annually; it ships about 107 000 tons of goods a year. In-stock
inventory at DDMT is worth more than $1 billion. DDMT employs approximately 1,486
civilians and 9 military persenncl; its annual payroll is $41 million (ref. 18).

The installation contains approximately 110 buildings, 26 miles of railroad track, and 23
miles of paved streets. It has about 5.5 million square [t of covered storage space and
approximately 6.0 million square ft of open storage space. The land and buildings are
owned by the U.S. Army and leased by DLA. Figure 2-2 illustrates proposed QU

boundaries at DDMT. Study area land use, demographics, and land use controls are
discussed in Section 2.4.
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2.1.3 Past Activities at DDMT

Past activities at DDMT include a wide range of storage, distribution, and maintenance
practices. Dunn Field (QU-1) has been used as a landfill area (northwestern quadrant), a
storage area for mineral stockpiles (southwestern and southcastern areas), and a pistol
range, and later as a pesticide storage area (northeastern area). Activities in the
southwestern quadrant of the Main Installation (OU-2) have included hazardous material
storage and recoupment (Building 873), sandblasting and painting activities (Buildings
1086 through 1089}, and maintenance (Building 770). The southeastern portion of the
Main Installation (OU-3) includes the bulk of the storage and distribution warehouses at
DDMT. QOther activities that are documented to have occurred in this area include PCB
transformer storage (near Building 274), pesticide and herbicide storage and use (several
tocations), and fire truck pump testing (Lake Danielson). The northern portion of the
installation (OU-4) has a history of the following major activities: hazardous material
storage (several locations), treatment of woed products with pentachlorophenol (Building
737), and storage of items awaiting disposal (several locations). Additional information
01 past activities within each QU is provided in Section 2.3,

2.2 Previous Investigations at DDMT

In conformance with DLA environmental programs, a number of technical studies have
been conducied at DDMT (all swdics were performed for DDMT by the listed agency or
consultant}, including those described below. Appendix D contains data summary tables
from the previous investigations listed.

2.2.1 Installation Assessment

In 1981, DLA and the U.S. Army Toxic and Hazardous Materials Agency
(USATHAMA) conducted an installation asscssment (IA) to identify previously used
waste disposal areas and waste management pracrices pursuani to the TRP. The IA
indicated that some past waste management practices were not compatible with waste
managemsant practices in use at the time of the inquiry. The study identified areas where
hazardous materials might have been used, stored, treated, or disposed of at the site. On

the basis of this assessment’s findings, USATHAMA recommended that DLA conduct a
field survey.

2.2,2 Geohydrologic Study

In 1982, the U.S. Army Environmental Hygienc Agency (USAEHA) conducted a
geohydrologic study (ref. 51) to characterize the geohydrologic seuing and to identify and
monitor sources of potential groundwater contamination. The study identified two areas
of the sitc as having the potential for groundwater contamination —Dunn Field and the
Pentachlorophenol (PCP} Dip Vai. The study determined that, at that time, the Dunn
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Field area had a greater potential for contamination than did the PCP Dip Vat. USAEHA
. installed, logged, and sampled six moniloring wells in the Denn Field location.

2.2.3 Groundwater Monitoring

USAEHA performed groundwater sampling and analysis in 1986 on groundwater
monitoring wells (MW)-3, 4, 5, 6, and 7 in Dunn Field, Groundwater samples were
analyzed, using EPA Method 624, for volatile organic compounds (VQOCs). The results
indicated the presence of low-level contamination. The concentrations of all VOCs
detected in the five wells ranged from 3 micrograms per liter (ug/L) to 200 pp/L.
Trichloroethere {TCE) and tetrachloroethene (PCE) were the only VOCs detected in all
five wells. The concentrations for TCE ranged from 4 pg/L to 150 pp/L, while
concentrations for PCE ranged from 3 pg/L to 81 up/L. Metals, pesticides/PCBs, and
base/neutral acid (BNA) extractable organics also were analyzed, but were either not
detected or were detected at levels below the applicable maximum contaminant levels

(MCLs).
2.2.4 Environmental Audit

USAEHA conducted an environmental audit in 1985 of DDMT's waste management
disposal practices. The audit revealed the presence of damaged containers of acids,
bases, solvents, and cleaners in the vicinity of Building 873 (the area designated as Site
27). In addition, spill areas and potentially contaminated soil areas were identified

. adjacent to this building. As a result of the audit, DLA commissioned Q. H. Materials

’ Company, a contractor, to reclaim and repackage containers of usable goods in Building
873, Contractor personnel repackaged containers in the "Flammables Storage Area.”
Approximately 800, 55-gallon drums were recouped in this open storage area and then
returned to their original location for storage and distnbution,

2.2.5 PCP Dip Tank Investigation

0. H. Materials performed an investigation of the PCP Dip Tank Building (Building 737) -
in 1985, which revealed levels of chlorinated dioxins and furans. Chlorinated dioxins

and furans are contaminants often preduced in manufacturing the wood preservative PCP
and other chlorinated organic compounds. Beginning in 1952, DDMT personnel treated
wood products, especially pallets, in Building 737 with the product "Pol-Nu," which
contains approximately 11 percent PCP.

megmd5-DDMT-WE2/01B. WP . 2-5 0/i0/95




126 48
This page left intentionally blank.

(Table removed during final comment resolution.)

mgm95-DDMT-WPL/O18. WPS 2-6 9/19/95




126 47
DLA officials contracted with O. H. Materials in 1985 to place liquid waste product in
containers, (o temove containers from the site, to sample and investigate surrounding
soils and building surfaces, and to remove contaminated soils as necessary to mitigate
environmental and health hazards. An extensive sampling program also was undertaken
to identify the amount and extent of contamination. The contamination was ultimately
discovered to extend to depths below ground surface (bgs}, thus requiring excavation.

Consequently, in August 1985, O. H. Materials initiated a cleanup of the PCP Dip Vat
area, formerly located adjacent to the east side of Building 737. The contractor
excavated to a depth of 10 ft, removing approximately 602 cubic yards (yd?) of soil frem
under and adjacent to the dip vat building. The liquid PCP source of contamination was
removed directly from the dipping vat. The contaminated soil was removed and disposed
of with the approval of EPA, TDEC, and DLA, in accordance with the then current state
and federal regulations.

The excavated area was backfilled with approximately 650 yd* of native soil backfill and
covered with more than 489 tons of crushed rock (gravel). The excavated material
(contaminated soil and debris) was packaged in a combination of 725 fiber drums (with
overpacking by 55-gallon stzel drums) and roll-off containers. This material was stored
onsite in two separate staging areas (under approval granted by both the EPA and TDEC)
until spring 1988, when it was transported and disposed of at an approved hazardous -
waste disposal facility:

2.2.6 Water Quality Biological Study

In 1986, USAEHA performed a water quality biclogical study (ref. 53) at DDMT. This
study was conducted to investigate possible metal, pesticide, and other inorganic and
organic contamination of Lake Danielson and Golf Course Pond waters, sediment, and
associated fish species. The major finding from the water analysis was the presence of
dichlorodiphenyltrichloroethane (DDXT) in the storm water influent site to Lake Danielson.

Lake Danielson sediment anzlysis results indicated that several metals {cadmium,

chromium, copper, lead, and zinc) and pesticides {chlordane and DDT) were effectively
bound up in the sediments.

Worst-case fish tissue samples were as follows: 23.64 milligrams per kilograms (mg/kg)
DDT + breakdown products in Lake Danielson, while the Food and Drug Administration
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- (FDA) action level was 5 mg/kp; for chlordane, 2.13 mg/kg were in Lake Danielson and

. 0.6 mg/kg ia the pond, and the FDA action level was 0.3 mg/kg. PCBs and chlorpyrifos
{Dursban®) also were detected in the fish tissue samples. The result of this study was a
recommendation o place these water bodies "off-limits” to fishing.

2.2.7 Remedial Investigation/Feasibility Study

In 1989-90, DDMT initiated an RI/FS investigation of several known and suspected
sources of contamination. This study was performed by Law Environmental through a
contract with the CEHND. The final work plan for this e{fort was provided to EPA in
Apnl 1989, The study was performed in two phases, referred to as Phase I (primarily
activities in 1989) and Phase II (primarily activities in 1990), The final Remedial
Investigation Report was provided to EPA in August 1990, and the final Feasibility Study
Report was submitied in September 1990. The study indicated that the Fluvial Aquifer
under Dunn Field was contaminated and that additional investigation was needed to fully
identify contaminant scurce areas and to delineate the contaminant plume.

2.2.8 RCRA Facility Assessment

In January 1990, EPA Region IV conducted an RFA at DDMT through a contract with
A. T. Keamey, Inc. The RFA identified 49 SWMUs and 8 AOCs at the site. Of these,
12 SWMUs and 4 AOCs required no further action. Twenty-eight SWMUs and 3 AOCs
required further investigation in the form of confirmatory sampling and analysis. Four

. SWMUs and one AOC were identified as needing RFI characterization, On September
28, 1990, EPA and TDEC issued a RCRA Part B Permit to DDMT, No. TN4 210 020
570, under the Solid Waste Disposal Act, as amended by the RCRA of 1976.

229 Interim Groundwater Contamination Remediation

As requestad by EPA, DDMT has proposed an Interim Remedial Action (IRA) to treat
groundwater beneath Dunn Field to initiate cleanup before selecting the final remedial
action. The IRA is discussed in detail in Section 1.4.3.

2.2.10 Groundwater Monitoring Study

In 1993, Environmental Science & Engineering, Inc. (ESE), performed a groundwater
monitoring study using existing monitor wells at DDMT. The study was conducted to
assess changes in groundwater quality since the completion of the RI/FS in 1990.
Groundwater samples were collected from 35 existing monitor wells on- and offsite. The
results indicated that all parameter concentrations above the federal and State of
Tennessee MCLs were detected within the Fluvial (upper) Aquifer. The Memphis Sand
Aquifer wells (MW-36 and MW-37) contained only one parameter that exceeded the
listed MCLs. Groundwater from MW-37 contained a total lead concentration of 5.7 ug/L

(MCL,,, = Sug/L).
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2.2.11 Other Studies

DDMT and supporting government agencies and contractor staff reviewed additional
studies for the purpose of providing useful background ta specific sites by understanding
past use, data collected, results, and other pertinent information as it relates to an RI,

These additional studies were used in support of the Rl Report {ref. 18) and include the
following general categories:

Industrial hygiene

Facility planning

Regulatory compliance consultation
Surface water quality

Groundwater quality

Waste management asscssment
Hazardous waste remediation

¢ # * & & = »

A list of these studies is provided in Appendix C.

2.3 Description of Operable Units

The general criteria used to define the four OUs {shown in Figure 2-2) are listed in
Section 1.1. A brief description of each QU is provided in this section, including a
qualitative assessment of past sampling activities. Detailed site descriptions, sample
locations, and quantitative sampling results are provided in the OU-specific FSPs. A
coordinated list of the sites is presented in Table 1-1. Table I-1 also contains the sites
identified in the RCRA Permit as “TDEC Lead" sites, which are sites regelated by the
State of Tennessee’s portion of the RCRA Permit. The table contains three numerical
designations:

The RI/FS site number
. The RFA SWMU number
. The site number

These numbers are necessary to coordinate the existing two lists (RFA and RI/FS) into
one list (Site}. For future reference, only the Site Number will be used, As previously
stated, the sites were grouped into QUs, screcning sites, and NFA sites at a meeting
berween DDMT, TDEC, and EPA in January 1993. Sites designated for early removal
werc agreed upon by these same parties in January 1995.

Bricf discussions about the known extent of soil, groundwater, and surface contamination
are included in Sections 3.1.1, 3.1.2, 3.1.3 and 3.1.4. The locations of the OUs are

illustrated in Drawing 1 (QU-1, ail sites at Dunn Field) and in Drawing 2 (OUs-2, 3, and
4},
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2.3.1 OU-1—-Dunn Field

Dunn Field is an open, unpaved area located north of the Main Installation and is
separated from the installation by Dunn Road. Dunn Field is the only known and
documented burial area on DDMT, Dunn Field was established as OU-1 because of its
geographic separation and because most of the sites are burial sites that may require

similar investigation techniques. Details on the investigation of the sites at QU-1 will be
described in the FSP.

Installation records indicate that various types and quantities of wasies were buried in the
northwestern corner of Dunn Field. Each burial site within Dunn Field is described in
detail in the QU-1 FSP. OU-1 includes 36 sites from the SWMU and RI/TS lists. Of
these, 25 are known sites where burial of wastes has been documented by DDMT,
documented in other environmental studies, or discovered during the RI Report (ref. 18)
field investigations. These locations, which have been recorded by DDMT aver the years
using dimensions known from landmarks, were summarized in the RFA (ref. 68).

Groundwater monitoring wells were installed into the uppermost {fluvial} aquifer in this
area by the USAEHA in 1982 and by Law Engineering during the RI fram 1989 through
1990. Groundwater monitoring data collected during the RI and presented in the RI
Report (ref. 18) have shown levels of VOCs and metals that suggest a release has

occurred from this area, The individual source or sources of the release has not yct been
determined.

2.3.2 OU-2-Southwestern Quadrant of Main Installation

QU-2 is geographically located in the southwestern quadrant of the Main Installation of
DDMT and is further characterized primarily as an industrial area where maintenance and
Tepair activities have taken place. The boundaries of OU-2 were defined primarily

because of the geographic proximity of the sites and the similar narure ol activities that
occurred.  OU-2 includes the following four key areas;

. The former hazardous materials recoupment area {Building S-873),
designated as Site 27

. The sandblasting waste accurnulation area, designated as Site 32, and
associated Buildings 1084, 1085, and 1089 (Sites 87, 88, and 89)

. The underground oil storage tanks at Building 770, designated as Site 34

. The former underground waste oil storage tank, designated as Site 29

mgmuS-DOMT-WE2/018.WPs 2-10
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The boundaries of OU-3 were determined because of its geographic location, and to
encompass the entire southeastern watershed. OU-3 contains the only surface water
bodies on DDMT, so it was desirable to keep the majority of the sampling and analysis
associated with surface water and sediments in the same OU. OU-3 includes the

following:
. Golf Course Pond (Site 23)
. Lake Danielson (Site 26)
* The former transformer storage area (Site 48)
. Pad 267 (Site 58)
* Building T-273 (Former Pesticide Storage Area) (Site 59)

Past studies of Lake Danielson and the Golf Course Pond have shown that the surface
water, sediment, and fish in these water bodies exhibit pesticides and PCBs. The OU-3
inveshigation will address the storm water runoff from the surrounding industrial and
recreational facilities, which may be the source of contaminants identified in the two
surface waler bodies.

2.3.4 OU-4—North-Central Area

OU-4 is located in the north-central section of the Main Installation at DDMT. Activities

. in OU-4 are primarily associated with materials storage. The most prominent feature of
this QU 1is the former main hazardous materials storage building {Building 629) at
DDMT, designated as Site 57. Pesticides, polynuclear aromatic hydrocarbons (PAHSs),
and VOCs were detected during the RI (ref. 18) near Site 57. The geographical area of
OU-4 also contains the former PCP Dip Vat area sites (near Building 737). In addition,
this QU is located in the general area of the installation where a data gap exists
concerning the confining unit that separates the Fluviai Aquifer from the Memphis Sand
Aquifer, which is discussed in Section 2.4.6.2. The boundaries of OU-4 were
determined because of the types of activities that occurred regarding material storage, the -
central location of the area, and the requirement to fill the data gap regarding information
on the confining unit between the Fluvial and Memphis Sand Aquifers.

2.3.5 Screening Sites

The screening sites are sites identified in the RFA (ref. 68) and the RI Report (ref. 18)
that appear to have been areas where hazardous materials were managed and where there
is a potential for retease to have occurred, minor waste disposal areas during past
operations or, based on historical records, have less potential for contamination than sites
placed into the OUs described above. A wide variety of sites are included in this
category: storm water drainage ditches, fuel storage areas, known and suspected spill
areas, areas where hazardous substances were used and may have been released, and
. areas where pesticides had been applied (railroad iracks and vegetation), A brief
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discussion of the kmown extent of contamination for some sites is provided in

. Sections 3.1.1 and 3.1.3. A complete description of each of these sites will be provided
in the Screening Sites FSP. Conclusions regarding screening sites will be included in
each OU RI Report.

2.3.6 TDEC Lead Sites

The "TDEC Lead" sites, designated in Appendix A-3 of the DDMT RCRA Part B Permit
(No. TN2 210 020 570) as sites regulated by the State of Tennessee’s portion of the
RCRA permit, are shown in Table 1-1 with a footnote. These sites are indicated in
Drawing 2.

2.3.7 No Further Action Sites

Table 2-1 contains a summary of proposed NFA sites. A total of 17 sites are proposed
for NFA for one or more of the following reasons:

e Solid wastes were never managed or disposed of at the site.
* The site is not a threat for releases because of past waste management
activilies.
. . Previgus sampling results have shown no observed contamination.
. Extensive prior removal or remediation activities were conducted.
. Current operational and structural features make NFA probable.

A separate NFA report will be prepared by DDMT for regulatory approval that
documents the available information on these sites and the rationale for the NFA
determination. The NFA report will be submitted per the FFA schedule.

2.4 Site Physical Characteristics

Physical information for the study area was obtained from published sources (refs. 17,
18, 20, 50, 54, and 55). The available data review focused on background information
relative to the nature and extent of contamination, as well as on previous remedial
response actions initiated by DLA. The hydrogeologic and environmental quality data
collected as a result of earlier studies were particularly useful in providing a frame of
reference for this pre-RI discussion.
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——————
Table 2-1
Proposed No Further Action Sites
. Defense Depot Memphis, Tennessee
Site Previous Current
Number* Location Description Disposition
18/18/~ Qu-1 Plane Crash Residue (Dunn Field) NFA?
22219 QuU-1 Hardwere Burial Site (MNuts and Bolts) (Dunn NEA
Field)
23723430 OU-1 Construction Debris and Food Burial Site NFA
(Duno Field}
637128 0U-1 Flunrspar Storage (SE Quadrant of Dunn NFPA
Field)
86/—129 OuU-1 Food Supplies (Dunn Field) NFA
30/30/ ou-2 Paint Spray Booths (2 of 3 wial; NFA
Eldgs. 770 and 108&)
40/40} — Q-2 Safety Kleen Unitag—3 of 9 total (All located NFA
in Bldg. 770)
417414 — ou-2 Satellite Drum Accumulation Areas—2 of ¢4 NFA
total {vicinity Bldg. 770)
47/47/— au-2 Former Cont. Soil Drum Storage Area (300 ft NFA
. W of Bldg. 689, removed 1988)
g 30730/ ou-3 Paint Spray Bootha (1 of 1 wta] — NFA
Bldg. 260)
40440/ — QuU-3 Safety Kleen Units—4 of 9 total uaits (Bldgs. NFA
253; 469; 490; 689)
417417~ Qu-3 Satellite Drym Accumuletion Areas—2 of 4 NFA
total areas (Bldgs. 469; 260)
| 49/49/46 oU-3 Medicz! Wasts Storage Area NFA
411414 — ou-4 Satellite Drum Accumulation Area—1 of § NFA
total {(Bldg. 2:0)
44/44756 OU-4 Former Wastewster Treatment Unit Area NFA
45/45/56 QU4 Former Contarninated 50il Staging Area NFA
53/A0CD/61 OoU-4 X-25 Flammable Solvents Stormge Area {Neze NFA
and 62 Bldg. 925)
Note: "ab/c a = RF/F5 Site Number
b = RFA SWMU Number

¢ = RI Report {ref. 18) Number
!ENFA = No Further Action
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. 2.4.1 Geographic/Topographic Setting

DDMT’s surface features (natural and man-made) and DDMT's relationship to
surrounding areas were investigated by onsite visual recconnaissance, U,S. Army Corps of
Engineers (COE) historical (comparative) aerial imagery, U.S. Geological Survey
(USGS) 7.5 Minute Series Topographic Quadrangle maps, and installation {opographic
maps prepared by the COE, Mobile District, dated February 1989. Figure 2-3 shows the
topographic features of DDMT and surrounding areas, DDMT is divided into two areas,

Dunn Field and the Main Installation, each with its own distinet land surface and use-
related features,

Dunn Field lies just north of the Main Installation and Dunn Avenue, and consists of
approximately 64 acres of undeveloped land. Most of Dunn Field is unpaved. Aboul
one-half the area is grassed; the remaining area contains crushed rock and paved surfaces.
A few large deciduous trees are present in the northeastern part of the field. The
southwestern quadrant of the field is a grassed, gently sloping area. The southeastern
quadrant is a level zone used for both covered and uncoversd bulk materials storage
(bauxite, fluorspar, and electrical wires).

Dunn Field's wopography is a level-to-gently rolling terrain. The land appears to slope to
the west from the bauxite piles in the center of the field. An arc-shaped ridgeline
scparates the ficld's two northern quadrants. In the northeastern quadrant of the field,

. the areas surrounding the former pistol range (later used as a pesticide/herbicide storage
shed [Building 1184]) and the former burn area are level and grassed. The northwestern
quadrant of the field (the wastc, chemical, and hazardous materials disposal zone) is a
level-to-gently sloping grassed area. Surface elevations range from a low of 273 fi,
National Geodetic Vertical Dawum of 1929 (NGVDj}, at the north outfall/installation
boundary fenceline to 315 ft NGVD in the field's approximate center. Maximum local
relief is about 25 ft at the pistol range bullet stop.

The Main Installation consists primarily (approximately 57 percent) of developed land,
Most of the Main Installation's land area has been graded, paved, and built up. Some of
the few remaining unpaved areas are used for open storage of various materials and
equipment. The only significant grassed, treed area is the golf course, located in the
Main Installation's southeastern sector. The Main Installation’s topography is nearly
level. Surface elevations range from approximately 316 ft NGVD in the Defense
Reutilization and Marketing Office (DRMO) storage yard adjacent to Dunn Avenue to
267 ft NGVD in the low area below Lake Danielson’s earthen dam. Maximum local
relief 18 approximately 20 ft, measured across the lake's carthen dam.,

2.4.2 Meteorology

Information describing study area meteorological conditions was obtained From various
USGS reports and from the Climatic Atlas of the United States, National Oceanic and
. Atmospheric Administration (NOAA), 1983 (rcf. 31).
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DDMT is located in the west Tennessee Climatic Division of the United States (ref. 31).
This Division experiences a typical continental type of climate with humid, warm
summers and cold winters. The Memphis area receives an annual average of 50 inches
of precipitation (30-year period of record). Total annual rainfall was reported to vary
from 30.54 inches (1941} to 76.85 inches (1957). Normally, precipitation is heaviest
during the winter and early spring. A second, less significant rainfall period develops as
thundershowers during late spring and early summer. The l-year, 24-hour rainfall value

for the study area is reported te be 3.4 inches in the Rainfoll Frequency Atlas of the
United Strates (ref. 74),

The net annual precipitation available for groundwater recharge, which is derived from
gross annual precipitation less evaporation and runoff, estimated for the Memphis area is
9 inches, based on NOAA (ref. 31) data. The estimate of net precipitation does not
consider evapotranspiration, which varies considerably according to season. The estimate

was performed in a manner consistent with 40 CFR Part 300, Appendix A, during the
RI {ref, 18).

2.4.3 Surface Water Hydrology

The following seciion describes storm water dramnage at DDMT, surface waters, and the
potential for floods.

2.4.3.1 Installation Storm Water Drainage

Instablation surface drainage is accomplished by overland flow to swales, ditches,
concrete-lined channels, and an efficient storm drainage system. Figure 2-¢ illustrates the

study area’s surface drainage features, installation drainage areas, ourtfalls, and local
streams.

Most of DDMT is generally lcvel with, or above, surrounding terrain; therefore, DDMT
receives little or no runoff from adjacent areas. Where exposed, undisturbed installation
surface soils are predominantly grassed, fine-grained, semi-cohesive matenials, which
tend to promote large volumes of rapid runoff, Paved and buili-up sections of the
installation also.tend to generate significant amounts of runoff.

Most Dunn Field drainage is achieved by overland flow to the adjacent properties to the
north and west. The northeastern quadrant drains east to a concrete-lined channel, or 1o
adjacent properties to the north. The concrete-lined channel consists of two separate

ségments that join approximately 200 ft north of Building 1184. Both channel sepments
convey adjacent residential neighborhood storm water through the northeastern gquadrant

of Dunn Ficld. The concrete-lined channel directs flow northward 1o Cane Creek, a
tributary of Nonconnah Creek.
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The Main Installation’s surface drainage is achieved by overland flow to a storm drainage
. system. The Main Installation has been divided into several small drainage basins
(Figure 2-4). The primary drainage directions and outfall locations are to the west
(Tarrent Branch), to the east (unnamed ephemeral stream), and to the south (unnamed
ephemeral stream). Surface drainage is directed via these alignments to Nonconnah

Creek, approximately three-quarters of a mile south of DDMT. Monconnah Creek drains
into Lake McKellar, a Mississippi River tributary.

2.4.3.2 Installotion Surface Waters

The ditches, channels, or drainage alignments within DDMT’s boundaries convey
seasonal {or wet weather) flow. Frequently, they are completely dry. Two permanent
surface waters exist at DDMT and are illustrated in Figure 2-4. The largest body of
water i3 Lake Danielson, about 4 acres in size. Lake Danielson receives a significant
amount of instailation storm water runoff, primarily from the area in which Buildings
470, 439, 490, 689, and 690 are located. Lake overflow is discharged through a drop
inict at the dam through a concrete-lined channel, 1o the culvert extending beneath

N Street and Ball Road. The smaller water area is the Golf Course Pond. It receives
runoff from the surrcunding golf course, Buildings 249, 250, 251, 265, 270, 271, and the
south parking lot. Pond overflow is directed to a culvert extending beneath N Street and

Ball Road. Storm water {low is then directed to Nonconnah Creek via unnamed
tributaries,

. 2.4.3.3 Classification of Surface Waters

The DDMT facility has two main surface water features: Lake Danielson and the Golf
Course Pond. These waters are currently off-limiis for recreational purposes and serve
primarily as drainage reservoirs. Drainage channels on the facility and in neighboring
areas drain either to Cane Creck, northwest of DDMT, or 1o Nonconnah Creek, south of
DDMT, Cane Creek alse drains to Nonconnah Creck at a point several miles southwest
of DDMT. In turn, Nonconnah Creek empties into Lake McKellar.

Tennessee Water Quality Standards define uses of waters that are in the public interest.
The uses for waters include the following;

Sources of water supply for domestic and industrial purposes

Propagaticn and maintenance of fish and other desirable aquatic life
Recreation in and on the waters

Stock watering and irrigation

Navigation

Generation of power

Enjoyment of scenic and aesthetic gualities of waters

Under the Tennessee Water Quality Conwol Act, when warters are classified for more
. than one use, the most stringent criteria will be applicable. In addition, waters
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designated as wet weather conveyances (natural watercourses) shall be profective of
wildlife and humans that may come in contact with them and shall maintain standards
applicable to all downstream waters.

Nonconnah Creek and Cane Creek have been classified for the following stream uses:
propagation of and maintenance of fish and other aquatic species, livestock and wildlife
watering, and irrigation. In addition, the portion of Cane Creek flowing near the DDMT
facility is classified for recreation. The most stringent applicable criteria protects fish
and aquatic life and states that the waters shall not contain toxic substances that cause
death or sericus illness to aquatic biota, and reference criteria promulgated under the
Clean Water Act and Safe Drinking Water Act (ref. 47).

2.4.3.4 Flood Potential

DDMT’s surface elevations (276 to 316 ft NGVD) are well above the average Mississippi
River alluvial valley flood levels (185 1o 230 [t NGVD). Furthermore, the installation’s
land mass is at least equal to, or slightly higher than, adjacent properties. Therefore, it
18 unlikely that any installation property would be subject 10 inundaticn, even for short
periods of time. During the performance of Phase I field data collection

activities for the RI Report (ref. 18), the study area received 6 inches of continuous
precipitation during the weekend of February 18 and 19, 1989. Despite the intense,
sustained rainfall, no installation areas flooded.

2.4.4 Surface Soils

According to information furnished by the U.S. Department of Agriculture, Soil
Conservation Service (1970), five distinct surface soil units have been mapped in the
study area. The distribution of these units relative to the installation is tilustrated in
Figure 2-5. A brief description of each unit follows:

. Falaya Silt Loam (Fm). This soil unit may have originally developed as a
narrow strip of alluvium occupying a bench above a stream channel, The
unit has been mapped on a small portion of northern Dunn Field. It is
generally described as a silt loam, with poor-to-moderate drainage, and
possessing a shallow water table and typically low-to-moderate
permeabililics.

. Filled Land-Silty (Fs). This soil unit has been artificially developed as a
result of backfilling a small portion of the Main Installation’s west
boundary. It consists of a mixture of generally silty soils. Unit

characteristics are estimated to include poor-to-moderate drainape and low
permezbilities.
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. Graded Land (Gr). This soil unit has been artificially developed from

. silty native upland materials as a result of numerous site-use modifications
throughout the installation’s operational history. The unit generally
consists of silty sandy clay or clayey sandy silt, and its permeability is
reported to be highly variable. It is significant to this study because it
occupies more than 90 percent of the installation’s land area. Forty-seven
of the surface soil samples collected duning the RI (ref. 18) were taken
from this unit.

. Memphis Silt Loeam (MeB). This unit has developed in silty native
upland malterials on low hilltops, benches, and adjacent gradual slopes.
The unit is described as a silt loam or silty clay loam. It is well-drained
and possesses low-to-moderate permeabilities. This unit is significant
because of its location in north Dunn Field with respect to burial areas.

. Memphis Silt Loam (MeD2). This unit has developed in silty native
upland malterial on intermediate slopes and benches. It is described as a
silt loam or a silty clay loam. It is deep and well-drained, and possesses
low-to-moderate permeabilities. The unit is significant because of its Dunn
Field location. Surface soil samples §8-12, §8-13, and $5-14 in the RI
Report (ref. 18} were collected from this uait,

Table 2-2 summarizes the engineering use data for each soil unit mapped in the

. installation study area. USDA texture, Unified Soil Classification System symbols,
estimated permeability, and likely use constraints are described for each eof the five soil
units,

2.4.5 Geology

This section discusses the general geology of the region and that of DDMT.

2.4.5.1 Regional Geology

Physiography. The Memphis, Teanessee, area straddles two major subdivisions of the
Atlantic Coastal Plain Physiographic Province (Figure 2-6), Figure 2-7 shows a general
geologic cross section of the Memphis area. The western Memphis urban area lies within
the Mississippi Alluvial Plain subdivision, which is characterized by fluvial depositional
features including young, recently deposited point bars, natural levees, and abandoned
channels.
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126 G5
DDMT and eastern Memphis are situated within the Gulf Coastal Plain subdivision. The
. area, characterized by dissected loess-covered uplands, penerally lacks distinct features.
The erosion-controlled land surface appears nearly level to markedly rolling, and the
visual perspective offers little spatial variation. Local slopes range from level to
approximately 10 percent. The study area elevations average 300 ft NGVD. Locally,
relief is attributed to erosion or stream channel development and seldom exceeds 30 fi.

Generally, Gulf Coastal Plain drainage systems are well-developed, and the region is
classified as being in a late youthful stape of dissection. The uplands tend to be low with
respect to major streams, and the valley is relatively shallow. Most principal streams
have low pradients and occupy broad alluviated and terraced valleys (Nonconnah Creek).
Secondary streams have developed narrow V-shaped valleys in fine-grained soils.

Geologic Setting. The Memphis area is siluated within a major strectural feature termed
the Mississippi embayment. This area is described as a youthful to mature, belted coastal
plain. The principal river in the area is the Mississippi River; the major tributaries are
the Wolf River, the Loosachatchie River, and Nonconnah Creek, according to Graham
and Parks (ref. 11).

The Mississippi embayment is a structural reentrant extending into the North American
craton from the Gulf of Mexico north to Cairo, Illinois. The embayment is a wedge-
shaped, down-warped structure composed of stratified sediments, It begins inland as a
thin accumulaton of clastic materials, thickening substantially at the Gulf of Mexico.

. Late and post-Cretaceous strata fill the trough. Formation of the Mississippi embayment
bepan in the latest Mesozoic with the onset of renewed subsidence of the underlying
Reelfoot rift. The axis of the trough (NS0°E) roughly parallels the current course of the
Mississippi River. The embayment experienced its greatest subsidence during Early
Tertiary tme and has been tectonically stable since its emergence during the widespread
uplift of the continent in Neogene time,

The New Madrid seismic zone (NMSZ} is located at the northern end of the Mississippi
embayment and is the most seismically active area in the central and eastern United
Staies. At least lwo great earthquakes occurred in this area in 1811 and 1812, and more
than 2,500 microearthquakes have been recorded since 1974, Johnston and Nava

(ref. 16} have estimated a recurrence interval for great earthquakes in the Memphis area
to be 425 to 675 years, with a recurrence interval of 70 years for moderate earthquakes.

Geologic Units, Information describing major regional geologic units has been cobtained
from Wells (ref. 71), Moore (ref, 29), Nyman (ref. 33), and Graham and Parks (ref. 11).
Table 2-3 summarizes the regionally important post-Cretaceous study area geologic units
and their hydrologic significance. Figure 2-6 shows the major physiographic subdivisions
in the Memphis area.

The Quaternary and Tertiary strata in the Memphis area are composed of loosely
consolidated deposits of marine, fluvial, fluvioglacial, and deltaic sediments. In
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DDMT Stody Aren
Defente Depat Memphis, Teanesee
Thickness
System Epries Groap Stratipraphic Unit {feet)* Lithalopy and Hydrolopic Sipnifieancs
Holocene Allwsivm® Qto LTS Sand, gpravel, sill, und clay. Underlies the Miscisipph Alluvist Plain
ind aod alluvial plaina of drcams ic the Guil Coastal Flain, Thickest
Pleixtocen: bencath the alluvial plain, whers commonly between 100 and 150 A
thick: geocrally Texs ihan $0 A thick =lsewhers. Provides waer o
B domestic, farm, industnal, and irrigsticn wells ia the Mississippi
Adluvis] Plain,
Quatermacy . N
Pleistacene Loem 010 65 Sile, uilty etay, and mingr sand. Principal unif st the sudace in
uplarud srcas of twe Gulf Coada] Plain. Thickes va the hbuiTa thay
border the Misissippi Alluvial Plain; thinner eadwend from the
biufle. Terds 1o retard downwand movement of water, thus
providing recharge io the fluvial deposits.
Custeroary Meislocene Fluvial Depoails 0 lo 100 Sand, gravel, minor clay, and fermuginous andonpe, Generally
and and Plipzcns (termaes deposiu) undelie the losss in upland wcean, but are bocally abserd, Thickoeas
Tediery (T) ey varics greslly becausa of erosional murfaces at iop and base. Provide
waler 1o many demesdic and Orm welle 1o rurl sreas.
Tertiary Jackson Formation 0 1> 350 Clay, ailt, mand, andd [igrite, Beewuss of smilaricies ia lichology, the
and upper pan of Iatkson Formation aod upper part of the Claiborne Group cannol be
Claiborne Group; relishly subdivided hased on availabla information. Mest of the
inctudes Cockfield preserved sequence s the Cockficld and Cook Mountsin formatlons
wnd Cook Mountain undivided, bul locakly the Cockiicld ouy boe uverinio by tho Jackson
Pormalions {Capping Formation. Serves an the upper confining bed for the Memphis
Clay) Sand.
Encens Clalbarne Memphin Sand 00 w 89) | Sand, clay, and minor ignite, Thick body of sand with lenses of
{"500-Porca” sared) clay at verious stratigraphic horizoos and minor ligoile. Thickest in
the southwerizm part of the Memphis seea:, thinned in te
Norheasiern part. Priccipal aquifer providing water for mundcipal
end industnal wipplics cat of the Mirdssippi River; sole sourco of
weler for the Cily of Mzmphis.
Flour Inland 160w 310 | Clay, silt, sand, and lignite. Consica primarily of silty clays and
Formaiion aandy silts with lenses nnd inlerbeds of Gne sand and lignites. Scrves
a3 it lower confining bed for tha Memphin Sand and the upper
confining bed for the Fort Pillow sand.
Port Pillow Sand 125 10 305 | Sand with minor clay and lignite, Sand is fine 10 oedivm, Thicken
("1, 400-Foat™ Sand) in the southwesiemn part of tha Memphis Area; thinoed i the
Wilcox oorthern and northeasiern pard, Cree the metond prinkipal sguiler
supplying the City of Memphbis; sill used by an industry. Principal
equiler providing water for monicipsl and industrial upplies wen of
the Missisippi River.
Palencens
Old Breastworks 18000 350 { Clay, sili, sand, and Lignite. Cooists primarily of silly clays emd
Formalion clayey allis with lenass snd imecbeds of fine sand aod ligaite. Scrves
un the lower confining bed (or the Fon Pillow Sand, wlong with the
undzrying Portcrs Creck Clay wnd Claston Formation of e Midway
Group.

"Alluvium La shown here in the comventional poxition as the younges amtigrphic unit. Actually, it elmon nowhers averdies Ui locss but may overdiz eay of the
older stretigraphic unils.
YWaea thin ix the thickness of the unit— ook the depth below grade,

Source: Modilied from Graham and Perks, 1986
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Tennessee, unconsotidated sediments (Cretaceous through Quatemary) reach their
maximum thickness at Memphis, where they range from 2,700 to 3,000 ft.

Cyclic Pleistocene glaciation has been directly or indirectly responsible for the origin,
character, and distribution of virually all of the Quaternary deposits and formation in the
Mississippi embayment, Although continental ice sheets did not actually extend into the
Lower Mississippi Valley area, they nevertheless were responsible for deranging
preglacial drainage and creating the southward-trending river and valley, which
subsequently have carried large volumes of glacial meltwater and outwash. Equally
important controls were exerted by cyclic glaciation in the form of major changes in base
levels of erosion and deposition and the form of climatic changes (ref. 37).

The following geologic units have been specifically identified at DDMT, with the
exception of the Alluvial deposits, and the Flour Isiand, Fort Pillow, and Qld
Breastworks formations:

. Alluvium, Alluvial deposits consisting of Holocene and Pleisiocene sand,
gravel, silt, and clay have been deposited in the channel systems and
floodplains of modern streams.  Alluvial deposits may reach their
maximum thickness of 175 ft in the valleys of primary streams (Mississippi
River). At other locations, the unit seldom exceeds 50 ft in thickness.

Although it 15 a significant unit within the region, no alluvial deposits were
encountered at DDMT during the RI (ref. 18).

. Loess. Loess is a semi-cohesive eolian deposit composed of silt, silty
clay, silty fine sand, or mixtures thereof. It mantles the ground surface
over wide areas of the central United States. It typically occurs above the
alluvial {terrace} deposits and is thickest along the bluffs overlooking the
Mississippi Alluvial Plain. Its maximum thickness is reported to be about
63 ft; it thins considerably toward the east. Locally, it may contain thin,
discontinuous, fine sandy layers enclosed within silts and silty clays.

. Fluvial (Terrace) Deposits. Quaternary and possibly Pliocene age fluvial
deposits occur beneath the uplands and valley slopes of the Gulf Coasial
Plain and are the remnants of ancient alluvial deposits of either present
streams or 2n ancient drainage system. The fluvial deposits consist
primarily of sand and gravel with minor lenses of clay and thin layers of
iron-oxide cemented sandstone or conglomerate. These fluvial deposits -
range from zere to 100 fit in thickness. The thickness is highly variable
because of erosional surfaces at both top and base. Locally, in the
Memphis area, the fluvial deposits may be absent (ref. 11), This deposit
represents the upper aguifer at DDMT.

. Jackson Formation/Upper Claiborne Group. The Late Eocene Jackson
Formation and upper part of the Claiborne Group lie beneath the fluvial
(terracc) deposits. Becausc of lithologic similarities, the Jackson
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IFormation and upper part of the Claiborne Group cannot be reliably

. subdivided in the subsurface of the Memphis area. These units include
strata of the Cockfield and Cook Mountain Formations undivided in the

+ upper part of the Claiborne Group and, locally, of the Jackson Formation.

The Jackson Formation/Upper Claiborne Group consists primarily of clay,
silt, and fine sand with minor lenses of lignite. Within this unii, sediments
arc Jenticular, and locally individual beds may not be really extensive. The
clays are predominantly of the montmorillonite type. The thickness of the
Jackson Formation/Upper Claiborne Group is highly variable in the
Memphis urban area, ranging from zero to 360 ft, with aggregate thickness
of clay beds ranging from zero o 250 ft (ref. 13). These formations
represent the confining unit below the fluvial deposits and above the
Memphis Sand at DDMT.

- Memphis Sand ("500-foot sand™). The widespread terrace deposits of the
Memphis Sand were deposited during the Middle Eocene time when
streams carried extensive quantities of sand and gravel into the Mississippi
embayment area. The Memphis Sand unit is composed primarily of thick
bedded, white to brown or gray, very fine-grained to gravelly, partly
argillaceous, and micaceous sand. Lignitic clay beds constitute enly a
small percentage of total thickness. The Memphis Sand ranges from 500
ta 890 ft in thickness, and the depth to the top of the Memphis Sand
Aquifer in the area ranges from approximately 120 fc 1o 300 ft below

. ground surface. It is thinnest in the northeastern part of the Memphis area
in northwestern Fayette County, Tennessee, and thickest near the
Mississippi River in southwestern Shelby County, Tennessee, (ref. 33).
The City of Memphis obtains its drinking water from this aquifer.

. Flour Island Formation. Beneath the Memphis Sand lies the lower
Eocene and Paleocene Flour Island Formation. The Flour Island
Formation consists primarily of silty clay and sandy silt with lenses of fine
sand and lignite that are not really extensive. The thickness of this

formaton is variable in the Memgphis urban area, ranging from 160 1o 310
ft (ref. 33).

- Fort Pillow Formation ("1400-foot sand"). The Fort Pillow Sand OCcurs
beneath the Flour Island Formation throughout the Memphis area. It
consists primarily of fine-to-medium sand with some local interbedded clay

and lignite. The Fort Pillow Sand ranges from 125 to 305 fi in thickness
(ref. 33).

. Old Breastworks Formation. The Old Breastworks Formation is the
cldest of the Tertiary units identified in the study area. It consists of silty
clays and clayey silts with interbeds and lenses of fine sand and lignite.

. This unit has been reported to range from 180 to 350 fi in thickness.
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The geology of DDMT was investigated by reviewing the existing published geologic
information and work performed during the RI (ref. 18). Eight deep soil borings (STB 1
through 8) and 31 monitoring wells (MW-8 through MW-39) were instalied onsite and
offsite. The borings ranged from B0 to 220 fi deep, while the monitoring wells ranged
from 54 to 209 feet deep. Twenty-nine of the monitering wells were installed in the
Fluvial Aquifer, and two monitoring wells were installed in the Memphis Sand Aquifer,
Well logs from eight wells previously installed by USAEHA also were used to develop
site geology. Monitoring wells in the Fluvial Aquifer range from 29 to 157 {t bgs.
Table 2-4 shows pertinent data for the existing monitoring wells.

Because soil borings are considered to be representative of geologic conditions only for
the exact point where they were advanced, care was taken in the development of
subsurface interpretations that may or may not infer the continuity of specific strata
between widely spaced borings. Professional judgment was exercised by Law
Environmental in the interpretations that are depicted on cross sections and other figures.
The conditions encountered at DDMT appear to be reasonably consistent with those
reported by a number of investigators in the professional technical literature relative to
the geologic units underlying Memphis. STB and monitornng well logs are located in
Appendix B of Reference 19.

On the basis of the STBs and monitoring wells installed during the RI {ref. 18), five

. cross sectons are included that illustrate the postulated occurrence, attitude, and
relationships of the geologic units encountered. The cross sections, Figures 2-8 through
2-12, are peneralizations; local variations in subsurface conditions should be expected.
Refer to STB Records in Appendix B of Reference 19 for descriptions of specific
subsurface conditions at individual boring locations. The strata encountered during the
performance of the Law study included loess, fluvial deposits, Jackson Formation/Upper
Claiborne Group clays (based on interpretaticn), and what has been interpreted to be the
Memphis Sand. These geologic units generally exist throughout the Memphis area and
are reported to be laterally extensive, although individual formation members may not be
correlative over even short distances.

Loess. The uppermost geologic unit at or near ground surface in the study area is
loess—eolian deposits consisting of brown silty clay, clayey siit, and fine sandy clayey
silt. The loess was encountered at all drilling locations. This unil is described as a
brown to yellowish low plasticity silt (ML) or low plasticity clay (CL). Thin
discontinuous fine-grained sand zones may occur locally. The unit ranges in thickness
from 6 £t at MW-25 to some 40 ft at MW-16, MW-17, and MW-20. Four samples were
collected from this unit for analysis of their physical properties.  Atterberg Limits
analysis (liquid limit average = 35, and plasticity index average = 15) and grain size
analysis (average 96.8 percent passing the No, 200 sieve) indicate a lean clay
classification.
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. Ta!)le 24 )
Summary of Existing Well Construction
Defense Depot Memphis, Tennesses
Page 1 of 2 Il
Depth Static
Land Total Screen Taop of Water
Well Drilling Surface Depth Lengih Sereen Level
I Location Method NGYD) {fe) {fe) (ft) {Ft)
MW-2 Dunn Field NW HEA 280.7 320 14 18.0 2¢.3
MW-3 Dunn Ficld NW HsA 250 4 7.5 10 63.5 61.6
MWw-4 Dunn Field NE HSA 300.0 78.5 20 54.5 69.8
MW.5 Dunn Field NE HSA 301.3 7.0 20 57.0 2.8
I MW-H Dunn Field NE HSA 288,1 70.0 20 50.0 50.0
MW-7 Dunn Field NC HSA 293.1 74.0 10 64.0 52.0
MW-8 Duna Field NC HS5A 2927 69.1 [14] 56.5 59.2
MW-2 Dunn Field NC HSA 3047 g1.5 10 T0.1 73.0
MW-10 | Dunn Field NW HSA 282.0 71.0 10 58.6 57.5
MW-11 | Dunn Ficld NW HSA 299.6 £5.3 15 67.9 T0.3
. MW-12 | Dunn Ficld WC HSaA 301.4 5.8 is 69.4 71.6
MW-13 | Dunn Field C HSA 300.0 3.4 L5 65.0 69.0
MW-14 | Dunn Field 5C HSA 2.4 BO.0 5 65.0 723
I MW-I5 | Dunn Field WC HSA 295.2 BO.R 15 63.4 653
MW-16 | Main Past NE (near $209) Mud Rotary 300.2 75.0 15 574 37.0
MW-17 | Main Post NC {aear DRMO) HS5A 316.2 95.9 15 T7.6 84.7
MW-18 { Main Post NW (near Gate 15) HSA 308.3 140.0 15 122.6 -
MW-19 | Main Post NW (pear Gate 925) HSA 290.9 96,4 10 33.1 LLRY
mw-zo Main Post WC {near P949) HS5A 2352 100.5 15 83.1 856 J
MW-21 | Main Post SW (near $1089) HEA 295.1 109.5 15 a2.1 95.0
I MW-22 | Muin Post SW (near 1087) H3A 298.1 107.8 10 954 9717
MW-23 | Main Post SW (pear S873) HSA 299.0 113.6 10 101.2 100.2
MW-24 | Main Post SC (near 690) HSA 99.6 114.7 15 911 108.7
MW-25 | Main Fost SE (ncar 489) HSA 2703 Bl.4 10 69.0 73.4
MW-26 | Main Post SE (pear 8350) HSA oy 110.0 10 97.6 100.1 |
. M\E’i‘ Main Post NW (gear 737 Mud Rotary o2 9.6 i3 76.2 - ||
mgr95-DOMT-WP024. WPS 2-30
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® Table 2-4 -

Summary of Existing Well Conslruction
Defense Depat Memphis, Tennessee

Page 2 of 2

Depth Static

Land Total Screen Top of Waier

well Drilling | Surface | Depth | Length | Screen | Level

l 1D Location Method | (NGVD) |  (f0 i£0) (€0 )

| w28 | Duan Fieta NB HSA 204.9 §9.4 L5 543 | 512

MwW-29 | Duon Field NE Hsa 273.4 5413 20 34.2 7.0

MW-30 | MLGW HSA 273.9 59.1 20 1.0 | 425

| saw-ar | miow HSA 287.4 79.2 15 6.1 | 616

MW-32 | Roselle St. HSA 285.4 67.8 15 s2.7 | se9

Mw-33 | Roselle St. HSA 277.5 60.0 15 a6 | 482
MW-3¢ | Duan Ficld SW Mud Rotary | 3008 | 1565 | 20 1366 | 1456 |

MW-35 | Duan Field NW HSA 3016 97 | 20 66 | 7.7

| Mw-36 | Duna Field SE MudRotary | 3132 | 2004 | 15 1923 | 166.1

MW-37 | Rosallc St. Mud Rotary | 2855 | 1828 [ 15 165.7 | 2.1

@ | o5 | oo post ewr 6= 13) Mud Rotary | 3084 | 1550 15 139.9 | 1372

MW-39 | Main Post {near 770) Mud Rotary | 2964 | 1156 | 20 95.5 | 104.9

All wells screened in Fluvial aquifer except MW-36 and MW-37.
MW-18 and MW-27 arc screened above the waier tahle.
H3A = Hollow Stem Auper
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. Fluvial Deposits.  Fluvial deposits underlie the locss and were encountered at all drilling

locations during the RI (ref. 18). The unit is composed of three generalized members
that can be traced through the study area:

. Silty clay, silty sandy clay, or clayey sand

Poorly graded (less than 5 percent silt or clay), fine to medium-grained
sand

. Gravelly sand

The upper member is the silty clay, silty sandy clay, or clayey sand. It averages
approximately 5 ft in thickness and directly underlies the loess. It thins in the vicinity of
Lake Danielson at MW-25 and is not present in MW-26,

Beneath the silty clay, sandy clay/clayey sand are layers of sand and sandy gravel. These
layers may alternate, as shown on the cross sections. A conspicuous pink, white, or gray
low plasticity clay occurs as a thin discontinuous seam within the gravelly sand sequence.
Apparently this seam thickens near STB-8, wherc 35 ft of clay was encountered. MW-27
terminated at the ¢op of this clay seam before reaching the saturated zone of the aquifer.

The sand layers range from poorly graded to well graded fine- 1o coarse-grained, very
well-soried to poorly-sorted quariz grains. The upper sand layers are generally a bright
. orange, indicating an oxidizing envircnment. The lower sand layers are poorly graded,
and are tan to white. The sand layers show a coarsening downwards into a gravelly
sand, with chert being the primary gravel constituent. Gravel size ranges from small
pebble size up to 4 inches in diameter. The coarsening downward sequences and the
lateral facies changes over short distances are indicative of fluvial deposits (ref. 38). The

fluviat deposits range in thickness from approximaltely 40 ft at MW-29 1o 131 ft at
MW-33.

Most of the samples collected for mechanical lesting were taken from within the fluvial
deposits. Geotechnical analysis confirmed the primary field classification as poorly
sorted sands and gravels (SP).

Jackson Formation/Upper Claiborne Group. Clayey soils that have been interpreted as
the Jackson Formation/Upper Claiborne Group were penetrated in STB-5, STB-7, STB-8,
MW-30, and MW-37. This unil is rcpresented in the study area by a distinctive stiff
gray or orange, low to high plasticity lignitic clay. This member underlies the fluvial
deposits and is a regtonally significant confining unit. The maximum thickness of the
confining unit was 92 ft in MW-36. This unit appears to be laterally persistent and fairly
uniform in thickness throughout most of northern Dunn Field. In the southern portion of
Dunn Field and on the Main Installation, post-Eocene erosion on the upper surface of the
Jackson Formation/Upper Claiborne Group resulted in a deep channel-like feature. The
eroded surface was indicated by drastically increased depths to the wop of the clay unit
. encountered during drilling operations. The thickness of the clay unit in boring STB-8

Mem35-DDMT-WFPZ/018. WF3 2-37
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was 15 ft, which was the minimum thickness of the clay unil that was encountered by soil
torings at DDMT,

Memphis Sand. The upper portion of the Memphis Sand Formation was encountered in
the same five borings as was the Jackson Formation/Upper Claiborne Group. This
Formation is represented in the study area by a gray, very fine-grained, silty sand.

2.4.6 Hydrogeology

In the following sections, the hydrogeology of the region and of DDMT is described.
2.4.6.1 Regional Hydrogeology

Information describing the groundwater conditions and resources of Shelby County was
obtained from Wells (ref. 7t), Moore (ref. 29), Terry, et. al. (ref. 49), and Graham and

Parks (ref. 11). Water table (fluvial) aquifer quality infermation was derived from
McMaster and Parks’ 1988 report (ref. 11).

Hydrogeologic Setting. The region’s hydrogeologic setting consists of a series of thick,
generally unconsolidated sedimentary units deposited in a broad trough or syncline
(Mississippi embayment). The trough’s greatest depth is defined by its axis, which
extends N50°E in an alignment generally following that of the Mississippi River. The
trough dips southward along its axis. Larpe-scale sedimentary units deposited within this
structural feature tend to thicken from east to west where they reach their greatest
-accumulation, at the axis, and tilt gently southward, following the trough's orientation.

Individual sedimentary sequences have been deposited in the trough, roughly following its
physical orientation. The most permeable of these units are identified as aquifers and the
teast permeable are termed confining units,

Principal Aquifers. The Memphis area is located within a region where several aquifers

of local and regional importance exist. These aguifers are identified in descending order
by their geologic names:

Alluvium

Fluvial (Terrace) Aquifer

Mecmphis ("500-foot™) Sand Agquifer
Fort Pillow {"1400-foot") Sand Aquifer

. 8 &

These aguifers correspond to the geologic units described in the gealopy subsection. The
Alluvial Aquifer’s distribution is limited to the channels of primary streams; therefore, it
does not occur at DDMT, The Fluvial, Memphis Sand, and Fort Pillow Sand aquifers
underlie the installation and are discussed in following subsections.

mEm95-0 DM T-WPLO18, WPS 2-38




2.4.6.2 DDMT Hydrogeology 126 79

Site-specific hydrogeolegic conditions were investigaled by physical inspection, test
borings, groundwater quality, monitoring well installation, and direct measurement of in
situ hydraulic properties during the RI (ref. 18). The investigation consisted of three
interrelated rasks: a review of the available groundwater data, performance of eight
STBs to further describe aquifer characteristics, and monitoring well installation. A total
of 29 groundwater quality monitoring wells were installed into the study area’s Fluvial
Aquifer, and 2 monitoring wells were installed into the Memphis Sand.

Loess. The uppermost hydrogeclogic unit encountered at DDMT is the loess, a firm silty
clay or clayey silt. While not usually a water-bearing unit, these materials are of interest
to this investigation because they tend to limit precipitation infiltration (recharge) to
significant underlying aquifers where the loess remains intact and undisnurbed. Sandy
zones occurring within the loess may become seasonal "perched” water-bearing zones that
contain water for short periods of time after rainfall events. Usually, the perched water-
bearing zones discharge their groundwater to adjacent units in hydraulic communication
with them. One USAEHA monitoring well (MW-2) and severa] of the monitoring wells
installed as part of the RI (ref.18) cncountered one or more perched water-bearing zoncs

in Dunn Field. Typically. the perched zone consisted of a fine sandy layer enclosed
within the locss, approximately 20 ft bgs,

Fluvial (Terrace} Deposits. Fluvial (Terrace) deposits underlie the loess within the
study area. The fluvial deposits form the site’s shallow (water table) aquifer. It consists
of clayey sand, sand, and gravelly sand strata, ranging in thickness from 40 to 131 ft at
DDMT. Recharge 10 this unit is primarily from the infilteation of rainfall (ref. 11),
Discharge from the unit is generally directed toward underlying units in hydraulic
communication with the fluvial deposits, or laterally into the adjacent stream channel,

According to the water levels measured in the monitoring wells during the RI and
presented in the RI Report (ref, 18), only the base of the unit is saturated. The actual
saturated thickness varies from 5.7 ft at MW-24 to 18 ft at MW-16 and MW-3S. The
upper surface of the unit’s saurated thickness ranges from an elevation of 243 ft NGVD
at MW-16 10 a low of 155 [t NGVD at MW-34. Published seasonal water levels indicate
that the groundwater levels flucruate several fi. However, during the RI (ref. 18), no
significant fluctuations were seen in the warter levels measured at DDMT.,

DDMT's general water level data were used to prepare a water table surface map

(ref. 18) of the Fluvial Aquifer underlying DDMT {Figure 2-13). This figure represents
an interpolation of the water level information obtained from widely spaced monitoring
wells and is an interpretation of natural conditions on the date of measurement. The

figure suggests that two general flow directions exist within the fluvial deposits at
DDMT.

mpm%3-DOMT-WP2/D 18, WES 2-39
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[n the Dunn Field area, a westerly direction of flow is apparent in the installation’s
shallow aquifer (Figures 2-13 and 2-14).

At the Main Installation, a different flow regime is suggested by the water level data

(Figure 2-14). The closure of water level contours around MW-34 and 5TB-8& suggests
that groundwater flow in this area is directed toward what may be a "sink" or a buried
stream channel of poerly defined proportions. More information is needed o properly
define groundwater Mow in this area. A general west to southwest groundwater flow is

indicated for the rest of the Main Installation. However, local variations in this wend are
not well-defined.

Site groundwater and surface water levels were compared (0 evaluate the possibility of
groundwater discharge 1o surface waters at or near DDMT. On the basis of a generalized
hydrogeologic section created during the RI and presenied in the RI Report (ref. 18),
groundwater elevations fall below local stream base elevations in the vicinity of DDMT
(Figure 2-15); therefore, the fluvial deposiis probably de not contribute to the stream
base at this location. The higher elevation of both Cane Creek and Nonconnah Creek in
relation to the groundwater table indicates that the two creeks discharge into the aquifer.
The apparent southward flow away from Cane Creck, and northward flow away from
Nonconnah Creek, in conjunction with the drop in elevation of the water table associated

with MW-38, supports the possibility of downward vertical leakage into the deeper
Memphis Sand Aquifer.

To better interpret subsurface conditions, a geolegic map of the fluvial deposits’ samrated
zone at DDMT was prepared during 1989-90 as part of the RI Repont (Figure 2-16).
This figure suggests the possible presence of a palec-stiream channel in the study area,
which is a fearure known to be consistent with conditions existing in the region (refs. 71,
29, and others). This figure shows a contouring of in situ permeability values in
comparison with a soil classification of the saturated thickness, suggesting that a

correlation exists between conductivity 1est data and the basal unit’s sedimentary
characteristics.

Jackson Formation/Upper Claiborne Group. The Jackson Formation/Upper Claiborne
Group was encountered at more than half of the monitoring well and soil boring
installation locations. The unit is represented in the study area by a distinct gray or
orange clay. The unit is significant because it is a regionally important confining bed
separating shallow water-bearing zones from underlying major aquifers (ref. 33).

The top of the Jackson Formation/Upper Claiborne Group at DDMT was contoured to
interpret the project drilling data in the RI Report {ref. 18), as illuswrated by Figure 2-17.
Where encountered, the elevation of the confining unit’s upper surface ranges from 223 fi
NGVD at MW-14 (o 118 ft NGVD at STB-8. In addition, the elevation of the
Jackson/Upper Claiborne surface encountered at the Allen Well Field was compared to
those encountered at DDMT. The elevation of the Jackson Formation/Upper Claiborne
Group's upper surface within the Allen Well Field varies from 182 ft NGVD at Well 133
to a low of 150 ft NGVD at Well 138. This comparison indicates that the variation in

mgmB5-DIMT-WP2/018. WP5 2-41
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the top of the confining unit is not atypical for the area. The highly variable nature of
. this surface is interpreted to be due to post-Eocene erosion.

An inspection of the study area’s cross sections (Figures 2-8 through 2-12) indicates that
the strata in the vicinity of MW-34, MW-38, and STB-§ do not conform to the more
pervasive flat-lying conditions. The extreme depth at which the confining unit was
encountered at these three locatons and the reduced thickness of the unit in STB-8
suggests that the confining unit has been significantly eroded in this area. An
investigation to determine the presence of the confining unit and hydraulic communication
(if any) between the two aquifers is planned duning the OU-4 RI field activities. The
continuity and actual thickness of the confining unit can only be estimated from the
available information.

The Jackson Formation/Upper Claibome Group appears to be laterally persistent and
fairly uniform in thickness in most of the Dunn Field area. In the southwestern portion
of Dunn Field and on the Main Installation, this unit both deepens and thins (sce
Figure 2-10, specifically, STB-7 and STB-8).

Graham and Parks (ref. 11) present several lines of evidence to suggest that the Jackson
Formation/Upper Claiborne Group is not laterally continuous throughout the Memphis
area. In some areas, the Memphis Sand is directly overlain by the alluvial or fluvial
deposits, permitting the downward vertical leakage from shallow water-bearing zones into
the regional aquifer, Bell and Nyman (in ref. 11) estimated the quantity of this

. downward leakage to be on the order of 2 million gallons per day (mgd). These
indications are drawn from a comparison of the piezometric surfaces of the Memphls
Sand Agquifer and the Fluvial Aquifer at DDMT.

Leakage through the Jackson Formation/Upper Claiborne Group is possible even where it
is continuous, because of the significant positive head difference between the two aquifers
separated by the confining unit. The umt is composed of permeable fine sand and lignitic
lens in addition to the less permeable clay and silt strata.

Groundwater seepage through the confining unit at Dunn Field was esimated during the
RI {ref, 18). In that area, the borings indicated the confining unit was relatively thick
and consisted of a uniform clay. Permeability data were not available for the specific site
soils; therefore, a range of typical values for clayey soils was assumed. The average
interstitial seepage velocity may be estimated by using the equation

V = K hf 1, where:

nc

V = average interstitial velocity
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K = average estimated coefficient of permeability, the assumed range is 3 x 107
10 3 x 107 fyday (1x10° o 1x10°® cm/sec) for tight, plastic clays (from
Cedergren, 1989, pp. 31 and 32)

h = difference in hydraulic head berween two aquifers (82.7 ft); this
information was obtained for the Fluvial Aquifer at MW-32 (226.02
NGVD) and the Memphis Sand Aquifer at MW-37 (143.36 NGVD)

| =  thickness of the confining unit (75 ft at MW-37)

h/ 1 = hydraulic gradient (dimensionless)

n° = estimated effective porosity (dimensionless), assumed as 0.40 for clays

The calculated range of downward seepage velocities is 3.3 x 10?2 10 3.3 x 10* ft per

day. This approach indicates that the confining unit in the Dunn Field area near MW 37,
where the confining unit is 75 ft thick, could be penetrated by water flow in a time frame
from 25 to 2,500 years. These calculations are based on assumptions that will be refined
and verified during future remedial investigations. ‘ '

Memphis Sand ("500-foot sand"). The Memphis Sand represents the region’s most
tmportant source of water resources. This unit was investigated by drilling three deep
soil borings and installing MW-36 and MW-37 during the RI (ref. 18). Information

describing the unit was obtained from the two wells, three borings, and published
SOULTES.

The Memphis Sand is reported 10 underlie the entire Memphis area. At DDMT, the top
of the Memphis Sand is approximately 125 to 150 ft NGVD. The base of the unit is on
the order of -750 [t NGVD, based on interpolation of Moore’s work (ref. 20). The
Memphis Sand contains groundwater under strong artisan (confined) conditions. Locally,
extensive pumping has lowered water levels considerably. The Memphis Sand
potentiometric level at MW-36 and MW-37 ranges from 143 1o 146 ft NGVD. Flow in

the unit is directed generally westward, toward the Allen Well Field, a major local
PUMPINE Z0ne.

The Memphis Sand is reported to derive most of its recharge from areas where it crops
out. The outcrop area forms a wide northeast trending belt several miles east of

Memphis. The outcrop belt extends from the east of Shelby, Fayette, and Hardemen
Counties northeast across much of west Tennessee.

Fort Pillow Sand. The Fort Pillow Sand (also called the "1400-foot sand") underlies
DDMT and the Memphis region at great depth, on the order of 1,400 ft bgs. It is
reported to average some 200 ft thick in the study area. The unit containg groundwater
under strong artisan (confined) conditions. It derives most of its recharge from its area
of outcrop well east of the study area and {rom hydrogeologic units in hydraulic
communicaktion with it. The Fort Pillow Sand potentiometric level in the DDMT area
was interpolated to be on the order of 180 ft NGVD in the fall of 1985 (ref. 11).
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. "The fluvial deposits provide water to many domestic and farm wells in rural areas of the
Gulf Coastal Plain, but none are located within the immediate vicinity of DDMT (see
Section 2.4.6.6 for results of the well survey from the RI Report (ref. 18). The fiuvial
deposits have a limited saturated thickness and are subject to groundwater level
fluctuations.

The Memphis Sand currently provides about 95 percent of the water used for municipal
and industrial water supplies in the Memphis area and is the sole source of water for the
City of Memphis. The Memphis Sand was first used as a source of water at Memphis in
1886; since then, withdrawals have increased in proportion to industrial and population
growth. In 1984, municipal and industrial pumpage from the Memphis Sand in the
Memphis area averaged about 180 mgd. The remaining 5 percent of the water used for
municipal and industrial supplies comes from the Fort Pillow Sand (10 mgd in 1984)
(ref. 11).

Published maps of water levels in wells completed in the Fluvial Aquifer and Memphis
Sand in the Alien Well Field are inconclusive in indicating a hydraulic connection
between the two units. The 13- to 20-foot drawdown in the Memphis Sand is not
reflected in the immediately overlying Fluvial Aquifer. However, the well density used
on the published maps is not sufficient to address this issue, and it should be considered a
data pap in the knowledge base for this aspect of the project.

. 2.4.6.4 Water Quality

McMaster and Parks (ref. 22) report on water quality of the Fluvial Aquifer in the
Memphis area. In their study, 28 wells were sampled in 1986 and 1987 and analyzed for
selected trace inorpanic constituents and synthetic organic compounds. Seven additional
wells were installed in Memphis Light, Gas, and Water (MLGW) wellfields (see

Figure 2-18 for locations of MLGW wellfields), and were sampled and analyzed for the
same constituents. From their studies, the authors concluded that water from the Fluvial
depasits has low concentrations of dissolved solids, generally is moderately hard, and has
low concentrations of iron. The MLGW field study indicated that all major and trace
inorganic constituents in the Fluvial Aquifer were within the known range of values for
natural, uncontaminated water, Synthetic organic compounds were not detected in any of
these samples. Comparisons between the MLGW and USGS studies, and the associated
data, are discussed in the aext section.

2.4.6.5 Alen Well Field

DDMT is located east of the Allen Well Field, one of six pumping centers owned and
operated by the MLGW. The Allen Well Field draws waler from the Memphis Sand
Aquifer, which is (he potable water source for the City of Memphis and most of Shelby
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County. Studies have implied that suspected areas of hydraulic interconnection may exist
in the confining layer overlying the Memphis Sand Aquifer, which may allow migration
of conlaminants from water table aguifers (ref. 11). It is important to note that, to date,
none of the studies performed at DDMT have conclusively shown that any of these areas
exist beneath DDMT. However, one of the investigation's purposes is to assess whether
one of these areas exists beneath the Main Installation. Contaminants migrating from
DDMT possibly could reach surrounding water table aquifers and could potentially
contaminate the Memphis Sand Aquifer. Of the 33 Allen Well Field wells, 13 lie within
one mile of DDMT (see Figure 2-18). A detailed map showing the locations of the Allen
Well Field monitoring and production wells is provided in Figure 2-18. DDMT will
coordinate with MLGW to obtain available information regarding the integrity of the
Allen Well Field wells.

Analyses in 1988 and 1983 of groundwater samples obtained from wells within the Allen
Well Field show no contaminants exceeding drinking water standards. When analyzed
during 1988, Wells 113, 14, 115, 17, 118, and 138, which all lie within one mile of
DDMT (see Figure 2-18), had levels of volalile organic chemicals that were below gas
chromatographic detection limits. In 1988, MLGW detected low levels of chlorinated
solvents in Allen Well Field Wells 126, 127, and 128. At that time, MLGW officials
believed the source of contamination was an industrial concern located close to the three
wells, They did not consider DDMT as a potential source because DDMT was located
more than a mile away from the problem wells, and wells located closer to DDMT did
not exhibit contamination. The wells were resampled in 1989 and continued to have
detectable levels of chlorinated compounds. One of the three wells is no longer used
(127), while the other two are used only during periods of peak demand (ref. 26).

Table 2-5 shows the contaminants detected in the Allen Wells as well as the constituents
detected in the DDMT monitoring wells, while Tables 2-6 and 2-7 show the analytical
results for the operating production wells and the *IT-" series wells in the Allen Well
Field. It is important to note that the Allen Wells are screened in the Memplus Sand. In
response to an agency review comment, analytical results for the operating production
wells and the "IT-" series wells in the Allen Well Field were obtained. These data are
presented in “Tables 2-6 and 2-7, and were obtained for the same period of record as the
data presented in Table 2-7.

DDMT well locations shawn in Table 2-7 are screened in the Fluvial Aquifer. An
analysis of water, dated September 30, 1988, which was taken at the post-chlorination
distribution point for the Allen Well Field, contained low levels of
bromodichloromethane, chlorodibromomethane, and chloroform {ref. 23). These
constituents, which are common by-products in water that has undergone chlorination
(ref. 32), have not been detected at the DDMT, but the wells will continue to be analyzed
for them. Figure 2-18 shows the location of both production and monitoring wells in the
Allen Well Field.
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The USGS has also analyzed selected wells in the alluvial and fluvial deposits in the

. Memphis area. One well, SH:I-171, is physically located near the Allen Well Field, and
is screened in the Fluvial Aquifer at a depth of 71 ft bgs. The results of analyses for
dissolved metals and volatile organic constituents are summarized in Table 2-8 (ref. 11).
No levels of metals or volatile organic constituents exceeded drinking water standards for
contaminant concentrations. However, these data are not directly comparable to the data
from DDMT monitoring wells, because wells at DDMT were analyzed for total metals
rather than dissolved metals.
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2.4.6.6 Well Survey

The State of Tennessee and the local health department monitor the number of wells in
the Memphis area by requiring drilling permits and annual permit renewals for continucus
well operation. A preliminary well survey of the area (conducted during the RI [ref. 18])
within a 1-mile radius of DDMT did not reveal the existence of any private residential
wells. Four industrial wells (Cochran, Kellogg, and two at United Refrigeration) are
located within a 2-mile radius, but are not used as potable water sources (ref. 28). The
Memphis-Shelby County Health Department (MSCHD) has analyzed groundwater
samples collected from the Cochran (January 30, 1989) and United Refrigeration
{October 10, 1988), industrial wells for total phenols, metals, total coliforms, and
nitrates. All three wells were found to have acceptable water quality for the parameters
analyzed. All four industrial wells are screened in the Memphis Sand Aquifer at depths
of approximalely 450 to 500 ft (ref. 28).

2.4.7 Land Utilization

Land use of the specific zones located within the area of interest was determined by
visual reconnaissance during the RI (ref. 18) and by previous inveshgations (Section 2.2).
Figure 2-19 shows most current land use information for the area surrounding DDMT.

2.4.7.1 Demographics

DDMT is located in the southern portion of the City of Memphis. Table 2-9 shows the
census data for the total Memphis Standard Metropolitan Stakistical Area (SMSA) city
area.

The 1988 estimated median age for the areas surrounding the DDMT is 29.5, with 25
percent of the population under the age of 15 and 11 percent over the age of 65.
Females make up 54 percent of the population. Most of the residents have lived in the
area fewer than 5 years or more than 15 years (ref. 6). Two additional zip codes are
within 1 mile of DDMT, but no census data was available for these codes (38132 and
38131) (ref. 5).

g ?5-DOMT-WE/01 8, WPS 2-35 9/19/95
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. Table 2-8
Dissolved Metals and Volatile Organic Compounds
USLGS Fluvial Well
Defense Depot Memphis, Tennessee

Well Name Depth, Ft. Sample Date
SH: J-171 71l 02-03-87
Concentrations of Canstituents (ugfL)
Tatal

Volatile

Arsenic, Barium, Cadmium, Chromium, Lead, Mercury, Organic

Dissolved Dissolved Dissalved Drissolved Dissolved Dissolved Compoumnds

<l 92 2 4 <5 <1 <3

Source: USGS, 1988,
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. T Table 2-9

1990 Census Data for DDMT and Surrounding Area
Defense Depot Memphis, Tennessee

1980 Census | 1988 Estimate | 1993 Projection

I Total Population 646,356 652,875 659,441
Total Households 230,474 244 545 253,588
Average Household Size 2.8 2.6 2.6

1990 Census Data for Zip Code 38114

1980 Census | 1988 Estimate | 1993 Projection ‘

Total Population 47,781 47,109 46,587
Total Households 15,502 16,315 16,562
Average Household Size 3.1 2.9 2.8

1990 Census Data for Zip Code 38106"

1980 Census | 1988 Estimate | 1993 Projection

. Total Population 46,636 43,956 43,108
Total Housgholds 14,588 14,214 14,312
Average Household Size 3.2 3.1

*DDMT is surrounded by zip codes 38114 and 38106.

\-.._I
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2.4.7.2 Land Use

The summary below was obtained from Harland, Bartholomew and Associates, 1988
{ref. 15).

Adjacent Land Use, DDMT is located in south-central Memphis in an area of widely
varying uses. To the north of DDMT are the rail lines of the Frisco Railroad and Illinois
Central Gulf Railroad. A number of large industrial and warehousing operations are
located along the rail lines in this area including Kellogg Company; Laramie Tires;
Lanigan Storage and Van Company; the Kroger Company: National Manufacturing
Company, Incorporated; and United Uniforms. A triangular area immediaiely to the
north of DDMT along Dunn Rozad also contains several industrial firms. Formerly a
residennal neighborhood, the area is characterized by small commercial and

. manufacturing uses with a few single-family residences remaining.

Aiarways Boulevard is the most heavily traveled thoroughfare in the vicinity and is
developed with numerous small, commercial establishments, particularly from DDMT
southward to the Airways interchange with Interstate 240, Businesses along Airways
Baulevard are typical of highway commercial districts and include convenience stores,
liquor stores, restaurants, used car dealers, and service stations. Other commercial
establishments are located to the north, south, and west of DDMT. Most are small
groceries or convemence stores that serve their immediate neighborhoods.

DDMT s surrounded by residential development. Scveral large, multi-family
developments are in the area, ranging from an older apariment complex (Castalia Heights
Apartments) north of DDMT along Carver Avenue and Keltner Circle, 10 a newly
constructed development (Orchid Manor) south of DDMT on Ball Road.

Institutional uses include numerous small church buildings scattered throughout the
residential ncighborhoods. Several schools are located in the area:  Alcy Road
Elementary to the seuth of DDMT; Normris Elemenary, Dunn Elementary, Corry Junior
High, Hamilton High, Hamilton Junior High, and Hamilton Elementary to the west;
Magnolia Elementary to the northeast; and Charjean Elementary and Airways Junior High
1o the east. Five cemeteries are located near DDMT: Anshei-Sphard, located directly
across Airways Boulevard; Baron Hirsch, located to the northwest on Rozelle Street: and
Calvary, Forest Hill, and Temple Isracl in the vicinity of Person Avenue and Bellevue

Boulevard, to the west. MLGW operates a large substation to the northwest of DDMT
along Person Avenue,

Two ncighborhood parks are in the immediate vicinity of DDMT. Alcy Samuels Park is

located on Alcy Road to the south of DDMT. Lincoln Park is located on Person Avenue
to the west of DDMT.

mgm?S-DOMT-WPLGLE WS 2-59




126 140

Meost of the land surrounding DDMT is intensely developed. However, three relatively
large, undeveloped sites exist in the general area. The largest is located to the north of
DDMT at Person Avenue and Rozelle Street. Other areas are located south of DDMT

along Ball Road and Ketchum Road in the vicinity of the Orchid Manor Apariments, and
cast of DDMT on Dwight Street.

Land Use Controls. In Memphis and Shelby Counties, zgning controls and subdivision
requirements are under the jurisdiction of the Office of Planning and Development
(CPD). The DDMT property itself is zoned Light Industrial (I-L). This designation
extends o several contiguous parcels east of DDMT along Airways Boulevard, in the
vicinity of the Kellogg plant westward past Rozelle Street, Several smaller areas adjacent
to those mentioned above are zoned Heavy Industrial (I-H).

Commercially zoned areas predominate along Airways Boulevard from DDMT southward
o the Airways Boulevard intersection with Interstate 240. Other commercially zoned

areas exist along Castalia, Hearst, and Ragan (nonth of DDMT) and along Alcy and
Ketchum (south of DDMT).

Most of the remaining land in the vicinity of DDMT is zoned for single-family or duplex
residential. However, several large parcels have been zoned to allow multi-family
developments, partictlarly to the north of DDMT in the Castalia Heighis area; to the
west of DDMT on Dunn Avenue near Lincoln Park; to the south of DDMT along Alcy

and Keichum roads; and to the east of DDMT along Airways, Dwight, Pecan, and
Ketchum.

2.4.8 Ecology

The following sections discuss the flora and flauna at DDMT.

2.4.8.1 Flora

Most of the facility is restructured surfaces with little abservable vegetation. The
unsurfaced areas have native Bermuda grass and some deciduous black oak (Quercus

velutina). Some decorative plant species have been used in landscaping the housing area,
golf course, administrative areas, and the lake (ref. 13).

2.4.8.2 Foguna

No habitats of threatened or endangered species are known to exist on the DDMT
facility; however, DDMT personnel have reported sighting mipratory birds that may be
considercd threatened or endangered using surface water bodies at DDMT. Lake
Danietson has been stocked in the past with bass (Microprerus sp.) and bluegill
{Lepomis sp.) and also contains catfish (Letalurus sp.). However, as mentioned
previously, Lake Danielson and the Golf Course Pond have been placed off-limits for
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recreational uses since 1986. Dunn Field is a large open area with mature oak trees and
grass. Several additional species have been noted at Dunn Field, including squirrels

(Scivrus niger), the red fox (Vuipes vuipes fuiva), mourning doves (Zenaidura macroural,
quail (Colinuus virginianuy), and turtles (Terrpaene caroling) (ref. 15).

2.4.9 Summary of Physical Characterization Information

Information compiled and evaluated for this study suggests the following:

.

The Dunn Field area is essentially undeveloped. It has slight to moderate

relief. The Main Installation has been extensively developed and is
essentially level.

The study area receives about 50 inches of annual precipitation. Net
precipiiation was calculaied to be 9 inches annually, a value suggesting the
possible generation of leachate and migration of wase-related
contamination,

Few surface water drainage controls are present in Dunn Ficld. The Main
Installation has an extensive storm water drainage system. Lake Danijelson
and the Golf Course Pond receive installation surface drainage.

It 1s unlikely that DDMT will fiood.

Site surficial soils (loess) are predominantly fine-grained, low permeability

malerials that promote rapid munoff and limit percolation where they remain
intact and undisturbed,

The study area’s shallow aquifer 15 composed of the Fluviai deposits, of
which only the lower extent is samurated. The unit’s water levels are some
37 to §45 ft bgs. The unit obtains recharge from precipitation infiltration.
A Fluvial Aquifer water level map (see Figure 2-14) was contoured using
water levels recorded by ESE in November 1993 (ref. 88). The
groundwater flow directions indicate a water level depression in the
northern portion of OU-4, in the approximate location of a depression in
the top of underlying clay layer. This portion of DDMT is a suspected
area of hydraulic interconnection between the Fluvial Aquifer and the
underlying Memphis Sand Aquifer. The extent of the suspected area of
hydraulic interconnection is currently unknown. The groundwater
elevations range from approximately 160 {t NGVD in the depression to
approximately 230 ft NGVD in the eastern portion of the Main Installation,

The fluvial deposits are underlain by the Jackson Formation/Upper
Claiborne Group, a documented confining unit in the study area, The top
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of this unit may influence flow directions in the overlying fluvial deposits.

. The unit appears to be persistent in the Dunn Field area, where the highest
concentration of contaminants was found, [t both deepens and thins in
other areas bencath DDMT.

. The Memphis Sand Aquifer is a regionally significant source of-potable
water supplies in the Memphis area. This hydrogeologic unit underlies
DDMT at a depth of approximately 180 It and receives most of its
recharge from the owtcrop area, several miles east of Memphis. Some
recharge is derived from overlying or hydraulically communicating units,

The Fort Pillow Sand, a second regionally significant aquifer, underlics the
Mcmphis Sand at great depth.

. Study area land use includes mixed residential, commercial, and industrial.
Numerous residences border Dunn Field.

. DDMT is an intensely developed area. As such, it offers little habitat. No
threatened or endangered species habitats have been observed on the
installation.

mEm5-DOMT- WPL018, WES 2-62
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This section briefly describes the nature and extent of soil, groundwater, surface water
and sediment contamination at each of the OUs at DDMT on the basis of data obtained
from the site characterization activities to date. A conceptual model of DDMT, including
information from the preliminary baseline public health evaluation during the RI

(ref. 18), is presented in this section. OUs are discussed by media to provide a general
qualitative overview of the known nature and extent of contamination. Table 3-1 presents
the potential constituents of concemn. Detailed information regarding the analytical results
is provided in Appendix D.

3.1 Nature and Extent of Known Contamination

A detailed description of contamination including contaminant concentrations and fipures
showing sample locations will be provided in the OU-specific FSPs to justify sample
locations and proposed chemical analysis. In addition, figures showing locations of all
previous sampling sites and tables showing corresponding data from these sampling
locations for the four QUs are provided in Appendix D of this report, and in this section.
Findings are summarized by OU, for each media, in the following subsections.

During the 1990 RI (ref. 18), 50 surface soil samples and 24 subsurface samples were
collected from 8 stratigraphic scil borings (3 per boring) throughout DDMT (1950). All
soil samples (surface and subsurface) were analyzed for volatile organic compounds (EPA
Method 8240), semivolatile organic compounds (EPA Method 8250), pesticides/PCBs
{EPA Method 8080), total metals (EPA Method 3050/6010), and mercury (EPA Method
7471). EPA methodologies listed above are found in EPA SW-848, 3rd Edition. Surface
soil and subsurface soil samples collected during the RI and presented in the RI Report
(rcf. 18) are designated as "SS" (Surface Soil) and "STB” (Stratigraphic Test Boring),
respectively.

Groundwater samples were analyzed for VOCs (EPA Method 8240}, SVOCs (EPA
Method 8270), pesticides/PCBs (EPA Method 8080), total metals (EPA Method €010,
including antimony, arsenic, barium, cadmium, chromium, copper, lead, silver,
selenium, nickel, and zinc), and mercury (EPA Method 7470). The EPA methodologies
listed above are found in EPA SW-B46, 3rd Edition. All water matrix samples were
measured for pH, temperature, and specific conductance in the field. Groundwater
samples collected during the RI and presented in the R1 Report (ref. 18) are designated
by monitering well (MW) in Appendix D.

MW-16, located in the extreme northeastern corner of the Main Installation (Drawing 2),
was installed during the RI (ref. 18) to provide background water quality information at
DDMT. MW-16 is screened in the Fluvial Aquifer. No chlorinated VQCs were detected

mgmO5-DDMT-WFL010. WFs 3-1 9/19/95
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. Table 3-1

Potential Constituents of Concern
Defense Depot Memphis, Tennessee

Surface Water
Groundwater Soil and Sediment

VOLATILE QORGANICS:
Acetone

Carbon Tetrachloride
1,1-Dvichloroethene
1,2-Dichloroethene
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Trichloroethene
Methylene Chlonde

BASE/NEUTRAL/ACID EXTRACTABLES:
Antracens

Benzo(a)antracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(K)fluoranthene

Crysene

. Fluoranthene
Ideno(1,2,3-cd)pyrene
Phenanthrene

Pyrene

PESTICIDES AND PCBS:
4.4'-DDD
4,4'-DDE
4,.4'-DDT
Beta-BHC
Dieldrin
METALS:
Arsenic
Rarum
Chromium
Lead
Mercury

X X

g R R

e EES

g
PR S

o

”
P

R
<
>

Note: Potential Constituents of Concern based on resulls presented in the RI Report (ref. 18)
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in this well in two separate phases of sampling during the RI (ref. 18}, Samples analyzed
from MW-16 in Phase T and Phase 1I of the RI {ref. 18) indicated the presence of
arsenic, barium, chromium, copper, lead, and zinc. Samples taken from MW-16 duning
groundwater monitoring by Environmental Science & Engineering, Inc., (ref. 88) in 1993
indicated the presence of trichloroethene, aluminum, arsenic, banum, chromium, copper,
lead, and zinc. The positive results reported for total metals may be indicative of natural
background concentrations. This assumption will be evaluated through the background
sampling plan discussed in Section 5.3.2.

All surface water samples were analyzed for the same constituents using the same

analytical procedures as groundwater, Surface water samples collected during the RI and
presented in the RI Report (ref. 18) have an "SW" prefix.

The sediment samples collected from Lake Danielson and the Golf Course Pond were
analyzed using the same analytical methods described for soils previously. No sediment
samples were taken from the previously identified ephemeral water bodies because no
saturated sediments were available to sample. AOCs A, B, C, and G are all concrete-

lined, storm water drainage channels. Sediment samples are referred to with the "SD™
prefix.

3.1.1 Nature and Extent of Known Contamination at OU-1-Dunn Field

_0U-1 at Dunn Field includes 10 RI/ES sites, 10 early removal sites, 8 screening sites, 3
chemical warfare management plan sites, and 5 proposed NFA sites, Of the 10 RI/ES
sites, all are sites where burial of wastes has either been documented or was discovered
during the RI (ref. 18). The other two sites include an area where open burning

periodically took place and an area where pesticides were stored. A short description of
these sites is found in Table 1-1.

Groundwater, surface soil, subsurface soil, and surface water have been previously
sampled at QU-1, Previpus sample locations are shown in Drawing 1. Highlights of
previous investigation results are summarized below.

3.1.1.1 Soil

The 23 bunal sites in OU-1 (10 RI sites, 2 CWMP sites, 9 ER sites, and 2 screening
sites) have not been individually investigated during the RI/FS or during previous
investipations. DDMT has recorded the burial site locations through the years, using
dimensions from known landmarks, and summarized them in the RFA (ref. 68) on a
map. Drawing | shows site lecations in this OU.

Building 1184 (Site 85) was formerly used to support a pistol range and was subsequently

used to store pesticides and herbicides. A so0il sample {§S-6) taken near this building
(ref. 18) (see Figure 3-1}) exhibited pesticides (DDT, DDE, and dieldrin). MW-9 was

mzm93-DDMT-WP2) 10, WPS 3-3
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sampled, and these contaminants were not found in the groundwater in this area. MW-9
is downgradient from Building 1184,

The open burning area (Sile 24) was investigated with one surface soil sample (85-7) (see
Figure 3-1} at a depth of approximately 1 foot during the RI (ref. 18). The results of this
analysis revealed PAHs and alphachlerdane. Results in this sample possibly show
evidence of buried bumed matenial. The existence of PAHSs can be an indication of
buried bumed material, because these contaminants are readily formed during the
combustion of oil, gas, or organic material.

Sample SS-8 (see Figure 3-1) was collected in the south-central portion of OU-1 at a site
that contained drums of what appeared to be used motor oil. The locadon of this sample
does not correspond to an existing site. The surrounding ground was discolored from the
drums’ contents. This sample contained levels of VOCs including ethyl benzene,
4-Methyl-2-pentanone, xylene, and toluene. The pesticide dieldrin also was detected in
this sample. Metals that were detected include arsenie, lead, barium, and chromium.

Sample S5-9 was collected during Phase 1 from the lowest drainage point in the
southwestern portion of QU-1. S8-44 was collected -approximately 200 ft northwest of
$5-9. PAHs were detected in both samples at approximately the same levels, Dieldrin
was detected in $5-9. The locations of these samples correspond to Site 64, where
bauxite was stored from 1942 through 1972,

Soils analyzed from STB-1 and STB-2 contained barium and cadmium. Chloroform, was
present in STB-1 at 14 ft, Pyrene and fluoranthene were-present in STB-2, -

The pump test well and three piezometers were installed during 1992, and soil cutlings
from those wells were analyzed for agent mustard, chloroform, and thiodiglycol (the
breakdown product of mustard) in addition to other analyses. Apent mustard,
chloroform, and thiodiglycel were not detected. Metals detected in the cuttings include
. arsenic, barium, chromium, lead, ard zinc. VOQCs detected include 1,1-DCE, vinyl
chloride, TCE, and 1,1,2,2-Tetrachloroethene. Pesticides detected include 4,4'-DDD,
4,4’-DDE, 4,4°-DDT, and dieldnn.

3.1.1.2 Groundwater

Groundwater, both in the Fluvial and Memphis Sand aquifers, has been studied
extensively at OU-1, and therefore a reasonable understanding of the nature and extent of
groundwater contamination at this OU currently exists. Major findings of the
groundiwater investigation to datc are as follows:

. Contaminant migration past the boundaries of QU-1 has occurred.
. Metals of concern include chromium, lead, mercury, arsenic and barium.
. VOCs of concern include TCE, tetrachloroethane, and 1,1-DCE.

mgm95-DDMT-WPLH10, WES 3-5
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Groundwater samples were collected in OU-1 from MW-2 through MW-15 during Phase
I of the RI {ref. 18). MW-1 through MW-7 are wells that were installed by USAEHA in
1985. MW-8 through MW-15 were installed during Phase I of the RI (ref. 18), MW-i
was destroyed before the RI (ref. 18) and was not accessible for sampling. MW-2 is
screened in a perched water table at a depth of 29 ft. With the exception of MW-36 and
MW-37, monitoring wells are screened in the Fluvial Aquifer. Drawing 1 shows the
location of monitoring wells at OU-1.

Analytical results from Phase I of the RI (ref. 18) indicate possible contaminant migration
past the boundaries of QU-1. As a result, five monitoring wells (MW-30, MW-31,
MW-32, MW-33, and MW-37) were installed west of OU-1. Except for MW-37, all of
the wells were screened in the Fluvial Aquifer. MW-37 was installed in the Memphis
Sand Aquifer. An interpretation of the potentiometric groundwater contours {(November
1993), as prepared by ESE and Memphis State University, is shown in Appendix D,
Figure D-1. .

Groundwater samples were collected and analyzed again during Phase II of the RI and
presented in the RI Report (ref. 18) from the same wells as in Phase I, except for MW-2,
which was dry at the time of sampling. In addition to these wells, the five new wells
installed in QU-1 during Phase II also were sampled. Four of the new monitoring wells
(MW-28, MW-29, MW-34, and MW-35) were screened in the Fluvial Aquifer, MW-36
was installed in the Memphis Sand Aquifer.

Of the metals identified as potential constituents of concern in the RI Report (ref. 18),
chromium, lead, and mercury were identified in most wells. The highest levels detected
were chromium (800 pg/L, MW-T7), lead (653 pg/L, MW-10), and mereury {3.6 pg/L,
MW-6). By comparison, Lhe primary drinking water standards for ¢chromium, lead, and
mercury are 50 ugfL, SO pg/L, and 2 ug/L, respectively. Arsenic and barium also were
identified as potential contaminants of concern; however, they were less widespread.

Total metals concentrations were reported from several wells on the facility in excess of
MCLs. Tsoconcentration maps of the distribution of these metals concentrations were not
prepared, however, hecause the total metals concentrations may be more representative of
the turbidity in a specific well than they are of a plume of contamination. As implied in
the EPA guidance (1989), the results of total, or unfiliered, metals analyses are
representative of the metals’ actual presence, but the filtered or disselved metal analytical
results may be more representative of the mobile fraction of the metallic species in the
groundwater.

Analytical results from the RI (ref. 18) also detected VOCs and total metals
concentrations in the Fluvial Aquifer at QU-1. The constituents that were detected
include carbon tetrachloride, chloroform, TCE, tetrachloroethane, 1,1-Dichloroethene,
1,1-Dichloroethane, 1,1,1-Trichloroethane, 1,1,2,2-Tetrachloroethane, 1,2-Dichloro-
ethene, 1,1,2-Trichloroethane, and 1,2-Dichloroethane.

Chlonnated VOCs were detected in two of the wells located west of OU-1 (MW-31 and
MW-32). Both wells were contaminated with the same constituents that were detected in
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the wells in Dunn Field. The concentration of the VOCs found in these two wells was

within the same order of magnitudes as levels encountered in the northwestern quadrant
of Dunn Field.

MW-30 and MW-33, west of Dunn Field, did not contain detectable levels of chlorinated
YOCs at the time of Phase 1I sampling. These two wells were used to define the

northern and southern exient of the contaminant plume in this area at the time of the
RI (ref. 18).

TCE was the constituent present at the highest levels in samples collected during both
phases of sampling. Results from Phase I of the RI (ref. 18) indicated TCE, except in
MW-13 and MW-14, with levels ranging from 2 ug/L in MW-15 to 1,300 pg/L in
MW-12. In Phase II, the levels of TCE ranged from 4 ug/L in MW-9 to 3,100 pp/L in
MW-12. The MCL for TCE 15 § pg/I.

Tetrachloroethene was another major groundwater contaminant found in both rounds of

sampling. Analytical results from Phase I of the RI (ref. 18) showed tetrachloroethene in
most of the northern wells in- Dunn Field, with levels ranging from 3 pg/L. in MW-6 and
MW-13 to 190 pg/L. in MW-10. Measurements in Phase II obtained similar results, with

levels ranging from 2 pg/L in MW-6 to 240 gg/L in MW-10. By contrast, the MCL for
tetrachloroethene is 5 pg/L.

Samples from MW-10, MW-11, MW-12, and MW-6 tested positive for
1,1,2,2-Tetrachloroethane in Phase 1. In Phase I the same wells, along with MW-13,
tested positive for this constituent. The highest concentration levels of

1,1,2,2-Tetrachloroethane were found in MW-12 {340 ug/L in Phase I and 1,900 ug/L in
Phase II).

Samples from Phase I and Phase Il of the RI (ref. 18) detected 1,1-Dichloroethene in
MW-3, MW-7, MW-8, MW-9 and MW-10. MW-29 also tested positive in Phase II.
Levels of contamination did not change significantly between Phase I and Phase I1.

Contaminant contours of the major organic compounds for OU-1, prepared from
sampling and analysis conducted in 1993, are shown in Appendix D, Figures D-2 through
D-4 (ref. 88). Additional details on the specific-contaminants found in each well are
provided in both Appendix D of this report and the OU-1 FSP. The OU-1 FSP also
addresses previous sampling results by individual sites and data paps, and the overal!
strategy for completing these data gaps.

In summary, the analytical results from groundwater samples taken at Dunn Field indicate
that the downgradient wells (Figure D-1) west and northwest of Dunn Field are
contaminated with chlorinated VOCs and metals.
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3.1.2 Nature and Extent of Known Contamination at OU-2— 126 111

Southwestern Quadrant of Main Installation

QU-2 is illugtrated in Drawing 2, with a short description of the individual sites in
Table 1-1. Detailed information is provided in Appendix D.

3.1.2.1 Soil

During previous investipations, 15 surface soil samples and three subsurface samples
(depths of 16 ft, 78 ft, and 83 ft} from STB-5 were collected in OU-2. The sample
locations and analytical results are shown in Figures 3-2 and 3-3. Samples were collected
0 aid in the evaluation of the former hazardous materials recoupment area (Site 27), the
maintenance shop—Building 770 (Site 34), and the sandblasting and painting areas (Sites
32 and 34).

Samples collected at Site 27 were collected at a 1-foot depth (labeled surface soils),
because the top foot of soil had been previously removed and backfilled 1o address
pesticide contamination in the soils, based on a sampling investigation conducied by
O.H. Materials in 1985 (ref. 72). Four samples were collected to evaluate the presence
or absence of residual contamination, and did not detect pesticides. However, PAHS
were detected in one sample. Toluene was detected in another sample (Figure 3-2), and
metals were detected in atl samples.

In general, sample analysis deiected the presence of pesticides, PCBs, and PAHS at the
sandblasting and painting area and pesticides, solvents, and PAHs in the area of the
Maintenance Shop, as illustrated in Figure 3-3, althouph the samples were not sufficient
to characterize the full nature and extent of contamination. Additional data to be
collected are detailed in the OU-2 FSP.

3.1.2.2 Groundwater

Four groundwater monitoring wells have been installed in OU-2 with one located
northeast of the maintenance shop (MW-39) and three existing wells located in the south
(MW-23) and southeast (MW-21 and MW-22) of the unit. On the basis of the current
understanding of the direction of groundwater flow (Figure D-1), these wells may be
upgradicnt of potential source areas in OU-2.

Previous sampling events have detected both tetrachloroethene and trichloroethene in
MW-21 and trichloroethene in MW-22, A summary of current pertinent information is
provided in Figure 3-6. In November 1993, monitoring performed by ESE indicated the
presence of metals in MW-23 and tetrachloroethene, trichloroethene, and metals in
MW-39, Because of the limited information, neither a definite source area nor a trend in
waler quality can be determined.

mgmdS-DDMT-WEZD10. WP5
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3.1.3 Nature and Extent of Contamination at OU-3—Southwestern 4

Watershed

0OU-3 includes the Golf Course Pond (Site 25), Lake Danielson (Site 26), the former PCB
transformer storage area (Area 272) (Site 48), Pad 267 (Site 38), and Building T-273
(Site 59). OTJ-3 sites are shown in Drawing 2 and presented in Table 1-1.

3.1.3.1 Soil

Seven limited surface soil samples have been collected from the Golf Course grounds and
near Buildings 274 (Site 46) and Building T-273 (Site 59) during the RI, with results
presented in the RI Report (ref. 18). In general, the samples were not sufficient to
characterize any individual site or source; however, the data indicates the presence of
PAHs and pesticides, as illustrated in Figure 3-4.

3.1.3.2 Groundwater

Analysis of two rounds of groundwater samples (1990, 1994) from MWs-24, 25, and 26.
- in OU-3 detected VOCs and metals. Figure 3-5 illustrates the summarized data, .
Samples from MW-25 and MW-206 showed the presence of tetrachioroethene. MW-26
also detected levels of TCE, carbon tetrachlonde, and-chloroform present in both
sampling phases. A variety of PAHs were detected in 1994 in MW-24 thal were not
detected in the other two wells during either round of sampling or in MW-24 during 1990
sampling. Analytical data from the onginal reports is provided in Appendix D.

3.1.3.3 Surface Water/Sediment

OU-3 has two perennial water bodies, Lake Danielson and the Golf Course Pond, both
manmade structures. Previous investigations have included three separate surface water
and sediment sampling efforts, which are illustrated in Figure 3-4, with detailed analytical
‘pesults located in Appendix D. While surface water and sediment samples have primarily

consisted of samples from.the lake and pond, samples also have been collected from
storm drainage ditches.

Surface water samples were collected (nire from Lake Danielson and related outfall,
three from the Golf Course Pond, and four from drainage ways) during three
investigations. In general, results indicated low levels of pesticides-in the surface water
(illustrated in Figure 3-5 and presented in Table 3-2), probably attributable to disturbed
sediments, as discussed below. Surface water in the drainage ways indicated higher

levels of potential contaminants than water in either Lake Danielson or the Golf Course
Pond.

In general, both Lake Daniclson (9 locations with 5 locations having samples collected
from the surface and 9-inch depth) and the Golf Course Pond (3 locations with one
location having samples collected from two depths, surface and 9-inch) sediments have

mgmdS-DDMT-WP010, WS 3-11
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PCBs, pesticides, and PAHSs, which also have been detected in fish tissue samples {results
in Table 3-2 and Appendix D). Generally, when analytcal results from Lake Danielson
samples are compared to samples from the Golf Course Pond, Lake Danielson samples
have higher levels of pesticides and metals while the Golf Course Pond samples indicate
higher levels of PAHSs. Fish samples mirror that distribution of contaminants, with the
addition of indicatons of PCB, higher in the Golf Course Pond than Lake Danielson.

3.1.4 Nature and Extent of Known Contamination at OU-4—North-
Central Area

OU-4 contains the former pentachlorophenol (PCF) dip vat area, now occupied by
Building 737, which has been used for pesticide storage, and Building 629 (Site 57),
which was the hazardous materials storage area. Locations of OU-4 sites are shown in
Drawing 2. A short description of the siie i1s found in Table 1-1.

3.1.4.I Soil

Remediation of soils was conducted at the dip vat area during 1985 and 1986, resulting in
removal of soils down to 10 ft below ground surface (bgs) (ref. 72). During the RI

{ref. 18), one soil sample ($5-47) and one stratigraphic test boring {STB-4} yielding three
subsurface soil samples were analyzed from the former dip vat area. The surface seil
sample exhibited pesticides that are associated with Building 737, DDE, DDT, alpha-
chlordane, gamma-chlordane, and beta-BHC were all detected in this sample. Toluene
and trichloroethene also were detected at quantitation levels,

Four soil samples, illustrated in Figure 3-6, were taken around Building 629 in areas
where past spills have occurred. Building 629 formerly stored toxic, corrosive, and
oxidizing malerials. Surface soil samples $8-10 and-55-11 were cellected adjacent to
Building 62%. Two more samples, $SS-42 and $5-43, were collected several feet away
from the building to provide information on the extent of contamination, PAH
contamination is present in all of the samples, with §8-42 having the highest level of
these constituents. Pesticide (including DDE, DDT, dieldrin, methoxychlor, pamma-
chlordane, and beta-BHC) levels were detected in the soil samples from this area, zlong
with metal contamination. The major metal contaminants were lead, zinc, copper, and
mercury, Toluene was detected in all four of the samples. 1,1,2-Trichloroethane,
tetrachloroethene, and trichloroethene were detected in S8-42. The concentration of
trichloroethene (2,100 ugfkg) reported is a minimum value (the concentration level found
in 85-42 exceeded the calibration range of the laboratory instrument).

3.1.4.2 Groundwater

Groundwaler samples were collected during the RI {ref. 18) from monitoring wells
MW-39, MW-38, MW-17, MW-19, and MW-20. Their locations are shown in

Figure 3-6. Like the other monitoring wells on the Main Installation, these wells are all
screened in the Fluvial Aquifer. Analytical results detected tetrachloroethene and

mgm05-DDMT-WEX010,WPS 3-17
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trichloroethane in MW-32. Samples collected in 1993 (ref. 88) detected TCE in MWs-38
and 16 at 1.55 pg/L and 1.10 ug/L., respectively. The pesticide dieldrin was detected in
MW-38 at 0.062 ug/L.. Metals were detected in all wells, namely, chromium, arsenic,
lead, and zinc.

3.2 Potential Pathways of Contaminant Migration

3.2.1 Contaminant Fate and Transport

The fate and transport of contamination depends on the site’s physical condition, source
characteristics, contaminant characteristics, media characteristics and extent of
contaminant release. The behavior of the contaminants found in each of the media
sampled {groundwater, surface water, sediment, surface soil, and subsurface soil) will be
discussed, with consideration given to the various chemical, physical, or biological
processes that are possible at DDMT. The following topics will be discussed in this
subsection;

. Potential routes of contaminant migration
Persistence
. Migration

3.2.1.1 Potential Routes of Contaminant Migration

Contaminant migration can occur in several ways, depending on the characteristics of the
element or compound in question, the medium in which the element or compound is
located, and the type(s) of media in close proximity. Various physical processes may be
involved. The transport of pollutants by water to receptors is a central theme because of
the importance of water to life, its contribution to the generation of leachate, and its
ability to mobilize contaminants from source areas. The water solubility of the
compound or element will play a significant role in determining what migration route, if
any, will be taken. Transformation into a gaseous state (volatilization) or adherence to
soil or sediment particles (adsorption) are migration routes. Extraction from sediments or
soils (leaching) or the movement of soil or sediment particles, with adsorbed pollutants
attached, by the movement of water are also possible. Accumulation within the body of
aquatic life forms or bacteria (bicaccumulation) can also be a pathway from waters, soils,
or sediments,

The discussions provided in this section are intended only to provide a bnef, general
overview of the potential environmental transport mechanisms for the potentiat indicator
chemicals and chemicals of concern that were identified for DDMT in the RI Report
(ref. 18). This section will be expanded in the final RI/FS reports to include additional
constituents or additional transport mechanisms, as neaded.

mgmO5-DOMT-WP2010.WPS 3-19 9119495 -
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3.2.1.2 Metals

The migration of metals in the environment is complicated because metals can exist in 2
variety of forms. For instance, metals can exist in different oxidation states. Metals can
also exist as charged particles (such as ions in solution) or in a chargeless or neutral
state. Metals may combine with other metals or organic chemicals to form many
different compounds. In any case, the potential for migration will then depend on the
solubility of these forms in water. Metals in solution will exist in an ionic form; non-
ionic forms will precipitate and remain bound to sediments in soil.

The 12 metals analyzed for were detected in at least one of the four matrices
(groundwater, surface water, sediment, and soil) sampled. Five of the metals were
selected during the RI (ref. 18) as potential indicator chemicals because of the
concentrations detected at DDMT and the toxicity associated with these metals. These
metals are arsenic, barium, chromium, lead, and mercury. Unfiltered data will be used
in the BRA,

The mobility of metals in the subsurface also depends on their mode of occurrence as
either solid suspended sediment particles or as dissolved components of the groundwater
matrix. Because metals are naturally occurring, their reported presence in a groundwater
sample may or may oot indicate a contaminant release. In accordance with direction
from EPA Region IV and TDEC, only total metals (unfiltered) samples will be collected
and analyzed. Following EPA guidance (EPA, 1989) for the evaluation and
interpretation of groundwater data, total metals analytical results will be used 10 assess
whether a particular metallic species is present at a given location.

Arsenic. Because of its multiple oxidation states and its tendency to form soluble
complexes, the geochemistry of arsenic is both intricate and not well characterized. The
adsorption of arsenic onto clays, iron oxides, and organic (humic) material is an
important transport pathway. Arsenic is also mobile in the aquatic environment; it cycles
through water columns, sediments, and biota. The solubility of arsenic varies widely
according to the oxidation state. In the natural environment, four oxidation states are
possible for arsenic: the (-3} state, the metallic (0) state, the (+3) state, and the (+3}
state. The {+3) and (+5) states are common in a vanety of complex minerals and in
dissolved salis in natural waters. Sulfur is the element most commonly associated with
arsenic in nature. In all, there are 100 or more arsenic-bearing minerals known to occur
in nature. The oxo acids, arsenious acid (H,As0,), and arsemic acid (H;As0,), are the
prevalent forms of arsenic in aerobic (oxygen-contzining} waters. Arsenic can form
complexes with a number of organic compounds, most of which increase its water
solubility (refs. 1, 3, and 57).
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Barium. Barium exists in nature as a salt. Several salts including the most common

. (barite [BaSO4] and witherite [BaCO,]) have low solubility, so precipitation nto
sediments is likely, Because of low vapor pressures and high beiling points, these salts
are unlikely to volatilize. Binaccumulation of barium is not a common migrabon process
except in systems in which the barium concentration exceeds that of calcium and
magnesium (ref. 37).

Chromium. Chromium exists in two oxidation states in agueous sysiems: {+3) and
(+6) oxidation states. The hexavalent form is soluble, existing in solution as an anion
complex, and is not absorbed to any significant degree by clays or hydrous metal oxides.
It is, however, absorbed strongly to activated carbon. Hexavalent chromium is a
moderately strong oxidizing agent and reacts with organic or other oxidizable materal to
form trivalent chromium. Trivalent chromium combines with aqueous hydroxide ion
(‘OH) to form insoluble chromium hydroxide (Cr{(OH),). Precipitation of this material is
thought to be the dominant transport pathway of chromium in natural waters. Adsorption
processes also result in the removal of dissolved chromium to the bed sediments.
Chromium is bioaccumulated by aquatic organisms, and the passage of chromium through
the food chain has been documented. Chromium in soil can occur as the inseluble oxide
dichromate {Cr,O;) and may be aerosolized into the atmosphere or transported to surface
waters and groundwaters in runoff and leachates (refs. 1, 3, and 57).

Lead. Lead is transferred continuously between air, water and soil. Soil leaching of
lezd into proundwater is determined by the chemical characteristics of the soil. The

. availability of lead in soils is related to moisture content, soil pH, organic matter, and the
concentration of calcium and phosphates. Lead is hioaccumulated in shellfish and plants
{refs. 1, 3, and 5§7). However, increasing pH and calcium jon (Ca**} concentrations
diminishes the capacity of plants to absord lead, because Ca’* jons compete with the
Pb?* for exchange sites on the soil and root surfaces.

Mercury. Mercury’s major removal mechanism from a natural system is adsorption
onto the surfaces of clay particles and subsequent settling as pari of the sediment. The
overwhelming majority of any dissolved mercury is removed in this manner within a
relatively short time, generally in the immediate vicinity of the source. Much smaller
portions of the dissolved mercury are ingested by the aquatic biota or transported by
current movement and dilution. Secondary transformations of mercury in the sediments
can occur; these include precipitaton as mercury sulfide and methylation reactions caused
by bacteria. Because mercury itself is not destroyed, these inorganic and organic forms
of mercury may then release ionic or metallic mercury into the water column as part of a
recycling process. Resuspension of sediments by turbulence or the activity of benthic
organisms also can release these compounds of mercury directly into the water column
{refs. 1, 3, and 57).
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3.2.1.3 Volatile Organic Compounds (VOCs)

By their nature, the concentrations of VOCs tend not to remain at constant levels in any
of the media under consideration. Only media from which volatilization is hindered
would be likely to retain significant amounts. Several of the groundwater samples and a
few surfzce and soil boring samples contained measurable levels of VOCs. Eight
potential indicator chemicals of concern were selecled during the RI (ref. 18) because of
their prevalence at DDMT: 1,1-Dichioroethene, 1,1,2,2-Tetrachloroethane, TCE,
tetrachlorocthene, methylene chloride, 1,2-Dichloroethene, carbon tetrachloride, and
acetone. The brief discussions cancerming the transport mechanism of these chemicals
provided in following sections are based on Callahan, 1979, and ATSDR, 1988 (refs. 1,
3, and 57).

1,1-Dichloroethene. Yolatilization is the major process whereby 1,1-Dichlorocthene is
removed from the aqualic and soil environment, 1,1-Dichloroethene is slightly water
soluble. Adsorption onto soils or sediments with high organic content also is possible.
1,1-Dichloroethene probably does not bivaccumulate to a significant extent.

1,1,2,2-Tetrachloroethane, The primary transport process for 1,1,2,2-
Tetrachloroethana is volatilization. Because it is slightly soluble in water, leaching is a
possible migration pathway. Bioaccumulation is possible,

TCE. Volatilization is the most important transport process for TCE. It has been found
to be highly mobile in soil, so leaching from subsurface soil to groundwater is possible.
Removal from the atmosphere in rain (wet deposition) 1s also a likely process, but
biocaccumulation potential is low.

Tetrachlorocthene. While volatlization is the dominant transport mechanism for this
compound, leaching into the groundwater is also likely, as is returmn to the soil through
wet deposition. Adsorption is not a primary transport mechanism except perhaps in dry
soils with high clay content. Leaching into subsurface soil and groundwater is likely, but
bioaccumulation s not.

Methylene Chloride. Volatilization is a transport process for the removal of methylene
chloride from aquatic systems. Once in the atmospherz, methylene chloride can, at high
altitudes, react with hydroxyl radicals or undergo photodissociation. Methylene chloride
does not readily undergo oxidation or hydrolysis in aquatic systems. Photo-oxidation
should not occur with methylene chloride, because this compound does not contain a
chromophore that can absorb visible or near-UV light. Methylene chloride does not
bicaccumulate.
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1,2-Dichloroethene. Volatilization is the major process for removal of
1,2-Dichloroethene from agquatic systems. At high altitude, 1,2-Dichloroethene is
attacked by hydroxyl radicals, resulting in degradation products. Photodissociation does
not appear to be a significant fate for 1,2-Dichloroethene in aquatic systems. Information
is not available for this compound to indicate that it would bicaccumulate, bio-degrade
{microorganism), or adsorb to sediments or solids, 1,2-Dichlorcethene is also resistant to
hydrolysis.

Carbon Tetrachloride. Carbon tetrachloride is volatile and can be expected to leave
from aquatic environments when its volatilization is not hindered. Carbon tetrachloride is
stable to attach from hydroxyl radicals, and photodissociation in the high-altitude
atmosphere is slow, Photodissociation in aquatic environments is not significant.
Oxidation, sorption, hinaccumulaton, bio-transformation, hydrolysis, and biodegradation
do not readily occur with carbon tetrachloride.

Acetone. Acetone can be expected to volatilize from aguatic media where its
volatilization is unhindered (such as in surface water). However, acetone is very soluble
in water and should accumulate in wet soil and groundwater if its volatilization is
hindered. Information on the fate of acetone regarding biodegradation, bio-
transformation, susceptibility to hydrolysis and oxidation, or sorption to sediments in
agquatic environments is not readily available.

3.2.1.4 Semivolatiles and Base/Neutral/Acid Extractables

Polycyclic Aromatic Hydrocarbans, Of the SVOCs analyzed, only PAHs were found at
measurable levels with regularity in soil samples during the RI (ref. 18). Several
different PAHs were detected. Of these, the three potential indicator chemicals of
primary concern, because of their prevalence at DDMT and their toxicity, are
benzo(a)pyrene, benzo(a)anthracene, and dibenzo(a,h)anthracene. PAHs have low vapor
pressures and boiling points greater than 100°C. They also are characterized by their
relatively low solubility in water. The primary transport processes are different from
those of volatile organics, with adsorption onto soil or other organic matter being most
important. Adsorption onto particulates is the primary transport process for PAHs.
Adsorption onto mobile soil or sediments is largely responsible for their movement (for
example, the erosion of s0il and the movement of suspended sediments). Adsorption onto
sool particles that can be carried on wind currents and then returned to the surface (dry
deposition) are important pathways to and from the atmosphere. Short-term
bicaccumulation also occurs, but is not important because of the rapid metabolism and
excretion of PAHs by most aquatic organisms (refs. 1 and 3).

Pesticides and PCBs, Pesticides and PCBs also are classified as SVOCs. Volatility is
generally of little importance with respect to transport; adsorption and bioaccumulation
are much more important. The potential indicator chemicals of primary concern
identified during the RI (ref. 18), because of their prevalence at DDMT and their
toxicity, are DDT and its degradation products: dichlorodiphenyldichlorpethane (DDD)
and dichlorodiphenyldichloroethene (DDE); dieldrin; and PCRs.
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DDT, DDE, and DDD. DDD and DDE are degradation products of DDT; all have
generally similar properties. Adsorption onto airborne particulates and sediments is the
primary transport pathway that results from the relative insolubility of these compounds
in water. Removal from the atmosphere through particulale fallout is likely.
Bicaccumulation and magnification up through the food chain (bioconcentration} also are
important. Volatilization is a possible transport process (refs. 1, 3, and 57).

Dieldrin. Sorption of dieldrin to soils and sediments is the most prevalent transpont
pathway, but there is a tendency to bioaccumulate and biomagnify. Co-movement with
suspended particulates in water is a likely transport mechanism, but leaching into
groundwater usually does not occur because of the relatively low solubility of dieldrin.
Volatilization is generaily slow for dieldrin but is relatively high for aldrin, which is
readily converted to dieldrin, This reaction probably is initiated by UV radiation. It is
therefore possible that aldrin might migrate and then react to form dieldrin in its new
location {refs. 1 and 3).

Chierdane. Volatilization from aguatic environments, sorption to sediments, and bio-
accumulation are important fates for chlordane. Chlordane is photosensitive and should
undergo light-induced reaction to produce isomers and other products. The
biotransformation of chlordane probably is similar to dieldrin. Chlordane could be
susceptible to oxidation in the presence of oxidizing substances in aquatic environments,
but is somewhat susceptible to hydrolysis, with a half-life of 4 years (refs. 1 and 3).

Heptacklor. A major fate of heptachlor in aquatic systems will be the hydrolysis to
I-hydroxyl chlordane. Heptachlor also shows strong tendencies for bioaccumulation.
Sorption to sediments could be an important process for heptachlor that does not undergo
hydrelysis. Volatilization also is possible (refs. 1 and 3).

Beta-BHC. Volatilization, biotransformation, and biodegradation appear to be important
transport paths for Beta-BHC. Hydrolysis, however, does not occur 1n aquatic systems.
Photolysis can occur, but the data suppeorting photolysis in aguatic systems 18 conflicting.

PCBs. PCBs are prepared in mixtures of different compounds characterized by the
number and arrangement of chlorine atoms attached. Different mixtures contain different
chlorine to carbon ratios, are called aroclors, and usually have a number designation
associated with them. All PCBs behave in essentially the same manner. Adsorption of
PCBs onto soil particles and sediments is the most prevalent transport mechanism.

- However, bioaccumulation is also likely and results in biomagnification. Although not
nearly as prevalent, adsorption onto airborme particulates and entrainment through fugitive
dust emissions are responsible for spreading PCBs throughout the worid; they are
redeposited through wet deposition (ref. 3).
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Although not identified as a potential contaminant of concern during the RI (ref. 18),
three sites within OU-1 may contain either CWAs or decomposition/degradation by-
products of CWAs. Fortunately, DDMT records concerning decontamination and
disposal of these items are specific. Both the RFA (ref. 68) and the RI Report (ref. 18)
identified Site 1 in Dunn Field as containing six sets of l-inch by 9-inch mustard and
lewisite detection kits, The QU-1 FSP contzins an additional discussion of the CWAS,
their disposal, and potential transport processes.

Ashes and metal refuse from the Bumn Site (Site 24) were transported to Site 9 and buried

in a trench approximately 240 ft by 8 fl. Site 9 is located in the northwestern portion of
OU-1.

The other documented instance of CWAS being disposed in QU-1 (Dunn Field) occurred
in 1946 near Site 24. This incident consisted of decontaminating, burning, and burying
approximately thirty 500-pound German mustard bombs from World War II. Facility,
DOD, and newspaper records document the decontamination, open burning of the casings
and decontaminalion by-products, and burial of the casings. The migration of chemical
agents or products of decontamination or decomposition from a waste site occurs in a
manner similar to that of any chemical migration, The causes of migration are primarily
leaching through the soils, air evaporation, or physical transport in groundwater. The
migration of material through leaching depends primarily on the solubility of the material
in water and the amount of precipitation received in the area. Chemical agents or
products of decontamindtion or decompaosition exhibit relatively low solubilities in water;
these low solubilities effectively limit their. leaching potential.

3.2.2 Contaminant Persistence

The persistence of a contaminant in a particular medium will be determined by its

. resistance to chemical or biclogical changes, as well as to the transport mechanisms
discussed above. ' A toxic poliutant may be subject to a variety of chemical reactions
depending on susceptibility to natural radiation and the presence of suitable reactants in
the environment. In general, chemical reactions will occur where the oxidation state of
one or more of the atoms within the reactants changes. For organic compounds, oxygen
is usually the atom whose oxidation state changes, although nitrogen, sulfur, bromine,
and chlorine may undergo chemical reaction. The metal atom in inorganic complexes is
usually the atom whose oxidation state changes. Reaction with water (hydrolysis) is
possible for some compounds. UV radiation can remove an electron from a compound to
form a reactive species called a radical in a process known as photolysis. Contaminants
can be transformed or degraded through photolysis either directly or indirecty by
reaction with other radical species. Metabolism of compounds or clements by microbes
or aquatic life may result in slipht alteration (biotransformation) or a significant
breakdown (biodegradation) of the contaminant.
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The persistence of the five elements discussed previously (arsenic, bariam, chromium,
lead, and mercury) depends on their mte of mansport from the site of interest, which in
turm depends on their form. As mentioned earlier, metals generally have more than one
naturally occurring state and exist in several different chemical forms.

Arsenic. The fale of arsenic in the aquatic environment depends largely on prevailing
pH and oxidation-reduction conditions. Sediments are the primary sink for arsenic. A
number of organisms can metabolize arsenic to form organometallic compounds, thereby
increasing arsenic mobility in the environment. Arsenic can be reduced and methylated
by soil organisms, though the rate at which arsenic is subsequently volatilized may vary

according to site conditions. Arsenic in soil is predominantly in soluble forms (refs. 1,
3, and 57).

Barium, Little information is available concerning the ultimate fate of barium in the
environment. Because barium is commonly found in soils and in most surface water and
groundwater, it is assumed to be persistent in these media (ref. 57).

Chromium. Hexavalent chromium is the species usually found in industrial wastes; it
will eventually be reduced to trivalent chromium by inorganic matters present in water.
As discussed 1n Section 3.2.1.2, mivalent chromium reacts with aqueous hydroxide ion to
form insoluble chromium hydroxide. Although chromium can react to form a variety of

organic complexes, chromium persists in sediments after precipitating out of solution
{refs. 1, 3, and 57).

Lead. Lead is present in seils as Pb*?, which may precipitate as lead sulfate,
hydroxides, and carbonates. Lead is extremely persistent in soil and waler, and the
species of lead found depends on temperature, pH, and the presence of organic matter.
Lead is relatively immobile in soils and associates primarily with suspended solids and
sediments in aquatic systems. Below pH 6, anglesite (Pb80Q;) is dominant, while PbCO,
is most stable at pH valces above 7. The hydroxide Pb(OH), controls solubility around

pH 8, and lead phosphates, of which there are many forms, may control Pb** solubility
at intermediate pH values (refs. 1, 3, and 57).

Mercury. The primary sink for mercury release io the envirgnment is sediments.
Mercury can exist in the natural environment in three oxidation states: as the nabive
element itself, in the (+1) (mercurous) state, and in the (+2) (mercuric) state. The
nature of the species that will occur in a given complex or exist in solution depends on
the potential for oxidation or reduction and the pH of the environment, Deposition of
mercury in sediments that can cause reduction can result in precipitation of the sulfide.
Biotransformation of mercury in the sediments can result in remobilization. An example
is dimethyl mercury, which has a low solubility in water and is a gas at room
temperature; volatilizabion may occur (refs. 1, 3, and 57),
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3.2.2.2 Volatile Organic Compounds

Chlorinated VOCs are basically unreactive and unlikely to undergo chemical or biological
transformation unless the medium in which they are contained slows the volatilization
process. However, they can undergo reactions, either chemical or biological, when their
concentration is larpe enough that volatlizabon and reaction rates can achieve
equilibrium. The slight solubility of most VOCs in water generally results in small but
measurable persistence in groundwaters where reactions with bacteria can occur {ref. 1).

1,1-Dichlorocthene, 1, 1-Dichloroethene does not undergo measurable photolysis and it
is not readily oxidized. 1,1-Dichloroethene is also stable toward hydrolysis.

1,1-Dichloroethene is slightly soluble in water and can be expected to persist in
groundwaters,

1,1,2,2-Tetrachloroethane. 1,1,2,2-Tetrachloroethane is essentially non-reactive in the
atmosphere, In-water, however, base-catalyzed hydrolysis to form TCE is an impontant
degradation path under aerobic and anaerobic conditions. Anaerobic biodegradation is
also to be considered an important loss pathway in water and soils with TCE as the
reaction product. With its solubility, persistence in groundwater is likely.

TCE. Upon volatilization, TCE reacts readily with hydroxyl radicals in the atmosphere.
After leaching to groundwater where volatilization is hindered, it is persistent because of
its solubility. Biodegradation and other chemical reactions are slow and do not
measurably contribute to its fate.

Tetrachloroethene. Reaction of tetrachloroethane with hydroxyl radicals in the
atmosphere is the most likely degradation process for this compound. However,
tetrachloroethane is persistent in the atmosphere except-during pericds of heavy rainfall,
because of the relative stability of the hydroxyl radical as indicated by its lonpg half-life
. (approximately 96 days). As volatilization [rom groundwater is hindered, slow
bicdegradation and hydrolysis processes may occur. However, tetrachloroethane is
persistent under such anaercbic conditions.

Methylene Chloride. If volatilization is hindered, .methylene chloride could be persistent

in the groundwater environment. Methylene chloride does not bicaccumulate,
biodegrade, or adsorb to sediments.

1,2-Dichloroethene. 1,2-Dichloroethene does not bicaccumulate, biodegrade, or adsors
to sediments or solids. It does not hydmlyze, so it should persist in any aquatic media
where volatlization is hindered.

Carbon Tetrachloride. Carbon tetrachloride is extremely stable and should persist in
any aquatic environment where volatilization is hindered.
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Acetone. Aceione should be expected to persist in groundwater because of its solubility
in water. Acetone in surface soils will quickly volatilize.

3.2.2.3 Polycyclic Aromatic Hydrocarbons (PAHs)

PAHs generally are amenable to photolysis reactions and subject to rapid degradation
upon reaction with strong oxidants, but do not undergo hydrolysis. While oxidation
initiated by photolysis is possible for PAHs in solution, it is not a major degradation
process because of the minimal amount that exists in these forms. Direct photolysis
results in rapid degradation of the minimal amounts that do dissolve. Biodegradation is
considered the major transformation process. However, because this process is slow and
competing processes (solubilization, oxidation initiated by photolysis, and volatilization)
occeur only to minimal extents, PAHs are persistent in the soils and sediments in which
they adsorb, as discussed above (refs. 1 and 3).

3.2.2.4 Pesticides and Polychlorinated Biphenyls (PCBs)

The pesticides and PCBs discussed earlier are persistent because of their chemical
stability and affinity for organic matter. Although photolysis is a potential loss pathway,
it may not be possible if the medium is not exposed to ultraviolet radiation, as is the case
with sediments under deep water and subsurface soils. Biological action usually is the
only removal mechanism; however, it may be slow. :

DDT, DDE, and DDD. Biotransformation of DDT to DDE (aerobic conditions), to
DDD (anaerobic conditions), or to bath is the primary loss mechanism, However, DDE
and DDD do not undergo further degradation. Direct phototysis of DDT and DDD is
slow, but for DDE it is mpid. Indirect photolysis can occur quickly for all three
compounds. Chemical oxidation and hydrolysis are too slow to be competitive, Because

of their insolubility, these three compounds are persistent in soils and sediments (refs. 1
and 3).

Dieldrin, Dieldrin is persistent in soils and sediments and is relatively insoluble in
water. Oxidation and hydrolysis are not important factors, and the contribution of
oxidation initiated by photolysis is uncertain. It is resistant to biodegradation, although
this may be its ultimate fate (refs. 1 and 3).

Chlordane. Chlordane is persistent in soils and sediments and is relatively insoluble in

water. Hydrolysis, however, is slow. Chlordane should persist in soil, but should be
degraded slowly in groundwater.

Heptachlor. Heptachlor should not persist in the environment because it is easily
hydrolyzed, then biotransformed or bipaccumulated.

Beta-BHC. Beta-BHC does not hydrolyze. However, it is biotransformed and
biodepraded. Bew-BHC should persist where these processes are hindered.

mgmA5-DOMT-WPLOL0. WES 3-28




- 126 132

PCBs. PCBs are resistant to oxidation and hydrolysis. The heavier PCBs may be
amenable to oxidation initiated by photolysis, although this is unlikely because they are
not generally found in media that are exposed to UV radiation. They are resistant to
biodegradation and biotransformation; only those molecules with fewer than four chlorine
atoms are generally susceptible. Because of their insolubility, PCBs are persistent in
soils, sediments, and animal tissues (ref. 3).

3.2.2.5 Chemical Warfare Agents

The rate of formation of CWA degradation compounds depends on many factors, such as
pH, moisture content, and temperature. Hydrolysis products for the persistent
compounds are formed over periods ranging from days to years. Additional information
will be provided in the QU-1 FSP.

3.2.3 Contaminant Migration

Typically, landfilled solid waste materials such as those located in Dunn Field are buried
in the dry state. Liquid wastes were stored in containers and the documented fluid spill
events were local in nature, involving small quantines. Contaminant releases can occur
by the water saturation of dry solid wastes (ref, 56), by the leakage of corroding liquid
' waste containers, or by the spillage of fluids at ground surface. The chief source of
water at disposal sites is precipitation. Given enough data, the likelihood of
contamination generalion and the quantification of leachate production may be estimated
by the water balance method (ref. 56). A calculation of the study area’s net precipitation
{the amount of rainfall potentially available for infiltration and waste saturation) was 9 -
inches annually. This value is adequate to both generate and mobilize waste-relaled
contamination at DDMT. If contamination at the available source is mobilized,-
contaminants will move along the path of least resistance to adjacent receptors. Surface
contamination may migrate overland to surface waters via runoff, or may infilirate inio

local shallow groundwater. Buried. waste-related constituents may migrate o Site
groundwater,

Actual migration routes of contaminants and their rates can be inferred from site physical
charzcterization, contaminant release information, and data from chemical analyses of the
media that are potentially associated with their fate and transport.

3.23.1 Metals

Leaching and precipitation of indicator metals are likely transport systems, as indicated
by.the presence of metal contamination of the groundwater, soils, and sediments. Metals
contamination probably has entered the groundwater through leaching of the soil. In-
Dunn Field, the Fluvial Aquifer groundwater flows westward. Metals contamination can
be expected to migrate with groundwater in a westerly direction. The analytical results
for the off-post wells support this hypothesis. Shallow aquifer groundwater flow at the
Main Installation is not as well known as are similar conditions at Dunn Field. Shallow
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aquifer condibons suggests discharge to the underlying regional aquifer in the
northwestern quadrant of the installation. However, groundwater flow direction in the
shallow aquifer in most of the Main Installation is not well defined.

3.2.3.2 Volatite Organic Compounds

Chlorinated VOCs have been detected as surface soil contaminants at both Dunn Field
and the Main Installation. These compounds also have been encountered as subsurface
soil contaminants in Dunn Field. The contaminants detected are assumed to occur as an
unknown number of localized source areas. These areas are significant because they may
continue to release VOCs to the shallow groundwater system through leaching and
percolation. The only clearly defined zone of groundwater contamination to date extends
beyond the west boundary at the north end of Dunn Field. Contaminant concentrations

are consistent enough to permit data contouring at wells that encounter the compounds of
interest.

Some of the constituents are denser than water and thus tend to migrate vertically
downward. MW-35 was screened in the lower portion of the shallow aguifer adjacent to
MW-12, which 13 screened in the upper portion.: Comparison of analytical data from
these two wells indicates that although the constituents are present throughout the shallow

aquifer, al these locations it is not accumulating at higher levels near the bottom of the
aquifer.

A review of moritoring well, soil boring, and analytical data, as well as current
literature, describing the likelihood of 'such a contaminant migration potential may be
summarized as follows:

- Polentiometric or water table elevations within the site's shallow aquifer
were measured to be approximately 80 ft higher than the potentiometric
elevations noted in Memphis Sand wells at Dunn Field in 1989. This
difference in head creates a potential for mixing of water from the shallow
afquifer and the Memphis Sand Aquifer, and subsequent diffusion of Fluvial
Aquifer contaminants into the Memphis Sand’s water, Pumpage from the
nearby Allen Well Field could increase the gradient between the two
aquifers. It should be noted that the piezometric head of the Memphis
Sand exceeds the lowest measured confining layer surface.

. The general class of compounds possesses low solubilities in water and
does not readily adsorb on mineral surfaces {ref. 30). These characteristics
may enhance the potential for migration.

. The class of encountered contaminants is considered to be persistent and
relatively mobile in groundwater (ref. 10). Further, Griffin and Roy
(ref. 12) classified a number of organic compounds according to their
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mobility in saturated soil-water systems, The compounds detecied in
DDMT groundwater -samples may be described as follows:

Compound Mobility Class
Acetone Very highly mobile
Methylene Chloride Very highly mobile
1,1,1-Trichloroethane Medium mobility
Carbon Tetrachloride Medium mobility
1,1,2,2-Tetrachloroethane Medium mobility

- Some organic solvents have been shown to increase clay hydraulic

conductivities. This effect was noted especially for acetone, methanol, and
xylene (ref. 12}.

3.2.3.3  Polycyclic Aromatic Hydrocarbons

PAHs were detected in surface soils at several installation locations. PAHSs apparently
have not migrated far from their point of introduction. Because of their insoluble nature
and strong tendency to adsorb to soils, the leaching of PAHS is not expected. PAHs
were not found in groundwater and surface water samples during the RI (ref. 18). The .
presence of PAHs in sediments from Lake Danielson and the adjacent pond may be
attributed to soil containing adsorbed PAHSs being transported during surface runoff.

3.2.3.4  Pesticides and Polychlorinated Biphenyls

While dieldrin and DDT (and degradation products DDD and DDE) were detected in
surface soils at several installation locations, PCRBs were only detecied at two places— -
near Building 1088 (OU-2) and near Building 925 (along RR Tracks 3 and 4). It appears
that the pesticides and PCBs found at DDMT have not moved from their point of release.
Adsorption 1o soil particles is the probable explanation for the persistence of these
compounds. The movement of soil particles containing adsorbed pesticides probably is
responsible for their presence in sediments in Lake Danielson and the adjacent pond.
Their low solubility and high K, explain why concentrations in 13 surface water samples
were observed at concentrations from 0.14 pg/L to 2.2 pg/L.

3.2,3.5 Chemical Warfare Agents

Hydrolysis of the various agents buried at Burial Site 3-A may produce contaminants that
could migrate into the shallow groundwater through leaching. Thiodiglyeol, a pnmary
degradation product of mustard, is miscible in water. The hydrolysis of lewisite and
mustard forms hydrochloric acid (HCI), which could then react with metals and insoluble
metals salts in the soil to transform them to leachable salts. However, as mentioned
previously, because of the limiled nature of the documented CWA burial activities in
Dunn Field, it is not likely that metals contamination in Dunn Field groundwater is due to
CWA. Additonal information concerning this issue is provided in the OU-1 FSP.
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From the results of previous studies, DDMT has identified several potential pathways of
concern. Note that this is a preliminary identification of possible pathways that will be
expanded in the RI/FS repori(s). There is a potential for contaminants present in the

soils to reach human and animal receptors in numerous ways. The routes of primary
concern are as follows:

Inhalation of soil particulates

Ingestion of soil particulates

Dermal absorption of contaminants in soils
Inhalation of VOCs present in soils

There 15 a potential for groundwater constituents to reach receptors via the following
routes:

Ingestion of groundwater (Memphis Sand Aquifer only)
. Dermal contact with potentally contaminated potable water during bathing
. Inhalation of vapors from volatile contaminants present in potable water
that are emitted during household use

The potential routes of exposure associated with potentially contaminated surface water
and surface water sediments include the following:

¢ Ingestion of fish and other aquatic life from contaminated lakes and creeks
v Dermal absorption of contaminants present in surface waters and sediments

Because VOCs do not tend to persist in surface water and sediments, inhalation of
vaporized conslituents present in surface water currently is considered an untikely
exposure pathway at DDMT. .

3.2.5 Groundwater Sources and Potential Pathways

DDMT 18 located east of the Allen Well Field, one of six pumping centers owned and
operated by MLGW. The Allen Well Field draws water from the Memphis Sand
Aquifer, which is the main potable water source for the City of Memphis and most of
Shelby County. Studies have implied that suspected areas of hydraulic interconnection
might exist in the confining layer overlying the Memphis Sand Aquifer, allowing leakage
of contaminants from water table aquifers (ref. 11). To date, none of these suspected
areas have been conclusively found to exist beneath DDMT. However, past drilling logs
and hydraulic information on water levels taken during the RI and presented in the RI
Report (ref. 18) have suggested that one of these areas might exist in the north-central
portion of the Main Installation. The next phase of field work is designed to evaluate
whether the Fluvial Aquifer and Memphis Sand Aquifer are in direct intercommunication
in this area. If so, it is possible that constituents migrating from DDMT could reach
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surrounding water table aquifers and could potentially enter the Memphis Sand Aquifer.
Thirteen of the 33 Allen Well Field wells lie within one mile of DDMT (see
Figure 2-18).

Section 2.4.6.5 contains a summary of previous analyses of the Allen Wells and the well
search conducted duning the RI (ref. 18). In summary, the water well survey associated
with DDMT site assessment did not reveal any water table aquifer wells (Alluvial or
Fluvial) within a 1-mile radius of DDMT that are used for potable water sources. The
primary potential pathway of water table contamination would be via leakage through
permeable zones in the confining unit that could allow migration of contamination from
the Fluvial deposits to the Memphis Sand Aquifer. The potential for this occurrence has
been addressed by Graham and Parks, 1986 (ref. 11) and Brahana, et al., 1987 (ref. 2).
The Memphis Sand Aquifer is the primary water source for the City of Memphis, which
has a population of approximately 650,000 people. Analysis of groundwater from onsite
wells screened in the Memphis Sand Aquifer (MW-36 and MW-37) did not show
evidence of VOCs present in the Fluvial Aquiler.

P

3.2.6 Surface Water and Sediment Sources and Potential Pathways

There are two primary surface water sources and several secondary sources located at
DDMT. The two primary sources are Lake Danielson and the Golf Course Pond, which
are located in the southeastern corner of the facility. Analysis of surface water and
sediments indicates a possible history of releases to surface runoff from transformer
storage and biocide applications in this area. Pesticides previously detected in sediments
and fish tissue in samples collected from Lake Danielson and the Golf Course Pond
in¢lude 4,4’-DDT, dieldrin, chlordane, and chlorpyrifos. PCB levels ranging from 0.34
mg/Kg to 2.84 mg/kg were detected in fish tissue samples taken in 1986 by USAHEA.
Fishing was discontinued at Lake Danielson in 1986.

Sediment investigations at Lake Danielson and the Golf Course Pond during the RI

{ref. 18) detected metals, some pesticides, and numerous PAHs. No PCBs were detected
during the sampling of the sediments or surface water samples collected from Lake
Danielson or the Golf Course Pond.

Potential constituents of concern in the Golf Course Pond include PAHs and 4,4'-DDT,
and its degradation products (DDD and DDE), which were detected in the pond
sediments and in one surface water sample downstream with respect to the pond (SW-10).
The only constituents detected in the pond water during the RI and presented in the RI
Report (ref. 18) were barium, copper, and zinc at near background levels, and some
VOCs and SVOCs that were believed to be lab contaminanis.

The list of constituents detected at Lake Danielson during the Rl and presented in the RI
Report (ref. 18) was similar in identity and levels to those present at the pond. Patential

constituents of concern at the lake include arsenic and the degradation products of
4.4'-DDT.

megm?5-DDMT-WP2010, WS 3-33




126 137
Surface water sample SW-1 was taken at a point where surface drainage from Dunn Field
leaves the facility and travels in a north-northwest direction toward Cane Creek. Dieldrin
was detected in this sample, When this point was resampled (SW-16), no dieldrin was
detected. Other constituents were present at near background levels or were also present
in the trip blank,

An exposure point for residents living in the vicinity of DDMT is via exposure to surface
runoff traveling in the city’s aboveground, open storm canals. Dermal contact with
potentially contaminated water and soil present in storm canals is an exposure pathway of
concemn at DDMT, and will be considered in risk characterizations of DDMT facility.

3.2.7 Air and Seil Sources and Potential Pathways

The preliminary potential effects of the air and soil pathways would be as follows:

* Dermal (absorption) contact with contaminated surface soils
. Ingestion of contaminated surface soils
. Airbome entrainment and .inhalation of contaminated soil particles

The first two exposure pﬁthways would be limited primarily to employees working at
DDMT. The third pathway mentioned (inhalation) is possible, but not likely, given the

fact that many of the areas at DDMT are covered with either pavement or gravel or are
well vegetated.

3.2,7.1 Subsurface Soil Sources

Five s50il borings were collected and analyzed during the RI (ref. 18) at Dunn Field, but
only samples STB-2-2 and $TB-2-3 obtained from Dunn Field had any obvious
contaminants. Pyrene and fluoranthene were detected at depths of 17.5 and
approximately 70 ft. The sampling location was near the center of Dunn Field. All
values were flagged as estimates by the laboratory during the RI (ref. 18). Three
additional soil borings were collected and sampled during the second phase of the RI
(ref. 18). STB-6 showed evidence of chlorinated hydrocarbons at all four depths,
including trace amounts of 1,1,2,2-Tetrachioroethane and 1,2-Dichloroethene at 182 ft
NGVD. Additional subsurface sampling is planned for many areas at DDMT to further
characterize the nature and extent of subsurface soil contamination.

3.2.7.2 Surface Soil Sources

Areas of surface vegetation at DDMT vary widely. For example, Dunn Field, the Golf
Course, and the Family Housing area are moderately to heavily vegetated. However,
some areas of the Main Installation either are not paved or are covered with a gravel
surface. Therefore, in some areas, absorption of contaminants present in surface soils via
dermal contact, incidental ingestion of soil particulates and inhalation of fugitive dust,
and any volatile compounds present in the soils are exposure pathways for employees of
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the DDMT facility. DDMT has a history of surface spills. The presence of surface

contaminants has been confirmed at several locations during the sampling events of the RI
(ref. 18).

3.3 Preliminary Public Health and Environmental Effects
3.3.1 Identification of Contaminants of Potential Concern
A total of 103 constituents were identified in the four matrices sampled during the RI
(ref. 18). Twenty-eight conaminants of potential concern were selected from this total

(see Table 3-1) during the RI (ref. 18). Factors considered in selecting these included the
following:

. Measured concentrations and frequency of detection at the site

. Toxicity

. Physical and chemical characteristics related to environmental mobility and
persistence

. Relative contribution of chemicals to overall health risks associated with
the site

- Methods discussed in Risk Assessment Guidance for Superfund: Human Health Manual,
Parr A (ref. 66) were used in ranking groundwater constituents during the RI (ref. 18).
Constituents also were compared to available heaith standards and criteria.

Table 3-1 shows the contaminants of potential concern for DDMT that were identified
during the RI {rcf. 18) using the factors listed above. This is a preliminary list.
Additions or deletions to this list will occur during the RI/FS process, with involvement
from the FFA parties. Current EPA and TDEC guidance will be used in the
development of future lists,

3.3.2 Toxicological Assessment of Contaminants of Potential Concern

A toxicological description of each of the identified compounds is provided in
Appendix B. Descriplions will be expanded or updated in future RI/FS report(s).

3.3.3 Preliminary Human Risk Characterization

A preliminary human risk characterization is made in this section according to the results

of previous studies. Potential health risks will be thoroughly examined during the BRAs
prepared for all DDMT QUs.
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The contamtination found at DDMT is primarily limited to the Fluvial Aquifer, which is
not currently used as a drinking water source within the City of Memphis. Currently,
there is no known exposure pathway to these groundwater contaminants through either the
potable water supply of the City of Memphis or through private wells. Possible pathways
and routes for contaminant migration will be further investigated during the RI/FS. Data
provided by MLGW indicate that the water produced by ML.GW mests all federal and
state water quality standards. However, the local quality of groundwaler within the
Fluvial Aquifer may potentially have an adverse effect on the Memphis Sand Aquifers
because of possible existence of areas where Fluvial and Memphis Sand Aquifers

intercommunicate, it is necessary to consider that groundwater in the Fluvial Aquifer may
adversely affect the Memphis Sand Aquifer.

Although the main facility had evidence of VOC contamination, the potential compounds
of concern are primarily localized in Dunn Field. The maximum concentrations of
- 1,1,2,2-Tetrachloroethane, tetrachloroethylene, and TCE exceed all current drinking
water standards. Of additional concern is the fact that the chlorinated compounds have a
tendency to leach through the soil, and the extent of contamination now extends beyond
the installation boundaries. The horizontal and veriical extent of contamination in the
Fluvial Aquifer is not yet defined. In general, the potential metals of concern (arsenic,
barium, chromium, lead, and mercury) exceeded drinking water standards at several
times greater than background levels present in MW-16 during the RI {ref.- 18).
However, it should be noted that the selected background well also exceeded drinking -
water criteria for several metals of concern. Background levels in groundwater will be
established during RI activities for all OUs.

The presence of groundwater constituents found at Dunn Field during the first phase of
groundwater sampling during the RI (ref. 18) was confirmed by the data from the second
phase of groundwater sampling. Groundwater contamination extends beyond the
northwest comer of Dunn Field (MW-31 and MW-32). While no chlorinated compounds
were found in the deeper wells (MW-36 and MW-37), acetone was detected in MW-37 at
3,500 ug/L. As a degradation product of isopropanol, acetone’s presence may be
attributed to improperly rinsed sampling equipment. Subsequent sampling and analysis in
1993 did not indicate the presence of acetons. Further sampling at Dunn Field will be
performed during the RI to confirm the presence and quantitation levels of all YOCs and
to define the extent of contamination in the Fluvial Aquifer,

3.3.3.2 Potential Risks from Surface Water

Lake Danielson and the Golf Course Pond are not currently used for swimming or fishing
because of restrictions instituted based on the presence of PCBs and pesticides. Surface
water is not a drinking waler source at the facility or in the surrounding area. Metals and
pesticides were detected in the surface water samples taken at DDMT and are
summarized in Table 3-2. The maximum surface water concentrations of arsenic
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(48 ug/L in Lake Davidson), lead (295 ug/L in Lake Danielson Drainage), and 4,4-DDT
exceeded Waler Quality Criteria (WQC) for the ingestion of water and fish or fish alone.
No criteria were available for 4,4°-DDE (max = 0.88 ug/L in Golf Course Pond
drainage detected). The three pesticides are considered carcinogenic and are likely to
bicaccumulate in the food chain.

Pesticides and PCBs previously were detected (summarized in Table 3-3) in fish tissue at
Lake Danielson by USAEHA (ref. 53). The continued presence of arsenic and DDT
(max in catfish of 23.64 mg/kp) in Lake Darelson suggests that a source for these
constituents may still exist. DDT and DDE were detected in the sediments of Lake
Danielson (Table 3-3). DDT, DDE, DDD, and several PAH compounds were present in

the sediments from the Golf Course Pond (select data in Table 3-3, with all data in
Appendix D),

Another potential exposure point via surface water is the potential releases to Nonconnah
and Cane Creeks, which are classified for fishing and recreational use. The risks
associated with the consumption of potentially contaminated fish or dermal contact with
contaminated water are expected to be minimal, primarily because of the levels of
concentrations of conlaminants observed in the surface water drainage ditches to date,
coupled with the effects of mixing and dilution. The concentrations of contaminants
observed in the drainage canals and exposure via dermal absorption are not expected to-
pose a significant health risk to humans wading in these waters.

Exposure 1o volatile compounds via vaporization from surface water is not considered a
viable pathway at DDMT because no volatiles have been detected in the surface water
discharged from the facility into the storm system. Lead, arsenic, DDT, and DDE were
present in SW-9, §W-10, SW-11, and SW-12, which are sample points on the
southeastern boundaries of the facility, Dieldrin was present in a surface water discharge

point for Dunn Field. All these constituents tend to absorb to sediments and are not
highly volatile,

3.3.3.3 Potential Risks from Sediments

Levels of PAHSs, as well as DDT, DDE and DDD, were found in the Goif Course Pond
sediments (SD-5-8S). However, the RI Report (ref. 18) concluded that sediments do not
pose a direct human health risk at DDMT because of the lack of pathways to human
receptors. Sediments may serve as a reservoir for contaminants that tend to

bioaccumulate in the food chain. Sediment contamination and potential pathways will be
evaluated and quantified during the RI.

3.3.3.4 Potential Risks from Surface and Subsurface Soil

Subsurface soil contamination detected at the site during the Rl and presented in the RI
Report (ref. 18) was determined not to pose a public health risk at this time. However,
several source areas of surface soil contamination exist and need further investipation.
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. Table 3-3
Select Summary of USAEHA 126 141
Fish and Sediment Analyses
Defense Depot Memphis, Tennesses

Lake Danielson Golf Course Pand
Fish Tissue (mg/kg) A" B C D A B
Chlordane (total) 2.13 2.13 2.01 1.82 0.14 0.60
O,F’ DDOD 0.51 0.57 0.55 0.43 0.02 0.07
P,P* DDD 406 | 476 | 3.66| 3.68 0.18 1.02 |
PP’ DDE 15.55 15.65 3.44 11.82 1.25 3.61
| 0P’ DDT 0.59 0.63 C.29 0.47 BDL BDL
PP’ DDT 2.16 2.03 1.38 1.66 BDL BDL
Dieldrin 0.31 0.19 0.16 0.i6 0.63 0.17
PCB (1260) 0.45 0.48 0.34 0.44 1.13 2.84
Sediment {(mg/kg) ¢ 2 3 4 50
. Chiordane (total) 1l 2.52 1.64 2.09 BDL
O,P’ DDD 095{ 13a| 077| 057] BDL l
|| P.P* DDD 3.45 3.75 2,32 393 0.21 |
{ P,P" DDE 2.71 5.31 4.22 4,75 (.22
O,P' DDT 0.18 0.24 0.18 0.21 BDL
| P,P’ DDT 0.77 0.81 0.5% 0.75 0.15
*A = Sample Identification

1 = Sample Number
- "Only one sediment sample was taken from the Golf Course Pond

—
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Potential human exposure routes that have been considered on a preliminary basis at
DDMT include ingestion, dermal absorption, and inhalation of contarninants present in
soul and dust. Dunn Field, the Golf Course, and the Family Housing Area all have
significant vegetation to limit the generation of fugitive dust during active site use. The
rest of the facility is predominantly paved, but some exposed areas are present.

Levels of VOCs detected during the RI and presented in the RI Report (ref. 18) were
determined not to pose a health risk at this Hime, but the levels of PAHS, pesticides,
PCBs, arsenic, and chromium observed may potentially pose a health risk, depending on
the exposure scenario. Soils at Building 629 (S5-10, §S-11, §5-42, §5-43) and Dunn
Field ($5-7) are the potential source areas for PAH compounds and for pesticides.
Dieldrin was detected at $5-14 on the golf course and at $§-43. Beta-BHC and
heptachlor were present in §5-50 north of the golf course. In the southwestern comer of
the main facility, contamination with PCBs has been noted, PCBs also were detected at
the hardstand area (SS-21 and $5-23). The highest arsenic concentration was detected at
85-37, while chromium was found at §5-20 in the hardstand area.

3.3.3.5 Summary of Human Risk Characterization

A preliminary assessment of DDMT facility conducted during the RI and presented in the
RI Report (ref. 18) revealed a number of constituents present in proundwater, surface

water, surficial soils, and sediments. Potential public health risks have been associated
with the following matrices: :

. The Fluvial Aquifer contains VOCs, which could negatively affect the
Memphis Sand Aquifer under certain conditions. Further investigation is
needed to establish the extent of groundwater contamination at and near
Dunn Field, and whether lcakage to the Memphis Sand Aquifer is
occurring at or near DDMT.

s Surficial soils contain poiential human carcinogens at relatively high
concentrations at some sites. Further investigation is necessary to establish
the extent of contaminabon at facility source areas and to characterize
potential releases at other sites.

- Additional data needed-to assess the potental effect that contamination of
surface waters and sediments could have on public health.

3.3.4 Preliminary Ecological Risk Characterization
3.3.4.1 Development and Use

Most of DDMT facility has been developed for urban use and does not support extensive -

vegetative or animal life. Dunn Field, the Golf Course, the Administrative Area, and the
Family Housing Area support vegetation,
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3.3.4.2 Wildlife

Two areas, Dunn Field and the golf course, have evidence of typical urban wildlife such
as squirrels, chipmunks, red foxes, opossums, quail, mourning doves, and turtles. Rats,
mice, and other pests are attracled to the subsistence stocks and are commonly found in
the storage buildings (ref. 35). In addition, small numbers of waterfowl (ducks) .
occasionally have been observed at Lake Danielson and the Golf Course Pond.

3.3.4.3 Aguatic Life

Lake Danielson was stocked periodically with bluegill and bass before the restriction on
fishing in these water bodies. Catfish also have been observed in the lake. Several fish
kills have reportedly occurred in the lake (1976, 1980, and 1989); one incident in 1976
was associated with pesticide runoff into the lake. Lake Daniclson receives much of the
surface drainage from the southeastern corner of the instailation. Pesticide and herbicide
contamination is also in evidence at the Golf Course Pond and probably is associated with
routine grounds care of the golf course (refs. 15 and 35).

3.3.4.4 Endangered Species

- Although previous reports indicated that no threatened or endangered species are known
to inhabit or use DDMT facility or the area within 1 mile of the facility (ref. 15),
concem exists that this conclusion may not be correct. DDMT has proposed a study of
ccological conditions al the facility for application in RI/FS conclusions.

3.3.4.5 Vegetation

Bermuda grass, black oaks, decorative shrubs, and trecs are the primary vegetation at
DDMT facility. Grass and trees are found predominantly at Dunn Field and the golf
course. Most landscape shrubs are located around the family quarters, the golf course,
and the administrative buildings in the southeastern comer (ref. 15).

3.3.4.6 Potential Exposure Pathways for Ecological Effects

Aquatic life in Lake Danielson and the Golf Course Fond potentially is exposed to soil

contaminants carried by surface runoff. Offsite aquatic life in Cane Creek and -

Nonconnah Creek is potentially affected by contact with surface drainage flowing into

these creeks. Aquatic life in the Mississippi River is potentially affected by contact with

- groundwater discharged from the Fiuvial Aquifer. Plants and animals are potentially
exposed through intake of contaminated surface water and soil constituents.

3.3.4.7 Environmental Fate Processes

Some of the potential chemicals of concern have the ability to accumulate within the food
chain (such as 4,4’-DDT and dieldrin). The VOCs volatilize from water and surface soil.
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They do not tend to bioaccumulate and are persistent in the agqucous environment under
anaerobic conditions. The PAHs are readily absorbed by living aquatic species (ref. 1).
The PAHs have low vapor pressure and low water solubility, but a high propensity to
adsort o organic soils. Therefore, these compounds persist in surface soils for long
periods (for example, the half-life of dibenzo(a,h)anthracene is 750 days in soil) (ref. 1).

Mercury is a compound that can potentially bioaccumulate in aquatic spectes, but was not
detected in surface waters at DDMT. Lead and chromium are associated with some
accumulation in vegetation and animals. In general, in aqueous envirgnments, metals,
PAHs, and pesticides tend to adsorb to sediments. The pesticides eventually are recycled
to the aquatic environment, where they tend to bioaccumulate in fish tissue.

3.3.4.8 Summary of Preliminary Ecological Risks

Vegetation and animal life are limited at DDMT. Therefore, any effect on land flora and
fauna is reduced. Aquatic life in Lake Danielson and the Golf Course Pond has been
affected by storm water runoff of pesticides at the facility. Traces of pesticides are shll
detected in surface water and sediments at the installation. An ecological risk assessment
will be prepared for the various RI reports.

3.4 Preliminary Identification of Remedial Alternatives

Contaminated proundwater, surface water, sediments, and surface soils were detected
during the RI (ref. 18B) and previous studies. These environmental media were considered
individually in developing potentially applicable remedial alternatives. Several process
options within each remedial technology type were evaluated for each contaminated

media, Potentially applicable technologies were considered for each OU, with the
potential technologies and additional data needs for each of those technologies shown in
Table 3-4. However, alternatives that will not require data collection during the Rl field
activities are not included in Table 3-4.

Feasibility study work plans are inteaded to be prepared as separate submittals.

However, a schedule for development and implementation of the feasibility studies 1s
provided in Table 3-5.

General response actions were developed considering the following: potential
contaminants of concern; allowable exposure levels based on the RI Report (ref. 18);
compliance with regulations (RCRA and CERCLA); the EPA Guidance for Conducting
RI/F8s under CERCLA (ref. 63); and known site conditions. The following sections

identify applicable technologies for remediation of groundwater, soil, and surface water at
DDMT.

R S-DDMT- WP 0. WPS 341




Table 34
Potential Additional Ilata Needs Lo Aid in Preliminary Screening of Remedial Alternatives
for R1 Sites”
Defense Depot Memphis, Tennessee

126 14

J
glof2

Operable Typical ’
Units Remedial Options Media [nformation Required for Allernative Evaluation
cu-1 Bioremediation Eail, Nutrients, moisture content, porosity, pH, T, dissolved oxygen l
Waste in water and subsurface, TOC
Caontainment GW* Slug and pump Lests
Cover Soil, Adequate blow count information on Boring Logs (lo 157 or s0) |
Waste
Incineration Sail Metals (TCLP and total}, chlorine, BTU as higher heating value
and ash content {use reference values}
In-Situ Biaremediation G Nutrients, eleciron acceptors, moisture content, dissolved
oRygen, T, pH
Land Disposal Soil TCLP, HW charncteristics
Landfill {solids) Sail TCLP, HW chamclenslics
Neutralization Soil, pH, alkalinity, moisture content
Wasie '
Removal/Treatment oW COD, BOD, TDS, TSE, pH, conduectivity, cationsfanions, i
smmonia, oitratefmitrite, total phosphoms, slkalinity, hardoess
“ Sanitary Sewer (liquid) Liquid Mone
‘Waste
Stablization, Solidification | Soil, pH, moisture content, graio size, porosity
Liquid
) Waste
i SYE Soul Gran size (if clay do Anerburg), moisture conteol, soil bormg
profiles lo water table, pump tests (slug tests if pump tests not
possible)
Q-2 Broremediation Soil, Mutrients, moisture content, porosity, pH, T, dissolved axygen l
Waste in water and subsurface, TOC
Containment Gw Slug and puinp tests
Cover Soil Slng and pump tests
COD, BOD, TDS, TsS, pH
Adequate blow count information on Boring Logs (to 15 or 50)
Land Disposal Soil TCLP, HW characteristics |
Incineration Sail Metals {TCLF and tolzl}, chiorine, BTU as higher heating value
and ash content (can probably just use reference values)
In-Situ Bioremediation GW Nuirients, electron scceplors, moisture content, dissolved
oxygen, T, pH
Neutralization Soil, pH., alkalinity. moisture conlent
Waste
Removal/Treatment oW COD, BOD, TDS, TSS, pH, conductivity, cations/anions,
ammonia, nitrate/nitrite, total phosphorus, alkalinity, barduess
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Potentiol Additional Data Needs 10 Aid in Preliminary Screening of Remedial Alternatives
for RI Sites*
Defense Depot Memphis, Tennessee

. Page 2 of 1

Operahle Typical
Units Remedial Options Media Information Reguired for Allernalive Evaluation
Qou-2 Solidification/Stabilization | Soil, pH, moisture content, grain size, porosity
Liquid
Waste
SVE Sail Grain size (if clay do Atterburg), moisture content, soil borng
profiles to water table, pump tests (slug tests if pump tests not
possible)
oUJ-3 Cover Sail Site-specific water level data with piczometers, geotechnical
properiies {grain size distdbution, Atterberg limits,
permeability, direct hear) of pond embankments and |
immediately adjascent soils
Containment/Remaoval CW Slug and pump tests
Fill Sed None
Incineration Sail Metals (TCLP and 1otal}, chlorine, BT as higher heating value l
and esh content (use reference values)
Land Disposal Soil TCLF, HW charactenstics
RemovefLandRill Eed TCLP, moisture content, HW characteristics
Treatment Gw CQD, BOD, TDS, T5S, pH, conductivity, calions/anions, "
. ammonia, nilrate/nitrte, total phosphorus, alkalinity, haniness
ouU-4 Conlainment GwW Slug and pump tests ||
Cover Soil Adequate blow count information on Boring Logs (o 15 fi or Il
50)
“ [neineraticn Sl Metals {TCLP and total), chlorine, BTU as higher heating value
&nd ash content (use reference values)
In-Situ Bioreclamation Gw Mutrients, electron acceptors, maisture content, dissolved
oxygen, T, pH
“ Land Disposal Seil TCLP, HW characteristics
§
Salidification/Stabilization | Soil pH, moisture content, grain size, perosity
Treatmeni GW COD, BOD, TDS, TSS, pH, conductivity, caticns/anions,
amimonia, aitratelnitrite, total phosphorus, alkalinity, havdness
Note: “This table is s generalized list of potential data needs for the RI to gid in the scoping of field activities. 11 is “

not intended for use as the preliminary remedial alternatives screening for the Feasibility Study nor is it intended
to coflect data for all potantial remedial eltematives to be evaluated, Alternatives that will nat require data
collection during the RI field activities are not included. Similar technologies would be grouped under a
specific name, i.e., incineration would geoerally also represent thermal desorption, cement kilns, incinerators,
pyrolysis, or wet air oxidation as similar technologies.

*GW = Groundwater

Bexd = Sediment

‘Due to the comstructicn of the ponds, it may require significant engineering review of current design and

conditions to ensure that the pond walls will not collapse if full or partial dreining of the pond is required for
dredging, removal, or cover placement.
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Table 3-5

of Feasibility Study

| Schedule [or Development and Implementation

Defense Depot Memphis, Tennessee

Activity

Duration {months}

Approval of Generic RI/FS Work Plan

starting milestone

F5 Work Plan Draft

2

EPA/TDEC Review

2

Prefinal FS Work Plan

1.5

EPA/TDEC Review

Final FS Work Plan

FS Screening

Draft FS Report

EPASTDEC Review

Prefinal FS Report

EPA/TDEC Review

u_Flnal FS Repont |
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3.4.1 Groundwater Cleanup Alternatives

3.4.1.1 Preliminary Remedial Action Objectives for Groundwater

The overall goal for groundwater remediation at DDMT is (o stop the migration of
contaminants in the Fluvial Aquifer and to protect human health by eliminating
groundwater contamination that might threaten the Allen Well Field. The specific
objectives to meet this goal are to accomplish the following:

. Remediate groundwater contamination in the Fluvial Aquifer.

. Minimize the possibility of contaminant migration to the Memphis Sand
Aquifer through local manipulation of groundwater flow patterns in the
Fluvial Aquifer (using groundwater extraction wells) and treatment of
contaminated groundwater if needed with discharge to the city sewer.

* Adequately mitigate the source of contamination.
Section 1:4.2 provides a mere complete discussion of the interim remedial action.

Two areas must be examined in developing the groundwater remedial allematives: the -
source areas where the contamination 18 being generated and the contaminated portion of
the Fluvial Aquifer. The information obtained in performing the RI (ref. 18) indicates
that a principal contaminant source area is located within Dunn Field. Although the exact
location of the trench, or trenches, contributing the contamination was not identified,
several sites (such as Sites 4 and 4.1) could be likely source candidaies based on the
documented types and quantities of waste buried. Although the areal extent of
groundwalter contamination was not fully determined during the RI (ref. 18), remedial
action altematives may still be evaluated.

Groundwater clean-up levels will be determined from information obtained dunng the
RI/FS, the ARARSs analysis, and determination of risk-based concentrations.
Groundwater clean-up levels may also be governed by treatability studies using the best

available technology (BAT), which may dictate levels exceeding nisk-based crnitena if
BAT cannot achieve these values.

3.4.1.2 General Response Actions for Groundwater

General response actions were developed to address the remedial action objectives for the
groundwater and contaminant source(s) in the Dunn Field area. Potentially applicable
general response actions were developed, as follows:

a No action
Institutional controls
. Plume containment
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Source containment
Pump and treat technologies
In-situ treatment
Time critical removal action (excavation of source areas and offsite
ireatment and disposal}

3.4.2 Surface Soil Cleanup Alternatives

Altemnatives for preliminary remedial and general response actions for surface soils are
discussed below.

3.4.2.1 Preliminary Remedial Action Objectives for Surface Soils

The primary remedial action objective for surface soils is the protection of human health
and the environment, which requires the prevention of ingestion of or direct contact with
soils having contaminant levels exceeding target levels. A secondary remedial action
- objective is to limit the potential effect that surface soil contamination might have on

surface water runoff. A third remedial action objective is to prevent migration of
contaminants from the surface soils to the groundwater.

3.4.2.2 General Response Actions for Surface Soils

General respense actions were identified to address the remedial action objectives for
surface soils. The general response actions fall within the foliowing main categories:

No action

Institutional controls

Excavation and onsitc treatment and replacement
In-situ treatment

Excavation and offsite treatment and disposal
Excavzation and offsite disposal

Capping

Excavation of contaminated soils at DDMT may require compliance with RCRA’s Land
Disposal Restricions (LDDR) regulations. These regulations apply to soils transported
offsite for disposal and may apply to some forms of onsite treatment and replacement.
The regulations are generzally based on the generation process for each contaminant.
Contaminated soils that can be traced to a specific identified source can be classified as a
"Listed Waste." This category of soils has definite standards to which soils should be
treated before disposal. To categorize the waste at DDMT as "Listed Wastes,” a
thorough examinabion of the records (waste manifests) would have to be performed by
facility personnel. If the contaminants detected in the Rl and presented in the RI Report

(ref. 18) can be identified from any of these records, the wastes may be considered as
“Listed.”
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Contaminated soils that are not "Listed" are evaluated on the basis of their
"Characteristics” (ignitability, corrosivity, reactivity, and toxicity). For soils, this means
their toxicity, as currently defined by the toxicity characteristic leaching procedure
(TCLP) tests. Soils that are above the toxicity standards are defined as "Characteristic
Wastes." These soils would have to be treated to meet the Land Disposal Requirements
under RCRA. The TCLP test applies to RCRA metals, pesticides, and some organics.
Once defined as a "Characteristic Waste,” the soil would also need to comply with the
California List Waste rule. This rule is particularly significant for halogenated organic
compounds (HOCs). These soils would have to be treated to below the California List
for total HOCs (1,000 milligrams per kilogram [mg/kg]) before land disposal. Clean-up
levels should be negotiated between DDMT, TDEC, and the EPA.

3.4.3 Surface Water Cleanup Alternatives

Surface water preliminary remedial and general response actions are discussed in the
following sections.

3.4.3.1 Preliminary Remedial Action Objectives for Surface Water

The remedial action objective for Lake Danielson and the Golf Course Pond 15 10 protect
the health of anyone who might be exposed through the consumption of contaminated fish
and to protect the aquatic life (particularly the fish) within the water bodies. Lake
Danielson and the Golf Course Pond are both currently under “No Fishing® and “No
Swimming" restrictions. Ultimately, DDMT would like to increase the utlity of these
two surface water bodies, specifically by allowing activities such as picnicking and
potentially fishing. Water quality could be affected by short-term increases in
contaminant levels as the result of peak storm events.

Sediment contamination was detected in Lake Danielson and the Golf Course Pond.
PAH, pesticide, and metal contamination levels were sigaificantly higher in the pond than
levels detected in the lake. Three general areas must be addressed in developing
remediation alternatives for the Lake Danielson arca: surface water, sediments, and the
current storm water drainage system that supplies the lake and pond.

3.4.3.2 General Response Actions for Surface Water

General response actions were identified for the three areas in developing remedial
alternatives for the surface water bodies. These actions include the following:

No action

Institutional control

Storm walter drainage diversion or treatment

Establish aquatic vegetation for sediment

Lake abandonment with contaminated sediment removed
Dredge sediments/offsite treatment and disposal
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. Source determination, excavation, and treatment (accompanied by one of
above)

3.5 Preliminary Identification of Applicable, Relevant,
and Appropriate Requirements and
Preliminary Remediation Goals

3.5.1 Introduction

The purpose of this section is to present information in the scoping phase of DDMT
projects on issuss relating to compliance with applicable or relevant and appropriate
requirements {ARARs), including identification of preliminary remediation goals (PRGs).
This information guides the development of appropriate sampling and analysis plans and
early removal actions, or facilitates the development of a range of appropriate remedial
alternatives and can focus selection on the most effective remedy. Terms used in this
section are defined in Table 3-6. '

The procedures for identification and evaluation of ARARs and PRGs are prtsented in
several important sources, particularly the following:

. The NCP, specifically 55 FR 8741-8766 for a description of ARARS, and
§712-8715 for using ARARs as PRGs; also 53 FR 51394

. CERCLA Compliance Manuals {EPA 1988 and 1989)

. Risk Assessment Guidance for Superfund: Volume 1—Human Health
Evaluation Manual. Pant B, Development of Risk-Based Preliminary
Remediation Goals. EPA, 1991, (RAGS Part B)

Three types of federal and state ARARs have been identified and are presented in this
section;

. Chemical-specific —Health or risk management-based numbers or
methodologies that result in the establishment of numerical values for a
given media that would meet the NCP "threshold criteria” of overall
protection of human health and the envirenment and compliance with
ARARs. The development and presentation of these "threshold criteria”
are a major focus during this imtial phase because of their role in the

development of the specific sampling plans and their use in inital data
interpretation.

. Location-specific — Restrichons placed on the concentrations of hazardous
substances or the conduct of activities solely because they are in special
locations (such as wetlands).

mgm95-DDMT-WPMI10. WES 348
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Tahle }-6
ARARs and PRGs Delinitions
Delense Depot Memphis, Tennessee

Definition

I—

Applicable or Relevant and
Appropriate Requirements
(ARARS)

" Applicable™ requirements are those clean-up standards, standards of
conirol, and other substantive environmental protection requirements,
criteria, or limitations promulgated under federul, state, or local low
that specifically sddress a hazardous substance, pollutant, contaminant,
remedial action, location, or other circumstance at a Comprehensive
Environmental Response, Compensation, and Liahility Act (CERCLA})
site. “Relevant and appropriats” requirements are those clean-up
siandards which, while oot "spplicabte,” addresses problems ar
situations sufficiently similar to those encountsred at the CERCLA site
that their use is well-suited to the particular site. ARARs can be
action-specific, localion-specific, or chemical-specific,

Fina]l Remediation Levels
(FRLs)

Chemical-specific clean-up levels are documented in the Record of
Decision {(ROD). They may differ from preliminary remedialion goals
{PRGs) because of modificalions resulling from considerstion of
various uncertainties, technical and exposur: fectors, as well &s oll mne
selection-of-remedy criteria outlined in the National Gil and Hazardous
Substances Pollution Comtingency Plan (NCP).

Preliminary Remediation Goals
(PRGs)

Initial clean-up goals that (1) are protective of human health and the
environment, and (2) comply with ARARs. They are developed early
in the process based on readily available information and are modified
to reflect resulls of the baseline risk assessment. They also are used
during analysis of remedial alternatives in the remedial
investigation/feasibality study (RI/FS).

Risk-baged PRGs

Concentration levels set at scoping for individual chemicals that
comespand ta a specific cancer risk level of 10 or & Hazard

Quotient/Hazard Index (HQ/HI) of 1. They are penerally selected
when ARARSs are not availahle,

Screening Risk-based PRGs

Conservative nisk-based estimates and guidance concentralions to be
used for site and pathway screening. Lower values than typically
esfimated afier a baseline risk assessment are presented —values
carrespond o an HQ/HI of O.1.

Remedial Goal Options (RGOs)

Femedial goal options are typically developed during the baseline risk

assessment Lo present risk managers with a range of possible target
FRLs,

Removal Aclion Levels (RALz)

aigm®5-DOMT-WPRH059. WP
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poteatial for mcute ar long-tenmn chronic effects,

3-49




126 153

. Action-specific — Usually technology or activity-based requirements or
. limitations on actions taken with respect to hazardous waste.

The ARAR and PRG information presented in the work plan documents are initial
guidelines. They do not establish that cleanup to meet these goals is warranted. As more
information is obtained about all OUs and as remedial alternatives are considered, federal
and siate requirements will be narrowed to those that are potential ARARs for each
alternative.

3.5.2 Chemical-specific Threshold Concentrations

Threshold criteria were developed for each media of potential concern, specifically
groundwater, surface water, soil, and sediment. These are presented in Tables 3-7to
3.10. These include ARAR-based PRGs, puidance values that are “to be considered,”
and screening risk-based PRGs. &

The screening PRGs presented during this phase represent the most conservative approach
to the interpretation of the site data. These data are intended for use in screening sites to
evaluate the appropnate disposition of the site. At these siies, a more limited data set
may be available; no site-specific BRA will be performed to identify remedial goal
options for the site that may be more appropriate target concentrations.

Guidance for Superfund (RAGS) Part B and guidance from EPA Region IV. Region IIL
publishes screening PRGs, and the table is updated quarterly. Region IIf PRGs were
used for guidance in developing the PRGs presented in Tables 3-7 to 3-10. However, the
screening values in these tables are more conservative than the Region III values. The
following factors were considered and led to the development of these screening PRGs:

. The scre:eﬁing PRGs were developed from information provided in Risk Assessment

. Presence of multiple contaminants
. Pathways not considered in the published values (soil to groundwater
pathways)

. Potential ecolopical effects
. Appropriate land-use assumptions

The specific derivation of the screening PRGs is presented in Section 3.6. The important
factors in the approach are summarized, as follows:

. Residential land-use assumptions

. Guidance values for potential ecological effects presented for surface water

l and sediments,

mpme5-DDMT-WD2010. WPS 3-50 : 9/19/95
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Tahle 3-7 Papnrl ol ]
Prebiminary Remedistion Gosls {(PRCY)" tor Grourd water™
. Defers Derpirt hampids, Teonsssen
ARAHs" Based PRGs Rivk-based PRGs
TH CGaidanre k- baxsd
mcL! MCLG! Level PRG PRG
Chemical Nama (eag/L} {mg/L) (ag/Ly {mg/L) Baais Minlmum'
VOLATILE ORGANIC COMPOUNDS
Acctono 4163 ol 0.1%
Bentene 0.005 ¢ 0.003 0.001 c 0.00]
Bromodichioromed hare a1 0,001 [ 0.001
Broaodoom a1 0.00% c 0.005
Broaomcthanc 0.001 5 0,003
Carbom Disutfide 0038 0193 8 0.03%
Chlombonzeme 01 ql 0.45E pa37 5 Q.037
[Thlonelbane N/A
Chlomfarm 0.1 0.00019 o407 cC DO0019
Chlommethane 0.003 C 0.003
Ditremoch] sremethans Q.1 .05 0.0G1 C 0.001
1, l-Dichlarosthine 0.183 ] 0.183
1,2-Dichiorocthens Q005 1) 0,003 A TE-0H4 C 4. 7204
1, k-Dichloroethwna Q.07 0,07 0.007 T.1E0S C T.1E0]
1,2- (mixod isowrcrs} Dichlorocibens ! 0016 5 odls
zis-1,2-Dickiproctheno .07 0.07 033 0.0Ll8 3 oaLg
rany- 1, 2-Diehlcroethane 0.1 ol [+ Xoig 3 0.037
1,2 Dichiovopropace £.005 Q 0.001 C 0,001
1,3-Dichloropropes 2AE-04 c L4E-04
ris-1,3-Diichleromropens KA
trans- 1, 3-LHchlcropropens A
Bihyl benzene 07 0.7 ] Q183 5 0.18
2-Hexsnone N'A
Mcthyl Elhyl Ketons 1.09% s 1095
dLdcthyl-2-Pontaoon: 0.091 8 0041
Methylern Chlaride .00 b 1.5 0.006 cC 0.005
Styrenc a.l ] mn 1.T2E-03 C 1.7R-05
1, 1,2,2-Trirnch] mocthios 00017 2134 c L1804
Tetrachloroathenn 0005 o 0.00K 0.001 C Q.1
Tolxeno I 1 14.3 0365 5 Q365
1,1,1-Frichinmethans 1.2 0.2 0.2 D_l64 5 Q. 054
1,1.2-Trichlorocthanc 0.00% 0.0 Q0006 D001 c 00008
Trichlomocihens 0.005 a 0.005 0.004 c 4.004
Viny] Chloride 1042 a 0.002 2 I4E0S c L2E-DS
Kylena, Mixturo 10 i 12 3.650 5 22
SEMIVOLATILE ORGANIC COMEPOUNDS

Aceraphihans 0012 1.21% b} 0.02
Mecnaphthylene NA
Arnthracens L0925 -3 L1195
Benrol AJAnthracens 117004 C 1. 1'TE-O04
Bouzo(AJPyrone 0.0002 8 117505 c L.I7EG}
Bezo{B)Flusranibean 1LLTEDd c 1L.ITBLY
Benzof H, Ierylena Ma
Bonzo(K i laomnthese 0.001 c B.001
Bis{2-Chlorocthoxy)Methane NHA
Bin(2-Chlomethyl)Pithar T.T4E-D5 < T 14B~03
Bis{2-{hlarnisopropyl)Ethar 0.0347 0.001 c 0001
Bis{2-EthylhexylFPhihalota 0.006 1} 15 0.006 c 0.005
Bis{ ChleromcthyljEiher LETEAT C ARTEDT
4-Bromaphenyiphenylcther MiA
N-Butylbenzyl Fhthalate 0.73G - 0.710
4-Thioroani]ing 0.013 3 Qo013
2-Chlorophenol Q.001 0.01% 3 000
Chryscoe 0.012 ¢ 0,012
Di-NH-Butyl-Phthalatz 0365 L} 0,185
TH-N-Chetyl-Phthatate oaT 5 aon
Dibena{ A, H)Anthrcenn L.17E-0% C 1.17TR-05
Dibenzofuran oa1s 3 0.01%

. 1,2-Dchlorobenzens 06 Q.6 D4 0,322 s 01329
1,3-Dich] robonzens 0.4 0325 3 0,325

pmIS-DDMT WPATALA 015 3-51 HL9HS
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ARARS" Resod PRGa Risk-based PRGa
TH Guidunce Risk- b ased
mcL! MoTo Level PRG PRG

Chemical Nama {mg/L) (eaprL) (mg/L) (mp/Ly Basbs Minkmum'

1 4-Dizhlofohenzana G075 nO7S 0.075 G004 C 0.004
3 3-Dichlombenridine .008-03 1.89B-04 c ELJE-04
2 4-Dichleropbenal 189 011 s oLl
Dictbrylphthalste 350 1920 s 1520
2 4-Dimcthylphonal Q073 3 6073
Diimethyiphthalaia 36.500 5 36,300
2 4 Dinjtrophensd 0.007 & 0007
2 d-Drinitrotntooma L.1IE-Dd C L.25E-(4
2. 4-Dinitrotnluene 1. T4E-04 C L.XSE-04
Fluorardheno 0,146 |3 0,148
Flvorene 0.146 5 Q. 14&
Hexachlorobmzone 0.1 0 7.20E-07 3.328-035 c 1 H0E-07
Henuchlorobuta dicee: Q.0043 0,001 5 0,001
Haxachlorosyelopents disne 0.03 0.0%5 0206 0025 3 0026
IHexachlomcthanc a.0a1e (0L 5 Q.001%
Indeant1,2,.3-CA\Pyrenc LITE04 c L17B-04
hophorons 52 0.090 c 0.090
2-Methyiphanol 0.1d3 5 019
4-Methylphennl bAOLE 5 ROLE
MNaphthalene e X1 rL] 0145 ] 5424
Z-chlore Naplhalens WA
4chlore Magtalens HNfA
{3-Nilrnaniline MfA
P-Nitrosmiline - W/A
Nitroheozene o013 0.002 - 20013
2-Mitrophennl A
*-Nitrophenol 429 5 a.029
NeMiboso-Lh-N-Fropylamins 1.12B-035 [ 1 1IB-35
H:Mitroeod: phenylamine 490805 0017 C .00
Pentachloropbenol 0001 q a1 0.03] c IXei}]
Fhenanlbrene H'A
FPhenol 1.3 2150 3 2150
2-mathyl- 4, &-dimitro-Fhenol WA
3 methyl- d-ehlaro-Phonal NfA
4-chirg-pheny)-Phenylether WA
Pyrens ona 3 o.110
indemwd],2,3-c4] Pyrenn MNA
1.2, &-Trichlorobenzom: 0a7 0.07 0.037 5 0037
24, 5-Trichloropbenol A 0.363 5 0365
2.4, 5-Trichborephenak Q.0012 0.008 c 00012

FESTICIDES

Polychlorinated Hiphecyl (PCE1) 00005 [1] L.11E-0% c L.11E-1S
Aldrin T 40E-03 5.0 1E-D5 c TAOE-DE
Alpha-BHC NiA
Dota-AHC NA
DelinRHC WA
Chicard e 1.002 1 4 650E-)7 B.IAE05 C 4.G0B7
4400 133804 C 1. 55E04
A DB 1. ME-04 C T 50T-04
4 4 DDT ZAEO3 2ME-04 C 2 J0BQE
Endosullan 0.0z 5 0,012
Endosullan I NiA
Enuden 0002 002 Q.002 GO0 5 9.001
Endrin Kelons i
Heplachior 0.0004 L+] LE0B0T7 1.098-03 C 2WHLT
Heplachlor Bpaxide 0.0002 L4 $.35B-D% i 8.346B-D6
Linduna Q.02 0.0002 & 55E-03 C 6. 53B05
Methoxyrhler 0.04 004 0018 5 BOLE
Tonaphene: 1.003 )] 1T.I4ED3 c L T4B-05

mgm? O MT-WP 1A XLE
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Table 3.7

Freliminary Remediation Goals (PRGa)" for Groundwater”
Defenae Depot Memphis, Teobetsee

Pagaldoaf 3

ARAR:® Dased PRGa Riak.based PRCy
TR Gadance | Rak baed
McLt MCLG" Lavel’ PRG FRG
Chemicd Name (mg/L) (mgL) (mg/L) {mg/L} Dasls Minlorum'
FETALS

Alveeiroiem WA
Antimony 0.005 0.006 0.146 0.001 g 0.601
Arscaic 0.05 0.0% 005 o£ETE04 c 48TROS
Barixzn 2 2 1 0256 3 0.2155
Boryllnam 0.004 0.004 1.70E-06 2.08-03 c 0.0000037
Cadmian (Water} 0.005 0.003 ol 0.002 5 RO
Chroenicm (] [stavalent) 0.1 0.l 0.3 0.018 5 noLS
Copper L3 13 I 0.138 5 0.133
Cyanids 02 0.2 0073 g 0.073
Iren WA
Lead AT o B.o% 0.013
Mangancss (Water) 0.618 s 0.018
Mercury £.002 0.002 6002 o.001 3 0.001
Mickzl, Solublc Salts 0.1 0.1 nAL34 130207 5 0.0134
Schemium X 003 0.0 0.0181 5 0.01
Silver 0.03 0.0l 5 0,018
Tha itz 0.002 0.0005 0.013 £.0005
Vanadium [+ X103 1 0.026
Zime | 1.09% 5 1.005

*PRG = Prclioninary Remedistion Goal

Y Wheo no vali i listed, 0o 1gplicsble ARAR was idenlified or 5o bealth data wers available {or both)
“ARAR = Applicable, Relevant xod Appropriatc Requircments

MCL = Maximum Coutaminant Level

FCLG = Maximwn Comdsminant Level Goal

g uree: Hazadows Subatance Guidelines, TDEC, Division of Superfund, Drll, Decomber 14, 1987,
55 = Calculatsd based on Sysicmic Elfeots

Yo m Caleulatod bused oo Carcinogenic EfTects

{ ) finiranm valuo of PRGa presenited in this table (columa 1o the 1=ft) 10 be wsed for acrooning the sits
& conservative hayi. When the MCLG is 2ema the ned lowest valoe i uazd.
WA = Nok spphicable

At - DOMT. S P4TEIAXLS 3- 5% 9/19/93




Tuble 3.8 Paga1af 3
Prolimin ary Remediatlon Goals (PR for Sarface Water® 1 2 6 1 5 7
Dhelenge Depol Memphis, Teonczsee

. ARARSS Duscd PRGs Ril-Bued PRGs
TN Giate AWOCHITFRh AWDCAD
Gald ance* and Water” Freshwates'
Chentbeal Namao [rg/L) (mpL) {mp/l) Minlmunm®
VYOLATILE ORGANIC COMPOUNDE
Acctonc
Henzene q,005 0.0012 0.053 2.0012
Hromodichloromsthaas 0.00027 002
Broasamethano 0043 0.048
Carbon Dl fide 0.038 0.03%
Chlormbenzene Q483 0.68 0.193 0. 185
Chlsevnbana ) o
Chlomform 0.000 1% 00087 0.289 0.00019
Chlornrwthane: 0
Dhbromochiarmomethans 005 00041 0.00041
1, I-Drehlovocthane ]
1.2-Dichlomocthapc 0003 0.0003E 2 o008
1, I-Dichtorocthone 0.007 A.000057 0303 0, 00037
1,2-{mixsd isomers) Dichlamocthene L1l
1, 2-Phchinropopans 0.525 0.525
1,3 Dhchloropropens [+ K1} ] 0.0244 1L |
Ethyl benreoe: L4 3l 0.453 0.433
A-Hexancna i)
Mecthyl Ethyl Ketona D
4-Mcthyl-2Z-'csiznone : v}
Methylene Chloride L5 0.0047 193 00047
Styrene T0 70
11,2.2-Tetrachiornethans 00017 000017 0.24 0,00017
Tetrachloroeihane 0308 0.0001 0.0K4 D.Q008
Talueno 14.3 6B 0175 QTS
1,1,1-Trichleroethane 0.2 0.524 i 3o
. 1.} 2 Trickloroethans 0.0006 0,0006 5.94 0.0004
Trichlarocthens Q.003 0.00717 0.0027
- Vinyl Chlarid= 0.002 0.002 0.002
Xylene, Mixtue b ] 2.2
cie=1,2-Dtchl crocthens 0.35 B33
a1, 2-DHchlorocthens 1.33 134
cis-1,3-Dhchloropropone 00244 o,0244
trans-1,3-Dichloropropene ) 00744 0.0244
SEMIYOLATILE ORGANIC COMPOUNDS
Acensphiheno 041 0.017 0017
Accraphibylene q
Apihracenn 9.6 9.6
BenzolAdAnthracens 0.0000028 00600028
Bruzol ANPyreme " 0.0000028 Q0000028
Benzo(B JFluorsathens 0.0000028 0.0000028
Bl G H I Perylens 1]
Benra{KiFluorenibena 0.0000028 0.0000028
Bis{2-Chiorocthaxy)Methane a
Bis{2-Chlorocthyl}Biher 000003 L 3% 0.00003 1
Ris{2-Chloroisopeogyd)Eiber 0.0347 4 0,0347
Bis{2-Fihyihond (Pithalato 1% o.0018 = (L0O003 0,001E
B in{Chioremoth yijRther o
d-Bromopheryphenylether 040122 0.0122
HN-Butylbenry) Fhahulae a.0z2 0022
4-Chlorgamiiing 1]
2-Chismphenal 0.0001 0.0438 0.0001
Chryseon 0, 000028 0.00000 2%
LK-M-Butyh-Phihalatc 27 0.0054 B
Th-M-Ociyl-Phthalats 1]
Diboref A H) Anlbhauosys 0, 000028 000028
Ditenzafiman 1]
1.2-Chichborobenzene 04 7 0158 0.0158
. 1,2-Dhchlombenzenc a4 1.4 0.0502 0.0502
b, 1, 4-Thchlorobeione 0.075 4 paLI2 qa0112

O COMTAWPADEA X6 ’ 3-54 .
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Table 3-8 Page 2o 3
Prelltbnary Remedintson Goals (PRCGa)" for Surfacn Weter®
Delrmys Depot Memphis, Tennesara

ARARS" Bused PRGs Risk-Dased PRGs
. T State AWQC-IIII Foh AWUOLALY
. Guldance' wnd Water® Freshwaier'

Chemlcel Nameo (mg/L) (=L} (me/L} Miaimuc
3.3-Dicklnenhenziding 0.0000% 000004 0. DODH
2. 4-Dicklnmphenal 1409 {93 003563 00263
Dicthylphthalatz 330 n 0.521 0.421
TA-Dimethytphenal 033 B33
Dimothytphthalate mn 033 0.33
2,4-Dinitropbenal 0.07 0.0062 0.0062
L. 4-Diniirctotocno o.ooaL 0.3l 000011
2, 6-Dhnitrotafucne a
Fhucranibens a3 O.035% 0.0398
Flurene 1.3 1.3
Hexachlomsbenzens 100000072 0.0000007 5 000000072
Hemchlorobutadicne 0.00045 0, 00044 0.00093 0,000 44
Hexachlorouys lopeatadicne 0.206 0.24 0,00007 0.00007
Heachloocthanc 4.001% 00019 X ana19
Indenal 1,2 3-Cd)Pyrens (1, OKHO00 28 00004028
kopborooc 3.2 0.0054 L7 Q.00%4
2-Mathylphenal 0
d-Mdmhyiphonal [
Haphthalene D023 1.06% 0.025
O MHitraunilins [}
P-Hitroanilin: [+
Ritmbopzeno 04013 0.ci17 0.21 00013
P-Nitropbeoal 0
H-Nitroso-Di-N-Propylamine 0
N-Nilpcand iphenylamine 0000045 0.00% Q058> 0.00n4S
Poatachlorophanal Lat Q.00028 Q013 D.O0028
Phounthrene 0
Pheaal 13 1 4,235 1.2%6
Pyrone 0.96 0.96

. 1,2, 4-Trichlombenzena 0.0445 4,044%

h 2,4 3-Trichlcamplenl X L6
2,4 6~ Trichlowophernl 00012 0.0021 0.06032 fn.o0aL2
2-Nilrophcool 35 23
2-chiao-Mapthaleac o
J-methyl- d=chlorePhenol 1}
d-chloro-Maplaalese: 1}
4-chloro-phenyl-Fhenylether 1]
2.methyl- 4 6-dinitre Phepo! D002 00033
indenal ),2,3-cd) Pyreas 0

PRSTICIDES

Aldrn 0.00D000074 .00000013 0.0003 000000074
Chlordana 0.000000 45 0 DS 7 DN000043 00000046
44000 0. 0000008 X 0000054 Q.0C00083
44-00H 0.00000035 09103 0.00000059
4 4-DDT Q.000HHN0 24 Q00000055 000000 L 0000000024
Erndoritfan 1.0000 58 Q.000054
Endiin 00002 0.00076 00000025 0.0000023
tixptachler 0. 0000028 0.00000021 1.000:0024 0.{Do00021
Ikeptachlor Epaxide 0000000 & 0.0003023 QG000 1
Linedare 0.000019 0.00008 0.000019
Metbaxychlor 0.00003 000003
Toxapheos 0.00DOMETS 00000002 0, D000 2
slpha-BHC 0.5 L3
hata-BEHC ) 5
gamema-BHC Q00003 0.00008
Endomallan T Q.0 55 6000055
Prdrin Kotoms 1]
Palychlorinated Hiphesyls (PCBs) 0.000000044 0.000014 0.000000044

M S-DOMTAVPAOSIA KL S K183
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Preliminary Rewedistion Goals (FRGH)" far Swrfsce Water*

Dieleeae Depad Memphis, Teoncrses

126

153

ARAR" Rased PRGa Risk- Dascd PRGa
TH Eaate AWGCIMFaE | AWGC-AD
Caildamce’ and Waley" Feesbwater'
Chemizal Name {mg/L} (mg/L) {mg/L) Micimum"
METALS

e 0.087 0.08T
Antirany 0,145 o.ci4 .16 0054
Amsenie 0.03 0000419 0.19 0.00001E
Barium 1 1
Daryllium D.0000017 0.00053 0,0000037
Cadmiuwn (Weicr} o1 00011 0.0011
Chromimm 0.05 DAy 0.011
Copper 1 6412 0012
Cyanide 0.7 0.0032 00052
Iren L 1
Lesd 0401 04032 0.0032
Manganesa (Water) 4]
Mereury 0.002 0.000 k44 0000412 0.000012
Nickel, Foluble Sahis 00134 0.51 1.16 0.0154
Sclonium Q.01 a.0a% 0.003
Silver .03 0000012 0.0000 12
Thullinm 0.013 0.0017 09,0004 BODA
Varadium {4
Zinc L] 0.1§ n1l
Wotes:

"PRG = Preliminary Remcdistion Geal
b e 00 valos is listcd, no applicatilc ARAR wes identified or no health data were svailabla (or bothl.
® ARAR = Applicable, Relovant snd Appeapriats Roquiramens

A oeree: Hazardoos Substages Guidclines, TDEC, Division of Supcrfund, Drafl, Decembar 14, 1987,

S AWQC - HH & Foder| Ambient Water Quality Critcrs fr the Protaction of Himman 1 [salth for the Ingestion of Organizm and Watcr
f AWQC - AQ = Federl Ambient Water Quality Criteria, Chvesic for tho Protection of Freshwator Aquatie Life

MES-OI0M T-WPUDaA X0 £
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Tuble 3-2 Pagulal 3
Proliminery Romediatlon Canls (PRG)* for Solf*
. Decfcnss Depot Memphis, Temence
Soll Bibsk-Tiesod PRGs
Soll PRG Hodl PHC Soll-GW PRCa
Chemical Nama {mpiig) Daxis {(mpilg) Minlmun®
VOLATILE ORGANIC COMPOUKDS
Adctine 1. §9E+Q3 g 4 02E-03 40203
Renrenc 5.51E401 c 1.22E-0% LZEE03
Aromnadichleromcthans: 08001 c L.04B-03 144203
Bromalom 1L.Z0E+3) C 5.2BE43 »IEE-03
Bromomethans 5.13E+0] 5 5.3+
Carbon Dinulfide 418EH2 3 2. BERL02 986802
Chiorobenrens: 7.06E+02 5 1.20R81 120801
Chlomethane WA iy WA
Chlamfrm 247TE01 C L1GE-03 L15E-03
Chkmmnethapo 1. BE+0 C 1L15E-G3 1L15E-03
Dibromochlomoeunc L13E+DD c 4. 26E04 4. 26804
1,1-Dichiorosthang 3.630+03 5 5.48HL02 5ASE-02
1,2-Dichleroethana ZO4B-01 c 6.338-05 655605
1.1 -Dichlurocthens: 3A3B02 c 1,G1E-03 4.51E-03
1,2- {mixrd iscmers) Dichboroetlens 3H6EHI2 5 9.698-03 9, 59E-03
ciw-b, 2-Diirhlnmoothonc 1 4EHI2 5 194803 §.ME-03
tramu-1, 2-Dachloroethene T.06E+07 H 215802 2.1 36402
1,2-Dichlarmpmopano 1L 2BENL C 316804 1 NE
1,3-Dichlacoprapens S.27EDL C 1. L4E-04 L14E-04
cis-1,3-Diichlocopropene WA NIA WA
trans-1 3-Dichloropropene KA NA WA
Ethy! benzens 4028103 5 2L01EHH ZB1E+00
2-Hexanmc NfA WA A
Meihyl Bthyl K=tone 227E+)4 3 4.53E-02 493802
a-Mzthyl-2-Peotanons 2.03B+03 5 2.4TE-02 A.6TED2
Methylene Chioride 4. 528400 C 1. 00E-04 5.0R-04
. Styrene 3,84F.02 c 4.47B-03 44TB.0S
11,22 Tetrachlorocibam: LETE-0] C 1.26E-D4 1.26B-04
Tetrachlarocihbcns 5. L0R100 C 1.32E-03 132603
Talusna 7352403 g 3.43E01 S AEE-0
1,1, 1-Trichtoroeth uns 3B NG 3 L25E41 L.258-01
1,1,2-Trichinroethens 531801 c 209E-04 209E-D4
Trichlorocthens Z.TTEHN C LB 24403
Vinyl Chlorids 2,983 c 6.39B-06 6.39E-DG
Xylene, Mixiome 7.628+04 5 i IEE+00 4. 3RE+HOD
SEMIVOLATILE DRGANIC COMPOUNDS
Accruphthene Z23E] 5 5.04F 00 5. 04E+0
Avephihylens WA NIA WA
Anthrazeno LI +34 5 1.6TE91 TSTEHO1
Brama{A)Antmaces L.30E-01 c 2 03E-D1 130E-01
Benza{A)Dyrene L.30E-02 C 3.21E-01 1.30E-02
BeuzolBF hugrant heae i.30B-01 C 1218401 1.30B-01
Benzo{GH )P erylens HA A NA
Bonzo(K)Fluxanthens 5.53E~00 c 1.21E+00 3218400
His{2Chlomethaxy i cthang WA MrA N'A
Ris{2-Chlovrocthy! JEther §45E02 C 538506 536806
His(2-ChlorisepropylJEther 1.07E +HID C 171E-04 171H-04
Bis(2-Ethylhexyl}Phthalate §.7TE+00 c 5.TTE 00
Bis{Chlornethyl)Bthar 4.JIE-04 c 23209 232809
4-Blroxnophey! phanylether A WA WA
N-Butylbcrryl Phthalaie 8,135103 & 6.21E+01 5.ZIE40]1
4-Chlomaniline LGIEHT s LE3E+02
2-Chlorophenal 2.03E102 5 103R+02
Chrycno 5.35E+01 o L17B+01 1.17E+01
D3N Buryl-Phihalate 4.06E+03 5 S.09B400 3.99E+00
Ch-N-Octyl-Phihalate £ 13B+02 ] 8.13E+02
Dibez{ A [Antbracens 130801 C LS3B-01 1.30E-021
Dibenzohmaa 1.463E+02 5 4.00B-01 4.00B-01
. 1,2-Dichinrobome: J.59EHI s 2. 19E+00 L1EHK
1, 3-Dichlorobenzana A.36EH] 5 Z.96E+HK 2B 00
oA M- WRADEIANLE o185
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Tabla -2 Pagnlof 3
Preliminary Remedistion Caals (PRGa)* for Sell®
. Defense Depot Memphis, Tenneses
Soll Rbk-Based PRGS
Sall PRG Tl FRG EollGW PRGa
Cheudesd Name {mgig) Buh (mzip) Minkmum®
1, A-Dichiorobanzens: L57EH0 C 30202 3.026-02
3,3-Dichlorobenzidina L1LB-01 C L47E-0] 147203
2, 4-Dichlorophencl 1.228+02 3 2 DEE-02 TOIE02
Diethylpbthalate 3.25BHM E] 2070400 207E+X
2, Dimethyl phemol E.1IEHI2 3 1.35E-01 1.55E-01
Dimethylphihulats 40603 5 19IB1D1 29IE+01
3, 4-T}initrophenal 413301 5 5.06E-04 5.OSE-04
2,4-Dinitrotalucne 1.39E-01 C LRIELS 210BL03
2,6-Dintitroentueno 139801 c 5.768-05 3.768-03
Flusrsnihena L6IB+Q3 g T TTE+1 2.7TTE+01
Fluoreo 1.628+03 s 3.31B+an 3330400
Hezxachkmotaenzens 599802 c LO4B-03 1.04E-03
Hexachl srobtad icne: 122+ c LCEB-01 LOSE-D1
Heraachl rogydopentadions 2.B4E+02 L 613001 6.13E-51
Hesachlomellans £.TTE+00 C 1.63E-01 1,§5E-01
Tndcnol 1,2,3-Cd)Pyrcee 5.458-01 c 93301 4.556-01
Tsophormna 4268 +02 C 139807 139802
2-Mathyl phanal 2.038+03 5 LOIEH3
4-Mcthylphenal 203E+02 s 3,298.02 3.298-02
Maphikalene LG1E+0) s £.36E-01 5.36E-01
chlopo-Mapthalen: WA A W&
4-chlorm-Maptulen: N/A MA NIA
C:Nibmaniling WA MIA MNA
P-Nitroamline NIA NA YA
Hitrobcnzooe 2D1E+0] 3 1.64E-04 1.64B-04
‘N-Nitrophero! WA WA WA
P.}itrnphenal 1.238+02 5 1.756+02
N-Nilroso-Di-N-Propylamins 1358402 C 135802
N-Nitrand iphenylamine 1.53B+01 c 1.93E+H1
. Pentachlorophenal TSIE c 940002 240202
Pheuanthrene N/A WA WA
Phenal La4fe0d s LITB-02 LIED2
Z-encthyi- A, 6-dinitro-Phemol HIA WA MA
S-methyle d-cilore-Phesol A N WA
4-eilore-phenyl-Phenylelhe NA MIA A
Pyreoc L2203 5 LO4E+O1 1.0404414
indana {1,2,3<4d) Pyrsme WA NA NIA
1,2, 4-Trichlorohenzens 3978+02 5 B4QE-0L £.40E-01
14,5 Trichlorophenol 3998403 5 8.12E-02 E.1ZE-02
2,4,6-Trichkaophenol 3.6ERHL C 1 RTEA02 347802
FESTICIDES
Aldrin 13XB0Z C 2 40102 FRTENE]
alphs-BHC WA Wia NA
beta-BHC WA WA NIA
dela-BHC WA NA NA
Chlacdana 1.298.02 c 4.50B02 439802
4,40DD 395801 c 137E-00 395E-01
4,4.DDE 7R c 3.5 1E+00 1.79E0L
4 4-0DT 2I9E-0 c 104801 L79E-0L
Endoallan o LAAR+02 a Z44E+H2
Endosolfan T MfA N/A HiA
Badrin 1.22E+D1 5 1.BEBD1 L.8sB-a1
Endrin Kelooo NA WA A
Hepuachior 211B02 C L. 14E-03 1148401
Hoptachlor Epaxids LOAE-02 c L.03B-03 1O3E03
Lindanc 111B-01 c 234804 3,54B04
Methaxychlor 103E+02 5 91BN 9.11E+00
Taxaphenc £.620-02 C LETE-H LATE-04
FPoiychlorinatsd Hipheayls (PCEs) 13802 C LUE02

s S-DDMT- WP A K13 LALE L)
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Table 3-3 Pagcdol 3
Preliminery K emedistion Goals (PRGa)" for Sail*
. efcnse Depot Memphis, Tennessee
Eail Risk-Aasad PRGa
Soul PRC Soll PRG Soil GW PRGs
Chennlical Nama {mgig) Flasis (mp/ks) Minlmem®
METALS —
Alumimom [ 7N MAA NA
Amimey 6.94E4+Q] 5 G.HED]
Arsenic 131B01 C 8. 7604 574004
Barium L.IZE+04 3 1. 27E +D4
Heryllium 2LHEQ2 C LXE02
Cadmium {Food) LTB+0Z 5 1.74E+O2
Clovmium (Haxavalent) L6EE+02 5 X 2E+01 1 .E+QL
Coppar 6420403 5 4.30B-41 1.30E+01
Cyinide 147B+03 5 14703
Fron A KA Mih
Lead WA Na NA
Manganess (Water) S.E6EE+02 3 LEISEH¥? 13D +(12
Mereury 521R+1 5 3.2 1041
Nickel, Saluble Salta JATEH] 8 3ATEH]
Seleniam 3. 6BE+(2 3 T ESE-02 T.RIE-02
Siher 8.6EE {2 5 5 11E+00 9. 13E+00
Thallium A NA N/A
Vanadiem L.ZZEH3 - L.IZE+Q1
Tinc S.21E+D& & S.I1E+Q4

Notca:
*PRG = Prcliminery Remediation Goal
® When oo valuo is listsd, po applicablc ARAR was identifiod or oo health dats wers availahle (or bath).
* ARARy = Applicatile, Relovant and Appropriste Roquircmenta
45 o Caleulated busd on Systemie Effocts
' C = Calcutsted bascd on Carcinogenic Efoct
. TNiA = No taxicity valos svsilable for caleulations

F pininmum value of PRGa presented in thin table {colums 13 150 e be wed for screcning tha
sle an a coservative basia,

mpr® 3 DD MT- WP 406 A XLE Wi
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Takdn 3-10 Fape 1ef 3
Prelimicary Remediniion Gaals (PRGs)" for Scdrment
. Deelicras Diepot Memphis, Teanence

Sediment PRGs (mp/lp)
Chemienl Numa Proteciion of Aqualic Lifs"  KDAA ER-L' Minimum®
YOLATILE ORGANIC COMPDUNDS
Arsone - - .
Banzom: - - -
Aromad ichlortcthans - - -
Bromolorm - - -
Hromomecthenc - - -
Carton Diurallide - - -
Chiorobmzome - - -
Chlorortheos - - -
Chlorofoem - - -
Chloroemncthainc . - -
Ditremaochlocomectanc - - -
1, 1-1Tcklovoe Lhase - . - -
1, 2-Dhchioroethans - - -
1, 1-Dachl orocthens - - -
1,2~ {maxed psomen) Dichlarncthena - - -
1, 2-Dichl oropropane - - .
1.3-Dachloropropeoe. - - -
Eihyl berrene . - -
Z-Eloxanans - - -
Methyl Ethyl Ketons - - -
ahdcthyl-2-Pentanons - - -
Methylene Chlonde - - -
Shyrons - . -
1.1 1 -Tevschlorocthame - . -
Telrachlomacihcne - - .
Toluna - - -
1. 1. 1-Trichlorocthinse - - -
1,1.2-Tricklorocihanc . - -
. Trichlpocthens - - i
Vinyl Chloride - - -
XNylena, Mixtoe - - .
e~ 2-Dichloamethone - - -
trans-1, 2. Dichlamethann - - -
cis-1,3-Dhchlorepropens - - -
irans-1,3-Dichkoropropone - - -

SEMIVOLATILE ORGANIC COMPOUNDS

Accnaphlbene 0.022 B.13 Q.02
Accpaphihylcnc - - -
Anthmcoo 4.08% 2.085 0,083
Benzo{ A)AnLracans 015 ek 0.16
Benrol A Pyrene 0. 0.4 0.13
Benzo{B)Fluoranthon: - - B
Benzo{ G H,T)Perytens - N -
Benzak)Flusraathma - - .
DBis{2-ChloroctboxyMicthanc - - -
Bis{2-ChlorecibyTiEther - - .
Bin2-Chlarmisopropy] JBther - - -
Bis{2-EthyThexyl)Phibalbate - - .
Bix{Chlaromethy] [Fiher - - -
4-Bromophenylpherrylether B - -
N-Butylbenzy! Phthalute - - .
A-Chleoam lipe - - .
2-LChlprophono! - - -
Clryene 0. 0.4 an
Di-M-Buty! -Fhihatste - - .
Dni-N-Ocryl-Fhihalate - - -
Dhbena{ A H)Aathraceno 0.011] 0.06 o003l
THbenzo fuan . . .
1, ¥-Dich] orobenzens - - .
L, 3-Dichlsmhemrenc . - -
. L.4-L%chlombenzons ' . - -

Mg RNDAIT-WPLTG 1A XIS 3 _6() LM
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Table3-10 Page2of 3
Prelimizary Remedisiion (Goals (PRG«)" for Sediment
. Deafcoss Depot Memphla, Teonessse

Sed lmemt PRG {mz/kg)
Chemical Namao Proteclion of Aguatic Lit=*  NOAA KR-1'| Minimum*
3, 34Rchicrobensiding - - -
1 4-Thchiorophenal -
Diethylphihalate - - -
L 4-Dimethytphenol . - -
Dimetbylphibalate - . .
L 4-T¥nitrophemal - - .
L, 4-D¥ni ueialuene - - -
2, 6-Thnitratalucno - -
Fluoranthenas 038 0.6 a3
Fluoncne ¢.01E 2033 0.018
Heochiormbenrens -
Hexachlorobutadicnn - - -
Heochlorocye lopestadicne . - -
Heuchlorosthaoa - - -
[ndene 1,2,3-Cd ) Pyrens - - -
Incaphuoromz - - .
2-Mcthylphesind - - .
4-2Acthyiphenol - - -
Naphthalene 0.13 034 0.1}
OwMitroaniline - -
P-Nitoand!ine - - -
Milrohenzens - - -
- Niaphenol - - -
N-Mitrowe-[i-M-Fropylamina - - -
W-Mitroand | phenylamimea - - -
Peatachlorophenol - - .
Pherunibrans a.14 0.X25 .14
Phecoml - - -

FPyrene . -

. 1,3,&-Trichlnrsbenzen : . .
2 4 5-Trec bl eropheml - - -
2,4,6-Trichlarcphenal - - -
3-Nitrophenol - - -
Zchlomo-Napihalen: - - -
3-methyl- 4-chlore-Pherol - - -
4-chlpro-Napthalene - - -
A-ch] et —phen yl-Phemy] sther - - -
2-methyli- 4 §-dinitre-Fhenol - - -
urdeno (1.2.3-d) Pyrens - - -

FESTICIDES

Aldnin - - -
Chlovdana - a.0004 0.0005
4.4-0D0 - .002 Q.002
4 408 0.0017 100z 00017
4,4-DDT - 0,001 0.001
Dodosulfan - -
Podrin * 0.00007 000002
1leptachlar - - -
Heptachber Ppoxids - - .
Lindanc:

Mrthocychlor - - -
Toxspbenz - - -
alphs-BHC . . -
bets-AHC - - .
del-BHC - - .
Fadosulfen 0 - - -
Endrin Ketoe - .
Polychlorinated Biphenyls (FCRa) .24 0.5 0,24

nigsud $-DOMT-WRLTIA XLS ’ 3-61 i)




Table 3-10 125 1 65 Page3 ol 3
Prelliminery Romed iation Coals (PRG1)” for Sedipseat

. Defense Depatl Memphls, Tenneses
Sediment FRGa {mgy)
Chemalcal Napme Protection of Agmalic Lifd*  NOAA ER-L’| Misinmr!
METALS
Aluminum - - -
Anlomouy - 2 1
Arscnic 13 1.3
Rarium - . .
Baryilivm - . -
Cadminm (Wara) ] 3 1
Chromitm a3 20 3
Copper 28 Ta %
Cyanide . - .
oo . - +
Lead 21 335 21
Muangancea [Water) - - -
Mercury 6.1 0.13 0.1
Nickel, Saluble Satis . 30 0
Solenium - . .
Silver [+ %] 1 0.5
Thallium - - .
YVanadiim . . .
Zine GE 120 58

"PRG = Preliminary Romediation Gaosl
b s ARARS svailabla for asdiment; FRGs sdoptod from Florids
Coastal Sediment Criteria (Ma Otaerved Bifact Level MORBLD
"MOAA ER-L = Mational Qcraniz and Almaspharic Adminisirstion
¥ fingmuzn vaboe of PRGs prescated in this table (eolimn t Lefl] to be tacd fior aereening tha sile on 2 comcrvative basia.
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. Estimate of potential effect for the soil to groundwater pathway

. Use of 10 percent of the PRG estimate as critena for noncarcinogenic
compounds, to address the potential presence of multiple chemicals

. Including the dermal exposure pathway for surface soil contact in the PRG
equation.

In all cases, the approach is conservative, because the initial intended use of these values
is for screening sites. The screening values are estimated or identified for the TCL/TAL

compounds, and additions or modifications will be made as additional data become
available,

In addition io screening PRGs, other chemical concentration-based levels are of potential
concern and will be developed as the investigations proceed. Early removal aclions are
one of the primary objectives of the screening process. Two of the evaluation criteria for
early removal sites are toxicity and relative mobility, As a guide to decisions for early
removal actions, alternate cnteria will be developed for the screening sites to identify
Removal Action Levels (RALs). DDMT will negotiate RALs for each contaminants of

concermn (COC) to facilitate decisions on early removal before starting the field screening
activities.

Remedial goal options (RGOs), consistent with EPA Region IV guidance, will be
developed during the RI process and will provide a more realistic basis for the
development of final remediation levels {FRLS).

3.5.2.1 Groundwater Media

Risk-based and ARARs-based PRGs for screening groundwater are shown in Table 3-7,
For cleaning up groundwater that may be used for drinking, 40 CFR Section 300.430Q of
the National Oif and Hazardous Substances Pollution Contingency Plan (NCP) states that
maximum contaminant level goals (MCLGs), established under the Safe Drinking Water
Act (SDWA), that are set at concentrations above zero shall be attained if relevant and
appropriate to the circumstances of the release. Where the MCLG for a contaminant has
been set at a concentration of zero, the MCL promulgated for that contaminant under the
SDWA shall be attained. MCLGs and MCLs are relevant and appropriate as cleanup
levels for groundwater that is a current or a potential source of drinking water. The only
exception to the above is that the cleanup value for lead in groundwater used for drinking
is not its MCL.. In an EPA memorandum from Henry Longest, director of the Office of
Enforcement and Remedial Response (OERR), to Patrick Tobin, director of Waste
Management Division, Region 1V, dated June 21, 1990, Mr. Longest recommended a
final action level for lead of 1S paris per billion (ppb). The State of Tennessee
groundwater and surface water guidance concentrations as presenied in Tables 3-7 and
3-8 mix standards applicable to each of these media. Additional definitions of state
standards and guidance concentrations will be presented as the site chemicals are identified.

mgmd5-DDMT-WFZ/010. WPS 3-63
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Risk-based levels for domestic (residential) potable water use assume that humans are
exposed via the direct ingestion of contaminants as well as the inhalatien of volatile
constituents during activities such as showering and dishwashing. The groundwater
screening levels were calculated by assuming that the exposure from inhalation is
approximately equal to the exposure from ingestion (for volatiles with a Henry's constant
< 1X10? and molecular weight of < 200), and applying (he RAGS Part B methodology
for estimating a PRG for ingestion of potable water with a consumption rate of 4 liters
per day {L/day)} for volatile compounds and 2 L/day for other chemicals. Consistent with
this guidance, exposure is assumed for 350 days per year for a 30-year exposure period,

No ecological receptors are identified for groundwater, and no current potable use of
shallow groundwater onsite was present.

3.5.2.2 Surface Water Media

Risk-based and ARARs-based screening concentrations for surface water are shown in
Table 3-8. For cleaning up non-drinking surface waters where there are effects on
afquatic organisms, the remedial action will attain, where relevant and appropriate, the
Federal Aquatic Water Quality Criteria or the State of Tennessee’s water criteria,
whichever is the most stringent. Water Quality Criteria may be considered as relevant
and appropriate when 1) the protection of aguatic life is a concem, and 2) human
exposure from consumpticn of contaminated fish is a concern. A possible exposure point
for residents living in the vicinity of DDMT is from the surface runoff traveling in the
city's aboveground, open-storm canals and creeks.

The surface water bodies at DDMT are not used for potable water supply. The screening
surface water PRGs include the State of Tennessee's water eriteria and the federal
Ambient Water Quality Criteria (AWQC) for surface water are based on protection of
aquatic life and protection of human health from the ingestion of both water and fish.

The protection of freshwaler aquatic life is evaluated based on chronic criteria that is
protective of most organisms. If no AWQC is available, a no observed effects level
(NOEL) or lowest observed effects level (LOEL) may be used for preliminary
consideration; also, criteria have been proposed for screening by EPA Region IV,
AWQC for the protection of human health for the ingestion of aquatic organisms and
water 15 more conservative than the assumption of fish ingestion only, because it assumes
that surface water will be consumed along with the dietary intake of fish and other
freshwater organisms. This is a conservative application at this site. In most cases, the
aquatic life criteria is substantially lower than the corresponding human health criteria.

3.5.2.3 Soil

The ARAR-based and risk-based PRGs for screening soil concentrations are summarized
in Table 3-9. The EPA has identified an action level for PCBs that is dependent on the
types of exposure that will gecur because of land use, such as current or future residential

mgmd3.-DOMT-WPL010.WPS 3-64
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or industrial. The EPA-recommended soil action levels are | part per million (ppm) for
residential land use and 10 to 25 ppm for industrial land use. These guidelines are
presented in the EPA document Guidance on Remedial Actions for Superfund Sites with
PCB Contaminarion, Office of Solid Waste and Emergency Response (OSWER) Direclive
9355.4-01. In a memorandum dated September 7, 1989, from Henry Longest to the
Waste Management Division Directors in EPA Regions [ through X, Mr. Longest
proposed an interim soil cleanup level for total lead at 500 to 1,000 ppm. On August 6,
1993, EPA Region IX published a technical memorandum identifying PRGs for soils on
the basis of standard exposure assumptions. PRGs for most of DDMT Preliminary
Contaminants of Concern (COCs) have been provided in Table 3-9. The final
remediation goals for all COCs will be based on the BRAs performed for each OU.

Soil PRGs are the most difficult media to estimate PRGs because of potentially multiple
pathways and receptors. Because this is an industrial area with no sensitive terrestrial
habitats, PRGs estimated for protection of human health would be considered protective

of ecological receptors. EPA has issued draft soil screening level guidance that focus on
three pathways of exposure as follows:

* Ingestion of soil
Inhalation of volatiles and fugitive dusts
. Migration of contaminants through soil to an underlying potable aquifer

When 1isk assessments are performed, dermal absorption frequently contributes
sigmficanty to the risks for many chemicals. There are greater uncertainties in the
estimation of exposure because of dermal absorption; however, the risk-based soil PRGs
derived for DDMT include contribution from this exposure route in addition to the
ingestion and inhalation,

Surface Soil Exposure. Frequently, only the risk from soil ingestion is considered in the
determinaton of residential soil action levels (RCRA Action Levels or RAGS Part B
PRGs for residential soil). However, in a typical BRA, exposures to surface soil may
include ingestion, inhalation, and dermal absorption routes of exposure. Therefore, risk-
based PRGs for DDMT were derived assuming that dermal absorption also cccurs. For
ingestion and inhalation, RAGS Part B methodology was followed in deriving the
screening levels, with the inhalation calculation being adjusted to reflect the residential
exposure scenario. As with groundwater consumption, inhalation is a significant pathway
for soils only for chemicals with substantial volatility.

Soil-to-Groundwater Pathway. The screening PRG for this pathway is a simple
estimation of equilibrium conditions between soil and groundwater and maintaining the
waler concentration below potable risk-based standards. Calculations were carried out
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using the residential groundwater screening level in the following equation (assuming no
dilution of groundwater):

PRG = Koe x Foe x Cw

where
Koc = Organic carbon partition coefficient (parameter specific)
Foc = Fraction organic carben {assumed 0.005)
Cw = Screening nsk-based groundwater concentration

PRG = Soil screening concentration protective of groundwater
3.5.2.4 Sediment

Guidance concentrabons for sediment screening are shown in Table 3-10. Direct human
exposure to contaminated sediments frequently is limited. For shallow drainage ways,
child exposures may be similar to estimates for surface soils. Sediments pose risks to
both the surface waler ecosystem and to humans, typically because of toxicity or
bioconcentration as chemicals are released to the overlying surface water body.

Sediment standards have not been promulgated. Many factors affect the availability and
toxicity of chemicals in sediments, and elevated levels may not pose similar threats in
different locations. For purposes of screening, studies of potential effects of some
chemicals in sediments have been evaluated. Specific freshwater sediment criteria are not
available. Sediment screening criteria proposed for use as screening PRGs were adopted
from the Flonda Marine sediment guidance documents as recommended by EPA Region
IV. The No Observed Adverse Effects Levels (NOAELs) are proposed. If exceedances
occur, further evaluation may include use of the permissible exposure level (PEL).

Values are presented for only a selected subset of chemicals where guidance
concentrations have been proposed. Other approaches (for example, assuming
equilibrium of the sediment with water and maintaining protective levels in surface water)
could be estimated as required for specific chemicals.

3.5.3 Action-specific ARARs

Action-specific ARARS usually are technology- or activity-based requirements or
limitations on actions taken with respect to hazardous wastes, or requirements o conduct
certain actions to address particular circumstances at a site. Remedial alternatives that

involve, for example, closure or discharge of dredged or fill material may be subject to
ARARs under RCRA and the Clean Water Act, respectively.

3.5.3.1 Groundwater and Surface Water Media

The remediation of groundwater using pump-and-treat techniques would require the
discharge of the treated water to surface waters, to a Publicly Owned Treatmeni Works
(POTW), or into the same formation from which it was withdrawn.
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Both onsite and offsite direct discharges from CERCLA sites to surface walers are
required o meet the substantive requirements of NPDES. These substantive requirements
include discharge limitadons (both technology- and water quality-based), cerain
monitoring requirements, and best management practices. These requirements will be
contained in a NPDES permit for offsite CERCLA discharges. For an onsite discharge
from a CERCLA site, these substantive requirements must be identified and complied
with, even though onsite discharges are not required to have an NPDES permit. The
discharge of CERCLA wastewater to POTW’s is considered an offsite activity.
However, the discharpe of a CERCLA wastewater onsite to a receiving water body
(either perennial or ephemeral) in close proximity to the area of contamination is
considered an onsite discharpe, even if the water body eventually flows offsite (ref. 64).

An NPDES permit will be obtained if necessary, and proper treatment facilities will be
provided if required.

The NPDES program establishes administrative requirements that must be complied with
both before and after permit issuance. These reguirements would not be considered

- ARARs for onsite direct discharges to surface waters because they are administrative in
nature. However, there would be requirements to be complied with in the NPDES

permitting process for. offsite direct discharges to a POTW. These NPDES administrative
requirements include the following:.

. Certification: The CWA 401 requires that any applicant for a federal
license or permit to conduct an operation that may result in any discharge
to navigable waters shall provide to the licensing/permitting agency a
certification from the State that the discharge will comply with applicable
provisions of CWA 301, 302, 303, 306, and 307,

. Permit Application Requirements: NPDES regulations {40 CFR 122.29)
require that applications for permits for a new discharge must be made
within 180 days before discharges actvally begin.

. Reporting Requirements: The NPDES permit program requires
dischargers to maintain records and to report periodically on the amount

and nature of pollutants in the wastewaters discharged (40 CFR 122.44(1)
and 122.48).

. Public Participation: NPDES discharge limitations and requirements
developed for a CERCLA site are subject to public participation

requirements in 40 CFR 124,10, including public notices and public
comment.

The operation and constuction of Class IV wells, as defined in the Underground
Injection Control (UIC) program, is prchibited unless the wells are used to reinject
treated groundwaler inte the same formation from which it was withdrawn as part of a
CERCLA cleanup or an RCRA corrective action (40 CFR 144,13[d]). The UIC program
defines Class IV wells as those used to inject hazardous waste or radioactive waste into
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or above a formation that, within 1/4 mile of the well, contains an underground drinking
waler source.

Underground injection wells that are constructed offsite are subject to all provisions of
the SDWA relating to underground injection of fluids, and must be permitted by an
authorized state agency or EPA and must comply with the UIC permit requirements,
Superfund sites that construct underground injection wells onsite are not required fo
comply with the adminisirative requirements of the UIC program; however, they must
meet the substantive requirements of this program where the requirement is determined to
be applicable or relevant and appropriate to the CERCLA remedial action.

3.5.3.2 Sediment and Soil Media

Remediation of Lake Danielson and the Golf Course Pond by the dredging of sediments
may require a jocal permit, an Aquatic Resources Alteration Permit, or both. The
dredging of these two ponds need not comply with Section 10.0 of the Rivers and Harbor
Act, because neither Lake Danielson nor the Golf Course Pond are navigable waters (the
Rivers and Harbors Act prohibits the unauthorized obstruction or alteration of any
navigable water of the United States. Navigable waters of the United States are defined
as walers that are subject to the ebb and flow of the tide shoreward te the mean high
walter mark, or are now used, have been used in the past or may be susceptible to use to
transport interstate or foreign commerce. Examples of use include dredging, filling,
installation of pilings, and construction of structures such as berms, levees, coffer dams,
and piers). To determine if the sediments are o be disposed into a hazardous or solid
waste landfill, a toxicity characteristic leaching procedure (TCLP) test will need to be
conducted on a small number of sediment samples collected from these two water bodies.

The excavation, onsite solidification, and placement of soil and debns that conlains
RCRA restricted waste may trigger the RCRA land disposal restrictions (LDRs). In
general, RCRA's LDRs were established for waste streams that differ significantly from
Superfund wastes. Because the LDRs are not based on trealing wastes that ¢ontain soil
and debris, a treatability variance may be appropriate. Under a treatability variance,
alternative treatmeant levels based on data from actual treatment of s01l, or best
management practices for debris, become the "treatment standard” that must be met.

The excavation and offsite treatment of soil and debris that contains a RCRA hazardous
waste must comply with transporter regulations under 40 CFR Part 263 (Subtitle C). A
transporter under Subtitle C is defined as any person éngaged in offsite transporiation of
hazardous waste within the United States. Such transportation requires a manifest under
40 CFR Part 262.

The capping of onsite sites may need to comply with RCRA Subtitle C landfill closure
requirements. Subtitle C landfill closures require post-clasure care and maintenance of
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the unit for at least 30 years. The landfill unit must be capped with a final cover
designed and constructed to accomplish the following:

Provide long-term minimization of migration of liquids

Function with minimum maintenance

Promote drainage and minimize erosicn

Accommodate settling and subsidence

Have a permeability less than or equal to any bottom liner system or
natural subsoils present

Post-closure care includes maintenance of the final cover and maintenance of a
groundwater monitoring system in accordance with 40 CFR Parts 264.117 and 264.310(b)
and with 264 Subpart F.

The capping of onsite surface impoundments in accordance with RCRA Subtitle D is
similar to the requirements described above, except that a 5-foot-thick soil cap would be
placed over the disposal cell rather than a RCRA cap. Post-closure care requirements
would be the same as those described previously.

3.5.3.3 Air Media

The remediation of groundwater by pump-and-treat techniques may cause the emission of
VOCs into the atmosphere. Before groundwater remediation activities begin,
coordination with Shelby County air quality regulators should be done to determune if the
quantity of VOCSs emitted into the atmosphere needs to be reduced to comply with
National Ambient Air Quality Standards (NAAQS) regulations for use of best available
technology (BAT) to reduce emissions.

3.5.4 Location-specific ARARs

Location-specific ARARS generally are restrictions placed on the concentration of
hazardous substances or the conduct of activities solely because they are in special
locations. Some examples of special locations include floodplains, wetlands, historic
places, and sensitive ecosystems or habitats. Discussions with TDEC, Divisien of Solid
Waste Management, have indicated that the State is not aware of any natural resources
for which it acts as a trustee that are potentially threatened or damaged as a result of past
or current waste disposal practices conducted at DDMT. Furthermore, a search for
possible location-specific ARARs was conducted during the RI (ref. 13), and no federal,
state, or local natural resources were found to be near the site. Before the completion of
the final RI/FS report(s), a CERCLA 104B.2 Notification Form will be submitted to the
Department of Interior (DOI} by DDMT to determine if the DOI is a trustee of any
natural resources that may be threatened by a release of hazardous substances from the
site.
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3.6 Risk-based PRGs

The PRGs developed for use in DDMT work plans are designed to be protective using
conservative assumptions. In this way, they may be used for screening sites where a
focused investigation is conducted to select locattons Lhat represent “worst-case
conditions,™ and decision makers can be confident that chemicals reporied below these
concentrations would result in unacceptable risks at the site after a baseline nisk
assessment. For risk-based PRGs, the following general assumptions are used:

Residential Land Use
Target Risk Level (TRL) of 10-6; Target Hazard Index (THI) of 0.1

The current land use is industrial, and many areas of the facility are located where
worker exposures would be relatively infrequent. 'Risk estimates based on the TRL of
10-6 or THI of 0.1 would be protective if several chemicals were present below the

specified concentrations. However, under conditions where 10 or more chemicals were
reported, additional review would be required.

Many of the chemicals have enly toxicily values for oral pathways, but not for inhalation.
According to RAGs Part B guidance, the inhalation pathway would not be included in the
derivation of the target concentration when the specific inhalation toxicity value was not
available. However, consistent with the more conservative approach recommended by
Region IT1, when the inhzlation value was not available, the oral toxicity factor was used
to estimate the contribution from this pathway.

The facility is an urban/industrial setting with no identified sensitive habitats. Potential

ecological effects are evaluated for surface water bodies or drainage sysiems where

higher ecological exposures may occur and values protective of human health may not be
sufficiently protective.

The risk-based PRG concentration tables presented in Section 3.5 were based on several

specific conservative assumptions. The values and terms in Table 3-11 were used to
calculate the risk-based PRGs.

3.6.1 Groundwater PRGs
I. Residential Scenario

A. Carcinogens: groundwater concentration {mg/L) =

TR»BW*AT*363 daysfyear
SFo «[Rw+EF+ED
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Conservative Assumptions for Screening Values
Defense Depat Memphis, Tennessee
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e ——— e =

Exposure Yalues Value Name
Carcinogenic potency slope factor, orul {1/mg/fkg-day) * SFo
Carcinogenic potency slope factar, inhalation (1/mg/kg-day) * SFi ||
Reference dose, oral {mgikgfday) * RiDo
Reference dose, inhalation {mgfkg/day) . RiDi
|7Targct cancer risk 1B-6 TR
Target hazard quotieat 0.1 THQ
Body weight, adult (kg) 70 BW
Averaging lime, carcinogens (years) 0 AT
Averaging time systemic toxicanta (years) 30 AT
Soil ingestion factor, age adjusted (mg-year/kg-day) 114.29 IR Sadj l‘
Inhalstion rete, age adjusted (m*year/kg-day) 11.66 1RIad; I
Dermal contact rat, age adjusted {mg-year/kg-day) b33 (organics) TRDadj
65 {metals)
Tap watcr ingestion rata, (L/day) 2 [RW
| Exposurc frequency (days/year) 350 EF
Averaging time systemic toxicants (year) 70 AT “
Exposure durstion (years) 0 ED
|| Volatilization factor (m'/kg) - VF
Particulate Emission factor (m*/kg) 4.63E+9 PEF
Organic carbon partition coefficient (mL/g) . Kot
Fraction organic carban (site specific) 0.005 foc

Note: * chemical-specific
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. B. Systemic Toxicants

THQ+AT+BW+365 dayfyear
1/RfDo+IRw*EF «ED

3.6.2 Soil PRGs
I. Residential Scenario: Direct Contact - Soil concentration {mg/kp) =

A. Carcinogens

TR+AT+365 dayfyear
EF+{[SFo«(IRDadj+IRlad)) «10E-6] +[SFi«[RAadj»(1{VF+1{PEF)]}

B. Systemic Toxicants

TH(*AT*365 daylyear
. EF*([1/RfDo*(IRDadj{1 E6+IRIadjf1 E6)] +{RfDi «(IRAadi» (1} VF+1{PEF)]}]

. Soil to Groundwater Pathway:

Sail concentration (mg/kg) = Groundwater PRG (mg/L) * Koc * foc

3.7 Generic Conceptual Site Model

A conceptual model of DDMT environment will aid in planning the RI activities. This
model considers the potential sources of contamination and the pathways for migration
and exposure leading to human and environmental receptors in the site vicinity.

The potential sources of contaminants at DDMT can be geographically divided into
activities within the Main Installation and activities in Dunn Field. At the Main
Installation, potential sources include storage of petroleum, oils, and lubricants (POLY;
storage of hazardous materials (oxidizers, corrosives, reactives, and solvenis); storage of
excess property items (DRMO); metal cleaning and painting activities; vehicle
maintenance operations; a wood treating operation (dismantled and remediated in 1985);
past storage of PCB-containing transformers; and use of herbicides and pesticides around
the installation. At Dunn Field, the potential sources include bunal sites for past waste
. materials, burn sites for wastes, and a former pistol range area. There i5 a potential for
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contaminants to have been released from these activities through normal operations, or
through spills and leaks onto soils or into routes of surface drainage.

The exposure pathways associated with DDMT include ingestion, inhalation, and dermai
absorption of contaminants present in surface soils, groundwater, or surface water. A
cross-sectional view of DDMT vicinity (Figure 3-7} illustrates some of these pathways
and exposure routes. The three principal pathways are summarized below.

First, contaminated soils at the surface provide opportunities for dermal contact,
inhalation of dust, or ingestion of dirt or dusts by humans working at DDMT or wildlife
within the installation boundaries {(and subsequent human ingestion of wildhfe). Skin
contact with contaminated soils could lead to dermal absomption of contaminants.
Contaminated surface soils in unpaved or unvegetated areas could become entrained in
the atmosphere and subsequenily lead to inhalation of contaminants. Ingestien of these
comtaminants could occur from soils deposited on hands after activities in these areas.
This pathway is potentially present at locations in all four OUs (OUs-1, 2, 3 and 4}.

Surface soil contamination has been found in various locations during the RI {ref. 18).
At Dunn Field (QU-1), pesticides and PAHs were detected at the burn site and the pistol
range. In the southwestern quadrant of the Main Installation (OU-2), PAHS and metals
were detected along with pesticides and PCBs. In the southeastern walershed (OU-3),
PAHs, pesticides, PCBs, and metals were detected near Building T-273 (formerly used
for pesticide storage). In the north-central area (QOU-4), PAHs, pesticides, metals, and

some VOCs were detected near the former hazardous matenals storage area (Building
629).

The significance of many of the soil analyses during the RI (ref. 18), particularly for
metals and PAHs, cannot be determined until more is known about background
concentrations. Soil samples taken during the RI (ref. 18) are from locations within
DDMT that may have received contamination from past acuvities. Background
conditions in DDMT environment will be hard to determine because of the urban setting
and the possibility of encountering previously unsuspected contamination. For this
reason, offsite locations will be desirable to define background conditions. Furthermore,
several samples are needed in the background group to minimize the influence of
unlnown contaminaton.

Second, the leaching of waste constituents from sites in Dunn Field {OU-1) or spill sites
{OUs-2, 3, and 4} can transport these constituents into the shallow aguifer beneath
DPDMT. This aquifer, known as the Fluvial Aquifer, is found at the bottom of fluvial
depaosits of fine to medium sand that underlie the region. These deposits and the
associated aquifer lie on top of a low-permeability clay layer known as the Jackson
Formation/Upper Claiborne Group. Below the Jackson Formation/Upper Claiborne
Group lie the Memphis Sand deposits and the Memphis Sand Aquifer, which serves as
the drinking water supply for the Memphis metropolitan area. DDMT is located east
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(upgradient) of the Allen Well Field, which is one of many wellfields operated by the
MLGW for public water supply. The Allen Well Field draws water from the Memphis
Sand Aquifer.

The Fluvial Aquifer has been found to occupy the boitom 10 to 20 ft of the fluvial
deposits in monitor wells in DDMT vicinity. The elevation of the aquifer appears to
follow the elevation of the underlying Jackson Formation/Upper Claiborne Group. The
Jackson Formation/Upper Claiborne Group provides the base for the Fluvial Aquifer and
confines the underlying Memphis Sand Aquifer. The thickness of the Jackson Formation/
Upper Claiborne Group varies across the region and is reported to thin out at scattered
sites. These sites, which have been occasionally discovered by drillers in the Memphis
region, may provide a pathway between the Fluvial and Memphis Sand Aquifers. If such
an interconnection occurs in DDMT arca, then a groundwater pathway could transport
wasle constituenis westerly into the public drinking water supply.

Future data collection should include water level monitoring of well pairs completed in
both units. A pump test of the Memphis Sand should be accompanied by an intense
water level monitoring effort in both the Memphis Sand (to gather data on hydraulic
conductivity and transmissivity of the Memphis Sand) and alse in the Fluvial Aquifer
(specifically Lo assess the influence of water levels of the averlying unit and to evaluate
the nature of the clay confining bed). These data could be combined with the
geotechnical data planned to be collected on the hydraulic conductivity of the confining
clay unit to assess the degree, if any, of hydraulic inferconnection between the two units.

A potential zone for aguifer interconnection was discovered during the RI (ref. 18). An
area in the north-central part of the Main Installation {OU-4) was found to exhibii sands
and interbedded clays more than 100 ft below the land surface. Two monitoring wells
installed in this area (MW-18 and MW-27) were originally thought to penetrate the
Fluvial Aquifer, but ultimately have proven to be dry. Stratigraphic test boring STB-3
encountered clay lenses within sandy fluvial deposits as deep as 130 ft below the surface.
Static water levels in the Fluvial Aquifer (measured at MW-34, 38, and 39) suggest a

depression in the Fluvial Aquifer water table. This area needs further study during the
QU-4 investigation activities.

Potential contaminants of concern have been found in monitoring wells screened in the
Fluvial Aquifer beneath Dunn Field {OU-1) and the southwestern comer {QU-2). These
same contaminants have not been found in the Memphis Sand Aquifer beneath DDMT,
A plan view of the conceptual model (Figure 3-8) at DDMT illustrates the direction of

movement in the Fluvial Aquifer and the zone of groundwater contamination discovered
during the RI (ref. 18).

The third pathway in the conceptual mode! involves surface runoff from areas of spiils or
releases (OUs-1, 2, 3 and 4). This runoff collects in drainage channels that lead off
government property, creating a potential for dermal absorption of contaminants during
wading or swimming. Aquatic species could also potentially ingest contaminants and
accumulate contaminants in tissues. Both terrestrial and aquatic wildlife can ingest
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contaminants by drinking surface waters or eating other species with contaminated
tissues. This pathway includes fishermen that ingest aquatic species taken from surface
water bodies in DDMT vicinity. Contaminants have been found in sediments from both
the Golf Course Pond and Lake Danielson (QOU-3). The plan view (Figure 3-8) illustrates
the surface runoff pathways from DDMT toward Cane Creek to the north and Nonconnah
Creek to the south.

Potential human receptors in DDMT vicinity include the following:

Employees of DDMT
Residents and neighbors of DDMT
Residents of Memphis

Fishermen and recreational users ("waders") of surface waters, mecluding
Cane Creek and Nonconnah Creek

. » ® &

Even though the potential for exposure to contaminants exists, the health risk assessment
conducted by the Agency for Toxic Substance and Disease Registry (ATSDR) concluded
that no apparent public health hazards existed for groundwater, surface water, sediment,
air, and soil. ATSDR came to this conclusion by comparing potentials for exposure and
levels of contaminants identified at DDMT, and whether there would be any harmful
effects from these levels. As DDMT continees investigating potential sources of
contamination and more information becomes available, ATSDR will update the health
risk assessment of DDMT.

3.8 Data Gaps

Table 3-12 attempts to sununarize the data gaps from previous studies for all OUs
(facilitywide data gaps) and OU-specific data gaps that will be addressed in OU-specific

FSPs. Dala gaps appropriate to be filled during the Screening Sites investigation also are
identified.
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4.0 Generic RI/FS Objectives 126 184

4.1 Objectives of DDMT RI/FS

In a broad sense, the ultimate RI/FS objective is to characterize the risks posed by
hazardous substances and 1o select remedial actions that minimize or eliminate threats to
public health and the environment. To achieve such a broad objective, it is necessary
that several more specific objectives be met. Table 4-1 provides a list of RI/FS
objectives for DDMT and the associated RI and FS activities that will be conducted to
achieve those objectives. Although most of the objectives are geared toward specific
media or source areas, each is consistent with the vltimate objective of selecting a
remedial alternative.

4.2 Data Quality Objectives
4.2.1 Purpose of DQOs

The purpose of developing DQOs is to help managers and planners focus the data
collection activities at a site under investigation to minimize unnecessary data, and yet

collect sufficient data to support decisions. The primary objectives of the DQOs are as
follaws:

Clearly 1dentify the study objective

Determine the most appropriate type of data to collect

Determine the most appropriate conditions from which to collect the data
Specify an acceptable level of error to determine the quality and quantity of
data needed to support the decision to be made

Data colleciion at a site may be conducted in several phases, each with a specific focus
and different data need. For example, defining the nature and extent of contamination to
assist in the selection of a remedial alternative may indicate collection of biased samples,
whereas support of a risk assessment lo determine "No Further Action” may indicate use
of a statistically based sampling strategy. DQOs will assist in optimizing a sampling and
analysis plan,

4.2.2 DQOs Defined

DQOs are qualitative and quantitative statements that specify the quality of the data
required to support the decision-making process during remedial response and sampling
activities. The statements are based on the end uses of the data to be collected. The
qualitative aspect of DQOs assists with planning for field investigations, and the

quanbitative aspect of DQOs uses statistics to help plan a field investigation that limits the
likelihood of making an incorrect decision.

mgmIS-DDMT-WFI039, WPS 4-1



Table 4-1
DDMT RIFS Objectives
Defense Depot Memphis, Tennessee
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Objective

Rl
Activity

s
Activity

Determine presence or absence of
contaminants in each medium.

Determine types of contaminants.

Determine concentrations and
distribution of contaminanis.

Determine the mechanism of
contaminant release (o pathweys.

Determine directien of transport,

Determine boundaries of sources and
pathways.

Characterize environmenal and
public health factors,

Determine sowrce and pathway
characierisiics with respect 1o
mitigation {(bench studies).

Derermine most probable conditions.

I —

Confirmn/establish presence or absence of
contaminants at each source and in all
pathways.

Establish the "nanire” of contaminants at
cach source and in pathways.

Establish concenirations and concentration
gradients,

Establish mechanics of sourcef -
pathway imterfaces.

Establish pathways and transpornt routes and
identify potential receptors.

Establish horizontal/vertical baundaries of
sources and pathways of contamination,

Evaluate exposure and concentrations Lo

characterize environmemal and public health

threat.

Establish the ranpe of contaminants and
their concentrations.

Esiablish ranges of conditions present
onsite,

Evaluate the applicability of no
action alternalive.

Ideniify applicable remedial
technalogies.

Evaluate alternatives and costs
10 achieve applicable or relevant
and appropriate standards.

Evaluate the effectiveness of
containment 1echnologies.

Identify most effective points in
the pathway 1o conirol transpont
of contaminants.

Evaluate costs to achieve
ARARs; identify applicable
remedial technologies. Assess
risk reduction.

Evaluate applicable standards or
risk; identify applicable remedial
lechnologies. Asscss risk
reduction.

Evaluate treatment schemes.

Evaluate mast probable
conditiens and reasonable
deviatians.

Source: Data Quality Objectives for Remedial Response Acrivities—Development Pracess (tef. 75).
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For the Generic RI/FS Work Plan, only qualitative DQOs will be developed.
Quantitative DQOs may be devcloped in the field sampling plans, but not in all cases.

Statistical considerations are generally only necessary when contaminant levels are close
to action levels or when there is considerabte variability in the data,

The DQOs for this study were developed with consideration of the guidance in the EPA

document, Data Quality Objectives Process for Superfund, Interim Fina! Guidance
(ref. 87).

4.2.3 DQO Development Process

The DO process is a series of planning steps based on the scientific method that are
designed to help determine what type, quantity, and quality of environmental data
collected will be adequate to provide information for making a sound remediation
decision. Criteria are.developed to determine when enocugh data has been collected. The
process helps to improve the design of the sampling and analysis program, saves time and
money, and improves decision making. Application of the DQO steps sheuld help to

result in collection of data that will give results of sufficient quality to make-a defensible
decision.

Each of the steps in the DQO process is presented in Table 4-2. However, 2 number of
the steps in the process are more specific in namre and generate site-specific DQOs.
These will be addressed in the OU-specific FSPs, More information on the DQO process

can be found in Data Quality Objectives Process for Superfund, Interim Final Guidance
(ref, 87).

4.2.4 Specific DQOs for DDMT

A summary of the DQOs for the Generic RI/FS Work Plan is provided in Table 4-3.
The DQOs are broken up into three categories:

. Background Evaluation DQOs address the activities that will be
performed to fully characterize the.quality of soil and groundwater
upgradient of DDMT.

. Site Evaluation DQOs apply to all of the sites that will be investigated at

DDMT. The DQOs primarily address issues related to physical and
chemical data that will be collected to characterize a given site to make a
sound and defensible remedial decision.

. Early Removal Evaluation DQOs apply to the sites that will initially be
considered for early removal. The DQQOs address whether early removal is

the appropriate action and the status of the site after completion of early
removal.

|
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Defense Depot Memphis, Tennessee

Table 4-2
DQO Process Steps

Process Steps

Description

Siate the Problem

Summarize the contamination problem that will

require new environmental data, and identify the
resources available to resolve the problem,

Identify the Decision

Identify the decision that requires new environmental
data to address the contamination problem.

1 Identify Inputs to the
Decision

Identify the information needed tc support the
decision, and specify which inputs require new
environmenta! measurements.

—

Define the Study Boundaries

Specify the spatial and temporal aspects of the
environmental media that the data must represent to
support the decision.

Develop a Decision Rule

Develop a logical "if...then..." statement that defines
the conditions that would cause the decision maker o
choose among alternative actions.

Specify Limits on Decision .
Errors

Specify the decision maker’s acceptable limits on
decision errors, which are used to establish
performance goals for limiting uncertainty in the data.

Optimize the Design for
Obtaining Data

dentify the most resource-effective sampling and

analysis design for generating data that are expected to
satisfy the DQOs.

Source: EPA, 1993 (ref. 87)
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Table 4-3

Generic RVFS Work Plan Data Quality Objectives

Defense Depot Memphis, Tennessee

Page | of 2

Category

Data Quality Ohjectives

Comments

Backgraund
Evaluarion

Collect soil, groundwater, surface water and
sediment data of sufficient quality and quantity
10 be used in statistical comparisons with Tesults
from onsite field sampling,

Ofisite Source
Evaluation

Establish the presenee of offsile contamination
that may be contribming to the environmental
canditions found at DDMT.

Site Evaluation

Develop an understanding of site geology and
hydrogeology ta evaluale contaminant fate and
(ransport.

Evaluare the nnure and extent of potential
conlamination.

Judgmemal samples to confirm NFA

Statistical samples to demonsirate the average
{UCL95) concemrarion is below the PRG

Judgmental samples to evaluate the most
apprapriate remedial action

Provide reliable data results supported by QC
measures implemenied during sampling and
analysis.

Collect daia useful for evalvation in comparison
o backgronnd concentrations. EPA Risk-Based
Concentrations, and other ARARs.

Callect groundwater and soil dala that are
representative of site conditions.

NFA will only be confirmed if all
results are below applicable action
levels.

If all resulis are not below action Jevels,
a second phase of sampling will ke
required to abtain statistica) samples.

The F5Ps will define the basis for
collection of statistical samples.

The ratianate regarding the tocation of
where samples will be collected will be
included in the FSPs,

mpmY5-DDMT-WPEI/059, WS
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Table 4-3

Generic RIFS Work Plan Data Quality Objectives

Defense Depot Memphis, Tennessee Pape 2 of 2
Category Data Quality Objectives Comments
Early Removal Dretermine if early removal is the most
Evaluaticn zppropriate action.

Confirm tha1 the souree of materials has been
removed.

Confirm the contents of 1he wasie that was
disposed of at the site: or confirm the
contaminants thay were relsased ta the
environment.

Determine the condition of remaining s0ils to
determine further action.

mgmes-DDMT-WP039. WS 4-6
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Specific site investigation DQOs for the data collection aclivities at each of the sites will
be presented in the QU-specific FSPs.

4.2.5 Data Quality Levels at DDMT

The data collected during field activities at DDMT will be Level 1, 2, 3, or 4. Level 1
data 18 at a screening level. It provides the most rapid results, but the least amount of
information to defend the data quality. The data generated will typically provide general
environmental characteristics, not information related to contaminant speciation. Level 1
data may include pH, conduchivity, temperature, and organic vapor concentrations, Level
2 data is field analysis data. Level 2 provides rapid results and more documented data
quality than Level 1. Level 2 data can provide limited information on contaminant
speciation and can pive quantitative results. However, the reporting limits for a Level 2
analysis would be much higher than for a Level 3 or 4 analysis. A common Level 2 data

measurement may be analysis for specific indicator volatile organics by a field-operated
gas chromatograph.

Level 3 and 4 data are generated by an analytical laboratory, typically from a permanent
laboratory with documented quality control procedures. The difference between Level 3
and 4 18 the amount of sepporting information provided by the laboratory. Level 3 data
packages typically have only QC summary information, while Level 4 data packages will
provide all of the supporting information necessary to define the quality of the data.
Level 4 daia is confirmational, and it provides the highest level of data quality. Dara
validation can be performed on Level 4 darta,

AL DDMT, Level 2, field scresning, data will be used io determine the extent of
contamination, to select samples for Level 3 and possibly Level 4 analyses, and to make
field decisions. The majerity of offsite laboratory analytical data will be Level 3 QA/QC
for target parameters. There is 2 potential that Level 4 data will be required in the future
at this facility. Samples analyzed using Level 4 QC are analyzed using the same
analytical methods as Level 3 samples, but different data package deliverables are
provided. Confirmatory samples will be analyzed using Level 3 QC, and no Level 4 QC
is proposed at this time. However if in the future Level 4 information becomes
necessary, thuis information will be requested from the analytical laboratory,

Of all the soil samples collected, at least S percent will be analyzed for TCL/TAL, and at
least one sample from each site will be analyzed for TCL/TAL. In the characterization
of background soil and groundwater quality, TCL/TAL analyses will be performad.

An analysis for TCL/TAL indicates that specific listed parameters will be analyzed by
specific methods. The analytical metheds used are the CLP methods. These methods
have specific analytical reporting limits. The categories of compounds that will be

analyzed in a TCL/TAL scan include VOCs, SVOCs, pesticides/PCBs, metals, and
cyanide.

mgmd$-DDMT-WP3/035. WPS 4-7
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., 3.0 RI/FS Tasks

A total of 14 standard RI/FS tasks have been defined by EPA (ref. 63) to provide

consistent reporting and to allow more effective monitoring of RI/FS projects. A detailed
description of each of the RI/FS tasks and the work that will be performed under each is
provided in the following discussion.

5.1 Task 1-—Project Planning

The purpose of the project planning {or scoping) task is to define the appropriate type and
extent of site investigation and analytical studies necessary to characterize the site. The
main objectives of scoping are to identify the types of decisions that need to be made, o
determine the types of data needed (including guantity and qualily), and ko design the
studies necessary tc collect these data. Initially, the task involves a site inspection of the
study area and an analysis of existing information for DDMT. This task also includes

development of the Generic RI/FS Work Plan, the SAP, the HASP, and the Community
Relations Plan,

During project planning, a conceptual model of the site is established that considers the
source of contamination, potential pathways of exposure, and potential receptors. Data

.; gathered during the site characterization activities will build on that model. A conceptual
model of DDMT has been developed as described in Section 3.0. The identification of
potential ARARs and other criteria, advisories, and puidance o be considered has been
initiated. Tables of potential PRGs (Tables 3-7 through 3-10) have been developed for
regulatory review. Sa that ARARs are identified "in a timely manner," as required by
CERCLA, a formal letter will be issued by DDMT to both TDEC and EPA Region IV to
request a list of proposed state and federal ARARs for DDMT,

Following is a description of the contents of each of the work plans that will be provided
as part of the planning task. All of the work plans described will be written in

accordance with the current NCP ang the October 1988 EPA RI/FS Guidapce Document
(ref. 63).

5.1.1 Generic RI/FS Work Plan

The purpose of the Generic RI/FS Work Pian (this document} is to present the general
rationale and methodology for conducting the RI/FS. Because much of the sile
background information is not subject to change, it has been consolidated in this
document for funire reference. Each OU, as well as the Screening Sites, will have a

mgmd5-DOMT-WP/037. WPS 5-1
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detailed FSP (hat describes site history, previous sampling results, proposed future

sampling locations, analytes, and rationale. The Generic RI/FS Work Plan includes the
following elements:

. A gencral description of the project, along with discussions of the site
background )

. A general conceptual model, including the nature and extent of
contamination

¢ A history of regulatory and response actions

. A peneral discussion of data quality and quantity objectives

. A general description of the work tasks o be performed

. A descripuon of the deliverables that will be submitted and their schedule
for delivery

Project management, organization, and responsibilities
5.1.2 Sampling and Analysis Plan

The SAP contains the FSP and the QAPP. For each sampling cvent, the FSP outlines the
sampling objectives; necessary equipment; sample types, locations, and frequency;
analyses to be performed; and a schedule of when the particular sampling events will
occur. The FSP includes a separate plan for the following sampling events—shallow
sl/surface sampling, stratigraphic borings, and groundwater monitoring well installation
and sampling. In addition to the other guidance documents listed above, the FSP is
written in accordance with the Compendium of Superfund Field Operations (ref. 62) and
the Data Quality Objectives for Remedial Response Activities (ref. 75).

The purpose of the QAPP is 1o provide a detailed description of the quality
assurance/quality control (QA/QC) procedures to be employed during the RI/FS. The
objective of the QAPP is o ensure thai the RI/FS is based on the correct level and extent
of sampling and analysis required to produce cnough data for evaluating remedial
alternatives. A second objective is to ensure the quality of the data collected during the
RI/FS. The QAPP, which has been written in accordance with the Current RIFFS
Guidance (ref. 63), the Data Quality Objectives for Remedial Response Activities

(ref. 75), the Guidelines and Specification for Preparing Quality Assurance Plans

(ref. 76), the Users Guide to the EPA Contraci Laboratory Programs (ref. 77), and the

mgm95-DRMT-WP3/M37. WPS 5-2
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praposed NCP, addresses all of the field investigations conducted as a part of the DDMT
. site characterization activities and includes the following discussions:

. A project description

I'roject organization illustrating the lines of responsibility to the personnel
involved in the sampling phase of the project

QA objectives for the data acquired, including accuracy, completeness,
representativeness, comparability, and intended use of the data

. Sample custody procedures

. The type and frequency of calibration procedures for field and laboratory

instrument, internal quality control checks, QA performance audits, and
system audits

- Analyucal procedurcs
. Data reduction, validation, and reporting procedures
. Intermal QC procedures
. o Performance and systems audits
. Proventive mainienance procedures
. Specific routine procedures used to assess data
. Corrective actions
» QA project reports

5.1.3. Health and Safety Plan

The HASP 1s develaped on the basis of expected site conditions to protect personnel
involved in site activities, as well as the surrounding community. The plan addresses all
applicable regulatory requirements under 29 CFR 1910.120. The HASP provides a site
background discussion and describes personnel responsibilities, protective equipment,

health and safety procedures and protocols, decontamination procedures, personnel
fraining, and medical surveillance.

memIS-DDMT-WP0)7 WPS 5-3
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3.2 Task 2—Community Relations

The community celations task is designed to ensure community understanding of actions
taken during the remedial response activities and to obtain community input on the RI/P'S
program., A Community Relations Plan has been prepared and submitted to EPA and the
State of Tennessee by DDMT. The Community Relations Plan documents the community
relations history with respect to DDMT and describes the techniques that will be needed
to achieve the objectives of the program. The plan has been prepared in accordance with
Community Relations in Superfund: A Handbook (ref. 78), and Community Relations
Activities at Superfund Enforcement Sites—Interim Guidance (ref. 79).

Additional community relations activities to be conducted by DDMT personnel include
the following:

* Establishing a community information repository that will house a copy of
the administrative record

* Preparing and disseminating news releases, fact sheets, slide shows, and
exhibits designed to inform the community of current or proposed activities
at DDMT

. Analyzing community attitudes toward the proposed actions

Although most of the community relations activities will be conducted by DDMT

personnel, technical support will be provided by outside agencies (COE and contractors)
at public meetings.

5.3 Task 3—Field Investigations
5.3.1 Objectives of the DDMT Site Investigation Activities

The primary objective of the DDMT remedial investigation is to provide additional data
to characterize the nature and extent of surface and subsurface soil, groundwarer, and
surface water/sediment contamination resulting from past operations at DDMT. To
accomplish this objective, DDMT will perform the following activities:

. Satisfy the confirmatory sampling and corractive measures study
requirements of the installation’s RCRA Part B Permit.

. Collect additional data to determine the extent of groundwater
contamunation from burial sites located in the Dunn Field area (OU-1).

. Evaluate the degree of hydraulic interconnection between the Fluvial
Aquifer and the underlying Memphis Sand Aquifer at DDMT.

mgmd5-DDMT-WP3037 WP5 54
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. Pravide additional information for the BRA and the selection of appropriate
remedial altcrnatives.

. Provide sufficient information to establish most probable conditions and
reasonable deviations,

Soil samples will be collected from surface soil samples, soil borings, stratigraphic test
borings, and new monitoring well locations. Investigation goals of these samples will be
to make determinations such as the nature and extent {lateral/vertical) of contamination
from past waste disposal activities, background soil concentrations, and the presence (or
absence) of the confining bed that separates the Fluvial Aquifer from the Memphis Sand
Aquifer. With the exception of the background sampling locations, which are discussaed
below, specific rationale is provided for each sampling location in the OU-specific FSP.
Other subsurface soil data will be collected to further characterize the source of
contamination at a number of sites, particularly in OU-1. The subsurface soil data will
be acquired through collecting and analyzing subsurface soil samples and making visual
examinations and field measurements during drilling activities.

To fully characterize the extent of both the groundwater contamination beneath DDMT
and the extent of the plume offsite, approzimately 20 additional groundwaler monitoring
wells are proposed to be installed. Samples will be collected and analyzed from both new
and existing wells to further characterize the naturc and extent of the potential
contaminants of concern in groundwater.

5.3.2 Background Sampling Program

DDMT is conducting a multimedia background sampling program 10 Support its
environmental restoration program. The purpose of the background sampling program is
to provide sufficient data 1o establish representative background concentration data for
naturally occurring constituents at DDMT. Background is defined as samples collected in
locations where chemicals present are representative of naturally occurring and
anthropogenic (human made, non-site) sources. Once the background data have been
collected, it is the risk assessor’s task to construct a representative data set considered to
be background, Care will be taken to include analytical data that do not fit a particular
statistical data set distribution.

Constituent concentrations detected in various media as part of the remedial activities al
the site will be compared to background data established herein, in order to evaluate
whether the reported concentrations of thosc constituents were caused by DDMT
operations, are naturally occurring, or whether they are caused by ambient effects from
the urban environment surrounding DDMT. In gencral, the background data will be used

mem95-DOMT-WF3/037 WP$ 5-5 9719795
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to support several aspects of the environmental program at DDMT, including the
following:

. Development of action levels to be used in further-action/no-further-action
decision making

. Potential/future risk assessments

. Development of clean-up criteria and PRGs

(Remainder of page intentionally left blank, after final comment resolution.)
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Final decisions regarding how the background data will be used in site analyses will be
developed as DDMT environmentat projects occur; however, one of the most appropriate
uses of the data will be to compare the distribution of the entire data set obtained during
sile investigations to the distribution of the background data set.

Background concentrations for the following media will be addressed: surface and
subsurface soil, surface water and sediment, and shallow groundwater. This section of
the Generic RI/FS Work Plan describes the rationale for the number and locations of
samples for each media. As additional background data become available as part of
possible future investigations, they will be incorporated into the background data base as
appropriate. Sampling locations have been selected in areas believed to be unaffected by
past or present DDMT industrial activities. An important aspect of the sampling program
is the consideration of potential effects of urban pollutants from the area surrounding the
site.

A statistical approach has been used to select the number of samples required to provide
an appropriate level of confidence for each media. Sample sizes appropriate o estimate
tolerance intervals {Conover, 1980) were used to estimate the number of samples required
for each media. Nonparametric tolerance intervals make no assumptions about the
underlying distribution of the chemical or compound. However, independent samples are
assumed to be randomly drawn from an infinite population. The desired level of

~ confidence and coverage must be specified to determine the number of samples.
Coverage is the percent or quantile 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 100 (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 quantile
of the population distribution. The equation used to generate the minimum sample size 1S
as follows:

n = In{a)/ln{p)

where a = significance level (0<a<1)

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

For example, half of the population is greater than and half of the distribution is less than
the 50th quantile, the population median value. The upper and lower quantiles of the
distribution, the 75th and 25th quantiles, respectively, are the concentration levels at
which 25 percent and 75 percent of the population are greater. A prespecified cenfidence
level of 5 percent and prespecified 50th quantile means that the maximum concentration
from the sample of size “n" will not be less than the median (from chance alone) more
than 5 times out of 100. "N" increases as either the preselected quantiie (upper tolerance
limit) or preselected level of confidence increases. The effect of raising the quantile of
interest dominates the increase in required sample size. For example, 1o be 50 percent
certain that the maximum concentration from a sample exceeds the median of the

mgm$S5-DDMT-WP3/037. WP$ 5-6 : 9/19/95
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population being sampled requires a sample size of 4; to be 93 percent certain requires a
sample size of 5—a comparatively negligible increase in sample size. To be 90 percent
confident that the maximum sample concentraticn is greater than the 95th quantile
requires a sample size of 45; to be 95 percent confident requires an N of 39.

Table 5-1 tabulates sample sizes to meet a range of prespecified coverages and a range of
prespecified confidence levels.

“ T Table 5-1 ] '

Sample Sizes for Prespecified Confidence Levels
Defense Depot Memphis, Tennessee
Estimated Quantile #5% Confidence 90% Conlidence j 95% Confidence
50th [Median] 3 4 5 “

75th [Upper Quantile] 7 2 11
Bith 12 L5 19
90th 19 22 29
| 95th 37 45 59

Levels of confidence for each media (sediment, surface water, and groundwater) were
calculated according to the project objectives, and other considerations. In general, as
shown by the above equation, a larger number of samples is required to support either a
higher confidence interval or a greater preportion of the distnbution. A larger number of
samples increases the probability of sampling more “rare” events (extreme values),
thereby increasing (biasing high) the overall caleulated background value. There are also
cost considerations in implementing higher confidence intervals: in general, it costs
incrementally more per sample to obiain small increases in the confidence interval. The
selection of confidence intervals for DDMT was based on both the need to obtain a
relatively representative data set and the cost of obtaining such dawa. A specific

discussion of the confidence intervals and sampling rationale for each media is presented
below,

5.3.2.1 Surface and Subsurface Soil

As identified by the Soil Conservation Service (SCS, 1970}, five major surface soil series
have been mapped at DDMT: Falaya Silt Loam (Fm), Filled Land —Silty (F5), Graded
Land (Gr), and Memphis Silt Loam {MeB and MeD,). Most of the surface soil at
DDMT is classified as praded land {meaning cut-and-fill or other surface disturbance) for
installation development. During grading and land development, the surface soil
probably originated as one of the Silt Loam series soils, but probably was mixed and
reworked. Native surface soil is only apparent in the stream and swale channels. The
areas covered by the other soil types are too small to warrant separate consideration.
Therefore, for purposes of this background sampling program, no distinction between
different surface soil mineralogies will be attempted, although the soil type will be
classified in the ficld for identificanon purposcs.

mgm¥5-DDMT-WP3I/037. WPS 5-7
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To oblain 2 set of background surface soil data representative of the diversity (non-
homogeneity hecause of mixing and grading) of soil conditions anticipated at the site,
samples will be obtained from a combination of onsite and offsite areas. The number of
samples for regional surface and subsurface soils was sclected to provide at least a 90
percent confidence and a 90 percent coverage of the sample population. Therefore,
surface and subsurface soil samples will be obtained from a total of 22 locations.

At DDMT, areas have been salected that do not appear to be affected by operations,
based on information regarding former and current land usage and on existing soil
analytical data, avoiding those areas with known or potential contaminaon. Potential
sample locations were chosen by, first, delineating areas throughout the installation that
were not appropriate for sampling, including areas of known or suspected contamination
and areas covered by buildings or roads. Because DDMT is heavily developed, relatively
few potential locations were available for sampling. A total of 11 onsite sample locations
(presented in Figure 5-1) have been chosen to represent the most reasonable geographical
distribution possible over the site, considering the site limitations. Before the sampling
program, a visual field reconnaissance will be conducted at each sample location to verify
its accessibility and suitability. Three potential alternate sampling locations have been
designated in Figure 5-1 in case an driginally proposed location is deemed unsuitable
(based on field observation).

For the offsite locations, several golf courses, parks, and schools were targeted as
possible background soil sampling areas. Proposed sampling locations are shown in
Figure 5-2. A total of 1B offsite sampling locations have been designated, 11 primary
sites and 7 potential alternative sites. Permission for site access will be obtained before
field sampling activities begin.

At each sampling location, samples will be obtained from the ground surface (at 2 depth
interval of approximately zero to 1 feet bgs), and at a depth sufficient to be representative
of native soil. The actual depth of native (undisturbed) soil will be evaluated in the field
based on visual soil classification; it is anticipated that the depth will be approximately 5
to 6 feet bgs. All samples will be scanned in the field with a photoionization detector
(PID} or a flame ionizatien detector (FID) to eliminate sampling locations that contain
PID/FID detectable VOCs.

The entire Memphis area was formerly used for agriculture {cotton and possibly other
crops), so it is possible that some residual pesticide, herbicide, or fertilizer residual could
remain in the surface soil. " Pesticides and herbicides were typically also applied to
DDMT and the nearby parks and schools as part of routine grounds maintenance.
Similarly, because DDMT is in a heavily developed urban area, other constituents (for
example, PAHs from asphalt roads or lead from automobile exhaust) might be detected in
the surface soil. The background soil sampling program has been designed to consider
and include these regional effects. Therefore, the background soil samples will be
analyzed for the target compound list used for the remainder of the DDMT sampling
program, including VOCs, SVOCs, pesticides/PCBs, dioxins, PAHS, and TAL metals,

memd5-DDMT-WP3/037. WP 5-8 9/10/95
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Results will be analyzed using statistical evaluations to derive a range of possible
background values for each constituent. Box plots, probability plots, and other statistical
plots will be graphed for each parameter (using the contract-required detection limits
[CRDLSs] for non-detected values) to provide an overall assessment of the distribution of
data. Outlying data will be flagged and possibly removed from the data set. Once the
distributions of each parameter are determined, both parametric and nonparametric
tolerance intervals will be evaluated. The upper tolerance bound will constitute one
possible background value for each constituent. Another possible background value is
twice the mean of the data. A table will be developed that shows, per analytical
constituent, the number of samples, frequency of detection, maximum and minimum
detected values, the mean and standard deviations, the upper tolerance bound, and the
twice-mean value.

5.3.2.2 Surface Water and Sediment

Surface water from DDMT drains through overland flow to swales, ditches, concrete-
lined channels, and a storm drainage system to nearby streams. Most of the drainage
channels at DDMT convey only seasonal (wet weather) flow, and are frequently dry.
DDMT is generally level with or above the surrounding terrain, so that DDMT receives
only a minor amount of run-on from adjacent areas, primarily at Dunn Field from the
neighborhood to the east. Major drainage features are shown in Figure 2-4. Surface
water from Dunn Field flows northward to Cane Creek. Surface waler from the westerm
portion of the Main Installation flows westward toward Tarrent Branch, which flows to
Nonconnah Creek. Surface water from the eastern and southern portion of the
installation (including outfalls from Lake Danielson and Golf Course Pond) also flows Lo
Nonconnah Creck. Finally, surface water from the northern portion of the main
installation flows to Cane Creek. Considering the hydrology at the site, two types of
surface water features will be evaluated as part of the background sampling program:
ponds and streams.

For the pond sampling program, the two ponds onsite (Lake Danielson and Golf Course
Pond) would not be suitable for use in the sampling program because they have received
ranoff from the installation. Therefore, we propose to sample offsite ponds located in a
similar setting {such as on a golf course or in a park-like setting) as DDMT’s ponds.
Two ponds are considered, one at Audubon Park (northeast of DDMT) and the other at
Medal of Honor Park (southeast of DDMT).

For the stream sampling program, the number of suitable locations for surface water and
sediment sampling is limited by the number of active flowing streams on or near DDMT.
Cane and Nonconnah Creeks sustain perennial flow. Therefore, surface water samples
will be obtained from portions of Cane Creck and Nonconnah Creek upgradient of the
outfalls from DDMT. These samples will be used to represent background surface water
chemistry for DDMT; however, the surface water and sediment obtained from these
sampling locations may demonstrate effects of upstream industrial and residential land
use.

- mgm95-DDMT-WPI/037. WP5 5-11 9/19/95
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To obtain a minimum 90 percent confidence and 90 percent coverage of the sample
population, 22 surface water samples are required. Sampling localions are shown in
Figure 5-3. Five surface water samples each will be collected from Cane Creek and
Nonconnah Creek upgradient of the outfall from the site. An equal number of sediment
samples will be collected from low-flow velocity areas at or near the stream locations
used for surface water sampling. Six surface water and sediment samples each from the
Pine Hills golf course and Lincoln Park ponds will be obtained. All samples will be
analyzed for VOCs, SVOCs, pesticides/PCBs, and TAL metals.

The two data sets (stagnant data and running water data) will be compared using an
analysis of variance {ANOVA) statistical approach. If the ANOVA indicates that the
mean contaminant values from the stagnant and running water data sets are from the same
population, at a 95 percent confidence level, then the data sets will be combined;
otherwise, they will be kept separate. Surface water and sediment samples will be
considered separately.

5.3.2.3 Agquaftic Biota

Fish collected in Lake Danielson during previous studies were found to contain
concentrations of pesticides and PCBs. Lake Danielson is located within the golf course
at DDMT and may receive pesticides from the onsite storm water system oOr direct runoff
from the golf course. Golf course maintenance typically requires high levels of pesticide
and herbicide applications, which may be transported to the adjacent ponds or surface
water streams. Although pesticides have been stored at DDMT and may have been
introduced to Lake Danielson through spills onsite, maintenance activities on the golf
course probably also have introduced pesticides directly to the ponds.

To provide representative background data on pesticides in fish for comparison with the
fish collected in Lake Danielson, fish will be collected from golf course ponds in the
Memphis area and analyzed for pesticides and PCBs. In addition, data available from
TDEC's Division of Water Pollution Control on tissue analyses from fish collected in the
area will be used for comparison purposes. This combination of data sources will
provide a more representative background estimate of pesticide and PCB concentrations
in fish within the project area.

Fish will be collected from two ponds within ene of the Memphis City Parks golf courses
and analyzed using EPA Methods 8080 (organochlorines) and 8140 (PCBs and
organophosphates). Fish will be collected using a back pack electro-shocker, wrapped in
aluminum foil and then placed in ziploc plastic bags, and placed directly on dry ice for
shipment to CH2M HILL’s Monigomery, Alabama, laboratory for analysis. Fish will be

mgm95-DDMT-WP3/037. WES 5-12 9/19/95
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fileted in the laboratory and approximately 10 grams of tissue extracted for the analysis.
The fish in these ponds probably will be small and it may require more than on¢ fish to
provide 10 grams of tissue filet. Therefore, depending on the size of fish collected, up to
three fish may be combined to make up one sample. Compositing of fish samples will
follow procedures outlined in EPA's Guidance for Assessing Chemical Contaminant Data
for Use in Fish Advisories, Volume 1, Fish Sampling and Analysis, EPA/823-R-93-002
(EPA, 1993). A total f three samples will be analyzed from each pond for a total of six
samples. ,

As recommended by EPA (EPA, 1993), catfish (Ictalurus sp.) or common carp (Cyprinus
carpio) will be the target organisms because of their bottom-feeding habits and potential
exposure to contaminated sediments. These species have been consistently sampled for
monitoring of a number of contaminants, including pesticides. If sufficient catfish or
carp are not available for comparison purposes, the nexl most abundant species will be
ocollected to conduct the aquatic biota study.

TDEC's Division of Water Pollution Control conducts annual surveys to evaluate
contaminant levels in freshwater fish. Data from the last 5 years for streams in the
Memphis arca will be summarized and evaluated with background sampling data for the
fish collected in golf course ponds to develop appropriate background fish Lissue levels
for pesticides and PCBs.

5.3.2.4 Fluvial Aguifer Groundwater

Shallow (water table) groundwater is contained within the fluvial deposits at the site. The
fluvial deposits consist of clayey sand, sand, and gravely sand strata, ranging in thickness
from about 40 to 130 feet. Only the base of the fluvial deposits are saturated; total
saturated thickness varies from about 6 1o 23 feet. Seasonal fluctuations (up to several
feet) are anticipated within the Fluvial Aquifer. Tt is not known whether groundwater
flow directions have changed over time, caused, for example, by pumping in nearby
wellfields.

VOCs, 5VOCs, or pesticides/PCBs are not expected (o be naturally occurring in the
Fluvial Aquifer, although inorganics, such as metals, are expected to be present in
background groundwater. Land use to the north {and upgradient in the Fluvial Aquifer)
of DDMT generally consists of heavy industry and warchousing. To the east (also
upgradient) of DDMT along Airways Drive, there are numerous commercial
establishments as well. Operations in the area surrounding DDMT may have affected
groundwater quality; for example, there is known groundwater contarmination at the
Keliogg facility just west of the site. Therefore, the background sampling program has
been designed to consider these potential effects.

USGS (McMaster and Parks, 1988) has performed an evaluation of selected inorganic and

organic constituents in the Fluvial Aquifer in the Memphis area. The laboratory analyses
were performed on filtercd groundwaler samples (probably filtered with a 0.45 p filter) to

mpm935-DDMT-WP3/CIT. WP 5-14 9/19/95
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assess the concentrations of disselved inorganic constituents (arsenic, barium, cadmium,
chromium, lead, and mercury). These data are probably representative of background
concentrations in the Fluvial Aquifer. Analytical results at DDMT are for total metals
{not dissolved), so the data are not currently comparable. As part of the background
sampling program, only unfiltered (total) groundwater samples will be obtained for iotal
metals analyses.

The approach to selecting wells for use in the background sampling program is to use the
presence of VOCs, SVOCs, or pesticides/PCBs as an indicator regarding the potential
effect of groundwater from either DDMT or surrounding indusirial operations. Areas
outside known organic contamination, wells that have non-detected organic constients,
_and areas that are primarily upgradient (or far downgradient) of the site have been
considered as potential sampling locations.

On the basis of these criteria, the following onsite wells have been evaluated for use as
backpround wells: MWs-14, 16, 19, 23, 24, 28, and 30. These anticipated Fluvial
Aquifer monitoring well sampling locations are shown in Figure 54. These wells have
non-detected levels of organic constituents, MW-16, located in the far northeastern
corner of the Main Installation, was specifically installed to provide background
groundwater quality data. The remaining wells also appear to be in the upgradient areas
of DDMT. The distribution of inorganic constituents is alse important; wells with
outlying (excessively high) inorganic constituents may reflect inorganic contamination
rather than background concentrations. Because of higher-than-average metals
concentrations, MW-14 was eliminated from consideration, although it is not known
whether concentrations reflect groundwater contamination or other effects (such as well
construction, for example).

 There are an additional 14 Fluvial Aquifer monitoring wells installed and sampled by
USGS in 1987 in and around the Allen Well Field (inclhuding well SHI-171, and MGLW
wells [T-1 through 13). Several of these exhibit organic contamination, and will not be
considered for use ds background wells. The Fluvial Aquifer wells that will be used for
background data are discussed in Section 4 of the OU-4 FSP. These wells will be
sampled in conjunction with the QU4 field sampling effort. The background data will be
collected as part of the installation of wells A through K (shown in Figure 4-4 of the
QU-4 FSP).

The total combined number of potential Fluvial Aquifer background welts (6 onsite and 7
offsite) is 13 wells. Thirteen samples will give a 90 percent confidence and
approximately 82 percent coverage. Both filtered and unfiltered samples will be obtained.
from ail Fluvial Aquifer wells; samples will be analyzed for VOCs, SVOCs,
pesticides/PCBs, and TAL metals. Analytical results will be analyzed by statistical
evaluations similar to those proposed for soil, above. Onsite wells that show evidence of
organic contamination may be eliminated from consideration as background wells;
similarly, wells with statistically significant outlying concentrations will be eliminated.

mgn@5-DDMT-WP3037 WPS 5-15 6/14/96
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5.3.2.5 Memphis Sand Groundwater

The Memphis Sand reportedly underlies all of the Memphis area, including DDMT. At
DDMT, the top of the unit is approximately 125 to 150 feet NGVD. In the vicinity of
DDMT, the potentiometric surface appears {o slope generally westward toward the Allen
Well Field, approximately 0.5 (0 2.5 miles west of DDMT, a majot local pumpieg Zone
with wélls screened in the Memphis Sand. The Sheahan Well Ficld (approximately 5
miles east of DDMT) has 23 production wells screened in the Memphis Sand, and the
Mallory Well Field (2pproximately 5 miles north of DDMT) has 25 production wells in
the Memphis Sand. Only two wells at DDMT are installed in the Menphis Sand: MW-
36 and -37. The potentiometric level in these two wells ranged from 143 to 146 feet
NGVD. The Memphis Sand Aquifer will not be sampled as part of the background
sampling effort. However, the groundwater quality of the Memphis Sand Aquifer
beneath DDMT will be evaluated as part of the OU-4 investigation (OU-4 F5P,

Section 4.6).

As with the Fluvial Aquifer, VOCs, SVOCs, or pesticides/PCBs are not expected to be
namrally cceurring in the Memphis Sand. MLGW routinely analyzes groundwater from
the Allen, Sheahan, and Mallory Well Field production wells. Low levels of chlorinated
solvenis have been detected in some production wells in the Allen Well Field.

5.3.2.6 Fort Pillow Sand Groundwater
The Fort Pillow Sand underlies DDMT and the Memphis area at a depth of
approximately 1,400 feet. [t is reportedly approximately 200 feet thick. The Fort Pillow

Sand will not be investigated as part of the RI/FS, nor of the background sampling
program.

(Remainder of page left intentionally blank after final comment resolution).
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5.3.3 OU Site Characterization Activities

Subsurface soil data will be collected to further chamacterize the source of contamination
al a number of sites, particularly in OU-1. The subsurface soil data will be acquired
through collecting and analyzing subsurface soil samples and making visual examinations
and field measurements during drilling activilies. )

The QU field investigations will be conducted under the guidance of the OU-specific
FSPs, and the generic QAPP and HASP work plans developed during Task 1. All of the
sample locations have been identified on maps provided in the OU-specific FSPs. Dala
management and QAJSQC activities will be conducted in accordance with the procedures
outlined in the generic QAPP, and onsite health and safety procedures described in the
generic HASF will be followed. The following field actvities wili be conducted:

. Installation and sampling of new monitoring wells
. Collection and laboratory analysis of surface soil samples

. Drilling, sampling, and geotechnical and chemical analysis of shallow soil
borings and stratigraphic test borings

. Surveying of stratigraphic test borings and monitoring wells
. Sampling and analyzing groundwater samples from existing monitoring
wells

. Collecting and analyzing appropriate QA/QC samples

* Surface water and sediment sampling of both perannial and ephemeral
water bodies and drainage canals

. Geophysical surveys of documented burial sites

5.4 Task 4—Sample Analysis and Validation

This task involves development of a data management system, including field logs,
sample management and tracking procedures, and QA/QC procedures for both laboratory
data and field measurements. The purpose of the data management system is to ensure
that the data collected during the investigation are of adequate quality and quantity to
support the risk assessment and the FS. The data collected will be validated at the field
or laboratory QC level to determine whether it is adequalte for its intended use. A

detailed description of the field and laboratory data validation procedures are described in
the QAPP.

mgm@5-DDMT-WFAIG7.WPS 5-18
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In general, all field and analytical data will be reviewed for the following:

. Completeness —Completeness, expressed as a percentage, 1s a measure of
the amount of valid data obtained from the measurement system compared
lo the amount that was expected.

. Comparability — The comparability between data gathered during different
sampling rounds will be determined and described in the DDMT RI/FS
report.

. Correctness — A check will be made of all mathematical calculations, units,

significant figures, and data transpositions.

. Accuracy —Measured values will be compared to known values (spiked
samples). Accuracy will be reported as a relative percent difference
(RPD}).

. Precision —The reproducibility of measurements will be determined by

making, repeated measurements of the same quantity (split) samples.
Precision will be reported as a standard deviation.

. Representativeness—In a laboratory setting, criteria are usually evaluated
according to data credibility, on the basis of the QA officer’s past
cxpericnce with similar samples,

5.5 Task 5—Data Evaluation

This task includes reduction, tabulation, and evaluation of data obtained from the site
investigation phases o be included in the RI/FS report(s). Results of analyses will be
summarized and tabulated in a logical manner so that the relationships between site
investigation measurements in the different media are readily apparent. The data wall be
summarized in the RI/FS report to describe the nature and extent of contamination, as
well as the expected fate of the contaminants and the expected transport mechanisms that
influence the migration of the contaminants.

A copy of all data collected will be supplied to TDEC and to EPA as specified in the
FFA,

5.6 Task 6—Risk Assessment
A BRA will be conducted to assess the potential human health and environmental risks

posed by the DDMT sites, This effort will involve the following componenis—
contaminant identification, exposure assessment, toxicity assessment, and risk

mgm?53-DOMT-WF/017. WP
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characterization. The BRA will be prepared in accordance with the Risk Assessment
Guidance for Superfund (Volumes I and II) (ref. 66), the Superfund Expasure Assessment

Manual (ref. 81), the Expasure Faciors Handbook (ref. 80), and the Supplemental Region
IV Risk Assessment Guidance (ref, 82).

After completion of the site charactlerization activities, including data validation, a
detailed outline of the BRA will be provided to the state and EPA for review. Upon
acceptance of the outline by both parties, a draft BRA will be developed and submitied
for approval. The BRA will then be incorporated in the RI/ES report. 1ts components of
the BRA are discussed in detail in the following sections.

Although the potential contaminants of concern were identified in the BRA portion of the
RI Report (ref. 18) for DDMT), they will be re-evalualed, based on results of the
additienal investigation activities in the QU FSPs. The contaminants of concern will be
selected on the basis of their concentranon and health-based exposure critena, their
presence in large quantities or high concentrations, or because they are currendy in, or
potentially may migrate into, criical exposure pathways.

An exposure assessment will be conducted to identify actual or potential exposure
pathways, to characterize potentially exposed populations, and to evaluate the actual or
potential exient of exposure. A water well survey was conducted as part of the R]
(ref. 18) to identify potential shallow groundwater users. TIdentification of potential
human and ecological receptors, which was also conducted as part of the RI and
presented in the RI Report (ref. 1B), will be augmented.

Although a toxicity assessment of the originally identified potential contaminants of
concem was conducted durning the RI (ref. 18), addidonal toxicity information will be
obtained during the next phase of activities. This information will be used 10 expand the

assessment of adverse health or environmental effecis associated wilh the contaminants
found at DDMT,

The information obtained from the studies cited above will be integrated to determine the
current or potential risk 10 human health and the environment posed by DDMT.

5.7 Task 7—Treatability Study and Pilot Testing

This task involves conducting bench or pilot studies to determine the suitability of
remedial technologies to site conditions, if necessary. Technelogies that may be suitable
to the site will be identified as soon as possible to determine whether there is a need to

conduct treatability studies. A treatability work plan will be prepared if deemed
necessary.
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The treatability work plan will identify the types and goals of the study, the level of
effort needed for the study, a schedule for completion, and the data management
guidelines to be used in the study. The work plan will be submitted to the state and EPA
for review and approval. Upon approval, the test facility and equipment needed for the
study will be procured by DDMT.

Upon completion of the treatability testing, the effectiveness of the technologies tested

will be assessed. A report summarizing the testing program and its results will be
submitted as part of the final RI/FS report.

5.8 Task 8 —Remedial Investigation Report

The DDMT RI rcport(s) will document the conclusions drawn during the remedial
investigation of each OU and will include results of the BRA. The RI repost(s), along
with the FS report(s), will be submitted to the state and EPA for review and approval,
and a final RI/FS report will be prepared reflecting those comments.

In addition to the RI report, brief quarterly progress reports will be prepared for

submittal to the state and EPA project managers. The following items will be included in
the quarterly reports:

* A description of actions taken since the previous report toward completing

the RI/FS, updates or resuvlts, and findings

The date such actions were completed

A description of all work, procedures, and submiitals for the next two
reporting periods

A deseription of all major modifications to the work plans made in the
field

The identification of any event that might cause a delay in the work and a
summary of cfforts made to mitigate the delay

A list of documents, including field logs, drilling logs, surveys, laboratory

.test results, and other field data produced or generated since the previous
report

mgmB3-DDMT- WP WP
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5.9 Task 9—Remedial Alternatives Development and Screening

This task includes development of a range of distinct management alternatives designed 1o
remediate any contaminated media, including soil, groundwater, surface water, and
sediments, to provide adequate protection of human health and the environment. The
proposed alternatives will encornpass the following range: (1) alternatives i which
treatment is used to reduce the toxicity, mobility, or volume of the waste while varying
in the degree to which long-term manapement of the waste is required; {2) altematives
involving containment with little or no treatment; and (3) alternatives involving no action.

The following steps will be conducted to determine the range of aliernatives for DDMT:

Establish most probable conditions and reasonable deviations
Establish remedial action objectives and general response actions
Identify and screen technologies

Configure and screen allernatives

* ® & &

On Lhe basis of the information available after the site characterization activities, remedial
action objectives to protect human health and the environment will be developed for
DDMT. The objectives established early in the investigation process will specify the
contaminants and media of concern, the exposure routes and receptors, and PRGs, A
draft technical memorandum (TM) specifying the remedial action objectives will be
prepared and submitted to the state and EPA for review and comment. A final remedial
action objective TM will be submitted incorporating the comments. Upon completion of
the RI and the BRA, final remédiation goals will be established.

After approval of the remedial action objectives by the state and EPA, general response
actions for DDMT will be developed. On the basis of the general response actions,
wreatment icchnologies will be identified and screened to ensure that only the technologies
applicable to the contaminants present will be considered. The need for treatability
testing for the most probable technologies will be determined dunng this phase,

The potential technologies and process options will be combined into medium-specific
alternatives. All of the information necessary for evaluation of the alternatives, including
remediation ome, flow and treatment rates, and required permits, will be obtained. The
alternatives will then be screened with respect to effectiveness, implementability, and

cost. Uncertainties are allowed for by developing contingency actions for each
alternative.

A TM detailing the screcned altermatives will be submitted to the state and EPA for
comments. A meeting belween the parties will be conducted to discuss which alternatives
will be evaluated in the delailed analysis and to facilitate the identification of
action-specific ARARs.

memP$-DDMT-WP3 3T WPS 5-22
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5.10 Task 10—Detailed Analysis of Remedial Alternatives

. A detailed analysis of alternatives will be conducted for DDMT. The analysis will
consist of an individual comparison of each alternative against the set of ten criteria listed
below:

Overall protection of human health and the environment
Compliance with ARARs

Long-term effectiveness and permanence

Reduction of toxicity, mobility, or volume through treatment
Short-term effectiveness

Implementability

Cost

State acceptance

Communily acceptance

Conlingencies

Each individual analysis will include a technical description of each alternative that
outlines the waste management strategy involved and identifies the pertinent ARARS
associated with each altermative, and a description of the performance of that alternative
with respect to each of the evaluation criteria. A table summarizing the results of the
comparison, along with the description of each altemnative, will be prepared and
submitted in the form of 2 TM to the state and EPA for review and comment. A meeting

. will be held so that all parties can discuss the alternatives and select a preferred remedial
alternative for DDMT,

5.11 Task 11 —Feasibility Study Report

The RI portion of each RI/FS report will present a complete summary of the nature and
extent of contamination and the BRA, as described in Section 5.6, The FS portion of the
report will present the results of the remedial alternatives development and screening and
the detailed analysis of alternatives. A draft RI/FS report will be submified to the state
and EPA for review and comment. Comments will then be incorporated into the final .
DDMT RI/FS report.

5.12 Task 12 —Post-RI/FS Support

The tasks to be performed after submittal and approval ef the RI/FS report include
preparation and submittal of Proposed Plan(s) and RODs. Finally, remedial desizgn(s)
will be developed, followed by a remedial action work plan(s).
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5.12.1 Proposed Plan

The Proposed Plan(s) for DDMT will summarize the results of the RI/FS and identify the
alternative that appears to best satisfy the criteria for site remediation as well as
presenting plans for site monitoning and for dealing with contingencies. The Proposed
Plan will also summarize the pasition of the state resulting from its review of the RI/FS
and the draft Proposed Plan. Afler review and comment of the draft document by the
state and EPA, the revised Proposed Plan will be issued for public review and comment.

5.12.2 Responsiveness Summmary

A Responsiveness Summary will be prepared as part of the ROD to provide a summary
of public comments on the Proposed Plan.

5.12.3 Record of Decision

After the public comment period on the RI/FS and the Proposed Plan, the final selection
of a remedial action will be made for DDMT, If the original preferred alternative is
determined to be the most appropriate remedy, that altemnative will be selected. If not,
the DLA, i1 conjunction with the state and EPA, will select another alternative that is
more appropriate, In any case, the selected remedy will be documented in the ROD.
The ROD will summanize the problems posed by the site, the technical analysis of
alternatves, and the technical aspects of the selecied remedy that will later be refined into
design specifications. The ROD acts as a legal document that demonstrates that the
RI/FS has been carried out in accordance with statutory and regulatory requirements,
The ROD also presents the long-term monitoring plan to evaluate risk reduction and,
further, presents a plan to deal with contingencies at the site. A drafl ROD will be
prepared in accordance with the Draft Guidefines on Preparing Superfund Decision
Documents (ref. 83), and submitted to EPA and to the state for review and comment.
The final ROD will then be submitted, approved and signed, and made available for
public inspection before remedial action begins.

5.12.4 Post-ROD Activities

After approval of the ROD, a remedial desipn work plan will be developed for DDMT.
Upon approval of the work plan by the state and EPA, the development of the remedial
design will begin, with EPA and state review and comment periods at negotiated stages

of design completion (such as 30 percent, 80 percent and 95 percent completion). Afier
submittal and approval of the final remedial design, a remedial action work plan will be

developed and approved, after which the remedial action will begin. Monitoring during
remediation and long-term monitoring may be reguired.
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5.13 Task 13- Enforcement Support

This task includes efforts associated with enforcement aspects of the project at any time
during the RI/FS. Typical activities include the following:

. Attending negotiation meetings
. Preparing briefing materials
- Providing task management and QC

5.14 Task 14 —Miscellaneous Support

This task includes work that is associated with the project, but that is outside the RI/FS
activities described previously.
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It is of critical importance to meet the schedules imposed by the FFA and the SMP for
DDMT. This section describes the management techniques that will be employed to
monitor project progress. Although the FFA specifies procedures for the extension of
agency comment periods, dispute resolution procedures, or for other items that may
affect the project schedule, these items will not be described in this section.

6.1 Preparation of a Project Schednle

+ A detailed project schedule has been prepared for each OU and for the Screening Sites to
show all the activities required by the FFA according o their start dates, end dates, and

their durations. These schedules have been submitted to the regulatory agencies in the

SMP (ref. 84). To minimize the need to update multiple documents because of schedule

changes, these schedules will be kept in the SMP and will not be added to any other
RI/FS work plan document.

6.1.1 Submittal Schedule

The deliverables listed in the SMP are classified as primary or secondary documents, in
accardance with the FFA. A primary document is one in which a document in draft form
is submitted to the state and EPA for review and comment. In general, the comment
period will be 60 days. In most cases, after the comment period, a meeting will be held
to discuss the comments and how they will be incorporated into the final document. The
comments will then be incorporated into the final document as the parties have agreed,
and the final document will be submitted to the state and EPA for approval.

In the case of a secondary document, the document will be submitted 1o the state and
EPA for review and comment. As specified in the FFA, DDMT will prepare a written
response to the comments stating how they will be addressed. The comments will then
be incorporated into the next scheduled primary document submittal.

6.1.2 Meeting Schedule

As part of the project schedule, a number of scheduled meetings will be held, These
meetings will generally be held at the end of a state and EPA comment period for
primary or secondary documenis, depending on the pariicular document. The purpose of
the meetings will be to discuss the comments and how they will be incorporated into the
" revised document(s) and to resolve any differences that may exist.

In addition to the meelings described above, quarterly meetings between the staie, EPA,
and DDMT will be held to discuss project progress.
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6.2 Monitoring Project Progress

The project schedule is monitored by comparing weekly estimates of project progress
with actua! project progress. The estimated percentages of each task completed are
compared weekly with the percent of time budgeted for that task that has elapsed.
Similarly, the percentage of the project completed is compared with the percent that was
planned to be completed at that time,

The project schedule will be updated regularly using actual completion dates and revised
estimates of time to perform major items of work, (o predict the completion dates of
future activities as accurately as possible. In addition, the schedule will be revised when
work days are lost to adverse weather, mechanical failures, or other problems.

6.3 Corrective Action for a Schedule Breakdown
Because meeting the schedule is of paramount importance to the success of the project,
corrective actions must be formulated and implemented immediately after a schedule

breakdown has been detected. In the evemt of a schedule breakdown, the procedures
outiined in the FFA will be followed.
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Introductijon:

Arsenic is a naturally occurring element in air, water and foed
and is wusually found in combination with other elements. In
general, inorganic arsenic is more toxic than organic arsenic.
Arsenic enters the environment as a result of natural forces
{volecanoes, weathering) and human activities such as metal
smelting, glass manufacturing, pesticide -production
applicatien and fossil-fuel burning [(ATSDR,1987)".

and

Metabolism:

Ingestion of arsenic in food or water is the the mest common
exposure route. Inhalation and skin contact are secondary routes.
Arsenic is quickly akserbed through the lungs or digestive tract

into the bloodstrean. Within a few hours, most arsenic is

cleared from the blood and is excreted in the urine. Inorganic

arsenic -is metabolized to the organic forms monemethlyarsconic
acid (MMA) and dimethlyarsinic acid (DMA).
considered the primary
arsenic (ATSDR,1987).

Methylation is
detoxification scheme for inorganiec

Animal studies indicate that low levels of arsenic may be

necessary to good health, though no cases of arsenic deficiency

in humans have been reported. The human diet normally represents

the largest source of arsenic exposure with an average rate of

ingestion of 25-50 ug/day of arsenic (ATSDR, 1987; USEPA, 1987).

Acute an i cts:

large oral doses (human oral Lpgg: 0.6-2 mg/kg)

of inorganic
arsenic induce death,

while =smaller doses produce systemic
effects such as irritation of the diﬁestive tract,
nausea, vomiting and diarrhea. In addition,
hematopoietic effects, abnormal heart function,

with pain,
there are
blood wvessel
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damage, liver and/or kidney injury and impaired nerve functioning
(L.e.,. tingling of the hand and the feet).

Cral exposure to inorganic arsenic produces characteristic
hyperpigmentation and “eorn"-like skin eruptions <¢alled

hyperkeratoses. A small) number of hyperkeratoses digress to skin
cancer.

Low level exposure to inhaled arsenic can also produce the
systemic effects seen with ingestion. Dermatitis and mucous
membrane irritation are the primary symptoms reported with
occupational exposures to inorganic arseniec (ATSDR, 1987).

Carcinogenic Effacts:
Reliakle epidemiological data demonstrates an association betwaeen

occupational exposure to inhaled arsenic and lung cancer. Human
populatieons studied include smelter workers,

pesticide
manufacture workers and arsenical pesticide applicators. The
OSHA PEL is set at 10 ug/m> (29 CFR 1910.1018). ACGIH suggests a
TLV ™A of 0.2 mg/ma. and soluble compounds . NIQSH has a

ceiling Recommended Expasure Limit of 2 ug/n? {ACGIH,1987; ATSDR,
1987).

An excess prevalence of non-melanoma skin cancer is seen in
Taiwanese populations which consume drinking water with above
average arsenic concentrations. Arsenlc-containing medicinals
also are thought to contribute to a higher risk of skin cancer.
This Taiwanese population also exhibited a higher prevalence of
internal organ cancers (bladder, 1liver, kidney) (USEPA, 1987;
1988) U.S8. epidemiological studies have not supported the skin

cancer and inorganic arsenic relationship, but are hampered by
small sarpple size.

Various forms of inorganic arsenic have been administered to
various species of test animals by ingestion and inhalation.
Animal studies have provide no consistent indication that arsenic
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is carcincgenic. The animal cral LDgqy is approximately 20-150
times greater than the human LDgn- Animal data has little value

in estimating a dose-response relationship in humans( ATSDR,1987;
USEPA, 1988).

Arsenate and arsinite transform Syrian hamster embrye cells and
produces sister-chromatid exchange in cultured mammalian cells.

Arseni¢ is a weak inducer of gene mutations in_ vive (USERA,
1988).

Quantitative Estimate of Carcinogenic Risk:

The EPA has calculated a quantitative estimate of carcinagenic
risk (lung cancer) for the inhalation exposure route. The
Inhalation Slape factor is set at 1.5E+01 ng/kgsday. The slaope
factor is the cancer risk (proportion effected) per unit of dose
and can be used to compare the relative potency of different
substances on the basis of chemical weight. The unit risk is the
increased risk of cancer asscoclated with a lifetime exposure of 1
ug/m? and is set ate 4.3E-03. The unit risk for skin cancer from
oral arsenic exposure in drinking water is SE-05 for 1 ug/L
lifetime exposure {proposed) {(USEPA, 1988).

Requlatory levels of concern:

Safe Drinking Water Act:
MCL and MCLG for Drinking Water: 5o ug/L

Clean Water Act:
Ambient Water Quality Criteria, Protection of Human Health:
Water & Fish Consumption:2.2E-03 ug/L
Fish Consumption: 1.75E=-02 ug/L
Anbiaent Water Quality Criteria, Agquatic Organisms:
Freshwater:Acute-3.6E+02 ug/L;Chronic~1.9E+02 ug/L
Marine: Acute~6.9E+01 ug/L;Chronic-3.6E+01 ug/L

Kentucky Water Quality Solid Waste Standards:

B-3




126 233

Warmw Water Aquatic Habitat Criteria:so ug/L
Maximum Ground Water Contaminant Lavels:50 ug/L

EPA Health Advisories: 50 ug/l proposed for all HAs

Ne reference dose (RfD) has been proposed for arsenic.

Bicaccumulation af arsenic to toxic levels within the food chain
is a econcern. Arsenic is listed under RCRA for ground water
menitoring. Under CERCIA, the reportable quantity (RQ) of

arsenic for release into the environment is set at ane pound
(ATSDR, 1987).

Environmental Concarns:

Incrganic arsenic is a non-volatile solid.

widely according to the compound. Soluble inorganic compounds of
AS(LII) are the principal toxic species, but soluble inorganic
compounds of As(V) are also of concern. Meobility of arsenic in
the environment is related to the solubility of the species.
Eighty-one percent of the arsenic released is depasited on land.
Surface water sources include urban run-off,
application and zinc production.

Solubility wvaries

pesticide
Most arsenic in the air is

adsorbed to particulate matter and settles out according to
particle size.

Arsenic in the =o0il is predominantly an insoluble, adsorbed form.
Some soils, such as limestone, have a greater holding capacity

for arsenic. A pH change or a change in redox petential may lead

Lo resolukllization of fixed arsenic. Arsenic in so0il and water

may be reduced and methylated by soil organisms, but the rate of
volatilization inte the air may vary considerably.

For freshwater agquatic species, the one-hour average
concentration once every 3 years for inorganic As({III) should not
exceed 360 ug/L (USEPA, 1987b). Enbryos and larvae of aqguatic
vertebrates suffer damage at acute levels as low as 40 ug/L.
Freshwater crustacean species are more than twice as sensitive to
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trivalent arsenic than the fish species tested. Of the seven
tfish species studied, the LCg,; ranged from 13,340 to 41,760 ug/L.
The sensitivity of freshwater aquatic plants is comparable to
that for sensitive invertebrate species in acute toxicity testing
(USEPA, 1936]. Freshwater plants appear to be considerably more
sensitive to As(V) than to As(IXII}) (USEPA, 1987bh). The
Commonwealth of Kentucky has set the Warm Water Aquatic Habitat
Criteria at 50 ug/L (401 XKAR 5:031 (4})).

Acute values for trivalent inorganic As range from 232 ta 16,030
ug/L in the 12 saltwater species studied (USEPA, 1987b). For
saltwater aguatic species, the one-hour average concantration
should not exceed 69 ug/L more than once every three years on the

average. Fish species are less sensitive than bay scallops or

oyster embryos. Shellfish show a greater bicaccumulation of

arsenic than fish species.

Oone freshwater life-cycle study done on Daphpia magna £found a
chronic taxicity value of 912 ug/l. There is little data on
saltwater chronic toxicity. No Residue Limited Toxicant
Cconcentration (RLTC) for inorganic arsenic has been determined,

since no maximum permissible tissue concentration for arsenic is
available (USEPA, 1530).

The EPA Office of Pesticide Programs has restricted the use of

inorganic arsenic for pressure-treated wood and is reviewing the

use of inorganic arsenic¢c for non-wood preservative use
(ATSDR, 1587) .

Referenceag:

ACGIH. 1987. Amarican Canfarence af Govermmental Industrial
Hygienists. Threshold Values and Biological Exposure
Indices for 1987-1988. Cincinnati, Ohio:ACGIH.

ATSDR. 1987. Agency for Toxic Substances and Disease Registry.

Toxicelogical Profile for Arsenic. Atlanta, Ga.: Public
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Criteria for Water 1986. Washington, D.C.:0WRS.
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BARIUM

Intraduction:

Barium is a reactive yellowish-white metal ef the alkaline earth
group. It is not found free in nature, but as salts. The most
common salts found are barite, BaS04, and witherite, BacCoi, hath

cf which are highly insoluble. The metal is stable in dry air, but

readily oxidizes in humid air or water. Many barium salts .are

soluble in both water and acid. Barium ions are generally thought
to be rapidly precipitated or removed from solution by absarption
and sedimentation. Barium occours at low levels in most surface and

ground waters with reported levels of less than 340 ug/L
(USEPA,1987) .

Barjum is a malleable, ductile metal, but its primary commercial

value is in its compounds. Barium compounds are used in a variety

of industrial applications including the metallurgic, paint, glass,
and electronics industries,

Although it is wused in a

as well as for medicinal purposes,
number of commercial processes,

contamination of drinking water is usuﬁlly the result of naturally-

ococurring barium and not industrial releases (USEPA,1987).

Food is the primary exposure youte for humans since meost foods
contain a low level of contamination. Many edible plants and fish

take up barium from soil or water sources. Barium is also found in

mast drinking water supplies, at concentrations usually less than
200 ug/L (USEPA,1987).

Metabol igm:

Barium is absorbed into the blood stream from the gastrointestinal
tract after ingestion or the lungs after inhalation. Little is
absorbed through the skin. Barium absorption after oral ingestion
has been estimated to be approximately 5% in adults, but it may be
greater than this, especially in children. The skeletal metabolism

B-7




126 237

of barium in humans is gqualitatively similar to that of calcium,
although the incorperaticn of these two elements is gquantitatively
very different. It is not likely that barium accummnlates in the
bone, muscle, kidney or other tissues. In humans, ingested barium
is readily eliminated principally via fecal excretion
(approximately 72%) (USEPA,1987)..

Acute Toxicity:

Ingestion of high doses (>550 mg.) of barium are reportedly fatal
to man. Ingestion of soluble barium compounds may also result in
effects on the gastrointestinal tract, causing wvomiting and
diarrhea, and on the central nervous system, causing viclent tonic
and clonic spasms followed in some cases by paralysis. Barium salts

are considered to be muscle stimulants, especially for the heart
muscle (USEPA,1987).

Chronic Toxicity:

High blood pressure has been seen in animal tests. No other organ
systems have been reported as being affected by chronic doses of
bariuam. There have not been adequate studies on the
carcinogenicity, teratogenicity, or mutagenicity of barium to date.
The National Academy of Sciences has derived a chronic Suggested

Ko-Adverse-Response Level (SNARL) value for barium of 4.7 mg/ L
(USEPA,1987).

Requlatory Standarda;

Occupational exposures:

QSHA PEL (for scluble compounds) 0.5 mg,/m3 THWA

OSHA PEL (propoesed for Barium 10.0 mg/m3 TWA
sulfate)

ACGIH ' ' 0.5 mg/m3 TWA
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Safe Drinking Water Act:
MCL: 1.0 mg/L

Clean Water Act:
ambient Water Quality Criteria, Human Health
- Water and Fish Ingestion: 1.0 mg/L

Ambient Water Quality Criteria, Aquatic Organisms
None

RCRA Health-based Criteria, Rfd:
300 mg/kg
(ACGTH, 1988).

Environmental Effects:

Experimental data indicate that the soluble barium concentrations
in fresh and marine water generally would have to exceed 50 mg/L
before toxicity teo aguatic life would be expected. In most natural
waters, there is enough sulfate or carbonate to precipitate the
barium present in the water as virtually insoluble,
campounds (USEPA,1987).

non—-toxic

Referance:

ACGIH.1988. American Conference of Governmental Industrial

. Hygienists. Threshold Limit Values and Biological Exposure
Indicea for 1938-1989.

USEPA.1987.0US Environmental Protection Agency. Quality Criteria for
Water.
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Intraduction:

Chromium(Cf} is a2 steel-gray lustrous metal which exists in

hature in three valience states:+2, +3 and +6. Chromium is used

in metal alloys, chromeplating, phaﬁography, pigments, textiles,
ceoling water, leather tanning, fungicides and wood
preservatives (HSDB,19EBB).

Metabolism: i

Chremium occurs naturally in foods and is censidered vital to the

metabolism of fats and sugars. Chromium in the environment is

absorbed via ingestion, inhalation and skin contact.
Physiological responses to chromium and its compounds are varied.
Hexavalent Cr is considered the most toxic valence state and is

the form seen in most waste streams. The following discussion

will be confined to hexavalent chromium{Cr(IV)] unless otherwise
noted.

Approximately two percent of ingested chromium is absorbed from
the gastrointestinal tract. Soluble chromate compounds are
quickly abscrbed through the skin. In man, the most efficient
means of absorption is wvia the 1lungs. After absocrption,
nhexavalent Cr is quickly converted to trivalent cCr. While
chromium accumulates in the fat and the lungs, the majority of

absorbed chromium is quickly excreted via the urinary tract
(80%) (HSDH, 19B8).

Acute : H

Inhaled chromium irritates the mucous membranes causing sneezing,
redness of the throat and generalized bronchial spasms. Dermal
chromium expesures result in skin ulcers which

may penetrate
deeply into soft tissues via sweat glands. Secondary skin
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infections often follow, but dermal exposure to chremium is not
associated with skin cancer.

Ingested chromium may cause intense GJI irritation, vielent
epigastric bain, nausea, vomiting, severe diarrhea, hemeorrhage,
circulatory collapse, unceonsciousness and death. The lethal dose
for hexavalent chromium is estimated to be 10 mg/kg af body
weight. A chromium dese of 0.2 mg/kg or greater produces marked

necrosis of the kidneys. Chraomium exposure depletes the body’s
ascorbic acid which is normally protective against strong
oxidizers such as hexavalent chromium. At  1.56 mg/kg Cr,

respiratory enzymes in rat and heart muscle wmitochondria are
powerfully inhibited (HSDB, 1989).

Chronic Toxicity:

Within one year of employment, workers from a chrome plating

plant demcnstrated nasal perforation or ulceraticn. Airborne

concentrations for this plant ranged from 0.71 to 9.12 ugfm3 in
the plating areas,

Proleonged inhalation of chromium dust is associated with chronic
respiratory irritatien with an abnormal increase in the blood
supply, emphysema, and chronic inflammation and congestion of the
upper respiratory tract. A concentration of 134 ug/L Cr in

drinking water over 2 to 3 months produced liver and Xidney
lesions in rats.

The human fetus accumulates chromium ten times faster than

adults, Chromium concentrations in body tissues decrease with
increasing aga. Impaired reproductive function and sterility
were found in rats receiving 0.125% chromium in feed. Chromium

interacts with bacterial DNA by causing frameshift mutations and
basepair substitutions (HSDB,1988).
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Carcinogenicity:

Epidemiological evidence indicates a4 strong relationship between
occupational chromium eéxposure and lung cancer. The latency
period was 10.6 to 21 years. Workers exposed to 400 ug/m3 for an

average of 6.6 years showed an increased incidence in papillonas
of the oral cavity and larynx {(banign).

Rats injected with varying doses of chramium developed round-cell
Sarcomas, hemangiomia, papillary adenomas of the lungs and
Sguamous-cell carcinoma. Vegetables from gardens containing high
levels of Cr in the soil were associated with an exceas incidence
of stomach and intestinal cancers. Total chromium in U.S. soils
ranges from less than 1 to 1,000 mg/kg with an average of 100
mg/kg (IRIS, 1988; HSDB, 1988).

Levels of Concern:

Occupational guidelines for soluble chromic or chromous salts
include: ’

OSHA PEL 500 ug/m> TWA

NIOSH 25 ug/m> TWA, non-carcinogenic Cr(vI)
1 ug/m3 TWA, carcinogeniec Cr(VI)

ACGIH TIV 50 ug/m> TWA, water soluble Cr(VI)

Safe Drinking Water Act:
MCL: 0.05 mg/L
MCLG: 0.12 mq/L

Clean Water Act: Chromium (VI)
Ambient Water Quality, Human Health

Water and Fish Consumption-5.0E+01 ug/L
Fish Consumpticn-None

Ambient Water Quality, Aquatic Life )
Freshwater:Acute-1.6E+01 ug/L; Chronic-1.1E+01 ug/L
Saltwater: Acute-1.1E+03 ug/L; Chronie-5.0E+01 ug/L

B=12
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Chromium is listed under RCRA for ground water monitoring. The

Reportable quantity for release into the environment is 1 pound
(propaosed) (IRIS, 1988).

Environmental Effects:

Airborne chromium is primarily removed from the atmosphere by
fallout and precipitation and enters surface water and soil.
Maost Cr({vI) exists as Cr.05(=2) or Cr0,(-2). Cliromium is present
in small quantities in all soils and plants, buf is considered an
agriculturally deletericus element. Toxic.plant effects begin
as low as 0.1 mg/kg Cr{vVI). Expoused plants show growth
retardation, leaf rolling, wilting and discolorations. Greatest

plant toxicity ocecurs in acid sandy soils with low organie-
content {USEPA, 1973).

In water, Cr(VvI) is eventually reduced to Cr(III) by organic
matter in the water. Residence time of chromium in lake water is
4.6 to 18 vyears. The 96 hr. LCggas for fathead minnaws and
goldfish in softwater is 3 and 18 ug/L, regpectively. Inhibition
The hioconcentration
factors for several forms of aquatic life range from 1 for
rainbow trout to 2,300 for phytoplankten. Cr{(Vl}) is mohile in
ground water and is sometimes used as a tracer ts follow ground
water flows. Hexavalent chronium is not strongly abscrbed to
clays, but is quickly reduced to insoluble chromium(IIXI)
compounds in soils with a high srganic content (USEPA, 1989) .

Referencegy

HSDB. 1988. National Library of Medicine. Hazardous Substances
Data Base. Bethesda, Maryland.

USEPA. 1988. Integrated Risk Information System (IRIS)

Databhase: Chromium. Envircnmental Assessment and Criteria
Office, Cincinnati, ohio.
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. USEPA. 197%9. US Environmental Protection Agency. Water-Relateq
Environmental Fate of 129 Priority Pollutants. Washington,
D.C.: Monitoring and Data Support Division.
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Lead is a commonly used, naturally occurring metal which is
ubiguitous throughout the environment. Lead is found 1in

construction materialg, leaded gasoline, radiation protecticn

gear, paint, ceramics, plastics, lead oxide and antimonial lead
storage batteries and ammunition.

Metabolism:

Lead is well absorbed from zll portions of the respiratory tract
including the nasal passages. Absorption from the
gastrointestinal tract is less rapid and complete than from the

respiratory tract. Dermal absorption is a much less significant

route of lead absorption than inhalation or ingestion. Most of
the absorbed lead is distributed to the soft tissues of the body
with the greatest distribution teo the kidneys and the liver.
Lead is eventually transferred to the skeleton where 20% of the

body's long-term burden is stored. Approximately 70% of the
absorbed lead dose is excreted.

Acute Toxicity:

Lead intoxication can occur by ingestion and inhalation of dust
or fumes in humans. Lead interferes with the synthesis of hemne,
oxidative phosphorylation and synaptic¢ transmission in +the
peripheral nervous system at blood levels of 30-50 ug/aL.
Symptoms of lead intoxication
headaches and intestinal sp;sms._

lead palsy,

include anorexia, malaise,

The neursmuscular syndrome,
is a manifestation of advanced subacute poisoning
(lead blood levels of 70 ug/dL and less)

and is characterized by
nuscle weakness leading to paralysis.

lead encephalopathy is the
term for the central nervous system manifestatien which is
comnonly seen in childéren when lead blood levels reach 80 wuy/dLl.
symptoms include clumsiness, vertige,
convulsions and coma.

ataxia, delirium,
The mortality rate is 25% for  cerebral

invelvement with survivors suffering long-term neurolcgical
segualae,
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Chronic Toxicity:

Lead toxicity is exhibited by the brain and central ang
peripheral nervous system, the kidneys and the hematopoietic
system. Lead poisoning causes peripheral neuropathy in adults
and children. Chronic low level lead exposure {lead bloocd levels
of 30-50C ug/dL) is associated with learning disabilities. Lead
toxicity is defined by the Centers of Disease Contrel as a blood
level of > 20 ug/dL (child}. Damage at lower levels has been

reported and the blood level will be revised to approximately 25
ug/dL.

Renal insufficiency occurs after prolonged exposures and is
apparently reversible. In epidemiclogical studies, lead
intoxication is also associated with increased blocd pressure
which is symptomatic of renal damage. Hematopoietic effects
include decreases in heme production, microcytosis and anemia.

Lead exposure is assaciaté with reproductive effects such as
miscarriages and Lransitory sterility. Leagd readily crosses the
placenta. Human studies searching for chromosomal aberrations in
exposed populations have been equally positive and negative.
Genatnxiéity testing in nonhuman, mammalian cell assays have
givaen mixed results. In all systems, the concentrations of
essential nutrients and elements have a significant impact on ‘the
degree of toxicity seen with lead exposures. ‘

Carcinogenicitv:

Occupational exposure to airborne lead is associated with an
increased incidence of total malignant necplasms, cancers of the
digestive tract and cancers of the respiratory tract. An
increased incidence in renal canCer was seen in lead smelter
workers exposed via inhalation and in various animal species
exposed via ingesticn at levels of 500 Pron and above.

Ievels of Concern:

The USEPA has set a primary National Ambient Air Quality Standard

(NAAQS) for lead of 1.5 ug/m?. The USEPA has proposed a 10-fold
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reductien in the Maximum Contaminant Level (MCL) for Drinking
Watar to 5 ug/L. Other environmental criteria include:
Ambient Water Quality Criteria, Protaection of Human Health:
Fish and Water Consumption: S0 ug/L
Fish Consumption: none
ambient Water Quality Criteria, Aquatic Life:
Freshwater:Acute-82 ug/L; Chronie-3.2 ug/L
Saltwater: Acute-140 ug/L;chrenic-5.6 ug/L

The FDA regulates the amcunt of lead leaching from ceramics and
flatware.

Occupational guidelines for lead exposure include:

NIOSH TWA: C.10 mg/m°
ACGIH TLV: 0.15 mg/m°

Environmental Concerns:

B e e e e e et

The mobility of lead in soil is dependent on the cation exchange
capac1ty and pH of the soil. Tead can react with anions such as
sulfates, carbonates and phosphates or combine with clays and

organic matter which limits the further migration of lead through

the soil matrix. Lead in surface waters is usually present as

suspended solids. Atmospheric lead is remeved by dry depositicn
and rainout.

1

Lead does not significantly biocaccumulate in fish with the BCFs

for freshwater fish ranging from 1.38 to 1.65. Lead locallzes in

fish skin which serves to reduce human eXpOSures via fish
consumptien. Lead is toxic to wildlife, particularly water fowl,
by their consumption of lead shot. The growth of algae is
inhikited at levels above 500 ug/L. Tetraethyl lead 1is

biogradable, but inorganic lead concentrations above 5 ug/L can
he toxie to microorganisms.

The acute sensitivities of 10 freshwater species range from 142.5

ug/L (amphipod} to 235,000 ug/L (midge). As water hardness

increases, the acute toxicity of lead to freshwater aguatic
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Introduction:

Mercury 1is a common constituent of the earth’s crust and is found
as a sulfide, chleoride cor oxide at levels ranging from 10 to 500
PPB. Organic mercury can bicaccumulate in the food chain, but is
not commonly found in ground and surface waters, Naturally

cccurring mercury in ground and surface water is generally less
than 0.5 UG/L.

Metabolism:

Seven to fifteen percent of ingested inorganic mercury is

. absaorbed by. humans. Mast of the body burden for mercury

accumulates in the kidney. Most inorganic mercury (85%) is

excreted in the feces. With organic mercury, most is excreted
via the urine.

Acute Taxicity:

The lethal dose for mercuric salts in humans is 1 to 4 grams.

Ingestion of 1.5 grams of HgCl, produced vomiting, severe
abdominal pain with a brief loss of consciousness.

Rats, receiving subcutanecus doses of HgCl,, developed renal

disease with deposits in glomeruli and renal arteries.
Proteinurea and a nephrotic syndrome were cbserved.

Chronic Tegpdcityy

There is no data on long-term exposure of humans to inorganic
mercury. Rats receiving mercuric acetate orally showed a
decrease in body weight gain and pathologic change in the
proximal convoluted tubules of the kidney. Inorganic mercury,
very possibly, has a develcpmental effect, but no reproductive,
mutagenic or carcinogenic effects have been documented.
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Occupational guidelines include:
ACGIH TLV:alkyl compounds-0.01 MG/M>, TWA
OSHA PEL:Organoc mercury compds.-0.01 MG/M3, TWA

Environmental guidelines include:
S5afe Drinking Water Act:
MCLG:2 UG/L
Clean Water Act:
Ambient Water Quality Criteria, Human Health:
Water and Fish Consumption:144 NG/L
Fish Consumption: . 146 NG/L
Ambjent Water Quality Criteria, Afuatic Life:
Freshwater:Acute-2.4 UG/L;Chronic-0.012 UG/L
Saltwater: Acute-2.l1 UG/L;Chronic-0.025 Us/L

Environmental Concerns:

Mercury has a strong tendency to bicaccumulate in agquatic life.
Mercury enters the environment from numercows industrial sources.
Mercury moves very slowly through soils. It readily Precipitates

out of leachate at pH values above seven. Aquatic plants such as

algae tend to accumulate Hg relative te its concentration in the
water. Uptake by plants can be minimized by maintaining a soil

PH above 6.5 or reacting Hg with selenium and cadmium in the
soil.

Eeferengga;_

USEPA. 1987. US Environmental Protection Agency, Health

Rdvisories for 25 Organics. Washington, D.C.:

USEPA. 1983. US Environmental Protection Agency. Hazard Waste

Land Treatment. Washington, D.C. : OSWER. SW-874.
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POLYCYCLIC AROMATIC EYDROCARBOMS

Introductign:

Polycyclic aromatic hydrocarbons (PAHs) are a diverse class of
compounds formed as a result of incomplete combustion of organic
compounds with insufficient oxygen. This leads to the formation of
C-H free radicals which can polymerize teo form various PAHs. Among
these PAHs are compounds such as benza[a)pyrene (Bla]lP),

benz[a]anthracene (B[a]A) and dihenz[a,h]anthracene(DB[a,h]A)
(ATSDR{a) (k) (c),1988).

PAHs are present in the environment from both natural and
anthropogenic sources. As a group, they are widely distributed in
the environment, having been detected in animal and plant tiasue,
sedimants, soils, air, and surface water. Humans may be exposed to
PAHs in the environment, in tobacco smoke and cooked food, and in
the work place. Typically, individuals are not exposed to a single

type of PAHs, but to a mixture of related chemicals
(ATSDR(a) (b) (c) ;1988) .

Metaholism:

PAHls are readily absorbed intoc the blocd stream from the
gastreintestinal +tract after ingestion or the

lungs after
inhalatien.

PAHs in animals has been reported to be excreted
primarily through the hepatobilliary system and the feces. From the
studies on the excretion of PAHs in animals, extensive
bicaccumulation is not thought to occur (ATSDR(a) {b) (c) ,1988).

Toxicity:

There is no direct information available for the effects of PAHs
on humans. All of the information available for PAHs are from
studies on experimental animals. PAHS are well-estaklished as
exparimental carcinogens for all routes for which humans would
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normally be expected te be exposed by. Noncarcinogenic effects
reported for PAHs include skin lesions and noncancer lung diseases
such as bronchitis. Benzo[a]pyrene has been associated with
developmental toxicity and adverse reproductive effects in
experimental animals (ATSDR(a) (b) (c),1988).

Requlatory Standards;

Occupational exposures:

OSHA PEL (B[a]P) 0.2 mg/m3 TWA
ACGIH
(coal tar pitch volatiles) 0.2 mg/m3 TWA
(B[a]a) 0.1 wg/m3 TWA
NIOSH (coal tar products) 0.1 mg/m3 TWA

Safe Drinking Water Act:
Ho data available

Clean Water Act:
Hone

Benzafalpyrene is listed under RCRA for ground water monitoring.
The World Health Organization European standards for drinking water

recommend a concentration of PAHs not to exceed 0.2 ug/L
(USEPA,198B) .

nvire =

The envirommental fate of PAHs are determined largely by their low
water solubilities and high propensity for binding to particulate
or organic matter. In the atmasphere they are associated with
particulate matter, especially soot. In aquatic environments, PAHs
are usually bound to suspended particles or bed sediments. PAMs
suspended in the air is thought to undergo direct photolysis very
quickly. The ultimate fate of PAHs in the sediment is believed to
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be biodegradation and biotransformation by benthic organisms
{USEPA, 1986) .

PAHs in the water column also accumulate in organisms, but many

crganisms metabolize and excrete PAHs rapidly, resulting in sheort-
lived bioaccumulation (USEFA,l19B6).
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ATSDR(a) .1988. Agency for Toxic Substances and Uisease Registry.

Toxicological Profile for Benzo{alpyrene. Atlanta, Georgia:
US Public Health Service.

ATSDR(P). 1988. Agency for Toxic Substances and Disease Registry.

Toxicological Profile for Benz[a]anthracene. Atlanta, Georgia:
US Public Health Service,

ATSDR(ec).1988. Agency for Toxic Substance and Disease Registry.
Toxicological Profile for Dibenz[a,h}anthracene. Atlanta,
Georgia: US Public Health Service.

USEPA. 1986. US Environmental Protection Agency, Quality Criteria
for Water. Atlanta,Georgia: USEPA.

USEFA.1988. U5 Environmental Protection.hgency. Iris Chemical File

.en Benze[a]pyrene; CASRN 50-32-8 (3/1/88). Cincinnati, Ohio:
USEPA, Env. Criteria & Assessment Office.
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Introduction:

Dieldrin, a chlorinated hydrocarbon compound and member of a group
of synthetic cyclic hydrocarbons ecalled ¢yclodienes, has been
widely used as a .domestic pesticide. The primary use of the
chemical in the past was for control of corn pests, although it was
also used by the citrus industry. Current uses are restricted to
those where there is no effluent discharge. Production in the
United States has been restricted far all pesticide products
containing dieldrin: however, formulated products containing
dieldrin are imported each year from Europe for termite contral by

subsurface =o0il injection and for non-food seed and plant treatment
(USEPA, 1986) .

Dieldrin is a white crystalline substance with a melting point

between 176 and 177 ¢. It is soluble in organic solvents. The

chemical name for dieldrin is 1,2,3,4,10,1G-hexachloro-5,?-epoxy¥

1,4,4a,5,6,7,8,Sa-octahydro-endo,exn-l,4:S,B-dimethanonaphthalene
(USEPA, 1984).

Human exposure can result from water, food preducts, and air.
Dieldrin is very persigtent in the environment and is cencentrated
as it moves up the food chain, Dieldrin has been detected in all
major river basins in the U.S8. and the Mississippi delta. Because
it is used in may parts of the world cutside of the U.S§., it can
be assumed that imported feood Products contain residues of
dieldrin. The overall concentration of dieldrin in the U.S. diet
has been estimated at 43 ng/q of food consumed. Dieldrin enters thae
air through various mechanisms such as spraying, wind action, water
evaporation and adhesion to particulates. An EPA study froem 1970
to 1972 found dieldrin in over 85% of the ajir samples tested.
Dermal exposure is limited to those involved in manufacturing or
applicatiqn of pesticides containing dieldrin,

by dermal
absorption. The potential for this exposure route has been reduced
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due te the bans on the manufacture and use of dieldrin
(USEPA, 1986) .

Metabholism;

Dieldrin is absorbed inteo the bloodstream from the gastraintestinai
tract after ingestion or the lungs after inhalation. It is
widespread in the body immediately after intake, but within hours
is usually concentrated in the fat tissues whiéh it has a high
affinity for due tec it being extreﬁely apelar. Other organs which
tend to have high concentrations are the liver, kidneys, brain and
blood. The concentration in the body tissues will continue to
increase until an equilibrium is reached. If exposure to dieldrin
is discontinued, dieldrin will be excreted, mainly in the feces,
in the form of several metabolites that are more pelar than the
‘parent compounds. The dieldrin half-life in human blood has been
found to be 0.73 years. It is thought that this value may reflect
the overall half-life in other human tissues as well (USEPA,1986).

cut oxicit

The toxicity of dieldrin is highest by the intravenous route,

followed by oral and then dermal. {The toxicity in experimental

studies nas been dependant upon the dieldrin to solvent ratio.) The
oral acute lethal dose for man has been reported to be 70 mg/kg.
Toxicity appears to be related to the central nervous system with

symptoms of headache, dizziness, nausea, general malaise, and
vomiting followed by muscle twitching, myoclonic jerks and even

convulsions. Death may result from anoxemia (USEPA,1986).

Chronic Toxicity

The sub=acute or chronic doée.of dieldrin for man has been reported
to ba between 3.1 ug/kg/day and 33.2 ug/kg/day. Studies of the
National Cancer Institute and other groups have shown that dieldrin
produces hepatic carcinomas in test animals and a higher liver-to-
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body weight ratio. Studies of pesticide workers in Holland have
shown no long term effects (including cancer) from their exposures
(mean average of 6.6 years). The findings of this and follow up
studies have not been accepted by the entire scientific community

due to the small number of workers studied and the short term of
the study (USEPA, 1986).

Requlatory Stanpdards

Occupational exposures:

OSHA PEL 0.25 mg/m3 TWA
ACGIH 0.25 mg/m3 TWA

Clean Water Act:
Ambient Water Quality Criteria, Human Health
Water and Fish Ingestion - 7.1E-08 mg/L
Fish Consumption Only - 7.6E-08 mg/L
Ambient Water Quality Criteria, Aquatic Organisms
Freshwater: Acute - 2.5E-03 mg/L; Chronic - 1.9E-06& mg /L
Saltwater: Acute 7.0E-02 mg/L; Chronic - 1.9E-06 og /L

Dieldrin, undexr 40 CFR 261 is a P-listed hazardous waste. The U.S.
Public Health Service Advisory Committee has recommended a drinking
water standard of 17 ug/L (1965%). The U,N. Food and Agricultural
Organization/World Health Organization have recommended an

acceptable daily intake of 0.0001 mg/kg/day (ACGIH, 1988) (USEPA,
19886) .

Environmental Effects

Dieldrin is extremely persistent in the environment due to its
extremely low volatility (i.e., a vapor pressure of 1.78E-07 mmHg
at 20°C). The time required for 95% of dieldrin to disappear from
soil has been estimated to vary from 5-25 years {depending on the
microbial flora in the soil). Since dieldrin is extremely apolar,

it is very fat soluble and is progressively accumulated in the food
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chain. It is retained in animal fats, plant waxes, and other such
organic matter in the environment. Many organisms not in direct
contact with contaminated water and sediment accumulate dieldrin
from the fodﬂ supply. Once it is in the fatty tissues of organisms,
dieldrin remains stable when equilibrium is reached with the
envircnment. Dieldrin is eliminated from the organisms when the
environmental concentrations become lower. This dieldrin iz then
available for other organisms. Egquilibrium is attained when the
chemical concentration is constant. Bio-Concentration Factor (BCF)

values range from 128 to 5,558 for lower plants and invertebrates
and 2,385 to 68,285 for fish (USEPA,1936).

Plants are effected by concentrations over 100 times higher than
that affecting fish and invertebrate species, so they are protected
by animal derived criteria. The freshwater acute values range from

5.0 ugyL (isopods) to 740 ug/L (crayfish). Freshwater chronic

values range from 0.22 ug/L (rainboew trout) to 57 ug/L (cladoceran}
{USEPA,1986) .

Referencgs :

ACGIH. 1988. American Conference of Governmental Industrial

Hygienists. Threshold Limit Values and Biological Exposure
Indices for 1988-1989.

USEPA. 1986. US Environmental Protection Agency. Quality Criteria
. for Water.
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Introductjon;

poT, l,1,1-trichlaro-2,z-bis—(p-chlurcphenyljethane, was one of

$ for the control of insect pests on

diseases as malaria and typhus. Technical ppr is primarily composed
of three forms (p,p'-DDT,o,p'-DDT, and o,0'~DDT), which are white,
crystalline, tasteless, and almost odorless solids, In addition,
DDE and DDD, 1,l-dichloro-z,z-bis(p—chloraphenyl)ethylene and 1,1-

dichloro-z,z-his{p—chlarophenyl)ethane, respectively, are found in

DDT does not occur in the natural

in the environment is generally a result of contamination due to
its past production and 4se and its subsequent movement from Sites
of application to land, water, and air. DDT can no longer be used
in the United States except in cases of public health emergency.
Howaver, it is still used in Several other areas of the world. In

addition, use of ppp A5 a pesticide was algp banned (ATSﬁR,lQB?]
(USEPA, 1986) . )

envircnment, The presence of DDT

Food. is the Primary exposure route for humans. Even though they
have not been used in this country since 1972
and DDE can remain in scil for a long time a

+ Small amounts of DDT

nd may be transferrsd
to crops grown on this soil. 1n addition, imported foods may have

been directly exposed to DDT. In the Past, so much DDT was used

all air, water, and sail samples,

Levels in mest ajir and water

Samples are low and e€Xposure by these pathways is of little concarn
(ATSDR, 1987) (USEPA,1986) .
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abolji 3

ooT, DDE, or DDD enter the body primarily by eating £oods
contaninated with these compounds. DDT, DDE, and DDD may also be

inhaled and absorbed through the lungs. These compounds are not

readily absorbed by the skin (ATSDR,1987) (USEPA,1986).

Once in the body, these compounds are stored most readily in fatty
tissue. Once stored, they are eliminated from the'body very slowly,
which means that levels in fatty tissue may remain relatively
constant over time or will increase with continued exposure over
time. These compounds are eliminated from the body primarily in

urine but breast milk is an additional route (ATSDR,1987)
{(USEPA,1986) .

Acute Toxicity:

With acute exposure to high doses, the nervous system appears to
be the majeor target in both human and experimental animals.
Symptomns include hyperexcitability, tremors, and convulsions. The
effects appear to be reversible once the exposure ceases. The liver
has been shown to be the major target organ for DDT toxicity in
animal studies, but no liver damage has been reported in humans
following DDT ingestion. Oral doses of 10 ng/Xg by humans have
produces illmess in some, but not all subjects. Smaller doses
generally do not produce illness. Doses as high as 285 mg/kg have
keen taken by humans withcut fatal results, but these large doses

are usually followed by vomiting, so the amount of DDT retained is
variable (NFSDR,1987).

hroni . .

Chronic exposure studies in both humans and experimental animals
have reported that the liver is the major target organ. There is
no evidence that liver function in humans occupationally exposed

has been impaired, however the data are limited. Carclnogenic
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effects have been Teported in some animal studies, with liver and
lung tumors being reported. It has been reported that exposure to
DDT will enhance the carcinogenic effects of known carcincgens.
The infnrmaﬁion available from animal studies indicates that ppT
is net a structura:l teratogen. However, embryotoxicity and
fetotoxicity including infertility have bee reported ip

experimental animals in the absence of maternal toxicity
(ATSDR,1987) .

Regglato;x Standards:

Occupational exposures:
OSHA PEL 1 mg/m3  TWA

ACGIH TLV 1 myg/m2 TwWA

Safe Drinking Water Act:
No data available

Clean Water Act:

Anbient Water Quality Criteria, Human Health
Water and Fish Ingestion: 2.4E-08 mg/L
Fish Consumption Only: 2.4E-08

Anbient Water Quality Criteria, Aquatic Organisms
Freshwater: Acute-1.,1E-03 mg/L; Chronic-1.0E-06
Saltwater: Acute-1.3E-04 mg/L: Chranic~1.0E-0¢ mg/L

DOT is listed under RCRA for ground water nonitoring. The
reportable quantity for release inte the environment under CERCLA
is 10 pounds {proposed) (ACGIH, 1988) (USEPA,1988) .

nvironment Effectsa:

Because of its persistence in nature, its hydrophobjic properties
and its solubility in lipids, DDT and its metabolites are
concentrated by aguatic organisms at all trophic levels from water,
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enter the food web, and are bicaccumulated by organisms at higher
traphic levels. Freshwater acute values range from 0.18 to 1,800
ug/L. The Freshwater Final Acute Value is 1.1 ug/L (based pm 42
species). Saltwater acute values range from 0.14 to 8% ug/L. The

Saltwater Final Acute Value is 0.13 ug/L (based on 17 species)
(USEPA, 1986) . : ' ' '

References:

ACGIH.1988. American Conference of Governmental Industrial
Hygienists. Threshold Limit Values and Biological Exposure
Indices for 1988-198%.Cincinnati, chio:ACGIH.

ATSDR.1987. Agency for Toxic Substances and Disease Registry.
Texicolegical Profile fer p,p'-DDT,p,p'-DPE and p,p'-DDD.
Atlanta, Georgia: US Public Health Service.

USEPA.1986. US Envirenmental Protection Agency. Quality Criteria
for Water. Atlanta, Gecrgia: USEPA

USEPA.1988. US Environmental Protecticon Agency. Iris Chemical File
on DDT;CASRN 50-29-1 (5/24/89). Cincinnati, Chio: USEPA, Env.
Criteria & Assessment Office.
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Introduction:

Palychlerinated biphenyls (PCBs) are mixtures of chlorinateq
biphenvyls, The degree of chlorination i=s indicated by the
commercial nomenclature of thege compounds. In the Aroclor
series, a four digit code is used whereby the last two digits
tepresent the percentage by weight of chlorine in the product.
PCBs are relatively nonflammable, have useful heat exchange and
dielectric properties and are primarily used in electrical

transformers and capaciteors, They are also used in the
formulation of lubricating and cutting oils, in pesticides,
adhesives, Plastics, inks, paints and sealants
{Verschueren, 1983},

Metabolism:

Almost without exception, PCBs contain Polychlorinated

dibenzofurans as contaminants which play an unknown roie in PCB
toxicity. PCBs are readily absorbed through the gut, respiratory
system and skin. The compounds initially cencentrata in the
liver, blood and muscle tissue, but leng term body storage is
Primarily wvia the adipose tissue and skin. Degradation and
elimination occurs via the hepatic microsomal enzyme system.

the most active enzyme inducers containing the highest degree of
chlerination. Excretion in urine is pPredominant in the least
chlorinated PCBs with excretion in bile more comman in the highly
chlorinatad species (i.e., Arochlor 1254). Highly chlorinated
isomers aras refractive to metabolism and accumulate in the fatty
tissues as long as exposure to PCBs continue (HSDB, 1989).

Acute and Chronic Toxic Fffects:

The first documentatian of acute human poisoning occurred in the
1968 with the ingestion of contaminated rice ail in Yushe, Japan.
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Most victims consumed approximately two grams of PCBs, Symptoms

included dark pigmentation of nails and skin, chloracne,

increased eye discharge, increased sweating of the palws and
weakness (HSDB, 198%9).

Occupationally exposed workers complain of sore throats, skin

rash, gastrointestinal distress, eye irritation and headaches
following 1inhalation exposures. The breathing zone

concentraticons ranged from 0.014 to 0.073 mg/ma. Chronic

occupational exposures are also associated with male infertility,

liver function fluctuaticns, the birth of hyperpigmented and

hyperkeratotic infants or infants with a mild disturbance in

porphyrin metabolism after intrauterine exposure. PCBs

bicaccumulate in mother’s milk and pass through the placenta
({HSDB, 19589} .

Carcinogenic Effects:

An ococcupational cohort showed an excess risk of cancer in the

liver, gall bladder and biliary tract. Experimentally exposed

animals demonstrated benign and malignant liver cell tumors,
lymphomas and leukemia,

tract. Fatty deposits

and carcinomas of the gastrointestinal

in animal livers were noted after
infection, dermal application and ingestion of PCBs.
studies, PCBs have been shown to act both
inhibiters of tumor induction.

In animal
as promoters and
Host genotoxicity assays have
PCBs are considered to be potential human
carcinogens by the USEPA and the International Agency feor
Research on Cancer (HSDB, 19%8%; IRIS, 1989).

been negative.

unant i o c enic Risk:
The USEPA has calculated a quantitative estimate of carcincgenic

risk {(hepatocellular carcinoma) for the oral exposure route. The

Oral Slope factor 1s set at 7.7 mg/kg/day
1260} .

{pased on Arochlor
The slope factor is the cancer risk (proportion effected)
per unit of dose and can be used to compare the relative potency
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of different substances on the basis of chemical weight. The
drinking water unit risk is the increased risk of cancer
asscciated with a lifetime daily exposure of 1 ug/L and is set at
2.2E-04. The drinking water concentration associated with ap
estimated excess risk of 1E-06 is 5.0E-03 ug/L (IRIS, 1989).

Regqulatory levels af concern:

Safe Drinking Water Act: Not available

Clean Water Act: i
Ambient Water Quality Criteria, Protection of Human Health:
Water & Fish Consumption:7.9g-05 ug/L
Fish Consumption: 7.9E-05 ug/IL
Ambient Water Quality Criteria, Aquatic Organisms:
Freshwater:Acute-2.0 ug/L:Chronic-1.4E~-02 ug/L
Marine: Acute-10 ug/L:Chronic-3E=-02 ug/L

No specific Tennessee Standards for PCBs were lacated.

Reference Deose, Oral or Inhalation: Not available

Environmental concarnsa:

PCBs are lipophilic and tend to bioconcentrate in living tissues.
The average log bioconcentration factors range from 3.26 to 5.28.
PCBs have bheen found in fish, birds, sea mammals and processed

faod products in diverse locations ovey the
Biocaccumulatian in

globe.
gpacies such as the golden eagle were found to
contain PCBs in tissues from the brain, heart, kidney, liver,
muscle and fat. PCBs are associated with decreased shell
thickness in contaminated bird species. In general, detected

tissue lavels in wildlife have slowly decreased since PCBs use
was discontinued in the 197074,
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Intraduction:

carbon Tetrachloride is a ¢lear, heavy liquid with a sweet aromatic

@dor. It is a synthetic chemical with no natural sources, Carbon

tetrachloride evaporates very easily, so it is not usually

encountered in its ligquid state in the enviromment. Most carbon
tetrachloride in the enviromment is found as gas in the atmosphere
(ATSDR, 1987) (USEPA,1986) .

The major scurce of carbon tetrachloride release to the environment

"is accidental releases from production and uses.
environment,

Cnce in the
carbon tetrachloride is fairly stable. When it is
released to the air it iz broken dewn by chemical reactions very

slowly. If released to surface waters, it will migrate to the

atmosphere in a few days. If it is released to land, it does not

sorb ontos the soil but migrates readily to the ground water
(ATSDR,1987) (USEPA,1986),

The major source of axposure to carbon tetrachloride is frem
contaminated air,

is used.

usually around areas where carbon tetrachloride
Water and food are minor sources of exposure. <Carbkon
tetrachloride is rare in ground and surface waters. In the past,
carbon tetrachloride has been used as a fumigant for grains, and
low levels have been reported to occur in some foods (ATSDR, 1987)
(USEPA, 1986} .

Metaboljism:

Carbon tetrachloride is raadlly'absarhed from the gastrointestinal
tract, and more slowly through the respiratory tract and the skin.
MOst carbon tetrachloride leaves the bedy by Peing exhaled out
through the lungs within a few hours. It has been shown that socme
carben tetrachloride will be incorperated into fatty acids by the

B-36




126 2566

is
excreted 1in scme form 1in the wurine and feces (ATSDR, 1987
{USEPA, 1987) .

liver. The carbon tetrachloride that remains in the body

acute Toxicity:

Acute toxicity studies of carbon tetrachloride fer humans have
shown a range of variation depending en the person involved and
that acute toxicity is low in contrast te that with repeated
exposure. Prior exposure to alcohol, phenobarbital, and some

pesticides have been shown to increase the effects of carbon

tetrachloride. Single exposures to low concentrations may cause

symptoms such as irritation of the eyes, moderate dizziness, and

headache which disappear quickly once the exposure is discontinued.
Expocsure to higher concentrations will cause the same symptoms as
above, but additicnal symptoms of nausea, loss of appetite, mental

confusion, agitation and the feeling of suffocation may also be

seen. At these higher levels, liver damage as well as central
nervous System depression may occur. The kidneys and lungs may also
be affected, but only at doses which are well above the threshold
for hepatotoxicity. By the coral route, single doses of 59 mg/kg are
generally without effect in humans, although some individuals may

be affected by doses of 310 mg/kg (ATS5DR,1587).

Chroniec Toxicity:

The synptoms of chronic exposure to carbon tetrachleoride include
fatigue, lassitude, giddiness, anxiety, headache, muscle twitching,
and increased reflex excitability. Persons expcsed may complain of
lack of appetite, nausea, and occasionally of diarrhea. Sometimes
blood pressure is lowered and accompanied by pain in the cardiac
region and mild anemia. Crgan damage is usually restricted to the
liver, although there have been cases of kidney damage. After

chronic exposure there is usually regeneration in these organs
(ATSDR, 1987) .
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Carbon tetrachloride is carcinogenic in animals, producing mainly
hepatic neoplasms. The increased incidence of tumors is generally
abserved at doses high encugh to cause clear liver injury. No

strong evidence of carcinegenicity in humans has been reported
(ATSDR, 1987) .

Regulatory Standards:

Occupational exposures:

OSHA PEL 10 ppm TWA
25 ppm Ceiling
ACGIH S ppm TWA

Safe Drinking Water Act:
MCL: 0.005 mg/L
MCLG: 0.0 mg/L

Clean Water Act:

Ambient Water Quality Criteria, Human Health
Water and Fish Ingestion: 0.0004 mg/L
Fish Consumption Only: 0.00000048 mg/L
Ambient Water Quality Criteria, Aquatic Organisms
Freshwater: Ac¢ute- 25 mg/L
Saltwater: Acute- 50 mg/L

Carbon tetrachloride is 1listed under RCRA for ground water
monitoring. The reportable quantity for release intec the

environment under CERCLA is 10 pounds (proposed) (ACGIH,1%88)
(USEPA, 1988) .

Egvirnnmental effects:

Although carbon tetrachloride is poorly soluble in water, both
freshwater and saltwataer organisms may be affected. The $6-hour
LC50 for freshwater fish is about 27 mg/L and acute toxicity has
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heen noted in both fresh and saltwater organisms at concentrations
of 5 to 50 mg.L (LiSEPA,19B6).

Refersences:

ACGIH.1988. Aanerican conferance of Governmental Industrial
Hygienists. Threshold Limit Values and Biological Expasure
Indices for 1988-198%. Cincinnati, Ohio: ACGIH.

ATSDR. 1987. Agency for Toxic Substances and Disease Registry. -
Toxicological Profile for Carbon Tetrachloride. Atlanta: US
Public Health Service.

USEPA. 1986. US Environmental Protection Agency. Quality Criteria
for Water.

USEPA. 1%87. US Envircnmental Protection Agency. Health Advisory
for Carbon Tetrachloride.

USEPA.1988. US Environmental Protection Agency. Iris Chemical File
~on Carbon Tetrachleride;CASRN 56-23-5 (5/24/89). Cincinnati,
Ohio: USEPA, Env. Criteria & Assessment Office.
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1,1,2;2-TETRACHLOROETEANE

Introdueticn:

1.1,2,2-Tetrachloroethane is a man-made, coleorless dense licuig

with a penetrating, sweet, chlorocferm-like odor that does not burn
easily. It i=s currently produced by only one company in the United
States. It had been usead extensively as a substance te preoduce
other chemicals and as an industrial solwvent. Additienally 1,1,2,2~

tetrachloreethane was used as a chemical to separate other

substances, for cleaning and degreasing metals, and in paints ang
pesticides. Its Present use appears to be limited (ATSDR, 1989} .

Most af the 1,1,2,2-tetrachlorcethane released into the environment
eventually moves in the atmosphere or groundwater. Breakdown of
this chemical in both the atmosphere and groundwater is slow. Half

of the chemical is expected te¢ disappear from groundwater in- 1-3
months and from air in about 2 monthsg (ATSDR,1989),

Low levels of 1,1,2,2—tetrach1aroethane can be present in both
indoor and outdoor air. It appears that the source of the indoor
coencentrations may be products used in the home. Low levels have
+ but expasure
from contaminated drinking water are - rare. 1,1,2,2-
tetrachloroethane has not been reported in food or sail. I

t is also
not expected to accumulate in the food chain (ATSDR, 1989},

Metabolism;

air containing the chemical or when 2 Person's skin come into
contact with the chemical. It if were to occur in the drinking
water, or if it was accidentally ingested, 1,1,2,2~
tetrachlorecethane would be absorbed into the body. Meost of it

leaves the body fairly quickly (within a few days) through the
breath or through the urine (ATSDR, 1989) .
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Acute Toxicity:

Inhalatien of large concentrations (116 ppm) of 1,1,2,2-
tetrachloroethane by humans have been reported teo cause mucosal
irritation, fatigue, vemiting and dizziness, Several instances of
deaths from i,1,2,2-tetrachleoroethane have been reparted, but the

-concentration was unknown. The studies of high oral deoses of

1,1,1,2~tetrachloroethane have cccurred as the result of accidents.
Ingestion of doses »>285 mg/kg/day humans have been reported as
resulting in death. Autopsies showed severe liver destruction and
fatty degeneratien of the liver. Doses of 100 mg/kKg/day have been
reported to cause a loss of consciousness. Jaundice and enlarged
livers have also been noted in persons exposed to high
concentrations of 1,1,2,2-tetrachloroethane (ATSDR, 1589).

Chronic Toxicity:

The human health effects from long term exposure to relatively low
concentrations of 1,1,2,2-tetrachloroethane are not known.
Hepatocellular carcinomas have been reported in studies with mice

anéd rats, but there are no conclusive reports of cancer in humans
{ATSDR, 1989} .

Requlatory Standards:

Occupational exposure:
OSHA PEL 5 ppm

TWA
OSHA PEL (Proposed) 1 ppn TWA
ACGIH TLV 1 ppm TWA

Safe Drinking Water Act:

Ha data available
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Clean water Act:

Ambient Water Quality Criteria, Human Health

* Water and Fish Ingestion: 1.7E-04 mg/L
Fish Consumption Only: 1.1E-02 mg/L

Ambient Water Quality c¢riteria, Aguatic Organisms
Freshwater: 2.4 mg/L (LOEL)
Saltwater: 9.0 mg/L (LOEL}

1,1,2,2-Tetrachloroethane is listed under RCRA  for ground water
monitoring. The reportable gquantity for release into the

anvironment under CERCLA is 100 pounds (proposed) {(ACGIH, 19886)
(USEPA, 19B8) .

Refarences:

ACGIH. 1988, American Conference of Governmental Industrial
Hygienists, Threshold Limit Values and Biological Exposure
Indices for 1988 to 1989. Cincinnati, Ohioc: ACGIH.

ATSDR. 1989. ‘Agency for Toxic Substances and Disease Registry.
Texicological Profile far 1,1,2,2-Tetrachloroethane. Atlanta,
Geergia: US Public Health Service.

USEPA.1988. US Environmental Protection Agency. Iris Chemical File
on 1,1,2,2-Tetrachlorcethane; CASRN 79-34-5 (5/24/89).
Cincinnati, Chio: USEPA, Env. Criteria & Assessment Office.
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TETRACHLOROETHENE

Intgcductiqn:

Tetrachloroethene or tetrachleorcethylene is a nonflammable liguid
solvent used for Adry cleaning fabrics for metal degreasing. It is

also used in the preoduction of other chemicals. Tetrachloroethene

iz liguid at rcom temperature but vaporizes easily in an open
environment (ATSDR, 1587). '

Metaholism:

Tetrachloroethene is readily absorbed after ingestion or inhalation

exposures. Dermal absorption is poor. A large portion of the

absorbed dose is distributed to the fatty tissues.

Tetrachloroethene’s primary urinary metabolites are trichlorcacetic

acid and trichleorethanol. Urinary excretion accounts for only a

small percentage of the absorbed dose as the main excreticn pathway

is through exhalation of the unmetabolized compound (ATSDR, 1987).

Acute and Chronic Toxic Effects:

Tetrachloroethene is thought to be relatively nontoxic by the
inhalation and oral routes.

was reported.

An acute LCg, for mice of 5,200 ppn
A single dose LD, for rats of 3,005 ng/kg was also
given in the literature. When tetrachloroethene was used as an

antihelminthic¢ drug in humans, a dese of 60 to 80 nmg/kg was
nonlethal {(ATSDR, 1987).

Chronic inhalation exposure to mice have shown hepatic effects at

concentrations of 9 ppm and above. Central nervous system effects

The human threshold for CHS

Tetrachloroethene is regarded as a
hepatotoxin and renal toxin in humans by the
inhalatjon routes.

in gerbils were noted at 60 ppmn.
effects is 100 - to 200 ppm.

ingestion and
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Developmental studies in rat and mice indicate that

. tetrachlorethene is fetotoxic but not teratogenic at
concentrations which were also maternally toxic.
Tetrachlorvethene is helieved to be a potential transplacental
neurotoxicant.

Tt is also thought to cause Eperm abnormalities
(ATSDR, 1987).

Carcinogenic Effects:

Jccupationally exposed cohort studies have not demonstrated a !
clear increase in cancer risk for woarkers expesed to !
tetrachloroethene. fThese studies are complicated by exposures to |
multiple chemical compounds,
and rats show an
leukenia,

Chronic inhalatien studies in mice ‘
increased incidence of menonuclear cell

renal tubular cell adenomas or adenocarcinomas as well

as hepatocellular carcinomas. Chronic ingestion studies show an

increased risk of hepatocellular carcinomas in mice but not in ‘
rats. The toxicity of tetrachloreethene increases in the |

pPresence of compounds, such as PCBs, which induce increased
. metabolism af tetrachloroethane (ATSDR, 1987).

Requlatory levels of Consern:

Safe Drinking Water Act: |
MCLG: 0 ug/L

Clean Water Act:

Ambient Waterx Quality Criteria, Protection of Human Healthr:
Water & Fish Consumption:8,0E-01 ug/L
Fish Consumption: 8.85 ug/L

Ambient Water Quality Criteria, Aquatic Organisms:
Freshwater;Acute-5.328E+D3 ug/L;Chronic=8.4E+02 ug/ L
Marine: Acute-1.02E+04 ug/L:Chronic=4.8E+02 ug/L

Oral Reference Dose: 1.0E-02 ng/kg/day
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Acute toxicity of tetrachlorethene teo aguatic organisms was

tested with twe invertebrate and three fish species. The acute

values rangé from 4.8 to 30.8 mg/L. Chraonic toxicity data for
the fathead minnow is 0.084 mg/L. A freshwater alga species was
more resistant than the animal species with no observed effects
at concentrations as high as 816 mg/L. A biocconcentration factor
of 49 was determined for the bluegill and a factor of 39 was
estimated for the rainbow trout (Callahan, 1979}.
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Introduction:

Trichlorcethene or trichloroethylene is g colorless liquid at
room temperature with an odor similar to ether.
this man-made chenical is

The major use or

8% a solvent for degreasing metal
Parts. It is also used in making more complex

chemical ecompounds
{ATSDR, 1988},

Metabolism:

Trichloroethene is metabolized within the bedy to

trichloroethancl, trichluroethylene-glucoronide and

trichloroacetic acid and, possibly, the hypnotic agent chloral

hydrate. Forty to seventy-five percent of an inhaled dose is

metabolized. The liver removes trichloroethene from the blood.

The glutathione conjugate of trichloroethene is transported from

the liver to the kidneys where the kidney enzymes product a

metabolite which Govalently binds to DNA and is the most probable

mechanism for the induction ©f carcinogenicity (ATSDR, 1989).

In humans, moest of the metabolized dose is execreted in the
urine. Elimination of trichloroethene from adipose tissue
relatively long half-1ifae (ATSDR, 1988).

has a

Acute and Chroenic Toxic Effacts:

Trichloroethene is not acutely toxic by the inhalation or ora)
routes. A humanp LCyp ©f 2,900 ppm far humans is reportedq. A
dose of 70 ng/kg is thought to be fatal for humpans, The bone
mArrow, central nervoeus system, liver and kidney are the
Principals target organs. Oral and inhalatien effects noted
inciludeqd narcosis, enlargement of the liver ang kidney, impaired
Reme synthesis and immunosuppression. Trichloroethene
fetotoxic to animals, but is thought to be teratogenic,

is
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Carcinagenic Effects:

Genotoxicity assays have been equivocal with most positive
associated with in vitre assays using liver enzyme metabolism
systems. Human epidemiological studies have not shown a clear
connection between exposure to trichloroethene and increasad
cancer rTisk. Experimental animals exposed by inhalation
developed cancers in the lung and liver, while animals exposed

crally had increased incidence of hepatocellular and renal
carcinocmas (ATSDR, 1988).

Quantitative Fstimate of Carcinogenic Risk:

The USEPA has calculated a-éuantitative estimate of carcincgenic
risk (hepatocellular carcinoma) for the oral exposure route, The
Oral Slope factor is set at 1.2E-02 ng/kg/day (based on Arochlor
126Q0). The slope factor is the cancer risk (proportion effected)
per unit of dose and can be used to compare the relative potency
of different substances on the basis of chemical weight. Thé
drinking water unit risk is the increased risk of cancer
associated with a lifetime daily exposure of 1 ug/L and is set at
3.2E-07,. The drinking water concentration associated with an

estimated excess risk of 1E-06 is 3.0 ug/L per day (IRIS, 1%889).

Regulatory levels of concern:

Safe Drinking Water Act:
MCLG:0 mg/L
MCL: § ug/L

Clean Water Act:
Ambient Water Quality Criteria, Protecticn of Human Health:
Water & Fish Consumption:2.7 ug/L
Fish Consumption: B.07E+01 ug/L
Ambient Water Quality Criteria, Aquatic Organisms:
Freshwater:Acute-4.5E+04 ug/L;Chronic-None
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Marine: Acute-2.0E+03 ug/L;Chronic-None

Reference Dose, Oral or Inhalation: Not available

Environmental Concerns:

Trichloroethene wolatilizes rapidly from water. It is highly
mobile in soil and quickly leaches to the groundwater. Its’ high
Vapor pressure suggests that trichloroethene exists predominantly
in the vapor phase with some removal from the atmosphere via wet
deposition. Trichlorcethene is believed -to have a low
bicaccumulation  potential in fish and other agquatic creatures.

LC5y ©f approximately 50 mg/L was found for three species tested
{ATSDR, 1988).

References:

Agency for Toxic Substances and Disease Registry (ATSDR), 1988.

Toxicological Profile for Trichloroethylene. US Public
Health Service.

Integrated Risk Information System (IRIS), 1388,

Trichloroethylene. USEPA, Environmental cCriteria
Assessment "Office. Cincinnati, Ohio.
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METHYLENE CHLORIDE

Intreduction:

Methylene chloride is a c<olorless, odorless sclvent found in
insecticides, metal cleaners, paints, and paint vremovers.
Methylene chloride is also known as dichloromethane and is commonly
included in a chemical category called the halomethanes.

Metabolism:

Methylene chloride is lipophilic and aasily-absofhed via inhalation
or ingestion. ©Once absorbed, it is guickly distributed throughout
the body, but is most common to adipose tissues, "the brian and the

liver. Most absorbed methylene chleride is excreted via the lungs
ar the kidneys.

At low doses, methylene chloride is primarily metabolized by the
MFO pathway to CO and CO,. Some of the 0 is exhaled, but a

significant portion is involved in the formation carboxyhemoglobin
(CoHb) .

Acute Toxicity:

The formation of CoHb interferences with oxygen transpoert by the
blocd and results in cardiorespiratory stress. Acute exposures

(<30C ppm) are associated with impairment of the central nervous
system as well as liver and kidney effects.

Acute inhalation exposures to 500 ppm for 10 days resulted in mild
liver damage in rats. Above 500 PPM, methylene chloride induces
sluggishness, nausea and headaches. If trapped against the skin,
methylene chloride can praduce a chemical burn. It is also an eye
and throat irritant. Inhalation exposures of 11,000 to 16,000 PPM
are fatal for most species, while 1,000 to 4,000 mg/kg is the oral
or fatal dose range. NIQOSH gives 5,000 PPM as the level which is
immediately dangerous to human life and health.

Chronic Toxicity:

Human studies have not shown any evidence of liver and kidney
damage after 30 vyears of occupational exposure to 30-125 EPM
methylene chloride or to 140-475 PPM over a three-month period.

Animal studies demonstrate mild liver damage after 100 days of
inhalation exposure to 100 PPM methylene chloride in air. Chronic

ingestion by rats of 50 MG/KG/DAY in water also showed slight liver
damage.

Carcinogenicity:
Liver and lung tumors are demonstrated in methylene chloride -
exposed mice and rats, but only after two years of chrenic

inhalation and ingestion exposures. Epidemiological evidence shows

B-4%



no associaticn between hunan exposure and an increased incidence
in liver or lung tumors.

Levels of Concern:

COSHA PELs: 500 PPM TWA
1,000 PPM Ceiling
2,000 PPM Peak
ACGIH TLV: 50 PPM TWA
NIQSH REL: lowest feasibility limit

Ambient Water Quality Criteria, Human Health:
Fish and wWater Consumption: 0.1% UG/L
Fish Consumption: 15.7 UG/L -

Ambient Water Quality Criteria, Aquatiec Life:
Freshwater: Acute - 11,000 UG/L; Chronic - none
Marine: Acute - 12,000 UG/L; Chronic - 8,400 UG/L

Environmental Fate:

Atmospheric methylene chloride is easily dispersed and transported.
The compoundts lifetime in the troposphere ranges from a few months
to 1.4 years. Phosgene is a possible deqradation product.

Volatilization is the most common fate processes in surface waters.
Biodegradation is also important in aquatic systems,
Volatilization, leaching and biodegradation are all important
processes in the soil environment. Methylene chloride has a low

log octanolfwater partition coefficient and is not expected to
bicaccumulate. It's estimated BCF is 2.3.

References:

ATSDR, 1%87. Toxicological Profile for Methylene cChloride.
Department of Health and Human Services. Atlanta, GA.

USEPA, 1980. Ambient Water Quality Criteria for Halomethanes,

Office of Water Regulation and Standards, Washington, DC. EPA
440/5-80-051.

USEPA, 1988. Dichloromethane. IRIS Data Base.

Cincinnati, Ohio.
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Introduction:

Trans-1,2-dichloroerhylene {trans-1,2-DCE} is 4 colorless, low -

It is flammable and is considered =a dangercus
fire hazard. Its use is as a general solvent for
materials, dye extraction, pPerfumes, lacguers,

boiling liquid.

organiec
and thermoplastics,

Metaholism:

Trans-1, 2-DCE should be readily abscorbed through eral, inhalation

or dermal routes during a contamination incident.

Alcohols and carboxylic acids are the predominant metabolic end

products ef trans-1,2-DCE. EPA's health advisory on this chemical

notes that trans-1,2-DCE transforms to 2,2-dichloroethanol and

2,2~-dichloroacetic acid in a study of rat liver microsomal

preparacions supplemented with NADPH. Trans-1,2-DCE

metabolized at a slower rate than ¢is=1,2-dichlcroethylene in
in witro hepatic microsomal system,

is
an

Ne data on the excretion aof
trans-1, 2-dichloethylene are available {USEPAR 1987y,

acute and Chronic Toxicity:

DCE is considered moderately toxic when ingested, inhaled
contacted dermally. The principatl

or

toxic effectsy of

trans-1,2-dichlcoroethylene (DCE) fcllowing acute oral exposure are

upon the liver and kidney (Jenkins et al., 1972,
19737 .

freunde et al.,
A single 400 mg/kg oral dose of trans-1,2-DCE produced a
significant increase in glucose-6é-phosphatase in adult female
Holtzman rats when compared to controls, and a dose of 1,500 mg/kg
significéntly decreased the level of liver tyrosine transaminase.

Trans-1,2-DCE appeared tc be less potent than the eis-isomer and
both were less potent than 1,1-DCE.




126 281

Freundt et al., (1977) reported on the effects of Lrans-i, 2-DCE
following inhalation in mature female Wistar rats. A brief (B-
hour) @r prolonged expasure (8 hours/day, 5 days/week for i, 2, rf
or 1% weeks) of 200 to 3,000 ppm vielded an increased incidence of
slight to severe facty degeneration of the hepatic lobules ang
lipid acevmulation by the Kupffer cells. Damage became more
noticeable in higher percentage of the animals as the length of
eéxposure increased to 8 or 16 weeks. Eight-hour exposures to the
200 to 1,000 ppm concentrations caused a significant decrease in
the number of erythrocytes, and exposure to 1,000 ppm for 8 hours
also resulted in significant reductions in serum albumin, urea
nitrogen and alkaline phosphatase levels.

General anesthetic and narcotic effects can occur at eXposure
levels above those at whieh liver and kidrey effects are ohserved,
It appears that the trans-isomer is about twice as rotent as the
cis-isomer in depressing the central nervous System.

No data on terategenicity or carcincgenicity following oral

ingestion were found. Trans-1,2-DCE was not mutagenic in
bacterial assays (USEPA 1987).

Regulatory Levels of Concern:

Time Weighted Average
790 mg/m3

-':; :I:I!EJ' EQD]IIQDI: a 1 CQ[] Cern 5 *

Limited datra are available on the aguatic toxicity of
trans-1,2-DCE. The LCgp reported for the bluegill is 135 mg/L.

No data on the chronic toxicity to aguatie organisms were found in
the literature,

B=52




126 282
®
Freundt KJ, Leibaldt DP, Lieberwirth R. 1977. Taxiclty studies
on trans-1,2-DCE. Toxicology 10:131-139%9.
Jenkins LJ, Andersen ME. 1972, 1,1-DCE nephrotoxicity in the

rat. Toxicol. Appl. Pharmacol. 46:131-141.

USEPA. 1987. US Environmental Protecticn Agency. Trans-1,2-DCE

health advisory. Washington, DC: US Environmental Protection
Agency, Office of Drinking Water. ’




ACETONE 126 283

Introduction:

Acetone is used as a solvent for fats, oils, waxes, resins and
cements. It is used in the manufacture of many products such as
explosives, plastics and synthetic fibers. It is flammable and

explosive in a closed environment.

Metabolism:

Acetone is easily absorbed via the lungs to the blood streamn. It
is also abscrbed through the skin. Acetone is metabolized in the
body to glucaric acid and mercapturic acids which are primary
excreted in urine. Acetone is rapidly excreted after absoption

with only a fraction of the original dose present in the body after
sixteen hours.

Acute and Chronic Toxicity:

Acetone is not texic. to humans except in high doses. A blood

concentration of 200 te 300 ug/L is considerad toxic and 550 ug/L

is considered lethal. Pretreatment with acetone pricr to exposure

to other toxicants increases the observed toxic effects in animal

species. Symptoms of acute acetone peisoning include restlessness,

headache, vomiting, lowered blood pressure and

irregular
respiration. Direct contact with the eyes

produces corneal
irritaticn. Extended ceontact with skin defats the skin and
produces dermatitis.

Chronic inhalation and ingestion exposures to animals are

associated with granular degeneration and necrosis of the

Kidney
tubules,

Exposures ranged as high as 5 mg/L by gavage and 3,000
Ppm by inhalation. Workers chronically exposed to 1,000 ppm over

seven to fifteen years complained of inflamation of the alrways,
stomach and duodenum.
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Carcincogenicity:

No specific evidence links acetone exposure to the development cof

tumors in animals. Genotoxicity and mutagenicity testing results
are largely negative.

Regulatory Levels of Concern:

The Reference Dose for Acetone is 1E-01 mg{kg)day. No drinking
water or ambient water quality criteria have been esctablished. The

Time-Weighted Average for inhalation exposures is 750 ppm {ACGIH,
1980) .

Environmental Concerns:

Acetone is released into the environment from stack enissions,
veolecanic eruptions and waste water. It is also a metaholic product
released by plants and animals. When released on soil, acetone
will both volatilize and leach intoc the ground where it is usually

biodegraded. In water, acetone will probably biodegrade and be

released into the atmosphere. In the atmasphere, acetone is leost

by photolysis and reaction with hydroxyl radicals.
Bicconcentration and adsorxption to sediments are not expected.

References:

Hazarxdous Substances Data Base, 1989. National Library of
Medicine. Bethesda, Marylandg.
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HEPTACHLOR

Introduction: 126 285

The pesticide Heptachlor is ne longer manufactured in the United
States. It used in the contreol of termites and is a impurity in
the pesticide c¢chlordane. Heptochlor epoxide 1is an oxidation

product which is formed by many plants and animals after exposure
to heptachlor.

Acute and Chronic Toxicity:

Heptachlor .is readily absorbed from the gastrointestinal ftract
and the skin. It is slowly eliminated via the bile duct to the

feces. Heptachlor epoxide is often detected in hunan milk, blood
and other body tissues.

Heptachlor is acutely toxic wvia the oral and dermal routes. In
rats, the oral LDggs is approximately 71 mg/kg and the dermal
LDy is 195 to 250 mg/kg. Human death is reported after

galatlcn exposures to technical grade chlordane which is
approximately 10% heptachlor. Hepatotoxicity is the most
sensitive noncancer endpoint with animal acute and chronic
studies describing evidence of severe liver damage, increased
liver weight, and increased levels of serum liver enzymes. The
neurotoxicolegical signs include  hypeactivity, tremors,
convulsions, ataxia and changes in EEG patterns. Long-term oral
exposures in animals are also associated with renal, adrenal and

blood defects. Heptochlor is also fetotoxic and caused reduced
fertility in laboratory rodents.

Carcincgenicity:

Chronic oral expesure to heptachler or heptachlor epoxide
increased the incidence of liver carcinomas in several species of
mice. Heptachleor is considered a probable human carcinogen (B2)
because human evidence of carcinogenicity is not adeguate to

establish a relationship. S5tudies of pesticide applicators
indicate a slight increased incidence in cancers of the lung,
skin and bladder.

Regulatory Concerns:
ACGIH 8 hr-TWA TLV:0.5 mg/m® with skin absorption

NIOSE PEL:0.5 mgfm3 with 100 mg{m3 being immediately dangerous
to life or health

Drinking Water Health Advisories: 10 day=-190 ug/L

Lifetime=-17.5 ug/L (hepatchlar)
Lifetime-0.4 ug/L (h.epoxide)

Naticnal Ambient Water Quality: 0.28 ppb

Maximum Contaminant Level Goal cof zero in drinking water.
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Environmental Concerns:

Heptachlor and its epoxide are persistent in scoil with half-lives
of twa and fourteen vears, respectively. Heptachlor tends to
partition to sediments from water. Both heptachlor and heptachlar

epoxide bicaccumulate in aquatic organisms, especially fish angd
mollusks.

Referencas:

ATSDR, 19a9. Toxicological profile for Heptachler/Heptachlor
epoxide. Public Health Service, Atlanta, Ga.
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1,1=-DICHLOROETHYLENE
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Introductien:

l,1~Dichloroethylene (1,1-DCE) is used in the production of organic
chemicals and pelyvinylidene chloride copolymers. These copolymers
are used in packing materials, as flame retardants, as adhesives
and as coatings in pipes. 1,1-DCE is present in food wraps,

Metabolism:

1,1-DCE is readily penetrates the lungs and rapidly enters the
blood stream following inhalaticn exposures. oOral doses up to 100
ng/kg of body weight are readily absorbed from the gastrointestinal
tract of rats and mice. It is éxpected that 1,1-DCE would also
readily penetrate the skin because of its lipophillic properties.
1,1-DCE appears to accumulate preferentially in the kidney, liver
and lung. 1,1-DCE undergces complex biotransformation processes.
The main pathway for 1,1-DCE involve conjugation with glutathicne.
As glutathione is depleted, increasing amounts of reactive DCE
intermediates become bound to liver and kidney tissue. 1,1-DCE is

quickly excreted with the bulk of the metabolites exiting the body
via expired air and urine.

Acute Toxicity:

Acute inhalation exposures in rodents (10,000 ppm or greater) are
associated with irritation of the upper respiratory tract,
depression of the central nerv6u5 system and arrhythmias of the
heart, In rats, four-hour inhalation exposures to 200-250 ppm
resulted in increased liver weight, hepatic enzyme induction ang
massive histeleogic injury to liver cells. aAcute exposures as low
as 10 ppm produced lesicns in the nephritic tissues of mice. In
humans, inhaled exposures to 4,000 ppm produced convulsions, spasn

and unconsciousness. Maternal and developmental toxicity is
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associated with inhalation exposures in rodents.

The coral LD50 in fasted rats is 1,500 mg DCE/kg body weight, while
mice are wmore sensitive with an LD50 of 200 mg/kg. Oral

administered 1,1-DCE mainly targets the liver and kidneys, but also
effects the lungs and digestive tract.

Chronic Toxicity:

Longer-tern inhalation exposures to 1,1-DCE is also associated with
irritation of the respiratory tract. The liver and kidneys are the
major target organs of DCE toxicity following chreonic inhalation
exposures. Continuous inhalation exposure te experimental animalg
is more damaging than intermittent chronic exposures (i.e., 48 ppm
for 90 days as opposed to. 100 ppm for 8 hr/day, 5 days/week for 43

days) Damage to the central nervous system, lungs and heart have
also been noted in animal studies.,

Chronic ingestion studies with rats over a twe year pericd showed
few treatment-related changes. Cytoplasmic vacuolation of
hepatocytes and increased fatty deposits were noted with doses
ranging from 10 to 20 mg/kg.

Carcinogenicity:

Inhalation studies in mice and rats have shown an increased

incidence of mammary carcincmas in females and lung tumers in both
sexes. High dese male=s (25 ppm) had an increased incidence of renal
adenocarcinomas (Maltoni, 195B5). These results

waere not
statistically significant. Long-term oral animal testing has not

provided statistically significant evidence. 1,1-DCE is considered
to be a tumor-initiating agent when dermally administered (van

Duuren et al, 1979). 1,1-DCE 1is considered a possible human
carcinogen (EPA Class C}.
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aqulato Conceris:

Maximum Contaminant Level:0.007 mg/L
NICSH REL TWA:4 mg/m3
ACGIH TWA TLV:5 ppm or 20 mg/m3

Ambient Water Quality Criteria to Protect Human Health:
Ingestion of Fish and Water:0.033 ug/L l
Ingestion of Fish: 1.85 uyg/L

Envirenmental Concerns:

Because of its high wvolatility, 1,1—DCE‘hainly.partitions ta the
atnosphere. It is water soluble and is often found in surface and
groundwater. 1,1-DCE has a low propensity to bind to organic or
particulate matter. It is transformed in the atmosphere by

reaction with radicals and undergoes biodegradation in soil or
water.

References:

ATSDR, 1988. Toxiceoclogical Precfile for 1,l-Dichlorethene. Public
Health Service. Atlanta, Ga.

Malteni, €. et al, 1985, Experimental research on vinylidene

chloride carcinogenesis. Archives of Research on Industrial

Carcinogenesis. Vol. 3, Princeton, NJ: Princeton Sciemtific
Fublishers.

Van Duuren, B.L. et al., 1979, Carcinogenicity of halogenated
olefinic and aliphatic hydreocarbons in mice. J. MNatl.
Inst. 63(6): 1433-1439,
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Introduction:

Chlordane is a man-made substance used as a pesticide from 1948 to

1988, After mixing with water, the chemical was used to stop
termites and to treat corn and other crops.

Metabholism:

Data on humans exposed by inhalation suggest that chlordane levels
in blood and milk fat increase with increased duration of exposure.

Inhaled doses distribute primarily to the lungs and liver. OQral

doses distribute to adipese tissue, spleen, brain, kidney and

liver, in that order of primacy. The primary metabolites identified
in human tissues are oxychlordane, trans-nonachlor and heptachlor
epoxide. Chlordane metabolites are excreted in the milk of
lactating mothers. Seventy to 20% of an oral dose is excreted

within seven days with most eliminated in the feces (70-90%) and
2 to 8% in urine.

Acute and Chronic Towxicity:

Absorption fellowing ingestion of or skin contact with chlordane
can be fatal. An acute oral dose as low as 25 mg/kg can result in

death. While the human dermal ID50 is net known, the dermal LDSO

in animals is quite low. Inhalation exposures are unlikely to

cause death. Rats repeatedly exposed to chlordane aerosols do not
suffer respiratory defects.

Gastrointestinal distress such as nausea, vomiting, diarrhea and

cramps are associated with oral exposures. <¢Chlordane, like other
organechlorine -insecticides, functions as a potent inducer of
hepatic micresomal enzymes. Animal studies suggest that subtle
hepatic effects occur which would influence the metabolism of other
substances in the beody rather than damage hepatocytes directly.
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Kidney congestion has been observed in rats and hamsters given
large acute oral doses of 200 and 1200 mg/kg, respectively. skin
contact may cause burning sensations, development of rash and
pruitis. Eye contact can cause conjunctivitis,

Neurological effects are the primary effects noted after acute
oral, inhalation or dermal exposures and include headache,
dizziness, tremors, confusion, convulsions and coma. These effects
are not associated with sccupational exposures.

Male mice exposed to chlordane had testicular degeneration after
chronic oral exposures for 30 days. Reduced fertility has also been
repcrted in animal studies. Exposure to chicordane is believed to
affect metabolism and circulating levels of steroid hormeones.
Chlordane has induced mitotic gene conversions and sister chromatid
exchange in genotoxicity assays.

Carcinegenicity:

Chronic oral treatment resulted in significant increases in

hepatocellular carcinomas in mice. Some researchers suggest that
chlordane acts as a promoter of liver tumors.

Requlatory Concerns:
OSHA PEL: 0.5 mg/m3

ACGIH TWA-TLV: 0.5 mg/m3

Ambient Water Quality Criteria for the protection of human health:
-Ingestion of Water and Organisms:0.46 ng/L
Ingestion of Fish: 0.48 ng/L
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Envircnmental Cancerns:

Chlerdane in water will both adsorb to sediments and volatilize.
Chlordane will bioconcentrate in both marine and fresh water
species as well as bacteria. 1In secil, chlordane will adsorb to the
ocrganic mater and veolatilize slowly over time. It will leach
significantly and is usually found only in the top 20 centimeters
cf soil. Chordane can persists in soils as long as twenty vears.

References:

ATSDR, 198B. Toxicological Profile for Chlerdane. Public Health
Service. Atlanta, Ga.
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BETA-BHC
‘(HEXACHLDRDCYCLOHEKANE)

Introduction:

Benzene hexachleride (BHC), also known as hexachlarucyclohexane,
exists as eight isomers. Alpha~, beta-, delta- and gamma-BHC
{lindane) are aoften found in mixtures at hazardous wastes sites,
While lindane is still available in scme household products,
technical grade BHC, which contains all four isomers,
longer used as a pesticide in the United States.

is ng

Metabolism:

BHC is readily absorbed via inhalation, ingestien or derpal
contact. BHC has been found in adipose tissue and the blaod
following inhalation exposures. Following ingestion, BHC is
deposited primarily to fat, the Xidneys, the lungs and the liver.
BHC has also been detected in the brain, human milk and can Ccross

the placenta. Chlorophenels and chlorobenzenes a

re the primary
metabolites excreted

in urine by lindane-exposed waorkers.
Metabolites are alsa found in mwilk and semen.

Adcute and Chronic Toxicity:

The toxicity of BHC is often dependent on the solubility and

viscasity of its carriers, Exposure to excessive amounts by

inhalatiocn or ingestion has lead to death in humans. The central

nervous system is strongly affected with convulsions and coma
Preceding death. Blood disorders have been reported in humans
after inhalation exposures, Liver toxicity is believed to be
associated with an inhibition of Mg2t-aATPase activity.
effects have been notegd in animals, but not in humans.
system changes have been noted in animals.

Nephricic
Immune

In humans, neurotoxic effects incluge Paresthesia of the face and

extremities, headaches, Vertigo, seizures and convulsions .

B-64




126 294

Alterations in reproductive hormones and spontaneous abortions
have been observed in women with detectable levels of BHC in
their blood. BHC has produced mitotic disturbances in mammalian

and plant cells, but is not mutagenic in bacteria, yeast or
algae.

Carcinogenicity:

Alpha-, beta-, gamma- and technical grade BHC have all shown

carcinogenic effects following long-term exposures.
Hepatocellular carcinoma is the mnost frequenf reported btumor
type. Metabolites, such as 2,4,6-trichlorophenol, are also
carcinegenic.

Recqulatory Concerns:

OSHA PEL TWA:0.5 mg/m” with skin absorption (Lindane)
MCL: 0.004 my/L (Lindane)

Lifetime Health Advisory: 0.2 ug/L

Ambient Water Quality Criteria to protect human health:

Ingestion of Water and Ingestion of Fish:
Aquatic Organisms:
A-BHC:9.2 ng/L 31 ng/L
5-BHC:18.6 ng/L 54.7 ng/L
G-BHC:12.3 ng/L 62.5 ng/L

A1l isecmers either Class B2 or € carcinogens.

Environmantal Concerns:

BHC in soil can leach to groundwater, sorb to soil particles or
volatilize to the atmosphere. Leaching is dependent on the amount
of organic material in the soil. Gamma-BHC released in water has

a tendency to dissolve and remain in the water column. In
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surface water, it may adsorb to sediments or partition to aquatic

organisms where the chemical accumulates in the foodchain.

Biodegradation is the major degradation process in water.

Bictransformaticn is also important in seoils.

References:

ATSDR, 1988. Toxicological Profile for Alpha-,Beta-, Gamma=- and
Delta-Hexachlorocyclohexane. Public Health Service.
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. Harland Bartholomew & Associates, Inc., July 1988, Master Plan,
Defense Depot Memphis, Tennessee.

. 0.H. Materials Company, Summary Report: On-site Remedial Activities at
Defense Depot Memphis, Feb, 1986.

. Phoenix Environmental Consultants, Inc., January, 1984, Environmental
Assessment for Hazardous Materials Mission Expansion.

. Defense Depot Memphis, Tennessee, 1982. Draft Spill Prevention Control
and Countermeasures Plan, Facilities Engineering Division, DDMT,

. U.S. Army Environmental Hygiene Agency, December 1986,

Ground-Water Consultation No. 39-26-0815-87, Defense Depot Memphis,
Tennessce. o

. Defense Logistics Agency, 1 October 1980. Defense Depot Memphis,
Master Pian Component Analysis of Existing Facilities.

. U.S. Army Environmental Hygiene Agency, August 1977. Environmental
. Impact Assessment. Consultation visit No. 21-1443-78, Defense Depot
Memphis, Tennessea.

. U.S. Army Environmental Hygiene Agency, August 1975. Environmental
Survey No, 99-012-76, Defense Depot Memphis, Tennessee.

* U.S. Army Environmental Hygiene Agency, January 1978, Environmental

Assessments of Existing Operations at DLA Installations, Survey No.
24-1443-78,

. Defense Supply Agency, 1978. Defense Depot Memphis. Safety & Health
Officc (DDMT-GE) Industriat Hygiene Survey No. 78-002: Asbestos
Rebagging & Rewarehousing by Kennedy Contracting Company.

¢ U.S. Army Environmental Hygiene Agency, August 1977, Waste
Management Consultation No. 26-1443-78, Defense Depot Memphis,
Tennessece.

» U.S8. Ammy Environmental Hygiene Agency, May 1977, Hazardous Waste
Management Survey No. 26-G020-78, Defense Depot Memphis, Tennessee.

mgm95-DOMT-WP3/044, WS C-1
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= U.S. Army Environmental Hygiene Agency, September 1977 Industrial
. Hygiene Special Study Survey No. 556-35-0127-80, Evaluation of
Hazardous Material Warehouse, Defense Depot Memphis, Memphis,
Tennessee.

|

. U.S. Army Environmental Hygiene Agency, August 1977, Waste |
Management Consultation No. 26-1443-78, Defense Depot Memphis, :
Tennessee,

. UL.5. Army Environmental Hygiene Agency, May 1977, Hazardous Waste
Management Survey No. 26-0020-78, Defense Depot Memphis, Tennessee. |

. U.S. Army Environmental Hygiene Agency, May 1980. Hazardous Waste
Management Consultation No. 37-26-0113- 81, Defense Depot Memphis,
Tennessee.

- U.S. Army Environmental Hygiene Agency, June 1977. Industrial
Hygiene Survey No. 23-022-70. Defense Depot Memphis, Tennessee.

. U.S. Amy Environmental Hygicne Agency, October 1969. Industrial
Hygiene Survey No. 23-022-70. Defense Depot Memphis, Tennessee.

» U.5. Army Environmental Hygiene Agency, June 1973, Industrial
. Hygiene Survey No. 35-049-73/74, Defense Depot Memphis, Tennessee.
Aberdeen Proving Ground, MD 21010. ‘

. U.S. Army Environmental Hygiene Agency, June 1977, Radiation
Protection Survey Ne. 62-0431-77. Defense Depot Memphis, Tennessee.

. U.§. Army Environmental Hygiene Agency, October 1974, Entomological |
Survey No. 44-P09-75. Defense Depot Memphis, Tennesses,

. U.S. Army Environmenial Hygiene Agency, October 1979. Installation
Pest Management Program Review No. 16-62- 0589-90. Defense Depot
Memphis, Tennessee.

. U.S. Army Environmental Hygiene Agency, November 1978. Installation
Pest Management Program Review No. 16-62- 0541-79. Defense Depot
Memphis, Tennessee. '

. U.S. Army Environmental Hygiene Agency, September 1977. Installation
Pest Management Program Review No. 62-0577-78. Defense Depot
Memplus, Tennessee,

mEm35-DDMT-WP3/044, WEY c-2
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. U.S. Army Environmental Hygiene Agency, November 1978, Installation
Pest Resistance Study (ES) No. 18-62-0542-79, Defense Depot Memphis,

Tennessee.

. U.5. Armmy Environmental Hygiene Agency, November 1973,
Entomelogical Survey No. 44-015-74, Defense Depot Memgphis,
Tennessee.

. U.S. Army Environmental Hygiene Agency, September 1976. Installation

Pest Management Program Review No. 62-0544- 77. Defense Depot
Memphis, Tennessee.

mzm?S-DDMT - WA M4, WPS -3
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Appendix D
. Previous Sampling Locations and Data
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Date of Appcodix D
Study Title Study Investigator [nvestigation Purpose of Investigation Page Numbers
Geohydrologic Siudy Mumber United States Army July 1982 Groundwater sampling and D-2
38-26-0195-82 Environmental Hygicne 10l analysis
Agency (USARHA)
Water Quality Biolopical Swudy USABHA March 19268 Lakc/pand waler and sediment D2
Numbier 32-24-0732-86 sampling, asseciated (1sh
species analysis
Groundwater Consultation Study  USAEHA December 1986 Groundwrter sampling D-14
Number 38-26-0815-87
Remedial Investigation/ Law Bnvimenmental August 1990 Groundwater, sail, surface D-19
Feasibility Study waler, and sediment sampling
Groundwater Monitoring Results  Environmental Scienee &  September 1993 Groundwater sampling D-g2*

for DDMT Engincering, nc. (BSE)

*Some of the location maps and figures excerptod from these reports, which were previously in this uppendix, have besn tranaferred to

Secticn 3 in response to regulnlory agency comments.

mgm35-DOMT-WEI042. WP




. 126 304

Geohydrologic Study
Number 38-26-0195-83
. United States Army Environmental Hygiene Agency (USAEHA)
July 1982
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. Geohydroloqic Study No. 38-26-0195-83, DDM, Memphis, TN, 21 Jun-2 Jul B2

TABLE 5. ANALYTICAL RESULTS, DEFENSE DEPUT MEMPHIS

Monitoring  ROpNU; COD CT 50 SpC Phenol F pH
Hell mgsL mg /1. ag/L mg/L utthos  @g/L mg/L -
MH-2 0.10 15.0 6.4 35.0 570 <0.04 0.67 6.4
MK-3 1.2 11.0 9.8 41.0 300 <0.04 0.22 5.0
MW-4 2.2 11.0 16.0 17.0 234 <0.04 0.27 6.0
MW=5 2.0 <5.0 24.0 16.0 224 <0.04 0.Z3 6.2
MH--6 1.9 13 70.0 16.0 431 <0.04 0.30 6.1
MW-7 0.82 11 . 16.0 21.0 229 <0.04 Q.28 6.1

FOGER E. BOLDT, Ph.D.

Chief, MHon-Metals Analysis Branch

Radiolegical and Inorganic Chemistry
Division
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Water Quality Biological Study Number
32-24-0733-86
¢ USAEHA |
March 1986 |




e rm b m—

= J—

SNOLLYDOT JLIS TTdNVS I E

e — 2

— OIS ¥/1 - 31¥05
— Ewwiauq _naMhn.,____.. ._" pec 1 HOUVIN £1-07 "SHJIWIW 1O43d ASNAITA NO
B | wrEdvs wvtioyg [Eor} @
oy Fondvyag — - - z
Loy NOLYTIVESN — =
o T .
#).— LHYAD SV RLINGY BN L0130 3500 3 /.!r Y
oy |-l.lfrf.rfr.l| - Oy Tl
_Il. — —— — a— ——— LT T !Iﬁllﬂ!ﬂi!ﬂ-.l—.ihlqﬂnd P T — Y T
_
_ L S
._ ...n:.-.._ﬂp:ﬂu.uulxm-n.n._a
_ e 1]
.._ =0 nob
| oo
j
m (piw - oy
| o L
| cmn |/
oA 1
| O <
s
ey . S
) oex _ -lu:..c. FLYHOLE !
L E— i
I




126 312
Water Quallty Biological Study No. 32-24-0733-86, DDMT, 10-14 Mar B6

METALS IN FISH TISSUE (FILLETS) FROM FIRE RESERVOIR AND SHALL POND,
OOMT, 10-14 MARCH 1986

Sample X
Catfish from Fire Reservelr Goldfish from Pond
Metal {mg/kg) A ] € D A B8
Antimony <0.992 ¢0.954 ¢).05 <1.00 <0.992 <0.978
Arsenic <0.992 «0.954 <1.05 <1.00 <(.992 <0.978
Beryllium <0.198 <0.191 ¢0.209 ¢0.200 «0.198 <3,.196
Cadmium «.099 <0.095 <0.105% <0.100 <0.0589 <0.098
Chyromium ¢2.98 <2.86 <3.14 ¢2.00 <2.98 ¢2.94
Copper <3.97 50.8 <4.13 <4.00 ¢3.97 <3. 3N
Lead 0.794 1.15 0.628 <0.200 0.397 <0.194
Mercury <0.039 <0.038 ¢0.042 <0.040 0.238 ° 0.331
Nickel <9.92 ¢9.54 ¢10.5 <10.0 <9.92 <9.78
Selenium ¢Q.198 <0.191 «.209 <0.200 «0.198 «0.196
Thalllum ¢0.198 ¢D. 191 «0.209 <Q0.200 <0.198 <0.1956
2inc 3.57 i9.8 3.97 3.80 15.9 10.8
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Water Quality Biological Study Ne. 32-24-0733-86, 0DMT, 10-14 Mar B6

PESTICIDE RESIOUES IN SEDIMENT FROM
FIRE RESERVOIR AND SMALL POND, ODMT, 10-34 MARCH 1986

Detection Limit Sample Site*

Pesticide mg/kg i 2 k| 4 5
Aldrin 0.050 » BOL 8DL BDL BOL BOL
BHC (Alpha’ 0.020 BDOL BDL BCL BOL 80L
BHC (Beta) 0.080 BOL B0OL BOL BOL BOL
BHC (Delta) 0.060- BDL BDL BOL BDL BDL
Chlordane 0.400 BOL EDL BOL BOL BBL
Chlerdane {Metab}t 0.400 1.1 2.52 1.64 2.09 BDL
Q0,P'-DDD 0.120 ¢.95 1.34 0.77 . 0.97 EDL
P.P'-DOD 0.100 31.45 3.75 2.32 3.93 0.21.
Q,P'-D0E 0.120 BOL BOL 8DL BOL BOL
P.P'-00E 0.100 2.7 5.31 4.22 4.75 0.22
Q,P'-DDT 0.120 0.18 .24 0.18 0.21 BDL
P.P'-DDT 0.150 0.77 0.8 0.59 0.75 0.15
Diazinan 0.0592 BOL 80L BOL BDL BOL
Dieldrin 0.070 BOL BOL BDL BOL BOL -
Endrin Q.130 BOL BOL BOL N 8DL BOL

. HCB 0.020 BOL goL BOL BOL BOL
Heptachlor Epoxide 0.050 BOL BDL BOL BOL BOL
Lindane 0.024 BOL 8oL BOL BOL BOL
Halathign 0.010 BOL . BOL BOL BDL BOL
Hethoxychlor 0.500 BoL BOL BOL BDL BOL
Methyl Parathlon 0.030 BDL g8DL BOL BDL BDL
Mirex 0.120 BDL BOL BDL BoL BOL
Qxychlordane 0.08C BOL BOL BDL BDL BOL
Parathion 0.020 BOL g0L BOL BDL BOL
PCB (Aroclor

1242, 1248, 1254 & 12603 Q.100 BOL 8DL BOL BOL BOL
Toxaphene 4.0Q BOL BOL BOL BDL BDL

+ Hetaholizeﬁ.total consfituénts chlordane that includes cis and transg
chlordane.

BOL - 8alow datectable 1imit
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Water Quality Gtelegical Stugy Ng. 12-24-0713-86, GODHT. 10-14 Mar B&

PESTICIOE RESIOUES IN FISH TISSUE (FILLETS) FROM FIRE RESERVOIR AND SHALL POND,
ooMT, 10-14 MARCH 1936

Galdrish

Detection Limit _____ Catfish from Firs Reservelr —from Pond

Pesticide mg/likyg A & [ [+] A B
Aldrin §.004 BoL" aoL apL BDL BOL aoL
BHC {Alpha) 0.001 eoL™ * BOL oL 2L EL BOL
8HC [Beta) D.0C% soL* BOL EDL EQL BOL goL
BHL (Delta) 0.005% aoLr BOL goL BdL BoL goL
Chlardane 2.030 BOL" BDL ;1118 BOL EoL BDL
cnlardane (Metabl+ g.010 2.11 2.1 2.0 1.82 0.4 .60
Chlarpyrifos 0.004 p.012 a.qa8 §.023 a.¢da aoL BOL
0,.P'-0CD 0.01¢ 0.51 a.57 0.5% .47 6.02 a.o07
P.P'-0O0D 0.q19 4,08 4,78 1.66 1.68 0.18 1.42
q.r -0DE o.o10 E £ $ t + £
P.P*-00E . p.0%0 15.585% 15.65 H.44 11.82 1.235 1.81
Q.P*-N0T 0.0%5 0.59 .41 a.29 4.47 8oL eoL
P _Ppr-OOT g.032Q 2.1& 2.01 1.18 1.hG BOL -1:]
Diaxinon q.4003 BOL BOL BsoL ) BOL oL goL
Dialdrin 4.008 0.11 a.19 0.1& Q.18 0.03 d9.17
Endrin D012 BoL a6L apL oL aoL BOL
HCA p.0dl 118 soL -1 BOL BDL goL
Heptachlar 0.003 BOL 8DL [:1+] 0 BOL BOL aoL

Heptachlar Epoxide 0.005 s - % ¥ t

Lindane a.003 a0L BOL aol aoL goL aoL
Halathign Q.00% BOL 201 = B80L BDL oL BoL
. Hathouychlar §.04¢Q gaL aoL g0L BoL Bby BaL
Methyl Parathion 0.004 BOL ao0L apL aou aoL EOL
Hirex a.azo 8oL BOL =18 BOL BOL BDL
Onyehlordane 0.105 ¥ t ¥ t t ¥
Parathion 9.004 BOL 80L goL goL aoL aoL
PCB {Araclior 1242 0.24Q BOL 0oL aoL BOL BOL aoL
PCE [Araoclor 1248 & 1254) 1.09 BOL BOL soL agL BOL aaL
PCEB (Aroctar 12640) 0.200 0.45% 0.4%8 0.34 0.44 1.11 2.84
Aornel g.an% 8oL GhL -BaL DL BDL EDOL
Tauxaphene g.4049 BOL BOL =11 I8 aoL aoL BOL

* BOL, Eelow Datection Limit

+ Hetabolized/total constituents chlardane that includes cis and trans chlardane
% Unable to feparate
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Water Quality Biological Study No. 32-24-0733-86, DDMT, 10-14 Mar B3

GEMERAL CHEWICAL AND PHYSICAL WATER QUALITY DATA FROM
FIRE RESERVOIR AND SMALL POND, ODMT, 10-14 MARCH 1986

Characteristic campie Date Sample Site*
Unit (March) i 2 3 4 5
Dissolved Qxygen: 11 ) 10.4 10.9 1.0 11.8  15.8
mg/L 12 9.8 10.1 10.3  10.0 7.6
Temperature 1 14.0 14.2 13.7 11,9 17.1
*C 12 14.0 13.7 13.7 13.7 14.4
pH IR 6.8 7.6 8.2 8.2 9.4
Standard Units 12 8.0 4.6 8.5 B.6 8.5
Conductivity 11 77 77 77 77 97
pmhos/fcm 12 a3 74 75 - 74 60
Chigrides 1 1.3 1.5 1.6 1.3 2.0
mgfL 12 1.5 1.2 1.9 1.1 1.5
Cyanide 11 <0.01 ¢0.01 <0.01 «0.07 <0.01
my /1, 12 <0.01  <¢0.01  <0.00 «<0.01 <0.0
Sulfates 11 1.5 1.2 11.6 11.0 7.7
. mg/L . 12 . 11.1 11.0 12.1 11.2 6.4
Blochemical Oxygen Demand 1 1.6 3.9 3.5 3.6 10.3
mg/L- . 12 3.1 3.6 4.2 3.9 15.0
. Total Qrganic Carbon i 19.4 16.8 7.1 17.3  16.8
mg/L 12 18.9 17.0 15.8  17.3  23.4
' Ammonia Nitrogen 11 0.023 0.22 0.23 0.26 0.32
mg/L 12 0.33 .63 0.51 Q.58 0.1
Total Kjeldahl-Nitrogen il 0.51 0.89 ¢.8! 1.6 0.%0
mg/L 12 1.6 g.57 0.50 0.84 4.2
Nitrate Nitrite Nitrogen 117 Q.16 c.16 0.1¢  0.15 Q.08
mg/L 12 0.97 Q.26 0.25 .25 0.30
Total Phosphate Phosphorus 11 0.047 0.035 0.045 0.0687 0.6]
mgfL 12 . 0.12 0.086 0.096 0.085 0.46
Grease and Qi1 1 <5.0 <5.0 33 10.9  ¢5.0
mg/L 12 <5.0 43 23.2  13.9 «<¢5.0
Alkallnity (as CaCl,) 11 26.0 25.1 28.0 27.0 23.1
mg/L 12 24.1 23.1 25.1 23,1 23.1
Hardness (as CaCo,) 11 31.3 29.3 1.3 29.3 21.2
mg /L 12 39.4 32.3 27.3  29.3  24.3
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Groundwater Consultation Study Number
38-26-0815-87
C | USAEHA
: December 1986

b-14
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Ground-Hater Consultation No. 38-26-0815-87, DDMT, TK, 8-10 Der BE
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. Ground-Hater Consultation No. 38-26-0815-R7, DDMT, TN, B-10 Dec 86

CHEMICAL ANALYSIS

TABLE B-1. HWATER LEVEL INFORMATION (MEASURED FROM THE TOP OF THE WELL
CASING)

MH2 MHW3 HHA MWS MH 6 MW7

Depth o Water ORY 62'm" 70'5" 7 58'4" 64'3"

TABLE B-2. GENERAL CHARACTERISTIC DATA

I
MH3 HHa HHS MWE MH7 |
Conductivity (umhosfcm) . 318 . 247 290 2481 261
705 <mg/L)} 289 208 245 1670 222
pH 5.1 5.2 6.2 5.6 6.3 |
|
. TABLE B-3. TOTAL METALS {ppm}. ALL SAMPLES WERE PREPARED FOLLOWING EPA

HETHQD 200.0

EPA Detection

Method Limits MH] HH4 MW5 MWA MW7
Ba 200.7 0.010 0.135 0.129 0D.155 0.674 0.107
Cr 200.7 £.020 BDL 80L 0.0z22 0.027 BOL
Fe 200.7 G.100 2.03 2.40 il.4 1.13 0.760
Mn 200.7 0.030 BOL BOL 0.082 9.110 BDL
Hg 245.2 0.0002 G.0004  Q.0002 8DL 8DL 0.0002
Na 200.7 G.500 0.7 24.3 23.8 4.2 16.2
Pb 239.2 0.001 C.006 0.003 Q.012 BDL 0.004
Se 270.2 0.001 G.001 BOL 0.0M BOL 0.001
In 200.7 (5.010 0.048 0.074 0.079 Q.09 0.043

BOL = Below detectable limit
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. Ground-Mater Cansulitation No. 38-26-CE15-87, DOMT, TH, 8-10 Dec &

TAGLE B-4. PURGEABLE ORGANICS {(ppm). ALL SAMPLES WERE ANALYZED FOLLOWING ERA

METHOD 624
Detecticn
Limits MK3 MW 4 M5 MKE MW7
1.1-0ichloroathanes g.003 0.027 BOL BDL BOL 0,075
1 1-Dichloraathang 0.0063 BOL BOL BOL glL 0.003
1.1,1=Trichlarcethane 0.003 0.004 80L BOL g0L 0.009
Trichlgrosthens 0.001 0.014 0.004 0.007 0.150 0.0%15
Tetrachlorcathens 0.903 0.0Q29 4. 0B\ G.027 0.003 0.03%
Chlgrafaorm 0_001 BOL 0.008 BOL g.019 0.003
Carbar Tetrachloride 0.003 BDL 0.004 BOL 0.074 BDL
Trans-1,2-Dichlorcethene  0.003 BDL BOL EOL 0.200 BOL
1,1,2,2=Tetrachloroethane 0.003 BoL EDL BOL 6.082 BOL

1,1,2=Trichloroethane £.003 8oL 804 EDL 0.004 BOL

NOTE: MNo other purgeable organics were detectad.
BOL - Below detectable 1imit. :

TABLE B-5. ACIO EXTRACTABLE ORGANICS (ppm). ALL SAMPLES HERE ANALYZIED
FOLLOWING EPA METHOD 625
Detaction

Limits MH3 M4 KHS Mulh [wiaki
4,6=-Dinitro-0-=Cresal §.450 B0L TRC BOL BOL 8oL
4=Ni trophencl 0.025 BOL TRC BOL BOL BOL
P-Cnloro-M-Crasal 0.925% BOL TRC BoL, BDL BDL
Pentachlarcphenc) 0.025 BOL TRC BOL BOL 8oL
2,4,6=Trichiorophenal 0.025 BOL TRC £0L aoL goL

NOTE: Ne other acid extractable organics were detected.
TRC « Trace ameunt detected.
B0L = Below detectable (imit.
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Ground-Hater Consultation No. 3B-26-0815-87, DOMi, TN, B-1Q Dec B6

TABLE B-6. BASE/NEUTRAL EXTRACTABLE ORGANICS (EPA METHOD 625)

No base/neutral extractable organics were detected in any sample.

TABLE B-7. PESTICIDES AND PCBs (EPA Method 608)

No pesticides or PCBs were detected in any sample.
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Remedial Investigation/Feasibility Study
. | Law Environmental
August 1990
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TABLE D-1.1
POSITIVE RESULTS IN GROUND WATER
DUNN FIELD — PERCHED WATER TABLF
DEFENSE DEPOT MEMPHIS TENNESSEE

NONHALOGENATED VOLATILES {ug/)

| Acatone - 3y

NONHALOGENATED SEMNOLATILES {ug/)

[ bis(2— Ethylhexyl) phihalate - 5. ]

VOLATILE METALS (ug/)

Arsanic 50 100
Laad 50N 5 (B} 185N
Mercury 2 5
Ealanfum 50 . :
NONVOLATILE METALS (ug/)
Antimany & 50N
Barium 2000 473N
Cadmium 5 12M
Chromium [c) 100 1184
Coppar 1300 1)} 127N
Micked 100 48N
Zing 5000 (h) 259N

Roferance - Al Report {1990}

{b) MCLs Action Lova!

{2} No distinetton betwean Chromium Il] and Chramium VI,

{d) MCLG. Primory MCL s Troaiment Technigue.

{h) Socondary MCL

J = Estimated value lass than the sample quantilation
lmit, but greatar than zero.

N = Splked sampla recovary nat within contral llmits.

NA = Mot Avellabla '
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TABLE D-1.3
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POSITIVE RESULTS IN GROUNDWATER
MEMPHIS SAND AQUIFER
DEFENSE DEPOT MEMPHIS TENNESSEE

NCMNHALOGENATED VOLATILES {ugh

Acoiong PHASE I —— -— 3500D
2-Butanone FHASE I 4J -
4 — Mathyl - 2 - pantanare PHASE Il - al
NONHALOGENATED SEMVOLATILES {ugf)
| N=Nitrosadiphonylamine PHASE Il —— 36 —
NONVOLATILE METALS (ugfl)
Barium PHASE 11 2000 410 380
Chromium (z) PHASE Il 100 - 20
Coppoer PHASE Il 1300 () 10 20
Mickal PHASE Il 100 - 20
Zing PHASE 5004 [(a) 73 150

RAaference Rl Recprt (1580)

MCL - SOWA Maximum Contalnment Leval

{c} No distinction between Chromium 11and Chrormlum Wi,

(d) MCLG. Primary MCL |s Treatment Technique.

{9) Secendary MCL

D = Identifled In a1 anclysis &t & secondary ditution factor.

J = Estimaied valug less then the sample quenttation limi,
but greaier than zedo,

- = = Mot doloctad.

MA = Not Avallable,
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TABLE D-2.1

SURFACE 5011 SAMPLING LOCATIONS

SAMPLE TYPE LOCATION DEPTH

AND NUMBER

S5 PDO YARD 1-2"
150" south of MW-17

55-2 FOO YARD surface

353 PDQ YARD surface

hazardous material storage
Post £ Y-50-29-67-AA

Drums of cleaning compaund
solvent

55-4 PRO YARD surface
north of B streat; south of
Post # Y-50-34-67-AA
in drainage dilch

55-5 PDC YARD surface
southara most cement hin;
west of Bldz. $209; east
of Bldg. 308

$5-6 : DUNN FLELD
junction af drainage pipe and
and concrete ditch; east of
Bldg. 11384

surface

55-7 DUNN FIELD 1.0°
' burn asea: north of road north
of Bauxite storage

558 GUNN FIELD

100 sauth of gate on Dunn Ave.;
20" west of rr track £ 15
beneath oif drums

surface

559 DUNN FIELD

75" west of western {ence;
500’ north of Dunn Ave.

surface

550 HAZARDOUS MATERIAL STORAGE 0.5
southwest corner of Bidg. 629;
along ramp on Gth street

55411 HAZARDOUS MATERIAL STORAGE 0.5
west end of Bidg. 629;
below daor & 11
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south end of fish pond;

5512 GCOLF COLRSE 0.2
. 3’ south of waler-edge

55-13 GOLF COURSE surface
200" sguthwest of fish pond

5514 COLF COURSE surface
3’ east of 2ad street;
300" north of N street

5%-15 PAINT AREA a.2'
west side of Bldg. 1088
beneath metal dust collector

5516 PAINT AREA 0.2
north end of Bldg. 1087 .
east side of driveway and -
doorway

5517 PAINT AREA/SAND BLAST AREA 0.7
northwest comer of Bldg. 1088
just west of emergency exit door

5518 PAINT AREA 0.2
south end of Bldg. 1087

. east side of driveway

5519 PAINT AREA 0.2
narthwest corner of Bidg. 1087

5520 P-949 AREA
south end of new fabrie structure;
5 east of concrete slab

55-21 HARDSTAND OPEN AREA 0.5
300" south of B street;
2eastof mirack £3

8522 HARDSTAND OPEN AREA 0.5"
600" south of B street:
2" west of rr track # 3

55-23 HARDSTAND OPEMN AREA 0.5
2 pastof mrack & 4

5524 FUEL OIL STORAGE TANK 0.5
wast of Bldg. 720:
beneath diesel fvel tank




§5-23

5526

5527

5528

5529

5530

5531

55-32

55-33

5334

55-35

55-35

MOGAS STATION
southeast corner of G and
2nd street; 2° west of tank
valves

RECOUPMENT AREA
20" east of Bldg. 873;
south end of bin # 6

RECOLIPMENT AREA,
20' east of Bldg. 873;
norh end of bin £ &

RECOUPMENT AREA
150" east of Bldg. 873;
centerad on hin £ 7

RECOUPMENT AREA
125’ east of Bldg. §73;
20’ south of er track # 3

NEW CREDIT UNION BLDG.

OLD TRANSFORMER STORAGE YARD
3* southwest of southwest

corner

NEW CREDIT UNION BLDC.

OLD TRANSFORMER STORAGE YARD
2" norih of north end of Bldg.;

very center of building

HARDSTAND QOPEN AREA
30’ south of B street: centerad
between rrtrack £ 11 & 12

HARDSTAND QOFEN AREA

75" north of the northwest corner
of new hazardous material storage
building

HARDSTAND OPEN AREA
20" south of B street; directly
south of 804

HARDSTAND OPEN ARFA
northwaest corner of the new
hazardous material storage
building

HARRSTAND CPEN AREA
00’ south of B street;

3 gast of i track # 8

1.0
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1.0°

1.0

o

1.0

1.0

L

1.0°

1.0

ey

1.0°

1.0°




25-37

55-38

55-39

55-40

5541

55-42

5543

5544

5545

$5-46

5547

5548

CLD PESTICIDE STORAGE AREA
in flower bed between putting
pgreen and Bldg, T-273

BLDG, 770

50"north of south end of Bldg.
770; 10" west of building

at inlet to underground tank

BLDG. 770

50'north of south end of Bldg.
770; 55' west of building;
beneath two parbage bins fitled
with gil fitters, cans of hydraulic
fluid, and anti-freeze

HARDSTAND OFEMN AREA
100" south of B street; central
between 17th strest and rr track
£ 7; transformer storage anza

FDO YARD
Due South of Gate 19;
10” North of gravel Road

HAZARDOUS MATERIAL STORAGE
waest end of Bldg. 629

HAZARDOUS MATERIAL STORAGCE
South side of Bldg. 629
200" East of 5-11

DLUNN FIELD

PAINT AREA
South east corner of Bldg.
5:08¢9

PAINT AREA
just nerth of 51090
and just west of Bidg, 880

BLDG. 737
Marth west corner of bidg,
in the gravel

BLDG. 770
North east corner of
J & 10¢h 5t intersection

1.0

surface

surface

0.2

surface

surface

surface’

surface

surface

surface

surface

surface
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._ 55449

55-50

BLDG, 770D
Morth west corner of hldg.
2‘from storm drain

OLD PESTICIDE STORAGE AREA
beside storm drain at

southeast corner of bldg.
T-273

126 333

surface

surface




TABLE D-2.2

5018 TEST BORINGS
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SAMPLE LOCATION SAMPLING
NUMBER DEPTHS
STB-1 &4 DUNN FIELD 355

a7 f2.5

E 7y
5T8-2 DUNK FIELD 10.00

#2 17.5 -

#3 67.5
5TB-3 &1 PDO YARD 21.0 l

w2 260

#3 93.5’
5TB—4 #1 OLD DIP VAT DRIF AREA 19.0¢

w3 260

#3 102.0°
STE-5 #3 NORTHWEST CORNER OF MAIN 16.0°

w2 INSTALLATION 78.0°

£3 830
STB-6 #1 NORTHWEST CORNER OF 71.5°

&2 DUNN FIELD 760

#3 86.0

4 181.0r
5TB-7 #1 WEST EDGE OF DUNN FIELD A

#2 76.00

#3 91.0°

#4 170.0°
§TB-8 1 MAIN INSTALLATION MORTH 920

#2 OF BUILDING 835 97.0

#3 127.0

#4 212.0




TABLED-3 126 335
POSITIVE RESULTS IN SURFACE SOILS -
BUILDING 629
. DEFENSE DEPOT MEMPHIS TENNESSEE

R

HALOGEMNATED VOLATILES ugfkg

1,1,2=Trichioroathane -

— 11 -

Mathylene chlorde 183 13B BB 7B
Tetrnchiorcathans - -- & -
Trichtoroathana -—— -— | 2100E -

NONHALOGENATED YCLATILES ugfkg

Acatona 87 a5 24 21
Carbon disuidn al 8 -- -=
Telutmo GJ 18 4J 7

HALQGENATED SEMIVOLATILES ugikg

! Pentachlorophenol I - - - 270
NONHALQGENATED SEMNVOLATILES ug/kg
bls{2—Ethylhexyl) phtholate 300 - - 13008

. Dibanzefuran 1300 9700 240004 340
N-Nitrosadipherylamine - 510J8 150048 [ -- --
Polynuctasr Aromatic
Hydrocarbona (PAFx)

2—Methyinaphthalena 500 2000.) —-— -—
Acenaphthana 2300 20000 S4000.4 1100
Acenaphthylena 550 18900 i -- -
Anthrecens 4400 26000 P 1300004 1800
Bonzoiatant hreceng o500 1Mo0oOD 970000 5300
Banrn}pyrena 8300 1000000 450000 5210
Benzo(b)fuorenthone 9500 1100000 290000 2300
Barnrm(g,hineryens ‘ . 5300 850000 350000 2600
Benra{k}flucranthene 10000 Q20000 430000 -
Chrysane 5900 1200000 EZ0000 8800
Dicenio{a,h)anthracens 14004 G800 180000 1400
Flucranthana 23000 PRO0O0OD BSO000 9300
Flusrenn 2600 16000 47000, BEO.
Indenc{1,23—cd)pyrane 4500 T20000 10000 2800
Naphthalena 1500 4500 -— 120
Phenanthrena 1B00C 2000000 20000 00
Pyrana 18000 1800000 870000 83p0
TOTAL PAHs 150,050 1429300 | 6475000 E3,71G




TABLE D—3
POSITIVE RESULTS IN SURFACESOILS |,
BUILDING 629 b 336
9 DEFENSE DEPOT MEMPHIS TENNESSEE

HASE ;
PEETICIDES ugikg
4.4-DOD 2100X 3800 1400.% azoDJ
4.4'-DDE 45000 330000 90000 250004
4.4'-D0OT 67000 59000D 7900DJ 7100
alpha—Chiordann 40000 - - -
beta—BHC - - 1800XZ —
Cialdrin 240 - - 45000
Endrin ketone - 120000 - -
gamma-Chiardane 40000 3400.) 5204 -
Hepine bior 120 - - -
Heptachlor epoxide 250 - - -
Mothaxychlor - - 1500J -
VOLATILE METALS mgfkg
Arsanic 12 20 12 26
Lead 51 1680 1120 126
Marcury 0.ca0 0.84 1.3 ——
. RNOMYOLATILE METALS mg/kg

Antlmony - BE - e
Barkim 575 243 108 705
Cadmium 1.1 6.0 11.8 -—
Chramium 24 135 38 15
Copper 16 135 705 15
Nlzkal -—- - aa7 50
Sitvar 2.0 5.0 - -
dnc 53.4 960 10400 .8

Refarance — Al Repart (12904

na = Not Available

B (lncrganic) = Value less than tha Cantract Required Detection Umit {CAOL, it gresater than the
Instrument Detecton Umit [I0L). B (Qrganle) = Found in method biank,

[} = Idartifipd 1n an analysia at a sacondery dilution isctar,

E = Concentration exceeded tha calibration range of tha GC/MS natrument,

J = Eatimated valus losa than the sample quanttation Imit but greater than morg,

X = Eatimated value dus to a corfirmed compound which ia oif—sealn in both columns.

** m Na distinclion between Chramium (17 and Chromlum (vl

—— = Nt detected.,




TABLE D-4
POSITIVE RESULTS IN SURFACE SQILS
FUEL OIL STORAGE TANK
DEFENSE DEPOT MEMPHIS TENNESSEE

126 337

HALOGENATED YOLATILES {ughg)

| Mothylene chlotide 138
HNOMNHALOGENATED MOLATILES {ugfko)
Acatone 58J
Toluens 5
NONHALOGENATED SEMNOLATILES (ugikg)
bia(2- Ethylhexyl} phthalets 4708
N—Nitrosodiphemtemine 533BJ
Palynuclaar Aromatic
Hydrocarbona [PAHS)
Banza{alanihracann 4l
Banzo(a)pyrens 7id
Bonzoih)Auoranthono 100GJ
Banzo{k)flueranthone anJ
Chrysenae rJ
Flucranthene 200
Phenanthrarn 1204
Pyrene 1404
Tatal PAH= B&2
FESTICIDES {ugfkg)
4.4'-0DT 5
Dileddrin 1300
Endosulfan -1 41z
VOLATILE METALS {mgfkg)
Araonk 30
Lead o8
Mercury 0.06




TABLED—4 126 338
POSITIVE RESULTS IN SURFACE 80OILS
. FUEL OIL STORAGE TANK
DEFENSE DEPOT MEMPHIS TENNESSEE

NONVOLATILE METALS (mg/kg)

Barium E7.5
Chromium ** 25
Copper e
Mleke| 12
Zinc AR6

Aatarance — RIAspert {19390)
(Drganic} = Faund In method blank,
O = |dentified in an ane’ysls ot n sacondary dilutian tacior.
J = Esliimated valus leas than the aample quantitatian limit,
but grester than zerg,
£ = Mntrix interfarance; compound not pasliively identfiabla,
** = N distinction between Chromium (I and Chromium (V).




TABLED-5 126 339
. POSITIVE RESULTS IN SURFACE SOILS
GOLF COURSE
DEFENSE DEPOT MEMPHIS TENNESSEE

HALOGEMATED YOLATILES ugfig |

Chloroform —— -— 2J - --
Mathylane chioride 148 218 158 13B 188 |
Telrachlorathana -— - - 2] - _
Trichloroethene -- —— —— 4 --
NONHALOGENATED VOLATILES ugfkg
Acotone M 38 24 13 x2
Teluana 17 a.J &l aJ4 -
Taotal xylenes - = - - 8.J -=
NONHALOGENATED SEMNMOLATILES ugfkg
his (2 — Ethylhnxyl) phthelets 15008 220064 2708 71084 17008
N—Nitrosadiphenytamina 250, 2801 240.J - _
Fotynuclaar Aromatic
Hydrocarhons (PAHS)
Arenephthano - - - - 2001
Anthracanao —— _ 250.) - 3304
Benzs (minnthracone - 7o) 9204 - 81a.J
Banzo{s)pyrane - 3400 Ga0J - 610
Benzodb]flugrantbene - 420. 1100 620 1106
Benzo{g.h.)perylena - - 78O - --
Banzoxucranthena - 340, 1100 - ——
Chryaana -— 338G 1200J - 230
Fluoranthene 334 630d 2700 TBOJ 2200
Flucrane - - - - 1600
ircdano(l,2,3—cd)pyrene -— - 7004 - amd
Phenanthvane : - 3o 16004 S0l 2000
Pyrena 230 560 1700 580.F 2500
Tatal FAHs 550 3,260 13.010 2,500 11,270
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TABLE D-35
. POSITIVE RESULTS IN SURFACE SOILS
GOLF COURSE
DEFENSE DEPOT MEMPHIS TENNESSEE

PEBTICIDES uglkg
4.4'—00E 20000 340D -— 12000 43000
44'-DOT 870 280 -— 40000 200004
Dleldrin 7600 8340 20000 14000 ' 300D ,
Hep[ﬂthlﬂr - _ - — {1007 |
Heptachlar apaxide -— —— - - 3407
baota-HHEG - - - - 2500

VOLATILE METALS mg/kg

Arsenic 33 22 41 42 12
Lead apir S0GT ROG* H 157
Mercury 0.15M 01N D.EN D.32 0.5
NONVYOLATILE METALS mp/fig
. | Antimany — - 5.08 50 -—
Barkum 958 118 117 6.9 8.4
Cadmium -= - -— 2.0 18
Chromium ** 06 136G 1BG 13 7
Copper 4 21° 5 - i5
Nickal 1ar 124 12" 13 ]
Zinc 81,2G 80.3G 22.3G 80.4 230

Fateronce — Rl Aeport {1390)

B {Inorganic) = Value iszs than the Contract Roguired Detection Limit (GADL), but greater than the [nstrument Detectan Linth o).
B {Crganiz) = Fourd in mothad blank.

D = |dentifled in an enalysis st a secondary d|lution factor.

G = Native analyts » 4 tirios opke added, thetefors aczeptance criteria do nat apaly.

J = Estimated value less than the sample quantilation limit, but graster than zero.

N = Splkod sampla racovery not within control (imite.

Z = Matrix interfargnce; compound not poattively idertflabla,

* = Duplicate mnalysls not within contrel limits.

** = Na distinctan betwaen Chromlurm {11} ard Chromium (VT

-— = Noi detactad.
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TABLE D-6

. POSITIVE RESULTS IN SURFACE SOILS
BUILDING 1088
DEFENSE DEPOT MEMPHIS TENNESSEE

T 5

HALOGEMNATED YOLATILES ug/kg

| Mathytens chioride | B 28 118 o 1B 1A ah i

NORNHAL OGENATED YOLATILES ug/kg

Acstore 15 17 12B a3 1184 13 <)
Toluana 5] LA -— 2l o) 24 -=

NOMHAL CGENATED SEMIVOLATILES uging

2,4 - Dimethylphenal - - - - T _ -
2—Mathytphanal —— - - - 11030J - _
4 -Mwethylphanol -— -- - - 3004 - __
Banzolc aeld - —— —— - . 1 - -
Banzyl alcoha! ’ - - —— 1000 - - —_—
bis (2~ Ethylhweyl phihelste 17008 43008 a8d 81008 - 12008 14008
Butyl banTyl phthatata = ] arod - - - —— __
Oibenzrohuron - - - - 2904 - _—
Dimathyl phihalate - - - - - 1800 -
Bi=rn=butyl phthalata 1804 470 -— S0l - - —_
. N=Nitroaodiphenyian e 150, 500, - _ _ - -
Phanal -— -— - - 5504 -— --

Polynucieer Aromatic
Hydrocerbons (PaHs)

Azanaphthane - - -- -— 250J - -—
Anthracans -— 11} 2000 - 28aJ -— -=
EBwnzo{pjanthracena - 2100) aoJ - 2200 184 o0l
Benzo{s)pyrane -— 17004 -— 70l 1800, 1404 84l
Benzo[bifluoranthena 120l 24041 13004 a3aJ B0 1504 1B0J
Benzolgh perylens : -— 14004 240, —— - - -
Benzo(kjfucranthens 10ad 2Nt -— - -— - -
Chrynana 119] 2500 7804 1000 2300 bt | 130J
Fluoranthans ' 2201 SEOG 18004 130d4] 200 3404 1l
Fiuorana -— -- —-- - 1DJ - -—
Indenc(1,2,3-cd)pyranw - 12004 83 - 15004 1204 -
Naghihalera - - -— - 450 - -
Phenant-rens 130d A0CQ.) Too) 7B 2500 0. 1204
Pyrana 1804 4700 1100J B80S 2600 ) 250
TFota! PAHy 840 27,870 B8 0ad 477D 18,920 2,050 i)
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. POSITIVE RESULTS IN SURFACE SOILS
BUILDING 1088
DEFENSE DEPOT MEMPHIS TENNESSEE
HASE

PESTICAOES ugky
4,4 -000 450 250 520 -- - - 14
4.4 =DDE 110D 13000 ro 4500 180 A3 &7
4,4 ~00T 450D T40D 2800 11000 B0 w0 110D
alpha—BHE 122 - -— -— -- - -—
a|pha = Chior dana -— - -— -— - 75) -——
buala—AHC 282 - a2 - - —_— -
daln-BHC - -~ "z - - - -
Dieldrin 1102 4102 -- - 220 -— -—
Entioay fan -t 107 —— - - - . -
gamma—BHC (Lindame) Nz -— -— —- -~ -_ -
gamma—Chiordene -— -— - - - ) -
| Heptachior #poxlde Bz —— —= - —_— - -
PCBe ugfkyg
Aroclor — 1018 1002 - 1402 - - - —
Aroeler — 1221 952 - - - - - -

. Aroclor—1332 7oz - 5502 - —— - -
Aroglor—12a2 1307 - 200Z - - - -
Araclor —1254 -— 100040 - - - - - -

|

Tala! PChy 585 10,000 200 —— - | - _
TOTAL VOLATILE METALS mg/kg
MAranic a - - 15 —— - -
Lead 2070a 17508 237 2080 1 5300 32 189
Mercury 004N 0.8 -— 004 oia -— -
Salenium —— - - ] - —_ .
TOTAL NONVOLATILE METALS mgfkg
Antimony L1:] a0 - ] 45 - -
Barium 218 3 109 L L -] 144 as5.2 LI
Cadrmilum 18N 23,4 0.7 17 4 - -
Chi orlum =~ 7145 sr10 109 2885 2330 138 78
Coppw 124 240 72 52 148 118 m
Mizkeal h T B3 23 1a 32 o] 24
Silver -- c.e8 - - -- -- -
Zina "G 21000 TG 22100 2500 e 145

Referorce — Rl Raport (1000)
8 {Inorgunic) = Va/uw lewa than the Cantract Aequired Datection LimE [CADL), but greater then the insrumant Detsebon Lim {¢0L).
8 (Organie} = Found & mathed blank
O = |dentifiad in an anahyale et & weesndary ditution factor,
G = Naiive analyta > & times aplke added, ihace!ot e accoptance eriberia do not apply.
J = Ealimated valua leas then the sample quartiistion kmit, but graster tan zes,
. N o Spiked sampls racovary not within ¢cnbred mits.
Z = Malrix Interfer snce; campound ned pealtively identiflakie.
* = Dugpllcate analysis noi withim esntral limit.

“* o No diatinetlon batwean Chromivm (I} and Chromium (V1)
== = Not datectad.
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POSITIVE RESULTS IN SURFACE SOILS
GRAVEL AREA EAST OF 5873
. DEFENSE DEPOT MEMPHIS TENNESSEE

i i

LES {ugfie)

| Mathylens chlorde | 238 128 4.l 4] |

NOMNHALOGENATED YOLATILES (ugfkg)

Acetono 58.J g o &l
Toluang a 4, 33 1
Total xylenss - - a4 —
NOMHALQGENATED SEMIVOLATILES [ug/kg)
bia {2 — Ethylhexyl) phthalate 4408 aoad 380Hd J408)
Clethyl phthalate FE A — - -
Qi—n—-butyl phthalete adl - - -
MN—Miresod phanylamine - 490, - -
Polynuc| 8er Andmstic
Hydrocarbens (PAHs)
Benzo(aleninracers 454 - __ -
Benzg (b)flucranthers o - - -
Chrysens a4, - — -
Flupranthana TEL [ - -
Phonantwene 58] —— - -
Pyrona 55.J - - ——
Total PAHs 344 —— - -
VOLATILE METALS (mg/kg)
Arsanic 28 36 17 ot
Loed 17 13 15 1
Mercury £.03 -- 0,02 0.03
NONVOLATILE METALS [mgfkg)
Antirmony 7 a 5 g
Barium 143 105 183 18,5
Chromium ** 1B 17 ] 10
Coppar 22 2 3 1
Nickal : 20 18 5 8
Zine 705 87 ") -—

Raterenca — Rl Rapart (1990)
. B (Organic) = Found In method blank.

J = Estimaled valua lass than the sampke quantitation limit, bul graatar than zoro.
—— = Mot detected.

** = Not distinction betwoan Chromium (1) and Chromium (Y1),

nD-44
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. POSITIVE RESULTS IN SURFACE SOILS
BUILDING 770
DEFENSE DEPOT MEMPHIS TENNESSEE

HALOGENATED VOLATILES ug/kg

11,1 -Triehloroathang 19 - - -
Mothylane chlodds 368 aB s8) 68
Tatrachloretherse 34 - - _
Trichlgroatherns —— - 1J aJ

NONHALOGENATED YOLATILES upfkg

‘4—Mathyl — 2— pontanons — &l _ —_—
Aestone 47.] 200 51 2
Ethylenzgne aJ & - -
Taoluane 43 18 13 32
Total xytenas 580 53 1J 2J

. NONHALOGENATED SEMIVOLATILES upfkg

2-Methyinaphthatena a10J 4000 - -— ]
his(2- Ethylheaxyl) phthalate 48008 - 3408 160B.

Dibenzofuran -— 350 - -

Butyl benzy! phthalats - 13004 - - |
D~ n—buty! phthalate - asa] - -

Palyruclaar Aromatic

Hydracarbons (PAHs)

3-Nitroandline - -

-- e
Banzo(s)anthracene 7500 - 8o -
Bonzo(a)pyrene 3500, —_— 62) -
Banzafk)lucranthana 2800 - 1804 pod
Benza{kifluaranthens 48D0 - - _
Chryzsana 22004 - 110J - :
Flunranthana 12000 - 160, gal
Fluarena 8204 - - -
Indeno(1,2,3-ed)pyrere - - 54) -
Naphthelana - 1800 - -
Phenanthrena 18000 1100J 88 ard
Pyrona 1300K) 840 1701 150,
Toia PAHs 45,030 8,480 &70 240




TABLE D=9 126 348
. POSITIVE RESULTS IN SURFACE SOILS
BUILDING 770
DEFENSE DEPOT MEMPHIS TENNESSEE

TIAn

PESTICIDES ugg

4.4'—0DD - — ] 10J —_
4.4'-DOE - - 17 -
4,4'-DDT -— - 52 -
beta— BHC 2002 - 267 14Z
gamme—BHC {Lindans) 1207 - - -
VOLATILE METALS mglkg
Arsanic 9 13 o -
Lead 48 24 o0 4
Belenium - 15 - -
. NONVOLATILE METALS mg/kg
Antimany _ 17 - __
Barlhum 20.08 15.8 193 1"y
Cadmium 1 a 05 0.8
Chrampum ** 10 - 18 5
Coppor 13 18 10 4
Nickal a 7 8 5
Zine 431 122 55.2 59.4
Ratarence — Rl Rapart {1690)

B (Inorganic) = Valus tess than the Contrart Raquired Detection Limi
(CADL), but grestes than the {nstrumant Detaction Umit (BL).
B {Qrganie) = Found in matrad blank,
J = Entimated value less than the eample quantitation limH. but greatsr than zero.
X = Eatimated value due to a confirmad eompound which is off—scale In Soth columns.
£ = Matrix Interterence; compaund not pasitivaly identifiable.
** = No distinction batwees Chromium (IIl} and Chram|um (VD)
—— = Not datectad.
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POSITIVE RESULTS IN SURFACE SOILS
OLD TRANSFORMER STORAGE YARD
DEFENSE DEPOT MEMFPHIS TENNESSEE

HALODGENATED VOLATILES (ug/hg)

l Meothylene chloride &l 78 1

NONHALOGENATED VOLATILES (ug/kg)

Acotone .l B

Toluene &) -=
HONHAL OGEMATEL} BEMNOLATILES [ugflg)

hia {2 — Extyl hoooyT) phthalate 35084 4608

Polynuclear Aromatic -
Hydroceaubons (PAHS)

Benzo{a)anthracona 240, -

Beanm{a)pyrana 190 -

Benzo(b}filucranthene a2 -

Benzoig.h,jperylens 230 -

Chrysena 230 -

Ruaranthensa 230J -

indernafl .2,.3—-cd)pyrune 180J -—

Phenanthrans {0 -

Pyrana J40J -

Total PAHS 2350 -
RPESTICIDES (ugfa)

4,4'-DDE 780 18

4,4'~DDT 10000 1900
VOLATILE METALS (mgixg)

Arannle 18 12

Load a1 5

Marcury 0.04 0.02
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POSITIVE RESULTS IN SURFACE SOILS

. OLD TRANSFORMER STORAGE YARD
DEFENSE DEPOT MEMPHIS TENNESSEE

NONVOLATILE METALS {ma/kg)

Antimony 4 ——
Bartum 8.1 213
Cadmium 1 --
Chrermium ** 14 10
Coppar ) &

Wickal 13 3

Silvar 0.6 -—
Zinc 53 it

Raolgrenca - Rl Raport (1690)
B (Oiganic) = Found in method blank.
D = Identified [n an analyals &t & secandary dilution teotor,
J = Estimated value tess than the sample quantitetion limit, but greater tham mee,
—— = Mot dotecied.
. ** = No distinction bewsen Chromium (I} end Chromium (VI).
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POSITIVE RESULTS IN SURFACE SOILS
. BX GAS STATION
DEFENSE DEPOT MEMPHIS TENNESSEE

HALOGENATED YOLATILES {ug/kg}

| Motylera chioride 258

NONHALOGENATED SEMIVOLATILES (ug/hg)

biaf2 — Ethylhexylh phthalate 5108
N-Nitrcsodiphenylamine SEH.

Polynuclear fzamatic

Hydrocarbons {PAHs}
Benzojajanthracarae 541
Benzo(a)pyrene 53
Benzolb}fluoranthene B2l
Benra(g h.jperylena L. |
Benzagk)iumranthens B3l
Cheyaans TE)

. Fluoranthene 1404

\ndeng(l,2.3-cd)pyrens 47J
Pheranthans 764
Pyrens 110J
Tolel PéHs 763

PESTICIDES {ug/kg}

| Diatdrin I 28D |

VOLATILE METALS {mgid)

Arsenlc 25
Load 16
Mercury 0.03

NONVOLATILE METALS {ma/&g)

Antmony 4

Bariiem 130
Chramium ** 14
Capper 20
Nickel - 19
Zinc 57.9

B (Organic) = Found In mothod Blank,

D = ldantifiad In an analyala at & secanedary dilution flacter,

J = Estimated vahue less than the samyple quantitation limit, but groater than zero.
** = N distinctlon batween Chramium {1lI) and Chromium (V.

Ratergnce = RI Regart (1890) N

D-49




TABLE D-12
POSITIVE RESULTS IN SURFACE SOILS
PESTICIDE STORAGE AREA — BUILDING 737
. DEFENSE DEPOT MEMPHIS TENNESSEE

126 352

NONHALDGENATED VOLATEES {ugfkg)

Acwlone T4
Tl &J

NONHALOGENATED SEMMOLATILES [ug'ky)

bia (= Eihyihexyl] phihalabe 3B
Polyruckes Aramatic
Hydrocarbana (PAH1)
Chrysens 76J
Banzoja]anttracene LTA
Barzo(a] rr ana And
Berzo(b)fuoranttane -t
Flucrarttwane 1304
nckenafl 2.3 —cdjpyrane B4l
Phermntivane T2J
Pyranm 13
Toml PAHS na?

PESTICIDES {ugrkg)

4.4'=-DOE 14

4,4'=D0T ™
alpha—Ghiorcare 330t
beta-BHC LL:e s
gamma—Chiccdane B
Haptachlor spoodds 912

VOLATILE METALS [mg/kg)

Arawnic
Ll

NONVOLATILE METALS (mg/ked

Barkum 08
Chrombom = ]
Copper 12
Nickel ’ 3
Zne a7 -
Astwance — Al Raport (1990
. =* = Np datinclion bebwssn Chrorm (i) and Cheombum [V,
B [Crpaniz) = Found in mathed blank

0 = battiflad Inan analyst et o secondary diution tacior,

4 = Bstimated valus lexs than the sample guartitstion lmb, but greater than zere.

X = Extimetsd yalus dus o & corfirmad compaund which b off—scals In both oolumns.
Z = May b imterterercs; compound not posiively Kentifable.

D-50
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TABLE D—14
POSITIVE RESULTS IN SURFACE WATER

DUNN FIELD
. DEFENSE DEPOT MEMPHIS TENNESSEE

HALOGEMATED VOLATLES {ugh

| Mathylene chioride 11,000

NOMHALDGEMATED VOLATLES [ugM

1 Acetiona

NONHALOGENATED SEMNOLATILES {ugh)

Benzoic acid
biz(2—Fthyhaxyl) phthante

10B.
M= HNir oxodipherylamire

- -- 5B

2Ez

PESTICIDES (ug/

Dialck I | RE) I n — ]

VOLATLE METALS {ug®

’ . I 1 ead B2 3.2 l - 40 = I
NOMNYOLATLE METALS (ugT

B fum

Cadmbum
Copper 8 12 iep 1 -
Ins 120 110 57 110 140

na na "B L

Avfarance — Al Aaport (1906)

B (Inorganic) = Value less than the Contract Required Jetection
Limit {CROL), but grambir than the instrumant Dstectian Limk (0L).

B {Orpanle) = Foundin methad hlank,

J = Estimated value lexs than the sample quartistion limit, bt greebe than zarg,
== = Not deteciad.
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TABLE D-18
POSITIVE RESULTS IN SURFACE SOILS
DRMR YARD

DEFENSE DEPOT MEMPHIS TENNESSEE

126 360

HAL OGENATED VOLATILES ugfkg

{ Methylene chioride 71008 88 148 168 418 15B
NONHALOGENATED VOLATILES ugfkg
Azatong -- -- BJ aJ 4. 12
Toluane - B 17 -— 2 i3
Total xylanes o 4.4 " - - -

NONHALQGENATED SEMNOLATILES upfkg
Berzoic acid B4 - - - a0l _
bis(2— Ethylhexyl) phthalete 630 - - 420.) 900 2308,
Hutyl banzyl phthalata - - - - 4700 =
Dianzofuran - - - - 2504 -
N-Niresodiphenylamine - - 5A0.} - - -

Falynuclear Aramatic
Hydrocarbons (PAHs)

Acenaphthana - - - - a50t -
Acenaphthytena - - - - a50J ——
Anthracaro 6100 - - __ 2000 -
Bonzo(a)anthracana - —_— - - 550 1200
Banzn(ajpyrana -— - —— -— 6200 -
Benxo(b)fluoranthene —— -— - - B200D 210J
Banzaighjperytens - - —— - 5000 -
Banzu{k)fluaranthene - - - — 7800 -
Chrysena 490 - I - 7400 170d
Qibenzo(a,hjanthracans - - - - 26800 _—
Fluoranthene -- - -- 100J 15000 arod
Flucranea -— -— - - 590l -
Indenafl,2.3—cd)pyrone -— -— - - 4000 ——
Fhanenthrene -- -- —= 1004 7700 200
Pyreng 3100 -= 57l -— 17000 290J
TOTAL PAHs 9.69C -— 570 200 82,550 1,350




TABLE D-18
POSITIVE RESULTS IN SURFACE SOILS
DRMR YARD
DEFENSE DEPOT MEMPHIS TENNESSEE
Y 3T r?. e Feast e TR BT -
; o B
‘PARAMETER
i s O
PESTICIDES ugikg
4.4'- D00 - - -—— - 260 ——
4.4'-DDE -- 2960 250 - 1100D -3
4,4'-D0OT -— 15000 14000 -- 3900D 300
beta-BHC - - - - - 102
Qleldtin —— -= -— &esD -- --
Erdasulian sulfata - - -— - 360 ——
VOLATILE METALS mgskg
Argenic 4 18 26" k% 20 -—
Load 86N acM 129N s 2420 ar8
Marcury -— 0.030 0.830 0.050 D.48D ——
MONVOLATILE METALS mafkg
Anlmaony - - - - xa -
Barium 5.88 1.4 18.28 7.8 273 i
Cadmium - 4 15 1.0 159 0.8
Chromium ** 15 12 17 14 206 144
Cappar 245G 25%G 340G 26 1580 42
Nicke! 3.0B 8.0B 3.08 14 1496 8.0
Sivor -- - -- - 25 -
Zine zar 1:30* g2.4* 80.7 21E0 265

Asferance — Ri Report {1950)

B {lnorganic) = Yalue less than tha Contrazt Required Detection Limit {CROL). bul greater then tha Instrument Detection Limit (IDL).
B [Omganic) = Found in method biank.

D = Identfisd in an analysia at a secondary diution factor.

G = Naliva analyte > 4 timas aplks adred, fhersfora nceoptance crteria do not apply.
J = Eatimated value less than the sampla quantitation [nit, byt greatar than zera. -

N = Splkad aamplo racovary not within control Imits,

Z = Matrix intecfarance; campound nat positvely identiflable.

* = Duplicate analysis not within contrgl lImits.

** = No distinction betwean Chremium {1} and Chromlum Vi)

—— = Mot datecied




POSITIVE RESULTS IN SURFACE SOILS

TABLE D-1%

DUNN FIELD

DEFENSE DEPOT MEMPHIS TENNESSEE

PHAS

HALOGENATED VOLATILES {ug/kg)

Carbon Tetrachlorida

-— - -— - d}
Methylene chloride 448 488 10B 8B aB

NONHALOGEMATED YOLATILES {(ug/kg)
2—Butanane - - 19 —— —-
2—Hexanone - —— 2J - --
4=Methyl-2—pentanone -- - 62 - -
Acetone aJ 74 120 19 20
Ethylhenzene -— -— 2J -- -
Taoluane 1d 2J 6 —— 1J
Taotal xylenes - 3J 14 -= -—

NONHALQGENATED SEMIVOLATILES (ug/kg)
2=Methylnaphthalene -— 2600 36004 -— -—
4—Methylphenol -— 3004 -- -— -
Benzoie acld —— 2504 -— -— -
bis{2—Ethylhexyl) phthalate 940J -— —— 510 18608
Cibenzofuran -— 11009 -- -— -—
N-Nitresediphenylamine -— 14004 32004 —— -—

Polynuctear Aromatic
Hydrocarbons (PAHSs)

Acenaphtheng - 18000 -- - -~
Acenaphthylene - 2000J - - -—
Anthmaceneg -— 21000 - -- --
Benza(a)anthracene -- 8ictoD - 1504 2004
Benzofa)pyrena -- 680000 - 130J 150J
Benza(bjfluaranthana -~ §3000D -- 3004 300.]
Benza(g,h.iperylena -— 43000D —-— 1504 -
Benzo(k)fluoranthens -— 28000 - - ——=
Chrysena -— 870000 —— 21QJ 250,
Dibenzo(e.hjanthracene - 26000 - - -
Fluoranthena - 220000D -- 3404 510J
Fluorene -- 13000 -_- -= --
Indeno(1,2,2—cd)pyrene - 44000D - 120J -
Naphthalene —- 4800 - -- -—
Fhenanthrene - 1600000 - 180J 300J
Pyrene - 1600000 2600J 270J 5104

Total PAHS - 1,054,800 2500 1850 2220




1
TABLED-19 €6 363

POSITIVE RESULTS IN SURFACE SOILS
. DUNN FIELD
DEFENSE DEPOT MEMPHIS TENNESSEE

B

PESTICIDES (ug/kg)

4,4'—00E 160D -— -— - -
4,4'-00T 1700 - - - ——
alpha—Chlordane - 1500 -= -— -
Dieldrin 330D - 480D 64D -—

VOLATILE METALS (mojkg)

Arsenic 21 35 23 21 -—
Lead a1 122 459 10 2
Mercury 0.04 0.06 0.08 0.04 —-=

NONVOLATILE METALS [mg/kg)

Barium 99.2 105 6G4.5 70.3 B5.2
Cadmium 1.6 1 1.1 - -
Chromium ** 12 a2 - 10 27
. Cuapper 32 54 24 18 B
Nicke! 12 14 9 10 7
Sodium - - 828 - ——
2ing 102 114 300 45.1 30.2

Reterence — Rl Aapart (1990)

B (Inorganic) = Value less than the Contract Raquired Detection Limit {CRDL),
but greater than tha Instrument Detection Limit

B {Organic) = Found in method blank.

D = Identified in an analysis at a secondary dilution factor.

J = Estimated value less than the sample quantitation limit, but greater than zero.

** = No distinction between Chramiurmn Il and Chramium VI.

—~— = Mot detected.
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