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BXECUTIVE 3UMMARY

BPurpoge -

The purpose of the Remedial Investigation/Feasibility Study (RI/FS5)
at Defense Depot Memphis, Tennessee (DDMT) was to confirm tha
presence or absence of contaminatlon, to evaluate the extent and
significance of detected contamination, and to formulate remadial
action recommendationa, as appropriate. The RI/FS is a centinuing
part cof the Department of Defenae Installation Resteration Program
(IRP) . The IRP is a systematic examination of Department of Defense
facilities where the effects of past hazardous material storage or
wastae disposal may be of concern. This report presents the results
of the Remedial Investigatilon.

Site Degcription and Backaround

Defense Depot Memphis, Tennegses (DDMT) is situated on 642 acres
of fedaral land in the City of Memphis, Shelby Ccunty, Tennessea,
The Depot lies in the south central section of Memphls, four miles
southeast of the Central Business District and one mile north of
Memphis International Airport. DDMT is set in a mixed residential,
commercial and industrial land use area. DDMT conslsts of two
sections: Dunn Fleld, an open storage area about sixty acres in
siza, and the main installatipn, which is intensely developed.

As a major fleld installation of the Defense Logistics Agency, DDMT
warehouses and distributes an extensive inventory of supplies
utilized by U.S. military services and federal agencias. Thase
supplies apan a broad range of commodities including clothing,
food, medical supplies, electronic equipment, petroleum products
and industrial chemicals. Due to the nature of ita mission and the
large supply volumes handled, some itema were spilled, leaked or
disposed of within inatallation boundaries during the last forty-

aeight years. L,

8531.60 ES-1




A review of installation file data and othaer racords suggests that
as many as 77 waste disposal sites, spill locations and other items
of potential environmental concern exist at the facility. Much of
DOMT's waste disposal was conducted in past years at Dunn Field.
Some loss of stored materials through spillage or leaks also
occurred at the main installation.

Investigative Progiam

This Remedial Inveatigation is the second eof three principal
activities comprising tha Remedial Investigation/Feasibility Study
(RI/FS) process: Phase I included the preparation and issuance of
the RI/FS Work Plans {(April 1989). Thess plans gunmarized known
conditions at DDMT and the results of praeviously conductaed studies.
The plans also provided project specific guidance for sampling,
analysis, data management and health/safety measures.

Phase II, tha Remedial Investigation, focuses on tha inatallation,
{ts activities, the study area's environmental setting and the
facility's environmental data collection, sample analyses, data
evaluation, and a Risk Assassment.

Phase III, the Feasibility Study, will conaist of the development,
screening, evaluation and final salection of preferred remedial
action alternatives.

Coptamination Extent and Source

Dunn Field Ground Water

The ground-water gquality investigation at Dunn Field revealed
plevated (above background and ARARS) levels of chlorinated
volatile organic compounds and metals in the Fluvial agquifer hboth
on the installation and beyond tha installation boundaries. The
investigation indicates that the plume of contaminated ground water

8531.60 E5=2
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has migrated in a generally west and northwest direction. The
contamination source is probably associated with the waste material
burial trenches ln Dunn Field. The western extent of tha plume is
not defined. In other areas, the plume appears tc be dafined by
wells with low or nondetected levels of corganics and background
levels of metals.

Soils analyzed from the soil test borings in Phase II at Dunn Field
contained low levels of chlorinated volatile organics within the
confining unit at STB-6 and in the Memphis Sand aquifer in STB-6
and STB=-8. This contamination may have resulted from downward
migration of these constituents from the overlying Fluvial aguifer.
Howevar, the possibility also exists that the contamination may
have been transported from the overlying agquifer during drilling
operaticons.

Two menitoring wells were screened in the Memphis Sand aquifar;
A fairly high level of acetone contamination was datected in MW-37.
The source of acetone is unknown, since this was not a significant
contaminant in the Fluvial aquifar. No other significant
contamination was detected in either Memphis Sand monitoring well.

Main Installation Ground Waterp

At the main installation, generally low levels of wetals and
chlorinated volatile organics were detected in two areas of the
Fluvial aquifer. Thae first area is located near Lake Danielson
(MW~-25 and MW=26), and the second in the southwest corner of tha
installation (MW-21, MW-22 and MW=-39). The sourca of this
contamination has not been datermined; however, analysia of surface
scils shoved the presence of tetrachlorethene and trichloroethene
at Buildinga 770, 757, 629 and T273, which are in the vicinity of
the aforementioned walls. Due to the high mobility of thesa
compounds, the surface soll contamination could contribute to the
ground-water contamination,

B531.60 ES-1
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The complex Fluvial aquifar flow regime suggests that a portion of
Fluvial aquifer flow at the main installation is controlled by a
sink or channel-like feature incised in the underlying confining
unit. The two wells installed in the deepest known reach of the
Fluvial aguifer (MW-34 and MW-38) were relatively free of the
contaminants, suggesting that contamination i8 not currently
accumulating in that area.

Surface Solls

The surface soil investigation focused on probable or known '"hot
spots" at twelve separate areas at the main installation and Dunn
Field. Surface spils were found to be contaminated by solvents,
organic compounds, and/or metals at all sampling locations.
Several of tha sanples wera contaminated with pesticides and
polycyclic aromatic hydrecarbons (PAHs). The six most contaminated
areas were located at the maln installatien. Those areas Aare
listed below, along with the suspected source of contamination:

Site Sus o
1. DRMR Yard Leaking drums
2. Building 629 Spills swept or hosed out of doors
at Building 629
3. Building T-273 Cleaning of pesticide application
at golf coursea egquipment
4. Building 1088 General spillage from paint shop

and/or cleaning operations

5. Open Storage Area Leakage from railrecad tank cars on
Tracks #3 and #4

6. Building 770 General spillage from maintenance
shop and waste oil atorage drums

The extent of contamination was not fully dafined in any area.

8531.60 ES-4
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Surface Water and Sediment

Tha surface water investigations in Phase I and Fhase II detected
low levels of organic compounds, metals and pesticides. The
sediment investigation in Phase I detected appreciable levels of
pesticides and herbicides in the gelf course pond and in Laka
Danialscn.

Maior Findinas

ona consideratlion of the risk assessment involves potential
migration of contamination from the watar table aquifer into the
underlying Memphia Sand aquifer (the major drinking water supply
for the city of Memphls). Studies in tha Memphis area have
indicated the potential for this leakage. Results from this
investigation indicate that the cenfining unit is thick and
extensive in the northern portion of Dunn Fleld, but is lesa soc and
perhapa non-existent in scme areas of tha Main Inetallation.
Estimates of potential risks from drinking water exposures were
examined in the risk assessment and do not predict unacceptabla
risks via these exposure pathways under currently existing
conditiona. Key propertiaes of the confining unit relating to
contaminant migration have not been fully determined. Further
investigation of this migration potential and of the off-base
contamination is recommended.

The high levels of contamination in the surface solls can be
contrelled by access rastrictiona and dust control measuras.
However, the installation may eventually wish to utilize thase
areas, thus increasing the potential health riosk and the need for
repediation. on-sita risk associated with surface water
contamination in Lake Danielson and the golf coursa pond is low
because of generally low contaminant levels and current fiahing and
swimming restrictionsa. whila the surface water contamination
leaving the installation .is reduced by dilution, there is a

8531.60 ES-5
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potential risk to off-site pcopulations via fish ingesticn. The
. lake and pond sediment contamination ism aignificant, as it way
sarve as a reservoir of off-sita contamination.

. B531.60 ES-6
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1.0 INTRODUCTION

1.1 GENERAL

Defense Depot Memphis, Tennessee (DDMT) i= a major field
installation of +the Defense Loglistics Agency (DLA), U.S5.
Department of Defense (DOD). Due to the requirements of its primary
mission, providing material suppert to all U.S. military services
and some clvil agencies, DDMT has been engaged in a varilety of
cperations dealing with hazardous substance transportation,
shipment and disposal.

DOD developed the Installation Restoration Program (IRP} in 1981
to evaluate and remedlate tha effects af past hazardous waste
management and disposal practices at its facilitles and to comply
with provisions of the Comprehensive Environmental Rasponse,
compensation and Liability Act, as amended. All DOD facilities
will be examined under the IRP.

A Remedial Investigation and Feasibility sStudy (RI/FS) are in
progress at DDMT as a continuing part of the IRP. The RI/FS effort
is managed and contracted on behalf of DLA by the Huntsvilla
Division, U.S. army Corps of Englneers (CEHND). CEHND retained Law
Environmental, Inc. Government Services Division (LEGS) to perform
tha DDMT RI/FS.

1.2 EURPOGE

The RI/FS has been undertaken to assess tha hazardcus substance
contamination, to examine the migration potential of detected
contaminants, to evaluate the significance of detected
constituents, and to formulate appropriate remedial
recommandations.

8531.73



1.3 SITE DACKGROUND

The site background information utilized to develop, scope and
parform the Remedial Investigation at DDMT is summarized in this

secticon.

1.3.1 Site Description

Defense Depot Memphir, Tennessee (DDMT) is sltuated on 642 acres
of land, in Shelby County, HMemphis, Tennesssa, in the extreme
scuthwestern portlon of ths stata. DDMT ig approximately five
miles east of the Mississippi River and just northeast of the
Interstate 240, Interstate 55 junction.

The Depot 1lies in the south central section of Memphis,
approximately four miles scutheast of the Central Business District
and one mile northwest of Memphis Internaticnal Airport. Airwa}a
Boulevard berders the Depct on the east and provides primary access
to the installation. Dunn Avenue, Dall Road and Perry Road serve
as tha northern, southern and westaern boundaries, respectivealy.
Figure 1-1 shows the installation's location with respect to the
Memphis area.

As a major field installaticn of the Defense Logistics Agency
(DLA), Defense Depot Memphis warehouses and distributes supplies
common to all U.S. military serviceas and sorme civil agencles,
primarily in the southeastern United States, Puerto Rico and Panama
area, and also includes some worldwide shipments. The depot's
misaion is to receive, atore, maintain and ship items which are
centrally managed by the Defense Loglstics Agency, which is
responsible for supplying and servicing the tnited States military.
stocked items include food, clothing, electronic equipment,
petroleun products, constructicn materials, industrial, madical and

general supplies.

8%531.73
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Approximately four million line items are received and shipped by
the depot annually; it ships about 155,000 tons of goods a year.
In-stock inventory at the depot is worth more than $1.4 billion;
annual issues to the military are nearly $1.0 billien.

The Daefense Depot Memphis employs approximately 2,200 civilians
and sixteen military personnel; the depot's annual payreoll is $49.9
million. The total annual centribution cf the Depot to the area's
economy is more than $127 milllen (from 1989 installation
informaticn).

The installaticn consists of 110 buildings, 26 miles of railrocad
track and 2B miles of paved streets. It has about 5.5 million
square feet of covered storage space, and approximately 6.0 million
square feet of open storage space. The land and buildings are
ownad by the U.S. Army and are leased by DLA. Figura 1-2
illustrates the significant installatlon features. |

1.2.2 gite History

constructicn of the Defensa Depot Memphis began in Juna 1941 and
was completed in May 1942 on land bought from the Goodman family
for $225,000. The silte was previously used as a cotton field.
Operation of DDMT began January, 1942.

" Tha. initial mission and functions of DDMT were to supply, provide
stock contral, storage and maintanance services for the Army
Engineer, Chemical and Quartermaster Corps. During World War II,
the Depot sarved as an internment center for 800 priscners of war.
The Depot also performed supply missions for the sigpal and
Ordnance Corps.

In 1963 the installation was chosen by the Dafanse Supply Agency
(DSA), currently the DLR, to be a principal distribution center
for a completa range of DSA commeditias. On January 1, 1964

8531.73 1-4



FIGURE 1-2
SITE LAYOUT OF DDMT O

DEFENSE DEPOT MEMPHIS, TENNESSEE
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SOURCE: GEOHYDROLOGIC STUDY NO. 38-28-0195-83, DOM,
MEMPHIS, TN, 21 JUNE - 2 JULY, 1982
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tha U.S. Army released the installation to DSA and the
installation became the Defense Depot Mamphis. DLA ls responsible
to the Secretary of Defense for providing services and supplies
used in common by all the military services.

Several other organizations are co-located at DDMT and report
directly to DLA. These include Defense Industrial Plane Equipment
Ccenter (DIPEC), Dafense Reutilization Marketing Reglon (DRMR},
Defense Reutilization Marketing Organization (DRMO)}, Deafense
Logistics Agency (DLA), Customer Supply Assistance Center, Defense
contract Administrative Services (DCAS), and DLA Systems Automation
Cantar (DSAC).

As host activity, DDMT providas administrative support to the DLA
co~located activities. Services include accounting, personnel and
travel arrangements.

1.3.3 Previgus Investigationg

In conformance with DOD policies, a number of technical studies
have bean performed at DDMT to assist DLA in its continuing mission
requirements. The technical studies reviewed and utilized in
support of this Remedial Investigatlion include the following
general categorles:

1) Industrial Hygiene

2) Facility Planning )
3) Regulatory Compliance Consultation
4) Surface Water Quality

5) Ground Watar Quality

6) Waste Management Assessmaent

7) Hazardous Waste Remediatlon

Most of the studies were performed internally by the U.5. Army
Environmental Hygiene Agency (USAEHA} or tha U.S. Army Toxic and

8531.71 1-6
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Hazardous Materials Agency (USATHMA). A few were projects conducted

. by consultants or Architect - Engineer (AE) firms under contract
to DLA. The previcus investigations known to Law Environmental,
Inc. utilized in support of this Remedlal Investigation include the
follawing:

. Harland Bartholomew & Associates, Inc. , July 1988. Master
plan, Dafense Depot Memphia, Tennessea.

. 0.H. Materials Company, Summary Report: Feb. 1986. On-site
Remedial Activitieas at Defensa Depot Memphis, Tennessae.

» Phoenix Environmental Censultants, In¢., January, 13B4.
Environmental Assessment for Hazardous Materials Mission

Expansion.
. Defense Dapot Memphis Tennessea, 1982. Draft splll Prevanti&n
Contrel and Countermeasures Plan. Facilities Engineering
. Division, DDMT.

’ U.S. Army Environmental Hygiena Agency, December, 1986.
Ground Water Consultation Wo. 39-26-0815-87. Aberdean Proving
Ground, MD. 21010.

. U.S. Army Environmental Hygiene Agency, March, 1986. Water
Quality Biological Study No. 32-24-0733-86. Aberdeen Proving
Ground, MD. 21010.

* U.S. Army Environmental Hygiene Agency, July 1932.
Geohydrologlc Study No. 38-26-0195-83. Aberdean Proving
Ground, MD. 21010. '

. U.S. Army Toxic and Hazardous Materials Agency, March, 1%31.
Installation Assessment of Defense Depot Memphis Tennessee.
Aberdeen Proving Ground, MD. 21010.

. 8531.713 1-7
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pafense Logistics Agency, 1 October, 1980. Defense Depot
Memphis, Master Plan Component Analysis of Existing

Faci;ities.

U.S. Army Environmental Hygiene Agency, August 1977.
Environmental Impact Assessment. Consultation visit No. 21-
1443-78, Defense Depot Memphis, Menphis, Tennessee.

U.S. Army Environmental Hygiena Agency, August 18753,
Environmental Survey No. 99-012~76, Defense Depot Meumphis,

Tennasseea,

U.S5. Army Envircnmental Hyglene Agenc&, January 1978.
Environmental As=sessments of Existing Operations at DLA
Installations. Survey No. 24-1441-78,.

Defense Supply Agency, 1378. Defense Depot Memphia. Safaty
& Health Office (DDMT-GE) Industrial Hygianca Survey No.
78-002: Asbestos Rebagging & Rewarehousing by Kennedy
Contracting Company.

U.S. Army Environmantal Hygiene Agency, August, 1977. Waste
Management Consultation No. 26-1443-78, Dafanse Depot Memphis,
Tenhessea. Abardeen Erovinq Ground, MD. 21010,

U.S. Army Environmental Hygiene Agency, May 1577. Hazardous
Waste Management Survey No. 26-0020-78, Dafaense Depot Memphis
Memphis, Tennessee. Aberdeen Proving Ground, MD. 21010,

U.S. Army Environmental Hygiene Agency, September, 1977.
Industrial Hyglene Special Study Survey No. 556-35-0127-80,
Evaluation of Hazardous Matarial Warehouse, Dsfense Depot
Memphis, Memphis, Tennessea. Aberdaen Proving Ground, MD.

210140.

28
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. U.S. Army Environmental Hygiene Agency, August, 1977. Wasta
Management Consultaticn No. 26-1443-78, Defense Depot Memphis,
Memphis, Tennessee. Aberdeen Proving Ground, MD. 21010.

. Uy.S. Army Environmental Hygiene Agency, May 1%977. Hazardous
Waste Management Survey No. 26-0020-78, Defense Depot Memphis,
Memphis, Tennessee. Aberdeen Proving Ground, MD. 21010.

v U.S. Army Environmental Hyglene Agency, May 1980. Hazardous
waste Management Consultation No. 37-26-0113-81. Defensa
Depot Memphis, Memphis, Tennessea. Aberdeen Proving Ground,
MD. 21C140.

. 11.S. Army Environmantal quiéﬁe Agency, June 1977. Industrial
Hygiene Survey No. 23-022~70. Defense Depot Memphis, Memphis,

Tennasses.

) U.S. Army Environmental Hygiene Agency, October 1969.
Industrial Hyglena Survey No. 23-022-70. Dafensa Depot
Memphis, Memphis, Tennessee. Edgewood Arsenal, MD. 21010.

. U.5. Army Environmental Hyglene Agency, June 1373. Industrial
Hyglane Survey No. 35-049-73/74. Defense Depot Memphis,
Memphlis, Tennessee. Aberdeen Proving Ground, MD. 21010.

« - U.S. Army Environmental Hyglene Agency, June 1877, Radiation
Protection Survey No. 62-0431-77. Defense Depot Memphis,
Memphls, Tennesses.

. U.S. Army Environmental Hygiane Agancy, October 1574.
Entomoleglcal Survey No. 44-P09-75. Defense Depot Memphis,
Memphis, Tennessae.

» J.5. Army Envirommental Hyglena Agency, octobar 1979.
Installation Pest Management Program Review No. 16-62-0333-
90. Defense Depot Memphis, Memphis, Tennessee. Aberdeen
Proving Ground, MD. 21010,

8531.73 1-9
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. U.S. Army Environmental Hygiene Agency, Novembaer 1978,
. Installation Pest Management Program Review No. 16-62-0541-
79, Defensa Depot Memphis, Memphis, Tennessee. hAbardeen

Proving Ground, MD. 21010.

. U.S. Army Environmental Hygiene Agency, September 1977.
Installation Past Management Program Review No. 62-0577-78.
Defense Dapat Memphis, Memphis, Tennessee.

- U.S. Army Environmental Hygiene Agency, November 1973,
Installation Pest Raaistance Study (ES) No. 18=-62-0342-79,
Defensa Depot Memphis, Memphia, Tennessee.

. U.S. Army Environmental Hygiene Agency, Novembar 1973.
Entomclogical Survey No. 44-015-74, Defense Depot Memphis,
Memphis, Tennessee.

* U.S. Army Environmental Hygiene Agency, September 1576.
. Installation Pest Management Program Review No. 62-0544-77.
Defensa Depot Memphis, Menphis, Tennessee.

past and recent facility use conditions were reviewed to determine
the following:

1) Potaential Contamination Sources

2) What impact, 1f any, past/current conditions could have
on RI/PS project goals.

3) What constraints, if any, existing site conditions of
concern could place on planned facility monitoring and
sampling efforts.

4} what affects, 1f any, existing =site conditicns of
concern could exert on the interprataticn of project
monitoring and analytical data.

. 8531.73 1-10
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1.4 REPORT ORGANIZATION

The organization of this Remedial Investigation report is generally
consistent with the "Suggested RI Report Format” described in OSWER
Directive 9355:3=01, Guldanca for Conducting Remedial
Investigations and Feasibility Studies Under CERCLA, Interim Final,
October 1988. The report haa been subdivided intoe the following
sections:

1.0 INTRODUCTION. Discussea the investigation purpose,
general information, sits description and installatien
history.

2.0 STUDY AREAR INVESTIGATION. Describes the scope of the
study, fileld data collection methods and related
information.

3.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA. Discusses
the results of the field activities and the
characterization of surface features, soils, surface
water, sediments, geology and hydrogeclegic units.

4.0 NATURE AND EXTENT OF CONTAMINATION. Deacribes the types
of and levels of contaminants detected.

5.0 CONTAMINANT FATE AND TRANSPORT. Discusses potential
contaminant wigration pathways, contaminant migration
factors and anticipated persistence in the anvironment.

6.0 QUANTITATIVE RISK ASSESSMENT. Evaluates gquantitatively
the site-related impacts on public health and the
environment.

7.0 SUMMARY AND CONCLUSIONS. Summarizes the rasults of
Sections 4.0, .5.0 and &.0, above, and presents
conclusions and data limitations.

B531.73 1-11




2.0 BSTUDY AREA INVESTIGATIOCN

2.1 GENERAL

This section of tha Remedial Investigation report summarizes the
data sources, metheds and fleld data collection procedures utilized
to obtain the information required for study area characterization.
Supplemental information is included in the appendices and a
discussion of study resulta is presented in subsequent sections of
this report.

The study has been organized into threa phases:

. Phase I Scoping. This phase of work consists of an initial
site visit, installation and published information collection,
work plan preparation and a preliminary evaluation of remedlial
altarnatives. This effort was performed in order to learn the
types and quality of data availakle, what additional data was
required to evaluate sita conditions, to avoid duplication of
past studies and to provide guidance for this investigation.
The available data review focused on background information
relative to the nature and extent of contamination, as well
as previous remedial response actions initiated by DLA. The
hydrogeclogic and environmental data collected in earlier
studies was particularly important. The information sources
consulted during Phase I included:

1. Published data
U.5. Army Environmental Hygiene Agency
U.S. Army Corps of Engineers, Menmphis
U.5. Army Toxic and Hazardous Materials Agency
U.S. Geological Survey, Water Rescurces Division
U.S. Department of Agriculture, Soil
Consarvation Service

-
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Tannessee Division of Geology

. Menphis and Shelby County Health Department
Memphls Light, Gas and Water Division (MLGW)
various Consultants (to USACOE, DLA or DDMT)

2. File data
Dafense Dapot Memphis Tennessea
U.S. Army Corps of Engineers
U.S. Geological Survey, Water Resources
Division

3. Personnel interviews
U.8. Geological survey, Water Resources
Division
Memphis Light, Gas and Water Division
Defense Depot Memphis, Tennessee

Following a detailed data review, a summary of the installation's
. environmental setting, past and present waste management practices,
a conceptual site model, proposed ARARs and preliminary remedial
alternatives evaluation wera prepared. Site spacific Work Plans
were developed to guide the collection of field data, data
management, data interpretation and employee safety requirements.
The term "work plan” in this context refers to five separate
volumes including: '

Volume I Introduction - Review of Available Data Soil Boring and
Environmental Quality Information

Volume II Monitoring wWell Installatlon Plan

volume III Sampling and Analysia Plan

VYolume IV Data Management Flan

voluma V Safety, Health and Emergency Response Plan

The project's execution was guided by the detailed procedures and
methods described in tha Work Plan documents.

8531.73 2=2




Phase II. Remedial Investigation. This phase of work

consisted of the execution of all site characterization
efforts including data collection activities, sampling,
analytical procedures, data evaluation, a Risk Assessment and
the preparation of a Remedial Investigation repert. The
following subsections of this document describe the project's
Phasze II activities in detall.

. Phase III. Feasibility Study. This optional phase of the

project includes the identification, screening and avaluation
of remedial action alternatives and the preparation of a
Feasibility Study report. The Feasibility Study results are
presented in a separate document.

2.2 DATA COLLECTION

Phase II, the Remedial Investigation, included the collection of
raegional and study area information utilized to c¢haracteriza the
site, During Phasa I Scoping the mustard/lewsite burial site was
determined to be a significant concern (reference Figura 4-1). It
was decided that sampling of this site would be done by the U.S.
Arny Technical Escort Unit (TEU). The sampling of this site (it
done) will be a separate study and is not included as part of this
RI report. A description of each fiald data collection effort

follows.
2.2.1 Surface Features

The study area‘'s surface features (natural and man made) were
investigated by on-gita visual requnnalasnnca. U.S. Army Corps of
Engineers historical {comparative) aerial imagery, U.S. Geologlcal
Survey 7.5 Minute Series Topographic Quadrangle maps and
installation topographic maps prepared by U.S Army Corps of
Engineers, Mobila District, dated Fabruary 1989, The surfaca
featura information reviey results are presented in Subsection
3.1.1 eof this report.

B531.73
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2.2.2 contaminant Scuxce Investigationg

Study area contaminant sources were investigated by wvisual
reconnaissance, interviews with DDMT personnel, installation file
data and Internal technical studies and consultations. The
internal technical documents were produced by the U.S. Army
Environmantal Hygiene Agency and the U.S. Army Toxic and Hazardous
Materials Agency. A list of the previously completed studies
describing COMT's contazminant sources known hy Law Environmental,
Inc. is presented in Subsection 1.3.3 of this raport. The
contaminant source information was reviewed and is included in
Section 4 of this report.

Analytical data was obtained from surface and subsurface samples
collected at DDMT. This data was used to determine if past and
present activities at the installation have contributed significant
amounts of contamination to the environment. The investigation of
the surface features lncluded surface solls, water and sediments.
. The subsurfaca investigation focused on ground water and soils.

2.2.3 Surface Water and Sediments Invegtigations

Installation surface waters were sampled at ten locations in april
1989 and six locations in January 1990. Site sediments ware
sanpled at five locations in April 198%9. Three sediment sanpling
points are located in Lake Danielson and two ara located in the
Golf Courae pond. The approximate locations of the gsurface water
and sediment sampla collection points arae illustrated on Figures
2-1 and 2-2a through 2-2d. The procedures utlilized to collect the
samples are given in Appendix A. The sampling effort was
supervised in the field by an experienced, qualified chemist. The
analytical results are described in Subsections 4.2.3 and 4.2.4 of

this report.

8531.73
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2.2.4 gGeoleodjcal Investigations

To aid in determining the contaminant's migration rate and extent, the
geologic and hydrogeclogic features of the area were investigated. All
points of investigation are shown on Figures 2-1 and 2-2a through 2-2d.
The geoclogy study area was initially investigated by reviewing the
existing geologic information described in Subsection 2.1 (Scoping). The
geolegic information that was collected for the RI was carefully reviewed
and evaluated with respect to averall project objectives. The results
of the geolegical investigation are described in Subsection 3.1.5 of this
report.

The site sgpecific investigation encompassed two phases of field data
collection. During Phase I of the RI, five stratigraphic test borings
{5TB-1 through STB-5) were completed. These borings ranged in depth from
80 to 105 feet. 1In addition to the test borings, 18 monitoring wells
were installed into the saturated portion of the Fluvial deposits
aguifer. All but three wells were installed using Hellow Stem Augers
(HSA) . MW=-16, MW=-18B and MW=-27 wefe installed wusing mud rotary
techniques. Appendix A describes the twe drilling techniques used at
DDMT,

Two monitoring wells (MW-18 and MW-27) were inadvertently screened into
the unsaturated portion of the Fluvial deposits. MW-18 was screened in
the capillary fringe of the aquifer, thus no water would flow into the
well for sampling. During the installation of MW-27, a clay unit,
thought to be the Jackson/upper Clalborne confining unit, was encountered
at 96.0 feet. The boring was terminated and the well was installed at
the top of this clay unit. The final geologic interpretation (Figure 3-
7) indicates that the clay is a lens within the Fluvial deposita. Both
of these wells were advanced using mud rotary techniques. The
introduction of mud inte the boring caused difficulty in determining when
the saturated zone has been penetrated.

The deep (220 feet) stratigraphic test borings and twelve monitoring
wells were completed in Phaee II of the RI. Ten of the wells were
screened in the Fluvial deposits aquifer. Two ¢f the wells, MW-36 and
MW-37, were installed as Type III monitoring wells. Descriptions of Type
II and Type III wells are given in Appendix A (Section A.5).

8531.73 2-10
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Monitoring wells in the Fluvial deposits agquifer range in depth

. from 54 (MW-29) to 158 (MW-34) feet below grade and the measured
watear levgls vary from 37 (MW=29) to 145.7 (MW=-34) feet below
ground surface.

All field work was parformed under the supervision of a qualified
geologist. Test boring records were prepared describing the
subsurface conditions encountered at each drilling location and are
included in Appendix B. Drilling procedures are dascribed in
Appendix A. Eighty soil samples were subjected to soil mechanics
laboratory identification and characterization testing. Test
results are summarized in Takle 3-3 and the laboratory dat; is
included in Appendix C.

2.2.5 Surface Soils

The quality of DDMT's surface scils was investigated by collactiﬁq
40 surface scil samples in Phase I of the RI and 10 surface soil

. samples in Phase II. Sampling locations ware selected with respect
to past area use or contaminant source proximity. Surface soil
sampling 1locations are tabulated on Table 2-1. Analytical

information is included in Section 4.

2.2.6 BSubgurface Soila

Tha quality of DDMT'a vadose zona materials was investigated in
Phasa I by collecting and analyzing three soll samples from each
of the five shallow stratigraphic tast borings.

S0lil samples were selected from wvarlious depth intervals for
analytical testing. The depth at which each sample was taken is
given in Table 2-2. Sanmple Iintervals were chosen based upon
adjacent contaminant sources and/or likaly contaminant migration
pathwaya. For exampla, a boring location was selected to be as
. closa as possible to a likely contaminant socurce. Sample depths

8531.73 2-11 |
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. TABLE 2-1

SURFACE SOIL SAMPLING LOCATIONS

SAMPLE TYPE LOCATION DEPTH FIGURE
aAND NUMBER NUMBER
58=1 FDO YARD l=2" 2=2b
150, south of MW-17
55-2 PDO YARD surface 2-2h
55-1 PDO YARD surface 2-2b

hazardous material storage
Post # ¥Y-50-29-67-AA

Druma of cleaning compound
solvent

55-4 PDO YARD surfaca 2=2b
north of B street; south of
Post # Y-50-34-67-AA
In drainage ditch

55=5 PDO YARD surface 2=2b
. southern most cement bin;
wast of Bldg. 5209; east

of Bldg. 208

55-6 DUNN FIELD surface 2-1
junction of drainage pipe and
- and concrete ditch; east of
Bldg. 1184

55-7 DUNN FI1ELD 1.0° 2-1
burn area; north of road north
of bauxite storage

55-8 DUNN FIELD surfacea 2=1
100' south of gate on Dunn Ava.;
20' wast of rr track # 15;
beneath cil drums

58=-9 DUNH FIELD asurface 2-1
75" west of western fence;
S00' north of Dunn Ave.

55=-10 HAZARDOUS MATERIAL STORAGE 0.5 2=-2a
southwest corner of Bldg. 629;
along ramp on 6th streat

8531.73 2-12
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55-11 HAZARDOUS MATERIAL STORAGE 0.5 2-2a
. waest end of Bldg. 629;
balow door # 11
55-12 GOLF COURSE Q,2° i-2c
south end of fish pond;
3' south of watar-edge

§5-13 GOLF COURSE surface 2-2c
200' southwest of fish pond

55-14 GOLPF COURSE surfaca 2-2c
J* east of 2nd atreaet;
300' north of N streat

55-15 PAINT AREA 0.2 2=2d
west side of Bldg. 10338
beneath metal dust collector

E55-16 FAINT AREAR 0.2 2-24
nerth end of Bldg. 1087 '
east sidea of driveway and

docorway
858=-17 PAINT AREA/SAND BLAST AREA 0D.2" 2-24
northwest corner of Bldg. 1083
. just west of emergency exit door
55-18 PAINT AREA pD.2! 2=-2d

south. end of Bldg. 1087
east side of driveway

55~-19%9 , PAINT AREA 0.2" 2=-24
horthwest cornar of Bldg. 1087

S§-20 P-949 AREA 2-2a
south end of new fabric structure:
%' sant of concrete slab

55=-21 HARDSTAND OPEN AREA 0.5 2-2a
300" scuth of B streat;

2' east of rr track # 3

55=22 HARDSTAND OPEN AREA G.5" 2-2a
600" south of B street;
2' west of rr track # 3

55-23 HARDSTAND OPEN AREA 0.5" 2~2a
2' gaat of rr track # 4

a45311.73 2-13




A S5=24 FUEL OIL STOQRAGE TANK 0.5¢ 2-2a
. west of Bldg. 720;
beneath diesel fuel tank

§5-25 MCOGAS STATION 1.0° 2=-2¢
southeast corner of G and
2nd street; 2' west of tank
valves

55-=26 RECOUPMENT AREA 1.0¢ 2=2d
20' east of Bldg. 873;
sauth end of bin # &

585=-27 RECCUFMENT AREA 1.4t 2~-2d
2Q' east of Bldg. 873;
north end of bin £ &

55=28 RECOQUPMENT AREA 1.¢° 2=-2d
150' east of Bldg. 873;
centerad con bin # 7

55-249 RECOUPMENT AREA 1.0 2=-24
125" east of Bldg. 8713;
20!' south of rr track # 3

SS-30 CAFETERIA 1.0 2~2¢
. OLD TRANSFORMER STORAGE YARD
' southwast of southwast
carnar
55=-31 CAFETERIA 1.0°" 2-2¢

OLD TRANSFORMER STORAGE YARD
2' north of nerth end of Bldg.; |
very center of bullding

55-32 HARDSTAND OPEN AREA 1.9¢ 2=2a
10' south of B street; centered
betwaen rr track # 11 & 12

55-13 HARDSTAND OPEN AREA 1.0 <-2a
75" north of the northwest corner
of new hazardous material storage
building

sS&-14 HARDSTAND OPEN AREA 1.01 2-2a
20' south of B street; directly
south of 804

55=15 HARDSTAND OPEN AREA 1.0° 2=2a
northwast corner of the new
hazardcus material storage

. building .

8531.713 2=14




S6-36
55-37

55-38

55=39

55-40

S5-41

55-42

55-43

S55=-44

S5-45
S5-46

55-47

§531.73
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HARDSTAND OPEN AREA 1.0!
100*' south af B ztreet;
3t gast of rr track # 8

QLD PESTICIDE STORAGE AREA 1.0"
in flcocwer bed between putting
green and Bldg. T-2713

BLDG. 770 surface
S0' north of scuth end of Bldg.

770; 10' west of bullding

at inlet to underground tank

BLDG. 770 surface

50' north of south end of Bldg.
770; 55' west of building;

heneath two garbaga bins filled
with oil filters, cans of hydraulic
fluid, and anti-freaze

HARDSTAND OPEN AREA 0D.2!
100' south of B street; centrally
between 17th street and rr track

# 7; tranaformer storage area

PDO YARD surface
Due south of Gate 19; .
10' north of gravel Road

HAZARDOUS MATERIAL STORAGE surface
west end of Bldg. 629

HAZARDOUS MATERIAL STORAGE surfacea
south side of Bldg. 629

200' East of 55-11

DUNN FIELD surface
PAINT AREA surface
south east corner of Bldyg.

S1089

PAINT AREA surface
just nerth of S1090

and Just west of Bldg. 2830

BLDG., 737 surface

north west corner of bldg,
in the gravel

¥
&

2-2¢

2-2d

2=2a




i? ¢

-

55-48 BLDG. 770 surface 2-24
. " north east corner of
J & 10th St. intersection

88-49 ) BLDG. 770 surface 2-2d
north wast caorner of bldg.
2'from storm drain

55=50 QLD PESTICIDE STORAGE AREA surface :2-zc
begide storm draln at
southeast corner of bldg.
T=-273

2=-16

8531.73
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TABLE 2-2
. SOIL TEST BORINGS
SAMPLE LOCATION SAMPLING FIGURE
NUMBER DEPTHS NUMBER
STB-1 #1 DUNN FIELD 25.5¢ 2-1
#2 62.5'
#3 73.5!
STB-2 #1 DUNN FIELD 10.0°" 2-1
#2 17.5!
#3 67.5
STB=-1 #1 PDO YARD 21.0° 2-2a
#2 26.0°
#3 93,5
STB-4 #1 OLD DIP VAT DRIP AREA 19.0! 2~-2a
#2 ' 26.0¢ C |
#3 102.0° |
STB-5 #1 NORTHWEST CORNER OF MAIN 16.0" 2=2qd
. 22 INSTALLATION 78.0"
#3 83.0"
STB-6 #1 NORTHWEST CORNER OF 71.5°" 2-1
2 DUNN FIELD 76.0"
3 , 86.0°'
#4 181.0°
STB-7 #1 WEST EDGE .OF DUNN FIELD 71.0! 2-1
#2 . 76.0"
#3 91.0°
#4 170,90
STB-8 #1 MATN INSTALLATION NORTH 52.0° 2-2a
#2 OF BUILDING 835 97.Q°"
#3 127.0°'
#3 212.0!

. 8531.72 2=17
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wera chosen to permit the collection cof samples at elevations just
below a likely source's burial/spill point and within potential
migration pathways, above the saturated zona.

Potential contamination of the confining unit and the Memphis Sand
aquifer was investigated in Phase II by ceollecting four soil
samples from each of the three stratigraphic test borings. The
samples from these borings were selected at the following depths:
{1) top of confining unit (i.e. bottom of Fluvial deposits); (2)
and (2) both samples collected from within the confining unit; and
{(4) the top of Memphis Sand aquifer. The results of the subsurface
soil guality investigaticn are presented in Section 4.

2.2.7 Ground-Water Investigation

The quality of the ground water was investigated in three
inter-related tasks: a review of the available ground-water data
(described in Subsection 2.1), performance of eight stratigraphic
test borings to further describe acuifer characteristics, and the
installation of monitoring wells. A total of thirty ground-water
quality monitoring walls ware installed intoc the study area's
Fluvial deposits aquifer and two monitoring wells into the Memphis
Sand aquifer.

The monitoring well installation effort provided data describing
the site's deep and shallow hydrogeologic units. Individual well
water levels weare used for the development of generalized water
table mapa illustrating the Fluvial deposits saturated zone's upper
surface. In addition, field hydraulic conductivity tests were
performed in thirty of the ncnitering wells te obtain agquifer
conductivity data.

Ground-water gquality monitoring well installation records are
contained in Appendix D. Fleld hydraulic conductivity test records
are included in Appendix F. The results of the ground-water
investigation are included in Subsection 3.1.6, Hydrogaology.

8531.73 2=-13
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2.2.8 Study Area Land Utilization

The study area's land use was determined by visual reconnaissance
and from the previous investigations (Section 1.3.23).

2.2.8.1 Demographics -« The Defense Depot Mewphis, Tennessee is
located in the southern portion of the city of Menmphis. The
following information is <for the total Memphis Standard
Metropolitan Statistical Area (SMSA) clty area:

1980 CENSUS DATA FOR MEMPHIS METROPOLITAN ARFEA
1280 Cengus 1999 Estimate 1993 Proijection

Total Population 646,356 652,875 659,441
Total Households 230,474 244,545 253,588
Av. Household Size 2.8 2.6 2.6
Av. Household Income $17,983 $29,187 $36,505
Median House. Income 914,157 521,606 526,368

DDMT is surrounded by zip codes 38114 and 38108. Census data for
the area immediately surrounding the facility is summarized bhelow.

1980 CENSUS DATA FOR ZIP CODE 38114
1980 Censug 1988 Estimate 1993 Projection

Total Population 47,781 47,109 46,587
Total Househaolds 15,502 16,315 16,562
Av. Household Sizae 3.1 2.9 2.8
Av. Heousehold Incone $12,954 £19,398 423,506
Madian House. Incoma $10,467 $14,524 517,621

8531.73
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Total Population 46,6885 43,956 43,108
Total Households 14,588 14,214 14,312
Av. Household Size 3.2 3.1 3.0
Av. Household Income 511,569 %16,461 $1%,B73
Maedian Housa. Incone % B,756 %11,239 %131,083

The 1988 estimated median age for the populations surrcunding the
DDMT is 29.5 with 25% of the populaticn under the age of 15 and 11%
over the age of 65. Females make up 54% of the population. Most
of the residents have lived in the area less than five years or
more than fifteen years (D & B, 1988}. Two additional zip codes
are within one mile of DDMT, but no census data was available for
thesa codes (38132 and 38131) (City of Memphis, 19589).

2.2.8.2 Land Usg - The following summary was obtained from
Harland, Bartholomew and Associates, 1988.

2.2.8.2.1 Adjacent lLand Use - Defense Depot Memphis is located in
south central Memphis in an area of widely varylng uses. To the
naorth of the Depot are the Lines of the Frisce Railrcoad and
Illineils Central Gulf Railroad. A number of large industrial and
warehcusing operations are located along the rail lines in this
area including Kellogg Company, Laramie Tires, Lanigan Storage and
Van Company, the Kroger Company, National ﬂanufacturinq conpany,
Incorporated and United Uniforms. A triangular area immediately
to the north of the Depot along Dunn Road also contains several
industrial firms. Formerly a residential neighborhood, the area
is characterized by small commercial and manufacturing uses with
a few single family residences.

8531.73 2=20




Alrways Boulevard is the most heavily traveled thoroughfare in the
vicinity and is develaoped with numerous small, commercial
establishments, particularly from the Depot southward to the
Alrways interchange with Interstate 240. Businesses along Airways
are typical of highway commercial districts and include convenlence
storeg, ligquor stores, restaurants, used car dealers and service
stationa. Other commercial establishments are located to thae
north, south and west of the Depot. Most are small greoceries or
conveniance stores which serve thaelr immediate neighborhoods.

The Depot 1s surrounded by residential devalopment. The housing
stock ranges from medern, brick, ranch style hones located on wide
tree-shaded streets to small, frame houses built a half century
agoe, many of which ara in poor condition. Saveral large, multi-
family develcopments ara in the area, ranging from an older
apartment complex (Castalia Helghts Apartments), located north of
the Depot along Carver Avenue and Kaltner Cilrcle, to a neﬂiy
constructed devalopment {(Orchid Manor), located to the south of the
Depot on Ball Road.

Institutional wuses include numerous small church buildings
scattered throughout the residentlal neighborhoods. There are
several schools located in the area: Alcy Road Elementary to tha
south of the Depot; Norris. Elementary, Dunn Elementary, Corry
Junior High, Hamilton High, Hamlilton Junier High, and HRamjilton
Elementary to the west; Magnolia Elementary to the northeast; and
Charjean Elementary and Alrways Junior High to the east. Five
cemetaries are located near the Depot: Anshel-Sphard, located
directly across Alrways Boulevard; Baron Hirsch, located to thae
nerthwest on Reozella Street; and Calvary, Ferest Hill, and Temple
Israel in the vicinity of Person Avenue and Bellevus Boulavard,
west of the Depot. Memphis Light, Gas, and Water Division operates
a large substation to the northwest of the Depot along Person
Avernua.

8531.73 2=21
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Two nelghborhood parks are in the immediate vicinity of the Depot.
Alcy Samuels Park is located on Alcy Road to the south of the
Depot. Lincoln Park is located on Person Avenue to the west of tha

Depot.

Most of the land surrounding the Depot is intensely developed.
Howaver, three relatively large, undeveloped sites exlist in the
general area. The largest is located to the north of the Depot at
Person Avenue and Rozelle Street, Other areas are located south
of tha Depot along Ball Road and Ketchum Road in the vicinity of
the oOrchid Mancr Apartments, and east of the Depot on Dwight
Street.

2.2.8.2.2 Land Use Controls - In Memphis and Shalby County, zZoning
controls and subdivision regquirements are under the Jjurisdiction
of the Office of Planning and Davelopment (OPD). Tha Depot
property itself is zoned I-L or Light Industrial. This dasignation
extends to several contiquous parcels sast of the Depot alonhg
Airways in the vicinity of tha Kellogg plant westward past Rozelle
Streat. Several smaller araas adjacent to those mentioned above
are zoned I-H, Heavy Industrial.

Commercially zoned areas predominate along Airways Boulevard from
the Depot southward to the Alirways intersection with Interstate
240. Other commercially zoned areas exist along Castalia, Hearst,
and Ragan north of the Depot, and aleng Alcy and Ketchum south of
tha Depot.

Tha great majority of the remaining land in the vicinity of the
Depot is zoned for single-family or duplex residentlal. However,
several large parcelas have been zoned to allow nulti-family
developments particularly to the north of the Depot in the Castalia
Heights area; to the west of the Depot on Dunn Avenue near Lincoln
Park; to the south of the Depct along Alcy and Ketchum roads; and
to the east of the Depot along Alrways, Dwight, Pecan, and Ketchum.

8531.73 2-22
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2.2.9.1 Introduction -~ Study area ecological information, regquired
in the conalderation of potential contaminant receptors {Subsection
6.2 of the Risk Assessment) was obtained from published sources.

2.2.9.2 Surface Waters - The DDMT facility has two main surface
water features: Lake Danielson and the golf course pond. Both
bodles of water are locatad in the southeastern guadrant of the
facllity. Thasa watars are currently unasuitable for raecreational
purposes and serve primarily as drainage reservoirs. Drainage
channels on the facility and in neighboring areas drain elther to
Cane Creek, northwest of DDMT, or to Nonconnah Creek, south of
DDMT. Cane Creek also avaentually drains teo Nonconnah Creek, at a
point several miles southwest of DDMT. In turn, Nonconnah Creak
empties to Lake McKallar, which is part of thea Mississaippi Rivar

system.

. Tennessea Water Quality Standards define uses of waters which are
in tha public interest. The uses for waters include:

1) sources of water supply for domestic and industrial purposes;
2} propagation and maintenance of fish and other dJdesirable
aquatic life;

3) recreation in and on the waters;
4) stock watering and irrigation;
5) navigation;

§) generation of power;

s the enjoyment of scenic and aasthatic qualities of waters.

Under the Tannessae Watar Quality Control Act, when waters are

classified for more than one use, the mest stringent criteria will

be applicable. In addition, waters designated as wet weather

conveyances (natural wataercoursesa) shall be protective of wildlife

and humans that may comp in contact with them and maintain
. standards applicable to all downstream waters.

8531.73 2-23
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Nonconnah Creek and Cane Creek have bhaen classified for the
following stream uses: propagation of and maintenance of fish and
other aquatic species; livestock and wildlife watering; and
irrigation. In addition, tha portion of Cane Creek flowing near
the DDMT facility is classified for recreation. The most stringent
criteria which is applicable protects fish and aguatic life and
states that tha waters shall not contain toxic substances which
cause death or serious illness to aguatic Pblota and reference
critaria promulgated under the Clean Water Act and Safe Drinking
Water Act (S5DWA) (Tennessee Water Quality Board, 1987). SDWA
levels are glven in Section 6 and compared with contaminant levels
detected in the surface waters at DDMT.

2.2.9.3 Flora - Most of the facility is restructured surfaces with
little observable vegetation. The unsurfaced areas have native
Bermuda grass and some deciduous black ocak (Quercug wveluting).
Some decorative plant species have been used in landscaping the
housing area, golf course, administrative areas and the lake (SPCC,

1987) .

2.2.9.4 Faupa - No threatened or andangered species assoclated
with the Memphis area have been sighted on the DDMT facility. The
most pravalent forms of animal life are pests such as roaches, rats
and mosgquitos. Lake Danielson has been stocked In the past with
bass (Micropterus so.} and bluegill (Lepomis 5p.) and alec contains
catfish (Letalurus sp.). Dunn Pield is a large open area with
mature ocak trees and grass. Several additional species have been
noted at Dunn Field which include squirrels (Sciuvrus nlger), the
red fox (Yulres vulpes fulva), mourning doves (Zepaidura macroura),
quail (Colinuua  virginianug) and turtles (Terrpaene carolina)
(SPCC, 1987).

8531.73 2-24
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3.0 PHYSBICAL CHARACTERIATICS OF THE HTUDY AREA

3.1 PHYSICAL CHARACTERISTICS

The individual tasks performed to support this study (refer to
Section 2.0) collected a substantial volume of study area physical
characterization information. The results of physical
characterization data evaluation are presanted in this section.
supplemental information such as boring logs, field hydraulic
conductivity testing data, etc. are included in the Appendices.

3.1.1 Surface Features

Defensa Depot Memphis, Tennessea (DDMT)} is divided into two
separate areas, Dunn Field and the main installation, each with ita
own distinct land surface and use-related features.

Dunn Field 1lles Jjust north of the main installation and Dunn
Avenue, and consists of approximately sixty-féur acres of
undaveloped land. Dunn Field 1s unpaved; about one-half the area
is grassed. A few large deciduous trees are present in the north-
central part of the field. An arc-shaped ridgeline separates the
field's two northern quadrants. In the northeast quadrant of the
fiald, the areas surrounding the former peaticide/herbicide storage
ahed ({Building 1184) and the former burn area ara level and
grassed. In the northwest gquadrant of the field, the waste,
chemical and hazardous materials disposal zona is a laval to gantly
sloping grassed area. The scuthwest quadrant of the field is a
grassed, gently sloping area. The southeast quadrant is a level
zone utilized for both covered and uncovered bulk materials
storage. '

Dunn Field's topographic expression is that of a level to gently
rolling open area. It appears toc slope to the east and wast from
the bauxite piles in the center of the fleld., Surface elevations

B531.73 i=-1
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ranga from a low of 273 feet, National Geodetic Vertical Datum of
1929 (NGVD), at the north cutfall/installation boundary fenceline,
to 315 feet NGVD, (325 feet NGVD atop the bauxite storage plles)
in the field's approximate center. Maximum local relief is about
twenty-five feet at the pilstel range bulliet stop.

The main installation consists primarily (approximately 57%) cof
highly developed, urbanized land. Most of the main installation's
land area has been graded, paved and built up. Some of the few
remaining undeveloped areas are utilized for open storage of
varicus materials eguipment. The only significant grassed and treed
area 1is the golf course, located in the main installation’s
southeast sector. The main installation's topographic expression
is that of nearly level expanse. Surface elavations range from
approximately 316 feet, NGVD in the DRMO storage yard adjacent to
punn Avenue to 267 feet, NGVD in the low area below Lake
panielson's earthen dam. Maximum local relief is approximately
twenty feet, measured across the lake's earthen dam.

3.1.2 Meteorcology

Meteorological conditions in a study area may exert an influence
over the generation and migration of waste-related contamination.
These conditiona are also an important factor to ba considered
during the evaluation of contaminant migration potential
{Subsaecticn 5.3). Information describing study area metaocrological
conditicons was obtained from variocus U.S. Geological Survey reports
and from the Climatic Atlas of the United States, National Oceanic
and Atmospheric Administration, (NOAA) 1981.

Tha study area is located in the west Tennassee Climatlc Division
of the United States (NOAA, 1981). This Divislon experiences a
typical continental type of climate with humid, warm summers and
cold winters. The Mepphis area receives an annual average of fifty
inches of precipitation (thirty year peried of record). Total

8531.73 -2
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. annual rainfall was reported to vary from 30.54 inches (1941) to
76.85 inches (1957). Normally, precipitatien is heaviest during the
winter and early spring. A second, less significant rainfall periocd
develops ag thundershowers during late spring and early summer. The
ona year, twenty-four hour rainfall value for the study area is
reported to be 3.4 inches {(Rainfall Fregquency Atlas of the United
States, US Department of Commaerce, Weather Bureau Technical Papar
40, May 1961).

The net annual precipitaticn estimated for the Memphia area is nine
inches, based on KOAA (1983) data. The estimate 1ls a high value,
suggesting that a strong leachate generation and contamination
migration potential exists. The estimate of net precipitation does
not consider evapotranspiration which variea conziderably,
according to season. The estimate was performed in a manher
consistent with 40 CFR Part 23100, Appendix A.

. 3.1.3 Surface Water Hvdrology

3.1.3.1 Installation Drainaqge — Installation surface drainage is
accomplished by overland flow to swales, ditches, concrete-lined

channels and an efficlent storm drainage system. Figure 3-1
illustrates the study area's surface drainage features,
installation drainage areas, ocutfalls and lccal streams.

Moat of the study area, including the main installation and Dunn
Field, is generally level with, or above, surrounding terrain.
Therefore, DDMT recelves little or no runoff from adjacent areas.
Where exposed, undisturbed installation surfacea so0ils are
predominantly grassed, fine-grained semicohesive matariala which
tend to promote large volumes of rapid runoff.hPaved and built-up
sections of the installation alsc tend te¢ generate significant
amounts of runoff,

a531.73 3-3
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The majority of Dunn Field's drainage (Figure 3-1) is achieved by
overland flow to the adjacent properties to the north and west. The
northeast quadrant drains to the east, to a concrete-lined channel,
or to the adjacent properties to the north. The concrete lined
channel consists of two separate seqments which join approximately
two hundred feet north of Building 1184. Beth channel segments
convey adjacent residential neighborhood stormwater through the
northeast guadrant of Dunn Fleld. The concrete-lined channel
directs flow northward to Cana Creek, a tributary of Nonconnah
Creek.

The main installation's surface drainage is achieved by overland
flow to a storm drainage system. The main installation has been
divided into several amall "drainage basins™ (Figura 3-1). The
primary drainage directions and outfall locations are to tha west
(Tarrent Branch), to the east (unnamed ephemeral stream) and ta the
south (unnamed ephemeral stream). Surfaca drainage is directed via
these alignmants to Nonconnah Creek, approximately three-gquarters
of a mile south of DDMT. Noncennah Creek draings intoe Lake McKellar,
a Mississeippi River tributary.

Stormwater collected from the roof of Building 995 is discharged
locally to a French drain.

3.1.3.2 Installation Surface Waterg - All of the ditches,
channels or drainage alignments within DDMT's boundaries convey

seasanal (or wet weather) flow. Frequantly, they are coppletely

dry.

Two permanent surface waters exist at DDMT. The largest body of
water is Lake Danielson, about four acres ln size. Lake Danielson
receives a significant amount of installation stormwater runoff,
primarily from tha area in which Buildings 470, 489, 490, 689, and
650 are located. Lake overflow is discharged through a drop inlaet
at the dam through a concrete-lined channel, to a culvert extending

gE531.73 -5
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beneath N Street and Ball Reoad. The smaller surface water is the
golf course pond. It receives runoff from the surrounding gcelf
coursa, Bulldings 249, 250, 251, 265, 270, 271 and the socuth
parking lot. Pond overflow 1s directed to a culvert extending
bansath N 5treet and Ball Road. Stormwater flow is then directed
to Nonconnah Creek via unnamad tributarias.

3.1.3.3 Flood Potential - DOMT's surface elevations (276-316
feet, NGVD)} are well above the average Mississippi River alluvial
valley Iflood levals (185-230 feakt, NGVD). Furthermore, the
installation's land mass is at least egqual to, or slightly higher
than adjacent properties. Therefore, it is unlikely that any
installation property would ba subject to inundation, even for
short periods of time. During the performance of Phase I field data
collection activitles, the study area experienced six inches of
continual precipitation during the weekend of February 18-19, 1989.
Daespite the intense sustained rainfall, no installation areas were
subjected to flocding.

3.1.4 3Surface Sojls

According to information furnished by the U.S. Department of
Agriculturae, Soil Conservation Service (1970), five distinct
surface so0il units have been mapped 1in the study area. The
distribution of these units relative to the installation is
illustrated on Figqure 3-2. A brief dascription of each unit
follows: |

. Falava 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
describad as a silt loam, poorly to moderately drained,
possesges a shallow water table and typically low to
moderate permeabilities.

8531.73 3-6
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Fllled Jlapd-silty (Fs). This se¢il unit has been
artificially developed as a result of backfilling a small

portion of the main installation's west boundary. It
censists of a mixture of generally silty seils. Unit
characteristics are estimated to include poor to moderate
drainage and low permeabilities.

Graded land (Gr}. This seil unit har been artificially
developed from sllty nativa upland materials as a result

of numercus site use modifications throughout the
installation's operational history. It generally consists
of silty sandy clay or clayey sandy silt, but may include
coarser materials, construction material and demolition
debris locally. The unit's permeability is reported to
be highly variabla; potential use constraints are
uncertain. It is significant to this study as it occupies
more than ninety percent cof the installatiocn's land area.
47 of the surface scil samples were collactad from this
unit.

Memphis silt loam (MeBl. This unit has developed in silty

native upland materials on low hilltops, benches and
adjacent gradual slopesa. The unit 1ls described as a silt
loam or sailty clay lcam. It is well drained and
possasses low to moderate permeabilities. This unit is
significant because of its location in north Dunn Fleld
with respect to burial areas and because this unit
probably represants “pre-development” surface soil
conditions.

Memphis silt loam (MeD2). This unit has developed in

silty native upland material on intarmediate slopes and
benches. It is described as a silt loam or a silty clay
loam. It is deep, wall drained and possesses low to
moderate permeabilities. Tha unit is significant because

i-3a
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of its Dunn Field location and because this scil likely
rapresants "pre-development® conditiocns at DDMT. Surface
. 8011 samples S85-12, SS~13, and SS5-14 were collected from
this unit.

Table 3J-1 summarizes the engineering use data for each soil unit
mapped in the installation study area. USDA texture, Unified Soil
Classification System symbola, estimated permeability and likely
use constralnts are described for each of the five soil units.

3.1.5 geology

3.1.5.1 Regiopal Geology

3.1.5.1.1 Physiography - The Memphis, Tennessee area straddles
two major subdivisions of tha Atlantic Coastal Plain Physiographic
Province (Figure 31-31). The western Mamphis urban area lies within
the Misslssippi Alluvial Plain subdivision, which is characterized
by Fluvial depositional features including young/recently deposited
point bars, natural levees and abandoned channels.

DDMT and eastern Memphis are situated within the Guif Coastal Plain
subdivision. The area is characterized by dissected locess covered
uplands and are generally lacking distinct features. The erosion-
controlled land surface appears nearly lavel to markedly rolling
and the visual perspective offera little spatlal variation. Local
slopes range from level to approximataly ten percent. The study
area alevations average 300 feet, NGVD. Locally, reliaef ism due to
aercsion or atreaam channel development and seldom exceeds thirty
faat.

Generally, Gulf Coastal Plain drainage systems are well developed
and the region is classified as baing in a late youthful stage of
dissection. The uplands tend to ba low with respect to major
streams and the valleys are relatively shallow. Most principal

8531.72 3-9




B5

17

DIEL IR WRERARIOD RS WS 0N PEEDOR (PG

PEpO Casdom w210

“SpAT) ORI R RRAr axioeg oL -e90  TmMTITm -8 oy Awa £apy B N WG W Y AR o] .
oM %KET =]
A0 VOTEOR] 0oL - 63T T T TN ool iy ABp) Khph 4O WY wy W e 0 ﬂ
™
e A .
UL .y 12 T WSS o Ankyy "Rogy Rpuoed A1ye o pepem "
UL 0L -c90 - D9 - (pmcxa) W Amg Amrroun pwy
TBUBO0R FUOM T I tracy
M ybp pur sERnam muosTeg oE 9y n'm o oz Ayt o wrecn g o] mg wiemy
(oxn usran) gy s frupay) L T
LIMWHITNOD I35 B0 HOUTHLTNGD  ALTIOVINE FELSAS NOUVILRSSYE) (ERNND  SSBDORE TVIMAL INICEL YOS MOLLARDCNE LN g TLE ]

BRIND 1I08 YHHN 14018
T-£ FIa¥L




€6

17

(9961 ‘ML 40 dvm D100

(SR -89 L¥OdIY NU-—NID SN

(2881 "SYIHLO

JAISSYN ‘NAONE DL AVHD 0

LTS AONYS

ANY YHNYHYHE NOH4 03HI00N} E30HN0S

QNvY ANV TO-55307
‘. L]
TIAYED dNY AVTD T}

1IMS "ANYS-SLISOd30 TviANTIY

AHYANNCA JHIYHIOIRAHL -”f

O THM HOKIAK m

MilYm OMY S¥D “LHON SHOMEN

O

SKvg’

S NEREN

NOLMON

10430 3SN3I440

10

ONI TYLINIWNDHIANT MY

ed

5

33SS3NNIL 'SIHdM3IN 10430 3ISN3J30

(

SOT3I4 T1IM NOISIAIT HILYM ANV SYD "LHOM SIHIWIW 30
SNOWVIOOT ONY SNOISIAIAENS JIHdYUIOISAHd dOrvi
JHL HIM V3dV SIHdW3W 30 dVYN 219071039

£—€ JuN2I4

-




17

gtreams have low gradients and occupy broad alluviated and terraced
valleys (Nonconnah Creek). Secondary streams have developed narrow
V-shaped vallays in fine-grained scils.

3.1.5.1.2 Gaologlc Setting - The Memphis area is situated within
a major structural feature termed the Mississippl 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 (Graham and Parks, 1986).

The Mississippi embayment is a structural reentrant extending into
the Neorth American craton from the Gulf of Maxico north to Caire,
Illinois. The embayment i1s a wedge-shaped, downwarped structure
compogsed of stratified sediments. It begins inland as a thin
accumulation of clastic materials, thickening substantially at the
Gulf of Mexico. Late and post-Cretaceous strata fill the trough.
Formation of the Mississippi embayment began in the latast Mesozoic
period@ with the onset of renewad subksidence of the underlying
Reslfoot rift. The axis of the trough (N50°E) roughly parallals the
present course of the Mississippi River. The embayment experienced
it greatenat subsidence during Early Tertlary time and haa been
tectonically stable since its emergence during the widespread
uplift of the continent in Necgene time.

The New Madrid saismic zona (NMSZ) lies at the northern end of the
Mississippl embaymant and is tha most saelsmically active area in
the central and eastern United States. Three great earthguakes
cccurred in this area in 1811 and 1812, and over 2500
microearthquakes have besen recorded sinca 1974. Johnston and Nava
{1985) have estimated a recurrence interval for great earthquakes
in the Memphis area to be 425-675 years and a recurrence interval
of 70 years for moderate earthgquakes.

8531.73 3-12
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3,1.5.1.3 Geologic Units - Information describing major regicnal
geologic units was obtained from Wells (1933); Moore (1965); Nyman
{1945) and Graham and Parks (1986). Table 3-2 summarizes the
reqionally'impcrtant post-Cretaceous study area geologic units and
their hydrologic significance. Figure 3-3 1s a regional geologic
map illustrating the distributlen of surficial geologic units.

The Quaternary and Tertiary strata in the Memphis area are composed
of loosely consolidated deposits of marine, Fluvial, fluvioglacial
and deltaic sediments. In Tennessee, unconsclidated sediments
{Cretaceous through Quaternary)} reach thelr maximum thlckness at
Memphis, where they range from 2700 to 3000 feet thick.

Cyclic Pleistocene glaciation has been directly or indirectly
respensible for the origin, character, and distribution of
virtually all of the Quaternary deposits and formation in the
Mississippi embayment. Although c¢ontinental ice sheets did not
actually extend inte the Lower Mississippi valley area, they
nevertheless were responsible for deranging preglacial drainaga
and c¢reating the southward-trending river and wvalley which
subsaquently has carried large wvolumes of glacial meltwater and
outwash. Equally important controls were exerted by tha cyclic
glaciation in the form of major changes in base levels of erosicon
and deposition and the form of climatic changes (Saucier, 1974)}.

Tha following geologic units have been ldentified in the study

araa.:

3.1.5.1.3.1 Alluvium - Alluvial deposits conslisting of Holocene
and Pleistccene sand, gravel, silt and clay have been depoaited in
the channel systems and flcod plains of modern streams. Alluvial
deposits may reach their wmaximum thickness of 175 feet in the
valleys of primary streams (Mississippl River). At other locations,
tha unit seldom exceeds fifty feet in thicknesa. Although a
gignificant unit within the region, no Alluvial deposits weare
encountered at DDMT.

8531.73 3-13
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DDOMT STUDY AREA
GEOLOGIC STRATA

[ALLUVAIM (3 SHOWM HERE N THE CONVENTIONAL POSITION AS THE YOUNGEST STRATIGRAPHIC UNIT, ACTUALLY IT ALMCST NOWHERE ONEPLIES THE
\OESS BUT MAY OVERLIE ANY OF THE CLOER STRATIGRAPHIG LUNITS]

SYSTEM

SERIEY

aQrour

STAATIGRAPHIC UNIT

THICKNESS
wifewi]

UTHOLOGY AND HYDRCLOGIC SIGNIRCANCE

CUATE RNARY

HOLOCENE
AND
PLEISTOUENE

ALLUVIUS

O=173

SAND, GRAVEL, SLT, AND CLAY. UNDERLES THE MISSISSIPPI
ALLUVIAL PLAIM AND ALLUVIAL PLAMS OF STREAMS IN THE
GULF COASTAL PLAIN, THICHEST BEMEATH THE ALLUVIAYL
PLAIN, WHERE COMMONLY BETWEEN 100 AMD 150 FEET THICK;
GEMNERMLLY LESS THAN 50 FEET THICK ELSEWHERE, PROVIDES
WATER TO DOME STIC, FARM, IHDUSTRIAL, AND [RRIGAT KON
WELLS IN THE MISSTISIPP] ALLUYIAL PLAIN.

PLEISTOCENE

LOESS

SILT, SALTY CLAY, AND LENOR SAND. PRMNCIPAL UNIT AT
THE SURFACE W LUPLAND AREAS OF THE GULF COASTAL
PLAIN. THICKEST ON THE BLUFFS THAT BCRDER THE
USSP ALLUVIAL PLAIN; THINNER EASTWARD FROM
THE BLUFFS. TENDS TO RETARD DOWNWARD MOVEMENT OF
WATER PROYIDOWNG RECHARGE TD THE FLUIVIAL DEPOSITS,

QUATERNARY
TERTIARY {7}

ALEISTOCENE
AND
PLIOCENE [

FLUVIAL DEPOSITS
{ITISE Chachanitny

0100

SAND, GRAVEL, MIMOR CLAY AN FERRLIG MO SANDSTINE.
GEMERALLY UNDERLIE THE LOESS IN UPLAND AREAS, 8UT ARE
LOGALLY ABSENT, THICHMESS YAREES GREATLY BECMISE OF
ERCSIONAL SURFACES AT TOF AND HASE, PROVIOES WATER
TO MAMY DOMESTIC AMD FARM WELLS W RURAL AREAB.

TERTIARY

EQCENE

JACKEOM FORMATION
AND UPPER PART OF
CLAIBCRNE GROUP,
INCLUDE S COCXFIELD
AN COOK MOUWTANM
FORMATIONS
(CAPPING CLAY)

CLAY, SLT, SAND, AND LIGNITE. BECALSE OF SIMILARITES
IN LITHOLOATY, THE JACKSON FORMATION AND UPPER PART OF
THE CLABORME GAOLIP CANNOT OE RELIABLY SUBDIVIDED
BASED OW AVAILABLE INFORMATION. MOST OF THE PRE-
SERVED SEQUENCE IS THE COCKFIELD AND COON MOUNTAIN
FORMATIONS UNDIVIEXED, BUT LOCALLY THE COCKFIELD MAY
BE OVERLAN BY THE JACKBON FORAMATION, SERVES A3 THE
UPPER COMFINING BED FOR THE MEMPHES SAND,

(CLABORNE

MEMPHIE BAMD
(S00-FOOT" SANDY

SAND, CLAY, AN MEINOHR LIGNTE, THICK BODY OF SAND WITH
LEMSES OF CLAY AT VARIOUS STRATIGRAPH IC HORLZONS AND
MINOR LIGNITE. THICKE ST IN THE SOUTHWESTERN PART OF
THE MEMPHLIS AREA: THINNEST iN THE NORTHEASTERN PART,
PRNCIPAL ADUSFER PAOVIDING WATER FOR MUNICIPAL AND
INDUSTRUL, SUPFLIES EAST OF THE MISSISS PRI RIVER;

SOLE EOURCE OF WATER FOR THE CITY OF MEMPHTL

PALEDCEMNE

FUOUR ISLAND
FORMATION

180-110

CLAY. SILT. SAMD. AN UGNITE. CONSIATS PRIMARLY OF
FULTY CLAYS AMD SANDYY SILTS WITH LENMSES AND INTER-
BEDS OF FINE SAMND AN LIGNITES. SERVES AS THE LOWER
LOMFINING BED FOR THE MELERIS SAMD AND THE UPPER
CONFIKING BED FOA THE FORT PILLCAY SAND,

FOAT PLLOW
1 420-FO0T™ SAND)

SAND WITH MINOR QLAY ANO LIGNTTE. SAND iS5 FINE TO
MEORAL THICKEST N THE SOUTHWESTERN PART OF

THE MEMPHLS AREA; THINNE 3T IN THE MORTHE RN AND NORTH-
EASTERN PARTS, OMCE THE SECOMD PRINCIPAL ADLIFER
SUPPLING THE CITY OF MEMPHE; STILL USED @Y AN
INDUSTRY. PRIMCIPAL ACLNFER PROVIDING WATER FOR
MUNICIPAL AND MOUSTRIAL SUPPLIES WE BT OF THE
MISSISLUPA RIVERL

OLD BREASTWORKS
FORMA TION

CLAY, SLT, SAND LKGNITE. COMNSISTS PRBMALY OF
SATY CLAYS AND CLAYEY SA T3 WITH LENSES AND INTER-
BEDX3 OF FINE SAND AND LIGMITE, SERVES AS THE LOWER
CONFINING BED FOR THE FORT PILLOW SAND, ALDNG WITH
THE UNCERLY NG PORTERS SHEEK CLAY AMD CLAYTON
FORMATION OF THE MIDWAY GROUS,

SOUACE: MODIFED FRDM QRAME AMC SAPN, 1

3-14
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3.1.5.1.3.2 Logegs = Loaess is a semi-cchesive 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) depoaits
and is thickeat along the bluffs overlocking the Mississippi
Alluvial Plain. Its maximum thicknesas is repocrted teo be on the
order of 65 feet; it thins considerably toward the east. Locally
it may contain thin, discontinuous filne sandy layers eanclosed
within silts and silty clays.

3.1.5.1.3.3 Fluvial (Terrace) Depggitg - Quaternary and possibly

Pliocena age Fluvial deposits occur beneath the uplands and valley
slopes of the Gulf Coastal Plain and are the remnants of ancient
alluvial deposits of either praesent streams or an ancient drainage
aystem. The Fluvial depcasits consist primarily of sand and graval
with minor lenses of clay and thin layers of iron-oxide cemented
sandstone or conglomerate. Reported thickness of the Fluvial
dapoaits ranges from 0 to 100 feet. The thicknaza jis highly
variable because of erosional surfaces at both the top and the base
of this unit. Locally, in the Memphils area, the Fluvial deposits
may be absent {[{Graham and Parks, 198§6).

3.1.5.1.3.4 Jackgon Formation/Upper Claiborne Group - The Late

Eocene Jackson Formation and upper part of the Claiborne Group lie
beneath tha Fluvial (terrace) deposits. Because of lithologic
similarities, the Jackson Formation and upper part of the Clajborne
Group cannct be raliably subdivided in the subsurface of the
Menphis area. These units include strata of the Cockfiled and Cook
Mountain Pormations undivided in the upper part of the Claiborne
Group, and locally, of the Jackson Formation. The Jackson/uppar
Claiborne unit consists primarily of clay, silt and fine =mand with
minor lenses of lignite. Within this unit sediments are lenticular,
and locally individual beds may not ba areally extensive. The clays
are predoninantly of the montmorillonite type. The thickness of the
Jackson/upper Claiborne unit is highly variable in the Menmphis

8531.73 3-15
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urban area, ranging from 0 to 360 feet with aggregate thickness of
clay beds ranging from ¢ to 250 feet (Hart, 1989a).

3.1.5.1.3.5 - - ") - The widespread
terrace deposits of the Memphis Sand were deposited during Middle
Eocene time when streams carried extensive quantitles of sand and
gravel into the Misaiseippl embayment area. The Memphis Sand unit
is composad primarily of thick bedded, white to brown or gray, very
fine grained to gravelly, partly argillacecus and micacecus sand.
Lignitic clay beds constitute only a small parcentage of total
thickness. The Memphis Sand ranges from 500 to 38%0 feet in
thickness. It is thinnest in the northeastern part of the Menphis
area in northwestern Fayette County, TN, and thickest near the
Mississippli Rivar in socuthwestern sShelby County, TN (Nyman, 1965).

3.1.5.1.3.6 Flour Island Formatjon - Beneath thae Memphis Sand lies

the lower Eocene and Paleocens Flour Island Formation. The Flour
Island Formation consists primarily of silty clay and sandy silt
with 1lenses of fine sand and lignite that are not areally
axtensive. The thickness of this formation is wvariable in the
Memphis urban area, ranging from 70 to 240 feat (Nyman, 1965).

3.1.5.1.3.7 E¢ ' n1400- ") - The Fort
Pillow Sand occurs beneath the Flour Island Formation throughout
the Memphis area. It conaiats primarily of fine to medium sand wlth
some local interbedded clay and lignite. The Fert Plllow Sand
ranges from 125 to 3105 feet in thickness (Nyman, 1965).

3.1.5.1.3.8 Ql1d Breastworks Formatjon - The O0ld Breastworks
Formation is the oldest of the Tertiary units ldentified in the

study area. It consists of =ilty clayas and clayay silts with
intarbeds and lensas of fina sand and lignite. This unit has been
reported to range from 180 to 359 feet in thicknaas,.

8531.73 3-16
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3.1.5.2 Site Geelegy - Becausa soll borings are only considered
. to be representative of geoleglc conditions for the exact point
where they. were advanced, care was taken in the develcpment of
subsurface interpretaticns w«hich may or may not infar the
continuity of individual strata between widely spaced borings.

Professional judgement was exercised in tha interpratations that
are depicted on cross-sections and other figures. The geoleogic
conditions encounterad at DDMT appear to be consistent with those
reported by a number of investilgators in the professional technical
literature relative to the geologic units underlying Memphis.

Bagsed on the so0ll test borings and monitoring wells, five cross-
sections have bean develeoped which illustrate the postulated
cccurrenca, attitude and relationships of the geologic units
encountered. The creoss-sections, Flgures 13-4, 3-5,'3-5, 3-7, and
3-8 are generalizations; lacal variations in subsurface conditions
should be axpected. Refer to Soil Test Boring Recerds in Appandfx
B for descriptions of specific subsurface conditions at individual

. boring locations. The strata eaencountered during the drilling
portion of this investigation include Loess, Fluvial deposits,
Jackson Formation/upper Claiborne Group clays and the Memphis
Sands. These gecleglc units are generally present throughout the
Memphis araa and are reported to be laterally extensive, althocugh
individual formation members may not be correlative ovar aven short
distances.

3.1.5.2.1 [Loess - The uppaernost geclogic unit present at or near
ground surface in the study area is loess, eolian depcasits
consisting of brown silty clay, clayey silt and fine sandy clayey
silt. The loess was encountered at all drilling locations. This
unit 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 was found to range in thickness
from six feet at MW-25 to some forty feet at MW-16, MW-17 and Mw-
20, Five samples were collected from this unit for analysis of
. their physical properties (Table 1-3), Atterberg Limits analysis
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. (ligquid limit average = 35 and plasticlity index average = 15) and
grain size analysis (average 96.8% passing the 200 sieve) indicataes
a lean clay (CL) classification.

3.1.5.2-2 Fluvial Deposits - Fluvial deposits underlia the loess
and were ancountered at all drilling locations. The unit is
composed of three genaralized members which may be traced through
the study area:

. 5ilty <¢lay, silty sandy clay or clayay sand
. Clean, fine to medium grained sand
v Gravelly sand

The upper member is the silty clay, silty sandy clay or clayey
sand. It averages approximately five feet in thickness and directly
underlies tha loess. It thins in the vicinity of Lake Danialson at
MW=-25 and is not presant in MW~-2e,

. Beneath the silty clay, sandy clay/clayey sand are layers of sand
and sandy gravel. These layers may alternate, as shown on ths
cross-sectiona. A conspicuous pink, white or gray low plasticity
¢lay occurs as a thin discontinucus seam within the gravelly sand
sequence, This seam thickens near STB-8, where 35 feat of clay was
encountered. MW=-27 probably terminated at the top of this clay
seam prior to reaching the saturated zone of the aquifer.

The sand layers range from clean to dirty, fine to ccarse grained,
very weall sortaﬁ to poorly sorted quartz grainse. The upper sand
layars are genarally a bright orange in celor indlcating an
oxidizing environment. Tha lowar layars are very clean and tan to
white in color. The sand layers show a coarsening downwards into
a gravelly sand with chert being the primary gravel constituent.
Gravel size rangea from small pebble size up to four 1lnches in
diameter. The coarsening downward sequences and the lateral facies
. changes over short distancés are indicative of fluvial deposition
(Selly, 1988&}. The Fluvial deposits range in thickness from
approximately forty feet at MW-29 to 131 feet at Mw-38B.
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Most of the samples collected for analysis of their physical

. properties (Table 3-3) wera taken from within the Pluvial deposits.
The analysis confirmed the primary field classificatlon as poorly
sorted sandas and gravels (SP).

1.1.5.2.3 Jackson Formation/Upper Clajborne Group - Clayey scils

which have been interpreted aa the Jackson Formation/upper
Claiborne Group was penetrated in STB-6, S5TB-7, STB-8, MW=36 and
MW-37. Ten samples were collected from this unit for physical
properties analysls (Tabla 3-3). Fleld obsarvations and testing
results indicate that this unit is a stiff gray and/or orange,
plastic, lean to fat lignitic clay. This nember underlies the
Fluvial deposits and is a regionally significant confining unit.
The maximum thickness of the confining unit was found to be 92 feet
in MW-36. This unit appears to be laterally persistent and fairly
uniform in thickness throughout most of northermn Dunn Field.
Starting in tha southern portion of Dunn Fileld and continuing on
the northern portion of the main installation, post Eccene erosion

. of the upper surface of the Jackson/upper Claiborne has resulted
in a deep channel-like feature. A channal was indicated by
increased depths to the top of the clay unit encounteared during
drilling operations. A minimum thickness for the clay unit was
determined to ke 15 feet in STB-B.

3.1.5.2.4 Memphis Sand - Tha upper portion of the Memphis Sand
Formation was encounteresd during the installation of monitoring
walls MW-36 and MW-37 and soil test borings STB-6, STB-7 and STB-8.
Fiva samplas waere collected from this formation for physical
propertias analysis (Table 3-31). Results indicate this formation
is composed of gray, very fine grained, silty sand.

3.1.6 Hydrogeology

3.1.6.1 Reqglonal Hvdrogeclogvy =- Information describing ground- |
. water conditions and rescurces of Shelby County has beean cobtained
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from Wells (1931); Moore (1965); Terry et al. {1979) and Graham
and Parks (1986). Pluvial agquifer quality information was derived
from McMaster and Parks' 1938 report.

3,1.8.1.1 Hydrogeologic Setting - The region's hydrogeclegic

setting consists of a series of thick, generally unconsolldated
sedimentary wunits depesited in a broad trough or synclina
(Mississippi embayment). The trough'’s greatest depth is defined by
its axis. Large-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 1n the trough,
roughly follewing its physical orientation. The moat permeable of
these units are identified as agquifers and the least permeable are
termed confining units.

3.1.6.1.2 Principal Aquifers - The Memphis area is lecated within
a ragion whers several aquifers of local and regional importance

exist. Thesa agqulfers are identified in deacending order by their
geologic names:

» Alluvium

. Fluvial (Terraca) deposits

» Memphis ("300-foot®) Sand

. Fort Plllow ("1400-foot™) Sand

These aquifers correspond to the geologic units described in
subsection 3.1.5 (Gaclecgy). The Alluvial aquifer's distribution is
limited to tha channals of primary streama; theraefora, it does not
occur at DDMT. The Fluvial deposits, Memphis Sand and Fort Plllow
Sand underlle the installation and are dilscussed in following
subsections.

8531.73 3-28
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3.1.6.2 Site Hydrogeology - Site specific hydrogeclogic conditions
were investigated by physical inspection, test borings, ground-
water quality monitoring well installation and direct measurement
of in-situ hydraulic properties. Individual tast and expleoraticn
reccerds are contained in the Appendices. The following discussicn
summarizes tha information which is of particular interest to this
investigation.

3.1.6.2.1 ILgess - The uppermost hydrogeologic unit encountered at
DDOMT 1s the loesg. While not usually a water-bearing unit, these
materials are of intereat te this investigation as thay tend to
limit precipitation infiltration (recharge) to significant
underlying aguifers where the loess remains intact and undisturbed.
Sandy =zones occurring within the loess may becoma seasonal
"perched" water-bearing zones which contain water for short perioda
of time following rainfall events. Usually, the perched water-
bearing zones discharge theilr ground water to adjacent units in
hydraulic communication with them. One USAEHA wmonitoring well
(MW-2) was screened in one of these perched zones. During the
installation of several monitoring wells in northern Dunn Field,
perched water tables ware encountered. The perched zone consisted
of a fine sandy layer encleosed within the loess, approximately
twenty feet below ground surface.

3.1.6.2.2 Fluvial (Terrace) Deposits - Fluvial (Terrace) deposits

underlie the loess within the study area. The Fluvial depcsits form
the site's water table aguifer. It consists of clayey sand, sand,
and gravally sand strata, ranging in thickness 40 feet to 131 feet
at DDMT. Recharga to this unit is primarily from the infiltration
of rainfall (Graham and Parks, 1986). Discharge from the unit is
probably directed toward underlying wunits in hydraulic
communication with tha Fluvial depeosits.

- According to the water levels measured in the monitoring wells,
only the baze of tha unit is saturated. The actual saturated

8531.73 3-29
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thickness varies from 5.7 feet at monitoring well MW-24 to twenty-
. three feet at Mw-28, The upper surface of the unit's saturated
thickness ranges from an elevation of 243 feet, NGVD at MwW-16 to
a low of 155 feet, NGVD at Mw-314. Published seasonal water lavals
indicates that the ground-water levals fluctuate several feet.
Howaver, during Phase I and Phase II of the RI ne significant
fluctuaticons were seen in the water lavals measured at DDMT.

The study area's wvater level data was utilized to prepare a water
table surface map of the Fluvial depeosits underlying DDMT (Figqures
3-9 and 3-10). Thaae figuras represent an interpolation of the
water level information obtained from widaly-spaced monitoring
wells and is an interpretation of natural condltions on the date
of measuremant. The figure suggests that two genaral flow
directions exiat within the Fluvial deposits at DDMT. In thea Dunn
Field area, a westerly direction of flow 1is apparent in the
installation's shallow aqulfer (Figure 3-9). An average particie
velocity of 0.8 ft./day was calculated from information collected

. from wells in Dunn Field by using tha egquations of Lohman {1372).
A 26% affactive porosity was estimated for the Fluvial deposits and
an average hydraulic conductivity of 7.6 x 1073 ft/min was used in
the calculations.

At the main installation, a different flow regime is suggasted by
the water level data (Figure 3-10). The closure of water level
contours about MW-34 and -STB-8 suggests- that ground-watar flow in
this area is directed toward what may be a "sink™ or a buried
stream channel. Flow from tha "sink® may be directed down, to
underlying unita in hydraulic communication with the Fluvial
deposita. A general west to scuthwest ground-water flow direction
1s indicated for the rest of the main installation. However, flow
directionas may vary over short to modarate distances ({saevaral
hundred feet}. ' This is due to the probable contrelling effect of
the upper surface of the confining unit on flow directions within

. the fluvial aquifer. .
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FIGURE 3- ¢ ' -
WATER TABLE SURFACE OF FLUVIAL DEPOSITS -
AT DUNN FIELD JANUARY, 10890 O
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Site ground water and surface water levels from Cane Creek and
. Nonconnah Creek wers compared in order to evaluate the possibility

of ground-water discharge to surface waters at or near DDMT. Based
upon the hydregeclogic section (Figure 3-11), it was concluded that
tha Fluvial deposits do not contribute to local stream base flow
in the vicinity of DOMT. It is important to note that this diagram
has been constructed by combining all the facies into one strata
to diagrammatically represent the Fluvial daposits,

In order to better interpret subsurface conditions, a geologic map
of the Fluvial deposits' saturated zone at DDMT was prepared
(Flgure 1-12). The interpretation shown on this figure supperts
the presence of a paleo-stream channel in the study area. This is
a feature known to be consistent with conditions existing in the
region (Wells, 1%33; Moora et al., 1965). This figure shows a
contouring of in situ permeability values in comparison with a soil
classification of the saturated thickness. The figure suggests
correlation exists between conductivity test data and the basal
. unit's sedimentary characteristics. |

3.1.6.2.3 Jackson Forpaticn/Upper Claiborne Group - Thae Jackson

Fermation/upper Claiborne Group was encountared at over half of
tha monitoring well/soil boring installation leocations. The unit
is represented in the study area by a distinct gray or orange clay.
The unit 1is significant because 1t is a regionally important
contining bed ogeparating shallow water bearing zones from
underlying major aquifaers (Nyman, 1965).

The top of the Jackson Formaticn/upper Clalborne Group at DDMT was

contoured in order to interprat the influence this unit has on

ground-water flow directions (Figura 3-13). Where encountered, the

elevation of the confining unit's upper surface ranges from 223

feet, NGVD at monjitoring well MW=-14 to 118 feet, NGVD at STB-8.

In addition, the eleavation of the Jackson/upper Claiborne surface
. ancountered at the Allen Well Fiald was compared to those
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FIGURE 3-12
GEOLOGIC MAP OF FLUVIAL DEPQSITS SATURATED

. THICKNESS WITH UNIT HYORAULIC CONDUGCTIVITIES
DEFENSE DEPOT, MEMPHIS TENNESSEE
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ancountered at DDMT. The comparison of elevationa 1ls presented in
Figure 3-14. The elevaticn of the Jackson/upper Claiborne's upper
surface within tha Allen Well Field varies from 182 faet, HGVD at
well number 133 to a low of 150 feet, NGVD at wall number 139, This
comparison indicates that the variation in 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 Eccene arosion.

As shown on the study areas' cross-sections (Figures 3-4 through
3-8), the strata in the vicinity of MW-34, MW-3B and 5TB~8 does not
conform to the more pervasive flat-lying conditicna. The axtreme
depth at which the confining unit was encountered at these threa
locations and tha reduced thickness of the unit in STB-8 suggests
that the confining unit has been significantly eroded in this area.
The continuity and actual thickness of the confining unit in areas
not investigated by drilling can only be estimatad.

The confining unit was found to ba present at every drilling
location. However, the thickness and depth of this unit ware found
te be inconsistent over short distances. Graham and Parks (1986)
present several lines of evidence to suggest that tha Jackson
Formation/upper <¢Claiborne Group is net laterally contlnuous
throughout the Memphis area. In some areas, the Memphis Sand is
directly ovarlain by tha Alluvial or Fluvial deposits, permitting
the downward vartical leakage from shallow water bearing zones into
the' regional aquifer. Ball and Nyman (1968, in Graham and Parks,
1986) estimated the quantity of this downward leakage to be on the
order of two million galleona per day.

Leakage through the Jackson Formationfupper Claiborne 1s likely
even where 1t is continuouas, dua tc the significant poasitive head
differenca betwean tha two aguifers. The presence of more
permeable fine sand and lignitic lans within tha cenfining unit
will also increase the rate at which leakage occursa.

8531.73 3=-37
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An estimate of ground-water seepage through the confining unit at
. Dunn Pleld has been done. In that area, the borings indicated the
confining unit to be relatively thick and to conasist of a uniform
clay. Pafﬁaability of the specific sita soila was neot determinad;
therefore, a range of typical values for clayay soils has baan

assumed. The average interstitial seepage velacity may ba
estimated by using the eguation v = K h/ 1 {(Lohman et al., 1972),
where: n* ;

V = average interstitial velocity

K = average estimated coefficient of permeability; the
assumed range is 3 x 10'3 to 3 x 107° fr/day (1::10'6 to
1x10~8 cm/sec) for tight, plastic clays (from Cedergren,
1989, pp. 31 and 32)

h = difference in hydraullc head batween two aquifers(82.7
ft); this information was obtained for the Fluvial
agquifar at MW-312 (226.02 NGVD) and the Memphis Sand
Agquifer at MW-27 (143.36 NGVD)

. 1l = thickness of the confining unit (75 Ft at MW-37)
h/ 1 = hydraulic gradient {dimensionlesa)
n* = astimated effective porcsity (dimensionless), assumed as

0.40 for clays

The calculated range of downward seepage velocities is B.3 x 10™°
te 8.3 x 107> feet per day. This approach indicates that tha
confining unit in the Dunn Fiald area would be penetrated by wataer
flow in a time frama from 25 ta 2500 yaars. Howaver, in areas
where the confining unit has thinned or where sand or silt beds
exist within the clay unit the rate of penetration could be much
faster.

3.1.6.2.4 Memphls Sand ("500-foot sapd"] - The Memphis Sand

represents thae reglon's most {mportant source of water resourcas.
This unit was investigated by drilling three deep s0il borings and
the lnstallation of MW-36 and MW=37 and from published sources.

. B531.73 3-39
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The Memphls Sand aquifer is reported to underlie all of the Memphis
region. At DDMT, the top of this aquifer is approximately 125 to
150 feet, NGVD. The base of the unit is on the ocrder of -750 faet,
NGVD, based on interpolation of Moore's (1965) work. The Memphis
Sand agquifer contains ground water under strong artesian (confined)
conditicna. Locally, extensive pumping has lowered water laveals
considerably. The potentiometric level at MW-36 and MW-37 ranges
from 143 to 146 feet, NGVD. Flow in the unit is directed generally
westward, toward the Allen Well Fiald, a major local pumping zone.

The Memphis Sand aquifer is reported to darive most of its recharge
from areas where it crops out. Thae outcrop area formes a wide
northeast trending belt several miles east of DDMT. Tha outcrop
belt extends from the east Shelby, Fayette and Hardemen Counties
area northeast across much of west Tennessas,

3.1.6.2.5 Fort Pillow Sand - The Fort Plllow Sand {also called the
"1400-foot sand"™) underlies DDMT and the Memphis region at great
depth, on the order of 1,400 faeet. It is reported to average some
two hundred feet thick in the study area. The unit contains ground
water under strong artesian (confined) conditions. It derives most
of its recharge from its area of ocutcrop, well east of the study
area, and from hydrogeologic units in hydraulic communication with
it. Tha Fort Plllow Sand potantiometric laval in the DDMT area was
interpolataed to be on the order of 180 feet, NGVD in the fall of
1985 (reported in Graham and Parks, 1986).

3.1.6.3 Ground Water pPumpage and Usa - 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. The Fluvial deposits have a limjted saturated
thickness and ground-water levels ara subject to fluctuations.
Therafora, this unit i3 not typically a dependable source of water.

8531.721 3-40
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The Memphis Sand agquifer currently provides about 95 percent of the
water used for municipal and industrial water supplies in tha
Memphis area. It was firat 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 aquifer in the Memphis area averaged
about 180 Mgal/d. The remaining five parcent of the water used for
nuniclpal and industrial supplies ccmes from thea Fort Pillow Sand
{10 Mgal/d in 1984) (Graham and Parkas, 1984).

3.2 SUMMARY OF PHYSICAL CHARACTERIZATION INFORMATION

Information compiled and evaluated feor this study suggests the
following:

s« Tha Dunn Field area is essentially undeveloped. It has
slight to moderate rellef. The maln lnstallation has been
extenalvely developed and is assantially level.

» The study area experiences approximately fifty inches of
annual precipitation. Net precipitaticn was calculated to
be soma nine inches annually, a value suggesting the
potential for generation of leachate and migration of
waste-ralated contamination.

« Feoew surface water drainage controls are present in Dunn
Field. The main installation has an extensive storm water
drainaga syastem. Laka Dﬁnielson and the golf course pond
recalve installation surface drainage.

« It 1s unlikely that DDMT will experience flooding.

+ Sita surficial scils (loesa) are predominantly fine-
grained, low permeabjility mataerials which promota rapid
runoff and limit pgrcnlation whera they remain intact and
undisturbed. |

8531.73 3-41
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The study area's shallow aquifer is composed of the Fluvial
depoaita of which only the lower extent 1s saturated. The
unit's water levels are some thirty-saven to one hundred
fnfty five feet below grade. The unit obtains rechargae from
precipitation infiltration. A channel or "sink" exists in
the Fluvial depcosits beneath the main installation.

Tha Fluvial deposits ara underlain by the Jacksen
Formation/upper Claiborne Group, a documented confining
unit in the study area. The top of this unit may exert an
influence over flow directions in the overlying Fluvial
deposits. Tha unit appears to be persistent in the Dunn
Field area where the highest concentration of contaminants
were found. It both deepens and thins in other areas
beneath DDMT. The unit is reported teo ke thin or
completely absent 1in areas around Mamphis, permitting
hydraulic communication between shallow and reglonal
aqulifers, locally.

The Memphis Sand aquifer is a reqgionally significant source
of potable water suppliea in the Memphis area. This
hydrogeologic unit underlies DDMT at a depth of
approximately 180 feet and receives most of its recharge
from ths outcrop area, several miles east of Memphis. Some
recharga is derived from overlying or hydraulically
communicating units.

Tha PFPort Pillow Sand aquifer, a second regicnally
significant aguifer, underlies DDMT at very great depth.
It derives most of its recharge from the area of outcrop,
several miles east of Menphis.

3-42




4.0 HATURE AND EXTENT OF CONTAMINATION

4.1 EgIEH3IALLEQHIAHIHBIIQH_EQHBEEE
4.1.1 Past Wagte Disposal and Storade Areag

The information evaluated under Phases I and II of this project
indicates that as a result of DDMT's complex site utilization
history, largae quantities of industrial chemicals or hazardous
materials have keen stored, repackaged, shipped or disposed on
installation property. In addition, leaks or spills of stored
goods or substances used on site have been reported. Past and
recent facility use conditions were reviewed as described in
subsection 1.3.

Tha examination of availabla facility utilization information
commenced with the revliew of Dunn Field material storage and
disposal racorda. A total of thirty-three individual sites were
identified at Dunn Fileld by installation records (Flgure 4-1 and
Tabla 4-1). In additieon, two othar potantial c¢ontaminant sources
were discovered during the execution of field data collection
efforts. Site number 74 was encountered during the installation
of monitoring well MW-10., Miscellaneous solid waste metal, glass,
burned trash and organic matter was encountered from 3.5 to
approximately 10 feet belou-éxisting grade. Organic vapor emissions
from the borehole were on the order of 200 ppm. Site number 75
{Flgure 4-1) was encountered during the installation of monitoring
wall Mw-12. Mixed municipal waste (C-Rationa, papser, cardboard,
etc.) wara ancountered from six to eighteen feet below grade in
what may have been a landfill cell. Tha zone is vary porous; some
forty bags of cement were required te grout the wall assembly into
place. An averaga of 12 bags of cemant was raquired for other
walls of the same type design.

8531.50 i-1




FIGURE 4—1

o
iy

DUNN FIELD DISPOSAL & STORAGE SITES

+ AEHA MONITORING WELLS

MAP NUMBERS CORRESPOND
TO LOCATIONS ON TABLE 4-—1

SCALE:

1"~350"
SOURCE:

'|“..|I|u"

US ARMY ENVIROCNMENTAL HYGIENE AGENCY, 1982
GECHYDROLOGIC STUDY NO. 38-26-0195-823.

LAW ENVIRONMEMTAL INC.

GUVERMMENT SERVICES DIVISION
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Site number 24 (Pistol Range) (Figure 4~1) had been identified on
installation racords as a former training area. Howevar, its use
for waste disposal was uncartain. Leachate was observed flowing
from tha range to a nearby drainage channel in April, 1989. The
character and quality of the leachate 1s unknown. HNo samples were
collected from withln the leachate. One soil sample (55-6) was
taken from this area but only metal and pesticidea were datected.
MW=-28 18 located due east of the pistol range, MW-29 1ls due north,
and MW-9 is dua west. Analytical results of ground water fron
these three wallse are praesented in subsection 4.2.1.2.2. No direct
correlation can ba made from the observed leachata and tha
constituents detected in the ground water.

Available facility utilization Iinformation included U.S. Army
Environmantal Hyglene Agency (USAEHA) and U.S. Army Toxic and
Hazardous Materiala Agency (USATHMA) records describing past
conditiona on the main installation. A total of forty specific
locationa or conditions of potential environmental concern were
noted. The locations of individual sites are illustrated on Figura
4-2. This information is listed on Tabla 4-2.

This sectien is based on the Mastar Plan Report: Defense Depot
Memphis, Tennessee, prepared by Harland Bartholomew and Associates,
Inc,, July, 19a8.

The current utilizaticn of DDMT land resourcealis illustrated on
Figure 4-2.

8531.560 4-5
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FIGURE 4=2

MAIN INSTALLATION G
DISPOSAL & STORAGE SITES

DEFENSE QEPOT MEMPHIS, TENNESSEE

. 72 PROPERTY DisPosal 44 22 7B
29 _ 45
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63
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SCALE: 1"~1000°
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Thae folleowing hazardous materials are warehoused and issued at
DDMT ;

1) Flammable Liquids

2) Flammable Sollds

1) Corrosivea (Aclds and Bases)

4) Poisona (A&B) including insecticides
8} <Compressed Gasaes (non-flammablae)

6) Compressed Gases (flammable)}

?7) <Class C Explosives

8) Oxidizaers

9) Radicactive Materials
10) o©Other Regulated Material (ORM)

These materials are received as packaged commodities from
manufacturers in containers that range in size of up to SS-gallon
drum quantities. While in storage, these materlals are segregated
by hazardous storage compatibility groups to assure optimum safety
conditions are met.

=torage

Existing locations of hazardous nmaterials storage at DDMT were
summarized in Figures 4-1 and 4-2, and Tablaes 4-1 and 4-2. Sone
of the storags locations are areas whera surface soil contaminaticn
was detected. Tha folluwing'paraqraphl describa tha past and
present conditions at sach of the locationa (to tha axtent pcssible
from DDMT records). Those areas will ba correlated with the
contaminants detected as to being poasible sources of surface scil
contamination in subsection 4.2.2.2.2.2.

B531.60 4=9
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Lacation Iten

Building 629 various chemicals (taxics,
corrosives, oxidizers)

Building 319 Flammable materials, toxics

Araa X-25 Flammable materials

Area X-13, X-15 Anti-Freeze

Building s-87) POL preoducts and overflow chemicals
from 629

Building &89 Short-term storaga of flammable

liquids, for shipping and receiving

Hazardous mataerials operations at DDMT are increasing. In 1984,
DDNT was responsible for 30,000 tons of hazardous material, while
in 1987, the amount was about 17,000 tons. Construction of a new
hazardous materials warehouse has recently been completed {Bldg.
835) in the northwast gquadrant of DDMYT. Tha total area of tha
building is 141,100 square feat. The bullding will provide 133,000
s¢uare feet of storage area for hazardous materials, with the
remainder being used for genaral office and ancillary activities.

The majority of chemical stock items hava been atored in Bullding
629. This bullding is conatructed on a concrete foundation without
floor drains and contains five bays separated by concrete walls and
fira doora. S5pill booths containing absorbent materials and
claanup equipment are located in each separats area. These booths
are marked to preclude incompatible chemicals being placed in the
saxe booth. The capacity of Building 629 is currently inadequate,
and overflow chemicals are stored in Bullding 3-873.

Building 319 is the flammable materials storage araa and contains
mostly alcohols with lesser amounts of other Iitems (ether,
paesticides, and solvents). Hazardous materials reguiring
tenperature-controlled environments are alse satored in this
varshcusa, as ara pilferable hazardous materials. The building is

-
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concrete-bermed and is on a concrete foundation with no floor

. drains. o©One mechanically ventilated, separately bermed room in the
west end of the building contains ¢yanida compounds. The building
is equippaa with explosion-proof lighting and spill booths similar
to those in Building 629. Security control at Building 1% is
stringent. Bullding 319 storage 1la currently being replaced by
new hazardous materials warehouse, Building 835,

The X=25 area ls a bharmad, concrate pad in tha open storaga area
on tha northwest side of tha installation, where conly Class 1
flammable liguids ara stored. These liquida are normally stored
in 55-gallon drums and include a wide range of industrial grade
organic solvents. A third facility on the Bullding T267 site is
a tenalon roof structure used for ganeral purpose material storage.
This structure 1s currently not in use and tha tent {3 being
removed.

A naw recoupment facility has racently baen constructed immediately

. south of the naw hazardous matarial warehouse (Building 835). This
will replace non-compliance operaticns in Building 5-873. Selected
materials that are damaged in transport will be repackaged at this
facility for usme. Any matarial that cannot be repackaged must ke
clasgified as hazardous material excess and turned ovar to DRMO.
It is the Hazardoua Materials Supervisor's responsibility to
dispose of the material thfouqh salvage or resala,

All cpen storage of drummed products, except at X-25, will ba
eliminated. Building 529 is partially utilized for non-compliance
storaga. An additional 20,000 square feet of material will be
ralocated from Building 529 to the new warehouse. Mataerials are
currently being tranaferred from Building 629, 529 and 319.

r

. 4521.60 4-11
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The Flammable Ligquids Holding Area, also known as the "hot house",

. is whaere flanmable materials are temporarily stored (less than 24
hours) aftar receipt or before shipping. Typlcal items in this
area include alcohols, ketones, aromatics, and ethers. The "hot
house™ is located at the northwest corner of Building 689.

4.1.2.1 Hazardous Wagte Generation and Digpogal - DDMT is a RCRA

generator of hazardous wastes in the State of Tennessee, undar
generator number TN 4210020570. DDMT is a large gquantity generator
by the statae of Tennessee. The sources of hazardous wastes rasult
from the cleanup of small hazardous materials spills, misaion stock
which has reached expired shelf lifa, and satallite genaration
areas. Of the approximatsly 100,000 hazardous material transfers
per year at DDMT, only an estimatad 50 per year result in an
out-of-contalner avent. Mora than 90 parcaent of these eventa
rasult from packaging failures ln transport. Tha remaining eventa
are attributed to handling at DDMT.

. Dafansa Reautilization and Marketing Region (DRMR) is a tenant
activity of DDMT. DRMR supports saveral installaticns in the
région and 1s responaibla for providing dispocsal of hazardous
matarial through contractors. The former Defense Property Disposal
Office has been redesignated Defense Reutilization and Marketing
Ooffice (DRMOQ). DRMO provides property disposal services and
conforming storage facilities for hazardous materials and hazardous
wastes generated by DDMT, Memphis Naval Alr Station and Air Force
Alr National Guard. Under the present permit, tha time limit for
hazardous waste astorage 1s ninaty days. The installation is
seeking a Part B permit from USEPA which would allow storage for

up to 180 days.

Bullding 308 is vhere hazardous materiale in DRMO'a possession are
storad. It is a wood-framed tin structurs with a concrete floor.
A two-foot concrsta foundation surrounds tha floor to provida
secondary containment, excsgpt for twe doorways. Spill containment

. 8531.60 4=-12
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and cleanup materials are kept in the building. This storage area

. will ba replaced by the plannaed DRMO Conforming Storage FPacility.
The project was first planned for FY 1987 and is still pending a
Part B perﬁit. It is to provide a 14,000 square foot storage
facility with auxiliary facilities required to accomplish the
hazardous materials disposal mission. Recoupmant is used as much
as posaible to minimize losses and to keep waste quantity to a
minimum. Cleanup reslduals are transferred to DRMO for resale cor
disposal.

4.1.2.2 PCP Dip Tapk - A sampling investigation of tha PCP Dip
Tank Pacllity (Bullding 5-737) commanced in August, 1985 when U.S.
Army Environmental Hyglene Agency perscnnel obtained analytical
testing resulta arranged by ©O.H. Materials Company, Inc., which
revealed the presence of high levels of chlorinated lsomers of
dioxins and furans.

Samples taken of socil beneath the dip vat showed the presence of
. contamination. ©O.H. Matarials used a portable drill rig to
systematically depth sample the arsa. O.H. Matarials, in
conjunction with stata and federal authorities, determined a target
clean-up criteria lavel of 200 ppb total dioxins and furans.

Although contaminants exceeding the 200 ppk were found at a depth
of 27 feet, the U.S. Army, USEPA Region IV, and tha 5tate of
Tannessee Dapartment of Health and Environment aatablished a ten
foot removal dapth as apprepriatae.

The contaminated soll was stored on roll-off containera near
Building 670. The reoll-off containars havaea baen removed and the
solil was digposed of at an approvad facility in the spring of 1988,

4.1.2.3 Spill Response - DDMT has instituted spill response and
control measures which reduce the probability of significant
releases of spilled hazardous material to the environment. The

. following programs have been implemented to mitigate adversa
impacts:

85%31.460 4-13
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(1) Splll Prevention., Control. and Coupntermeagures (SPCC) Plan.

. The plan is designed to improve responsas to and decrease the
potential for hazardous materials spills.

{z) Installation Spill Contindency Plan (ISCP). The Flan provides
spacific staps to follow for reporting of a spill,
mobilization of the spill responsa team, and cleanup of a
spill. Also included are telephone numbers for emergency
services (pollice, fire Qepartment, hospitals, etc.),
reportable quantities of hazardous materials, and the
responsibllities of the spill responss team members.

(3} Parsonnal Training. The training includes courses for

hazardous materials warehouse personnal, spill team members,
and management. The traihing program includes initial
orientation; an ln-house course, "Introduction to Hazardous
Materials-~-Handling and Storage, Packing and Marking*;
certification training for packers, "Defensa Packaging of
. Hazardcus Materials for Transportation,™ which is conducted
by the Joint Military Packaging Training cCenter; and
opportunities to take technical courses and attand appropriate
seminars outside the DLA system for certain personnel. Safaty
meetings are conducted once per week. Unannounced drills con
- safe work practices ars conducted monthly by the Safety and
Health Offica.

(4) Spill Reaponse Vehicls. The vahicla has a variaty of spill

response aquipment for personnal protection (chemical-
rasistant coaveralls, bootsa, hard=-hats, face shislds, gloves,
reaplirators, first aid kite, fire extinguishers, etc.), spill
control (shovels, absorkents, nsutrallzing chemicala, ate.),
communicatione, and analysis (explosimeter, oxygen matar, pH
paper, atc.) plus othar safaty gear. In addition to the DDMT
vahicle, the City of Memphis Fire Departaent Hazardous React
Team is on call for emergencles at the installation, This

. taeam has a naticnal reputation for ita hazardous spills
response expertise.

a4531.60 4-14
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4.1.2.4 Explosives - DDMT does not handle significant quantities

. of ammuniticn. Small quantities of ammunition confiscated by the
FBI were stored in an igloo on the west side of 9th Street. The
storage of these materials was not considered to be a significant
hazard ta personnel or facilitles; storage was discontinuad in
1989.

The only other explosives on the Depot are flammable materials
stored 1n temporary structures on the west side of tha
installation. An adedquata safaty diatanca iz maintained.

4.2 SAMPLING PROGRAM AND ANALXTICAL RESULTS

Tha following sectiona discuss the sampling programs and the
analytical results for each media inspected during the Ramedial
Invastigation. Ground water, surface water, sediments, surface solil
and subsurface soil sampling was dons in two phases as discussed
in Section 2.

puring Phase I, ground water sampling was paerformed in March and
April, 1989, surface and subsurface sceiles in February, 1389,
surface watar in May, 1989, and sediments in May, 1989. Phase II
surface and subsurface soils wera collected in October-November,
1989, and surface and ground water sanples wara collactad in
January, 1990. All sanmpling locations are shown on Figures 2-1 and
2-2a through 2-2d. Surface soll sampling locatiens are given in
Table 2-1. Subsurface soil sanpling depths ara given in Tablae 2-2.

4.2.1 ground Water

All ground-water sanmples were analyzed for volatile organic
compounds (VOCa) (USEPA Method 8240; including xylene), sami-
volatila organica (USEPA Method 8270), pesticides/PCBs (USEPA
Method 8080), total metals (USEPA Method 6010 including: antimony,
arsenic, barium, cadmium, chromium, copper, lead, silver, selenjunm,

. 8531.60 4-15
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nickel and zinc) and mercury (USEPA Method 7470). All of the USEPA

. mathodologles listed abeova are found in USEPA SW-846, 3rd Editien.
All water natrix samples were measured for pH, temperature and
specific conductance in the field. This information was recorded
on the field Sampling Data sheats which are provided in Appendix
A.

4.2.1.1 Background Ground Water oyaljty - All available
informatlon (literature and fleld studies) indicates that

monitoring well Mw-16 is located upgradient from the rast of the
monitoring walls screened in the Fluvial aquifer at DDMT.
Chlorinated volatile organic and metal contamination was detacted
in the ground water at DDMT. The areasa of contamination were
located down-gradient from MW-16 (Flgure 3-10). Tha specific
contaminants datacted will be discussed in the following
subsectionsa, Tha fact that ne chlerinated wvelatile organic
contamination was detected in MW-16 supporta the reasoning for
using this data as background ground water quality. The positive

. rasults reperted for total metals are likaly to be indicative of
natural background levels. Samplas analyzed from MW=-16 in Phase
I and Phase II resulted in consistent metals results. Howevaer, a
variability with respect to time may naturally exist in total
matals concentrations., For that reason, lt is difficult to discern
total nwmetals <concentrations abova which are considered
contamination. Total metals results are discussed as being
elevated, rather than necaessarily represantative of contamination.
For comparison purposes, the analytical results from MW-16 have
besn repsated on all tables presenting Pluvial aquifer ground-
water results.

4.2.1.2 Dunn Field Area

4.2.1.2.1 Ground Water Sampling - FPhase I ground-water samplea
ware collected in Dunn Field form MW-2 through MW-15. MW-1 through

MW-7 are walls that were .installed by AEHA in 1985. MW-1 was
. destroyed prior to the RI field operations and was not accassible

8531.60 4=-16
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for sampling. MW-2 is screened in a perched water table at a depth
of 29 feet. 5Sinca MW-2 does not penetrate the same agquifer as the
othar walls, the analytical results can nct be directly correlated
with the contaminants detected in the Fluvial agquifer. Mcnitoring
walls MW=-3 through MW-15 are screened in the Fluvial aquifer. MwW-8
through MW-15 were installed during Phase I of the RI.

During Phasa I it was dlscovered that chlorinated volatile organic
compounds and metal contamination was present in most of the
ground water samples collected from the northwastern portion of
punn Fleld. The results indicated possible contaminant migration
past the boundaries of Dunn Field. 1In Phase II, five moniteoring
walls, MwW=30, MW=-31l, MW=-312, Mw-33 and MW-317, were installed west
of Dunn Field. Except for MW=-37, all of the wells are scresened in
the Fluvial aquifer. MW=-37 was installed as a Type III monitoring
wall and is screened in the Memphis Sand aguifer.

Ground water samples were collected again during Phasa II from the
same wells as in Phase I, eaxcapt for MW-2 (perched water-table
zone), which was dry at tha tima of sampling. In addition to these
walls, five walls installed in Dunn Fileld during Phagse II were
sampled. Four of the nevw Dunn Field monitoring wells (MwW-28, MW-
29, Mw-34 and MW-315) are screaned in the Fluvial aquifer. MwW-35
is screened to intarcept the bottom of the Fluvial aguifer. MW-
36 was installed as a Type I1II monitoring well and is screened in
tha. Menphis Sand aqulfer. The analytical results from both
sanpling episodea will be discuased in the following sections.

4.2.1.2.2 Dunn Field Area Ground ¥Water Analysis - Analytical
results from both Phase I and Fhase II indicate that chlorinated

volatlle organic compound and total metal contamination exists in
the Fluvial aquifer at Dunn Fleld and extending past the western
boundary of DDMT. Positive results for Dunn Fleld ground water
along with background data, are glven in Tabla 4-1. For easy
reference, Maximum Containment Levels (MCLs) and the State of

a5131.60 4-17




115

-~ n3EYHd

£ L5 | - 13swHdl 0 eAuRONEL
-~ nF/YHd_
L OLIA [ J]L (R 13 |
— ) agvd

DosL -- - 1 35 R ausl N
) = nISwHd
rn sL0 i - 1 3SWHA Wy BT
oL g -- ——  m35¥Hd

st - | 8 TTET] -0 naswna] ¢ WAKIOERR] 0GR

17

- Touve oDosT - ] -- 2oL o ) - == 0O W Q06E [ ST an ozl 5 .
S 1 -- -- o OE Owc 2. e 8L goBL - BZ T fr
5 ¥,
g

N R B L s . .
.- - - ©Pe s

(-]
&
8
alialgzlen
(-]
(=]
wm
]
I

N T T TR T - - o i ] = - ] ot z
- e - - ;] "

. U . rr
otk ool - | 1 - .- == T2 -- - jomE T 19
B T B i .. L.

—  gar. - - - - — nasyhd -
- cpuz! e - - | osg 'Woimor| - izsvial, T delgmadiaa-TE
- -- - - - = I3SYHd

: 3fa B

wM [ -- | 35¥Hd [T E TR fa T

- % -- ¥ m. P o { - RISVHd - o
i ; : . N - 138vHd | SO 1L
- . = - = = po - na5vhHd

re - - i -- == 138YHd BUEYIOIOYN-L L
-~ - - == W35VHd

SERTE ¥ L ERHE
=
8
-

- - — . r -
T — . - M - - L - .- -] §e v - -=  yagwHal T BuBpeoomai -l
DLy oo -- -- -- -- - - -l re el B -- - . - == - ) o NSV
. - -- . -- -- - g | EL . BL.G -- - — o5 | - - -~ |, - = 1 IgvHg . SURROMIW EARL |
.- - - - -- - o -- - ISYHd
- - T -- =~ - = = -- -- -- -- 8 - 5 rs -- -- -- | e W == 13SVHd PLEYRGIONIL-4 L L

4-18

Wl
-
-
L]
Ll
-
-«

(wen) SNy I0A QILYNIDOTVH

CEAWN ZEMUN ICAR CEMAY|STMIY VOMIY G2MN SZWUM CLAN PIAM CLMA ZIAUY LMW OLMPL GMN GMN  JMA SMA SMR PAY DA NLI0 IR | Bl HALINHYY
ans

B fiem

|

|

Jsve-140 Q314 NN ppnodiyseq

FISSINNIL SIHIMIN LOATD IENIFK]
¥AHY QT34 HHND
HILYM ONNOHD K1 S1INSTH 3ALLS D
L-rINEVL




115

e
l
L 1 -- - -- - - 1 S - -- L -- L -- ' -- - -- - NIS¥HS
e ee s - L S S 4 i L ¥ I ¥l - BT, O U 5 2 ] - amwal T T Tk
I el e 06 [ -- - ;06 0 03l 00z ; O | OO0 . 000k | - |0 088 0L i Or |.OC¢ 08 T E S
. = - e - e -- PNSSZ NMDS NOGL  WZLe D NCSC - MESR, NLZD MSEL NOGE  NSGE N MeszocMetz| o5 toosT T el {1aswall T . BRSHee
T R —& e T — T - - - oy e Or D35YHd
I LS - .- - E R -- -- -~ . @- 7. -- -- .- - - -- 05 ° O0S- | S5 NFEWHAI . -t a o oy
WOn) S TY.LIN IILYIOA
rie -- - = - -- -- -- retv -- -- -- - -- -~ -- rae £ 35vHd
- .- - m g r re -- 4} e s rs rs e L re DosL s 135 w4 sreuiud (hnbwmiuty -zEm
rac  -- ree reg FES e fMi rAr M9 M rar rec rgs rge goF e == N3S¥Hd
sttt Tttt == -- - | w0 —- FE_ 135VHd  sulueiiuaydiposoii -
- FEE _— - - -- -- - -- .- EEEE - -- -- -- -~ —  H2B¥Hd
-- - s -- -- “- -- -- -- -- -- - .- - -- -- ¥H - == 138Y¥Hd o eyt R ing-u-g
re rc == NISVHd
- -- -- ¥N - = 135YH4 e apzveg| o
-
U0} SENLOAITS JALYNIDOTYHNON L
- re == N 35vHg
...... g2 " BN ary . -- - - re geg -- - -- ¥H - M 13SYHd QuoleTy
hY
Whn) 3LV I0A OFLYNIDDTVHNON
EEMA JOMA LEMIA DCAAN | SEAUM PCAUN BZMIY S2MN SIAUY FIAM CLAUN ZLAAT  LLAUM QLMY BMM A SWMIN SAUA SMN WWA DAWA | ML 90 v | awen HALINYH YA
avis
[
ICwa-Ad0 0814 KND pno Ay TR

JIFSAMNAL SIHEN 10430 ISHI N
Yagy 0731 NNNG
HILYM ANMOHD NI SIS I 3ANISOd
E-r37a¥1




117

17

‘DA Ueyl el RELFP 16 LIOEL | [RK] {3}
o puny E.__.uau:u apunes Gyl URU] £ SO DOIRWIST = (i) wWhjwor) DUE (|1} LU usese vipMsE on (d)
* KSR} LI ASETUCood I SEUTUR Ul U1 DB LD = o SRR Ul (8]
‘BTEREAY K = YN Ui DO U} pUND4 = {t) A {0 OEm 2 cHuE LI N} SRADT S3UEDING EsSauLe ) O BTENS - ML 0 JIYIE
PRIANER N = -- LI Y Y100 o] LU ES U S L) sameesl e (T Hiuy ) UMSLIUTITLAKET) WITAL PR WAAOS = TTOM
B KOO0 ujuTpm 0w LS00 Griwes pea s = N uo|[7aM] PeHnbay 1ZEquozy wik utyl B nfen « [ourl.ou) g “ERUTPING L 10 S1EXS 0 TP $ACT 0 O] [ENDG SRl S1EDTUI KRN DaiRS
[nra o2z o6k D90 [ 5S¢ ¥z @41z oS8 Gy DEY  BE B D2 00CL M 09 0%k €9 T oit oo a1 1| 2EVHd
-- -- .- -- . - NZO9 NOFDL NIOF ROCOSL HZZR NOZGE HYDE NS, NOLBL  MELS MUE  NSIE Hrll | QOOS 0005 | 91 13SVed 2wy
- -- -- -- - -- -- - . - I F5VHL
-- -- -- -- -- - ae gL 1) 2r - oz -- -- o 05 = 1I5WHd s
R ® el o8 | - - | & 6Z 09 ooL- &0 08 |L o5 ey - 6 @ 05 gw | ...3.___w_m5t ~
- - - e .- imeiy Wizb Maz ok NEZZ . SVl T RZB. MOIL N2OD . NGYLT. N8 Nige! mvdg [WEL | - & {iaswd|. T - el
¢ 0t o000 o€ | - - 08 08 O O 06 D@ O O @ ot Ol O or o aG B - TRTE T
-- -- -- -- -- - - NODP KIES NOEL NKST  NEYR WYL NECL MOE NSSE NELZ M MBEP NS | ODOL  ODOL P68 ) ISVHA o’
0L o B 05 | - - TAL DRL-DH O 0Bk 02 v F g 06 O SO0 O Oy .05 @ 88 S L E P,
I _-Bﬂ WODG HYEL SHEIT MOBS  NOWZ - MZEL MLy ROWIL CNOEE mozL NEZR MDWS | o8 1T B S8 | 3sveal - U rimpadary
8 5 -- - - -- - - - -- -- - I 3SVHS
-- -- - -- - - - - - - -- -- -- - w8 - - |00 W L il wntupeD)
o 0001 oW 009 [ OEL £z otr 096 0SS | Bm-._. 022 095 ' OOZL OOSL _ onL O 0vs  OC9 [T 0|z O] . o a3IsVHe ]
- . . . . . - NGGE NORE WOLY ' NOLOE MOSEE NOIEL | MOLY NeB3 UROCOL . ML MOZZ O NSES NGE9 [ ocor boor 212 138VHA, . L umirg
- - - - - - - - - — -- - - - -- - == 11 35¥Hd
-- HEYS  MI1E M NELL NOIL NEEL - HNG6S MNESk| YN -- -- | ISYHS F oI ¥
(LTh) BV 13N TTLVICANON
CEMUM FEMW LEMUNM CEAUM | SEMINM YEAMIT GEMIT DZAUN SLAN #LAAL CIAMIM ZLAUY  LLMR OLMN GAUM BAA AWM DA SAUM AU EMN | HL 40 TON | BLWA CEFE L
' JIVIS
A
FSYE-I30 a3 NN Dyl yorg

FISEINNIL SIHdNEN LOCI0 I5NAA30
WVIHY OTN4 NHNG
HI1YA QMDD M SLOINSTH IALLSO
€-¥ 379v)




17 118

Tennesses guidelines have been included on the tables. The shaded

. numbers indicate constituent levels that are equal to, or exceed,
MCLs and/or State guidelines. These will be compared and discussed
in Sectioﬁ & of this report. Analytical results from the
monitoring wells screened in the Memphis Sand aquifer (MW=-36 and
MW-37) will be discussed in Subsection 4.2.1.4.

Tha chlorinated veolatile organic compounds that were detected in
tha Fluvial aguifay during Phase I and Phasa II sampling are not
naturally occurring compounds. The constituents that wera detacted
include: carbon tetrachloride, chlorofarm, trichloroethylsne,
tetrachlorocathane, 1,1=-dichlorcethene, 1,1-dichloroathanes,
1,1,1=-trichlorgethane, 1,1,2,2-tetrachlorcethane, 1,2-dichloro-
ethene, 1,1,2-trichloroathane and 1,2-dichleorcethane. Figura 4-2
showa the known area of organic contaminated ground wataer in tha
Dunn Field area.

Chlorinated velatile organic compounds were only detected in two

. of the wells located west of Dunn Fleld (MW=-31 and MW-32). Both
wells were contaminated with the same constituents detected in the
walls in Dunn Field. The concentration of. the chlorinated volatile
organica found in thesa two wealls was also within tha same order
of magnitudes as lavels encountared in the northwest quadrant of
Dunn Field.

MW-30 and MW-33 (also located west of Dunn Pield} did not contain .
detectable levals of chlorinated volatile organic contaminants at |
tha time of Phass II sampling. Thess two walls may ba uzed to

define the northern and southern extent of the known contaminant

pluma.

Trichloroethene was the constituent present at the highest levels
in samples collected during both Phase I and Phase I1. As shown
in Table 4-3, the MCL for trichloroethene is 5 ug/l. Trichloro-
ethenae was detected at levels ranging from 2 ug/l in MW-15 to 1500

. 8531.60 4=-21
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FIGURE 4-3
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ug/l in MW-12 in Phase I. Results from Phase II were generally
similar to that in Phasa I. In Phase II, tha lavels of trichloro-
ethene ranged from 4 ug/l in MW-9 to 5100 ug/l in MW-12,

Tetrachloroethena (MCL = 5 ug/l} was another major ground-watar
contaminant found in both Phasa I and Phase II samples. Analytical
results from Phase I show tatrachloroethene in mest of the northern
wells in Dunn Field with levels ranging from 3 ug/l in MW-6 and
MW=13 to 190 ug/l in MW-10. Meagurements in Phase 1II obtained
similar regults with levels ranging from 2 ug/l in MW=6 to 240 ug/1l
in MW=-10, Figure 4-4 presents isopleths for this contaminant based
on rasults from Phase II.

Samples from MW-10, Mw-1l, MW-12, and MW-6 tasted positive for
1l,1,2,2-tetrachlorocethane in Phase I. In FPhase II tha same wells,
along with MW=-13, tested positive for this conatituent. Thes
highest concentration levels of 1,1,2,2~-tetrachloroethane was found
in MW-12 (340 ug/l in Phase I and 1900 ug/l in Phase II). An
isopleth of Phase II concentrationa of 1,1,2,2-tetrachlorcethanse
i1s shown on Flgure 4-4. Samples from Phase I and Phase II detected
l,1-dichloroethena in MW-3, MW-7, MW-8, MW-9 and MW-10. MW-29 also
tested positive in Phase II. Lavals of contamination did not
change significantly between Phase I and Phasa II. Phase II
concentrationas are shown by an isopleth on Figurae 4-4.

Metals were also detected at levels elevated above background in
ground-water samp].es. However, the metals concentrations were
genarally lower in the wells located wast of Dunn Field than in on-
site wella. The data indlcates metal contamination covering the
same general area as the organics, but the rate of contaminant
migration may be slower for metals than for the organlics.

Chromium, lead and mercury have been identified as constituents of
concern (Section 6). Chromium and lead were detected at elevated
levels in the majority of the wells. The highest levela datacted
were: chromium (800 ug/l, MW=-7), lead {653 ug/l, MW=-10}, and
mercury (3.6 ug/l, MW=-6}. The distributions of chromium and lead

8531.60 4-23
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are shown in Fiqure 4-5. Since most of the detected levels of
mercury werae below MCLs, and all are very similar in contaminant
levels, an isopleth has not been constructed. Arsenic and barium
were also ldentified am contaminanta of concarn, howaver, they were
less widesbread at elevated levals,.

Antimony, nickel, silver, and zinc were not ldentified as
conatituents of concern but wera detected at aleavatad levels 1in
numercus wells.

MW-2 is screened in a parched water tabla in the northarn part of
Dunn Fleld. USAEHA reports indicate that this well exhibits much
greater seasonal variations in water lavels than does the Fluvial
aguifer. A saomple was collected in Phase I, but in Phase II the
wall was dry and no sampla was obtained. Analytical results from '
this well are given in Table 4-4. Arsenic, lead, cadmium, chromium
and nickel were detected at elevated levels in the sample.

In summary, the analytical ground water rasulta indicata that the
downgradlent wells {(west and ncerthweast sida of Dunn Field and west
of Dunn Pleld) are contaminated with chlorinated wvolatile organics
and alsc contain elevated metals. In the east and north, the
extent of contamination appears to be defined by "clean® results
from MW=-28 and MW=-30, respectivaly. Howavar, MW-29 (in the
northeast portion of Dunn Field) had low to moderata levels of
volatile organic compounds. The southern portion of the pluma is
approximately defined by low contaminant lavels in menitoring wells
MW=-14 and MW=-1%. Tha volatila organic results of the ground water
from Dunn Pileld from both Phase I and Phase II sampling were
similar. The minor disrepencies in contaminant levels from Phase
I to Phase II could be caused by slight variations in sampling
technique, weather or actual fluctuationa 1in contamination.
Several sampling episodes will ba required before the fluctuations
can be evaluatad. Tha lavel of total metals varled within the
range anticipated for this type of analysis. Due to the amount of
sediments contained in the sampla, total metal results would be
expected to fluctuata more than other analytical procedures. Both
sets of data agree with the results of the study done by USAEHA

8531.60 4=-25
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TABLE 4-2
POSITIVE RESULTS IN GROUND WATER
OUNN FIELD - PERCHED WATER TABLE
DEFENSE DEPQT MEMPHIS TENNESSEE

PHASE |
STATE OF
PARAMETER MCL TH Mw2
NONHALOGENATED VOLATILES (ugh
|Acetena | -- NA | Y
NONHALOGENATED SEMIVOLATILES (up/)
[biz(2-Ethythexy) phihalaie | -- 1500 | 54 !
VOLATILE METALS {ugfl}
50
a0
2 .
Salenium - .- 90

NONVOLATILE METALS (ugh

Anlimeny
Barium

Shadec numbers indicala levals equal 1o or abgva MCL or Slate of TN guidelines.

MCL - SDWA Maximum Containmant Laval
Siata of TN - State of Tennassee Guidance Levels {non-anforceabla}
{2} Nadislinction batwean Shramium (1) and Chromiurm (V).
J = Estimated value less than the sampla quantitatian
limit, but graater than zeso.
M = Spiked sampla recovery not within control limils.
MA = Not Avallabla

4-27




(USAEHA Ground Water Consultation No. 3B8-26-0815087, Dec. 1986).
The total extent of ground water contamination may not be
determined from the available information, but an estimated 75
million gallons of contaminated ground water has been calculated
for the knoewn area of contamination. Cne-dimensional dispersion
models have baen prepared to calculate the possible western extent
af the contaminant plume. These models will ba discussaed in
Section 6 of this report.

Based on the analytical results and the ground water flow direction
it appears that the sources of ccocntamination are the burial sites
located in Dunn Field. These burial sites wera not ilnveatigatad
during this investigation. Therefore, it is not known which sitas
shown on Figure 4-1 are the actual sources of contamination.

4.2.1.3 Maipn Installation

4.2.1.3.1 Ground Water Sampling - Ground water samples wera
collacted on the main installation from MW-16, MW=-17 and Mw-19

through MW-26 during Phasae I of the RI. All of the wells are
scraenad in tha Fluvial agquifer. MwW-1B was inadvertantly scraanad
above the saturated portion of the Fluvial aquifer {see subsection
2.2.4), thus no sample was obtained. At the time of Phase I
sampling it was thought that MW-27 had a very slow rate of recharge
and only a veolatila organic compound (VOC) sample was obtained.
Additicnal information was cbtalned in Phase II, and it was
determined that MW-27 was terminated at the top of a clay lens,
above the saturated portien of the Fluvial aquifer (See Figura
3=7). In Phase II, noc sample was cbtained from MW-27 and the VOC
sample taken in Fhase I probably repragenta drilling mud that
remained in the well and annulus.

Ground water samplea were collected again during Phase II from the
same monitoring wells along with two additional wells, MW-33 and
MW=39, that were installed during Phase II of the RI. Like the
other monitoring wells on the main installation, MW-38 and MW-39
are screened in the Fluvial aquifer.

8531.60 4=-28
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4.2.1.3.2 Maip Installation Ground Water Analysig - Analysis of
ground water at the main installation in Phase I and Phase II
indicate areas of low level chlorinated volatile organic
contamination. Total netals, elevated above background levels,
ware also detacted. The analytical results are given in Table 4-5.
contaminantas included tetrachloroethene, trichloroethena, carbon
tetrachloride and chloroform. Figure 4-6 shows the total velatilae
organics detacted in the ground water of tha Fluvial aguifer on the
maln installation. Thls section provides a discussion about the
level and extent of the ground-water contaminants detected at the
main installation and the possible sources.

Onea of the contaminated areas is located in the scuthwest portion
of DOMT. Phase I and Phasae II analytical results show that three
walls in this area, MW-21, MW-22, and MW-19, are contaminated with
low levela of tatrachloroethene and trichlercethene. Surface
spills of paints and solvents that have been used at DDMT could be
tha contanlnant sourca. Analyais of surface soilas (subsectiocn
4.2.2.2) found tatrachlorethene and trichlorethene at Buillding 770,
Building 757 and Building 629. It 1s likaly that all of thasa
sources are contributing to ground-water contamination on the main
installation.

The second area of contamination ia located in tha southeast
portion of DDMT in close proximity to Lake Danielson. Phasa I and
Fhase 1I samples from MW-25 and MW-26 ahow lowv lavel contaminaticn
of tetrachlorcethens. MW-26 also had low levels of
‘trichlorcethene, carben tetrachloride and chleroform presant in
both Phame I and Phase II eplsodes. MW=-25 had vary low levels of
carbon tatrachloride in Phase I, but failed to teat positive in
Phase II. The contaminant source may ba related to the areas
mantioned above, but a more likely scurce could be Building T-273.
Surface soil samples collected from this area tested positive for
tatrachlorethens and trichlcrethena.

8531.60 4-29
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Chromium, lead, and mercury were detected at elevated lavels gver

. a widespread area. The highest levels wara: chromium (616 ug/l,
MW-22), lead (334 ug/l, MW=-23), and mercury (6.8 ug/l, MW-17).
Arsenic and, barium wera alse identified at elavated levels,
howaver, thelr presence was less widespread.

Other matals were alsc identified at elevated levels. These
included antimony, cadmium, copper, nickel, and zinc.

4.2.1.4 Memphls Sand Ground Water Analysis - To determine if any
contamination was migrating through the confining unit into tha

Maemphis Sand aquifer, two Type III monitoring wells were screened
inta the aguifer during Phase II. MW=-36 is located in tha
southeast corner of Dunn Fleld. This well wvas placed upgradient
from any suspected contamination. MW-37 i3 located west of Dunn
Field, on Rozelle S5trest, within tha extent of tha Pluvial
agquifer's contaminant plume. Neither of ths two wells contalned
datactabla levels c¢f chlorinated volatile organics and only tested

. poaitive for low levals of metals. Positive results for thase two
samples are given in Tablae 4-6.

MW=-317 did contain acetone at a high level (3500 ug/l). The source
of the acatone in the Memphis Sand aquifer is unknown, but does not
appear to have originated from Dunn Field. Acetone was not a
contaminant of c<concern in the Fluvial aquifer and there are no
recorded buried containers of acetona in Dunn Fleld. An additional
elavated acetons lavel was datected in a soll sample collected from
a so0il tast boring (STB-6) located in Dunn Field. - This sample was
obtained approxinmately 16 feet into the confining unit and had 1100
ug/kg of acetone. See subsection 4.2.2.1.2 for diacussion of this
sample.

One sampling eplsode (Phase II) from two wells (MW-31§ and MwW-37)
supplies a limited amount of data. However, a general conclusion
can be made that the organic contaminants detected in Fluvial
. aquifer have not migrated through the confining unit into the

8531.690 4-34




TABLE -6
POSITIVE RESULTS IN GROUND WATER
MEMPHIS SAND AQUIFER
DEFENSE DEPQT MEMPHIS TENNESSEE

17

B PHASE il
STATE
PARAMETER MCL OF TN MW235 MW37
NOMHALOGEMATED VOLATILES (ugd)
Acatona -- NA - AE00D
2-Butanone -- BE0 4 --
4 -Mathyi-2-pentanona -- MA .= K]

Lo

I

NONMALOGENATED SEMIVOLATILES (ugil)

|N-Nttrosocdiphényiamiae

NONVOLATILE METALS (ug/l)

Harium 1000
Chromium {a) 5D
. Copper 1000

Zinc ' 5000 5000 73 T isp

Shaaad areas indicate levals aqual to or above MCL or Sizte af TH guidelines.
MCL - SDWA Maximum Containment Level
Stawe of TN - State ¢f Tannessaa Guidancea Lavels (nan-eniorcaable)
(a) No distinctien batweean Chromivm Il ana Chramium V|,
D = idantilied in an analysis a1 2 sacondary dilutian factor,
J = Estimated valys less than the sample quanditation limit,
but graater than zerg.
-- = Mot delectad.
NA = Nai Availabla.

4=35
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Memphis Sand aquifer at detectable levels in Dunn Fleld. It can

. not be concluded that this will not occur, or has not already
occurred, ln areas not investigated during the RI.

4.2.1.% Quality Control - Ground Water - Quality control (QC)
samples collected and analyzed to evaluate ground-water sampla data
quality conaisted of fleld and laberatory samples. Tha field QC
samples included trip blanks, field duplicates, and rinsates. Tha
laboratory QC samples included methed blanks and matrix
spikes/matrix spilke duplicates (M5/MSDa] for analysea for organic
constituents. Surrogate reccveries, where applicable, were alsoc
evaluated.

Field duplicate results arae only evaluated whan thae values raportad
are at least five times the detection limit. Relative percent
differences {(RPDA) are calculated and used to evaluate sampling
precision. Many of the positive rasults are lesas than this.
Therefore, an avaluation of the MS/MS5D data is helpful to assess

. the precision af the data. The MS/MSD evaluations are presented
with the laboratory quality control results discussion. Rinsate
sanples were collected to aid in the evaluation of the quality of
the data and to ascertain if contamination was prasent duas to
inadequate cleaning of the sampling equipment.

Some results were eliminated from the data as false positives.
N-Nitrosodiphenylamine was found in saeveral methed blanks. It is
a rare chamical used as rubber wvulcanization retardant (Merck
Index, 1983}, has a poor GC/MS response factor, and is likely to
ba a laboratory artifact. Also identified as false positives were
Bis {2-athyl haxyl) phthalate found in method blanks (possibly from
laboratory uae of plastic surgeon glovas) and methylene chlorlde,
acetone, 2-butancne and hexanona (common laboratary asolvents),
which ware all detected in sevaral method blank analyses. Data for
these compounds are discounted and will generally not be discussad.

-

. 8531.60 4=136
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4.2.1.5.1 Quality control - Dupnn Field Ground Water - During Phase
I, a field duplicate was collected at monitoring well MW=-9, and was
labelled MW-9QCD. During Phase II, monitoring well MW-9 was again
the site chosen for the collection of the fiald duplicate sample.
Most of tha results for the field duplicate samples are below thae
cancentrations needed t¢ proparly evaluate RPDs. A few positive
values reported are for metal conastituents. All of the RPDs for
the sample and assccliated fleld duplicate are less than 35% for the
metals analysas foar Phase I and Phase II, except barium from the
Phase II duplicate sample. The faw calculable RPDs for organic
constituanta wearae less than 20%. Evaluation ©of these resulta
indicates that sampling precision was generally good for the
gsamples collected during Phase I and Phasa II sampling at Dunn
Fleld.

The Phase I rinsate sample was taken prior to the sampling of
monitering wall MW-% and was labelled MW-9QCR. Positive results
for the organic contaminanta acetone, methylana chloride, bis
(2=-athyl hexyl) phthalata and teluene are discounted as laboratory
artifacts because they were datected concantrations that are less
than the method reporting limits and were found in seaveral methed
blanka. A8 no other constituents were detected in this rinsate,
decontamination procaedures utilized during this sampling effort are
considerad to have been satisfactory and cross contamination
betwean menitoring wells is not likely.

The Phase II rinsate (MW-29R) was reported to contaln copper at 1¢
ug/l and zino at 47 ug/l. Tha concentration for coppar 1ls at the
method detaction limit and therefore should not affect tha copper
resulta. Thea zinc wvalue is greater than five times the detecticon
limit and affects the assoclated zinc results. Thae Phase II zinc
results less than 500 ug/l from the Dunn Field area should be
flagged as estimated wvalues. Howevar, thae reaesulta of these
Tinsates generally indicate that proper decontamination procedures
were used during Phase II gampling effort.

B8531.640 4-37
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For the sample collected from monitoring well Mw=-10, MS/MSD were
prepared and analyzed during Phase I and II. Phasa I recovaries
vare cutalde of the control limits for antimony, barium, cadmium,
chromium, copper, lead, nickel, and zinc. FPost-digestion spike
recoveries ware all within the control limits, indicating that the
laboratory procedures produced tha poor M5/MSD results. Phase II
MS/MSD data were within the control limits for all metals except
silver, selenium, and antimony. Post-digestion aplke racoveries
for sillver wera alsc poor, suggasting a matrix interference for
this metal.

The MS/MSD data for tha organic constituents were generally within
c¢ontral limits for ths Phasa I and Phase II sampling episocdes. The
RPDs for 4-nitrophanol (20%) and pentachlorophenal (50%) weara
cutside of the contrel limits for Phase I. The recoveriea for both
of these compounds waera at the low and of the acceptable rangs.
Phasa II MS/MBD racoverles of 1,l1-dichlercethene ware ocutside of
the control limits.

Mocst of the surrogats recoveriss weare within the control limits
specified for the mathods. Tha fiva of twanty surrogate recoveries
for 2-fluorophencl were out-af=-control limjits for the Phase I
samples. This may indicate a negative bias for phenclic compounds
for the samples from monitoring wells MW-2, MW-6 and MW-3. In
addition, the raceovery of tha surrogata 2,4,6-tribromophencl for
the Phasa I sanples waa low. This suggests a negative bias for
phﬁnnlia compounds in the samples from monitoring wells MW~2 and
HW=6.

The mathod blanks for all of tha analyses parformed for Phase I and
II samples did not show any indicatiena of major problexs in the
laboratory sample preparation and analysis. Low concentrations of
common laboratory contaminants were noted in many of the method
blanks. Thasa values were ganarally lesa than the method reporting
limits and are not conaldered to effact data values significantly.
Howaver, goma congtituents detected in field samples are discounted
bacause of thelr presence in the methed blanks.

8531.60 4-33
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4.2.1.5.2 Quality cControl - Mailn Ipstallation Ground wWater - A

field duplicate was collected from the Main Installation from
monitoring well MW-17 1in beth Phase I and Fhase II. The only
positive results useful for the calculation of RPDs were from the
metals analyses. RPDa cutsida of contrel limits were obtained
during Phase I for arsenic and barium (36% and 89%, respectively).
For Phase II, the RPDs for .barium and zinc were 125% and 59%,
respectivaly.

The data for the trlp blanks and thae rinsates did not yield any
positive results. Any positive results reported for field samples
are thereforea not dus to shipping and handling exposures for
volatile organics or from decontamination procedures for any
parameter. Tha mathed blanka generated for all the parameters for
Phasa I and Phase II analysas did not yiald any positive results.

The sample from monitoring well MwW-24 was chosen for MS/MSD
praparation for the Phase I and Phase II sampling effort. The
Phase I MS/MSD data suggests that laboratory blas for the metals
arsenlc, antimony, cadmium, mercury, selenium and sllver was
present; recoveries wara ocutslde the contrel limits for these
metals. The post-digestion recoveries for all of thesa parametars
were within acceptakla ranges, indicating that 1losa during
preparation occurred. All ©of the RPD values were less than 35%,
indicating acceptable preacision was cbtained.

The Phase II MS/MSD results wers within control limits for all
matals excapt sllver, arsenic, antimony and ssleniunm. Tha
reacovarias for these metals wera low. The pest-digastion
raecoverias wera all within the acceptable range except for silvar.
All of the RPD values ware again less accaptable at less than 35%.
A matrix interference may ba tha causae of the poor recoveries for
silver only.

8%31.60 4=139
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The matrix spike recoveries for all of the crganic analyses for
Fhase I and Phase II were within acceptabla ranges. All of the RPD
valuas for the organic analysea wera less than 20%. The gurrogate
recoverias for all of the samples of Phase I and Fhase II for all
of tha organic analysesa were within acceptable ranges. The
accuracy of the organic analyses for Phase I or Phasae II for tha
Main Installation area appears to ba good.

4,2.1.5.3 Quality Control - Memphis Sand Agquifer ~ A comparison
of the results for acetons for monitoring well MwW-37 and its fleld
duplicate MW=-37QCD (3500 ug/l and 330 ug/l, raapactively; RFD = 6%)
indicates that the contamination levels ares real and are hot due
toe field or laboratory contaminatioen, The RPDs for tha other
parameters were all within limits except for zine. ‘

Further evidance that suggests that the reported level of acatone
contamination in monitoring well MW-37 ia a true value is that the
associated rinsate (MW~3QCR) was free of acetons. Rinsatea MW-29R
contained measurable levels of zinc, and the zinc data for the
fiald samples asscclated with this rinsate should ba flagged as
estimatad, as discussed in Section 4.4.2.1. The trip blank {BX-%)
shipped with the sample from monitoring well Mw-37 did net contain
acetone or any other volatile organic. The trip blank TB-X3 also
dld not produce any positiva results for wvolatile organic
compounds.

Tha initial analyses of asamples MW=-17 and MW-27QCD were
accomplished within holding times and did not show the presence of
chlorinated volatile organics. Howaver, tha acetcne level
gaturated the instrument sc that an axact value for acetona for
the undiluted sampla could not be detaermined. Thess samples were
reanalyzed after the holding time had expired at a secondary
dilution factor. The results rsported should .ba flagged as
estimated. The associataed method blanks did not hava any positlve
results for any of the analyses performed axcept zinc. This
element was detected in the method blank at approximataly six times
the reported datection level concentratien.

8531.60 4-40
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The M5/MS0 analyses for MW-37 was performed on MW-32. The sanple

. MW-316 was designated for preparation as an MS/MSD. The metals
recoveries for both spiked samples showed problems. The M5/MSD for
MW-316 has low recoveries for silver and antimony. The antimony
recoveries for MW-36MS and MW-J16MSD were only 56% and 46%, and
silver only 52% and 50%, respectively. The post-digestion spike
rasults wara 92% for antimeny and 48% for sllver. Thase results
indicate that the milver and antimony valuea reported for MW-316 are
biased low. Tha patrix spike sample of MW-312 gave low recovery
results for silver, antimony, chromium, arsenic, selenium and zinec.
Tha post-digestion spike results were acceptabls tfor all of the
elements listed, except for silvar. All of the elements listed as
low racovery for the MW-32 spike reflect low recovery values for
tha MW-37 sample results. The RPD values for both MS/MSDs wera
within acceptable limits.

The organic compound MS/MSD recoverles for MW=-32 and MW-36 wara
within control limits, with the following exceptiocns. Tha MS5/MSD

. for MW-32 did not yield acceptabls recoveries for tha following
compounds: phenol, 2-chlorophencl and 4-chloro-3-methylphencol. All
of thess compounds were below the acceptable range for recoveriass.
Therefore, the acid extractabla cempounds for MHW-317 may have
results that may be biassed low. Tha recovery of all the other
crganic spiked compounds for koth MW-11 and MW-36 wvera within
acceptable ranges. The RPﬁ values for both MS/MSDs wara within
limits.

Surrogate racoveries for MW-32 matrix spike and duplicate samples
ware all within quality control limits excapt for phencl-d5, 2-
flucrophencl and 2,4,5-tribromophenol. These surrogates were all
balow the acceptable ranges and may axplain the low spike
recoveries. Sample MW-37 surrogate racoveries wers all within tha
quality control limits.
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4.2.2 5Salls

Numerous soil samples were collected and analyzed during Phase I
and Phase II of the RI. Soil samples were collected from surface
areas and from the subsurface. The following subsections discuss
the analytical resulta.

All soil aamples (surface and subsurfaca) were analyzed for
volatile crganics (USEPA Mathod 8240), semi-volatiles (USEPA Method
B250), pesticides/PCBa (USEFA Method B0B80), total metals (USEPA
Method 3050/6010), and mercury (USEPA Mathod 7470). Phasea I
subsurface s50l1l samples wera analyzed for Extraction Procedures
Toxicity (EP-TOX) metals using USEPA Method 1310. 5Subsurface soil
sanplas from Phase Il were nhot analyzed for EP-TOX (as specified
in the Scope of Work}., All USEPA methodology listed abova are
found in USEPA SW-B4s5, 3rd Edition.

4.2.2.1 Subsurface Soils

4.2.2,1.1 gubsurface Soll Sampling - Phage I - Phase I subsurface
soil samples ware obtained utllizing a CME continuous sampler
during the advancement of £fiva shallow (80 - 150 feet)

stratigraphic ‘soil test borings, STB-1 through STB-5. Thrae
samples wera taken from each boring. The selection of the upper-
most sample in each boring was based on material disceloration, .
presence of organic vapors (measured with a Foxboro century 128
OVA) and/or proximity to potential ceontamination sourcea. The
sacond sample was to ha taken from the teop of the saturated zona
of the PFluvial aquifer and the third from within tha saturated
portion of the aquifer. 5TB-1 and STB-2 are lccated in Dunn Flald
and STB=3 threugh STB-S are on the main installation. The protocol
for sample salection just mentioned was achiaved in STB-1, STB-2
and STB-). Boring STB-4 and STB-5 did not encounter the saturated
portion of the Fluvial aquifer and all samples from these two
borings were collected from the unsaturated portion of the aquifer.
The three samples were labeled 1, 2 and 3 in each boring (example
$TB=-1=-1, STB-1-2 and STB-1-3}.
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Subgurface Soil Apnalvysig - Phagse I - Very low levels of

centamination were detected in the subsurfaca soils collected
during Phase I of the RI. The analytical results are given in
Table 4-7 and the following paragraphs describe the rasulfs for
each boring. It is lmportant to note that metal analysis for the
Phase I samples was done using the EP-TOX method. This method
provides information on the level of the conatituent that is
available for leachate. Tha only metals detected in the subsurface
solls collected in Phasa I wera low lavala of barium and cadmium.

Low levels of mathylena chloride were detected in all of the
sanples. 5Since it was detected in the method blanks, this probably
raprasents a laboratory contaminant.

STB-1 18 located alcng the northern boundary of Dunn Fleld. Ho
significant contamination was detacted in the samples cellected
from this boring. Samples STB-l1-1 and STB~1-2 wers ctllectad from
tha unsaturated porticn of the Fluvial aguifar and STB~1-1 frem the
saturated portion. STB=-1 is locatad downgradient from MW-8 and
MW=7, and upgradlent from MW-10. Significant ground-water
contamination was detected in each of these wells (subsection
4.2.1.2.2). A vertical, or near vertical, migration pathway from
the contaminant socurce to the ground water is a reasonabla
assumption for the type of soils encountered at DDMT. Thia
signifies that tha contaminants are neot moving through the
unsaturated portion of the aquifer within the aresa of STB-1. The
non=significant contaminant levels dstected from tha sample
collected from the agaturated zone alse¢ indicates that the
coentaminants are not partitioning to the soil matrix within the
aquifer, but are staying in solutien.

STB~2 is located in the central portion of Dunn Piaeld very near
Mid=-1) and upgradient from Mw-12. Low levels of ground-water
contamination was detected in MW-13. MW=-13 approximately defines
the eastern extent of tha ground-water contaminant plume. The only

8531.60 4-43
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significant contamination detected in STB-2 are the PAHs detected
in samples collected from the top of, and within, the saturated
zone of the Fluvial agquifer (5TB-2-2 and 5TB-2-3)}. Significant PAH
contamination was detected in surface soll sample 55-7 (subsection
4.2.2.2.2.1), which wasa collactad from an old burn area
approximately 300 feet northeast of STB-2. This could suggesat that
PAH contamination is leaching from the surface and reaching the
water table in the Dunn Field area.

STH=3 is located on the main installation in the westarn portion
of the DRMR yard. No significant contamination waas detected in tha
samplea collected from this boring. STB-3 18 1located dJdown-
gradient from MW~-17 and upgradient of Mw-18. No significant
ground-water contamination was detaected in either of the monitoring
wells.

STB=4 is locatad on the main installation in an area pravinuaiy
used as a PCP dip vat area. This activity 1s no longer in
operation and contaminated solls have been excavated and backfilled
to a depth of 10-feet. The water table was not encountered during
the advancement of this boring and the three samples wara collected
from the unsaturated portion of the Fluvial depositsa. No
significant contamination was detected in the samples. Tha closest
monitoring wall to STB-3 is MW=39. Only low lavels of organic
contamination ware detected in this well.

STB-5 is located in the southwast corner of the main installatioen,
scuthwest of Building 1088, This boring did not ancounter the
water table and the samples waera collected from the unsaturated
zona of the aquifer. No significant contamination were detected
in the samples. Low levels of organic contamination was detected
in the ground wvater at the two closest wells, MW-21 and MW-22.
surface soil samples collected from the area surrounding Building
1088 contained significant PAH, pesticide and PCB contamination
(subsection 4.2.2.2.2). The lack of detectable contamination in
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STB~% Icould suggest one of two things; (1} that the surface
contamination is not leaching to the subsurface enviromment or (2)
STB-5 is not in the leachate's pathway.

4.2,2.1.2 Subsgsurfaca Soil Sampling - Phage II - Three deep (220

feet) stratigraphic soil test borings (STB-6 through STB-8) were
advancad and sampled during Phasa II of the RI. Four samples weare
collected from each boring from split spoon samplas. These were
labeled in the sama manner as was done in Phase I. The samples
from the borings were selectad to correspond to: (1) the top of
the confining unit (i.e. the bottom of the Fluvial aquifer); (2)
and (3) within the confining unit; and (4) the top of the Memphis
Sand agquifer.

During advancement of the deep borings, the Fluvial agquifer was not
cased prior to drilling through tha cenfining unit. Bentonlte
drilling mud was used to seal the sides of the borings and retard
mlgration of ths contaminated ground water in the Fluvial aquifer
from entering into lowar depths of tha boring.

Subaurface Scoil Analvygis - Phage JII - As mentioned above, the

gelection of samplas wag different in Phase II than what was done
in Phase I of the RI. FPhase II results also differ in that tha
EP-TOX method was not used for metal analysis. In Phase II, the
matals lead and chromium wera the only onas detected at aignificant
levels. The following paragraphs discuss tha analytical results
for each boring.

S5TB=-6 jia located in the northwest corner of Dunn Field, down-
gradient from MW-10 and up-gradient of MW-3. Significant organic
contamination was detected in the ground-water samples collected
from these two menitoring wells. The same organic contaminants
found in the ground water were detected in the soil sample
collected from the bottom of tha Pluvial aquifer (STB-6-1}. Low
levels of the organic contaminants were also detected in the two

85%31.60 4-48
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9pil samples collaected from within the confining unit (STB-6-2 ana

. STB-6-3). The same constituent was detected at low lavals in the
sample collected from the top of the Memphis Sand aquifer
{STB~6-4) . The presance of the veolatile organic constituents
within the confining unit may indicate that they have leached from
tha Fluvial aquifer into, and through, the confining unit.
However, the possibility exists that the contaminants wvere carried
down with the drilling mud and contamination of thae samples
occurread.

An elavated level cof acetone (1100 ug/kqg) was detacted in STB-6-3.
This sample was ccllected approximately 16 feet into the confining
unit and has a higher concentration than the samples collected
abava it. Whether or not this is a true contaminant or a
laboratory contaminant is not known. It 1s also not known if any
corralation exlists between thls soil sample and the high level of
acetone detected in the Memphis Sand aquifer in MW~37 ({oubsecticn
4,2.1.4).

STB=7 ia located at the westarn boundary of Dunn Fleld between MW-6
and MW=-1S. Low levala or veolatile corganic ground-watar
contamination was detected in both monitoring wells. Thesa two
wells approximately define the scuthern boundary of ground-water
contaminant plume (Figura 4-3). No detectable levels of
contamination were found in soile collacted from STR-7.

STE-8 1is located in tha northwestern portion of the main
installation. Tha nearesat monitoring wella are MW-19, MwW-33 and
MW-39. A low leval of velatile organic ground-water contamination
wvas datected only in MW-39 (subsection 4.2.1.3.12). 5TB-8 is
located within the area where the top of the confining unit has
been ercdaed. The total thickneas of the confining unit in STB-8
is approximately 15-feet (Section J). Samples STB-8~-1 and STB-8-2
ware collaected from clay (to sandy clay) lenses within thae Fluvial
. deposits and had no detectable contamination. STB-8-1 was taken

45131.60 4=49
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. from within the confining unit and alac had no detectablas

. contanination. However, a low volatile organic level was detacted

in the sample taken from the Memphis Sand aquifer (STB-8-4). Two

reasonable explanations as to the Memphis Sand agquifer

contamination can be made; (1) A large un-sampled portion of STB-8

axists batween STB-8-3 and STH-8-4 (approximataly 90 feat). Since

the saturated pertion of the Fluvial aquifer was not sampled, it

iz not known lf contamination of ground water 1s praesent in this

area. If ground-water contamination does exist, the levels

datacted 1in STB-8-4 may be cross-contamlnation caused during

drilling. (2) The eroded confining unit could be absent in an area

near STB-8, thus allowing the ground-water contaminants on tha main
installation to enter the Memphis Sand agquifer.

4.2.2.2 surface Sollg - The surface g80ils wara investigated during
both phasas of RI. This was done to determine if past and current
activities at DDMT were contributing hazardous material ta tha
environment. Surface soil samples wara collected from various
. areas at DDMT. The lccation of each sample is given in Table 2-2.
Tha following sections discusa the analytical rasults. The
analytical resultas ara presented, by araeas, where samples were
obtained. In tha areas where the higher levels of contamination
were detected, a diagram has baeen provided showing the sampling
site and contaminant levels. All sampling sites are shown on
Pigqures 2-1 and 2-2a through 2-24. The health risk associated with
the detected soll contaminants will ba discuassed in Section 6.

4.2.2.2.1 Surface Soll sSampling - During Phaas I of the RI,

surface soil samples were collaected from forty differant locations
(88~1 through 85-40). S55-6 through S5-9 wers collected in the Dunn
Field area. Tha remaining surfaca soil samples ware collected from
the main inastallation of DDMT.

Ten additional surface soll samples (SS-41 through 55-50) were
collaectad during Phase II to aid in dafining the extent of
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centapination (as will be discussed in the following section).
Samples were taken in the same areas as those taken in Phase I.
One sample, SS5-44, was collected in the Dunn Field area and the
other niné ware taken on the main installation.

4.2.2.2.2 3gurface Soil Analvsis

4.2.2.2.2.1 Surface Sgil Analvsis - Dunn Field - Phasa I and Phase

IT sampling reaults from Dunn Fleld surface soil samples ara given
in Tabla 4-8. The levels of metals detected in Dunn Fliald are
within ordinary reported limits for soils and do not necessarily
indicate contamination from DDMT.

Sample $S-6 was taken in close proximity to the old pistel range
in Dunn Field. This building is now used for pesticide storage.
Tha pesticldes DDT, DDE and dieldrin were detacted at elevated
levels in this sample.

§5=-7 was c¢ollected 1in tha old "burn area®™ at a depth of
approximately one foot. Alpha-chlordana was the only pesticide
. cantaminant detected in this sample. High lavels of polynuclear
aromatic hydrocarbons (PAHs) compounds wers dataected. The positive
results in this sampla and field okservationa show evidance of
buried burned mataerial. Polynuclear aromatics are thermally stable
and are often artifacts left as resldua when oil, gas or organic
materials undergo combusticn. This could be ths scurce of PAH
contamination discovered in STB-2 (subsection 4.2.2.1.1).

Sample SS8-8 was collected in the south central portion of Dunn
Fleld at a site that contained drums of what appeared to be used
motor oil. The surrounding ground was discolored from the drums
contenta. This sample contained low levels of velatile organics
including: sthylbanzene, 4-methyl,2-pentancne, xylene and toluene.
Thae pesticide dieldrin was also detected in this sample.

-
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TABLE 4-d
POSITIVE RESULTS IN SURFACE S0ILS
CUNN FIELD
CEFENSE DEPOT MEMPHIS TENNESSEE
PHASE | PHASE |1
STATE
PARAMETER OF TH 586 557 558 589 5544
HALOGENATED VOLATILES (ugikg)
Carbon Tetrachlerida 70 - -- - -- 4)
Mathylana chlaride BE00 448 458 108 EB8 EB
NONHALOGENATED VOLATILES {(ug/g)
2-Butanong 7200 - am 19 _— -
2-Haxanone na - - 2] - -
4=Methyl-2-pantanana na - - g2 -- -- |
Acatone 580 al 7J 120 19 2Q
Eihylbenzane 154,000 -- - 2) - -
Taluana 14,400 1J 2J B - )
Tolal xylgnes 150 -- kY| 14 - -
NONHALOGENATED SEMIVOLATILES {(ugikg)
2-Mainylnaphihalens na - 2600 38004 -- --
4-Mathylphanol na - a00) -- - -
Benzpic acld na — 2500 - -— -
bis(2-Ethylhexyl) phhalate 15,000 8404 e -~ il 19008
Dibanzefuran - -
Polynuctaar Aromatic |
Hydrecarbons (PAHS) :
Acenaphthane -- 15000 - - -
Acanaphthylane - 2000J —- -- -
Anlhracang - 21000 am - -
Benzo{a)anthracena -- 310000 -- 150J 200J
Banzo{ayyiang -- GB0000 -- 130J 180
Benzalbituoranthang - GEOG0D - 100J 300J
Banzo{g,h.l)parylene -- 480000 - 1604 -
Banzo{kifluoranhens - 28000 - - -
Chrysgna - 870000 -- 210J 230J)
Oibenzaa Manthracana - 268000 - - -
Fluoranthana -- 2200000 -- M0l 510J
Fluorang -- 16000 — - -
Indens{1,2,3-cd)oyrene ,oa- 420000 - 120J -
Napnthalana - 4800 .- - -
Phenanmihrene - 1600000 - 1804 3004 |
Pyrene - 1600000 26004 27) S10d
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PARAMETER

TABLE 4-3
POSITIVE RESULTS IN SURFACE SOILS
DUNN FIELD
DEFENSE DEPOT MEMPHIS TENNESSEE
PHASE | PHASE i
STATE
OF TN S5 557 $58 SS9 5544

PESTICIDES (ug/kg)

YOLATILE METALS (ma/kg)

TR

Mercury

NONVOLATILE METALS (mg/kg)

na 32 24
20 T2 9
na -- -- 82B
na 102 114 00

Shaded areas are values that are equal to or exceed tha State of Tennesses sall criteria guidelines,

State of TM values ara onty Te Be Considered (TAC) guidelines. Thase are nat enforceabla clean up havels,

B (Inorganic) = Valre lass than tha Contract Raquirad Detectian Limit (CRCL), but graatar than
tha Instrumant Datection Limit {IOL).

B (Crganic) = Found In mathod blank.

D = dantifled In an analysis at a sacondary gilutlon factor.

J = Estimated value tass than tha sample quantitatlon limit, but greater than zero.

** = No distinstian batwean Chromium 1{l and Chromium V.

-- = Mot detected.

4-51
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Sampla S5-9 was collected in Phase I from the lowest drainage point

. in the southwest porticn of Dunn Fileld. 55-44 was collected
approximately 200 faet northwest of S8-9. PAHS were detacted in
both samplas at approximately the same laevels. Dieldrin was

detactad in SS-9 and toluene waa detected in 55-44.

4.2.2.2.2.2 Surface Scjl Analyvsig - Main Ingstallation

DRMB. _Yard - Five surface scll samples, S55-1 through 5S-5, were
cellected in the DRMR yard during Phase I and one sample, S55-41,
in Phasa II. Analytical results of these samples are shown on
Figura 4-7 and in Table 4=-9. §8S~-1, S58-5 and SS~41 were the most
contaminated samples. All threa samples ware found to be
contaminated with PAHa. 5S-1 exhibited higher leval of matﬁylana
chleride than is usually encountered in a surface scil matrix. 5s-
5 contained high levels of chromium, coppar, lead, silvar, and
zinc. 2ine, chromium, and lead ware detected in S5-41 at hiﬁh
. levels along with low levels of the pesticide DDE and toluene.

Bullding 629 - Building 629 is whers toxle, corrosive and oxidizing
rmateriala are stored at DDMT. During Phasa I of the RI surface
scll samples S5-10 and S5-11 were collected adjacent to Building
629, The high levels of contamination reported from these two
samples suggested the need for additional sampling in Phase II.
Two more samples, S$S$-42 and SS5=-43, were collected, saveral feet
away from the building, to provide information on the extent of
contamination. Analytical results for these samples are given on
Figure 4-8 and in Tabla 4-10. All of the samples collected from
this area are similar in containment nature nle lavels. PAH
contanination ia pregent in all of the samplea with SS-42 having
the highest lavel of these constituents. High pesticida
(including: DDE, DDT, dieldrin, methoxychlor, gamma-chlordane and
beta-BHC) lavels were detectsd in the soll samples frow this area
along with high levels of mstal contamination. The major metal
. contaminants were lead, zinc (at 1.04% 1in 88-41), copper and

4531.60 i1=-54
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TABLE 4-9
POSITIVE RESULTS IN SURFACE SOILS
. CRMR YARD
DEFENSE DEPOT MEMPHIS TENNESSEE
_ PHASEI PHASE I
STATE OF
PARAMETER ™ 551 552 553 854 555 5541

HALOGENATED VOLATILES ugikg

[Matnylana chiorids I 8600 | 71008 98 14B 168 a8 | 158 |

NONHALOGEMNATED VOLATILES ug/kg

Acetang 590 - - &l a) 4J 12
Toluera 14,400 - A 17 - 2J 13
Tatal xylenas 150 -- 4 11 -- -- --
NOMNHALOGENATED SEMIVOLATILES uglkg
Benzgic acid na Ba0J -- -- -- 230 -~
bis{2-Elhylhexyl) phthalate 15,000 630J - -- azq) 2900 29084
Butyl benzyt phihalate na -- -- -- -- 4700 --
D:benmluran na . -- -- - -- 290J --
. Polynuctaar Aremaltic
Hydrocarbons (PAMS)
Acanaphthang . -— - - -- ESQ -
Acenaghthyleng . - - - - 3504 -
Anthracena . 6100 -— - -- 2000 -
Benzo{ajanthracena . -- -- .- - 8800 1200
Benzo{alpyrane . - -~ - - £200 -
Benzolb)learanihana . -- -- -- -- B200 210J
Benzolg.h.iperylens . -- e — -- 5000 .-
Benzofk)liusranthana . - -- - - 7800 --
Chrysana . 430 -~ -- -- 7440 170
Dibenze{a.hjanthracane . -- -- - -- 2600 -
Fluoranthena . - -- -- 100 12000 azcy
Flugrena . - - -- -- 690 --
Indanol1,2,3-cdxyrana ] .- -- - -- 4000 --
Phananthrene . -- - -- 1004 7700 200.)
Pyrane
TOTAL PAH3




TABLE 4-3
POSITIVE AESULTS |M SURFACE SQILS

. DRAMR YARD

OEFENSE OEPOT MEMPHIS TENNESSEE

PHASE | PHASE it

STATE OF
PARAMETER ™ 551 852 553 554 855 85414

PESTICIDES ugfkg

Argenie:
Lsa.d
Mirlary.fi3

A

NONVOLATILE METALS mgikg

Antimony na -- -- -- .- 22 -
e A e - s - !

PR N g O e R b

26'G  25'G 26 1530 az

308 608  3.0B 14 Gide 5.0

- - aa - 25 -

na 22'  130° 524" BO.7 2160 | 265

Shadad areas ara valuaes that ara aqual to or axceed tha Stala of Tennasses soil critera guidelines, |
na = Ngt Availzble
State of TN valuas are only To Be Censidered (TBC) guidelines. Thess ara not anforceable chean up lavels.
B {Inprganic} = Value lass Ihan the Contrac! Required Ceiectlon Limit (CROL), but graatar than

the Instrumenit Dedactlon Limit {I0L). |
B (Organic) = Found in method blank. |
D = Identifleg In an analysis at a sacondary dilution lactor. )
G = Native analyte > 4 timas spike agdoed, theratore acceptance criterla do not apply.
J = Estimaled value less than tha sample quamitatian limit, byt greaser than zarg.
M = Spikad sampis recovery not within contrat limits.
Z = Matrix intartaranca; compound not pesitively Identlfiable,
* = Duplicate analysls not within centrol limits.
** = No dlstinction belwaen Chramium {III) and Chromium {W1).
-- = Nol dalectad.

-
L)
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TABLE 4-19 17 156

L POSITIVE RESULTS LN SURFACE S0ILS
BUILDING 528
. DEFENSE DEPQT MEMPHIS TENNESSEE
i PHASE | PHASE Il
STATE OF
PARAMETER ™ 5310 8511 5342 5543

HALOGEMNATED VOLATILES un/kg

1,1.2-Trichlaroathane 1200 - - 11 --
Malhylena chloride 8600 188 138 ag 7B
Tatrachlgroshane
Trichtorosthena  ;

NONHALOGENATED VOLATILES ugfkg

Acatane 590 a7 o5 24 21
Carbon disulfide 14,400 2J) a - -
Teluana 14,400 6J 18 &) 7

HALOGENATED SEMIVOLATILES ugfkg

[P_entachlorophanul | AE00 | - - | — 2704

NONHALOGENATED SEMIVOLATILES ug/kg

. bis{2-Elhylhexyl) phihalale 15,000 500J -— - 130084
D_i?fﬂ;oruran - na 13[:(1.1 340,
Palynuclaar Aromatic

Hydrocarbons {PAHS)

2-Maeihylnaphthalene . SO0 20000 - -
Acenaphthena . 2300 20004 64000) 11004
Acenaphthyiane . 550J 1900 - —
Anthracans . 44010 28000 1300004 1800
Benzo(ajanihracena . 9500 1106000 970000 5300
Benzo{apyrans . 8300 1300000 450000 5200
Banzo(b)tudranthana . 9540 1100000 540000 8300
Benzoig.h,liperylena . 5300 850000 360000 2900
Banzo{luaranihensa - 10000 920000 450000 e
Chrysana - a3c0n 1200000 £20000 £800
Dibenzo{a.nlanthracene . 1400 Q800 160000 1400
Flusranthane . 23000 2500000 B60000 8300
Fluorena . 2600 16000 47000 ESQJ
Indeno{1,2,3-cd)pyrene . 4800 720000 310000 2800
Naphthalane . 1900 4800 -- 1304
Phananthrang -, 13000 2000000 S20000 Ta00

_'. Pyrans : 18000 1800000 | 870000 9300
TOTAL PAHS ;




PARAMETER

STATE QF

TABLE 4-10 1 '}'
POSITIVE AESULTS IN SURFACE SOILS
BUILDING 629
DEFEMNSE CEPOT MEMFHIS TENNESSEE
PHASE | PHASE Il
S510 3511 5542 5543

PESTICIDES ugikg

4,4'-D00
4,4-0DE

3200

Haptachlar epoxide na -- - -
Mathoxychlor na -— - 15004 -
VOLATILE METALS moikg

NONVOLATILE METALS mg/kg

Antimony

16

3.0
63.4

na = Mgt Availabla

-~ = Not detacted.

Shadad araas ara valuas that ars sgual to or exceed the State of Tannasses soil criteria guidelines.

Sta1a gf TN valuas are only To Be Considared (TBC) guidelings. Thase are nat énforcaabla clgan up 1evels,

B {inorganic) = Value lass than 1he Contract Aequirad Datection Limit (CADL), bt greater than the Instrumeant
Datection Limit (iDL). B (Organic) = Found in methad brank,

D = idantifiad in an analysis a1 2 secondary ditutign factor.

E = Contantralion axceedad Lha calibratlon range ol the GCMS instrument.

J = Estimated value less than 1he sampte quaniitation imit, bul greater than zaro.

X = Estimaied valua dua to a canfirmad compaund which is off-scale in both celumns.

** = Mg distinction petwaen Chromium (I} and Chromium (V1)

o
=i
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mercury. Toluene was detected in all four of tha samples. 1,1,2-
trichloroethane, tetrachloroethene and trichlorcethene were
detected Iln SS-42. The concentration of trichloroethene (2100
ug/kqg) feéorted is a minimum value (the concentration lavel found
in Ss-42 exceeded the calibration range of tha laboratory
instrument). The probable source for the contaminants in this area
is from spills that occur on the loading dock or washing out the
floors of the building.

Fuel ©il Sturage Tank - In Phase I sampla SS-24 was collected from
beneath the fual oil storage tank at DDMT. The analytical resulcs

for this sample are given in Table 4-11. Paesticides, DDT and
dieldrin were detected at low levels. PAHa and toluene ware alsoc
detected in this sample but, only at guantitation limits.

Golf Coursa - In Phase I, surface soil samples S5-12, 5§-13 and
55-14 wers taken from the Golf Course grounda and SS-37 was
collectad near building T-273. In Phasa II one additional sample,
55-50, (also near building T-273) waa collected besida a storm
drain near building T-273. Analytical results of the Golf Course
surface goils are given an Figure 4-9 and in Table 4-12. DDMT
records show that Building T-273 was formerly used as a pesticide
storage area. High pesticide levels were detected near kuilding
T-273 (S5-37) and lower lavals in the samples collected on the Gelf
Course. Low quantities of FAHs were also detected in all of the
samples. VQrf low levels of trichloroethens and tetrachlorcethene
ware detected in 88S-37. All of the samples from this area, except
58=50, had detactable lavels of toluene.

Building 1088 - During Phase I surface soill samples 88-13, S55-16,
§8-17, SS=18 and 88-19 were caollected near Buildings 1088 and 1087.
Building 1088 1s currently tha paint shop area at DDMT. Two
additional samples, SS-45 and SS-46 wara collected form this area
in Phase II. Analytical rasults for the scils near Buillding 1088
are given on Figure 4-10 and in Table 4-13. All seven soil samples

- 8531.60 §=61
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TABLE a-11 17 159
POSITIVE AESULTS IN SURFACE SOILS
FLEL OIL STORAGE TANK

. DEFENSE DEPQOT MEMPHIS TENNESSEE
- | : PHASE 1
STATE

FPARAMETEHR OF TH 5524
HALOGENATED VOLATILES {ug/kg)
[Mathytena chlorida | 8600 [ 138 !
NONHALOGENATED VOLATILES {ug/kg)
Acgtone 590 sBJ
Toluena 14,400 5J

NOMHALCGEMNATED SEMIVOLATILES {ug/kg)

. Polynuclear Aromatic
Hydrocarpons (PAHS)
Benzo{alanthracana . 740
Banzo{aypyrana . 1)
Benza{bjluoranthana . 1004
Banzo{kjfluaranmnena . a0J
Chrysene ' . 77d
Fluaranthene - . 2004
Phepanthrang . 120J
Pyreng . 140

Dialdrin
Enaosultan-I FL a1z

VOLATILE METALS (mg/kg)

. ' 0.2 0.08

4-62




TABLE 4-11
POSITIVE RESULTS IN SURFACE SOILS
FUEL QIL STORAGE TANK
DEFENSE DEPQT MEMPHIS TENNESSEE

FHASEI

STATE
PARAMETER OF TN 5524

NONVOLATILE METALS (mgrkg)

12
48.6

Shaded araas are valuas that are equal 10 or axtead the Stale of Tannasses soil critaria guidalines.
na = Mot Available
Slate of TN values are only To Da Considersd {TBC) guidelines.
Thease ara nol snlorcaable ¢laan up lavals.
B {6rqanic} w Found in meihod blank.
Ct = tgantified In an analysis at a secondary dilution factar.
J = Estimated valua lass than Lhe sampia quantitation timit,
but graater than zern.
Z = Matrix intarterence; compeound not positively idemtifiable,
** » No ¢istinction batwaen Chiomivm {Ii and Chromium ().

4-63
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FIGURE 4-=-9%9
SITE LOCATION MAP FOR SURFACE SOILS
COLLECTED FROM THE GOLF COURSE
. WITH POSITIVE RESULTS EXCEEDING ARARs
DEFENSE DEPOT MEMPHIS, TEMNESSEE
S-37
TOTAL FAH® 25
TOTAL PESTIODES 4.4
4,0, As.PdHg
270 /
55-50
TOTAL PAMa 11.27 \
TOTAL PESTIIDES  18.1 273} W+ | san
Cd.Cr.Ax Pb.Hg
PUTTING GREEN
r . - . - .
r w L
’ . - w
5512
TOTAL PAHs 0.58
TOTAL PESTICIDES  3.83.
Cr. As,PB
. DRAINAGE . o
OITCH — LU,
m‘ﬁ - »
w w L
w - -
L L W LY

s5-14

TOTAL PAHw 13,01

TOTAL PESTICDES 2.9

Ba, Cr.Ax P LEGEND
@  SURFACE SOIL SAMPUNG LOCATION
§  MONITORING WELL LOCATION

NOTES: -

ALL NUMBERS GIVEN ARE IN mg/%g =] orass

PAHy = POLYNUCLEAR AROMATIC HYDROCARSONS

TCE = TRICHLOROETHENE

METALS LISTED ARE THOSE THAT EXCEED STATE
OF TN CRITERIA FOR S00.5

POSITIVE RESULTS FOR ALL CONSTITUENTS
DETECTED (N THE SURFACE SOLS NEARY

. THE GOLF COURSE ARE GIVEN IN TASLE 1-3. . o0 600

- SCALE IN FEET

T GOVERNMENT SERWCES DIVISON 4-64
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TABLE 4-12

POSITIVE RESULTS IN SLIRFACE SQILS
GOLF COURSE
. DEFENSE DEPOT MEMPHIS TENNESSEE
_ PHASE | PHASE Il
STATE OF
FARAMETER ™ 8512 8513 - 5514 5537 85550
HALOGEMATED VOLATILES ug/kg
Chlorolorm 70 - - 2J - -
Mathylgna ¢hlorida 8600 148 218 158 138 158
Tatrachloraihane 100 - - - 2l --
Trichlgroathane 74 - - - 4] -
NONHALOGENATED VOLATILES ug/kg
Aceiona 590 a) 38 24 15 22 -
Toluana 14,400 17 al &l a -
Tatal xylanes 150 - -- -- 8l -

NONHALOGENATED SEMIVOLATILES ug/kg

pis{2-Ethylhexyl) phthalate el 17008
. N:Hiltosadighanyianting . > - -
Palynuciaar Aromatic
Hydrocarbons (PAHS)

Acanaphthene . an - -- -—- 200.J
Anthrageng . - - 280J - 330l
Benzo{ajanthracena . - 270 9204 -- ziod
Benzo{a)pyreng . -- . KE N 3300 -- 610l
Benzo{b)tuoranthens ' . “a 420) 1104l 6204 11004

LBano(g.h,i]parﬁanB . -- - 7504 - .- |
Benzo(k)lluaranthane . - 340 11000 -- - i
Chrysana . - 3904 1200 -- 990J |
Flugranthane . 330J 830J 2700 780 22400
Fluarana . - - -— -- 1604
Indano{1,2,3-cd}pyiena . -- -- 700 - v
Prananthrana . -- nal 16004 520, 2000
Pyrana . 230 560 17004 580J 2500

§~-65
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TABLE 4-12 17 1}

POSITIVE RESULTS IN SURFACE SOILS

GOLF COURSE
. DEFENSE DEPOT MEMPHIS TENNESSEE
-
) PHASE | PHASE I
STATE OF
PARAMETER ™ 5512 8512 5814 8837 SS50

PESTICIDES ug/kg

44'-DDE

e e robees R

44

P R L A TR Tt

i PATBAE

Cad

Chromidin *
Copper
Nickal 20 13 2" 12* 11 a

finc na §1.2G £3.33 B2.3G HD.4 290

Shaded areas ara valyues that arg aqual to or excaed the Slate of Tennassea soil cilteria guldalinas.
na = Not Available
Stata of TN values are only Te Ba Considered (TEC) guidelines. Thesa are nol enforcaable claan up lavals,
B ({Ingrganic) = Valug less than the Cantract Fequlred Detactlon Limit (CRDL), bui greater than
the Instrumsnt Datection Limit {IDL).
B (Organic} = Found In mathod blank.
D = Idantifiad in an analysis ai 8 secondary dilution factar.
G = Nativa anzly!s > 4 tlmas spika added, Lherajore accepianca crieria do nol apply.
J = Estimated valua less than tha sampla quantitalien limit, but greater than zero.
N = Spiked sampie recovery not wihin conlrgd llmits,
2 = Maurlx intecfarance: compeound nat positivaly identifiable,
* & Duplicata analysis ngt within cantred limits,
*+ = N distinctlon tatweean Chigmivm (1) and Chramium (V1)
-- o Noi diataciad.

4-66




FIGURE #=10
SITE LOCATION MAP FOR SURFACE SOILS
COLLECTED NEAR BUILDING 1088
£ WITH POSITIVE RESULTS EXCEEDING ARARs
DEFENSE CEPOT MEMPHIS, TENNESSEE
55-19
55=45 | (= TOTAL PaAME 18.92
TOTAL PESTICIDES 1.08
TOTAL PAHa 2,05
TOTAL PESTICIOES  C.179 | Ba.CaNLPb.Se
cr.NI,Ph |
| = [
b |
L - | SS—18
TOTAL PAMs 27.87
5517 | TOTAL PESTICIDES 9.36
TOTAL Pirts 0% 2.} TOTAL PCSs 10.0
TOTAL PESTICIDES  0.482 : 89,Cd,Cr,NLPb Hg
TOTAL PCBa 0.880 -
Ba,Cr N1LPY
w 55—18
= o Mtoes 17
[ 1,
SE—48 Ba, Cd,Cr AnPh ’
TOTAL PAHa 0.91
TOTAL PESTICIDES .08
l Cr.N1,Pb
ol
] L J
[
. +
LT '—i':—‘r{-—.'——':.—'——.*:—"":'.‘"'"‘
! / “N\—DDWT PROPERTY BOUNDARY
; 5515
' TQTAL PAHR 0.8
| - TOTAL PESTICIDES  1.023
g TOTAL PCBy 0.595
i Ba Co,Cr.NLASPD
NQTAE: NUMBERS GIVEN ARE IN
Pl = POLYRCLENL ARUA iosocssBons D oA
A A
oF ™ CRITERIA FOR [ | SOIL TEST BORING LOCATION
POSITIVE RESULTS FOR ALL CONSTITUENTS §  MONTORING WELL LOCATION
OETECTED IN THE SURFACE SORLS NEAR
BUILDING 1088 ARE GIVEN I TABLE 1-6. [] orass
) GRAVEL
. u. 300 I
==
== == LAW ENVIRONMENTAL INC.

GOVERMMENT SERVICES DPVMSICN

I
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TABLE 4-13

a-68

POSITIVE RESULTS IN SURFACE SOILS 17 185
BUILDING 1088
. DEFENSE DEPOT MEMPHIS TENNESSEE
FHASE | PHASE Ll
STATEOF |
PARAMETER TN 5515 5816 s817 5518 5519 5545 5545
HALOGENATED VYOLATILES ug/kg
[Mathylena ehtorida | ss00 | 168 298 118 98 ng | 1. 88 |
NONHALCOGENATED VOLATILES up/kg
Acelona 590 15 17 128 5Bl 11BJ 13 SJ
Toluvena 14,400 aJ 1) -- 24 -] 2J -
NOMHALOGENATED SEMIVOLATILES ug/kg
2,4-Dimathylphennl na -- - -~ -- 7204 - --
2-Methylphanal na -- -- -- -- 1100J -- --
4-Mpthylphana na -- -- - -- &00. -- -
Banzoic acid na am -n - - a20J - - {
Hanzyl alcahol na -- -- -- 10004 - -- --
bis{2-Ethylhexyl} phthalale 15,000 1T00B 43008 2 BOOBJ H100B - 12008 14008 .
Butyl banzyl phihaiate ra =59 arod -- -- - - --
Dibanzaturan na -- -- -~ -~ 2104 - -
Cimethyi phthalate na -- - -- -- -- 1680J --
DI-n-butyl phthalata na - 950 - - -
N-RifCoBiphemiamine, | 12838, 15 e I
Phgnal na -- - -- -- 5504 - -
Polynuctaar Aromatic
Hydrocarbens (PAHS)
Acanaphthane -- - -- -- 250J -- -~
Anthracens -- 6704 2004 - 260J -- --
Banzu{a)anihracens -- 21004 520 -- 2200 160 20J
Bonzo{aypyrana - 1700 -= 370 1500 140J a4J
Banzo{b)llvoranthana 1200 2400, 13004 B30J 4600 160J 1604
Banzol{g,h iperylana -- 1400 8404 - - - -
Beqzu{h]ilunramhane 1004 2200J - - - - _—
Chrysens 11¢d 2500J 790J 100 2500 220 130J
Fluogranthgna 220J 5800 1830J 1304 3200 3404 210J
Fluorene an -a -n -n 3oy = -
Indanc(s.2.3-cd)pyranse -- 1200. G300 -— 15004 1204 --
Naghthalena -- -- -- -- 4804 -- --
Phananthrane 130) 20004 T80 25800 210 1208
Pyrena 444) 250)
Total PAHA, £/ F2 050"




TABLE 4-13
POSITIVE RESULTS IN SURFACE S0ILS
S8UILDING 1088
CEFENSE DEPOT MEMPH|S TENNESSEE

17

PHASE | PHASE b
STATE OF ]
PARAMETER TN 5515 3516 @ 8517 53518 8519 5845 SS46
PESTICIDES ugfkg
4,4'-00D na 450 250 520 -- -- -- 134

aiph

AR i brel

alpha-Chly

delta-BHE:
Diaterin
Endosul

gam

ki, W

i o
: R
e i o

na

PCB3 ug/kg

Aroclor-10HE na 1002 - 1407 - - -_— -

Araclor-1221 na asz? - - —_— - - _—

Arocior-1232 na 2702 -— 5502 - - -— -

Aroclor-1242 na 1302 -- 2002 -- - - -

Aroclor=1254 na -- 100000 -- -- - - -
B 0] 5100000] 595 100000 680 -- - .- -

TOTAL NONVOLATILE METALS mgfkg

Antimony

na ) 30 - 26

€23



TABLE #~11]
POSITIVE RESULTS IN SURFACE S0ILS 1 ?
BUILDING 1088
DEFENSE DEPOT MEMPHIS TENNESSEE

Shaded areas are vitives Ihai are squal to of ecaad tha Stats of Tennazsss soll crilara guidelines.
ng = Not Avgiladie
State of TH values are oty To Be Considerad (TBC) guidseiings. Thess ara not entors sably ¢laan up levels.
B (Inorganic) = Vatue lass than the Conrract Required Deteciion Limit (CROL), but graater than
the instrumant Detection Limit (0L),
B {Organic) = Found in method blank,
D = ientified In an analyais at a secanaary diluilon factor.
A = Nallve anaiyte > 4 timaa splke addad, therelore accaptance critaria do not apply.
J = Estimated value lesa than the sample quantiiation limit, but graater than rera,
N = Spiked sampie racovery not within cantrol limts.
Z = Matrix Interference; compound nol pesitively identifiabla.
* = Duplicate anglysia nol within contrad limite.
** = Mo distinction batwean Chromium (Il and Chromium (V)
== = Noi catected.

4~70
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17 15

waere contaminated with PAHs, pesticidas and PCBs. Peaesticides that
ware detected in this area include: DDE, DDT and gama and alpha
chlordane. Matal contamination in these samples were elevated
above normal soll levels with chromium, lead and zinc having thae
highest levels. Toluene was a contaminant in all of the samples
except $5-17 and S8-46, but was detected at the quantitaticn limit.

Open Storage Area - The open storage area is located in the
northwest quadrant of the main installation. Three sub-regions of

this area were sampled and the analytical resulta are glven on
Figure 4-11 and in Table 4-14. In Phasa I §58-21, 35-22 and s55-23
were collected along railroad tracka #) and #4. . A varlety of
contaminants were datected in this araa. This is consistent with
the reported storage and transport of PCP/PCBs, PAH8, and solvents.

surface soil samplaes, S5-32, 55-33, 55-34, 55-33, 55-16 and $5-40,
ware alsco collacted during Phasa I. These samplas wera collacted
near Building 835 and are. comparatively frea of contamination.
This apparent lack cf contamination may ba due to the fact that the
araa has recently been excavatad during thae ceonstruction of
Bullding B35.

SS=20 was collacted west of Building P-949 in an old paint dispesal
area (Figure 4-11). This sample exhibited high levels of lead,
barium, chromium and zinc.: Low levels of toluene and PRHs were
also detected in this sampla.

Gravel Area FEagh of Building S873 - Past activities at Bullding

S873 included use as DDMT's hazardous materials recoupment area.
Renediation for pasticide contamination in this area raguired the
removal and backfilling of the upper .5 - 1,0 foot of gravel. For
this reason, soll samples, S55-26, S5-27, S85-28 and 55-29, were
collected from a depth of cone foot during Phase I. Samples from
this area did not contain pesticides at detactabls levels.
Positive results are given in Tabkle 4-15.

8531.60 4=71
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FIGURE 4—11
SITE LOCATION MAP FOR SURFACE SOILS
. COLLECTED FROM THE OPEN STORAGE AREA

WTH POSITIVE RESULTS EXCEEDING ARARs
DEFENSE DEPOT MEMPHIS, TENNESSEE

55—21
TOTAL PAHs . WY AN 3 IEEMN A FOF SORRE & Sl SR T 1 EN
TOTAL PESTICIDES . ey S £ NEVIEEY ROE O CROE i R RIOURAPIE] B I - n:"'--
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ALL MUMHBERS GIVEN ARE IN mg/kg MOMITORING WELL LOCATION

PAHs = POLTMUCLEAR AROMATIC HYDROCARBONS

TCE = TRICHLOROETHEME

METALS USTED ARE THOSE TMAT EXCEED STATE
OF TN CRITERIA FOR SIS

POSITIVE RESULTS FOR ALL CONSTITUENTS

'. DETECTED IN THE SURFACE SOILS NEAR -

THE HARDSTAND AREA ARE GIVEN IN TABLE 1-7 o 30 600
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TABLE 4-15 17 17 4

POSITIVE RESULTE IN SURFACE S0ILS
GRAVEL AREA EAST OF 5873

. DEFEMNSE DEPOT MEMPHIS TENNESSEE
PHASE
STATE
PARAMETER OF TH 5526 8327 8528 8529

HALOGENATED VOLATILES {ug/kg)

Mathylana chicride ] eso0 | 2m 128 4 4 |

NONHALOGENATED VOLATILES {ug/kg)

Acetona 590 £8J ale a) 54
Tolusne 14,400 a3J 4 33 1}
Total xylanea 150 == -- ) -

NONHALOGENATED SEMIVOLATILES (up/kg)

pis{2«-Ethylhaxyl) phihalata 15,000 4408 32¢BJ 380B.J 34084
Digihyl ghthalata na 7 - - -
Di-n-butyl phthalata 44 -- -- - |
@ i - - = '
Polynuclaar Aromatic
Hydrocarbong (PAHS)
Benzo{a)anihracens . 45J - - ——
Banzo{biflucranihane . 70 -- - -
Chrysang . 44 - - -
Flugranthena . 75J - - -
FPhananthrana . B5J - - __ -
Pyrang . 55.J - - -
T T i e
i s - - --

NONVOLATILE METALS (mgikp)

Antimany
Bari

. Chiomiten
Copoer z
Nicke 18
i g7




TABLE 4-15 _1 ?
POSMYE RESULTS IN SURFACE 50ILS
GRAYEL AREA EAST OF 5873
DEFENSE DEPQT MEMPHIS TENMESSEE

Shaded areas are-values that are aqual 1o or sxceed the Stata of Tennessae sail critaria guidellnas.

na = Mot Available

Stain of TN valuas are only To Be Considaerad {TBC) guidelinas. Thasa are nct antorcaeabla claan up levals.
B (Qrganic) = Faund in methog klank.

J = Estimatad vaivae less than tha sampla quantitation limit, But grealer than zero.

** a« Not Zistincilon catwesn Chromium {II) and Chromuium (VT

-- = Ngt datectad.

4-78
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Building 779 - Building 770 is the maintenance shop area at DDMT,

. During Phase I gurface soil S55-38 was collected from the area
surrounding the underground waste oll storage tank at Building 770.
55=39 waa obtained in the shop waste disposal area. During Phase
II samples S5-48 and S$S-49 were collected within the same general
area. Analytical results are given on Figure 4-12 and in Table
4-15 for tha four solil samples. All four samples were contaminated
with PAHs, which are indicative of cilas or heavy fuel residuals,
and with low lavals of teluene. 5S-38 contalined tetrachloroethene,
trichlorcathene and 1,1,l-trichloroethane. Thia chleorinated
solvent contamination could be indicative of past cleaning solvent
disposal practicea. S5-48 and S55-49 contained trlichlorcethylene
at the quantitation limit. Pesticldes were detected in 53-48 and
included DDT, DDE and DDD as well as beta-BHC. The matal levels
detected in each sample were normal soil levels.

0ld Trangformer Storage Area - New Cafeterisa - Two solil samplas,

55-30 and S8-311, were collected in Phase I frem where the

. transformer storage area was located, Thia area 1a now occupied
by the new cafateria. Analytical results cktained from the two
samples are given in Tabls 4-17. Thess samples tastad positive for
the pesticides DDE and DDT, and low levels of PAHs.

BX Gag Station - 9S-25 was collected in Phase I from the BX gas
station area. Elavated lasvels of barium and low levels of PAH=
ware detected in this sample. The analytical results are given in
Tabla 4-1B.

8531.60 4-79
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FIGURE a4-12
SITE LOCATION MAP FOR SURFACE SOILS
COLLECTED NEAR BUILDING 770

WTH POSITIVE RESULTS EXCEEDING ARARs
DEFENSE DEPOT MEMPHIS, TENNESSEE

S5—38
TOTAL XTLENES 0.58
TOTAL PAHa 45.03
3549 TOTAL PESTICIDES 9.41
TOTAL PaAHa 0.24 Cd,Cr.An
TOTAL PESTICIDES X
G

S ) | B .

1,1,1=TRICHLOROETHANE  0.1% TOTAL PESTICIDES 0,105
TOTAL PAMe B.48 Cr.Ph
Cd.As, 5

NOTES:
B PO NICLEAR ArtauaTd Bvon
AHS = A H OCARBONS

TCE = TRICMLORDETHENE —LEGEND

METALS LISTED ARE TMOSE THAT EXCEED STATE @  SURFACE SOIL SAMPLNG LOCATION
OF TN CRITER!A FOR SOILS

POSITIVE RESULTS FOR ALL CONSTITUENTS o MOMITORING WELL LOCATION
DETEGTED IN THE SURFACE SOILS NEAR
BUILDING 770 ARE GIVEN IN TABLE 1-8,

SCALE IN FEET

LAW ENVIRONMENTAL INC. |
GOVERNMENT SERVICES DIVISION
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TABLE 4-156
PQSITIVE RESULTS IN SBURFACE SOILS
. BUILDING 770
' DEFENSE DEPOT MEMPHIS TENNESSEE
PHASE | PHASE I
STATE OF
PARAMETER T 5834 8833 5548 S549

HALOGENATED VOLATILES ugrkg

1,1.1-Trichlareathane 30,000 119 -- - -
Mathylena chicrida 8600 358 F:12) 5BJ g8
Tatrachlorsthena 100 n -— - .
Trighigrgalthens 70 - - 1J oy

NONHALOGENATED VOLATILES ugikg

4«Mpthyl=2-pantanana na -- &l -- --
Acatona 550 200 51 22
Ethylbenzena 154 500 € -- --
Talquagal_ ) . I]A.ADD . 43 16 13 32
. Fotal xytanas o i i syt Ul e 53 1) 2)
NONHALOGENATED SEMIVOLATILES ug/kg
2-Melhyinaphlhalena na E30J 4000 -- --
bls{2-Ethylhexyl} phthalate 15,000 48008 -- 3B 16084
Oibenzeliuran na -- 350d - --
" |Butyl benzyt phthalate na -- 1300J -- -
Di-n-butyl phthalate na - 480J -- --
Palynuclaar Argmatic
Hydrocarsons (PAHS)
3-Nitroanillne . -- - -~ 364
Banzo(ajanthracena . 7800 -- aay --
Banzo(a)pyrans . 3JE00J - &62J -
Benzodiluoranthena . 280CJ -- 1504 800
genzo(iiuoranihamg . 4600 -- -- --
Chryseng . 2200J -- 1104 --
Flugranmhang . 12000 - 160J G6J
Fluorane . 6204 - - -
indane{1,2,3-cd)pyrang . -- -- W --
Naphthatana . -- 1600J = --
Phenanhrana . 18000 1100) E5J 37J
. Pyrene . 13000 d80J 170 150.
{8ias 000 e a0 B

4-81
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TABLE 4-16
POSITIVE RESULTS IN SUAFACE SOILS
BUILDING 770
DEFENSE DEPJT MEMPHIS TEMNESSEE

PHASE | PHASE II
STATE OF
PARAMETER . ™ 8538 5539 5548 §549
PESTICIDES ug/kg
4.4'-DDD na -- -- 104 --
44'-00E - 4o na

..'DD

NONVOLATILE METALS mgikg

Antimony ha

Copper na 13 18 10 4
Nickal 20 3 I B 5
Zinc na 411 122 £5.2 59,4

Shaded areas are valuas tha are equal to or axcead the State of Tennassae soil crileria guidelnes,
na a Not Availabla
State of TN values are enly To Ba Cansidared (TBC) guidalines. These are nat anforcsable clean up lavals.
B {Inorganic) = Valua iass than the Caniract Aaquired Datectlon Limit
(CROL), bat greater than the Insiryument Detection Limit (DL}
B {Qrganic) = Faund in mathod blank,
J = Estimaled value lass {han the sample gquantilation limli, but greater than zero.
X = Estimated value dusa to a confirmed compaund which is off-scala In Both cofumns.
Z = Matrix inlardarence; compound nol pasitivaly ldantifiable.
*' = No distinction Between Chromium (1)) and Chramium (Vi
-= = NGt datected.
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TABLE 4-17 1 7
POSITIVE AESULTS IN SURAFACE SQILS
QLD TRANSFQRMER STORAGE YARD (NEW CAFETERIA)

189

. DEFENSE DEPOT MEMPHIS TENNESSEE
o FHASE |
STATE
PARAMETER OF T 5530 S84
HALOGEMNATED VOLATILES {ugfkq)
[Methylene chioride l 8600 al 78
NONHALOGENATED VOLATILES (ugfkg)
Acelona 90 4J) rJB
Toluane 14,400 A -
MNONHALOGENATED SEMIVOLATILES (ugikg) |
I
bis{2-Elhylhexyl) phihalate 15,000 35084 4608 |
Palynuclaar Aromaiic |
. Hydrecarbons (PAHS) . ‘
Benro{alanthraceng . 240 -- !
Benzu{a)pyrense . 1304 --
Benzo(b)ffuaranthensa . 3204 -
Benzolg,h,Nperylens . 230 -n |
Chrysane . 230 -- |
Flugranthane . 390J --
Indane{1,2,3-cd)pyrene . . 180J --
Phananthrang - 210J --
Pyrana . 340 --
T80 13
10000 1500

4-83




TABLE 4a-17 l? 181

POSITIVE RESULTS IN SURFACE SOILS
LD TRANSFORMER STORAGE YARD (NEW CAFETERIA)
. DEFENSE DEPOT MEMPHIS TENNESSEE

PHASE]

STATE
FPARAMETER OF TN 5530 551

NONVOLATILE METALS (mgfkg}

Antimany na 4 -
Barium 100

ey e ek, b

f.:hromlum\

[ el e

Coppar |
Nickst 20 13 3 . |
Silver 5 0.6 -- |
Zlne na 5% 1 |

Shadad areas are values that are equal 10 or axceed the State of Tennassea Soil critaria guidelines.
na = Not Availatle.
Siata of TH values ars only Ta Bs Conslaerad (TBC) guidslines.
. Thasa ara not anforceable ¢lean up lavals.
B (Organic) = Found in mathod blank,
0 = Identitied in an analysis al a secondary diluiian faclor,
J = Estimaled value less than the sampla quantitation llmit, but greater than zara.
=" = Mo distinctlon beweaen Chromium {1} arnd Chromium {V1).

-- = Mot gatectad.




TAHLE 4-1\8 1? 18?

POSITIVE RESULTS IM SURAFACE 50ILS

BX GAS STATION
. DEFENSE DEPQT MEMPHIS TENNESSEE
PHASE |
STATE
PARAMETER OF TN 8525
HALOGENATED VOLATILES (ugskg)
{Mathylena chieride | 8500 | 258

NONHALOGENATED SEMIVOLATILES (ug/kg)

bis{2=Ethylnexyl) phthallal
Polynuciear Aromatic
Hydracarbons (PAHS)
Banzo{ajanthracena . 544
Banzela)pyrang . 534
Benzofd)fivoranthena . B2 |
. Benzo{g,h.lparylane . 58J |
Banzo{k)flucranthena . - XY |
Chrysana . 160
Fluaranthena . 140J
Indeno{1.2, 3-cdipyrena . a7l
Phananthrana ; Tal
Pyrana . 1104
JEFUEKJMPWA“HS i

PESTICIDES {ugikg)

R
R R

[Oaldrin?

YOLATILEMETALS {mgikg)

“ ..... S i ; ; i
Marcury 0.2 0.03

NOMVOLATILE METALS (mgskQ}

Antimony - na
A , e
Chrarmiy :

Nickel 20 19
Zing na 519




TABLE 4-1B
POSITIVE RESULTS IN SURFACE SOILS 1 ? i
28X GAS STATION
. QEFENSE DEPOT MEMPHIS TEMNESSEE

€3
8 |

Shaded areds are valyes that ara equal (o or axcead the state of Tennassea soil critaria guideiings
ng = Not Avaliabie.
State of TH vaiues are only Te Be Considarad {TBC) guidalines.
Thasa ara not enforceabla clean up lavais.
B {Organic) = Found In mathod blank,
D = |dantifled in an anglysiz at a secondary dilutian fastor.
J = Estimated value lasa than 1he sample quariiation limit, but greater than Zero,
** = Ng glgtinction batwaen Chromium (111} ang Chromium (VI

4

86
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Bujilding 737 -~ S5-47 was collected in Phase II near Building 737,
{pesticide atorage). DDE, DDT, alpha-chlordane and beta-BHC wersa
all detected in this sample at low lavels. Toluene and
trichloroethena were also detaectad at gquantitation levels. The
analytical results for this sample are given in Table 4-19.

4.2.2.3 Quality Control Soils

4.2.2.3.1 Quality Control - Subgurface Soils - For Phase I field

duplicatas were collected for 5TB-2-1 and a duplicate for STB-1-1.
Concentrations for the parameters tested for in these samples were
all at lesa than five times the detection limits. No RPFDs could
he calculated. The Phasa II field duplicate sample was collected
for STB-6-2. The RPD values were within control limits. The trip
blanks that were sent with the soll samples from soil borings did
not show any volatile organic compound contamination, A rinsate
(STB=7-R) was analyzed and contalned only low concentrations of
zine.

Acetone and methylene chloride were detected in some of ihe nethod
blanks analyzed by the laboratory. The amount detected was at very
low levels. Low acetone and methylene chloride concentrations in
flield samples may be discounted as laboratory artifacts. Surrogate
recoveries for all the parameters tested during both Phasa I and
Phase II analyses were within control limits.

The MS/MSD analyses for the Phase I sampling effort were wlthin
acceptable limits for all parameatsrs tested., RPDs were acceptable
for all of ths spiked compounds except 4-nitrophenol (29%) and
heptachlor (29%). Overall the precision was good. The MS/MSD
rasults for the Phase II sample SB-8-1 ware all within acceptabla
limits for recovery and precision.

4.2.2.3.2 Surface Soll Quality Control - The high hydrocarbon

content present in the surface soil samples from Dunn Fiald
produced problems in the laboratory for the analysas for organic
constituents. Surface scil S5-8 raquired a 53-fold dilution in

B531.60 4-87




TABLE 4-18
POSITIVE RESULTES IN SURFACE SOILS
PESTICIDE STORAGE AREA - BUILDING 737

. ' DEFENSE DEPOT MEMPHIS TENNESSEE
. PHASE I
STATE
PARAMETER OF TN 5547
HALOGEMATED VOLATILES {ug/kg)
Mathylena chioriga BEGO [z
Trichlaroathene 0 1J
NONHALOGEMNATED VOLATILES {ugfkg)
Acglong 590 74
Toluane 14,400 &J
MONHALOGENATED SEMIVOLATILES {ug/kg)
bis{2-Ethyinaxyl} phthalate 15.000 33084
. Polynuclear Argmatic
) Hydrocarbons (PAHS)
Chrysénda 78J
Banzo{a)anthracana 57J
Hanzg{a)pyrens 46
Banzo{h}fuoranthane 90J
Flueranihang 130
Indenof1,2,3-cd)pyrang 4.1
Phgnaniena 72
Pyrena 130
Rl eTEEE

Bl T L e TR
gamma-j-Cﬂlﬁrda.na

AT PR e T A e e

Haptachior apoxide na

. VOLATILE METALS (mg/kg)

17 Y85




TABLE ¢4-19
POSITIVE RESULTS IN SURFACE S0ILS 1 7
PESTICIDE STORAGE AREA - BUILDING 737

186

. DEFENSE CEPOT MEMPHIS TENNESSEE
= PHASE If
STATE
PARAMETER OF TN SS47

NONVOLATILE METALS (mo/kg)

Shasted areas arg valuey thal are equal 1o or axcead the State al Tannagssa sail criterla guidaelines.
na = Mot Avalflabla, :
State of TN values are only To Be Considarad {TBC) guidelines,
Thass arg not antarceable ¢lean up levels.
** = Na distincticn batween Skromium (1IN and Chromium (V).
B (Crganic) = Found in method blank.
. D = Identifiod In an analysis at a sacondary difution factor.
J = Estimarad valua less than the sampls quaniitatbon limit, but graater than zero.
X = Estimated valua dud to a confirmad compound which |8 oif-scala in both columna,

Z = Matrix interterence; compound not positivaly Identlilabla.
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crder to preclude analytical instrument saturation. Surface soil

. samples 5S-7 and SS-8 had elevated quantitation limits for scme
compounds due to their hydrocarbon content. Some samples collected
from the main installation also required extensive dilution because
of the hydrocarbon content. Reporting limita for surfaca seils
§5-38 and 55-319 wera elevated for most of the compounds.

Sampling precision appears to hava baan quita goed. All calculable
RPDs were less than thae goal of 35%. The field duplicate for Phasae
I was collacted with surface soil 55-1 and for Phase II was
collected with surface soil S§=50.

4.2.3 Surface Water

The surface waters at DDMT were analyzed during the RI to determine
if DDMT activitiaes ware contributing hazardous substances to tha

aquatic anvironment. Fishing and swimming restrictions are
currently in place for Lake Danielson and the geolf courss pond.
. Sanples ware collected from the lake, the pond and several dralnage

discharge locations surrounding the installation. The following
subsections describe the analytical resulta. The risk to human
health and environment will be discussed in Saction 6.

All surfaca water samples were analyzed for tha sama constituents
using tha sama analytical procedures as was ground water. These
nethoda were listed in subsection 4.2.1.

4.2.3.1 Surfaca ¥Water Sampling - During Phase I surfacae water
samples SW-3, 8W~6, SW-7 and SW-8 were obtalned from Lake

Danielson. Samplaes SW-4 and SW-5 were taken from the golf course

pond. SW~1 was collected from the drainage ditch in Dunn Field

where it crcsses DDMT's northern boundary. SW-2 was collected in

a drainage ditch at DDNT's wastarn boundary. SW-10 was collected

from the golf course pond drainage ditch where 1t exits the

southern DDMT boundary. SWr9 was collected from the drainage ditch
. locataed at tha scuthwest corner of thae golf course.

8531.60 4=-90
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An additional six surface watar samplas (SW-11 through SW-1£) were
collected in the Phase II investigation. Three of the surface
wvater samples collected ware taken from the same location as in
Phase I. SW-11 was collected at the locatlon of SW=10, SW-12 at
SW=9 and SW-14 at SW-2. SW-13 was collected from the main drainage
inlet tc Lake Danielson. SW-16 was collected from the drainage
ditch in the northern portion of Dunn Field. 5W-15 was collected
from the drainage ditch on the east side of Dunn Fleld.

4.2.3.2 ZJuxface Water Apalysis

Lake Danielson - SW=3, SW=6, SW=7 and SW-8 ware collected from Lake
Danialson. The analytical rasults are given in Table 4-20. The
only constituent detected in Lake Danialson that exceeded the
Ambiant Water Quality Criteria for Aquatic Life was copper. Table
4-20 also showa that bis({2-athylhaexyl) phthalate exceeded the
criteria, but this is probably a sampling contaminant and not a
conatituent in the lake. The conly peaticide contamination detected
was a low level of DDE found in SW-6. SW-13 was collectad at the
inlet drain to the laks. Again, no significant contamination was
detected at the time cof sampling.

Golt Course Pond — SW-4 and SW-5 were collectad from the golf
course pond. The only contaminant detected excaeding amblent water
quality criteria waa coppa:'-. SW=-10 and SW-11 ware collected from
thea drainaga ditch along the southarn boundary of DDMT. This ditch
receives run-off from the pond, and tha surrounding golf coursa.
DDE and DDT were detected in both samples. Since no peaticide
contamination was detected in the pond it 1s suspected that recent
pesticide applications to the golf course were transported by
surface run-off directly to the drainage ditch.

Drainage Ditch - SW-9 and SW-12 were collected from a drainage
ditch located in the southwest corner of the golf courss. This
drainage ditch receives run-off from the surrounding golf course

8531.60 4=-91
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17 1%
but does not drain Lake Danielson. DDT waa detected in both
samples at levels exceeding tha anmbient water criteria. Lead,
copper and zinc were also detected at elevated levels.

SW-2 and SW-14 wera cocllected from a drainage ditch located alcng
tha western boundary of DDMT. No significant contamination was
detected in aithar sanpla.

4.2.3.2.2 gSurfiace Water Analygis - Dunn FPleld - One surface water

sample was collacted in Phase I of tha RI and twe in Phase II.
Tabla 4=21 lists the analytical results for Dunn FPield surface
water.

SW-1 (Phase I) and SW-1& (Phase II) wara collected in the drainage
ditch at the northern boundary of Dunn Field during Phasea I. No
alevated levels of constituentsa were detected in elther sampls.

SW-15 was collected in Phase II from the drainage ditch at the
waatarn boundary of Dunn Field. A very low lavel of the pesticide
dialdrin waa detected in this sample.

4.2.3.3  Quality control - Surfaceg Water - The field duplicate

RPDs were generally incalculable dus to the low levels detected,
The RPD for barium was within control limits, but the RPDs for
4,4'-DDT, 4,4'-DDE, and zinc were not. The trip blanks were
contaminated with concentrations of acetons and/or methylene
chloride. Thess data are discounted however, because the
asgoclated method blanks were also contaminated with these
conpounds.

The rinsates for ths Phase I and Phase II sampling efforts are
identified as SW~3IR and SW-10R, respactively. Results for all
parameters tested were below the detection limits axcept for copper
{46 ug/l) and zinc (22 ug/l). Copper rassults for the Phase I
sampling effort may ba biaged high. The zinc contamination in the
rinsate may be discounted because the assoclated meathed blank also
contained zine.

84531.60 4=94
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TABLE 4-24
POSITIVE RESULTS IN SURFACE WATER
DUNN FIELD
OEFENSE DEPOT MEMPHIS TENMNESSEE

) AmBiant Water
. Quality Critesfa PHASE | PHASE I
Agualic Lile
_ (Irash)(a)
PARAMETER " Acula Chronle’ | Swi SWi5 SWi6
HALOGEMATED VOLATILES (ug)
[Metnyiana chiorida | 11,000 na B | -- .-
NONHALOGENATED VOLATILES {up/)
ACBtono | na na 78J ] 18 2J) |
NONHALOGENATED SEMIVOLATILES {ugh)
na .- --
940 - .
na == --
PESTICIDES (ugh}
[Digtdrin |  na na [ .3 ] 11 -- |
VOLATILE METALS {ug)
A — -
NOMNVCOLATILE METALS {ugh)
Barium . na na

Cadmium

a

Shaded areas are values that are equal to or axcesd aither the acuta ar chronic Amblant Watar |
Chiallty Critaria guidelings,
na = Not Availabla
{a) Source: Imagratad Risk Informatlon System (USEFA, 1950); Interim Final RFI Guidance (USEPA, 1989)
B {(norganic) = Valua lass than the Cantract Requlred Dataction
Limit {CADL), but greater than the Instrumant Detectlon Limit (IOL).
B {Organic) = Found in mathod blank.
J = Eslimated value lass than tha sample quamtitation limit. bul graatar than zaro.
-- = Not datacted.
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The gurregate recoveries for all organic parameters for Phase I and
Fhasae II were within control limits. This shows gocd accuracy for

all of the organic analyses.

Tha MS/MSD results for tha Phase I and Phasa II sampling episcdes
were generally within control limits. The recovaries and RPDs for
all of the parameters were within acceptabla limits except for the
seml-volatila organic RPDas for SW-5 (Phasa I) and tha silver
racovery for 5W=-106 {Phase II). Tha sami-volatile RPDs for SW-S
wara outside the control limits for the phenol and phanol
darivative MS/MSDs. Therefore, the precision for these compounds
in the samples taken during the Phase I sampling effort may be
poor. The recovery of silver for SW-106 was 62%, which may be due
to a matrix intarference of laboratory digeation technique. -Silver
results for the Phase II matals may be biased low.

4.2.4. Sedimenta

Saedimant samples from Lake Danielson and the golf course pond vera
analyzed to detaermins .f past activitles at DDMT had released
contamination to the two bkodies of water. Contaminants that wara
not detected in the watar column could possibly have bean trapped
within thes aediments.

The sediment sanples collected from Lake Danielson and the golt
course pond ware analyzed following the soll methods described in
subsection 4.2.2.

4.2.4.1 Sediment Sampling - Ten saediment samples were collected
from Lake Danielson and the golf coursa pond during FPhass I of the
RI. Two samples wvere collected at each location; one from the
surfacae (labaled 5D-X-SS) and one at a dapth of 9-inches (5D-X-9).
SD-1, SD-2 and SD-3 were taken from Lake Danielson. SD-4 and SD-5
wara collaected from the golf course pond. No sadiment samples wvara
collected in Phase II. p

B531.60 4-98&
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4.2.4.2 Ssdiment Sample Analvsig - Analytical results from the

sediment samples collected during Phasa I of the RI are given en
Table 4-22. The sadiments collected from Lake Danieldon consisted
of firm ciay:. Twa of the aamples collacted from Lake Danlelaon
contained appreciable contamination of the pesticides DDE and DDD.
These samples were: SD-1-55 (surface sediment) and SD-3-58. PAHs
vere also detected in several of the samplea. Two sediment samplas
taken from the pond contained a much highar level of pesticide and
PAHs contamination than found in Lake Danilelson.

4.2.4.3 guality contrgl Sediment - Two field duplicates were
collectad from the locationa identified as SD~1~33 and SD~-1-5.

Most of the resulta for these samples were not above the detection
limit, no RPDa could be calculated. Positive rasults were detected
for the pesticides 4,4'-DDE and 4,4-DDT in SD-1-88. The recoveries
and RPDe for these pesticides waere ocutside of the control limits
indicating that the results for thasa compounds should ba flaggéd
ag estimated. A rinsate was not necessary since the samplea were
shipped to tha laboratecry in the individual butyl acetatas tubas in
which they were collected. Matrix interferences are indicated for
the sediments from Lake Danielson. Surrogate recoverles and MS5/MSD
recoveries and for all of the pesticides analyses were generally
cutside of the control limits. All other M5/MS5D results were
within acceptable ranges.

4.2.5 Drilling Mud and Drilling wWater

4.2.5.1 Mud and Water Sappling - Sevaral borings were introduced
in Phase I and Phase II using mud rotary techniquea (see Appendix
A). A mud sampla was takxen from the drilling pit during tha
installation of MW-18 in Phase I (SBMVD1l) and from STB-7 (SBMVDII)
during Phasse II. A water sample from the firs hydrants used during
drilling operations was alsc collected during both phases of

sampling (HYDH201 and HYDH202).

L

8331.80 _ 4=-957
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4.2.%.2 Drilling Mud and Drilling Water Analysis - Analytical

. - results for the drilling mud and hydrant samples are given in Table
4-23, Elevated metal constituent levels were detected in both of
the mud siiplas. The high barium lsvels are to ba expected since
the bentonite mud used is predominantly made of this constituent.
The use of mud during the installation of monitoring wellas is net
suspaected as a source of matal contamination. Based on the
analytical resulta, no correlation can be made batwean wells in
which high levels of wetal contamination occurrsd and the wells
that ware drilled using mud rotary technique. The water samples
collected from the fire hydrant tested positive only for low levels

of barium and copper.

8531.60 4-1901
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TABLE 4-23
POSITIVE RESULTS IN DRILLING WATER AND DRILLING MUD
CEFENSE DEPUT MEMPHII TENNESSEE

U ETT L rasER - 0 [T pHASEND

PARAMETER . | vvDH20-1 SBMUD-3 | HYDHZo-2  SBMUD-2

' - {upl). fugty: (ug) (wg/kg)
HALOGENATED YOLATILES
Bromodichioramathana al - - -_—
Chloroform al -a aa -
Dibremockioromathang A - A -
Meathylans chiords -- 1J8 - 58
NOMHALOGENATED YOLATILES
Acotone 168 5J8 -- 230
2-Butancne -- 1J8 -- -
NONHALDGEMATED SEMIVOLATILES
bis(2- Elhrylheony) phthalate - 10,000(ug/xg} -- 45008
Di-n-butyl phithalate -~ -- -- 1600
N-Mitroscdiphenylamine - - 2 -
VOLATILE METALS
Arsanic ' - 1 - -
Lead - 1450 - 3000
Marcury : - 5.3 - _—
Solenlum - 389 - -
NONVOLATILE METALS
Antimony - 300 - -
Barlum 33 -] Ba00 18 12200
Cadmium - 50 - -
Chromium - 140 - 3000
Coppar >4 1040 20 2000
MNickad - 9 - -
Sitver - 28 - -
Zing < 1910 -— 1800G
B (Organic) = Found En mathog blank, -

. J = Estimatad value lass than the sample quantiiation (imil, but gragter than zero.

== m MO gatacted.

4-102
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5.0 CONTAMINANT FATE AND TRANSPORT

The knowledge of the potential and actual anvironmaental
concentratiens and types of toxic pollutants is a necessary part
of any risk agssessment. The potential for exposure to a particular
compound or elemant depends upon whether it can peraist in tha
particular medium of interest. The fate of contaminants and thelr
transport depends upon the site's physical conditionas, the
characteristica of tha scurce and the extent of the contaminant
ralaasa. The behavior of the contaminants found in each of the
nmedia sanpled (ground wvatar, surface water, sediment, surfaca soil,
and subsurface soil) will be discussed with consideration of the
various chemical, physical, and/or biclegical processeas that are
possible at Defense Depot Memphis, Tennessee. Tha following topice
will be discussed in this Chapter:

* potential routes of migration
. perslstence
- migration

3.1 PEQTENTIAL ROUTES OF CONTAMINANT MIGRATION

Contamjinant migraticn can occur in sevaral ways, depending upon the
charactaristlics of the slaement or compound in question, the medium
in which the slement or compound is located, and the typa(s) of
media in close proximity. vVarious physical procassss may ba
involved. Tha tranaport of pollutants by watar to receptors is a
central theme bacause of the importanca of water to life, its
contribution to the generation of leachate and its ability to
mokilize contaminants from source areas. The water solubility of
ths compound or element will play a significant role in determining
vhat nigration route, if any, will ba takan. Transformation into
a gasaocus stata {volatilization) or adherence to soil or sediment
particles {adsorpticn) ars migration routesa. Extraction from
sediments or solls (leachipg) or the movement of soll or sediment

BS%31.60 5=-1
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particles with adsorbed pollutants attached by tha nmovement of
water are also possible. Accumulaticn within the bedy of aguatie
life forms and/or bactaria (bicaccumulation) can alsc be a pathway
from waters, soils, or sedimants.

5.1.1 HMetals

The migration of metals in the environment 1s complicated because
matals can exist in a variesty of forms. For ilnstance, matals can
exist in different oxidation statas. Meaetala can also exist as
charged particles (l.e. ions in solution) eor in a chargeless or
neutral state. Metals may combine with other metals or organic
chemicals to form many different compounda. In any case, the
potential for migration will then depend upon the aoluhillty of
these forms in water. Metals in solution will exist in an ilonic
form; non-ionic forms will precipitate and ramain bound to
sediments in soil. All of the twelva matals analyzed for wars
detected in at least one of the four matrices {ground water,
surface water, sedliment, and s0il) sampled. Five of the metals were
selected as indicator chemicals because of the concentratilons
detected at DDMT and the toxicity associated with these metals.
These metals are arsenic, barium, chromium, lead, and mercury.

$5.1.1.1 Armenls — Becauss of lts multiple oxidation states and its
tendency to form soluble complexes, the geochemistry of arsenic ia
both intricate and neot wall characterized. The adscrption of
arsanic onto clays, iron oxides, and organic (humic) nmaterial is
an important transport pathway., Arsenic is also mobile in the
aquatic environmant; it cycles through watar cclumns, sediments,
and biota. Tha solubility of arsanic variaes wicdaly according to the
oxidation stats. In the natural environment, four oxidation statas
are possible for arsenic: Tha {-31) stats, the metallic (0) state,
tha (+3) stata, and the (+5) stata. The {(+3) and (+53) statas are
common in a variety of complex minerala and in dissolved salts in
natural waters. The elament most commonly asaocclated with arsenic

i
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17 292
in nature is sulfur. In all, there ara one hundred or more arsanic=
bearing minerals known to occur in nature. The oxo acids, arsenious
acid (H;A804) and arsenic acid (H,As0,), are the prevalent forms of
arsenic in aerobic (oxygen containing) waters. Arsenic can form
complexes with a number of organic compounds, most of which
increase its water solubility (Callahan et al., 1979; USEPA, 1983;
ATSDR-Arsenic, 1%87).

5.1.1.2 pHBarjum - Barium exist=s in nature as a salt. Several salts
including the ﬁgst common, barite (BasSQ,) and witherite (Bacay),
have 1aw'solubil%ty, g0 praecipitation into sediments is likely. Due
to low vapor pressures and high boiling points, thesa salts are
unlikely to velatilize. Bicaccumulation of barlum is not a common
migration process except in systems 1in which the ‘barium
concentration exceeds that of calcium and magnesium (USEPA, 19831).

$.1.1.3 cChreomium - Chromium exists 1in two oxidation states in
aguecous systems: (+3) and (+&] oxidatian statea. The hexavalant
form is soluble, existing in scolution as an anion complex, and is
not absorbad 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 material to form trivalent
chromium. Trivalent chromium combinea with agueous hydroxide ion
{"OH) to form inscluble chromium hydroxide (Cr (OH)4) . Precipitation
of thls material 1s thought to ba the dominant transport pathway
of chromium in natural waters. Adsorption processes also result in
removal of dissclved chromium to the bad sediments. Chromium is
bivaccumulated by aquatic organisma and the passage of chromium
through the food chain has been documented. Chromium in soil can
occur as the inscluble oxide dichromate (Cr,0,) and may be
aerosclized into the atmosphere or transported to surface waters
and ground waters in run-off and leachates (Callahan et al., 1979;
USEPA, 19B3; ATSDR-Chromium, 1587).

-~
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5.1.1.4 Lead - Lead is transferred continuously between air, water

. and soil. Soil leaching of lead into ground water is detarmined by
the chemical characteristics of tha soil. The avallability of lead
in seoils ié related to moisture content, soil pH, organic matter,
and the concentration of calcium and phosphates. Laad is
bioaccumulated in shellfish and plants (Callahan et al., 1979;
USEPA, 1983; ATSDR-Lead, 1988). However, increasing pH and calcium
ion (Ca’+) concentration diminish the capacity of plants to absorb
lead, as Ca®' ions compete with the Ph?* for axchange sitas on the
soil and root surfaces.

5.1.1.5 Mercury - Mercury's major removal mechanlsm from a
natural system is adsorption onte the surfaces of ¢lay particles
and subsequent settling as part of tha sediment. The ovarwheiminq
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 ara ingested
by the agquatic biota or transported by current movement and

. dilution. Secondary transformations of marcury in the sediments can
occur; these include precipitation as mercury sulfide and
methylation reactions caused by bacteria. Since mercury itself is
not destroyed, these inorganic and organic forms of mercury nay
then releassa lonic or metallic mercury into the water column as
part of a recycling process. Resuspension of sediments by
turbulence or the activity of henthic organisms can also releass
these compounds of mercury directly inte the water column (Callahan
et al., 1979; USEPA, 1983; ATSDR~-Mercury, 1988).

5.1.2  ¥Yolatlle Organics

By their nature, the concentrations of volatile organic compounds
tand not to remaln at constant levals in any of the media under
consideration. Only media from which volatilizatien is hindered
would be axpected to retain significant amounts. Several of the
ground water samples and a few surface and soil boring samples

. 8531.60 5=4
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contained measurable levels of toxlic volatile organic compounds.
Eight indicator chemicals of primary concern due to their
prevalence at DDMT and their toxicity are discussed below, Thesa
arel,1-dichloroethene, 1,1,2,2~tetrachloroethane, trichlcroethene,
tetrachloroethene, methylene chloride, 1,2-dichloroethene, carben
tetrachloride and acetone. Discussions below are based on Callahan
et al., 1979, and ATSDR, 19588,

5.1.2.1 1,l-Dichlorgethene - Volatilization is the major proceass
whereby 1,l1-dichlorcethene is removed from the agquatic and soil

environment. 1l,1=-dichloroethene is 8llghtly water soluble.
Adsarption onto solls or sediments with high organic content is
also pessible. 1,1i-dichlorcathene probably does not bicaccumulate
to a significant extent. g

§.1.2.2 1.1.2.2-Tetrachloroethane - The primary transpert process

for 1,1,2,2-tetrachlorvethane is volatilization. Because 1t is
slightly scluble in water, leaching 18 a possible migration
pathway. It was detected in ground-watar samples, cne surface soil
sanple, and soil samples from STB-6. Bioaccumulation is possible.

S5.1.2.3 TIrichlorgethene - Volatilization is the most important
transport proceas for trichlorocethena. As it has been found to be
highly mobile in soil, leaching from subsurface soil to ground
water 1s possible. Removal from tha atmosphers in rain (wet
deposition) is also a likely process, but biocaccumulation potential
is low.

5.1.2.4 Tatrachlorgethepe - While volatilization is the dominant
transport mechanism for this compound, leaching into tha ground
water is also likely. Return to the soil through wet deposition is
alsg likely. Adsorption is not a primary transport mechanism except
perhaps 1in dry soils with high clay content. Leaching 1into
subsurtface saill and ground water is likely, but bicaccumulation is
not. .

8531.60 5-5
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5.1.2.5 Methvlene Chloride - Volatilization is a transport process

. for the removal of methylene chloride from aquatic system. Once
in the atmosphera methylene chloride can, at high altitudes, react
with hydroxyl radicals or underge photodissociation. Methylene
chloride does not readily undergo oxidatlon or hydrolysis in
aquatic systems. Photooxidation should not occur with methylene
chloride since this compound does not contain a chromophora that
can absorb visible or near UV light. Methylene chloride deoces not
bicaccumulate.

5.1.2.6 1.2-Dichlorgethene - Volatilization is the major process
for removal of 1,2-dichloroethene from aguatic systems. At high
altitudes, 1,2-dichlorcethene is attacked by hydroxyl radicals,
resulting in deqradation products. Photodissaciation does not
appear to bea a significant fate for 1,2-dichlorocethene in aguatic
systems. Information is neot available for this compound to
indicate that it would bicaccumulate, biodagrade (microorganism),
or adsorb to sediments or solids. 1,2-dichlorcethene ls alsc very

. resistant to hydrolysis.

S.1.2.7 € trac - Carbon tetrachleride is volatile
and can be expected to leava from aquatic environments when its
volatilization is not hindered. Carbon tetrachloride is stable to
attach from hydroxyl radicalas, and photodissocliation in tha high
altitude atmoasphera is slow. Photodisscclation in aquatic
environmants is not significant. oxldation, sorption,
bicaccumulation, bio-transformation, hydrolyals, and biodegradation
do not readily occur with carbon tetrachleride.

5.2.1.8 JAcetone - Acetone can be expected to volatiliza from
aquatic media where its velatilization is unhindered, i.a. surface
water. However, acetone is very scluble in water and should
accumulate in wet soll and ground watar if its volatilization is
unhindered. Information on tha fata of acetona regarding
biodegradation, bio-transformation, susceptlbility to hydrolysis

. and oxidation, or sorption tc sediments in aquatiec environments is
not readily avajilabla.
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Of the sem;yolatile organic compounds analyzed for, only polycyelic
aromatic hydrocarbons (PAHs) wara found at meaasurable levels with
regularity in soil samples. Several different PAHs were detected.
Of these, the three lndicator chemicals of primary concern due to
their prevalence at DDMT and their toxicity are bkenzo(a)pyrene,
benzo(a)anthracene, and dibenzo(a,h)anthracena. PAHs are
semivolatiles. They have low vapor pressures and boiling points
greater than 100°C. They are also characterized by their relatively
low solubility in water. The primary transport processes are
different from those of veolatile organics, with adscrption onto
soll or other organic matter being most important. Adsecrption onto
particulates 1la the primary transport process for PAHs. Adsorption
ento moblle soil or sediments is largely responsible for thair
movement; examples include the erosion of soil and the movement of
suspended sediments. Adserption onto soot particles that can be
carried on wind currents and then return to the surface (dry
deposition} are tha important pathways to and from the atmosphere.
Short-term bicaccumulaticon alsoc occurs but is not important because
of the rapid metabolism and excretion of PAHs by most aguatic
organisms (Callahan et al., 1979; ATSDR 1%87).

5.1.4 Pesticides and PCBs

Pesticides and polychlorinated biphenyls (PCHBs} are also classified
as semivolatile organic compounds. Volatility is generally of
little importance with respect to tranaport; adsorption and
bioaccumulation are much more important. The indicator chemicals
of primary concern due to thelr prevalence at DOMT and their
toxicity are dichleorodiphenyltrichlorcethane (DDT) and its
degradation products dichlorediphenyldichlorcethane (DDD) and
dichlorodiphenyldichloroethene (DDE), Dieldrin, and the PCBs.
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5.1.4.1 DDT. DDE., and DDD - DOD and DDE are degradation products
of DDT; all have generally similar properties. Adsorption onto

airborne particulates and sediments are tha primary transport
pathways that are a result of the rslative insolubility of these
compounds in water. Removal from the atmosphere through particulate
fallout is likely. Bloaccumulation and magnification up through the
food chain (blcconcentration) are also important. Volatilization
is a possible transport process (Callahan et al., 1979; ATSCR,
1988).

5.1.4.2 Dieldrin - Sorption of dieldrin teo s0ils and sediments is
tha most prevalent transport pathway, but there is a tendency to
bicaccumulata and bilomagnity. Co-movement with suspended
particulates in water is a likely transport mechanism, but leaching
intc ground water does not generally occur due to the relatively
lew solubillity of Dieldrin. Volatilization is generally slow for
Dieldrin but is relatively high for Aldrin, which is readiiy
converted to Dieldrin. This reaction is probably initiated by UV
radiation. It 1s therefore possible that Aldrin might migrate and
then react to form Dieldrin in its new location (Callahan at al.,
1979; ATSDR, 1987).

$.1.4.3 gnlgtﬂgmg - Voplatilization from aguatic environments,
sorption to sediments, and bicaccumulation are important fates for
chlordane. Chlordane is photosensitive and should undergo light
induced reaction to produce isomers and other producta. The
biotranasformation of chlordana is probably similar to Dialdrin.
Chlordans is not unsusceptible to oxidation 1in aquatic
anvironments, ‘but is somewhat susceptible to hydrolysis, with a
half life of 4 years (Callahan et al., 1979; ATSDR, 1988).

5.1.4.4 Heptachlor - A major fate of heptachlor in aquatic systanms
will be the hydrolysis to l-hydroxyl chlordane. Heptachlor also
shows strong tendencies for bicaccumulation. Sorption to sediments
could be an important process for heptachlor that does not undergo
hydrolysis. Velatilization is also posslble (Callahan et al.,
1979; ATSDR, 1988).
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5.1.4.5 PBeta-Hexachlorocyclohexane (Beta-pHC) = Velatilization,

blotransformation and bicdegradation appear to be important
transport paths for Beta-BHC. Hydrolysis however, does not occur
in agquatic systems. Photolysis can occur, but the data supporting
photolysis in aquatic systems is conflicting.

5.1.4.8 ECBas - PCBa are prapared in mixtures of different
campounds characterized by the number and arrangement of chlorine
atoma attached. Different mixturea contain different chlorine to
carbon ratios and are called "Aroclors™ and usually have a number
designation associated with tham. All eof the PCBs behave in
eséantially the same manner. Adsorption of PCBs onto soil particles
and sedimenta is the most prevalent transport mechanism. However,
bicaccumulatien is also likely and results in biomagnificafion.
Although not nearly as pravalent, wvolatilizatlon and adsorption
onte airborne particulates are responaible for spreading PCBs
throughout the world; they are redeposited through wet deposition
(Callahan at al., 1979).

5.2 CONTRMINANT PFRSISTENCE

The persistence of a contaminant in a particular medium will be
determined by its resistance to chemical and/or biclogical changes
as wall as to the transport mechanisms discussed above. A toxic
pollutant may bhe subject to a variety of chemical reactions
depending upon suaceptibility to natural radiation and the presence
of suitable reactants in the environment. In ganeral, 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, bromina, and chlorine may underge chemical
reaaction., The metal atoem in inorganic complaxea is usually the
atom whosa oxidatlon state changes. Reaction with water
{hydrolysis) is posaible for some compounda. UV radlation can
ramove an electron from a compound to form a reactive speciles
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called a radical in a process known as photolysis. Contaminants can

. be transformed or degraded through photolysis either directly or
indirectiy by raaction with other radical species. Metabolliam of
compounds or elements by microbes and/or aquatic life may result
in slight alteration {(biotransformation) or significant breakdown
{blodegradation) of the contaminant,

5.2.1 Hetalg

The persistancae of the five elements discussed in Subsection 5.1.1
depends upoen thair rate of tranaport from tha asite of interest
which, in turn, depends upon their form. As mentioned earlier,
matals generally have mora than one naturally occurring state and
exist in several different chemical forms. -

5.2.1.1 Argsenic - The fata of arsenic in the agquatic environment
depends largely on prevailing pH and oxidation-reduction
conditions. Sediments are the primary sink for arsenic. A number

. of 'urganisms can mnmetabolize arsenic to form organometallic
compounds and thereby increasa arsenic mekility in thae environment.
Arsanic can be reduced and methylated by soil organisms, though the
ratea at which arsenic is subsequently volatilized may vary
according to site conditions. Arsenic in soil is predominantly in
soluble forms (Callahan et al., 1979; USEPA, 1983; ATSDR-Arsenic,
1987).

5.2.1.2 Barium - Little information is available concerning the
ultimate fate of barium in the environment. As barium is commonly
found in solls and in most surface water and ground watar, it is
assumed to be persistent in these media (USEPA, 1983}.

5.2.1.3 Chromium - Hexavalent chromium is the spaciles usually
found in industrial wastes; it will eventually ba reduced to
trivalent chromium by inorganic matters present in water. As
. discussed in Subsaction 5,1.1.3, trivalent chromiunm reacts with
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agqueous hydroxide ion to form insoluble chromium hydroxide,

. Although chromium can react to form a variety of organic complexes,
chromjum pereists in gsediments after precipitating out of solution
(Callahan et al., 1979; USEPA, 1983; ATSDR-Chromium, 1987).

5.2.1.4 Lead - Lead is present in scils as Pb*? which may
precipitate as lead sulfate, hydroxides and carbenates. Lead is
extremely persistent in soil and water and the species of lead
found is dependent on temperature, pH and the presence of organic
matter. Lead is relatively immobile in s0lls and assoclates
primarily with suspended solids and sediments in agquatic systems.
Below pH of 6, PbSQ, {(anglesite) ls dominant and PbCOy 1s most
stable at pH values above 7. The hydroxida Pb(OH), controls
solubility around pH 8, and lead phosphates, of which thera are
many forms, may control phd* solubllity at intermediate pH values
{Callahan et al., 1979; USEPA, 193); ATSDR-Lead, 1988).

5.2.1.5 Mercury = The primary sink for mercury release to -the

. environment is sediments. Mercury is abla to axlsat in the natural
environment in three oxidation states: aa tha native element
itself, in the (+1) (mercurcus) state, and in the (+2) (mercuric)
state. The nature of the specles which will occur in a given
complex or exiat in solution depends upon the potential for
oxidation or reduction and tha pH of the envircnment. Deposition
of mercury in sediments that can cause raduction can result in
precipitation of the sulfide. Blotransformation of marcury in the
sediments can result in remcbllization. An example is dimethyl
mercury which has a low solubility in water and is a gas at room
temperature; wvolatilizaticn may occur (Callahan et al., 1979;
USEPA, 1983; ATSDR-Mercury, 1988).

5.2.2 Yolatile Organics

Chlorinated volatile organic compounds are basically unreactive and
are unlikely to undergo ghemical or bioleqglcal traneformation
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unless the mnmedium in which they are contained slows the

._ volatilization process. However, they can undergo either chemical
or biological reactlons when their concentration is large enough
that volatilization and reaction rates can achieve equilibrium. The
slight solubllity of most wvolatile organic compounds in water
generally results in small but measurable persistence in ground
waters where reactions with bactaria can occur (Callahan et al.,
1979; ATSDR, 1988).

5.2.2.1 3.l1-Dichlorecethene - 1,l1-Dichlorcethene does not undergo
measurable photolysis and it is not readily oxidizad. 1,1-
dichleroethene 1is also stable toward hydrolysis. 1,1~
dichloroethene is slightly soluble in water and can be expected to
persist in ground waters. -

5.2.2.2 A.1,2.2-Tetrachloroethane - 1,1,2,2-Tetrachlorcethana is

essentially nonreactive in the atmosphere. In water however, base-
catalyzed hydrolysis to form trichloroethene is an important

. degradation path under aercbic and anaeroblc conditions. Anaerobic
biodegradation is also to be considered an important loss pathway
in water and solls with trichloreoethene as the reaction product.
With its solubllity, persistence in ground water is likely.

5.2.2.3 Trichloroethens - Upon veolatillzation, trichlercethene
reacts readily with.hydroxyl radicals in the atmosphere. After
leaching to ground water where volatilization is hindered, it is
persistent due 1lts selubllity. Biocdegradation and other chemical
reactions are slow and dec not contribute measurably to its fate.

5.2.2.4 Tatrachlorgethene - Reaction of tetrachloroethana with
hydroxyl radicals in tha atmosphera is the most likely degradaticn

process for this compound. However, tetrachloroethene is persistent
in the atmosphere except during periods of heavy rainfall. This is
due to the relatiﬁe gtability of the hydroxyl radical as indicated
by its long half-life (approximately 96 days). As volatilizatlion
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from ground water is hindered, slow biodegradation and hydrolysis
. processes may cccur. However, tetrachlorcethene is persistent under
such anaerobic conditions.

5.2.2.5 Methylene Chloride - If wvolatilization is hindered,

methylene chloride could expect to be persistent in the ground-
water environment. Methylene chloride does rnot bicaccumulate or
biodagrade, or adsorb to sediments.

5.2.2.8 1.2-Dichloroethene - 1,2=-Dichloroethena does not

bivaccumulate, biodegrade, or adscrb to sediments or solids. It
doas not undarge hydrolysis, so it should persist in any aquatic
media where volatlilization is hindared.

5.2.2.7 garhon Tetrachloride - Carbeon tetrachleoride is extremely

stabla and should persist in any aquatic environment where
volatilization is hindered.

. 5.2.2.8 jAcetone - Acetone should be expected to persist in ground
water bacause of its sclubility in water. Acetone in the soil will
either quickly volatilize or probably dissolve in so0il water (where
velatilization cannot occur).

5.2.3 polygyclic Aromatic Hvdrocarbons (PAHS)

PAHs are generally amenable to photolysis reactions, 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 bacause of the minimal amount that exists in these forms.
Direct photolysis results in rapid degradatien of the minimal
amounts that do dissolve. Bicdegradation is considered the major
transformation process. However, because this process is slow and
compating processes (solubilization, oxidation initliated D)y
photolysis, wvolatilization, atc.) occur only to minimal extents,

. PAHs are persistent in the solls and sediments in which they adsorb
as discussed above (Callahan et al., 1979; ATSDR, 1987).
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5.2.4 Pesgticldes and PCBa

The pesticlides and PCBs discussed in subssction 5.1.4 are
parsistent due to their chemical stability and affinity for organic
matter. Although photolysis is a potential loes pathway, it may
not be possible if the medium is not exposed te ultraviolet (UV)
radiation, as is thae caze with =sediments under deep water and
subsurface soils. Bilological action 1a generally the only removal
mechanism; however, it may be slow.

5.2.4.1 DDT. DDE, and DDD ~ Biotranasformation of DDT to DDE
{aerobic conditions) and/or DDD (anaerobic conditions) i1s the
primary loss mechanism. DDE and DDD de not undergo - further
dagradation, however. Direct photolysis of DDT and DDD is slow, but
for DDE it is rapid. Indirect photolysis can occur quickly for all
three compounds. Chemical oxidatlion and hydrolysis are too slow to
be competitive. Due to their insolubility, these three compounds
are persistent in sclls and sediments (Callahan et al., 1979;
ATSDR-CDDT/DDE/DDLD, 198E).

5.2.4.2 Rieldrin - Dieldrin is persistent in scils and sediments
and is relatively insoluble in water. Oxldation and hydrolysis are
not important factora, and the contribution of oxidation initiated
by photolysis is uncertain. It is resistant te biodegradation,
although this may be its ultimate fate (Callahan et al., 1979;
ATSDR-Aldrin/Dieldrin, 1987).

5.2.4.3 Chleordang - Chlordana is peraistant in scoils and sediments
and is relatively insoluble in water. Hydrolysis, however, s
slow. Chlordane should persist in soil, but should be slowly
degraded In ground water.

5.2.4.4 Heptachlor - Heptachlor should not persist in the
environment since it is easily hydrolyzed and then bilotransformed
or bioaccumulated. .
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5.2.4.5 Beta-Hexachlorgcyclohexane - Beta-Hexachlorocyclohexane
doas not hydrolyza. However, it is bilotransformed and

bigpdegradable. Beta-hexachlorocyclohexane should parsist where
these processes are hindered.

5.2.4.6 PCHs - PCBs are resistant to oxidatien and hydrolysis. The
heavier PCBs may be amenable to oxidation initiated by photelysis,
although this is unlikely as they are not generally found in media
that are exposed to UV radiatlon. They are resistant to
biodegradation and biotransformation; only those molecules with
less than four chlorine atoms are generally susceptibla. Due to
their insolubility, PCBs are persistent in soils, sediments, and
animal tissues {(Callahan et al., 197%).

5.3 QONTAMINANT MIGHATION

Typlcally, landfilled solld waste materials such as thosa located
in Dunn Fiald are buried in the dry state. Liguid wastes were
containerized and the documented fluid spill events were local in
nature, involving small quantities. <Contamination in the form of
leachate is produced by the water saturaticn of dry solid wastes
(USEPA, 1980) by the leakage of corroding liquild waste contalners,
or by the spillage of fluidas at ground surface. Continued waaste
saturation will mobilize the generated contaminants. The chief
source ©of water at disposal. sites is precipitation, a prime
component of a site's water balance., Glven sufficlent data, the
likelihood of contamination generaticn and the quantification of
leachate production may be estimated by the water balance methed
(USEPA, 1980). A calculaticn of the study area's net precipltaticn
(the amount of rainfall potentially available for infiltration and
waste saturation) was nine inches, annually. This value is adequate
to both generata and mobllize waste-related contamination at DDMT.
If contamination at tha available source is mobilized, contaminants
will move along the path of least rasistance to adjacent receptoras.
Surface contamination may migrate overland to surface watars via
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runcff, or may infiltrate into local shallow ground watar. Buried
. waste-related ccntamination may favor migration to site ground
water.

Actual nmigration routes of contaminants and their rates can be
inferred from site physical charactarization, contamlpnant release
informaticn and data from chamical analyses of the medla that are
potentially associated with thair fate and transport.

5.3.1 Metalg

Leaching and‘pracipitation of indicator metals are likely transport
systems as indicated by the prasance of metal contamination of the
ground water, sclls, and sediments. Metals contaminatidﬁ has
likely entered the ground water through leaching of the seil. 1In
Dunn Field, the Fluvial aguifer ground-water flow directien is
westward. Metals contamination can be expected to migrate with
ground water in a westerly direction. The analytical results for

. the off-post wells support this hypothesis. Shallow aquifer
ground-wvatar flow at the main installation is not as wall known as
are similar conditions at Dunn Field. Shallow agquifer conditions
suggests discharge to the underlying regional adquifer in the
northwest quadrant of the installation. However, ground-water flow
direction in the shallow aguifer in most of the main installation
is not well defined.

In summary, metal contaminants can be expected to parsist at their
present concentrations and to migrata baycond the boundaries of Dunn
Fleld. Main installation metal contaminants wlll persist at their
present concentrations, but should not migrate beyond the border
of the base. Contaminant transport to lower agquifer 1s possible.

8531.60




i7 2!p
5.3.2 VYelatile Organicg

Volatile chlorinated organic compounds have been detected as
surfaca so0ll contaminants at both Dunn Pield and the mnmain
installatien. These compounds have also been encountered as
subsurface scoll contaminants in Dunn Field. The contaminantsa
detected are assumed to occur as an unknown number of localized
"hot spots." These compounds are significant to this investigation
as they may serve to replenish chlorinated wvolatile organic
compound contamination of the shallow ground-water system through
leaching and percolation.

As noted, two areas of contamination were encountered in study area
shallow ground watar. The largest such 2one extends heyohd the
north and west boundaries of Dunn Fileld. Contaminant
concentrations are sufficlently consistent to permit data
contouring at all wells encountering the compoundas of interaat.
Most of the contaminants are denser than water and thus tend to

. migrate vertically downward. MW-15 was screened in the lower
portion of the shallow aquifer adjacent to MW=12, which is screened
in the upper portion. Comparison of analytical data from these two
walls indicates that although the contamination extends throughout
the shallow aquifer, it i3 not accumulating at higher lavels near
the bottom of the aquifer. .

The volatile chleorinated organics in the shallow agquifer could
potentially continue to migrate vertically through tha confining
unit into the Memphis Sand. Deep s0il test boring STB-6
encountered this group of compounds extending through the confining
unit underlying the contaminated shallow aquifer. This situation
suggests that velatile chlorinated organic compounds may have or
may be in the process of migrating from the shallow agquifer at Dunn
Fleld. A raview of monitoring well, soil bering, analytical data
and current literature describing the 1likelihood of such a
contaminant migration potential may be summarized as follows:
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. The volatila chleorinated crganic compounds were detected at
. low lavals through the entire sampled section of the confining
unit at STB-6.

. Ground-water elevations within the site's shallow aquifer are
some eighty feet higher than those noted in Memphis Sand wells
at Dunn Field. This difference in head creates a downward
flow potential from the shallow aguifer to the Memphis Sand.
Occasicnal pumpaga from the nearby Allen Well Field could
exacarbate tha situation.

. The general c¢lass of compounds possesses low solubilities in
water and does not readily adsorb on mineral surfaces
(Mortland, 1985). These characteristics may enhance the

potential for migraticn.

. The clasa of encountered contaminants is considered to be
persistent and ralatively mokile in ground water (Gliger and
. Molnar-Kubica, 1978). Further, Griffin and Roy (1985}
classified a number of corganic compounds according to their
mobllity in saturated soil-water systems. The following
compounds detected in DDMT ground-water samples may be

described as follows:

Compound Mobility Clasa
Acetone Very highly mobile
Methylene Chloride Very highly mobila
1,1,1-Trichlorocethane Medium mobility
carbon tatrachloridae Madium mobility
1,1,2,2-Tetrachloride Medium mobility

+ Some organic solvents have been shown to increase clay

hydraulic conductivities. This effect was noted especially
for acetona, methancol and xylene (Griffin and Roy, 1985).

| 5-18
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5.3.3 Pglygyclic Aromatic Hydrocarbons

Polycyclic aromatic hydrocarbons (PAHs) were detected in surface
solls at several installation locations. PAHs have apparently not
migrated far from their peint of introduction. Because of their
insoluble nature and strong tendency to adsorb to sclls, the
leaching of PAHs is not expected. No contamination was observed in
any ground-water and surface water samples. The presence of PAHs
in sediments from Lake Danielson and the adjacent pond may be
attributed teo soil containing adsorbed PAHs being transported
during surfacea run-off.

5.3.4 Pesticides and RCRg

While Dieldrin and DDT and thelr degradation products DDD and DDE
were detected in surface socils at several installation lacations;
PCBs were only detected at two places. It appears that the
pasticides and PCBas found at DDMT have not moved very far from

. thair point of applicaticn or release to tha environment.
Adscorption to sell particles is the likely explanation for the
peraistence of these compounds. The movement of soil particles
containing adsorbed pesticidem is probably responsible for their
presence in sediments in Lake Danlelson and the adjacent pond.
Their low solubility explains why only low concentrations in a few
surface water samples were observed. Leaching to tha ground water
has. probably not occurred.
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SECTION 6.0
BASELINE RISK ASSESSMENT

6.1 INTRODUCTION

The purpose of a baseline quantitative risk assessment is to
provide an evaluation of the potential threat to human health and
the environment in the absence o©of any remedial action. The
objective of the baseline risk assessment is to incorporate data
identifying the extant, nature, and potential transport of
contaminants with potential exposure pathways and receptors
associated with a site, in order to characterize potential human
or environmental risks associated with the site.

6.2 PUBLIC HEALTH EVALUATION

6.2.1 Exposure Assessment

Figure 6-1 presents a conceptual model of potential exposure
pathways consldered at the DDMT site. The primary environmental
exposure pathways associated with DDMT include ingestion,
" inhalation and dermal absorption of contaminants present in surface
soils, ground water, and surfaca water. A vital potential pathway
which is included in tha evaluation of this site was the
possibility that the shallow ac¢uifer (Fluvial) 1s interconnected
to the Memphis Sand aquifer, which is the source of drinking water
for the entire Memphis city area. Contaminants of concern wara
identified in DDMT monitoring wells screened in the Fluvial or
shallow aquifer. <Constituents of concern in the Fluvial aquifer
have not yet been detected in the Memphis Sand ground-water
samples, but were present in some soil borings.

Secondary pathways associated with DDMT include the ingestion of

aquatic speciss which have bicaccumulated contaminants, and dermal"

absorption of contaminants present in surface ponds, creeks and
drainage canals. Surface runoff of soil contaminants present on
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the facility drain to either cocllection basins on the site (Lake
Danielson) or off-site via the city storm system. The city storm
system 1s primarily open and above ground in the area neighboring
DDMT. City storm drainage eventually drains to either Noncannah
Creek or Cane Creek. Both of these surface waters are classified
for fishing use. Also, Lake Danielson has been used for

racreational purposes in the past.
65.2.2 osure
There is a potential for contaminants present in the soils to reach

human and animal recepteors in numercus ways. The routes of primary

concern are as follows:

1. Inhalation of soil particulates
2. Ingestion of soil particulates deposited on skin
3. Dermal absorption of contaminants in soils

Thara is a potential for ground-water constituents to reach
receptors via the .fellowing routes:

1, Ingestion of ground water (Memphis Sand aquifer only)

2. Dermal contact with potentially contaminated potable
water during bathing

3. Inhalation of vapors from volatile contaminants present
in potable water, which are emitted during household use

The potential routes of exposure assoclated with potentially
cantaminated surface water and surface water sediments include the
following:

1. Ingestion of fish and other aguatic 1life from
contaminated lakes and creeks

2. Dermal absorption of contaminants present in surface
waters and sediments
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Surface water and sediments contained few volatile compounds, which
were present only at low concentrations. Therefore, inhalation of
vaporized constituents present in surface watear was considered an
unlikely exposure pathway at DDMT.

6.2.3 Potential Exposure Sources

6.2.3.1 Ground-water Scurces - DDMT is located east af the Allen
Well Fleld, one of six pumping centers owned and operated by the
Memphis Light, Gas and Water Division {(MLGW}. The Allen Well Field
draws water from the Memphis Sand agquifer, which is the potablae
water source for the City of Memphis and most of Shelby County.
S5tudies have implied that "windows" may be present in the confining
layer overlying the Memphis Sand aquifer which may allow léakage
of contaminants from water table agquifers (Graham and Parks, 1986).
It is possgsible that contaminants migrating from DDMT could reach
surrounding water table aquifers and could potentially contaminata
the Memphis Sand agquifer. Thirteen cf the thirty-three Allen Well
Field wells lie within one mile of DDMT (see Flgure &-2).

Analysis in 1%BB and 1989 of ground-water samples obtained from
wells within the Allen Well Field show no contaminants exceeding
drinking water standards. When analyzed during 1988, Wells Numbers.
113, 114, 115, 117, 118, and 138, all of which lie within a cne
mile radius of DDMT (see Figure 6~2}, had no detectable levels of
volatile organic chemicalse. In 1988, Memphis Light, Gas and Water
Division detected low levels cof chlorinated solvents in Allen Well
Fleld Wells Rumbars 126, 127 and 128. MLGW officials believe the
source is an industrial site located close to the three wells and
has not consldered DDMT as a potential source because DDMT is
located more than a mile away from the problem wella., The walls
were resanpled in 1989 and continued to have detectable levels of
chlorinated compounds. All three of the Allen Wells are now closed

(MLGW, 1989 and 19%0). Table 6-1 shows the contaminants detected -

in the Allen Wells, as well as the constituents detected in the

8531.81 6-4
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DDMT monitoring wells. It is ilmportant to note that the Allen
Wells are screened in the Memphis Sand aguifer. The DDMT well
locations shown in Table 6-1 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,
revealed low levels of bromodichloromethane, chlorodibromomethane
and chloroform (MLGW, 1988). These constituents are common by-
products in water which has undergone chlorinaticn (National
Research Council, 19%87).

The 5tate of Tennessee and the local health department monitor the
number of wells in the Memphis area by reguiring drilling permits
and annual permit renewals for continuous wall operation. Figure
§-2 shows the locations of nearby industrial wells. A preliminary

9

wall survey of the area within a one mile radius of the depot did .

not reveal the existence of any private residential wells. Four
industrial wells ({(at Cochran, Kelleg, and two at United
Refrigeration) are located within a two mile radius, but are not
used as potable water sources (Moore, 1988). The Memphis-Shelby
County Health Department (MSCHD)} has analyzed ground water samples
collected from the <Cochran (January 30, 1989} and United
Refrigeration (October 10, 1988) industrial wells for total
phencls, metals, total chlorforms, and nltrates. All three wells
wera found to have acceptable water quality for the parameters
analyzed. All four industrial walls are screened in the Memphis
Sand aquifer at depths of approximately 450 to 500 feet (Moore,
1589).

The U.S. Geological Survey has also analyzed selected walls in the
Alluvial and Fluvial deposits in the Memphis area. Ona well, SH:
J-171, is physically located near the Allen Wataer Well Field, and
is screened in the Fluvial aquifer at a depth of 71 feet below
ground level. Tha results of analyses for digsolved metals and
volatile organic constituents 1s summarized in Table 6-2. No

B531.81 -7
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levels of metals or volatile organic constituents exceeded drinking

. water standards for contaminant concentrations {McMaster and Parks,
1988). However, this data is not directly comparable te the data
from DDMT monitoring wells, as wells at DDMT were analyzed for
total metals, rather than dissolved metals.

In summary, the water well survey associated with the DDMT site
asseasment did not reveal any shallow aquifer walls (Alluvial or
Fluvial) within two miles of DDMT which are used for potable water
sources. Therefore, ingestion of potentlially contaminated water
from the Alluvial or Fluvial aquifers is not considered to be a
pathway of exposure.

The primary potential impact of water table contamination woﬁld be
via leakage through permeable zones in the confining unit, which
could allow migration of contamination from the Fluvial deposits
to the Memphis Sand aquifer. The potential for this occurrence has
bean addressed by Graham and Parks, 1986 and Brahana et al., 1987.

. The Memphis Sand aquifer is the primary water scurce for the city
of Memphis, which has a population of approximately 650,000 people.
Analysls of ground water from onsite wells screened in the Memphis
Sand Aquifer (MW=-36 and Mw-37) did not show evidence of
contamination with the chlorinated compounds present in the Fluvial
agquifer. Low levels were detected in one deep soil test boring
located near MW~-6. Analysis of walls in the Allen Well Field and
SH:' J=171 {located less than a mila west of DDMT) during 1988 and
1989 shows no evidence of contaminants which exceed drinking water
standards (Brahana, et al., 1987; McMaster and Parks, 198B; MLGW,
1989). Currently, the Allen pumping field is only used on a
raserve basis, with use limited primarily to the summer months
(MLGW, 1939). Any wells with detectable amounts of Volatile
Organic Constituants as measured by gas chromatography methods are
promptly closed,

8531.81 . 6=9
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To better assess any potential connection between the Fluvial
aquifer at the site and the Memphis Sand Aquifer at Allen Well
Field (nearest drinking water exposure peint), three potential
scenarios of migration were examined:

1. Vvertical transport of constituents through a clay
confining unit ranging 15 to 75 feet in thickness

2. Lateral transport via the Fluvial aquifer to above the
Allen Well Field with the assumption that a "window"
exists in the intervening confining unit

3. Lateral transport through a porticon of the distance to
the Allen Well Field with a "window" in the confining
unit encountered in the interim

Monitoring Well MW-37, screened into the Memphis Sand aguifer near
Dunn Field provides analytical data contreol relative to scenario
numbar 1. Wall 108, the Allen Well Field well closast to DDMT,
provides analytical data control relativa to scenarios number 2 and
number 3.

Scgenario Number l:

Saveral methods were used to predict the vertical transport of the
moat concentrated and potentially mobile constituents,
trichlorocethylene and 1,1,2,2~tetrachloroethane, through the clay
confining unit separating the Fluvial aquifer from the Memphis Sand
agquifer. A simple engineering equation (Section 3.1.6.2.3)
indicates that ground-water flow through the unit could occur in
as little as 25 years. A contaminant transport medel, SESOIL from
GEMS (SESOIL, 1982), indicates a wninimum breakthrough time of
approximately 150 years for 1,1,2,2-tetrachlorocathane (Appendix J).
Estimated concentrations, from the model of contaminant transport
through the confining unit was judged too uncertain for use as

a4531.81 &=10
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exposure point concentrations. Therefore, transport rates
calculated by the model were not used to estimate concentrations
in the Memphis Sand. The SESOIL model was valuable in estimating
the retardation of contaminant movement through a low permeability
clay, which is not well estimated by the enginesring equation
previously cited.

Actual site monitering information confirms the assumption that the
confining unit at the site has not been breached. MW-17 shows no
evidence of contamination found previously in the Fluvial aguifer.
The only major constituent found in MW-37 is acetone (3,500 ug/L),
which is not present in the Fluvial aguifer and is not a predicted
breakdewn product of any of tha Fluvial constituents. It is
difficult to base any conclusions concerning possible health-risks
agsocliated with acetone on one sampling episode and one detecticon
incidence.

Scenario Number 2:

Lateral migration via the Fluvial aquifer was estimated using a one
dimensional model from USGS and the Donigian Raplid Response model
(1983). The assumed parameters used for both models are shown in
Appendix J. It was assumed that 35 years have passed since the
source began to migrate from the site, because historical records
indicate that most solvent material was buried in Dunn Field in
1955, Actual leakage from the source nay have occurred mare
recently, so that the potential migration of the contaminanta is
overestimated. Both models used TCE and 1,1,2,2-tatrachloroethane
ag indicator parameters.

Both models estimate that low levels of contamination could arxive
at Well 108 of the Allen Well Field within a 35 year periocd. The
USGS model estimated a higher concentration value (TCE = 0.8 ug/i)
than the Donigian model. Both models require the assumption of
several parameters unavailable from site data.

8531.81 6=11




17 230

'Actual meonitoring data of Well 108 confirms that detectabkle levels
of contaminants have not yet reached the Memphis Sand at the Allen
Well Field. Therefore, it appears that, even if low levels of
contaminants have reached the area above the Allen Well Field, the
clay confining unit separating the two agquifers has sufficiently
retarded flow to the Memphis Sand aguifer.

Scepario Number 3:
This sacenario is similar to Scenario Number 2. That |is,

contaminants could be transported via the Fluvial aquifer, pass
downward through a "window"™ in the confining unit, and then be
transported laterally through the Memphis Sand to the Allen Well
Fleld. contamination levels would be reduced within each paft of
the flow regime. While we have calculated that a contamination
plume could extend some distance cut in the Fluvial aquifer, it is
not feagible to model this complex flow. However, as before, Allen
Well Field Well 10B has not shown detectable constituent levels.
Thus, contamination from Dunn Field has apparently not affected the
Allen Well Fiald.

SURMary:

Scenarios Number 2 and Number 3 are more c¢ritical than Scenario
Number 1. This is because the permeakility of the Fluvial aguifer
is -several orders of magnitude greater than the clayey confining
unit in the vicinity of Dunn Fleld. Thus, lateral transpert via
the Fluvial acquifer to a potential window in the confining unit
would have a greater effect on the Memphis Sand aquifar. However,
this flow acenario is impossible to model accurately based on the
unknown conditions (Fluvial aquifer conditions, confining unit
extent, etc.) west of Dunn Field.

A worst came estimate for drinking water exposures can be made by
predicting that ground water concentrations at the exposure peint

8531.81 6=-12
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equal minimum analytical detection limits as measured by acceptable
gas chromatography drinking water analysis methods (ATSDR, 1987-
1590). This worst case assumes that very low concentrations of
contaminants have breached the confining unit and have not yet been
detected by sensitive analytical technigques used by Memphis Gas,
Light and Water. It also assumes that the low levels of
contaminants would go undetected for an extended period of time and
that the Allen Well Field would be the sole drinking water source
over a lifetime of drinking water exposures. Several sources of
drinking water are currently used, so this assumption greatly
overestimates potentlal drinking water exposures. Expeosure intake
estimates and risk calculations are made in later sections based
on this worst case scenario.

6.2.1.2 Surface Water and Sediment Sourceg - There are two primary

surface water sources and several secondary sources lcocated at
DDMT. Tha two primary sources are Lake Danielson and the golf
course pond, which are located in the scutheastern corner of the
facility. Analysis of surface water and sediments indicates a
history of contamination from surface run-off following transforner
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 include
4,4'-DDT, dieldrin, chlordane and chlorpyrifos. Questisnably high
lavals of PCBs were also detected in these matrices. Fishing was
discontinued at Lake Danlelson in 1986 (U.S. Army Environmental
Hyglene Agency (USAEHA, 198¢&h).

Sediment investiqgations at Lake Danilelson and the golf course pond
during April 1989 detected metals, soma pesticides and numercus
polycyclic aromatic hydrocarbons (PAHs). Flame thrower testing and
fire protecticn training has occurred in the vicinity of the golf
course pond in past years and is a possible source for the
hydrocarbens detected in these surface water sediments during the
Phase I sampling episode. No polychlorinated biphenyls (PCBs) were

8531.81 6-11




detected during the April 1989 sampling of the sediments or surface
water samples collacted from Lake Danielscen or the golf course
pond. Several compounds detected in sediment samples were present
ags estimated values, were present in trip blanks, or were at levels
near background values.

Constituents of potential concern in the goif course pond include
polycyclic aromatic hydrocarbons, which were present above
laboratory estimated wvalues, and 4,4'-DDT and its degradation
products (i.e., 4,4'-DDD and 4,4'-DDE}, which were detected in the
pond sediments and in one surface water sample downstream with
respact to the pond (SW-1C). The conly constituants detected in the
pond water were barium, copper and zinc at or near background
levels, and soma volatile and semi-volatile organic compounds which
are believed to be artifacts of analysis.

The constituents detected at Lake bDanielson during April 198% and
January 1990 were similar in identity and levels to those present
at the pond. Potential constituents of concern at the lake include
arsanic and the degradation products of 4,4'-DDT. In addition, two
samples cellected down stream from Lake Danielson (SW-9 and SW-12)
contained levels of lead, arsenic, and 4,4'-DDT, 4,4'-DDE, silver
and zinc, which were above human and aquatic health-based standards
for water. Surface water samples 5W=-9, SW=-10, SW-11l and SW=-12 were
taken at points on the periphery of DDMT from drainaga canals
carrying water off the facility. SW-10 and SW-11 contalned pyrene,
4,4'-DDT, 4,4'-DDE and lead. Thea pasticilde levels detected in the
drainage canals increased from the Phasa I sampling episcde to the
Phase II episode.

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 towards Cane Creek. Dieldrin was detected
in this sample at a concentration of 0.13 ug/l. When this point

8531.81 6-14
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was resampled in January 1990 (SW-16), no dileldrin was detected.
Other constltuents were present at near background levels or were
also present in the trip blank.

Surface water samples SW-2 and SW-4 contained low levels of
endeosulfan, chromium and acetene. These samples were taken in the
northwestern quadrant from a drainage canal directing water off the
facility. Chromium was present at a cencentration potentially
harmful to aquatic life.

An exposure point for residents living in the vicinity of DDMT is
via exposure to surface run-off traveling in the city's above
ground, open storm canals and cresks. Dermal contact with
potentially contaminated water and soil present in Nonconnah Creek
ara exposure pathways of secondary concern at DODMT, but must bhe
considered in a risk characterization of the DDMT facility. Current
storm drain handling capacity on the facllity regquires upgrading
{Harland, Bartholomew and Associates, 1988), with a large quantity
of storm water runoff flowing overland during significant
precipitation events.

Exposure estimates considering possible off-site exposure via
ingestion of fish from and dermal contact with waters from
Nonconnah and Cane Creek are included in later sections. Accurate
surface water flow estimates wera not avallable. Thus, a
conservative estimate of off~base flow was made for use in dilution
calculations. This estimate, based on annual precipitation and
land gurface area for drainage basins, was calculated using the
following equation (adapted from USEPA, 1%88a):

Q = C*R*A
where: ¢ = Mean flow of surface runoff( ftafsec]
¢ = conversion factor for land use
0.9 = commercial
0.2 = non-commercial

B531.81 6-15
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R = total annual rainfall, inches

A = total surface area of drainage basin, £t2
It was assumed that the Lake Danielson drainage basin would serve
as a representative area, as most surface and sediment samples were
taken in this basin. This area is approximately half developed and
half grass-covered and has an estimated surface area of 217 acres.
The mean flow rate of surface runcff (drainage) was estimated at
0.69 ft3/sec. The mean flow rate of Nonconnah Creek is 47 ft3fsec.
The estimated rate of dilution was calculated with the following
equation:

C = Ce * Qa/QL

whare: C = concentration of substance in stream (mg/L)}
Ce= concentration of substance in effluent (mg/L)
Qe= affluent flow rate {ftafsac) )
Qt= combined effluent and stream flow rate (ft3fﬂac}

This equation provides a rough estimate of the concentration of a
substance downastream from a point source release into a flowing
watarbody aftar dilution of the substance by the receiving
waterbody (USEPA, 14988a).

6.2.3.3 Subgurface Soil Sources - In genaral, contaminants are
limited to surface solls at DDMT. Five solil berings were collected

in April 1989 and analyzed, but only samples 5TB-2-2 and STB-2-3
obtained from Dunn Field had any obvicus contaminanta. Pyrene (40
and 51 mg/kg, respectively} and fluoranthene (51 and 47 mg/Kg,
respectively) were detected at depths of 17.5 and approximately 70
feet. The sampling location was near the center of Dunn Fiald. All
values were flagged as estimates by the laboratory. In January
1990, three additional soil borings were collected and sampled.

STB-6 showed evidence of chlorinated hydrocarbonas at all four
deptha, including trace amounts of 1,1,2,2-tatrachlorcvethane and
i,2-dichleorcethylene at 182 feet NGVD.

521.81 6-16




17

Exposures to subsurface solls were not considered in estimating
intakes as no direct contact with receptors is expected to occur.
Subsurface soils could serve as a potential source for ground-

water contamination.

surface_goll Sources - Most of the areas in the main installation
are covered with buildings or pavement. The area arcund Lake
Danielson and the golf course are more natural and are well
vagaetated. Where there is little surface vegetation on thae main
portion of DDMT, absorption of contaminants present in surface
seils via dermal contact, 1incidental ingestion of so0il
particulates, and inhalation of fugitivae dust and any volatile
compounds present in the soils are primary exposure pathways for
employees of the DDMT facility. DDMT has a history of surface
spills. The presence of surface contaminants has been confirmed
during the samplings in April 1989 and January 1990.

Forty surface soil samples were collected in April 15989. Ten
additional surface soil samples were collected in January 1%90.
surface soll contaminantz in the golf course area cantained DDT,
DDE, dieldrin, heptachlor, beta-BHC, polycyclic aromatic
hydrocarbons (PAHs) and some elevated metals. The old transformer
storage yard (S5-30 and S5-31) had metals, DDT, DDE and PAHs. The
BX Gas Station surface soils had detectable levels of PAHs,
dieldrin and metals. All these sites are in the southeastern area
of the main facility.

The surface seolls around Building 1083 had low levels of PCBs,
PAHs, pesticides and elevated metals. Pesticides present included
DDT, DDD, DDE, dieldrin, four BHC isomers, chlordane, endosulfan
and heptachlor epoxide. PCBs were present at low concentrations at
§5-15, §58-16 and 55-17. Metal concentraticons in most scll samples
in this area exceeded background levels for lead, with S5~-16 being
extremely high at (17,500 ng/kg). Elevated levels of metals ware

8531.81 . &-17
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also present in §5-15, S5-16, SS-18, S$8-1%9, S$5-45 and S5-46. The
gravel area east of 5871 had near background levels of metals and
small amounts of phthalates., S55-26 also had low levels of PAHs.

The highest levels of palycyclic aromatic hydrocarbons detected at
DDMT were found in surface so0ils around Building 629. 8§5-42 (Phase
II) had concentrations three to four times greater than 5s5-11
{(Phase I}. Concentrations of PAHs in 55-42 and S55-43 approximate
0.05 to 0.1% of the total soll constituents. Many of the PAH
compounds are potantial human carcinogans and fairly persistent in
the environment (ATSDR, 19%5%0)}. The Building 629 area also had tha
highest surface s0il concentrations of nickel (367 ng/kg} and
mercury (1.3 mg/kg). $5-43 had the highest overall soil
concentration of dieldrin (4.5 mg/kg). Other constituents deﬁécted
at Bullding 629 included DDT, DDE, DDD, beta-BHC, heptachlor,
chlordane, dibenzofuran, low levels of chlorinated hydrocarbons and
alevated metal concentrations. SS-20 at the hardstand area had
high concentrations of zinc, chromium and barium. Other surface
samples SS5-32, through $S-36 and S55-40, were relatively
contaminant-free.

At the PDO yard, 55-41 and S8-5 ware claearly tha hot spots, with
high concentrations of PAHs, chromium, barium, lead, copper, zlne,
DDT and its byproducts. Pesticides were alsc detected in all six
samples taken in this area.

Surface sample S55-7, Dunn Field, exhiblted high concentrations of
PAHs. In general, Dunn Field soil samples had detectable levels of
DDT, DDE, chleordane, dieldrin, PAHa, and slightly elevated lead and
ginc (885-8) wvalues. Dunn Field 1is grass-covered and used
gparingly. Therefore, exposures to surface solils at Dunn Field
would occur less frequently than on the main part of the facility.

Two potential exposure scenarios for surface soils were examined.

Chronic and lifetime risks for careaer employeaes were estimated.
Bacause of the open nature of the bulldings at the site, indoor
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soil concantrations (dust) waere assumed to egual outdoor
concentrations, The subchronic expeosure scenario examined exposura
potential for construction workers. This scanario assumes an eight
hour working day, five days a week, for six months. No onsite air
or particulate monitoring has been done, so dust content of the air
was assumed to be 10 mg1m3 (Small, 1984), and the respirable
fraction of the dust was astimated as 45% (USEPA, 1988C). Small
based his eatimate on a review of articles which calculated dust
exposures during the use of light and heavy machinery.

In order to estimate exposure intakes for soil exposures, mean
concentrations for surface sell constituents detected more than 10%
of the time were calculated. Constituents of low toxicity or those
potentially contributed by sampling or analysis error ware not
carried through the risk assessment. When not detected, one-half
of the sample quantitation limit for the constituent was used in
calculating the arithmetic mean. Chronhic and lifetime intakes were
calculated using the constituent arithmetic means, while subchronic
intakes were calculated using the highest daetected concentration.

6.2.4 Potential Human Receptors

Potential human receptors for the DDMT facility include the
following:

1. Employeas of DDMT
2. Residents and Neighbors of DDMT
3. Residents of Memphis

4. Fishermen and Recreational users ("Waders®) of surface
waters, including Cane Creek and Nonconnah Creek

DOMT has been utilized as a storage depot and egquipment staging
facility for the armed forces since the 1940's. The majeority of
DDMT employees are civilians working during two shifts per work
day. The number of employees is estimated to ba 2,700 (Chumney,
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1989), with a projected future increase of strength to 3,100
{Harland, Bartholomew and Associates, 1988). Thirty-two amployees
are uniformed military personnel.

All expansion in employment is expected in the civilian sector.
Employees would be exposed primarily to contaminants in surficial
s0ils and surface water through the inhalation of fugitive dust or
the dermal absorption of constituents deposited on skin. Some
incidental ingestion of s¢il deposited on the hands may be expected
tao occur.

Land use of the area surrounding DOMT is a mixture of residential
and commercial or manufacturing establishments. Populaticn for the
two zip code areas around DDMT (38114 and 38106) was 94,468 in the
1930 census, with a projected population of 89,695 in 1993. The
average household size was 3.0 and the average househcld income was
$9,612 in 1980. The zip code areas (38114 and 38106) encompass an
area which extends 1.5 to 2 milea to tha east and north of tha
facility and up to 4 miles west of DDMT (City of Memphis, 1989%}.
There are several schools within a one-mile radius of DDMT, but no
other sensitive subpopulations {i.e., hospitals, nursing homas) are
located within one mile.

There are eight permanent residences located within the depot
boundaries. These residences are located in the southeastern
quadrant of the facility. On-site residents of the facility are
estimated to be no more than 24 (Chumney, 1989). There are no
on-site gardens or agricultural use of the property.

Residents and neighbors of DDMT are potentially exposed via surface
run-off flowing to drainage reservoirs (Lake Danielson) and storm
canals. Dermal abscrption during wading is the primary exposure
route and 1s most likely to occur to children playing in the
dralnage canals. Dermal absorption surface water exposure intakes
assume that wading frequency and duration is similar to average
swimming frequency and duration {USEPA, 1988a).

8531.81 6=-20
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Cane Creek, Nonconnah Creek and the Mississippi River (Lake

. McKellar) are classified for fishing and are all potentially
impacted by DDMT. Cane Creek and Noncennah Creek receive surface
drainage frém thea facility. Some of the constituents present in on-
site surface watar and soils are associated with blcaccumulation
in the food chain {(i.e., 4=-4'-DDT). Therefore, creek fisherman and
recreational users of the Mississippl River are also potential
receptors for DDMT.

As discussed in Section 13.1.6, some authors have presented the
potential for recharge from the Fluvial aquifer t¢ the Memphis Sand
aquifer. Monitoring wells MW-36 and MW-37 are both screened in the
Memphis Sand agquifer, but ground-water samples from these wells did
not show avidence of the chlorinated hydrocarbonas found in the Dunn
Field Fluvial agquifer monitoring wells. Nonetheless, via potential
penaetration of contamination through the confining unit at Dunn
Field, or through "windows® in the confining unit west of Dunn
Field, leakage into the Memphis Sand aquifer has not been ruled

. out. With potential exposure to chlorinated hydrocarbens in their
drinking water sourca, the residents of Memphis are considered
‘potential receptors via 1) ingestion of drinking water, 2) dermal
absorption during bathing and 3) inhalation of volatile compounds
emitted by household use of drinking water (i.e., showering,
dishwashlng, etc.).

6.2.5 Calculation of Exposure Intakes

The following saction shows tha equations uged to estimate human
intakes via exposure to surface soils {onsite), surface water, and
drinking water (offsite). only the so0il exposures consider a
subchronic exposure scenaric. Soll exposures are calculated only
for adults, as DDMT has controlled acgess. All other petential
exposure pathways consider chronic exposures for adults and
children, and lifetime exposures to carcinogens. The format of the
agquaticns comes from the Risk Assessment Guldance For Superfund:

. B531.81 6=21
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Human Health Evaluation Manual (USEPA, 158%b) with parameter inputs
. from the Superfund Exposure Assessment Manual and Exposure Factors
Handbook (USEPA, 1988a and 1989b).

6.2.5.1 onzite oyee posures = Current onsite
employees could be exposed to soil contaminants by incidental
ingestion of s0il from hand to mouth contact, inhalation of
fugitive dust and dermal absorption of contaminants present in the
soil. Equations for the calculation of subchronic, chronic and
lifetime exposures and their assoclated parameters are shown in
Figures 6-3, 6-4 and 6-5. Construction workers were estimated to
hava higher inhalation rates than long-term employees as their work
is more strenuous. Long term enmployees, were assumed to have daily
80il exposure durations of eight hours, although they may oﬁiy be
outside for one or two hours per day. Because of the opan nature
of many site buildings and the steady traffic flow between areas,
indoor and outdoor so0il exposures were assumed to be essentially

equivalent.

6.2.5.2 \ ffsite Fishina and Wadlng xpogureg - Fishing
onsite was ended in 1986. A fish survey by USAEHA found evidence
of pesticides in Lake Danielson species. More recent sampling by
Law illustrates the persistence of these compounds in the surface
water and sediments. After estimating constituent dilution in
Nonconnah Creek, potential intakes via ingestion of fish which may
bicconcentrate site constituents wara estimated using the egquation

and parameters in Figure 6-6.

Dermal absorption by fishermen wading and children playing in
offsite creeks was estimated as shown in Figure 6-7. It was
assumed that the recepters would have contact on half their total
skin surface area and that these events would have the same
fregquency as swimming (USEPA, 1988a). The dermal permeability
constant was assuned to equal that of water (0.0008 cm/hr).

. a4511.81 §=22
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PFIGURB &-3

INCIDENTAL INGESTION OF BOIL

Equationt
Intake (mg/kg-day} = ¢S X IR X CF X FI ¥ EF x ED
BW x AT
wherei
CS = Chemical Concentration in Soll (mg/kg)
IR = Ingestion Rate {mg soil/day)
CF = Converslon Factor (10™ kg/mg)
FI = Fraction Ingested from Contaminated source (unitless)
EF = ExXposure Freguency {days/ysaars)
ED = Exposure Duration (years)
BW = Body Waight (kg}
AT = Averaging Time

chronic Exposure to Onsite Emplovees:

C&:
IR:
CF:
FI:
EF:
ED:
BW:
AT:

Mean Surface Scoll Concentration
100 mg/day (adults)

10"°kg/mg

8 hr/24 hr = 0.33

250 days/year

10 years

70 kg (average adult)
Roncarcinogan: 10,950 days
Carcinogen: 25,550 days

107 days™ (Noncarcinogen)

Intake = CS x 3.2 X
€3 x 1.4 x 107 days™? (Carcinogen)

Subchronic Incidental Ingestion of Soil:

[ nd > H
IR:
CF:
FI:
EF:
ED:
BW:
AT:

Maximum Surface Scil Concentration
109€mg/day

10 kKg/mg

8 hr/24 hr = 0.33

125 days/yaar

1 year

70 kg (average adult)

183 days

Intake = CS x 3.2 x 10~ days™!

6-23
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FIGURE 6-4

DAILY INHALATTON INTAEKE OF FUGITIVE DUST

Equatilon:
Intake (mg/kg-day) = C5 x CF x JR X DC x ET x BF x ED
BW x AT
Whete:
C5 = Chemical Ccncantrutiogsin So0il {mg/kq)
CF = Correaction Pactor 510 kg/mg)
IR = Inhalation Rate (m™ /hr) a
DC = puet Centent in Alr (mg/m”)
ET = Exposure Time {hre/day}
EF = Expoaure Frequancy (days/year)
ED = Exposure Duration {(years)
ABS = Absorption Rate in Lungse {unltless)
BW = Body Welght (kg)
AT = Averaging Time (days)

Chronlc Expopure 4o onsite Emplovees:

cri 107% xg/mg
IR 1.4 m f?our - light to moderate activity, average aduelt (EFH., 1589)

242

DC: 10 mg/m™ {Small, 1984) x 0.45 {average % of particles = 10 um (USEPR, 1988}

ET: 8 hrcajday

EF 250 daye/year

EDh A0 years

BW: 70 kg (averagae adult)

AT: 10,950 days (noncarcinogen)
25,550 days {(carcinogen)
Intake = CS x 4.9 x 107] day™ "

s x 2.1 x 10

{Noncarcinogean)
{Carcinogen)

Inhalationt
cz: 107¢ xg/mg
IR: 2.6 @” /hour - moderate activity, average adult [SEAM 1988}

DC: 10 mg/m™ (Small, 1984} x 0.45 (average % of particles £ 10 um {USEPA,

1988a}
ET: B hrs/fday
EP: 125 days/year {six months)
ED: 1l year
EW: 70 kg {average adult)
ATt 181 days

Intake = C8 x 9.1 x 1077 day !

6=-24
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PIGURE 6~5

. DERMAL CONTACT WITH CHEMICALS IN BOIL

BEquation:

Absorbed Dose (mg/kg-day) =
BW x AT

Wharst

CS = Chemical Concentration in Soll (mg/kg)
CF = Conversion Factor (m'I|s kg/mg}

SA = Skin Surface Area for contact (cm’fegent]
AF = S0il to sSKin Adherence Factor (mg/cm”)
ABS = Ahsorption Factor (unitless)

ET = Exposure Time (hr/day)

EF = Exposure Frequency (days/year)

ED = Exposura Duration (years)

BW = Body Waight (kg)

Averaging Time

®

CS: Hegp Surface Soil Concentration

CF: 10 kg}m% i

S8A: 3,280 cm"/event (S0% percentile, averaga adult SA for
forearms, hands, and head; USEPA, 1989%)

AF: 2.77 mg/cm” -- Kaolin clay (for hands; USEPA, 1988)

ABS: Abksorption from fcod or seoil = 39% (USEPA, 1989b)

ET: 8 hr/day (Site-spaecific estimate which includes exposure to
indoor dust at site)

EF: 250 days/year

ED: 30 years

BW: 70 kg (average adult)

AT: Noncarcinogen: 10,950 days
Carcinogen: 25,550 days

o e =] t H

Chronic Absorbed Dose = Mean CS x 2.13 x 10~ ay-1 {Noncarcinogen)
Mean CS x 9.14 x 10 ° day-1 (Carcinogen}

6-23
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FIGURE 6-3 {CONT)

CS:
CF:
SA:

aAF:

ABS:

ET:

EF:
ED:
BW:
AT:

Hax}mum Surface Soll Concentration

107 kq;mq

3,280 cm"/event (50% percentile, average adult SA for
forearms, Qands, and head; EFH, 1989)

2.77 mg/cm® -- Kaolin clay (for hands; SERM, 19234)
Absorption from food or scil = 30% (USEPA, 1989hb)

8 hr/day (Site-specific estimate which includes exposure to
indoor dust at site)}

125 days/year

1 year

70 kg

183 days

Subchronic Absorbed Dose = CS x 2.13 x 107% days-1

6-26




FIQURE 6&6-6

INGESTION OF CONTAMINATED FISH

Equaticn:

Intake (mg/kg-day) = CW X BCF x IR X FI x EF x EN
BW x AT

There:

CW = Chemical Concentration in Surface Water (mg/l)
BCF = Bloconcentration Factor

IR = Ingestion Rate (g/day)

FI = Fraction Ingested from Contaminated Source (unitless)
EF = Exposure Freguency (days/year)

ED = Exposure Duration {vears)

BW = Body Weight (Xkg)

AT = Averaging Time

Potential Intakes

IR: 6.5 g/day

FI: 0.25

EF: 165 days/year

ED: 30 years {(adult); 12 years {(children)

BW: 70 kg (averagae adult); 26 kg {(child)

AT: 25,550 days (lifetime of adult); 10,950 days (working career);
4,380 days {child)

Intakes = CW % BCF x 9.9 x 1077 day™! (adult, carcinogenic)
CW x BCF x 0.023 day™!_ (adult, chronic)
CW x BCF x 0.0625 day™! (child)

6=27
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FIGURE 6-7

DERMAL ABSORPTION OF CONTAMINANTS
PRESENT IN SURFACE WATER

Egquation:
Absorked Deosae (mg/kg-day) = PC Xx EFD x C
BW x AT
Wherea:
CW = Chemical Concentration in water (mg/liter)
S5A = Skin Surface Area Available for Contact (cmZJ
FC = Chemical-specific Dermal Permeability Constant (cm;hr)
ET = Exposure Time (hours/day)
EF = EXposure Freguency (days/year)

ED = Exposure Duration {years)

CF = Volumetric Conversion Factor for Water (1 liter/1000 cm )

BW = Body Weight (kg)

AT = Avaraging Time (period over which exposure is avveraged
days)

CW: Mean Valus Mean Valug Mean ValBe
SA: 9,,075 cm 90,075 cm 4,700 cm

PC: Permeability of water = 0.008 cm/hr (USEPA, 1988)
ET: 2.6 hrs/day (same as swimming value; RAGES, 1989)
EF: 7 days/yr 7 days/yr 7 days/yr
ED: 70 years 3 70 vears 3 12 years 3
CF: 1 L/1000 om 1 L1000 cm 1 L/1000 cm
BW: 70 kg 70 kg 26 kg

AT: 25,550 days 25,550 days 4,380 days

Abhsorbed Doge = CW X 5.2 X 10_6 L/kg-day (adult,chronic and lifetimae)

= CW x 7.2 x 10”% L/kg-day (child, chronic)

8531.81
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6.2.5.3. i sures side o e 3 — Estimating
exposure to rasidents of Memphis assumes that contaminants present
in the Fluvial agquifer at DDMT have traveled iaterally and
vertically_to the Memphis Sand agquifer at the Allen Well Field.
There is currently no evidence that contaminants from the site have
reached the wall field. However, lt is possible that constituents
could ba present at "below detection” limits. Also, Memphis Gas,
Light and Water does not utilize a well with any dJdetectable
contaminants. Thus, +this worst case scenario assumes that
contaminants are present in the Allen Well Field at minimum
analytical detection limits. 1Intakes are overestimated as a 70
year exposure duration, and the Allen Well Field is assumed to be
the single source of drinking water. Equations to estimate
ingestion, inhalation, and dermal absorption from potable water
exposures are shown in Figures h-a, 6-9 and 6-10.

6.2.6 Toxicity Assessment

A total of 103 constituents were identified in the four matrices
sampled during Spring, 1989 and Winter, 1990, Twenty-eight
constituents of concern have been selected from this total.
Factors considered in selecting chemicals of concern include the
following:

1) Measured concentrations and fregquency of detection at the
Bite;

2} Toxicity;

3} Physical and chemical characteristics related to
environmental mobility and persistence;

4) Relative contributien of chemjcals to overall health
risks assoclated with tha sita.

8531.81 6-29
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FIGURE 6-3

INGESTION OF CHEMICALS IN DRINKING WATER

Equation:
Intake (mg/kg-day) =
BW x AT
Where!
CW = Chemical Concentration in Water (mg/L)

IR = Ingestion Rate (L/day)

EF = Exposure Frequency (days/year)

ED = Exposure Duration (years)

BW = Body Welight (kg)

AT = Averaging Time (days)

Potential Intakes:

CW: assumas concentrations equal to lowsst analytical detection
method (i.a, GC mathods); see text.

IR: 2 L/day adults; 1 L/day (children)

EF: 365 days/year

ED: 52 years (adult); 12 years (child)

BW: 70 kg (average adult); 26 kg (child 3-12 years)

AT: 25,550 days (lifetime); 4,280 days (child, chronic); 18,980

days (adult, chronic)

Intake = CS x 0.029 days™}! (adult, chronie)
CS x 0.021 days': (adult, carcinogenic)
CS x 0.038 days ~ (child, chronic)

£-30
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PIGURE €-9

. INHALATION OF CHEMICALS IN DRINKING WATER

Assumption:

Inhalation intakes to volatilized constituents will equal drinking
water ingestion intakea (McKona, 1967)

Intake = CS x 0.029 days:: (adult, chronic)
€S x 0.021 days (adult, lifstima)
€S x 0.038 days™! (child)

6

31




17 259

. FIGURE &-10
DERMAL CONTACT WITH CHEMICALS IN WATER
Equaticn:
Absorbed Dose (mg/kg-day) = CW X SA X PC X ET X EF x ED X CF
BW x AT
Wharet
Ccs

Chemical Concentration in Water (TgfL)

SA = Skin Surface Area for contact (cm‘)

PC = Dermal Permeability Constant (cm/hr)

ET = Expcsure Tima (hrs/day)

EF = Expecsure Frequency {(days/year)

ED = Exposure Duration ({years)

CF = Volumetric Conversion Factor {1 Liter/1000 cm’)
BW = Body Welght (kg)

AT = Avaraging Time (days)

Petential Intakes

CW: Assumes concentration equal to lowest analytical mathod (i.s.,
GC methndg]; sea text.

SA: 18,150 cT . (averagea adult)
9,400 cm” (average 13-12 year-old child) (SEAM, 1988)

PC: Permeability of Water = 0.0008 em/hr (BPlank &t al., 1984,
SEAM, 1388) )

ET: 0©0.25 nr/day (shower time)

EF:. 365 days/year

ED: 52 years (adult)
12 years {childl

CF: 1 Liter/l1000 cnm

BW: 70 kg (average adult)
26 kg (avarage child aged 3-12 years} (EAM, 1%89)

AT: 25,550 aays (lifetima of adult); 18,980 days (chronic
exposure); 4,380 days (child)

Intakes = CW X 3.86 X 107> day'1 {adult, chronic)
CW x 5.19 x 10" day'i (adult, lifetime)
CW X 7.23 x 10™° day™! (child)

632
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Methods discussed in "Risk Assessment Guidance for Superfund:
. Human Heali:h Manual, Part A" (USEPA, 1989b) were used in ranking
ground-water constituaents. Censtituents were also compared to
available health standards and criteria. Chemicals selected as the
primary constituents of concern at DDMT are listed in Table &-3.

Tables 6é=4, 6-5 and ¢6é-5 show the frequency of dgdetection of
constituents present in soil, sediment and surface water samples.
Constituents with near background concentrations or low mnean
concentrations (near quantitation limits) were eliminated. The
selection of groundwater constituents was based on their estimated
contribution te tetal health risk via ingestion (i.e., a toxicity
screen). Any ground water constituent estimated to contribute one
or mere percent to the total health risks via ingestion were
included.

Tha toxicity assessment 18 an integral part of the Baseline Risk
Assessment process. In the toxicity assessment, quantitative

. rafarance valuas dascribing the toxicity of the chemicals of
potantial concern are evaluated. Toxlcity values such as reference
dosa and carcinogen slopa factor are basad primarily on human and
animal studies with supportive evidence from pharmacokinetic,
mutagenicity and chemical structure studies. The following
sections will describe toxicity values used to evaluate current and
potential exposures associated with DDMT. Summarles of the toxic
effects associated with the constituenta of concern are given in
Appandix I.

An additional consideration is a comparison of sita concentrations
to Applicable or Relaevant and Appropriate Regquiraments (ARARs).
Both Federal and Statae of Tennassee regulations, rules, guidelines
and critaria are compared to site concentrations in ground water,

surface water and surface soils.

. 8531.81 6-33
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. TABLE &-3

CONSTITUENTE OF CONCERM
Defenss Cepot Mephis Tenressoe
Surface Water
Grourcater Sall ond Sedinent

VOLATILE OAGANICS:
Acetons

Carbon Tetrachloride
1,1-Dichlorvathylens
1,2+Dichlorcathylens
1.1,2,2-Tetrachlorethamna
Tetrachloroethylene
Trichloroethylens
Methylere chlorige

o e o M MO

BASE/NEUTRALSACID EXTRACTABLES:
Arthracsne

fenzol 2 yanthracena
Genzolaipyrene
genzolb)}fiuoranthena

Benzolk}f luoranthena

Chrysens

Fluarantheng

Indeno(l, 2,3-cd)pyrane

Fheananthrens
. Pyr e

PESTICIDES & PCBS:

&, 4'-000

%, %" ~DDE

4, 4°-DDF

beta-BHCG .
Gleldrin X

oM B D M M O D D A

WMo o e =
= ol m m

METALS:
Arsenic
Harium
Chromiuo
Lead
Nercury

M e X = X
H
»
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. Tebla &-4
Primary Constituents of Concern Detected [n Surface Soils
Daferas Dapat Memphia Termesise
(w/kg)
Range of
Frequency Quant{tet{on Arithmetic Waximgm

conatituencs of Concarn (8) of Detection Limits Mesn tb) Concentration
Acetone 0% &-1400 23.4 1100
Trichloroathylens 14% 5-730 3.8 2100
Mathylene Chloride 100% 3 154 T100
Anthracers 0% 340-21000 a7 130000
Benzod alanthracens S0% JL0-21000 25741 Q7an00
sanzo{alpyrene A8% 3021000 13714 450000
genzo{b) ! luoranthena S6% 3a0-21000 15882 240000
danzo{k3ifivorsnthena 26% 3a0-21000 11134 450000 .
Chrysene S0 340-21000 17936 420000
Fluaranthens SX 340-21000 25454 840000
Irdenadl, 2, 3-cd) pryrome 35z 350-21000 B394 30080
Fheranthrene &0X Ya0-21000 21387 200000
Pyremno TRX 340-27000 26165 AT0000
&,4-0DT AX 14-580 2130 5P000
4,4-000 2 14-980 202 3400

. &, 4-DDE b1 4 14-§80 127% FR000
bute-EHC 20% 8.1-490 181 2500
Dinldrin 8% 14-%80 . L) 2900
Arsenic THL 1000 16600 L2000
Chromium 9Hx 1060 a0 16200000
Lend 100% 000 203000 17500000

{a) Only congtituents datected 1m 20X or grester of the samples are
cerried through the risk celculatioms unless the comstictvent la
also imporcant to cther media.

(b} Menans were calculnted by adding 1/2 SGha for sampltea at ND.

=35




17 254

. Tabla 4-5
) Primary Corst{ituents

Decectad [n Sediments
Geifanas Depot Mesphis Termessae

(ugskg)
Range of
F requemcy Datectad Arithmetic Max imm
Constituents of Oetection ()} Comcentrations Kean (b} Corcentration
fariua 10710 74,000~ 104, 000 98,000 10,400
Chromium 109/10 ¥, 000-23,000 14,200 28,000
Lead &/10 5,000-91, 000 39,250 1,000
Mercury arsio +0-50 47.5 &0
&, 4-DDD &710 &45-3, 000 724 3,000
& 4-0DE 5710 LLTEY. ] 154 &60
4,4-D0T 2710 420-2,900 1,760 2,500
Benrola)enthracens 310 230-1,100 5T0 1,100
Benzolalpyrana 3240 500-1,300 517 1,300
Benzo{b}f lucranchara 10 350-1,800 T4 1,800
Benzock)f luorancharw 30 2P0- 1500 840 1,500
Chrysena ¥ 1) 300-1,400 a7 1,400
Fluoranthane 1o T1-3,000 az2s 3,000
PRenanthrene &0 100-1, 300 i3 1,300
. Pyl éne . 410 100-2, 400 1,128 2,400

{a) Number of emples n which the chemical was positively detected
aver the runber of iacples available.
(b} Based on detected values

6-36
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. Table &-4

PFrimary Constituents
In Surfuce Water
Defense Depar Memphis Termnesses
fug/L)

Ranvge of
. F recuency Detected Arithmetic #ax | mum
Constituent of Oetection () Concentrationa #amn (b) Concentration

Araenic &/18 ¥7-<8 &5 Y|
Bariun 14/14 - L] 9B
Chromium 3/ 10~-20 1 20
Lesd £/13 &0~29% 12t byl
Cleldrin 273 0.11-0.13 n.12 D.13
4, 4-DDE &13 0.21-0.38 D.43 0.38
& &-DDOT 4713 0.156-2.2 1.13 2.2
ACEtoneg 1115 1-10 14 110

{n) Nutber of samples in which tha chedical was poaitively detectad
over the nunber of samples avaiiable.

. (b} Calculated from detected samples

6-37
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6.2.6.1 oxicit asessme o) N inegenic acts -
Chemicals that give rise to toxic endpoints other than cancer and
gene mutations are often referred to as "systemic toxicants®
becausae of their effects on the function of various organ systems.
Chemicals considered to be carcinogenic can also exhibit systemic
toxicity effects. Systemic effects are often identified as having
an exposure or dose threshold below which no health effect is
noted. This characteristic distinguishes systemic toxicants from
carcinogens and mutagens which are often treated as acting without
a distinct thresheld. In other words, there is no safe level of
expesure for thosa compounds.

A chemical-specific reference dose, RfD, may be developed for
varying exposure routes (oral and inhalation), lengths of exposure
(chronic, subchronic or single event), and critical effects such
ag developmental toxicity. Chronic RfDe astimate the daily
exposure level for the human population, including sensitive
subpopulations, that is unlikely to produce an appreciable risk of
deleterious effects durling a lifetime. Subchronic RfD=s are applied
to exposures lasting more than a few weeks and up to seven years.
Chronic RfDs are appllied to exposures extending from at least seven
years to a lifetime (70 years). Most exposures in the current
assessment are ‘assumed to be leng-term. The oral and inhalation
RfDs shown in Table 6-7 are derived primarily from the USEPA's
Integrated Risk Information System (IRIS). When RfDs were not
available from IRIS, valuaes from the Health Effects Assasasment
Summary Tablea (HEAST, 1989) were adopted.

6.2.6.2 Tc A= = 2 o - A LC] ! ~ The USEFA
has assigned a weight of evidence classification and a slope factor
for many chemicale which have been classified as human and/for
animal carcinogens. These indices can bea derived for either oral

or inhalation exposures. The welight of evidence classification
indicates whether evidence iz primarily from animal studies or is
also based on epidemiological evidence. Chemicals with the

B531.81 638
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strongest evidence of human carcinogenicity are denoted with Class
A, Bl, or B2, while chemicals with less supporting evidence are
classified as C or D. The slope factor is usually the upper 385
percent confidence limit of the slope of the dose-response curve
for the constituent and is expressed as (mg/kg-day)-1.
Carcinogenic slope factors listed in Table 6-7 are primarily from
USEPA (1990), with HEAST (1990) as a secondary source.

6.2.6.3

LoX . of _ | ures - No RfD= or slape
factors have been derived for dermal absorption. Risks associated

Dy
with dermal exposures may be evaluated with Oral Absorbed Dose RfDs
or Oral Absorked Slope Factors after dermal exposures are converted
to their respactive absorbed dosa (USEPA, 193%k). Dermal exposures
were adjusted to absorked dose estimates by assuming that the
contaminants permeate skin at a rate egqual to the permeability of
water (water-based contaminants only). oOral RfDs and SFs were also
adjusted by oral absorption rates found or extrapolated from
specific ATSDR Toxicolegical Profiles (ATSDR, 1987 to 1890) to give
an Absorhed Dose Reference Dase or Absorbed Dose S5lope Factor as
shown in Table 6-7. The Dermal Absorbad Dose estimates can then
be compared to COral Absorbed criterla, as described in the Risk
Assessment Guidance (USEPA, 1%89b).

It 1s inappropriate to use oral slope factors to evaluate
carcinogens which have direct action on the skin (i.e., skin
cancer), bhut they can be applied to carcinogens which act in a
systemic mode rather than local meode. Arsenic is one constituent
which is associated with a dermally active mode of carcincgenicity.

6.2.6.4

6.2.6.4.12 Drinking Wwater Standards - In accordance with the Safa
Drinking water Act, the EPA has established Maximum Contaminant

Levels (MCLs) and Maximum Contaminant Level Goals (MCLGs) for a

8531.81 6-40
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number of constituents. By definition, the MCLGs are non-

. enforceable goals while tha MCLs are enforceable standards which
nust be set as close to the MCIGs as feasible. The MCLs combine
health effécta information on specific constituents with other
inputs on exposura, nethods for chemical analysis, methods of
treatment, economics, etc. The total human exposure to specific
contaminants is considered in developing the MCL, which attempts
to set lifetime limits at the leowest practical level to minimize
the amount of toxicant c¢ontributed by drinking water. A daily
intake of two liters of water is assumed in daveloping these
regulations (USEPA, 1989),

Relevant State Water rules include the State of Tennessee Public
Water Supply Rules and the Tennessee Hazardous Waste Rules for the
protection of ground water. Also to ba considarad are tha
Tannessee Superfund Hazardous Substance Guidelines. The first two
are equal to Federal MCLs. The Superfund Guidelines are stricter
for some constituents. The MCLs and State Guldelines for the

. constituents of concern are compared to Fluvial aquifer ground-
water concentrations in Table &6-8.

6.2.6.4.2 Amblent Water Ouality Criteria - Ambient water quality
criteria (WQC)} for caonstituents in surface waters are derived for
the protection of aquatic lifa and for the protection of human
health from the ingestion of contaminated water and/or organisms
{(USEPA, 1987a). Aquatic life WQC will ke discussed in the
environmental assessment sectlion. The WQC for the protection of
human health for the ingestion of contaminated water and organisms
assumes a daily ingestion of two liters of water and 6.5 grams of
fish. Ambient concentrations corresponding to several incremental
lifetime cancer risk 1levels have been estimated for those
constituents which exhibit carcinogenic and/or mutagenic effects
in laborateory tests and are suspected of bheing potentially
carcinogenic to humana. The ambient concentration which may result
. in one excess cancer case per one million persons (10'6) are

8531.81 6=41
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presented in this section as ambient Water Quality Criteria (WQC)

. for the potentilal carcinogenic constituents. The ambient WQC for
the protection of human health are compared to maximum surface
water concentrations at DDMT in Table 6-9.

6.2.7 e atio

The final component of the risk assessment process 1is risk
characterization, whereby the pctential for adverse public health
or environmental effects for each of the exposure scenarios derivad
in the exposure assessment are estimated (USEPA, 1988a).

6.2.7.1 Potential croupd Water Risks - As the local gquality of
ground water within the Fluvial aguifer may have an adverse iﬁpact
on the potable aquifer for Memphis (see discussion in Section
§.2.3.1), a comparison was made between drinking water intakes
based on the minimum analytical detection limite fer drinking water
quality (proposed exposure point concentration for worst case
. scenaric) and the chemical specific RfDs and S5Fs. Hazard Indices
and Excess Cancer Risk was estimated for ingestion, lnhalation and
dermal absorption pathways. Adult exposures ware for seventy
years, while exposures for children had a duration of 12 years.

Tables 6-10 and 6-11 show the chronic hazard indices for children
and adults, respectively, for exposure to constituents present in
the. Fluvial aquifer at Dunn Field. Assuming that thesa
constituants have reached the Allen Well Field at near detection
limit concentrations, cumulative hazard indices for ingestion,
inhalation of volatilized conatituents and dermal absorption during
bathing are within an acceptable range (i.e., below one).

Table 6-11 also shows tha lifetime excess cancer risk asscciated

with consunption and use of potable water within near detecticn
limit contamination. There would be a slight excess risk for the
ingestion and dermal absorption routes (l.e. 2E-06, while a risk

. 8531.81 6-41
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of 1BE-06 1s usually considered acceptable). The projected
inhalation risk is approximately three magnitudes greater. Most
of the inhalation risk is associated with metals, which have not
yet been detected in any Allen Well Fields. In reality, no actual
excess cancer risk is currently estimated for drinking water
exposures, because the Allen Well Field does not serve as the socle
drinking water scurce for any local pecpulaticon and no contaminants

&

have actually been detected in Well 108, which is the closest Allen-

Well Field well to DDMT. Use of the Allen Well Field varies over
time. It is currently used as a back-up source of potable water.

Actual onzita Fluvial ground-water concentratiocns were compared to
federal MCLs and Stata water quality criteria. As shown in Table
5-8, the highest arsenic and mercury levels were present in MwW-17
on the north central boundary of DDMT. The monitoring wells in Dunn
Field had all other maximum concentrations of constituents of
concern in ground water. '

As shown in Table 6-8, the maximum lead concentration at DDMT
(1,000 ug/l) exceeds all standards and criteria for drinking water.
This maximum contamination value is 12 times the background level
found in MW-16, which is an up-gradient well for the DDMT site.
In general, the metals of concern, arsenic, barium, chromium, lead,
and mercury, all exceed drinking water criteria and are several
times greater than.bacquound levels present in MW-16. The chromium
level detected in MW=7 is 25 times higher than the background level
and the MCL for chromium.

While the main facility alsc had evidence of low concentrations of
organic compounds, the seven organic compounds of concern are
primarily localized in Dunn Fleld. The maximum concentrations of
carbon tetrachloride, 1,1-dichlorcethylene, 1,2-dichloroethylene,
1,1,2,2=-tetrachlorocethane, tetrachloroethylene and trichloreo-
ethylene are many times above drinking water standards and
criteria. Acetone, detacted once in the Memphis Sand Well MW-37,
is equal to tha RCRA RED-based health criteria for water ingestion.
Qf additional concern is the fact that the chlorinated compounds

8531.81 6-47
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have a tendency to leach through the soil, and the extent of
. contamination now extends beyond the installation boundaries. The

horizontal and vertical extent of contamination in the Fluvial

agquifer has not been completely defined.

A final concern is the finding of dieldrin in monitoring well MwW-3%
(Dunn Field in April 198%). The concentration detected is quite
low, but mest of the available health standards (i.e., WQC) are
several fold lower. However, dieldrin was not detected in MW-9
or any other wells during the January 1990 sampling episode.

The high levels of ground-water cconstituents found at Dunn Field
during the April 1989 ground-water sampling were confirmed by the
data from the January 1990 ground-water sampling. Ground-water
contamination extends beyond the northwest corner of Dunn Field
{MW=-31 and MW=-32). While no chlorinated compounds were found in
the deeper wells (MW-26 and MW=-37), acetone was detected in MW-37
at a level potentially harmful to human health. Further sampling
. at Dunn Fleld would he advisable to confirm the presence of acetona
and define the extent of contamination in the Fluvial aquifer.

On the maln facility, metals contaminaticn appears to be alavated
at the northwestern corner. Also, low levels of chlorinated
compounds were detected along the southwest corner, but at levels
much lower than those seen at Dunn Field.

6.2.7.2 psurface Water Risks

6.2.7.2.1 - 0ff-site Exposures - Two potential offsite surface
water exposures were guantitatively examined. Nonconnah Creek and
Cane Creek recelve some drainage flow from DDMT. These creeks are
zoned for recreational use. The pathways examined were ingestion
of fizsh which may have bicaccumulated site constituents and wading
in watar which contains contaminants. The diluted concentration
of site constituents 1in coffsite creeks was conservatively
. calculated to be 1.44% of the maxinmum onsite concentrations.

8531.81 6-4B




Table 6-12 illustrates that, aeven at these more dilute
concentrations, the cumulative hazard indices for ingesticn of fish
for both adults and children exceed one {45 and 120, respectively}.
Excess cancer risk for fish ingestion was also quite high (1E-02}.
Most of the unaccaptable risk associated with this pathway is
attributable to the pesticides and arsenic. These conatituents
would tend to settle and bind to sediments, but are alse fairly
persistent in the environment.

Ags shown in Table 6-12, potential risks associated with wading
exposures were not found to be unacceptable. The cumulative hazard
indices for adults and children were 4.0E-4 and #8.1E-08,
respectively. The excess cancer risk was estimated at 1E-8. It
should also be observed that this risk calculation is for Nonconnah
Creek and includes a 69:1 diluticn factor. As dilution may not
accur in the drainage channels immediately off-site, application
of this factor may not ba applicable. However, the deletion of
this dilution factor would still result in an acceptable risk for
waders in the drainage ditch systen.

6.2.7.2.2 - onsite Exposures - Lake Danielson and the golf course
pond are not currently used for swimming or fishing. Surface water
iz not a drinking watar sourca at tha facility or in <the
surrounding city area. Therefore, ambient WQC for the protecticn
of human health are not strictly relevant and appropriate for the
lake or pond on the facility, but shall be considered in evaluating
the guality of water leaving the facility via surface run-off.

As shown in Table 6-9, four metals and three penticides from the
indicator chemical list were detected in the ten surface water
samples taken at DDMT. The naximum surface watar concentrations of
arsenic, lead, dieldrin and 4,4'-DDT exceed WQC for the ingesticn
of water and fish or fish alone. No criteria were available for
4,4'=DDE. Of the indicator chemicals, barium and chromium were
present in the surface water at levels below criteria levels for
the protection of human health.

8531.81 6=49
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Pesticldes were previously detected in the fish at Lake Danielson
{USAEHA, 19B6a). The continued presence of arsenic and DDT in Lake
Danielscn suggests that a source for these contaminants still
exists. DDE and DDT were detected in the sediments of Lake
Danielson. DDT, DDE, DDD and several polycyclic aromatic
hydrocarbon cempounds were present in the sediments from the golf
course pond. Because of the toxicity and persistence in the
enviromment of these compounds, it would be unadvisable to use Lake
Danielson or the golf course lake for contact recreation.

Expeosure to volatile compounds via vaporization from surface water
is not considered a pathway at DDMT, as no volatiles were detected
in the surface water discharged from the facility inte the storm
system. Lead, arsenic, DDT and DDE were present in SW-9, SW-10,
S8W=-11 and SW-12, which are sample points on the socutheastern
boundaries of the facility. Dieldrin was present in a surface water
discharge point for Dunn Field. All of these constitusnts tend to
adsorb to sediments and are not highly wvolatila.

The results of tha guantitative risk characterization of offsite
concentrations (estimated) and the overstep of AWQC by onsite
concentrations (actual) indicate that there are potential human
health risks assoclated with the pesticides and metals found in
site sediments and surface waters.

6§.2.7.3 Surface Soll Risks - The surface soil investligations have
discovered high concentrations of potentially carcinogenic and/or
toxic constituents. While many of the areas examined have some
grass cover, there are also many areas which are unpaved or have
gravel covar. Traffic flow on the facility is steady, with
activities occurring over a 40 year pericd. Therefore, assumptions
ware made concerning the distribution of constituents over the
facility. It was assumed that chronically exposed individuals
would have career exposures to the arithmetically averaged
concentrations of the constituents of concern and that indoor dust
concentrationa would equal outdoor concentrations. For subchrenic
axposureas, it was assumed that ceonstruction workers weculd be

8531.81 §-52
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. working in areas with maximum concentrations for all constituents
. of concern. In reality, maximum soil concentrations are spread
over various locations at the facility.

The subchronic hazard indices for secil exposures via incidental
ingestion of soils and absorption of so0ll constituents through the
skin are shown in Table 6-14. There were no subchronic inhalation
RfDs available for these s0il constituents, s¢ hazard indices for
inhalatlon were not derived. Exposures via ingestion appear to be
acceptable, while exposures via dermal absorption are unacceptably
high (182.38 versus an acceptable value of 1). Most of the risk
is associated wilth dieldrin, DDT, arsaenic, and tha PAH compounds.

Table 6-15 illustrates the chronic hazard indices for career
employees axposed to site soils via incidental ingestion, dermal
absorption and inhalation of fugitive dust. ©Once again, chronic
inhalation RfDs were not available for these constituents, so
inhalatien hazard indices were not derived. Intakea for fugitive

. dust approximate those of incidental ingestion, so that risks for
this route may be roughly the same as those assoclated with
ingestion. The cumulative oral hazard indices are acceptable
(l.e., below 1). The cumulative dermal absorption indéx is much
higher (23). Dieldrin, arsenic and DDT contribute most of the risk
via dermal absorption.

Table 6-16§ demonstrates the excess risk of cancer assoclated with
the potential carcinogens in surficial scils. The cumulative risk
via ingestien is equal to the departure peoint of 1E-6. The dermal
absorption and inhalation pathways exceed the departure point and
have excess cancer risk values of 2E-4 and 7E-3, respectively.
Most of the excess risk of cancer via inhalation is associated with
arsenlc and chromium. In this calculation, an assumption has been
made that site chromium is hexavalent chromium, while the
predominant species is probably trivalent chromium. The PAH
compounds alsc contribute significantly to the excess risk via

. inhalation.

8531.31 6=-53
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In Table 6-17, maximum soil concentrations are ceompared to the

. recommended so0il concentration levels listed by the Tennessee
Division of Superfund for hazardous substances in soils. Thesae
levels are guidelines for evaluating contamination at a site and
are not considered enforceable.

Exposure parameters are expected to differ over the different use
areas of the facility. Only two areas, Dunn Field and the golf
course, have significant vegetation to limit the generation of
fugitive dust during active site use. The rest of the facility is
predominantly paved (55-60%), but some exposed areas do remain.

In summary, it is recognized that the risk characterization fer
surface sclls may be conservative, particularly in the applicaticn
of exposure parameters. However, the use of average values and the
large deviation from acceptable values indicates that some risk is
present from the surface scoils. The risk characterization also
points out that several constituents contribute most significantly
. to the risk and thus should be targeted during site remediation.

6.2.7.4 Potential Sediment Risks - As shown in Table €-17, fairly
high levels of PAHs as well as DDT, DDE and DDD were found in the

golf course pond sediments (SD-5-S55) at levels which exceed
Tennessee's recommended soll concentration values. Sediments do
not pose a direct human health risk at DDMT, but do serve as a
reserveir for contaminants in surface water which tend to
hicaccumulate in the food chain.

6.2.7.5 ace = Subsurface soil
contamination detected at the site was minimal and does not pose
a public health risk. STB-6 did show aevidence of contamination
migrating from the Fluvial aquifer towards the Memphis Sand
aquifer.

. 8531.81 6=-57
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§.2.7.6 Summary - In brief, an assessment of the DDMT facility

revealed a large number of constituents present in ground water,

surface water, surficial soils and sediments. Potentlal public

health risk was associated with the following matrices:

1)

2)

3)

The Fluvial aquifer contains chlorinated organic compounds
which could negatively impact the Memphis Sand aquifer, the
potable drinking source far 650,000 people. Information from
hydrological models indicates that very low amounts of
constituants could possibly have reached the receptor area at
Allen Well Field., However, there ls currently n¢ monitoring
evidence to show that contamination has reached the well
field. Further investigation is needed to establish the extent
of ground water contamination at and near Dunn Field.

~ Additional information concerning the confining unit and the

Memphis Sand aquifer gquality beneath the facility and to the
west would also be helpful.

surficial soils contain potential human carcinogens at
unacceptably high concentrations (>10'6). Further
investigation is necessary to establish the extent of
contamination at facility "hot spota". Limits on human
exposura (i.e., protective gear, limited access) are
recommended for employees with high s0il exposure until
remediation of contaminated "hot spets® is accomplished.

Contamination of sita surface waters and sediments have the
potantial for negative impacts off the facility. However,
this risk appears to ba primarily assoclated with the
consumption of fish from Nonconnah Creek. This risk is
probably overestimated due to the numercus conservative
agssumptions related to calculation of offsita risk due to
fishing. Actual offsite monitoring of nearby creeks and fish
bloassays from these creeks would be helpful in determining
what offsite surface water impacts may occur. A continued ban

8531.81 6=-59
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on fishing and swimming at Lake Danielson (and the golf course
pond) is recommended. Incidental contact, such as from wading
in the drainage channels immediately cffsite, does not result
in unacceptable risk.

6.3 ENVIRONMENTAL ASSESSMENT

6.3.1 Development and Use

The majority of the DDMT facility has beasn developed for urban use
and does not support vegetative cor animal lifa. Dunn Fiald, the
golf course and the administrative area are the only areas which
support notable vegetation.

6.3.2 RWildlife

Two areas, Dunn Field and the golf course, have evidence of typical
urban wildlife such as sguirrels, chipmunks, red foxes, opossums,
guail, mourning doves, and turtles. Rats, mica and other pests are
attracted to the subsistence stocks and are commonly found in the
storage buildings (Phoenix Associates, Inc., 1934).

6.3.3 Jjquatic Life

Lake Danielson was periodically stocked with bluegill and bass.
Catfish have also been cbserved in the lake. Several fish kills
have occurred in the lake ({1976, 1980 and 194%}. One incident in
1976 was associated with pesticide run-off into the lake. Lake
Danielscn receives a large amcunt of the surface drainage from the
southeastern corner of the installaticn. Pesticide and herbhicide
contamination is alac in evidence at tha golf course pond and is
probakly associated with routine grounds care of the golf course
{Harland, Bartholomew, 1988; Phoenix Associates, Inc., 1934).

8531.81 6-60
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6.3.4 Endangered Species

No threatened or endangered specles are known to inhabit or utilize
the DDMT facility or the area within one mila of the facility
(Harland, Bartholomew and Associates, Inc. 1988).

6.3.5 Yegetation

Bermuda grass, black ocaks and decorative shrubs and trees are the
only vegetation present at the DDMT facility. Grass and trees are
found predominantly at Dunn Field and the golf course. Most
landascape shrubs are located arcund the family quarters, the golf
course and arocund the administrative buildings in the southeastern
corner (Harland, Bartholomew and Associates, 1988). '

Aquatic 1life in Lake Danielson and the golf course pond are
. potentially expeosed to soil contaminants carried by surface run-
off. offsite aquatic life in Cane Creek and Nonconnah Creek are
potentially impacted by contact with surface drainage flowing inte
these creeks. Aquatic life in the Mississippi River is potentially
impacted by contact with ground water discharged from the Fluvial
agquifer. Plant and animal 1life are exposed via intake of
potentially contaminated surface water and soil constituents.

6.3.7 Environmental Fate Processesg
Some of the chemicals of concern have the abllity to accumulate
within the food chain (i.e, 4,4'-DDPT, dieldrin). The volatile

organic compounds volatilize quickly from water and surface soil.
They do not tend to bicaccumulate and are parsistent in the agueous

envircnment only under anaerobic conditions. The polyeyelic
aromatic hydrocarbons are readily absorbed by 1living aquatic
species (ATSDR, 1988 and 198%). The PAHs have low Vapor pressursa

. 8531.81 6=-61
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and low water solubility, but a high propensity to adsork to

. organic solls. Therefore, these compounds persist in surface soils
for long periods of time. The half-life of dibenzo(a,hjanthracena
is 750 days in soll. (ATSDR, 1988 and 1989).

Mercury is a potentially bicaccumulating compound in aquatie
species, but was not detected in surface waters at DDMT. Lead and
chromium are assoclated with some accumulation in vegetaticon and
animals. In general, in aquecus environments, metals, polycyclic
aromatic hydrocarbons, and pesticides tend to adsorb to sediments.
The pesticides are eventually recycled to the aquatic environment,
where they tend to biocaccumulate in fish tissuae.

6.3.8 Proposed ARARs for Adquatic Life

Amblent WQC for the protection of aguatic life are compared to the

maximum surface water concentrations in Table &5-1B. Maximum

surface watar concentrations for chromium and lead exceed WQC, WQC
. for agquatic life are not available for arsenic and barium.

O0f the velatile corganic compounds, only acetona was detected in |
surfacae water. Nao WQC were available for acetone. The chronic
ambient WQC for dieldrin and 4,4'-DDT are exceeded by the surface

water samples from Dunn Field (Sw-1) and the southeastern
boundaries sample, SW-12. |

6.3.9 Risk characterization

There is no negative lmpact expectad at DDMT on the environmental
raceptors coming into contact with Fluvial ground water. Dilution,
after mixing, 1s also expected to reduce most of the contamination
contributed by storm runoff to Meonconnah Creek and Cana Creéek to
acceptable levels. HNonatheless, estimated offsite levels of
dieldrin and DDT almozt equal or exceed chronic aquatic 1life
protection levels. Lead levels also approach the chronic
. protection limit. -~

8531.81 6-62
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. The surface water guality in Lake Danielson and the golf coursa

. pond is inappropriate for the support of aguatic life becausa of
the presence of DDT and related compcunds in the surface water and
sediments at these locations. One possible solution would be to
redirect surface drainage away from Lake Danielson, though this
proposal may not eliminate the problem. Continued monitoring may
reveal that biodegradation and cther envircnmental fate processes
may reduce surface water contaminants to acceptable levels.

6.3.10 Summary

The presence of wvegetation and animal 1life is limited at DDMT.
Therefore, any negative impact on land flora and fauna is very low.
Aquatic life in Lake Danlelson and the golf course pond have
suffered negative impacts from storm water runoff of pesticides at
the facility. Traces of pesticides are still detected in surface
water and sediments at the installation. Consequently, thesea bodies
of water are unsuitable for the support of fish and are

. inappropriate locations for recreaticnal activities such as
fishing.

. g531.81 €-64
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7.0 BUMMARY AND CONCLUBIONS

This chapter briefly summarizes the results and conclusions of this
Remedial Investigation and providea recommendations for future
work.

7.1 GCONTAMINATION EXTENT AND SOURCE

7.1.1 Dunn FPield Ground Watex

The ground-water quality investigation at Dunn Fleld revealed
elevated (above backgrcund and ARARS} levels of chlorinated
volatila organic compounds and metala in the Fluvial aquifer both
on the installation and beyond the installation boundaries. The
investigation indicates that the plume of contaminated ground water
has migrated in a generally weat and northwest direction. The
contanination source is probably associated with the waste material
burial trenches in Dunn Field. The western extent of the pluma is
not dafined. In othar areas, the plume appears to be defined by
walls with low or non-detected levels of organics and background
levels of matals.

Soils analyzed from the soil test boringa in Phase II at Dunn Field
detaected low lavels of chlorinated wvolatile organics within the
confining unit at STB-6 and in- the Memphia Sand aguifer 1n STE-6
and- STB-8. This contamination may have resulted from downward
migration from ths overlying Fluvial aquifer. Howaver, the
possibility also exists that tha contamination may have been
transported from the overlying agquifer during drilling operations.

Two monitoring wells were screened in the Memphis Sand aguifer.
A fairly high level of acetone contamination was detected in MW-
37. The source of acetone is unknown since this was not a
significant contaminant in the Fluvial acquifer. No other
significant contamination ,was detected in either Memphia sSand
moniteoring well,

8531.60 7-1
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7.1.2 Main Installation Ground Water

At the main installation, generally low levels of metals and
chleorinated wveolatile organica were detected in two areas of the
Fluvial aquifer. The first area is located near Lake Danielson
(MW-25 and MW-26), and the second in the southwest corner of the
installation (MW=-21, MW=22 and MW-39). The scurce of this
contamination has not been determined; however, analysis of surface
soils showed the prasance of tetrachloroethene and trichloroethene
at Buildings 770, 757, 629 and T273 in tha vicinity of these walls.
Due to the high relative mocbility of these compounds, the surface
soll contanmination could have contributed to the ground-water
contamination.

The complex Fluvial aquifer flow regime suggests that a portion of
Fluvial agquifer flow at the main installation 1s controlled by a
gink or chamnnel-like feature incised in the underlying confining
unit. The two wells installed in tha deepest known raach of the
Fluvial aquifer (MW-34 and MW-38) were relatively free of the
contaminants, suggesting that contamination 1is not currently
accumualating in that area.

7.1.3 3Surface Solls

Thae surface soil invaestigation focused on probabkle or known "hot
spots™ at ten separate areas at the main installation and Dunn
Fleld., ' Surface soils were found to be contaminated by solvents,
organic compounds, and/or wnmetals at all sampling locationa.
Several of the samples were contaminated with pesticides and
polycyclic aromatic hydrocarbons (PAHs). The aix most contaminated
areaas were located at the main installation. Those areas are
listed below, along with the suspectad source of contamination:

8531.60 7=2
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Site Suspected Source of Contamination
1. DRMR Yard Leaking Drums
2, Building 629 Spills swept or hosed out of deors
at Bulilding 629
3. Building T-273 Cleaning of pesticide application
at golf coursa equipment
4. Building 1088 General splllage from palnt shop

and/or cleaning operations

S. Open Storage Area Leakage from rallroad tank cara on
Tracks #1 and #4

5. Building 770 General spillage from maintenance
shop and wasta oll storage drums

The extent of contamination was not fully defined in any area.

7.1.4 Surface Water and Sediment

The surface watar investigations in Phasa I and Phase II revealed
low levels of organic compounds, metals and pesticldes. The
sediment investigation in Phase I showed appreciable levels of
pesticides and herbicides in the golf course pond and in Lake
Danielson. '

7.2 EATE AND TRANSPORT

Potential routes of contaminant migration were described for tha
typas of contaminants detected during the Remadial Investigation.
Transport media include soil, surface water and ground water. The
surfacae water and ground water contaminant migration pathways are
capable of transporting pollutants from tha installation into the
adjacent recelving environment. The vertical migration from the
Fluvial aquifer to the Memphis Sand aquifer appears possible.
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The contaminants detected include the following: pesticides,
herbicides, PCBs, chlorinated wvolatile organics, extractabla
organics, pelycyclic aromatics (PAHs), and metals. Some of these
contaminanta are persistent in the environment.

Contaminant migration has been detected at DDMT and is expected,
given the presence of contaminants and sufficient rainfall to both
generate and mecbilize pollutants. As metals were detected in all
media samples, it is likely that this contaminant class is capable
of migration. Chlorinated volatila crganics ware detected locally
in ground water (especially in Dunn Field and west of Dunn Field),
gsurface solils, subsurface soils (5TB-6 and sSTB-8), and possibly in
the Memphis Sand aquifer. This class of constituents is known to
be very mobile in so0il and tends to leach intoe ground water.
Estimates of time for transport to tha Memphis Sand aquifer range
25 to 150 yeara.

Pesticides and PCBs wvare datacted in surface water and sadiments.
They are not very meobile in the environment and were detected at
pointa relatively close to source areas. The low levals of
pesticide contamination in the surface water samples, as compared
to the appreciable contaminant levels in the sediments, suggest
that pesticide contaminants are predominantly attached to the
sediments with a lesser volume actually migrating off the Depot.
The results of the quantitative risk characterization indicate that
the installation's surface waters may be transporting low levels
of pesticide contaminants through the surface drainage system to
local fishing areas, and that human health could ba potentially
impacted by ingestion of fish from these areas.

PAHs were detected primarily in surfaca soils. This class of
compounds is not very mobile. Therafore, i1t is suspected that they
toa were encountered at locations proximate to thelr original
sources, for exampla, at spill sitea in tha former Property
Disposal Yard (now DRMO storage area). Subchronic and chronic
exposure to surface soll contamination may potentially pcse a
health risk to depot employees.
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7.3 RISK ASSESSMENT

The Baseline Risk Assessment consisted of a Public Health
Evaluation and an Environmental Assassment. The Public Health
Evaluation concluded that although contamination of the Fluwvial
aquifar did not pose a direct threat to the health and safety of
DDMT personnel or Memphis residents, it does constitute an indirect
risk due to the potential Fluvial aquifer/Memphis Sand aquifer
connaction. The risk posed by contaminated surface soils is
potentially unacceptable, but could be institutionally managed
through site access restricticons and dust contrel management.
Surface water and sediment contamination potentially serve as a
continuling source of offaita risk, if actual offsite concentrations
in recreational creeks are as great as estimated.  The
Environmental Assessment concluded that installatlon-related
contamination posed little risk to study area tarrestrial
vegetation and animal lifa. The only identified threat was to
aquatic 1ife in Lake Danielson and the golf course pond.

7.4 RECOMMENDATION FOR FUTURE WORK

The following recommendations for the future are presented for
consideration.

1) DDMT records show a genaral location for burial sites in the
" Dunn Field area. This @set of recordas was proven to be

' inadequate and unreliabla during the drilling portion of tha
RI. The ground-water contamination at Dunn Fleld prokably

has resulted from leakage out of these burial sites. Thua,

ramadiation of these sites will be an important component of
a permanent solution at Dunn Field. An accurate dafinitlon
of the location and extent of thae burial sites would allow the
most econcmical design of a remediation system. We recommend
that an indirect method, such as surface geophysical surveys,
be performed to locate the contaminant burial trenches. This
survey could include resistivity, magnetic, and electro-
magnetic methods.
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2) The western extant of the contaminant plume within the Fluvial
. agquifer at Dunn Field will require further evaluation. Wwe
reccmmend that saveral additional cff-base wells be installed
in this area. The thickness of the Fluvial agquifer and the
presence of the top of the confining unit should also be
determined at each well location.

3) Monitering well MW-37 shcould be resampled to confirm the
presence of acetona.

4) Resample and analyze all monitoring wells for dissolved
metals, in addition to total matals. This should provide less
variable results, which can be meore directly related to cther
existing data. ‘

5) Additicnal Type II1 so0il borings and/or monitoring wells
should be installed within the plume at Dunn Field. Several
important functions could be performed in conjunction with the

. s0il borings: 1) additional analytical soil results could be
obtained to confirm tha penetration of contaminants into the
confining unit; 2) undisturbed samples could be obtained and
analyzed to evaluate the permeability of the confining unit;
and 3) physico-chemical results (such as mineralegy and
organic carbon content) which affect contaminant transport
could be cbtained. The seoll boring(s) could be extended into
the Memphis Sand to allow tha installation of a Type III well.
This would alleow further confirmation of the acetone detected
in monitoring well MwW=-37.

6) Install several additicnal wells at the main installation to
canflrm the low levela and extent of ground-water
contamination. These wells would alsc allow local definition
of the ground-water flow direction in the two areas where
contamination was encountered (tha southwest corner and Lake

Danlelson). ;
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Remedlation of the ground-water contamination at Dunn Field
could involve a conventional pump-and-treat gystem, or a
pumping system in conjunction with bicoremediation or some
other system. An econcmical design of an extraction well
field would involve a more in-depth study of aquifer
characteristics than is provided by the existing "slug-
in/slug-out®™ test data. Transmiassivity, storage coefficient
and hydraulic conductivity could be evaluated in greater
detail by the use of a pump test. A pump test well could be
located in Dunn Fleld close encugh to existing monitoring
wells to permit thelr use as observation wells during the
test. If properly designed, the pump test wall could later
be used as an extraction well., The ground water recoversad
during the test must be assumed to be contaminated; therefore,
it should be ratained on site for analyais, treatment and
aventual releage.

surface scil contamination has been identified in several
areas. Whila access restrictions could limit axposure in
these areas, it may ba desirable to selectivaly remediate
areas for use. In those areas, additional sampling would
define the extent of contamination. To define the horizontal
extent, enough sampling should be performed to determine the
periphery of the contaminated areas. Samples should also be
taken at various depths -to determine the wvertical extent.
Analysis could be done onsita using Thin Layer Chromatography
(TLC). By using this method, the results for each sample
could be obtained within mninutes, and the axtent of
contamination could be determined during one sampling
inveatigation at a greatly reduced cost.
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