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The purpose of the Remedial Investigation/Feasibility Study (RI/FS)

at Defense Depot Memphis, Tennessee (DDMT) was to confirm the

presence or absence of contamination, to evaluate the extent and

significance of detected contamination, and to formulate remedial

action recommendations, as appropriate. The RI/FS is a continuing

part of the Department of Defense Installation Restoration Program

(IRP). The IRP is a systematic examination of Department of Defense

facilities where the effects of past hazardous material storage or

waste disposal may be of concern. This report presents the results

of the Remedial InvestigatioD.

Sit_ DescriPtion and BackGround

Defense Depot Memphis, Tennessee (DDMT) is situated on 642 acres

of federal land in the City of Memphis, Shelby County, Tennessee.

The Depot lies in the south central section of Memphis, four miles

southeast of the Central Business Distrlct and one mile north of

Memphls International Airport. DDMT is set in a mixed residentlal,

cowmercial and industrial land u_e area. DDMT consl_ts of two

sections: S_lnn Fieldr an open storage area about sixty acres in

size, and the main Installati?n, which is intensely developed.

As a major field installation of the Defense Loglstics Agency, DDMT

warehouses and diltEihutes an extensive inventory of supplies

utillzed _ U.S. military services and federal agencies. These

supplies span a broad range of commodities including clothing,

food, =edical supplies, electronic equipment, petroleum products

and industrial chemicals. Due to the nature of its mission and the

large supply volumes handled, some Items were spilled, leaked or

disposed of within Installation boundaries during the last forty-

eight years.

8531.60 ES-I
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A review of installation file data and other records suggests that

as many as 77 waste disposal sites_ spill locations and other items

of potential environmental concern exist at the facility. Much of

DDMT's waste disposal was conducted in past years at Dunn Field.

some lose of stored materials through spillage or leaks also

occurred at the main installation.

This Remedial Investigation is the second of three principal

activities comprlsing the Remedial Investlqation/Feasihllity Study

(RI/FS) process: Phase I included the preparation and issuance of

the RI/FS Work Plans (April 1989). These plans _,,_rlzed known

conditions at DDNT and the results of previously conducted _tudies.

The plans also provided project specific guidance for _npling,

analysis, data management and health/safety measurea.

Phase II, the Remedial Investigation, focuses on the installation,

its activities, the study areals environmental setting and the

faoillty's environmental data collection, sample analyses, data

evaluation, and a Risk Assessment.

Phase III, the Feasibility Study, wlll consist of the development,

screening, evaluation and fiDal selection Of preferred remedial

action alternatives.

Contamination _Rnt and Source

The ground-water quality investigation at Dunn Field revealed

elevated [above background and ARABS) levels of chlorinated

volatile organic compounds and metals in the Fluvial aquifer both

on the installation and beyond the installation boundaries_ The

investigation indicates tha_the plume of conta_inatedgro_md water

8531,60 ES-2
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has miqTated in a generally west and northwest direction, The

contamination source is probably associated with the waste material

burial trenches In Dunn Field. The western extent of the plume is

not defined. In other areas, the plume appears to be defined by

wells with low or noNdstected levels of organics and background

levels of metals.

Soils analyzed from the sell test borings in Phase II at Dunn Field

contained low levels of chlorinated volatile organics within the

confinlng 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 aquifer.

However, the possibility also exists that the contamination may

have been transported from the overlying aquifer during drilling

operations.

Two monitoring wells were screened in the Memphis Sand aqulfer,

A fairly high level of scmtone contamination was detected in MW-37.

The source of acetone is unknown, since this was not a significant

contaminant in the Fluvial agnifor. No other significant

contamination was detected in either Memphis Sand monitoring well.

Main Installation Ground Water

At the main insEallation, generally low levels of metals and

chlorinated volatile organics werQ detected in two areas of the

Fluvlsl aquifer. The first area is located near Lake Danlelson

(654-25 and Jo26), and the second in the southwest corner of the

Ins_allation (MW-21, MW-22 an_ MW-39). The source of this

contamination hal not been detex_minedl however, analysis o£ surface

soils showed the presence of tstrachlorethene and trichloroethene

at Buildings 770, 757, 629 and T273. which are in the vlcinity of

the aforementioned wells. Due to the high mobility of these

compcundsl the surface sell contamination could contribute to the

ground-water contamination,

8531.60 ES-3
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The complex Fluvial aquifer 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 aquifer (MW-34 and MW-38) were relatively free of the

contaminants, suggesting that contamination ie Not currently

accumulating in that area.

The surface sell investigation focused on probable or known "hot

spots" at twelve separate areas at the main installation and Dunn

Field. Surface soils were found to be contaminated by solvents,

organic compounds, and/or metals at all sampling locations.

Several of the samples were contaminated with pesticides and

polycyclic aromatic hydrocarbons (pAHe). The six most contaminated

areas were located at the main installation. Those areas are

listed below, along with the suspected source of contamination:

site S_spected Source of Contamination

i. DRMR Yard

2. Building 629

3. Building T-273

at golf course

4. Building 1088

5. Open Storage Area

8. Building 770

Leaking drums

Spills swept or hosed out of doors

at Building 529

Cleaning of pestlclde application

equipment

General spillage from paint shop

and/or cleaning operations

Leakage from railroad tank cars on
Tracks #_ and #4

General spillage from maintenance

shop and waste oil storage d_ I_

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

8531.60 ES-4
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The surfacl water investigations in Phase I and Pha6e 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 golf course pond and in Lake

Danielson,

One consideration of the _isk assessment involves potential

migration of contamination from the water table aquifer into the

underlying Memphis Sand aquifer (the major drinklnq water supply

for the city oE Memphis). Studies in the Memphis area have

indicated the potential for this leakage. Results from this

investigation indicate that the confining unit is thick and

extensive in the northern portion of Dunn Field, bet is lesa so and

perhaps non-existent in some areas of the Main Installation.

Estimates of potential risks from drinking water expoaure6 were

examined in the risk assessment and do not predict unacceptable

risks via these exposure pathways under currently existing

conditions. Key propertisg of the confining unit relating to

contaminant mlgratlen 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 soils car be

oontrolled _ access reBtrictlens and dust control measures°

However, the installation may evsntualIF wish to utilize hhese

areas, th_s increaslng the potential healhh risk and the need for

remedlation. On-site risk associated with surface water

contamination in Lake Danlelson and the golf course pond is low

because of generally low contaminant levels and current fishing and

swimming restrictions. While the surface water contamination

leavlng the installatlon ,Is reduced by dilutlon, there is a

8531.60 ES-5
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potential risk to off-slte populations via Eish ingestion. The

lake and pond sediment contamination is significant, as it may

serve as a rese_olr of oEf-slte contamination.

8531,60 ES-6
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1.1

Defense Depot Memphis, Tennessee (DDNT) is a major fleld

installation of the Defense Logistics Agency (DLA), U.S.

Department of Defense (DOD). 0us to the requirements of its primary

mission, providing material support to all U.S. military services

and some civil agencies, DDNT has been engaged in a variety of

operations dealing with hazardous substance transportation,

shipment and dlsposal.

DOD developed the Installation Restoration Program (IRP} in 1981

to evaluate and remedlate the effects of past hazardous waste

management and disposal practices at its facilities and to comply

with provisions of the Comprehensive Environmental Response,

Compensation and Liability Act, as amended. All DOD facilities

will he examined under the IRP.

A Remedial Investigation and Feasibility Study (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 Huntsville

Division, U.S. Army Corps of Engineers (CE_qD). CERNDretalned Law

Environmental, Inc. Government SerVices Division (LEGS) to perfor_

the DDMT RI/FS.

The RI/FS has beer _ndertaken to assess the hazardous substance

contamination, to examine the migration potential of detected

contaminants, to evaluate the significance of detected

constituents, and to formulate appropriate remedial

recommendations.

8531.73 i-I
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1.3

The site background information utilized to develop, scope and

perform the Remedial Investigation at DDMT is s_arIzed in this

section.

1.3.1 ' s " "

Defense Depot Memphis, Tennessee (DDMT) is situated on 642 acres

Of land, in Shelby county, Memphis, Ter_essee, in the extremm

southwestern portion of the state. DDMT is approximately five

miles east of the Mississippi River and Just northeast of the

Interstate 240, Interstate 55 Junction.

The Depot lles in the south central section of Memphis,

approximately four miles southeast of the central Business District

and one mile northwest of Memphis International Airport. Air,aye

Boulevard horderm the Depot on the east and provides primary eccsss

to the installation. Dunn Avenue_ Ball Road and Perry Road serve

as the northern, southern and western boundaries, respectively.

FigUre i-i shows the installation's location with respect to the

Memphis area.

As a major field installation of the Defense Logistics Agency

(DLA), Defense Depot Memphis warehouses and distributes supplies

common to all U.S. military services and some oivll agencies,

primarily in the southeastern United States, Puerto Rico and Panama

area, add also i_cludes some worldwide shipments. The depot's

mission iB to receive, store, maintain and ship items which are

centrally m--aged by the Defense Logistics Agency, which is

responsible fop supplying and servicing the United States military.

Stocked items include food, clothing, electronic equipment,

petroleum products, construction materials, industrial, medical and

general supplies.

8531.73 1-2
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Approximately four million line items are received and shipped by

the depot annually; it ships about 185,000 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 $I.0 billion.

The Defense Depot Memphis employs approximately 2.200 civilians

and sixteen mllltary personnel; the depot's annual payroll is $49.9

million. The total annual contribution of the Depot to the area's

economy is more than $127 million (from 1989 installation

Infoz_mation).

The installation consists of 110 buildings, 26 miles of railroad

track and 28 miles of paved streets. It has about 5.8 million

square feet of covered storage space, and approximately 6.0 _illion

square feet of open storage space. The land and buildings are

owned by the U.S. Army and are leased by DLA. Figure 1-2

illustrates the significant installation features.

1.3.2

construction of the Defense Depot Memphis began in June 1941 and

was completed in May 1942 on land bought from the Goodman family

for $225,000. The site was previously used aB a cotton field.

Operation of DDMT began January, 1942.

The initial mission and fttnctions of DDMT were to supply, provide

stock control, storage and maintenance services for the Army

Engineer, Chemical and Quartermaster Corps. During World War Ix,

the Depot served as an internment center for 800 prisoners of war.

The DepOt also performed supply missions for the slg_al and

ordnance Corps.

In 1963 the installation was chosen by the Defense Supply Agency

(DSA), currently the DLA, to be a principal distribution center

for a complete range o_ DSA Co_oditles. On January I, 1964

8531.73 1-4
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FIGURE I-2

SITE LAYOUT OF DDMT
DEFENSE DEPOT MEMPHIS, TENNESSEE

0

SCALE: 1"-1000'

---- _ LAW EN_RONMENTAL INC.
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the U.S. Army released the installation to DSA and the

installation became the Defense Depot Memphis. DLA is responsible

to the secretary of Defense for providing services and supplies

used in com_mon by all the military services.

Several other organizations are co-located at DDMT and report

directly to DLA. These include Defense Industrial Plane EqUipment

Center (DIPEC), Defense Reutilization Marketing Region (DRY),

Defense Reutllization Marketing Organization (DRM0), Defense

Loqistlcs Agenc"f (DLA), CUstomer Supply Assistance Center, Defense

Contract AdministEatlve Services (DCAS), and DLA SystemSAutomation

Center (DSAC).

As host activity, DDMT provides a_inistratlve support to the DLA

co-located activities. Services include accounting, personnel and

travel arrangements.

1.3.3

In conformance with POD policies, a _-_her of technical studiee

have been performed at DDMT to assist DLA in its contlnuing _isslon

requirements. The technical studies reviewed and utilized in

support of thle Remedial Investigation include the following

general categoriee I

i) Industrial Hygiene

2) Facility P1annlng

3) Regulatory Compliance Consultation

4) SUrface Water Quality

S) Ground water Quality

6) Waste Management Assessment

7) Hazardous Waste Remedlatlon

Most of the studies were performed internally by the U,S. Azmy

Environmental Hygiene Agency (U_AEHA) or the U.S. Army Toxic and

8531.73 l-S
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Hazardous Materials Agency (USATm4A). A few were projects conducted

by consultants or Architect - Engineer (AE) firms Wider contract

to DLA. The previous investigations known to Law Environmental,

Inc. utilized in support of this Remedial Investigation include the

following:

Harland Bartholomew & Associates, Inc. , July 1988. Master

Plan, Defense Depot Memphis, Tennessee.

O.H. Materials Company, Summary Report: Feb. 1995. On-site

Remedial Activities at Defense DepOt Memphis, Tennessee.

Phoenix Environmental Consultants, Inc., January, 1984.

Environmental Assessment for Hazardous Materials Mission

Expansion.

Defense Depot Memphis Tennessee, 1982. Draft Spill Prevention

Control and CountermeasureB Plan. FacilitieB Engineering

Division, DDMT.

U.S. Aiqay Environmental Hygiene Agency, Dec-mher, 1986.

Ground Water Consultation No. 39-26-0915-87. Aberdeen Proving

Ground, MD° 21010.

U.S. Ar_y Environmental Hygiene Agency, March, 1986. Water

0uality Hioloqical Study No. 32-24-0733-96. Aberdeen Proving

Ground, MD° 21010.

U.S. Army Environmental Hygiene Agency, July 1982.

Geohyd_oloqic Study No. 38-26-0195-83. Aberdeen Proving

Ground, MD. 21010.

U.S° Army Toxic and Hazardous Materials Agency, March, 1981.

Installation A86_ssment of Defense Depot MemphiB Tennessee°

Aberdeen Proving Ground, MD. 21010.

8531.73 1-7
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Memphis, Master

Facilities.

Agency, 1 October, 1980. Defense Depot

Plan Component A_alysie of Existing

U.S. Army Environmental Hygiene Agency, AUgUSt 1977.

EnvironmBntal Impact Assessment. Consultation visit No. 21-

1443-78, Defense Depot Memphis, Memphis, Tennessee.

U.S. Army Environmental Hygiene Agency, AugUst 1975.

Environmental SurVey NO. 99-012-78, Defense Depot Memphis,

Tennessee.

U.S. Army Environmental Hygiene Agency, January 1978.

Environmental Assessments of Existing Operations at DLA

Installatians. SUrVey No. 24-1443-7E.

Defense Supply Agency, 1978. Defense Depot Memphis. Safety

& Health Office (DDMT-GE) IndustEial Hygienca Survey No.

78-002: Asbestos Rebegging & Rewarehouslng by Ken/_edy

Contracting Company.

U.S. Army Environmental Hygiene Age_oy, AugUSt, 1877. Waste

Management Consultation NO. 26-1443-78, Defense Depot Memphis,

Te_essee. Aberdeen proving Ground, MD. 22010.

O.S. Azlny Environmental Hygiene Agency, May 1577. Hazardous

Waste Managmment Sul'vey NO. 26-0020-78, Defense Depot Memphis

Me_his, Tennessee. Aberdeen Proving Greed, MD. 21010.

U.S. Any Environmental Hygiene Agency, September, 1577.

Industrial Hygiene Special Study survey No. 558-35-0127-80,

Evaluation of Hazardous Material Warehouse, Defense Depot

Memphis, Memphis, Tennessee. Aberdeen Proving Ground, MD.

21010.

8531.78 1-8
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U.S° A1_ly Environmental Hygiene Agency, AugUSt, 1977. Waste

Management Consultahlcn No. 26-1443-70, Defense Depot Memphis,

Memphis, Te_essee. Aberdeen Proving Ground, MD. 21010.

U.S. Army Environmental Hygiene Agency, May 1977. Hazardous

Waste Management SurVey No. 26-0020-78, Defense Depot Memphis,

Memphis, Tennessee. Aberdeen Proving Ground, _. 21010.

U.S. A_-my Environmental Hygiene Agency, Nay 1080. Hazardous

Waste Management consultation No. 37-26-0112-81. Defense

Depot Memphis, Memphis, Tennessee. Aberdeen Proving Ground,

MD. 21010.

U.S. Army Environmental Hygiene Agency, June 1977. Indu�trial

Hygiene survey No. 23-022-70. D_fense Depot Memphis, Memphis,

Tennessee •

U.S. Al-my Environmental Hygiene Agency, October 1069.

Industrlal Hygiene SurVey No. 23-022-70. Defense Depat

Memphis, Memphis, Tennessee. Edgewosd Arsenal, MD. 21010.

U°S. Army Environmental Hygiene A_ency, J_ne 1973. Industrial

Hygiene Survey NO. 35-049-73/74. Defense Depot Memphis,

Memphis, Tennessee. Aberdeen P_oving Ground, MD° 21010.

U.S. Army Environmental Hygiene Agency, June 1977. Radiation

Protection SUrVey No. 62-0431-77. Defense DepOt Memphis,

Memphis, Tennessee.

U.S. Axmy Envlronmental Hygiene Agency, OctOber 1974.

Entomological SurVey No. 44-PO0-75. Defense Depot Memphim,

Memphis, Tennessee°

U.S. AENy Environmental Hygiene Agency, October 1979.

Installation Pest Ennagement program ReView Moo 16-62-0589-

00° Defense Depot Memphis, Memphis, Tennessee. Aberdeen

Proving GroUnd, MD. 21010.

8531.73 1-9
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U.S. Army Environmental Hygiene Agency, November 1978.

Installatlon PeSt Management Program Review No. 16-62-0541-

79. Defense DepOt Memphis, Memphim, Tennessee. AbQrdeen

Proving Ground, MD. 21010.

U.S. Army Environmental Hygiene Agency, September 1977.

Installation Pest Management program Review NO. 62-0577-78.

Defense Depot Memphis, Memphis, Tennessee.

U°S. Army Enviro_ental Hygiene Agency, November 1978.

Installation Pest Resistance Study (ES) NO. 18-62-0542-79,

Defense Depot Memphis, Memphis, Tennessee.

U.S. Army Environmental Hygiene Agency, Nov_h_r 1973.

Entemologlcal Survey No. 44-015-74, Defense Depot Memphis,

Memphis, Tenneggae.

U.S. Army Environmental Hygiene Agency, September 1975.

Instailatlon Pest Management Program Review NO. 62-0544-77°

Defense Depot Memphis, Memphis, Tennessee.

Past and recent facility use conditions were reviewed to determine

the following:

1) Potential Ccntamlnation SoUrCeS

2) What impact, if any, pastlourrent condltions could have

on RIIFS project goals.

3) What constraints, if any, existing site conditions of

Concern could place on planned facility monitoring and

samp11ng efforts.

4) What efEaots, if anyf exlstlng site Conditions of

concern could exert on the interpretation of project

monitoring and analytical data.

8531.73 i-i0
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1.4

The organization of this Remedlel investigation report is generally

consistent with the "suggested RI Report Format, descrLbed in OSWER

Directive 9355:3-01, Guidance for Conducting Remedial

Investigations and Feasibility Studies Under CERCLA, Inter_ Final,

October 1988. The report has been subdivided into the following

sectloDe_

1.0 I_TxODUCTION. Discusses the investigation purpose,

general information, site description and installation

history.

2.0 STUDY AREA INVESTIGATION. Describes the scope of the

study, field data collection methods and related

information.

3.0 PHYSIC_ CH_CTERISTICS OF THE STUDy AREA. Discusses

the results of the fleld activities and the

characterization of st_face features, soils, surface

water, sediments, geology and hydrogeologlc ttnits.

4.0 NATURE _ EXTENT OF CONTAMINATION. Describes the types

of and levels of contaminants detected.

5.0 CONTAMINANT FATE AND TRANSPORT. Discusses potential

contaminant migrration pathways, Contaminant mlsratlon

factor8 and anticipated persistence In the environment.

6.0

7.0

8531.73

QUANTITATI_IE RISK ASEESS_. Evaluates quantitatively

the site-related impacts on publlc health and the

environment.

SUMMARY AND CONCLUSIONS. S,._mrizes the results of

Sections 4.0, _ 5.0 and 6.0, above, and presents

conclusions and data llmltatlons.

1-11
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2.0 STUDY U_ Z2_'E8TIG_TZON

2.1

This section of the Remedial Investigation report s,,m_-rlzss the

data sources, methods and fleld data collectlon procedurss utilized

to obtain the. information required for study area characterization.

Supplemental information is included in the appendices and a

discussion of study results is presented in subsequent 9ectlons of

this report.

The study has been organized into thrBe phases:

E_3f_l-_* This phase of work consists of an initial

site visit, installation and published information collection,

work plan preparation and a prellmlnary evaluatlon of r@medlal

alternatives° This effort was performed in order to learn the

types and quality of data available, what additional data was

required to evaluate site conditions, to avoid duplication of

past studies and to provide guidance for this investiqation.

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

hydrogeoloqic and environmental data collected in earlier

studies was particularly i_portant. The information sources

consulted during Phase I included:

1. Published data

U.S. A_y Environmental Hygiene Agency

U.S. Army Corps of Engineers, Memphis

U.$. Al-my Toxic and Hazardous Materials Agency

U.S. Geological Survey, Water Resources Division

U.S. Department o_ Aqriculture, Soil

Conservation SerVice

8531.73 2-1
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Tennessee Division of Geology

Memphis and Shelby county Health Department

Memphis Light, Gas and Water Divi61on (MI_-W)

various Consultants (to USACOE, DLA or DDMT)

2, File data

Defense Depot Memphis Tennessee

U.S. Army Corps of Engineers

U.S° Geological survey, Water Resources

Division

3. Personnel interviews

U.S. Geological s%irvey, Water Resources

Division

Memphis Light, Gas and Water Division

Defense Depot Memphis, Tennessee

Following a detailed data review, a _.m_ry of the installation's

environmental setting, past and present waste management practices,

a conceptual site models proposed ARARs and preliminary remedial

alternatives evaluation were prepared. Bite specific Work Plans

were developed to guide the collection of field data, data

management, data interpretation and employee safety requirements.

The te_ "work plan" in this conte_ referg to five separate

volumes including:

VolUme I

volume II

VolUme _II

Volume IV

volume V

Introduction - Review of Available Data Soil Boring and

E_viro_ntal Quality Information

Monitoring Well Installation Plan

sampling and Analysis Plan

Data Kanagement Plan

Safety, Health and E_ergency Re6pon6e Plan

The project's execution was guided by the detailed pcocedures and

methods described in the Wgrk Plan doCUments.

8531.73 2-2
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Phase II. Remedial Investioation. 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 report. The

following subsections of this document describe the preJectls

Phase II activities in detail.

Phase ITY. Feasibility Study* This optional phase of the

project includes the identification, screening and evaluation

of remedial action alternatives and the preparation of a

Feasibility Study repart. The Feasibility Study results are

presented In a separate document.

2.2

Phase II, the Remedial InVestigation, included the collection of

regional and study area information utilized to characterize the

site. During Phase I Scoplng the mustard/lewslte burial site was

determined to be a significant concern (reference FigUre 4-I). St

was decided that sampling of this site would he done by the U.S.

Army Technlcal Escort Unlt (TEU). The sampling of this site (if

done) wile he a separate study and is not included as part of this

RI report. A description of each field data collection effort

follows.

2.2.1

The study area'e surface features (natural and man made) were

investigated by on-site visual rece_alssance, U.S. Army Corps of

Engineers historical (comparative) aerial imagery, O.s. Geologlcal

survey 7.5 Minute series Topographic Quadrangle maps and

installation topographic maps prepared by U.S ArJy Corps of

Engineers, Mobile District, dated February 1989. The surface

feature information reviey results are presented in SUbsection

3.1.1 of _hls report.

8531.73 2-3
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2.2.2 Contaminant Source Inve_tiaations

Study area contam|,nant sources were investigated by visual

reconnalssance, interviews with DDMT personnel, installation file

data and internal technical studies and consultations. The

internal tachnical documents were produced by the U.S. Army

Environmmntal Hygiene Agency and the U.S. Army Toxic and Hazardous

Matarials Agency. A llst of the previously completed studies

describing DDMT's contaminant souroes known by Law Environmental,

Inc. is presented in Subsection 1.3.3 of this report. The

contaminant source infor_atlon 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 oontrlbuted significant

amounts of contamination to the environment. The investigation of

the surface features included surface soils, water and sediments.

The subsurface investigation focused on ground water and soils.

2.2.3 Surface Water and Sediments Investiuations

Installation surface waters were sampled at ten locations in April

1989 and six locations in January 1990. site sediwents were

sampled at five locations in April 1989. Three sediment sampling

points are located in Lake Danlelson and two are located in the

Golf Courme pond. The approximate lOCations of the surface water

and sediment sample collection points are illustrated on Figures

2-i and 2-2a through 2-2d. The procedures utilized 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 2-4
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2,2,4 e _ at_ns

To aid in determining the contaminant's migration rate and extent, the

geologic and hydrogeologic features of the area were investigated. All

points of investigation are shown on Figures 2-1 and 2-2a through 2-2d.

The geology study area was initially investigated by reviewing the

existing geologic information described in Subsection 2.1 [Scopinq). The

geologic information that was collected for the RI was carefully reviewed

and evaluated with respect to overall project objectives. The results

of the geological investigation are described in Subsection 3.1.5 of this

report.

The site specific investigation encompassed two phases of field data

collection. During Phase I of the RI, five stratigraphic test borings

(STB-I through STB-5) were completed. These borings ranged in depth from

80 to 105 feet. In addition to the test borings, 18 monitoring wells

were installed into the saturated portion of the Fluvial deposits

aquifer. All but three wells were installed using Hollow Stem Augers

(HSA). MW-16, MW-18 and MW-27 were installed using mud rotary

techniques. Appendix A describes the two 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 he the Jackson/upper Claiborne 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 deposits. Both

of these wells were advanced using mud rotary techniques. The

introduction of mud into 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 Phase II of the RI. Ten of the wells were

screened in the Fluvial deposits aquifer. TwO of the wells, MW-36 and

MW-37, were installed as Type III monitoring wells. Descriptions of Type

II and Type Ill wells are given in Appendix A (Section A.5).

9531.73 2-10
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Monitoring wells in the Fluvial deposits aquifer range in depth

from 54 (MW-29) to 158 (MW-34) feet below grade and the measured

water levels vary from 37 (MW-29) to 145.7 (MW-34) feet below

ground surface.

All field work was performed under the supervision of a qualified

geologist. Test boring records were prepared describing the

subsurface conditions encountered at each drilllng location and are

included in Appendix B. Drilling procedures are described in

Appendix A* Eighty sol1 samples were subjected to soll mechanics

laboratory identification and characterization testing. Test

resultB are _,,_rized in Table 3-3 and the laboEatory da_a is

included in Appendix C.

2.2.5

The quality of DDMT,s surface soils was investigated by collecting

40 surface soil samples in Phase I of the RI and 10 6urface soll

samples in Phase IX. Sampling locations were 8elected with respect

to past area ume or contaminant source proximity. Surface soil

sampling locations are tabulated on Table 2-1. Analytical

information is included in Section 4.

2.2.6

The quality of DDMTPs vadose zone materials was investigated in

Phase I by collecting and analyzing three soll samples from each

of the five shallow strattgraphtc test borings.

Soll samples were selected from various depth intervals for

analytical testing. The depth at whlcheach sample was taken is

given in Table 2-2. Sample intervals were chosen based upon

adjacent contaminant sources and/or likely contaminant migration

pathways. For example, a boring locatlon was melemted to be as

close as possible to a li_ely contaminant source. Sample depths

8531_73 2-11
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TkBLE 2-I

SURYACE SOIL SAMPLING LOCATIONS

SAMPLE TYPE

AND NUMBER

LOCATION OE_ FIO_E

NUMBER

SS-I

SS-2

SS-3

SS-4

SS-5

SS-8

SS-7

SS-8

SS-9

88-IO

8531.73

POO YARD 1-2" 2-2b

150, south of MW-17

PDO YARD surface 2-2b

PDO YARD surface 2-2b

hazardous material storage

Poet # ¥-50-29-67-AA

Drums of cleaning compound
solvent

PDO YARD surface 2-2b

north of B street; south of

Post # ¥-50-34-67-AA

In drainage ditch

PDO yARD surface 2-2b

southern most cement bin;

west of Bldg. $209; east

of Bldg. 388

DUNN FIELD surface 2-1

Junction of drainage pipe and

and concrete ditch; east of

Bldg. 1184

DUNN FIELD 1.0 I 2-1

burn area; north of road north

of bauxite storage

DUNN FT _W_ surface 2-1

lO0 _ south OE gate on Dunn AVe.;

20' west of rr track # 15;

beneath oli drums

DUNN FIELD surface 2-1

75' west of western fence;

5OO _ north of Dur_ Ave.

HAZARDOUS HATERIAL STORAGE 0.5' 2-2a

southwest corner of Bldg. 628;

along ramp on 6th street

2-12



SS-11

SS-12

SS-13

$8-14

55-15

SS-16

SS-17

SS-18

SS-Ig

SS-20

SS-21

SS-22

BB-28

17 d¢l

HAZARDOUS MATERIAL STORAGE 0.5' 2-2a

west end of Bldg. 629;

below door # ii

GOLF COURSE 0,2 g 2-2c

sout_ end of fish pond;

3 _ south of water-edge

GOLF COURSE surface 2-2c

200' southwest of fish pond

GOLF COURSE surface 2-2c

3' east of 2nd street;

300' north of N street

FAINT AREA 0.2 l 2-2d

west side of Bldg. 1086

beneath metal dust collector

PAINT AREA 0o2 i 2-2d

north end of Bldg. 1087

east side of driveway and

doorway

PAINT AREA/SAND BLAST AREA 0.2' 2-2d

northwest corner of Bldg. 1088

Just west of emergency exit door

PAINT AREA 0.2' 2-2d

south end of Bldg. 1087

east side of driveway

PAINT AREA 0.2' 2-2d

northwest corner of Bldg. 1087

P-849 AREA 2-2a

south end of new fabric structure;

5' east of concrete slab

HARDSTAND OPEN AREA 0.5' 2-2a

300' south of B street;

2' east of ZT track # 3

HARDSTAND OPERAREA 0°5 t 2-2a

6001 south of B street;

2' west of rr track # 3

HARDSTAND OPEN AREA 0.51 2-2a

2' east of rr track # 4

8531.73 2-13
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SS-24

SS-25

SS-26

SS-2?

SS-28

SS-29

SS-30

SS-31

SS-32

SS-33

SS-34

SS-35

8531.73

FUEL 01L STORAGE TANK 0.5 I

west of Bldg, 720_
beneath diesel fuel tank

MOGAS STATION 1,0 t

southeast corner of G and

2nd street; 2' west of tank
vaIveB

RECOUPM_T AREA 1.0 t

20' east of Bldg. 873;
south end of bin # 6

RECOUPMENT AREA 1.0'

20' east of Bldg. 873;
north end of b£n # 6

RECOUPMENT ARY.A 1.0'

150' east of B1d_. 873;
centered on bin # ?

RECOUPMENT AREA 1.0 I

125 t east of Bldg. 873;
20' south of rr track # 3

CAFETERIA 1.0 t

OLD TRANSFOPJCE_ STORAGE YARD

3 I southwest of so_west

corner

CAFETERIA 1.0'

OSD TRANSFOPJ4_R STORAGE YARD

2' north of north end of Bldg.;

very center of build£nq

HARDSTAND OPEN AREA 1.0 t
30' south of B street; centered
between rr track # 11 & 12

HARDSTAND OPEN AREA 1.01

751 north of the _orthwe_t corner

OE n_w haza_doua material _torage

buildlng

HARDSTAND OPEN AREA 1,01

20' south of 9 street; directly
south of 804

HARDSTAND OPEN AREA 1.0'

no_thw@gt CornQ_ Of th8 n@w

hazardous material sto_age
build£ng .

2-14

2-2a

2-2c

2-2d

2-2d

2-2d

2-2d

2-2c

2-2c

2-2a

2-2a

2-2a

2-2a
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SS-36

SS-37

SS-38

SS-39

SS-40

SS-41

SS-42

SS-43

SS-44

SS-45

SS-46

SS-47

HABDSTAND OPEN AREA 1.0' 2-2a

300' south of B street;

3' east of rr track # 8

OLD PESTICIDE STORAGE AREA I.Q _ 2-2C

in flower bed between putting

green and Bldg. T-273

BLDG. 770 surface 2-2d

50' north of south end of Bldg.
770; 10' west of building

at inlet to underground tank

BLDG. 770 surface 2-2d

50' north of south end of Bldg.

770; 55 m west of building;
beneath two garhaQe bins filled

with o11 filters, cans of hydraulic
£1uld, and anti-£reeze

HARDSTAND OPEN AREA 0.2 l 2-2a

IO0 t south Of B street; centrally
between 17th street and rr track

# 7; transformer storage area

PDO YARD surface 2-2b

Due south of Gate 19;

i0' north of gravel Road

HAZARDOUS MATERIAL STORAGE surEace 2°2a

west end of Bldg. 529

HAZARDOUS MATERIAL STORAGE surface 2-2a

south side of Bldgo 629
200' EaBt of SS-11

DUNN FIELD surface 2-1

PAINT AREA surface 2-2d

south east corner of Bldg.
$I089

PAINT AREA surface 2-2d

JuBt north of $1090

and Just west of Bldg. 880

BLDG, 737 surface 2-2a

northwest corner of bldg,
in the gravel

8531.73 2-15
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SS-49

SS-50

BLDG. 770

north oast COrneE of

J & 10th St. intersection

BLDG. 770
north west co_ner of bldg.
2tfrom 5to_ drain

OLD PESTICIDE STORAGE AREA

beside storm drain at

southeast corner of bldg,
T-273

surface 2-2d

5_face 2-2d

_ur face 2-2c

8531.73 2-16
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TABLB 2-2

SOIL TEST BORINGS

_A/_LE

NUMBER
LOCATION

STB-I #I

#2
#3

STB-2 #1

#2

#3

STB-3 #i

#2
#3

STB-4 #i

#2
#3

STB-5 #I

#2
#3

STB-6 #i

#2
#3

_4

STB-7 #1

#2
#3
#4

STB-8 #I

#2

#3

#4

DUNN FIELD

DUNN FIELD

PDO YARD

OLD DIP VAT DRIP AREA

NORTHWEST CORNER OF MAIN
INST_.T_TION

NORTHWEST CORNER OF

DUNN FIELD

NEST EDGE OF DUNS FIELD

MAIN INST_r.T._TION NORTH

OF BUILDING B35

SA_LING

DEPTHS

25,5'
62.5 I

73.5'

i0.0'

17.5 i

67,5

21.0'

26,0'
93,5'

19.0'

26.0 t

i02.0 I

16.0'

78.0'

83.0'

71.5'

76.0'

86.0'

181.0'

71.0'

?S.0'

91.0 I

170,0'

92.0 I

97.0'
127.0'

212.0'

FIG_E

NUMB_

2-1

2-1

2-2a

2-2a

2-2d

2-I

2-1

2-2a

8531.73 2-17
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were chosen to permit the collection of samples at elevations just

below a likely source's buxial/spill point and within potential

migration pathways, above the saturated zone.

Potential contamination of the confining unit and the Memphis Sand

aquifer was investigated in Phase II by collecting four soil

samples from each of the three stratlgraphic test borings. The

samples from these borings were selected at the following depths:

(i) top of confining unit (i.e. bottom of Fluvial deposits); (2)

and (3) both samples collected from within the confining unit; and

(4) the top of Memphis Sand aquifer. The results of the subsurface

sell quality investigation are presented in Section 4.

2.2.7 G

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 stratlgraphlc

test borings to further describe aquifer characteristics, and the

installation of monitoring wells. A total of thirty ground-water

quality monitoring wells were installed into the study area's

Fluvial deposits aquifer and two monitoring wells In£o the Memphis

Sand aquifer.

The monitoring well installation effort provided data describing

tbeslte's deep and shallow bydrogeologlc %L_Its. I_dividual well

water levels were used for the development of generalized water

table maps illustrating the Fluvial deposits saturated zone's upper

surface. IN addition, field hydraulic conductivity tests were

performed in thirty of the monitoring wells to obtain aquifer

conductivity data.

Ground-water quality monitoring well installation records are

contained in Appendix D. Field hydraulic conductivity test records

are included in Appendix F. The results of the ground-water

investigation are included in Subsection 3.1.6, Hydrogeology.

8531.73 2-18
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2.2.8 ' "

The study areal, land use was determined by visual reconnaissance

and from the previous investigations (Section 1.2.2).

2.2.8.1 _ - The Defense Depot Memphis, Tennessee le

located in the southern portion of the city of Memphis. The

followlng informatlon is for the total Memphio Standard

Metropolitan Statistical Area (SMSA) city area:

1980 CENSUS DATA FOR ME_fPHIS h_-L_OPOLITAN ARF-_

1980 Census 1988 Estimate 1993 Projection

Total Population 646,356

Total Households 230,474

Av. Household Size 2.8

Av. Household Income $17,983

Median House. Income $14,157

652,875 659,441

244,545 253,588

2.6 2.6

$29,187 $36,505

$21e606 $26,368

DDMT is surrounded by zip codes 38114 and 38106. Census data for

the area immediately surroundln_the facility is s11m_arizedbelow.

1980 C_SUS DATA FOR 21P CODE 38114

1980 Cenmum 19RS Emtlmate 1993 Pro_actlon

Total So, lotion 47,781

Total Houleholdg 15,502

Av. SouseholQ Size 3.1

Av. Househol_ Income $12,954

Median Mouse. Income $10,467

47,109 46,557

16,215 16,562

2.9 2.5

$19,395 $23,506

$14,524 $17,521

8521.73 2-19
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1980 CENSUS DATA FOR ZIP CODE 38106

1980 Census 1988 Estimate 1993 Pro_sctlon

Total Population 46,686

Total Households 14,588

AV. Household size 2.2

AV. Household Income $11,555

MQdian House. Income $ 8,756

43,956 43,108

14,214 14,312

3.1 2.0

$16,461 $19, B73

$11,239 $13,083

The 1988 estimated median age for the populations surrounding the

DDMT is 29.5 with 25% of the population 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, 1989). Two additional zip codes

are within one mile of DDMT, hut no census data was available for

these codes (38132 and 38131) (City of Memphis, 1989).

2.2.8.2 Land Use - The following s-_ary was obtained from

Harlandj Bartholomew and Associates, 1988.

2.2.8.2.1 Adjacent Land Use - Defense Depot Memphis is located in

south central Memphis in an area of widely varylnq uses. To the

north of the Depot are the Lines of the Frisco Railroad and

Illinois Central Gulf Railroad. A n,,mher of large industrial and

warehousing operations are located along the rail lines in this

area including Kellogg Company, Laramie Tires, Lanigan Storage and

Van company, the }[roger Company, National ManufacttLTing CompaNy,

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
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AirWays Boulevard ia the most heavily traveled _oroughfare in the

vicinity and is developed with numerous small, commercial

establlshments, particularly from the Depot southward to the

Airways interchange with Interstate 240. Businesses along AirWays

are typical of highway commercial districts and include convenience

stores, liquor stores, restaurants, used car dealers and service

stations, other commercial establishments are located to the

north, south and west of the Depot. Most are small groceries or

convenience stores which serve their immediate neighborhoods.

The Depot is surrounded by residential development. The housing

stock ranges fro_ modern, brick, ranch style homes located on wlde

tree-shaded streets to small, frame houses built a half century

ago, many of which arB in poor condition. Several large, multi-

family developments are in the area, ranging from a_ older

apartment complex (castalia Heights Apartments), located north of

the Depot along Carver Avenue and Ksltnsr Circle, to a nuwiy

constructed development (orchid Manor), located to the south of the

Depot on Ball Road.

Institutional uses include numerous small church buildings

scattered throughout the residential neighborhoods. There are

several schools located in the area: Aicy Road Elementary to the

south of the Depot; Norris Elementary, Dunn Elementary, Corry

Junior High, _-_41ton High. Hamilton JUnior High, and Hamilton

Elementary to the west; Magnolia Elementary to the northeast; and

CharJean Eleme_kary and AirWays JUnior High to the east. Five

cemetarlem are located near the Depots Anshei-Sphard_ located

directly across AirWays Boulevard_ Baron Hirsch, located to the

northwest cn Rozelle Street; and CalvarY, Forest Hill, and Temple

Israel in the vicinity of Person Avenue and Bellevue Boulevard,

west Of the Depot. Memphis Light, Gas, and water Divlslon operates

a large substation to the northwest of the Ospot along Person

Avenue.

8531.73 2-21
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TWO neighborhood 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 the

Depot.

Most of the land surrounding the Depot is intensely developed.

However, three relatively large, undeveloped sites exist 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 the Depot along Ball Road and Ketchum Road in the vicinity of

the orchid Manor Apartments, and east of the Depot on DWight

street.

2.2.8.2.2 _ - In Memphis and Shelby county, zoning

controls _nd subdivision requirements are under the Jurisdiction

of the Office of Planning and Development (OPD). The Depot

property itself is zoned I-L or Light Industrial. This designation

extends to several contiguous parcels east of the Depot along

Airways in the vicinity of the Kellogg plant westward past Hozelle

Street. Several smaller areas adjacent to those mentioned above

are zoned I-H, Heavy Industrial.

Commercially zoned areas predominate along AirWays Boulevard from

the Depot southward to the Airways intersection with Interstate

240. Other oo_ercially zoned areas exist along Castalia, Hearst,

and Ragan north of the Depot, and along AlCy and Ketch_m south of

the Depot.

The great majority of the remaining land in the vicinlty of the

Depot is Zoned for single-family or duplex residential. However_

several large parcels have been zoned to allow multi-family

developments partiCUlarly to the north of the oepot in the Castalia

Heights area; to the west of the Depot on Dunn Avenue near Lincoln

Park; to the south of the Depot along AlCy and Ketohum roads; and

to the east of the Depot along AirWays, Dwlght_ PecaD, add Ketchum.

8531.73 2-22
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2.2.9.1 _- Study area ecological information, required

in the consideration of potential contaminant receptors (Subsection

6:2 of the Risk Assessment) was obtained from published sources.

2.2.9.2 W e - The DD)¢P facility has two main surface

water features: Lake Danielson and the golf course pond. Both

bodies of water are located in the southeastern quadrant of the

facility. These waters are currently unsultable for recreational

purposes and serve primarily as drainage reservolrs. Drainage

channels on the facility and in neighboring areas drain either to

Cane Creek, northwest of DDMT, or to Nonconnah Creek, south of

DDMT. Cane Creak also eventually drains to Nonconnah Creek, at a

point several miles southwest of DDMT. In turn, Nonconnah creek

empties to Lake McKellar, which is part of the Mississippi River

system.

Tennessee Water Quality Standards define uses of waters which are

in the public interest. The uses for waters include:

l) sources of water supply for domestic and industrial purposes;

2) propagation and maintenance of fish and other desirable

aquatic llfe;

3) recreation in and on the waters;

4) stock watering and irrigation;

5) navigation;

_) generation of power;

7) the enJo_enE of scenic and aesthetic qualities of waters.

Under the Tennessee Water Quality Control Act, when waters are

classified for more than one use, the most stringenE criteria will

be applicable. In addition, waters designated as wet weather

conveyances (natural watercourses) shall be protective of wildlife

and h%_mans that may comR in contact with them and maintain

standards applicable to all downstream waters.
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Nonconnah (_eek and Cane Creek have been classified for the

following stream uees_ propagation of and maintenance of fish and

other aquatlc species; livestock and wildllfe watering; and

irrigation. In addition, the portion of Cane Creek flowing near

the DDMT facility is classified for recreation. The most stringent

criteria which is applicable protects fish and aquatic llfe and

states that the waters shall not contain toxic substances which

cause death or serious illness to aquatic biota and reference

criteria promulgated under the clean Water Act and Safe Drlnklng

Water Act (SDWA) (Tennessee water Quality Board, 1987). SDWA

levels are given 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 st_faces with

little observable vegetation. The unsurfaoed areas have native

Bermuda grass and some deciduous black oak (_2_).

Some decorative plant species have been used in landsoaping the

housing area, golf course, administrative areas and the lake (SPCC,

1987).

2.2.9.4 Fauna - No threatened or endangered species associated

with the Memphis area have been sighted on the DDMT facility. The

most prevalent forms of animal llfe are pests such as roaches, rats

and mosquitos. Lake Danielson has been Stocked in the past with

bass (_) and bluegill (_) and also contains

catfish (_). DurL_ Field is a large open area with

mature oak trees _d grass. Several additional species have been

noted at Dunn Field which include squlrrels (_), the

red fox (_), mourning doves (_),

quail (_) and turtle. (_TJ_UlL--_LT-_]_)

(SPCC, 1987).
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3,0 VnxdZCAL CHAR_CT_ISTZC8 OF TBB STUDY AREA

3.1

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 physlcal

characterization data evaluation are presented in this section.

Supplemental Information such as boring logs, field hydraulic

conductivity testing data, etc. are included in the Appendices.

3.1.1

Defense Depot Memphis, Tennessee (DDMT} is divided into two

separate areas, Dunn Field and the main installation, each with its

own distinct land surface and use-related features.

Dunn Field lles Just north of the main installation and Dunn

Avenue, and consists of approximately slxty-four acres of

undeveloped land. Dunn Field is 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 rldgellne separates the

field's two northern quadrants. In the northeast quadrant of the

field, the areas surroundlng the fo_er postlcide/herbicide storage

shed (Suildlng 1184) and the former burn area are level and

grassed. In the northwest quadrant of the field, the waste,

chemical and hazardous materials disposal zone is a level to gently

sloping grassed area. The southwest quadrant of the field is a

grassed, g_tly sloping area. The southeast quadrant is s 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 to slope to the east and west from

the bauxite piles in the qmnter of the field. Surface elevations

6531.73 3-1
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range from a low of 273 feet, National Geodetic Vertical Datum of

1929 (NGVD), at the north outfall/installation boundary fenceline,

to 315 feet NGVD, (325 feet NGVD atop the bauxite storage piles)

in the fleld_s approximate center. Maximum local relief is about

twenty-five feet at the pistol range bullet stop.

The main installatien consists primarily (approximately 57%) of

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

various materlals equipment. The only significant grassed and treed

area is the golf course, located in the main installation's

southeast sector. The main installation's topographic expression

is that of nearly level expanse. Surface elevations range from

approximately 316 feet, NGVD in the DRMO storage yard adjacent to

Duitn Avenue to 257 feet, NGVD in the low ares below Lake

Danielson's earthen dam. Maximum local relief is approximately

twenty feet, measured across the lakm's earthe_ dam.

3.1.2

Meteorological conditions in a study area may exert an influence

over the generation and migration of waste-related contamination.

These conditions are also an important factor to he considered

during the evaluation of contaminant migration potential

(Subsection 5.3). Information describing study area meteorological

conditions was obtained from various U.S. Geological survey reports

and from the Climatic Atlas of the United States, National Oceanic

and A_mospheric Administration, (NOAA) 1983.

The study area is located in the west Tennessee Climatic Divimion

of the United States (NOAA, 1981). This Division experiences a

typical continental type of cllmate with humid, warm s-_wers and

cold winters. The Memphis area receives an annual average of fifty

inches of precipitation Cthirty year perled of record). Total

8531.73 3-2



17

annual rainfall was reported to vary from 30.54 inches (1941) to

76.85 inches (1957). Normally, precipitation is heaviest during the

winter an_early spring. A second, less significant rainfall period

develops ae th_dershowers during late spring and early s_mmer° The

one year, twenty-four hour rainfall value for the study area is

reported to be 3.4 inches (Ralnfall Frequency Atlas of the United

States, US Department of commerce, Weather Bureau Technical Paper

40, May 1961).

The net annual precipitation estimated for the Memphis area is nine

inches, based on NOAA (1983) data. The estimate Is a high value,

suggesting that a strong leachate generation and contamination

migration potential exists. The estimate of net precipitation does

not consider evapotransplratien which varies conslderably,

according to sBason° The estimatQ was performed in & manner

consistent with 40 CFR Part 300_ Appendix A.

3.1.3

3.1.3.1 _- Installation surface drainage is

accomplished by overland flow to swales, ditches, concrete-lined

channels and an efficient sto_ drainage system. Figure 3-1

illustrates the study area_s surface dralnags features,

installation drainage areas, outfalls and local stream-°

Most of the study area, including the main installation and Dunn

Field, is generally level with, or above, surrounding terrain.

Therefore_ DDMT receives little or no runoff from adjacent areas.

Where exposed, undisturbed installatlon surface soils are

predominantly grassed, fine-grained semicoheslve materlals which

tend to promote large volumes of rapid runoff. Paved and built-up

sections of the installation also tend to generate significant

amott_ts of Z_Noff.

8531o73 3-3
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The majority of Dunn Field's drainage (Figure 3-i) is achieved by

overland flow to the adjacent properties to the north and west. The

northeast q_adrant drains to the east, to a co_crete-li_ed channel,

or to the adjacent properties to the north. The concrete lined

channel consists of two separate segments which Join approximately

two hundred feet north of Building 1184. Both channel segments

convey adjacent residential neighborhood stoz_dater through the

northeast quadrant of Dunn Field. The concrete-lined channel

directs flow northward to cane 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 bBen

divided into several small "drainage basins" (Figuze 3-i). The

primary drainage directions and outfall locations are to the west

(Torrent Branch), to the east (unnamed ephemeral stream) and to the

_outh (unnamed ephemeral stream). Surface drainage is directed via

these alignments to Noncennah Creek, approximately three-quarters

of a mile south of DSMT. Nonconnah creek drains into Lake McEellar,

a Mississippi River tributary.

Stoznuwater collected from the roof of Building 995 is discharged

locally to a French drain.

3.1.3.2 _ngtallatfon Surface Waters - All of the ditches,

channels or drainage aligr_e_ts within DDMTIs boundaries convey

seasonal (or_ wet weather) flow. Frequently, they are completely

dry.

TWO permanent surface waters exist at DDMT. The largest body of

water is Lake Danlelson, about four acres in size. Lake Danlelson

receives a significant amount of installation stormwater runoff,

primarily from the area in which Buildings 470, 489, 490, 689, and

690 are located. Lake overflow is discharged through a drop inlet

at the dam through a concrete-lined channel, to a culvert extending

8531.73 3-5



17 6[

beneath N Street and Ball Road. The smaller surface water is the

golf course pond. It receives runoff from the surrounding golf

course, Buildings 249, 250, 251, 2651 270, 271 and the south

parking lot. Pond overflow is directed to a culvert extending

beneath N Street and Ball Road. Stormwater flow is then directed

to Nonconnah Creek via unnamed tributaries.

3.1.3.3 _ - DDMT's surface elevations (276-316

feet, NGVD) are well above the average Mississippi River alluvial

valley flood levels (185-230 feet, RGVD). Furthermore, the

installation's land mass is at least equal to, or slightly hiqher

than adjacent properties. Therefore, it is unlikely that any

installatlon property would be subject to inundation, even for

short periods of time. During the performance of Phase I field data

collection activities, the study area experienced six inches Of

continual precipitation during the weekend of February 18-19, 1989.

Despite the intense sustained rainfall, no installation areas were

subjected to flooding.

3.1.4

According to information furnished by the U.S. Department of

Agriculture, SEll conservation service (1970), five distinct

surface sell units have been mapped in the study area. The

distribution of these units relative to the installation is

lllustrated on Figure 3-2. A brief description of each unit

follows:

8531,73

_. This soil unit may have originally

developed as a narrow strip of alluvium occupying a bench

above a stream channel. The unlt has been mapped on a

small portion of northern ounn Field. It is generally

described as a silt loam, poorly to moderately drained,

possesses a shallow water table and typically low to

moderate permeabilities.

3-6
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FIGURE 3-2

STUDY AREA SURFACE SOILS
DEFENSE DEPOT MEMPHIS, ENNEESEE
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- ' • This soil unit has been

a_iflcially developed as a result of backfilling a small

portion of the main installatlon_s west boundary. It

consists of a mixture of generally silty soils. Unit

characteristics are estimated to include poor to moderate

drainage and low permeabillties.

_. This soil unit has been artificially

developed from silty native upland materials as a result

of numerous site use modifications throughout the

installation's operational history. It generally consists

of silty sandy clay or clayey sandy silt, but may include

coarser materials, constr_ctlon material and demolition

debris locally. The unit's permeability is reported to

be highly variable; potential use constraints are

uncertain. It is significant to this study as it occupies

more than ninety percent of the installation's la_d area.

47 of the surface soil samples were collected from this

unit.

_. Thls unit has developed in silty

native upland materials on low hilltops, benches and

adjacent gradual slopes. The unit is described as a silt

loam or silty clay loam. It is well drained and

possesses low to moderate permeabilities. This unit is

significant because of its location in north Dunn Field

with respect to burial areas and because this unit

probahly represents "pre-devslopme_t" 6_rface soil

conditions.

_J_L_J_m__. This unit has developed in

silty native upland material on intermediate slopes and

benches. It is described as a silt loam or a silty clay

loam. It is deep, well drained and possesses low to

moderate permeabilities. Tha unit is significant because

3-8
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of its D_nn Field location and because this soil likely

represents "pre-development" conditions at DDMT. Surface

soll samples SS-12, SS-13, and SS-14 were collected from

this unit.

Table 3-I s_*_arizss the engineering use data for each soil unit

mapped in the installatlon study area. USDA texture, Unified Soil

Classification system symbols, estimated permeability and likely

use constraints are described for each of the five soil units.

3.1.5 Geo 1oa_

3.1.5.1

3.1.5.1.1 _ - The Memphis, Tennessee area straddles

two major subdivisions of the Atlantic Coastal Plain Physiog_aphlc

Province (Fiqure 3-3). The western Memphis urban area lies within

the Mississippi Alluvial Plain subdivision, which is characterized

by Fluvial depositlonal features including young/recently deposited

point bars, natural levees _nd abandoned channels.

DDMT and eastern Memphis are situated within the Gulf Coastal Plain

subdivision. The area is characterized by dissected loess covered

uplands and are generally lacking distinct features. The erosion-

controlled land surface appears nearly level to markedly rolling

and the visual perspective offers little spatial variation. Local

slopes range from level to approximately ten percent. The study

area elevations average 300 feet, NGVD. Locally, relief is due to

erosion or stream channel development and seldom exceeds thirty

feet.

Generally, Gulf Coastal Plain drainage systems are well developed

and the region is classified as being in a late youthful stage of

dissection. The uplands tend to be low with respect to major

streams and the valleys are relatively shallow. Most principal

8531.73 3-9
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stre_m_ have lewgTadients and occupy broad alluvlated and terraced

valleys (Ronconnah Creek). Secondary streams have developed narrow

V-shaped valleys in flne-grained sells.

3.1.5.1.2 G o - The Memphis area is situated within

a major st_ctural feature te_ed the Mississippi emba_rmant. _is

area is described as a youthful to mature, belted coastal plain.

The principal river in the area is the Mlssissippl River; the major

tributaries are the Wolf River, the Loosachatchie River, and

Noncorn_ah Creek (Graham and Parks, 1986).

The Mississippi embayment is a structural reentrant extending into

the North _erican craton from the Gulf of Mexico north to Cairo,

Illinois. The embay_ent is a wedge-shaped, do%rnwarped structure

composed of stratified sediments. It begins inland as a thin

accumulation of clastlc materials, thickening suhstantlally at the

Gulf of Mexico. Late and post-Cretaceous strata fill the trough.

Formation of the Mississippi em_yment began in the latest Mesozoic

period with the onset of renewed subsidence of the underlylng

Reelfoot rift. The axis of the trough (N50°E) roughly parallels the

present course of the Mississippi River. The embay_aent experienced

its greatest subsidence during Early Tertiary time and has been

teotonlcally stable since its emergence during the widespread

uplift of the continent in Neogene time.

The New Madrid seismic zone (N_Z) lies at the northeEn end of the

Mississippi -_haln=ent and is the most seismically active area in

the central and eastern United States. T_ee great ea_-Chquakes

occurred in this area in 1811 and 1812, and over 2500

mlcroearthquakes have been recorded since 1974. Johnston and Nave

(1985) have estimated a recurrence interval for great earthquakes

in the Memphi9 area to be 425-675 years and a recurrence interval

of 70 years for moderate earthquakes.

8531.73 3-12
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3,1,S.I.3 _ - Information describing major regional

geologic units was obtained from Wells (1933]; Moore (196S); N_an

(1965) and Graham and Parks (1986). Table 3-2 s-mmarizes the

regionally important post-Cretaceous study area geologic unite and

their hydrologic significance. Figure 3-3 is a regional geologic

map illustrating the distribution of surflcial geologic units.

The Quaternary and Tertiary strata in the Memphis area are composed

of loosely consolidated deposlts of marine, Fl_vial, fluvioglaelal

and deltaic sediments. In Tennessee, unconsolidated sediments

(cretaceous through Quaternary) reach their maximum thickness at

Memphis, where they range from 2700 to 3000 feet thick.

Cyclic Pleistocene glaciation has been directly or indirectly

responsible for the origin, character, and distribution of

virtually all of the Quaternary deposits and formation in the

Mississippi embayment. Although continental ice sheets did not

actually extend into the Lower Mississippi valley area, they

nevertheless were responsible for deranging preglaclal drainage

and creating the southwerd-trendlng river and valley which

subsequently has carried large volumes of glacial meltwater and

outwash. Equally important controls were exerted by the cycllc

glaciation in the form of major changes in base levels of erosion

and deposition and the form of climatic changes (saucier, 1974).

The following geologic units have been identified in the study

srea:

3.1.5.I.3.1 Alluvium - Alluvial deposits conslstlng of Holocene

and Pleistocene sand, gravel, silt and clay have been deposlted in

the channel systems and flood plains of modern streams. Alluvial

deposits may reach their maximum thickness of 175 feet in the

valleys of primary streams (Mississippi River). At other locations,

the unit seldom exceeds fifty feet in thickness. Although a

significant unit within _he region, no Alluvlal deposits were

encountered at DDMT.

8531.73 3-13
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3.1.5.1.3.2 Loess - Loess is a ssmi-cohesive eolian deposit

composed of silt, silty clay, silty fine sand or mixtures thereof.

It mantlesthe ground surface over wide areas of the central Onited

States. It typically occurs above the Alluvial (terrace) deposits

and is thickest along the bluffs overlooklng the Mississippi

Alluvial Plain. Its maximum thickness is reported to be on the

order of 65 feet; it thins considerably toward the east. Locally

it may contain thin, discontinuous fine sandy layers enclosed

within silts and silty clays.

3.1.S.I.3.3 _ - Quaternary and possibly

Pliocene 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 present streams or an ancient drainage

system. The Fluvial deposits consist primarily of sand and _avel

with minor lenses of clay and thin layers of iron-oxide cemented

sandstone or con_lomarate. Reported thickness of the Fluvial

deposits ranges from 0 to 100 feet. The thickness is highly

variable because of erosional surfaces at both the top and the base

of this unit. Locally, in the Memphis area, the Fluvial deposits

may be absent (Graham and Parks, 1986).

3.1.5.1.3.4 Jackson Formation/uDDer Claiborne Group - The Late

Eocene Jackson Formation and upper part of the Claiborne Group lie

beneath the Fluvial (terrace) deposits. Because of lithologlc

similarities, the Jackson Formation and upper part of the Claiborne

GrOup cannot be reliably subeivlded In the subsurface of the

Memphis area, These units include strata of the cockfiled and Cook

Mountain Formations undivided in the upper part of the Claiborne

Group, and locally, of the Jackson Formation. The Jackson/upper

Claiborne unit consists primarily of clay, silt and fine sand with

minor lenses of lignite. Within thls unit sediments are lenticular,

and locally individual beds may not be areally extensive. The clays

are predominantly of the montmorlllonlte type. The thlcknsss of the

Jackson/upper Claiborne umlt is highly variable iN the Memphis

8531.73 3-15



urban area, ranging from 0 to 560 feet with aggregate thickness of

clay beds ranging from 0 to 250 feet (Hart, 1989a).

3.1.5.1°3.5 MemDhi_ Sand _"S00-faat _and"l - The widespread

terrace deposits ef the Memphi_ Sand were deposited during Middle

Eocene time when streams carried extensive quantities of Sand and

gravel into the Mississippi embeyment area. The Memphis Sand unit

is composed primarily of thick bedded, whlte to brown or gray, very

fine grained to gravelly, partly argillaceous and micaceoum sand.

Lignltic clay beds constitute on1¥ a small percentage of total

thickness. The Memphis Sand ranges from 500 to 890 feet in

thickness. It is thinnest in the northeastern part of the Memphis

area in northwestern Fayette county, TN, and thickest near the

Mississippi River in southwestern Shelby County, TN (Hymen, 1965|.

3.1.5.1.3.6 EII_ - Beneath the Memphis Sand lies

the _ower Eocene and Paleocene Flour Island Formation. The Flour

Island Formation COnSists primarily of silty clay and sandy silt

with lenses of fine sand and lignite that are not areally

extenslve. The thickness of this formation is variable in the

Memphis urban area, ranging from 70 to 240 feet (Nyman, 1965).

3oi.5.1.3.7 Fort Pillow For_atioD ("1400-foot sand"_ - The Fort

Pillow Sand occurs beneath the Flour Island Formation throughout

the Memphis area. It consists primarily of fine to medium sand with

some local interbedded clay and lignite. The Fort Pillow Sand

ranges from 125 to 305 feet in thickness (Nyman, 1965).

3.1.5.1.3.8 _ - The Old Breastworks

For_at10n is the oldest of the Tertiary units Identified in the

study area. It consists of silty clays and clayey silts with

interbeds and lenses of fine sand and lignite. This unit has been

reported to range from 180 to 350 feet in thickness.

8531.73 3-16
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3.1.5.2 _ - Because soil borings are only considered

to be representative of geologic conditions for the exact point

where thsy=were advanced, care was taken in the development of

subsurface interpretations which may or may not infer the

continuity of individual strata between widely spaced borings.

Professional judgement was exercised in the interprstations that

are depicted on cross-sectlons and other figures. The geologic

conditions encountered at DDMT appear to be consistent with those

reported by a n-m_er of investigators in the professional technical

literature relative to the geologic units underlying Memphis.

Based on the soil test borings and _onitoring wells, five cross-

sections have been developed which illustrate the postulated

occurrence, attitude and relationships of the geologic units

encountered. The cross-sections, Figures 3-4, 3-5, 3-6, 3-7, and

3-8 are generalizations; local variations in subsurface conditions

should he expected. Refer to Soil Test Boring Records in Appendix

B for descriptions of specific subsurface conditions at individual

boring locations. The strata encountered during the drilling

portion of this investigation include Loess, Fluvial deposits,

Jackson Formation/upper Clalborne Group clays and the Memphis

Sands. These geologic units are generally present throughout the

Memphis area and are reported to be laterally extensive, although

individual formation members may not he correlative over even short

distances.

3.1.5.2.1 Lomss - The uppermost qeologlc unit present at or near

ground surface in the study area is loess, eolian deposits

consisting 0£ 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 analysls of

their physical properties (Table 3-3). Atterberg Limits analysis

8531.73 3-17
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(liquid limit average _ 35 and plasticity index average = 15) and

grain size analysis (average 96.8% passing the 200 sieve) indicates

a lean clay (CL) classification.

3.1.5.2.2 _ - Fluvial deposits underlie the loess

and were encountered at all drilling locations. The unit is

composed of three generalized members which may be traced through

the study area:

silty clay, silty sandy clay or clayey sand

Clean, fine to medium grained sand

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 the loess. It thins in the vicinity of Lake Danielson at

MW-25 and is not present in MW-26.

Beneath the silty clay, sandy clay/clayey sand are layers of sand

and sandy gravel. These layers may alternate, as shown on the

cross-sections. A conspicuous pink, white or gray low plasticity

clay occurs as a thin discontinuous seam within the gravelly sand

sequence. This seam thickens near STB-8, where 35 feet of clay was

encountmred. M_-27 probably te_inated 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 coarse grained,

very well sorted to poorly sorted quartz grains. The upper sand

layers are generally a bright orange in color Indlcatlng an

oxidizing environment. The lower layers ere very clean and tan to

white in color. The send layers show a coarsening downwards into

a gravelly sand with chert being the primary gravel constituent.

Gravel slze ranges from small pebble size up to four inches in

diameter. The coarsening downward sequences and the lateral facies

changes over short d_stanc_s are indicative of fluvial deposition

(Sally, 1986). The Fluvial depasits range in thickness from

approximately forty feet at M_4-29 to 131 feet at MW-3B.

8531.73 3-26
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Most of the samples collected for analysis of their physical

properties (Table 3-3) were taken from withinthe Fluvial deposits.

The analysis confirmed the primary field classification as poorly

sorted sands and gravels (SP).

3.1.5.2.3 Jackson Fo_ation/UDDer Claiborne Group - Clayey soils

which have been interpreted as the Jackson Formatlon/upper

Claiborne Group was penetrated in STB-6, STB-7, STB-8, MW-36 and

MW-37. Tan samples were collected from this Ltnit for physical

properties analygls (Table 3-3). Field obseEvatlons and testing

results indicate that this unit is a stiff gray and/or orange,

plastic, lean to fat lignltlc clay. This meNber 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 appssrs to be laterally persistent and fairly

unifo_ in thickness throughout most of northern Dunn Yield.

Starting in the southern portion of Dunn Field and continuing on

the northern portion of the main installation, post Eocene erosion

of the upper surface of the Jackson/upper Claiborne has resulted

in a deep channel-llke feature. A channel was indicated by

increased depths to the top of the clay unit encountsred during

drilling operations. A mlnlmuN thickness for the clay unit was

determined to be 15 feet in STB-8.

3.1.5.2.4 _ - The upper portion of the Memphis Sand

Formation was encountered during the installation of monitoring

wells Nw-36 andS-37 and sell test borings STB-6, STB-7 and STB-8.

Five samples were collected from this for_ation for physical

properties snaiysls (Table 3-3). Results indicate this formation

is composed of gray, very fine grained, silty sand.

3.1.e

3.1.6.1 _ - Infox_ation describing ground-

water conditions and resources of Shelby County has been obtained

8531.73 3-27
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from wells (1933); Moore (1965); Terry et el. (1979) and Graham

and Parks (1986). Fluvial aquifer quality information was derived

from McMas_er and Parks' 1988 report.

3.1.6.1.1 _ - The region's hydrogsologic

setting consists of a series of thick, generally unconsolidated

sedimentary units deposited in a broad trough or syncllne

(Mississippi embayment). The trough's greatest depth is defined by

its axis. Large-scale sedimentary units deposited within thi_

structural feature tend to thicken from east to west where they

reach their greatest accumulation at the axim, and tilt gently

southward, following the troughls orientation.

Individual sedimentary sequences have been deposited in the trough,

roughly following its physical orientation. The most permeable of

these units are identified as aquifera and the least permeable are

termed confining units.

3.1.6.1.2 _ -The Memphis area is located within

a region where several aquifers of local and regional importance

exist. These aquifers are identified in deacendlng order by their

geologic names:

Alluvium

Fluvial (Terrace) deposits

Memphis ("Sos-foot") Sand

FO¢_ Pillow ("1400-foot") Sand

These aquifers correspond to the geologic units described in

subsection 3.1.5 (Geology). The Alluvlal aquifer's distribution is

limited to the channels of primary streams; therefore_ it does not

occur at DDMT. The Fluvial deposits, Memphis Sand and Fort Pillow

Sand underlie the installation and are discussed in followlmg

subsections.
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3.1.6.2 _- site speciZlc hydrogeologic conditions

were investigated by physical inspection, test borings, ground-

water quallty monitoring well installation and direct measurement

of in-situ hydraulic properties. Individual test and exploratlon

records are oontalnad in the Appendices. The following discussion

s'mmarizes the info_ation which is of particular interest to this

investigation.

3.1.6.2.1 Loess - The uppermost hydrogeologIc unit encountered at

DDMT is the loess. While not usually a water-bearing unit, these

materials are of interest to this invQstigation as they tend to

limit precipitation infiltration (recharge) to significant

underlying aquifers where the loess remains intact and undisturbed.

Sandy zones occurring within the loess may become seasonal

"perched" water-bearing zones which contain water for short periods

of time following rainfall events. Usually, the perched water-

bearing zones discharge their ground water to adjacent units in

hydraulic communication with them. one USA_4A monitoring well

(MW-2) was screened in one of these perched zones. During the

installation of several monitoring wells in northern DUmn Field,

perched water tables were encountered. The perchedzone consisted

of a fine sandy layer enclosed within the loess, approximately

twenty feet below ground surface.

3.1.6.2.2 _ - Fluvial (Terrace) deposits

underlie the loess within the study area. The Fluvial deposits form

the site's water table aquifer. It Consists Of clayey sand, sand,

and gravelly sa_d strata, ranging in thickness 40 feet to 131 feet

at DDMT. Recharge to this unit is primarily from the infiltration

of rainfall (Graham and Parks, 1986). Discharge from the unit is

probably directed toward underlying units in hydraulic

co_unication with the Fluvial deposits.

According to the water levels measured in the monitoring wells,

only the base of the unit is saturated. The actual saturated
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thic_ess varies from 5.7 feet at monitoring well MW-24 to twenty-

three feet at MW-28. The upper surface of the unit's satu_ated

thickness ranges from an elevation of 243 feet, NGVD at MW-I8 to

a low of 155 feet, NGVD at MW-34. Published seasonal water levels

indicates that the ground-water levels fluctuate several feet.

However, during Phase I and Phase II of the RI no significant

fluctuations were seen in the water levels measured at DDMT.

The study area's water level data was utilized to prepare a water

table surface map of the Fluvial deposits underlying DDMT (Figures

3-9 and 3-10). These figures represent an Intsrpolatlon of the

water level information obtained from wldely-spaced monitoring

wells and is an interpretation of natural conditions on the date

of measurement. The figure suggests that two general flew

directions exist within the Fluvial deposits at DDMT. In the Ounn

Field area, a westerly direction of flow Is apparent in the

installatlon_s shallow aquifer (Figure 3-8). An average partlcle

velocity of 0.8 ft./day was calculated from information collected

from wells in Dttnn Field by using the eguations of Lehman (1972).

A 25% effective porosity was estimated for the Fluvial deposits and

an average hydraulic conductivity of 7.6 x 10 -3 ft/min was used in

the calculations.

At the main installation, a different flow regime is suggested by

the water level data (Figure 3-10}. The closure of water level

contours about MW-84 and _'_-8 suggests that ground-water flow in

this area is dlre_:ed toward what Nay be a "sink m Or a hurled

stream chapel. Flow from the "slnk m may be directed dow_, to

underlylng units in hydraulic conunicatlon with the Fluvial

deposits. A general west to southwest ground-water flow direction

is indicated for the res_ of the main installation. However, flow

directions may vary over Ghort to modiste distances (several

hUndred feet). This is due to the probable oontralllng effect of

the upper sDrface of the confining unit on flow directions within

the fluvial aquifer.
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FIGURE 3- 8
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Site ground water and surface water levels from cane Creak and

Nonconnah CTeek were compared in order to evaluate the possibility

of ground-water discharge to surface waters at or near DDMT. Based

upon the hydrogeologic section (FigUre 3-11), it was concluded that

the Fluvial deposits do not contribute to local stream base flow

in the vicinity of DDMT. It is important to note that this diagram

has been constructed by combining all the facies into one strata

to diagr_mmatlcally represent the Fluvial deposits.

In order to better interpret subsurface conditions, a geologic map

of the Fluvial deposits I saturated zone at DDMT was prepared

(Figure 3-12). The interpretation show_ on this figure supports

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, 1933; Moore eh el., 1965}. This figure shows a

contouring of in situ permeability values in comparison with a soll

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 Formation/UDDer claiborne Group - The Jackson

Formation/uppe r Clalborne Group was encountered ah over half of

the monitoring well/soil boring installation locations. The unit

is represented in the study area by a distinct gray or orange clay.

The unit is significant because it is a regionally important

confining bed separating shallow water bearing zones from

underlying major agUlfers (Nyman, 1965) o

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

contoured An order to interpret the influence this unit ha_ on

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

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

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

In addition, the elevation of the Jackson/upper Claiborne surface

encountered at the Allen Well Field was compared to those
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encountered at DDRT. The comparison of elevations is presented in

Figure 3-14. The elevation of the Jackson/upper claiborne.s upper

surface within the Allen Well Field varies from 182 feet. NGVD at

well n-_her 133 to a low of 150 feet, N_D at well _l_her 138. Thl_

comparison indicates that the variation in the top of the confining

unit is not at_ical for the area. _e highly variable nature of ¸

thtm surface is interpreted to he due to post Eocene erosion.

As shown on the study areas' cross-sections (Figures 3-4 through

3-8), the strata in the vlclnity of MW-34, MW-38 and STB-8 does not

conform to the more pervasive flat-lylng conditions. The extreme

depth at which the confining unit was encountered at these three

locatlons and the reduced thickness of the unit in STB°8 suggests

that the confining unit has been significantly eroded in thls area.

The continuity and actual thickness of the confining unit in areas

not investigated by drilling can only be estimated.

The confining unit was found to he present at every drilling

locatlon. HOWeVer, the thickness and depth of this unit were found

to be inconsistent over short distance6. Graham and Parks (1986)

present several llne6 of evidence to suggest that the Jackson

Formatlon/upper Claiborne Group is not laterally continuous

throughou_ the Memphis area. In some areas, the Memphis Hand is

directly overlain by the Alluvial or Fluvlal deposits, permitting

the downward vertical leakage from shallow water bearlng zones into

the" regional aquifer. Bell and My_an (1968, in Graham and Parks,

1986) estimated the quantity of this dew.ward leakage to be on the

order of two million gallons per day.

Leakage through the Jackson Formation/upper Claiborne Is likely

even where it is continuous, due to the significant posltlvs head

difference between the two aquifers. The presence of more

permeable fine sand and lignitlc lens within the confining unit

w£11 also increase the rate at which leakage occurs.
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An estimate of ground-water seepage through the confining unit at

Dunn Field has bee_ done. In that area, the borings indicated the

confining unit to be relatively thick and to consist of a uniform

clay. Permeability of the specific site soils was not determined;

therefore, a range of typical values for clayey soils has been

assumed. The average interstitial seepage velocity may be

estimated by using the equation V = K h/ I (Lehman et el., 1972),
wh_re: n Q

V = average interstitial velocity

K = average estimated coefficient of permeability; the

assumed range is 3 x 10 -3 to 3 x i0 -s ft/day [IxlO "6 to

lxl0 -a cm/ssc) for tight, plastlc clays (from cedsrgren,

1989, pp. 31 and 32)

h = difference in hydraulic head between two aquifers(82.7

ft) ; this information was obtained for the Fluvlal

aquifer at MW-32 (326.02 HGVD) and the Memphis Sand

Aquifer at MW-37 {143.36 NGVD)

1 = thickness of the confining unit (75 Ft at MW-37)

h/ I = hydraulic gradient (dimensionless)

ne - estimated effective porosity (dimensionless), assumed as

0.40 for clays

The calculated range of downward seepage velocities is 8.3 x 10 -3

to 8.3 x 10 -5 feet peE day. This approach indicates that the

confining unit in the Dunn Field area would be penetrated by water

fl0w in a time frame from 25 to 2500 years. However, in aEeas

where the confining unit ham 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 MemDhls Sand ("500-foot safld"1 - The Memphis Sand

represents the region's most important source of water resources.

This unit was investigated by drilling three deep soil borings and

the installation o£ MW-36 and MW-37 and from published sources.
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The Memphis Sand aquifer is reported to underlie all of the Memphis

region. At DOMT, the top of this aquifer is approxlmately 125 to

150 feet, NO_/D. The base of the unit is on the order of -750 feet,

NGVD, hash on interpolation of Moore's (1965) work. The Memphis

Sand aquifer contains ground water under strong artesian (confined)

conditions. Locally, extensive pumping has lowered water levelm

considerably. The potentiometrlc 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 Pield, a major local pumping zone.

The Memphis Sand aquifer is reporte_to derive most of its recharge

from areas where it crops out. The outcrop area forms a wide

northeast trending belt several miles east of DDMT. The outcrop

belt extends from the east Shelby, Payette and Hardemen counties

area northeast across much of west Tennes6ee.

3.1.6.2.5 _- The Port Pillow Sand (also called the

.1400-foot sand") underlies DDMT and the Memphis region at great

depth, on the order of 1,400 feet. 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 outcrop, well east of the study

area, and from hydrogeologlo units in hydraulic communication with

it. The Fort Pillow Sand potentiometrlc level in the DDMT area was

interpolated 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 wa_er Push,as and Use - The Fluvlal deposits

provide water to many domestic and farm wells in rural areas of the

Gulf Coastal Plain, hut none are located within the immediate

vicinity of DDMT. The Fluvlal deposits have a llmlted saturated

thickness and ground-water levels are subject to fluctuations.

Therefore, this unit is not typically a dependable source of water.
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The Memphis Sand aquifer currently provides about 95 percent of the

water used for _unicipal and industrial water supplies in the

Memphis area. It was first used as a _ource of water at Memphis

in 1886; since then wlthdrawals have increased in proportion to

industrlal and populatlengrowth. In 19_4, mu_clpal and industrial

pumpage from the Memphis Sand aquifer in the Memphis area averaged

about 180 Mgal/d. The remaining five plrcent of the water used for

municipal and industrial supplies comes from the Fort Pillow Sand

(10 Mgal/d in 1984) (Graham and Parks, 1986).

3.2 SUMMARY OF PHYSICAL CHARACTERIZATION INFORMATION

Information compiled and evaluated for this study suggests the

following:

The Ounn Field area is essentlally undeveloped. It has

slight to moderate relief. The main installation ham been

extensively developed and is essentially level.

The study area experiences approximately fifty inches of

annual precipitation. Net precipitation was calculated to

be some nine inches annually, a value suggesting the

potential for generation of leachate and migration of

waste-related contamination.

Few surface water drainage controls are present in Dunn

Field. The maln installation has an extensive sto_ water

_tTalnaga system. Lake Danielson and the golf course pond

recelvg installation surface drainage.

It is unlikely that DDMT w111 experience flooding.

site surflcial sells (loess) are predominantly fine-

grained, low permeability materials which promote rapid

runoff and limit percolatlon where they remain intact and

undisturbed.
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The study area's shallow aquifer is oo_posed of the Fluvial

de_site of which only the lower extent is saturated. The

unit's water levels are some thirty-seveN to one hundred

forty five feet below grade. The unit obtains recharge from

precipitation infiltration. A channel or "sink- exists in

the Fluvial deposits beneath the main installation.

The Fluvial deposits are underlain by the Jackson

Formation/upper claiborne Group, a documented confining

unit in the study area. The top Of this unit may exert an

influence over flow directions in the overlying Fluvial

deposits. The 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 to be thin or

completely absent in areas around Memphis, pez_mlttlng

hydraulic communication between shallow and regional

aquifers, locally.

The Memphis Sand aquifer is a regionally significant source

of potable water supplies in the Memphis area. This

hydrogeoloqic unit underlies DDMT at a depth of

approximately 180 feet and receives most of its recharge

from the outcrop area, several miles east of Memphis. Some

recharge Is derived from overlying or hydraulically

communicating units.

The Fort Pillow Sand aquifer, a second r_ionally

slgnificant aquifer, underlies DDMT at very great depth.

It d@rives most Of its recharge from the are& of outcrop,

several miles east of Memphis.
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4.0 ID_TORS AND E:ITBI(T OF CONT_4IIGqTZON

4° I POTENTIAL CONTAMINATION SOURCES

4.1.1 _t Waste Disoosal and Storaaa Areas

The information evaluated under Phases I and II of this project

indicate5 that as a result of DDMT_s complex site utilization

history, large quantities of industrial chemicals or hazardous

materials have been gtored, repackaged t Dhlpped or disposed on

installation property. In addition, leaks or spills of stored

goods or substances used on slte have been reported. Past and

recent facility use conditions were reviewed as described in

subsection 1.3.

The examination of available facillty utilization info_atlon

commenced with the review of Dunn Field material storage and

disposal records. A total of thlrty-three individual siteB were

identified at Dunn Field by installation records (Figure 4-1 and

Table 4-i). In addition, two other potential contaminant sources

were discovered during the execution of field data collection

efforts. Site n1,_r 74 was encountered during the installation

of aonitoring well MW-10. Miscellaneous solid waste metal, glass,

burned trash and organic matter web encountered from 3.5 to

approximately i0 feet below existing grade, organic vapor emissions

from the borehole were o_ the order of 200 _. Site D**mher 75

(Figure 4-1) was encountered during the installation of monitoring

well MW-12. Mixed municipal waste (C-Rations, paper, cardboard,

etc.) ware encountered from six to eighteen feet below grade in

what may have been a landfill cell. The zone is very porous; some

forty hagB of cement were required to grout thQ well assembly into

place. An average of 12 hags of cement was required for other

wells of the same type design.
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FIGURE 4-I

DUNN REID DISPOSAL & STORAGE SITES

0

e AEHA MONITORING WELLS

MAP NUMBERS CORRESPOND
TO LGCA_BN$ ON TABLE 4-1.

SCALE: 1"~350'

SOURCE: US ARMY EN_RONMENTAL HYGIENE AGENCY, 1982.
GEOHYDROLOGIC S_JDY NO. 38-26-0195-83.
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Site _,,mher 24 (Pistol Range) (Figure 4-1) had been identified on

Installatlon records as a former training area. However, its use

for waste dlsposal was uncertaln. Leachers was observed flowlng

from the range to a nearby drainage channel in April, 1989. The

character and quallty of the leachers is ur_own. He sample8 were

collected from within the leachers, one sol1 sample (SS-6) was

taken from this area hut only metal and pesticides were detected.

MW-28 IB located due east of the pistol range, MW-29 is due north,

and MW-9 is due west. Analytical results of ground water from

these three wells are presented in subsection 4.2.1.2.2. No direct

correlation can be made from th8 observed leachers and the

constituents detected in the ground water.

Available facillty utilizatlon information Included U.S. Army

Enviro_ental Hygiene Agency (USAEHA) and U.S. Army Toxic and

Hazardous Materials Agency (USATHMA) records describing past

conditions on the main Inmtallatien. A total of forty specific

locations or conditions of potential environmental concern were

noted. The locatlons of individual sites are illustrated on Figure

4-2. This information is listed on Table 4-2.

4.1.2 ReView of CuTrent Hazardou_ Mate_lalslWaBte Mana=ement

This section is based on the Master Plan Report: Defense Depot

Memphis, Ter_essee, prepared by Rarla_d RarT-holomewandAssoclates,

Inc_, July, 1988.

The current utllization of DDMT land resources is lllustrated on

Figure 4-2.

8531.60 4-5
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FIGURE 4-2

MAIN INSTALLATION
OISPOSAL & STORAGE SITES
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The following hazardous materials arm warehoused and

DDNT:

Flnm-_le LiquidsI)

2) Fl_sble Solids

3) Corrosives (Acids and Bases)

4) Poisons (A&S) including insecticides

5) compressed Gases (non-Z1_mmable)

6) compressed Gases (flammable)

?) Class C Explosives

8) Oxidizers

9) Radioactive Materials

10) o_her RegUlated Material (ORN)

I? 106

issued at

These materials are received as packaged commodities from

manufacturers in containers that range in size of up to 5§°gallon

drum quantities. While in storage, these materials are segregated

by hazardous storage compatibility groups to assure optimum safety

conditions are mat.

Exiatlng locations of hazardous materials storaga at DDNT were

_,mmmrized in Figurem 4-i and 4-2, and Tables 4-i and 4-2. Some

of the storage locations are areas whets surface sell contamination

waa detected. The followin_ ¸ paragraphs dQscribe the past and

present conditions at oath of the locationl (to tha eEtantposslble

from DDMT recordm)o Those areas will be correlstsd with the

contamlnan_ deto_ed as to being posslhll sources of surface sell

contamination in subsection 4.2.2.2.2.2°

8531.60 4-9



Building 629

Building 3iB

Area X-25

Area X-13, X-15

Building S-873

8uildln g 689

17 107

various chemicals (toxics,

corrosives, oxidizers)

Flammable materials, toxics

Flammable materials

Anti-Freeze

POL products and overflow chemicals

from 629

Short-term storage of flammable

liquids, for shipping and receiving

Hazardous materials operatlonB at DDMT are increasing. In 1984,

DDMT was responsible for 30,000 tons of hazardous materlall while

in 1987, the aNOUDt was about 37,000 tone. Construction of _ new

hazardous materials warehouse has recently been completed (Bldg.

835) in the northwest quadrant o£ DDMT. The total area of the

building iJ 141,100 square feet. The building will provide 138,000

square feet of storage area for hazardous materials, wit/% the

remainder belng used for general office and ancllla_y activities.

The majority of chemical stock items have been stored in Building

629. This building is COnStrUcted on a concrete foundation without

floor drains and contains five bayB separated by concrete walls and

fire doors, spill booths containing absorbent materials and

cleanup equipment are located in each se_LTate area. These booths

aEemarked to preulude incompatible ch_alcals being placed in the

same booth. The capacity of Building 629 is cuzTently inadequate,

and overflOW chemicals are stored in Building s-873.

Building 319 is the fl_m"ble materials storage area and contains

mostly alcohols with lesser amoun_ of other items (ether,

pesticides, and solvents). Ha_ardotus materials requiring

temperature-controlled envlronmentm are also etor_ in this

warehouse, as are pilferable hazardous materials. The building is

8531.60 4-i0
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concrebe-bermed and Is on a concrete foundation with no floor

drains, On@ mechanically ventilated, separately bermed room in the

west end ot the building contains cyanide compounds. The building

is equipped with explosion-proof lighting and spill booths similar

to those in Building 629. Security control at Building 319 is

stringent. Building 319 storage is currently being replaced by

new hazardous materials warehouse, BuildiNg 835.

The X-25 area is a harmed, concrete pad in the open storage area

on the northwest side of the installation, where only Class i

flanabls liquids are stored. These liquids are normally stored

in 55-gallon d_m, and include a wide range of industrial grade

organic solvents. A third facility on the Building T267 site is

a tension roof structure used for general purpose material storage.

This structure is currently not in use and the tent is being

r_oved.

A new recoupment facility has recently been constructed immediately

south of the new hazardous material warehouse (Building 835). This

will replace non-compliance operations in BuildingS-873. Selected

materials that are damaged in transport will be repaokaged at this

facility for use. Any material that cannot be repackaged must be

classified as hazardous material excess and turned over to DRM0.

It is the Hazardous Materials Supervisor.s responsibility to

dispose of the _-%eEiel through salvage or resale.

All open storage of druE_ed produc_m, except at X-25, will be

eliminated. Building 529 is partially utilized for non-compliance

storage. An additional 20,000 square feet of materiel will be

relocated from Building 529 to the new warehouse. Materials are

currently being tra_ferred from BuildiDg 629, 529 and 319.

8531.60 4-11
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The F1s_Rhle Liquids HoldiNg _ea, also kJlOW_ as the "hot house",

is where f_mable materials are temporarii¥ stored (less than 24

hours) after receipt or before shipping. Typical items in this

area include alcohols, keto_es, aroEatics, and ethers. The "hot

house" Is located at the northwest corner of Building 689.

4.1.2.1 _zardous waste Generation and DISPosal - DDMT IS s RCRA

generator of hazardous wastes in the State Of Te_egsee, under

generator n1_r TN 4210020570. DDMT _s a large quantify generator

by the State of Ts_nesses° The source8 Of hazardous wastes result

from the cleanup of small hazardous materials spills, miselon stock

which has reached e_Ired shelf life, and aatellitm genaration

areas. Of the approximately 100,000 hazardoum materiel transferA

per year at DDMT, only a_ estimated 50 per year result In an

out-of-contalner event. More than 90 percenh of these events

result from packaging failures In transpo_. The r-_nlnq events

are attributed to handling at DDMT.

Defense Reutillzation and Marketing Region (0RMR) Is a tenant

activity o£ DDMT. DR_ supportm soveral installations in the

region and is responsible for providing disposal of hazardous

material _hrough contractors. The former Defense Property Disposal

0ffice has been redeeignated Defenme Reutilization and Marketing

Office (DRMO). DRMO providel property dlspolal services and

conformlnq storage facilities for ha_erdousmaterialiandhazardous

wastes generated by DDMT, Kemphls Naval Air Station and Air Force

Air National Guard° Under the preslnt peFmlt, the time limit for

hazardous welts mh_a_e is ninety days. The installation is

seekinq a part S pe_mlt from USEPA which would allow storage £or

up to 160 doyle

Building 308 is where hazardous materiall in DRNO'S possession are

stored. It is a wood-framed tin 8_uc_url wlth a concrete floor.

A two-foot cencTmte foundation 8UZTOUIId_ thl floor to provide

secondary containment, excgpt for two doorways. Spill containment

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

will be replaced I_ the planned DRMO Conforming Storage Pacillty.

The project was first planned for FY 1987 and is still pending a

Part S permit. It is to provide a 14_000 square foot storage

facility with auxiliary facilities required to accomplish the

hazardous materials disposal mission. Recoupment is used as much

as possible to minimize losses and to keep waste quantity to s

minim_, cleanup residuals are transferred to DRMO for ress_e er

disposal.

4.1.2.2 _ - A sampling investigation of the pCP Dip

Tank Facility (Euilding S-737) co==enced in August, 1985 when U.$.

Army Environmental Hygiene Agency personnel obtained analy_Iosl

testing results arranged by O.H. Materials Company, Inc., ¸which

revealed the presence of high levels of chlorlnated isomers of

dloxlns and furans.

Samples taken of sell beneath the dip vat showed the presence of

contamlnatlon. O.H. Materials used • portable drill rig to

sys_-tlcally depth sample the area. O.H. Materials, in

conjunction with state and federal authorities, dmterained a target

clean-up criteria level of 200 pph total dioxins and furens.

Although contaminants exceeding the 200 ppb were found at a depth

of 27 feet, the U.So Army, USEPA R_ion IV, and the State of

Tennessee Dspart_lnt of Health and _vlronment established a ten

foot remove1 depth al appropriate.

The contaminat_ soil was stored on roll-off containers near

Building 670. The roll-off contelnQrs have been _emoved and the

soil was disposed of at an approved facility In the spring of 1988.

4.1.2.3 _ - DDMT has instituted spill response and

control meas_el which reduce the ptobablllty of signi_Icant

releases of spilled hazardous material to the envlror_ent. The

followir_ proSrA_- have been Implemented to m£tlgate adverse

impacts_

8531.60 4-13
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smill Preventlon. Control. and Countermeasures (SPCC) Plan.

The plan is deelgned to improve rusponsas to and decrease the

potential for hazardous materials spills.

Tnstallatlon Spill continoencv Plan fISCPl. The Plan provides

specific steps to follow for reporting of a spill,

mobilization of the spill response team, and cleanup of a

spill. Also Included are telephone n_1_here for emergency

services (police, fire department, hospitals, Btc.),

reportable quantltiee of hazardous materials, and the

responsibilities of the spill response teQ NAmhers.

(3) _. The training includes courses for

hazardous materials warehouse personnel, spill team m,_hers,

and management. The training program includes initial

orientation; an In-house course, "In_oductlon to Hazardous

Materlals--Handllng and Storage, Packing and warklng';

certification training for packers, .Defense Packaging of

Hazardous Materials for Transportation," which II conducted

by the Joint Military Packaging Training CeDter; and

opportu_itle8 to take technical courses and attend appropriate

seminars outslde the DLA system for cereals personnel. Safety

meetings are conducted once per week. Unannounced kills on

safe work practices are conduct_ monthly by the Safety and

Health Office.

(4) _. The vehlmle ham a wazlety of spill

re|_uo equi_t for perso;u_el pratectlon {chemicaL-

reli,_Ant _ove_alle, boots, hard-harm, face shields, gloves,

remplzatozs, first aid kits, fire ex_Ingulabers, etc.), splll

control (lhowela, absorbents, neutzalizlng chemicals, etc.),

cmHunlcatlone, and analysis (exploeIMeter_ oxygen meter, pH

paper, etc°) plus other safety gear. In addition to the DDMT

vehicle, the City of Memphis Fire Department HaEardous React

Tm is on ¢aii for _mergencles et the in_tallatlon. This

tm has a national reputation for its hazardous spills

response expertise.
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4.1.2.4 _ - DDMT does not handle significant quantities

of :w_nitlon. Small quantities of :mmunltion confls=ated by the

FBZ were stored in an igloo on the west side of 9th Street. The

storage of these materlals was not considered to be a significant

hazard to personnel or facilities; storage was discontinued in

1989.

The only other eXPlosives OR the Depot are fl_ahle materials

stored in telporary structures on the west side of the

installation. An adequate safety distance Is maintained.

4.2 SAMPLTM_ PROGRAM A_D ANALYTICAL RESULTS

The following sections dlscuse the sampll_g progTam- and the

analytical results for each media inspected during the Remedial

Investigation. GEO%L_d water, surface water, 8edl_ents_ s%Lrface sell

and s_bsuzface sell sampling was done in two phases am dlscusled

In Section 2.

During Phase I, ground water ssmpllng was performed In March and

April_ 1989, surface and subsurface sells In Fehruery, 18B9,

_urface weteF in Nay, 1989, and sedlmenta In May, 1989. Phase II

surface and aubsuzface soils were collected in October°Nov-mher,

1989, and surface and gno_nd wete_ samples weFe collected in

January, 1880. All sampling locations a_e shown on Figures 2-1 and

2-2a through 2-2d. Su=face sell _-_.11ng locatlons are given In

Table 2-1. Subsurface sell sampling de_hm aza given in Table 2-2.

All gro_nd-wate_

compounds (VOte}

volatile organics

4.2.1

samples were analyzed for volatile organic

(USEPA Hethed 8240; including xylene), semi-

(USEPA Method 8870), peatlcldes/PCBi (USEPA

Method 8080), total metals (USEPA Method 6010 Includlng: antimony,

arsenics berl_, cadmium, c_romlum, _opp_, lead, silver, selenium,

85)1.60 4-15
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nickel and zinc) and _ercury (USEPA Method 74701. All of the 0SEPA

methodologle8 listed above are found in USEPA SW-846, 3rd Edition.

All water matrlx samples were measured for pH, temperature a_d

specific conductance in the field. Thle information was recorded

on the field sampling Data sheets which are provided in Appendix

A.

4.2.1.1 Backaround Ground Water Oualitv - All available

information (literature and field studies) indicates that

monitoring well MW-16 i8 located upgradlenh from the rash of th8

monitoring wells screened in the Pluvial aquifer at DDMT.

Chlorinated volatile organic and metal conhamination was detected

in the ground water at DDMT. The areas of contamination were

located down-gTadienh from MW-16 (Figure 3-10). The specific

contaminants detected will be discussed in the following

subsections. The fact that no chlorinated volatile organic

contamination was detected in MW-18 suppor_8 the reasoning fo_

using this data as background ground water quality. The positive

results reported for total metals are likely to be indicative of

natural background levels. Samples analyzed from MW-16 in Phase

I and Phase II resulted in cenelstent metals results. However, a

vari&billty with respect to time may natura11y exist in total

metals concentrations. For that reason, it is difficult to discern

total metals concentrations above which are considered

contamination. Total metals results are discussed as being

elevated, rather tha_ Necessarily representative of co_t*ml.Datlon.

For comparison purposes, the anal_ical results from k14-16 have

been repeated on all tables presenting Fluvial a_ifeE gro_md-

water results.

4.2.1.2

4.2.1.2.1 _ - Phase I grouDd-water samples

were collected in Dunn Field foaM W-2 through MW-15. MW-1 through

k_-7 ate wells that were .installed by A_iA in 1985. MW-1 was

destroyed prloF to the HI field operations and was not accessible
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for sampling. MW-2 is screened in a perched water table at a depth

of 29 feet. Slnce MW-2 does not penetrate the same aquifer as the

other wells, the analytical results can not be directly correlated

with the contaminants detected in the Fluvial aquifer. Monitoring

wells MW°3 through MW-15 are screened iN the Fluvial aquifer. MW-8

through MW-15 ware installed during Phase I of the RI.

During Phase I it was discovered that chlorinated volatile organic

compounds and metal contamination was present in most of the

ground water samples collected from the northwBstern portion of

DUnn Field. The results indicated possible cont_inant migration

past the boundaries of Dunn Field. In Phase II, five monitoring

wells, MW-30, MW-31, MW-32, MW-33 and MW-37, were installed west

of Dunn Field. Except for MW-37, all of the wells are screened in

the Fluvial aquifer. MW-37 was installed as a Type III monitoring

well and is screened in the Memphis Sand aquifer.

Ground water samples were collected again du_Ing Phase IZ from the

same well6 as in Phase I, except for MW-2 (perched water-table

Zone), which was dry at the time of sampling. In addltlan to these

wells, five wells installed in Dunn Field du_Ing Phase II were

sampled. Four of the new Dunn Field monitoring wells (MW-28, MW-

29, MW-34 and MW-35) are screened in the Fluvial aquifer. MW-35

is screened to intercept the bottom of the Pluvial aquifer. MW-

36 was installed as a Type III monltoring Well and is screened in

the Memphis Sand aquifer. The anal_Ical results from both

sampling episodes will be discussed in the following sections.

4.2.1.2.2 _nn Field A_ea Ground Water Analvsls - Analytical

results from both Phase I and Phase II indicate that chlorinated

volatile organic compound and total metal contamination exists in

the Fluvial aquifer at Dunn Field and extending past the western

boundary of DDMT. Positive results for Dun_ Pield ground water

along with background data, are given in Table 4-3. For easy

reference, MaMim_ Containment Levels (MCLS) and the State of

8531.60 4-17
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Tennessee guidelines have been included on the tables. The shaded

n-_rB indicate constituent levels that are equal to, or exceed,

MCLs and/o_ State quideli_es° These will be compared and discussed

in Section 6 of this report. Anal_cical results from the

monitoEing wells screened in the Memphis Sand aquifer (MW-36 and

MW-37) will be discussed in Subnection 4.2.1.4.

The chlorinated volatile organic compounds that were detected in

the Fluvial aquifer during Phase I and Phase II sampling are not

naturally OCCLL_ring compcllnds. The constituents that were detected

include: carbon tetrachloride, chloroform, trlchloroethylene,

tetrachloroethane, l,l-dichloroethene, 1,1-dichloroethane,

l,l,l-trichloroethane, l,l,2,2-tetrachloroethane, 1,2-dlchloro-

ethene, l,l,2-trichloroethane and 1,2-dichloroethane. Fiqur_ 4-3

shows the known area of organic contaminated 9Tcund water in the

Dunn Field area.

Chlorinated volatile organic compounds were only detected in two

of the wells located west of Dunn Field (MW-31 and MW-32). Both

wells were contaminated with the same constituents detected in the

wells in Dunn Field. The concentration of the chlorlnated volatile

organics found in these two wells was also within the same order

of magnitudes as levels encountered in the northwest quadrant of

Dunn Field.
:

MW_30 and MW-33 (also located vest of Dunn Field} did not contain

detectable levelJ of chlorinated volatile orqanlc contaminants at

the time o£ Phase ZI sampling. These _,om wells may be used to

define the northern and southern extent of the known contaminant

plume.

Trichloroethene was the constituent present at the highest levels

In samples collected during both PhaSe I and Phase IIo AS shown

in Table 4-5p th@ MCL for t_ichloroethen@ is 0 ug/l. TTichloro-

ethene was detected at levgls ranging from 2 ug/l in k_-iB to 1500

5551.50 4-21
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_GURE 4-3

WATER TABLE SURFACE OF FLUVIAL DEPOSITS OAT DUNN REID JANUARY, 1990
DEFENSE OEPOT MEMPHIS, T_NNE$$EE

I

"_ _ _ RtS=RE31E_13 CHLI0_D VOIA11tJE
ORCANK; COHTAWK_'_ON OF GROUND WA11_, EXT1D_
OF CONTWINA110N L_ Uk(_OW_I _ PLL e_0UNOARIE3
OF TH( pLU_4E PfA_IE ¢¢_¢_t llqrcJ_Kl_3,

dO11_ _ ILt.U_'TR_l10N Rfpk,_-_f_j AN
Ih_cm'_ETA11ON OF _Tu_ Co(_onl_
ON "t_£ _11_ OF M£/_,CURIDdD(T,

I_osmvE RESIJ_.'PS FOR PCL CONSI_I_ 0ETc_tw
IN _£ _ AGUIFI_I _ WAllER ARJE GM_N
IN TABLE I-2.
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ug/l in MW-12 in Phase I.

slm£1ar to that in Phase I.

ethene ranged from 4 ug/l

17 120

Results from Phase II were generally

In Phase II, the levels of trichloro-

In _W-9 to 5100 ug/l in MW-12.

TetrachloroeEhene (MCL _ 5 ug/l) was another major ground-water

contaminant found in both Phase I and Phase II samples. Analytical

results from Phase I show tetrachloroethene in moBt of the northern

wells in Dunn Field wlth levels ranging from 3 ug/l in MW-_ and

_-13 to Ig0 ug/l in MW-IO. Measurements in Phase II obtained

similar results with levels ranging from 2 ug/l In MW-6 to 240 ug/l

In MW-10. FigUre 4-4 presents isoplsths for this contaminant based

on results from Phase II.

Samples from MW-10, MW-II, MW-12, and HW-5 tested positive for

l,l,2,2-tetrachloroethans in Phase I. In Phase II the mame wells,

along with MW-13, tested positive for this conBtitusnt. The

highest concentration levels of l,l,2,2-tetrachloroethane web found

in MW-12 (340 ug/l in Phase I and 1900 ug/l in Phase If). An

isopleth of Phase II concentrations of l,l,2,2-tetrachloroethane

is sho_ on FigUre 4-4. Samples from Phase I and Phase II detected

1,l-dichloroethene in MW-3, MW-7, MW-8, _-9 and MW-10. MW-29 also

tested positive in Phase¸ II. Levels of contamination did not

change significantly between Phase I and Phase II. Phase II

concentrations are shown by an isopleth on Figure 4-4.

Metals were also detected at levels elevated above background in

_ro_d-wateE _m_leBo However r the mgtalg cencl_tratlo_s were

generally lower in the wells located west of DUnn Field than in on-

site wells, The data indicates metal contamination covering the

Gems general aE_a a8 the o_ganicG_ b_t thQ r&tQ of contaminant

migration may be slower for metal_ than for the organics.

Chromium, lead and mercury have been identified as constituents of

concsl-n (Section 6). Chromium and lead were detected ah elevated

levels in the majority of the wells. The highest levels detected

were| chroml_ (800 ug/l, MW-7), lead (653 ug/l, MW-IO), 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 FigUre 4-5. Since most of the detected levels of

meEc_ were below MCL_, and all are very similar In contaminant

levelsr an isopleth has Rot been constructed. Arsenic and barium

were also identified as contaminants of concern, however, they were

less wldeepread at elevated levels.

Antimony, nickel, silver, and zinc were not identified as

constituents of concern but were detected at elevated l_vels in

numerous wells°

MW-2 is screened in a perched water table in the northern part of

Dunn Field. USA_4A reports indicate that this well exhibits much

greater seasonal variations in water levels than does the Fluvial

aquifer. A sample was collected in Phase I, but in Phase II the

well was dry and no sample was obtained. Analytical results from

this well are given in Table 4-4. Arsenlc_ lead, cadmi_, chromium

and nickel were detected at elevated levels in the sa_pleo

In s*_maary, the analytical ground water results indicate that the

downgradle_t wells (west and northwest side of Dunn Field and west

of Dunn Field) are contaminated with chlorinated volatile orqanics

and also contain elevated metals. In the east and north, the

e_ent of contamlnatlon appears to be defined by "clean m results

from MW-2a and MW-30, respectively° However, MW-29 (in the

northeast portion of Dunn Field) had low to moderate level_ of

volatile orqanlc compounds. The southern portion of the plume i9

approximately deflnedby low contaminant levels in monitoring wells

MW-14 and MW-15° The volatile organic results of the ground water

from Dunn Field from both Phase I and Phase ZZ sampling were

similar. The minor dlsrepencie_ in contaminant levels from Phase

I to Phase II could be caused by slight variations in sampling

technique, weather or actual fluctustlens in contamination.

Several sampling episodes wlll he required before the fluctuations

• can be evaluated° The level of total metalg varied within the

range antlclpatod for this type of analysis. Due to the amount of

sediments contained in the sample, total metal results would be

expected to fluctuate 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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pARAMETER

NONHALOGENATED VOLATILES (ugh)

TABL E 4-¢=

POSITIVE RESULTS IN GROUND WATER

OU NN FIELD _ PERCHED WATER TABLE

DEFENSE DEPOT MEMPHIS TENNESSEE

I MCL

PHASEI

STATE OF

TN MW2

NA I I

17 12_

NONHALOGENATED SEMIVOLATILES (ugJl)

JbiS(2-Elhylhexyl I Dhlhalate I __ ,500 I sJ r

VOLATILE METALS {ug/I}

NONVOLATILE METALS (ug/I)

2 .5

.. 90

NA 90N

100_ 475N

00037

5O

1_O0 t27N

5000 2¢39N

_d _t_ _umDofs inO]c_16 leVelS equal lo or aDC_veMCL or Slate of TN guidelines.

MCL. SDWA M._imum Cont ainm_nl L_,_I

St _,IIt o_ TN - Sial8 of Te_g._6e G uidal_ce L_t15 {non_ea force_bLe 1

(a} No diStlncilon between Ch fomium {111)and Chromium (VI)

J = Estimat E<_valu8 le_ lhan (_e 5ampl0 quan;[tali_n

IimlL bul gr0al_r _han zero.

N . SOik E_i S&_I_II_ r6covefy rtol wilhin ¢OnlrOI limits.

NA. N_I Av_ilatlle

4-27
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(USAE_L% Ground Water Consultation No. 38-26-0815087, 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 known area of contamination. One-dimenslonal dispersion

models have been prepared to calculate the possible western extent

of the contaminant plUme. These models will be discussed in

Section 6 of this report,

Based on the analytical results and the ground water flow direction

it appears that the sources of contamination are the burial sites

located In Dunn Field° These burial sites were not investigated

during this investigation. Therefore, it is not known whlch sites

shown on FigUre 4-1 are the actual sources of contamination.

4,2.z.3

4.2.1.3.1 _ - Groun d water samples were

collected on the main installation from HW-16, MW-17 and MW-19

through MW-26 during Phase I of the RI. All of the wells are

screened in the Fluvial acp/ifer. MW-IB was inadvertently screened

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 S10w rate of recharge

and only a volatile organic compound [voc) sample was obtained.

Additional information was obtained in Phase If, and it was

determined that MW-27 was terminated at the top of a clay lens,

above the saturated portion of the Fluvial aquifer (See Figure

3-7). ID phase II, no sample was obtained from MW-27 and the VOC

sample taken in Phase I probably represents drilling mud that

remained in the well and annulus.

GroUnd water samples were collected again during Phase II from the

same monitoring wells along with two additional wells, MW-38 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 Main Ins_allatlon Ground Water Analvglg - Analysl5 o_

ground wataz at the main installation in Phase I and Phase II

indicate areas of low level chlorinated volatile organic

contamination. Total metals, elevated above background levels,

were also detected. The analytical results are given in Table 4-5.

Contaminants included tstrachlorosthene, _richloroethene, carbon

tetrachloride and chloroform. FigUre 4-6 shows the total volatile

organics detected in the ground water of the Pluvial aquifer on the

main installation. This section provides a discussion about the

level and extent ot the ground-water contaminants detected at the

main installation and the possible sources.

One st the contaminated areas is located in the southwest portion

of DDMT. Phase I and Phass II analytical results show that three

wells in this area, NW-21, MW-22, and MW-39, are contaminated with

low levels of tetrachloroethene and trichloroethene. SUrface

spills of paints and solvents that have been used at DDNT could be

the contaminant source. Analysis of surface soils (subsection

4.2.2.2) ZouNd tetrschlorethene and triublorethene et Building 770,

Building 75? and Buildlng 629. Ih is likely that all o£ these

Sources are contributing ho ground-water contamination on the main

installatlon.

The second area of contamination is located in the southeast

portion of DDNT in close proximity to Lake Oanielson. Phase I and

Phase II _m_les from MW-25 and Nw-26 show low level con_-_nstlon

of tetrachloroethene. MW-2B also had low levels of

trlchlorcm_hene, carbon tstrachloridm and chloroform presenh in

both Phsme I and Phase IS episodes. MW-25 had very low levels of

carbon tetrachlorids in Phase I, but failed to test positive in

Phase II. The contaminanh source Nay be related to the areas

mentioned above, hut a more likely source could be Building T-273.

SUrface sell samples collected from this area tested positive for

tstraohlorethene and tEichloretheneo

8531.60 4-29
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Chromic, lead, and mercury were detected at elevated levels over

a widespread area. The highest levels were: chromium (615 ug/l,

Mw-22), lead (334 ug/l, HW-23), and mercury (6.8 ug/l_ MW-17).

Arsenic and bari_ were also identified at elevated levels,

however, their presence was less widespread.

Other metals were also identified at elevated levels.

included antimony, cadmi_IN, copper, nickel, and zinc.

These

4.2.1.4 MemDhla Sand Ground Water Analvslm - TO determine if any

contamination was migrating through the confining unit into the

Memphis Sand aquifer, two Type III monitoring wells were screened

into the aquifer during Phase II. MW-36 is located in the

southeast corner of Dunn Fleld. This well was placed upgradient

from any suspected contamination. Mw-37 is located west of Dunn

Field, on Rozelle Street, within the extent of the Fluvial

aquiferls cont-_%nant plIImao Neither of the two wells contained

detectable levels of chlorinated volatile o_ganlcs and only tested

positive for low levels of metals. Positive results for these two

samples are given in Table 4-5.

MW-37 did contain acetone at a high level (3500 ug/l). The source

of the acetone In the Memphis Sand aquifer is unknown, but does not

appear to have originated from Dunn Field. Acetone was not a

contaminant of concern in the Fluvial aquifer and there are no

recorded huried¢ontalners of acetone in Dunn Field. An addltional

elevated acetone level was defected in a sell s*m_le colleG_ed from

a soil hut borin_ (sTh-s) located in Dunn FiefS. T_is sample was

ohtalneda_oxiRately 16 feet into the co_flnlngunlt and had 1100

ug/kg of acetone. See subsection 4.2.2.1.2 for discussion of this

sample.

one sampllng episode (Phase II) from two wells (MW-36 and NW-37)

supplies s limited amount Of data. However, a general concluslon

can be made that the organic contaminants detected in Fluvial

aquifer have not mi_ated through the confininq _t_it Into the

8531.SS 4-34
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POSITIVE _ESU LTS IN GROUND WATER

MEMPHIS SANO AQUIFER

DEFENSE DEPOT MEMFHIS TEi_N ES_EE

STATE

MCL OFTN

PHASEII

PARAMETER MW36 MW37

NONHALOGENATEO VOLATILES (ugh)

AcetDne _- NA - 35C_O

2_Sut_nonQ -- 860 4J
4 -Met _yi-2-pentanone - - NA . ° I:_

NONHAL_ENATED SEMIVOLATILES (ugJl)

1000 410 380

50 -- 20

100_ 10 20

*°

5003 73 150

I

NONVOLATILE METALS (ug/I)

Barium 1000

C_romlu m (a) 100050

C°PD_ r ..... ,_ _

O 5000

Stleclad areas indicate I_,els equal Io or above MCL of Stal_ ol TN gLI_ aline.

MCL - SDWA MaXimum Containment Level

State of TN - Sta[e ol Tenne_Ge Guidance Levels (norl_ellJorc_.bl_)

[a) NO _]stlnctlon between Chromium III anti C_lfomium VI,

D ==i_tlfled l_ an anal_-_ls al _ _on_ry (liLulio rl t_¢tol,

J = Estlmaled value I_ trlan the _'.am Die q_lar qitation limit,

DUI gr_aler I_lan z_to.

__., Not deleCtecl

NA _ NOt Available.
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Xemphls sand aquifer at detectable levels in Dunn Field. _t can

not be concluded that this will not occur, or has not already

occurred, in areas not investiqated during the RI.

4.2.1.5 Cualitv control - Ground Water - Quality control _QC)

samples collected and analyzed to evaluate ground-water sample data

quality consisted of field and laboratory samples. The field QC

samples included trip blanks, field duplicates, and rlnsateso The

laboratory QC samples Included method blanks and matrix

splkes/matrlx spike duplicates (MS/MSOs} for analyses for organic

constituents. SUrrogate recoveries, where applicable, were also

evaluated°

Field duplicate results are only evaluated when the values re_orted

are at least five times the detection limit. Relative percent

differences (RPDm) are calculated and used to evaluate sampling

preclelon. Many of the positive results a_Q less than this .̧

Therefore, an evaluation of the MS/MSD data is helpful to assess

the precision of the data. The MS/MSD evaluations are presented

with the laboratory qUality control results discussion. Rinsate

samples were collected to aid in the evaluation of the quality of

the data and to ascertain if contamination was present due to

inadequate cleanlng of the sampling equipment.

SOme results were elimlnated from the data al false posltivem.

N-Nitrosodiphenylamlne was found in several method blanks. It is

a rare chemical used as rubber _icanization retardant (Nerck

Index, 1983}, has a poor GC/MS response factor, and is likely to

be a laboratory az_ifact. Also identified as false positives were

Bis (2-ethyl hexyl) phthalate found in method hlanks (possibly from

laboratory USe of plasti_ surgeon _lovem) and methylene =hloride,

acetone, 2-butanone and hexanona (common laboratory solvents),

which were all detected in several method blank an&lyaes. Data for

these compounds are discounted and will genezally not be discussed.

8531.60 4-36
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4.2.1.5.1 Oualitv Control - Ounn Field Ground Water - D_tring Phase

I, a field duplicate was collected at monitoring well MW-9, and was

labelled MW-gQCD. During Phase II, monitoring well MW-g was again

the site chosen for the collection of the field duplicate sample.

Most of the results for the field duplicate samples are below the

concentrations needed to properly evaluate RPDs. A few pcsltlvs

values reported are for metal constituents. All of the RPDs for

the sample and associated field duplicate are less than 35% for the

metals analyses for Phase I and Phase II, except barium from the

Phase II duplicate sample. The few calculable RPDs for organic

constituents were less than 20%. EValuation of these results

indicates that sampling precision was generally good for the

samples collected d_ring Phase I and Phase II sampling at Dunn

Field.

The Phase I rinsers sample was taken prior to the sampling of

monitoring well NW-9 and was labelled MW-9QCR. Positive results

for the organic contaminants acetone, methylene chloride, bis

(2-ethyl hexyl) phthalate and toluene are discounted as laboratory

artifacts because they were detected concen_ations that are less

than the method reporting limits and were found in several method

blanks. As no o_her constltuenhs were detected in this rlnsate,

decontamlnatlonprocedures utilized durlng_his sampllngeffort are

considered to have been satisfs_ory and cross contamination

between monltorlng wells is not likely.

The Phase II rinsers (MW-29R) was repor_ to contain copper at i0

ug/l and Slno at 47 ug/l. The concentEation fOE COppeE is at the

method detection limit and therefore should not affect the copper

results. The zinc value is greater than five times the detection

llmlt and affectA the associated zlno results. The Phase II zlno

results less than 500 ug/1 from the Dunn Field area should be

flagged as est4m"ted values. However, the results of these

rlnsatss generally indicate that proper decontamination procedures

were used during Phase II _ampllng effort.

8531.60 4-3?
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For the sample collected from monitoring well K_-IO, HS/MSO were

prepared and analyzed during Phase I and II. Phase I recoveries

wece outside of the control limits for antimony, barium, cadmium t

chromium, coppe_, lead, nickel, and zinc. Post-digestion spike

recoveries wero all within the control llmltm, indicating that the

laboratory procedures produced the poor MS/MSD results. Phase II

MS/MSD data were within the control limits for all metals except

silvers selenium, and antimony. Postodiqestion spike recoveries

for silver were also poor, suggesting a matrix Interference for

this metal.

The MS/MSD data for the organic constituents were generally within

control limits for the Phase I and Phase II sampling episodem. The

RPDs for 4-nitrophenol (3O%) and pentschloropbenol (50q) were

outside of the control limits for Phase I. The recoveries for both

of these compounds were at the low end of the acceptable range.

Phase II MS/MSD recoveries of l,l-dlchloroethene were outllde of

the control limits.

Most of the surEogate recoveries were within the control l_mlts

specified for the =ethods. The five Of twenty surroqate recoveries

for 2-fluorcphenol were out-of-control limits for the Phase 3

samples. This may indicate a negatlve bias for phenolic compounds

for the samples from monitoring wells MW-2, NW-6 and MW-8. In

addlT.lon, the recovery of the st_'rogate 2,4,6-trlhro10pheNol for

the Phase I samples was low. This su_ests a neqatlve bias for

phenolic com_undm in the samples from monltorl_ wells MW-2 and

HW-6.

The method blanks for all of the analyses performed for Phase I and

33 samples d_d not show any indications of major proh]_- in the

laboratory sample p_eparation and analysis. Low concentrations of

common laboratory con_aminant_ were noted in many of the method

blanks. These valuA6 were generally less than theuthodrepo_Ing

llmlts and are not conslde_d to effect data values slgnlflcantly.

HcYeveE_ Bcma conGtlt_ents detected in field sample_ are discounted

because of their presence in the method blanks.

8531.60 4-38
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4.2,1.5.2 Oualltv Control - Main Installation Ground Wa_er - A

field duplicate was collected from the Main Installation from

monitoring well MW-17 in both Phase I and Phase II. The only

positive results useful for the calculation of RPDs were from the

metals analyses. RPDm outside of control 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%,

respectively.

The data for the trip blanks and the rinsatem did not yield any

positive resultm. Any positive results reported for field samples

are therefore not due to shipping and handling e_osures for

volatile organics or from decontamination procedures for any

parameter. The method blanks generated for all the parameters for

Phase I and Phase IS analyses did not yimld any positive results.

The sample from monitoring well MW-24 was chosen for MSIMSD

prepazatlon for the Phase I and Phase II sampling effort. The

Phase I MS/MSD data suggests that laboratory bias for the metals

arsenic, antimony, cadmium, mercury, selenium and sllvsr was

present_ recoveries were outside the control limits for these

metals. The post-digestion recoverlsm for all of thssa parameters

were within accepbabll ranges, indicating that loss during

preparation ocel_rTed° All of the RPD value8 were lesm than 35%,

Indlcatlng acceptable precision was obthin_.

The Phase IZ MS/MaD results were within control llm_t| for all

metalm excep_ mllver, armenlc, antimony and selenium. The

recoveriu for theme metalm were low. The post-digestlon

recoweriam werm all within the acceptable range exce_ for silver.

All of thm RPD waluem were again leBm steerable at lesm than 35%.

A matrix interference may bg the causa of the poor reoowerles for

silver only.
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The matrix eplke recoveries for all of the organic analyses for

Phase I and Phase IX were within acceptable ranges. All of the RPD

valuel for the organic analysem were lees than 20%. The surrogate

recoveriu for all of the samples of Phase I and Phase II for all

of the organic analyses were within acceptable ranges. The

accuracy of the organic analyses for Phase I or Phase II for the

Main Installation area appears to be good.

4.2.1.5.3 Oualltv control - MemPhis Sand Aouifer - A comparison

of the results for acetone for monitoring well MW-37 and its field

dupllcate MW-37QCD (3500 ug/l and 330 ug/1, relpectlvely; RPD - 6%)

indicates that the contamination levels are real and are not due

to field or laboratory contamination. The RPDe fOE thl o_her

parameters were all within limits except for zinc.

Further evidence that suggests that the reported level of acetone

contamination in monitoring well MW-37 is a true value is that The

assocl&ted rlnsste (MW-3QCR) was free of acetone. Rlnsate MW-29R

contained measurable levels of zincs and the zln¢ data for the

field samples associated with this rinsers should be flagged as

estimated, as dls_ssed in Sectlon 4.4.2.1. The trip blank (BX-9)

shipped with the sample from monitoring well MW-37 did not contain

acetone or any other volatile organic. The trip blank TB-X3 also

did not produce any positive results for VOlatile organic

compounds,

The initial analyses of samples MW-]7 and MW-3?QCD were

accomplimhedwlth_n holdlnq times and did not show T-he presence of

chlorlnat -A volatile organics. However, the acetone level

saturated the instrument so that an exact value for acetone for

the undlluted mawple could not be determined. These samples were

reanslyzed after the holding time had expired at a secondary

dilution factor. The results reported should be flagged as

eetlmatnd. The aBsociated method blanks did not have any positive

results for any of the a_alyses performnd except zlnc, This

element was detected in the method hlank at eppro_4_*tely slx times

the reported detec_lon level concentration.
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The MS/MSD analyses for MW-37 was performed on MW-32. The sample

MW-36 was designated for preparation as an MS/MSD. The metals

recoveries for both spiked samples showed problems. The MS/MSD for

MW-36 has low recoveries for silver and antimony. The antimony

recoveries for MW-36MS and MI_-36MSD were only 56% and 46%, and

silver only 52% and 50%, respectively. The post-digestion spike

reBults were 92t for antimony and 48_ for silver. These results

indicate that the silver and antimony values reported for MW-36 are

biased low. The matrix spike sample of MW-]2 gave low recovery

results for silver, antimony, chromium, arsenic, selenium and zinc.

The poot-dlge_tion spike results were a¢ceptab10 for all of the

elements Xisted, except for silver. All of the elements listed as

low recovery for the MW-32 spike reflect low recovery values for

the MW-37 sample rssulto. The RPD values for bo_h MS/MSDS ¸ were

within accaptable limits.

The organic compound MS/MSD recoveries for MW-32 and MW-36 ware

within control limits, with the followlnq exceptiOnSo The MS/MSD

for NW-32 did not yield acceptable recoveries for the _ollow£ng

compounds: phenol, 2-chlorophenol and 4-chloro-3-methylphenol. All

of thesa compounds were below the acceptable range for recoveries.

Therefore, the acid extractable compoundR £or MW-37 may have

results that may be biased low. The recovery of all the other

organic spiked compounds for both NW-32 and MW-36 were within

acceptable ranges° The RPD values for both MS/NSD8 were within

llmits°

s_rr_ate recoveries for MW-32 matrix opik@ a_ duplicate samples

were all within quality control lim£ts except for phenol-dS, 2-

flueEophenol and 2,4,5-trlbromophonol. Thee@ B_rroqates were all

below the acceptable ranges and may explain the low mplke

recoverles. S_m_l@ )64-57 ourroqate FecoveEies were all w£thln the

quallty control limits.
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4.2.2

Numerous soil samples were collected and analyzed during Phase I

and Phase II of the RIo Sell samples were collected from surface

areas and from _he subsurface. The following subsections dlscus5

the analytical results.

All soil samples (surface and subsurface) were analyzed for

volatile organics (USEPA ReEhod 8240), seml-volatiles (USEPA Method

8250), pesticldes/PCBB (USEPA garbed 8080), total metals (USEPA

Method 3050/6010), and mercury (USEPA Method 7470). Phase I

subsurface soil samples were analyzed for Extraction PT_edures

Toxicity (EP-TOX} metals using USEPA Method 1310. subsurface soil

snple8 from PhaBe II were not analyzed for EP-TOX (as specified

in the Scope of Work). All USEPA methOdolOgy listed above are

found in USEPA SW-846, 3rd Edition.

4.2.2.1

4.2.2,1.I Subsurface Soil Semolina - Phase I - Phase I subsurface

soil samples were obtained utilizing a CNE continuous sampler

during the advancement of five shallow (80 150 feet)

stratigraphic :soil test borings, $TB-I t/lrough STB-5. Three

samples were taken from each borin_. The selection of the upper-

most sample in each boring was based on material dis=oloration, .

presence of organi¢ vapors (measturod with a FOW2DOEO century 128

OVA) and/or proximity to potential contamination sources. The

second sample wal to be taken from the top of the saturated zone

of the Fluvial aquifer and the third from within the saturated

portion of the aqulfe_. STB-I and STB-2 are lOCated in Dunn Field

and STB-3 Through 8TB-5 are on the main installation. The protacol

for sample selection Just mentioned was achieved in STB-I, STB-2

and STB-3. 8orin_ STB-4 and STB-5 did not encounter the saturated

portion of the Fluvial aquifer and all samples from these two

borings were collected fro_theunsaturatedportlon of the aquifer.

The three sao_ple8 were labeled i, 2 and 3 iR each boring (example

STB-I-I, STB-I-2 and STB-I-3).
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_,,hm,,_ace soil Analysis - Phase I - Very low levels of

contamlnatlan were detected in the subsurface soil@ collected

during Phase I o£ the RI. The analytlcal results are given in

Table 4-7 and the following paragraphg describe the rusults for

each boring. It is important to nots that metal analysis for the

Phase I samples was done using the EP-TOX method. This method

provides information on the level of the constituent that is

available for leachers. The only metals detected in the subsurface

soils collected in Phase I were low levels of barium and cadmium.

Low isvels of methylene chloride were detected in all of the

samples. Since it was detected in the method blanks, this probably

_epresents a laboratory contaminant.

STB-1 is located along the northern boundary of Dunn Field. He

significant cpntamination was detected in the samples _ollected

from this boring. Samples STB-I°I and STB-I-2 were collected £_@m

the unsaturated portion of the Fluvial aquifer and STB-1-3 from the

saturated portion. STB-1 is located downgrsdient from MW-8 and

MW-7, and upgradient 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 eource to the ground water IB a _eaeonahle

assumption for the type of soils encountered at DDMT. This

signifies that the contaminants are not movin_ through the

unsaturated portion of the aquifer within _Q area of STB-1. The

nen-s_ifi_nt ¢ontam£nant levels detected fram the sample

colle_ fr_ the saturated zone also indicates that the

contam_nan_ are not partitioning to the soil matrix within the

aquifer, bet azs staying in solution.

STB-2 is located in the central portlon of Dunn Field very near

MW-13 and upgradient from MW-12. Low levels of 9Tound-water

conta_iT_tion was dete&w&ed in MW-13. MW-13 approxlmately defines

the eastern extent of the g_ound-water contamlnant pluze. The only
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significant contamiDation detected in STB-2 are the FAHS detected

in samples collected from the top of, and within, the saturated

zone of the Fluvial aquifer (STB-2-2 and STB-2-]). Significant FAH

contamination was detected in surface soil sample SS-7 (subsection

4.2.2.2.2.1), which was collected from an old burn area

approxlmately 300 feet northeast of STB-2. This could suggest that

PAN contamination is leaching from the surface and reaching the

water table in the Dunn Field area.

STB-3 is located on the main installation in the western portion

of the BRMR yard, No slgniflca_t contamination was detected in the

samples collected from this bcrlng. STB-3 is located down-

gradient from MW-17 and upgradlent of Mg-38. No signlficant

ground-water contamination was detected in either of the monitoring

wells.

STB-4 is located on the main installation in an area previously

used as a PCP dip vat area. This actlvlty is no longer In

operation and contaminated Bolls have been excavated and backfllled

to a depth of 10-feeto The water table was not encountered during

the advancement of this boring and the three samples were collected

from the unsaturated portion of the Fluvial deposits. No

significant c0ntaslnatlon was detected In the samples. The closest

monitoring well to STB-3 is MW-39. Only lOW levels of organic

contamination w_e detected in this well.

STB-5 is located in the southwest corner of the main Installatlon,

southwest of Building 1080. This boring did not encounter the

water table and the samples were colle_ed from the unsaturated

zone of the aquifer° No slgnlflcant contamination were detected

In the samples. Low levels of organic contamination was detected

in the grOtlnd water at the two closest wells, MW-21 and MW-22.

Surface Boll samples collected from the area surEoundlng Building

1088 contained significant PAR, pestiuide and pCB ¢o_-_Ination

(sl;_s_ion 4.2°2.2.2). The lack of detectable contamination in
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STB-5 could suggest one of two things; (I) that the surface

contamination is not leaching to the subsurface environment or (2)

STB-5 is not in the leachate.s pathway.

4.2.2.1.2 Subsurface Soil Samolino - Phase IT - Three deep (220

feet) stratigraphic soil test borings _ST_-6 through STB-S) were

advanced and sampled during Phase _I of the RI. Pour samples were

collected from each boring from split spoon samples. These were

labeled in the same manner as was done in Phase Z. The samples

from the borings were selected to correspond to: (1) the top of

the confining unit (i.e. the bottom of the fluvlal aquifer); (2)

and (3) within the confining unit; and (4) the top of the Memphis

Sand aquifer.

During advancement of the deep borings, the Fluvial aquifer was not

cased prior to drilling through the confining unit. Bentonite

drilling mud was used to seal the sides of the borings and retard

migration of the contaminated ground water in the Pluvial aquifer

from entering into lower depths of the boring.

Subsurface Soil Analvgls - Phase TT - Am mentioned above, the

selection of samples was different in Phase II than what was done

in Phase I of the RI. Phase II results also dlffez in that the

EP-TOX method was not used for metal analysis. In Phase II, the

metals lead and chromi%lwere the only ones detected at slgnlflcsnt

levels. The following paragraphs dlscusm the analytical results

for each boring.

STB-6 is lc_ate_t in the northwest co_aer of _ field, dowa-

gradient from MWoI0 and up-gradient of MW-3. Significant organic

contamination wam detected in the ground-water sample8 collected

from these two monitoring wells. The same organic contaminants

found in the ground water were detected in the sell sample

collected from the bottom of the Pluvial aquifer (STB-S°I}. Low

levels of the organic contaminants were also detected in the two
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soil _les collected from within _he confining unit (STB-6-2 and

STB-6-3), The same constituent was detected at low levels in the

sample collected from the top of the Memphis Sand aquifer

(STB-6-4). The presence of the vmlatlle organic constituents

withlnthe confining unit way indicate that they have leached _rom

the Fluvial aquifer into, and through, the confining unit.

Howeverp the possibility exists that the contaminants were carried

down with the drilling mud and contamination of the samples

OCCUr _ed •

An elevated level of acetone (II00 uglkg) web detected in STB-6-].

This sample was collected approximately 16 feet into the confining

unit and has a higher concentration than the samples collected

above it. Whether mr not this is a true contaminant or a

laboratory contaminant is not known. It is also not known if any

correlation exists between this moll sample and the high level of

acetone detected in the Memphis Sand aquifer in NW-37 (subsection

4.2.1.4).

STB-7 is located at the western boundary of Dunn Field betweenMW-6

and NW-I§. Low levels or volatile organic ground-water

contamination was detected in both mQnitoring wells. These two

wells approximately define the southern boundary of ground-water

contaminant plume (Figurm 4-3}. No detectable levels of

contamination were found in soill collected from STB-7.

STB-8 is located in the northwestern portion of the main

installation. The nearest monitoring Wells ere NN-19, Nw-38 and

MW°39. A lOW level of volatile organic ground-water contamination

was detected only in NW-39 (subsection 4.2,_.3,2), STB-8 is

located within the area where the top of the confining unit has

been eroded. The total thicknesB of the confining unit in STB-S

is approximately 15-feet (Section 3), Samples ST B-8-I and $TB-8-2

yore collected from clay (to sandy clay) lenses within the Fluvial

deposits and had no detec_mble contamination. STB-8-3 was taken
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from ¥1t_ln _he confining unit and also had no detectable

co_taNination. However, a 10w volatile organic iQvel wal detected

in the e*m_le taken from the Memphis Sand aquifer (STB-8-4). Two

reasonable explanations as to the Memphis Sand aquifer

contamination can he made; (1) A large un-supled portion of STB-8

exists between STB-8-3 and STB-8-4 (approximately 90 feet). Since

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

is not known if contamination oE ground water is present in this

area, If ground-water contamination doem exist, the levels

detected in STB-8-4 Nay be cross-contamlnatlon caused during

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

near STB-8, thus allowi_gtheg_ou_d-wateE contaminants on the main

Installatlon to enter the Memphis Sand aquifer.

4.2.2.2 _ -The s_fac8 soils were Investigatedduring

both phases of RI° This was done to determine if past and current

activities at DDNT were contributing hazardous matQrial tG the

environment. Surface eoll samples wars collected from various

areas at DDMT° The location of each sample is given in Table 2-2.

The following sections discuss the analytical results. The

analytloal results are presented, by area_, where Gamples were

obtained. In thQ aream where the hlgheE levels of contamination

were detected, a diagram has been provided showing the sampling

site and contaminant levels. At1 sampling sitel are shown on

Figurel 2-i and 2-2a through 2-2do The health risk associated with

the detected moll con_mi_nants will be discussed in Section S.

4.2.2.2.1 _ - DILTing Phase I Of the RI,

surface moll samples were collected from for_y different locations

(SS-I thzough SS-4S)° SS-S through SS-S werQ collected in the Dunn

Field a_ea° Th. r_m_ning surface Goal sa_plel were collected from

the main installation of DDNT°

Ten additional surface moll samples (SS-41 through $5-50) were

collected durlnq Phase I_ to aid in dQflnlng the extent of
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contamination (as will be discussed in the following section).

Samples were taken in the same areas as those taken in Phase I.

one sample_ SS-44, was collected in the Dunn Field area and the

other nine were taken on the main installation.

4.2.2.2.2

4.2.2.2.2.1 Surface Soil AnalYSis - DUnn Field - Phase I and Phase

II sampling results from DUnn Field surface soll samples are given

in Table 4-8. The levels of metals detected in Dunn Field are

within ordinary reported limits for soils and do not necessarily

indicate contamination from DDMT.

Sample SS-6 was taken in close proximity to the old plstol range

in Dunn Field. This building is now used for pesticide storage.

The pesticides DDT, DDE add dieldrin were detected at elevated

levels in this sample.

SS-7 was collected in the old "burn area" at a depth of

approximately one foot. Alpha-chlordane was the only pesticide

• contaminant detected in this sample. High levels of polynuclear

aromatic hydrocarbons (pAHs) compounds were detected. The positive

results in this sample and field observations show evidence of

buried burned material. Polynuclear aromatics are thermally stable

and are often artlfacts left as residue when oil, gas or organic

materials undergo combustlon. ThiJ could be the sou_cs of PAH

contamination discovered in STB-2 (subsection 4.2.2.1.1).

Sample SS-S was Collected in the south central portion of Dunn

Field at e site that contained d_,mm of what appeared to be used

motor oil. The surrounding ground was discolored from the drums

contents. This sample contained low levels of volatile organics

including: ethylbenzene, 4-=ethyl,2-pentanone, xylene end toluene.

The pesticide dieldrin was also detected in this sample.
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TABLE 4-a

pOSITIVE RESULTS IN _UNFACE SOILS

OUNN FIELO

DEFENSE DEPOT MEMpNIS TEN NESSEE

pARAMETER _'TATEoFTN SS6

PHASEi PHASELI

SS7 SS8 $$9 ,5,$44

HALOGENATED VCLA_LES (ug/kg)

IC_rbon Tetrachloride I 70Methylene ChloriOB 8600

.... _J

lOB 8B 8B

NONHALOGENATED VOLATILE$ (ug_'Kg)

!-Buta_one 7L_O0

!-Hexanon6 na

l.Mechyl-2-pBnt&nona na

_cetone _

ZlhylDenzQne 154.000

rolu_n_ 14,400

total xylen_ 150

ij 2J

3.1

2.J ..

62 --

120 19 20

_J --

6 -- 1J

14 ..

NONHALOGENATED S_VOLATILES (ug/kg)

2-Metnyl_ a_r tihal@¢l8

t.M_4n¥Ighenol

]enzoic acid

_is(2-Et hylheXyl) phlhalat8

_Ib_rlzofurarL

_1;NiVOiO0iJDh am_g "_

P01ynu¢

Hyi2roCarbons (PA_S)

_cen_l_ht hene

J,cen_hthy[ene

_*nlhrac6ne

3enzo(alant hracerte

_enz_o)lluoranlhene

3enzo(g,h.I)ge_l_e

3en=o{_)

3hrysene

I_lbenzO(a,_)anlhr acene I

Flu_Jlat_

IndenO(1,2,3-¢_)oyrene

NaDhl_al6n6

PPtenamhrene

na

rla

n_t

15,000 _OJ

2600 360GJ

25_J -.

2OOOJ

2100(] *.

81000[} --

660000 - -

660000 - -

_,80000 - -

2_000 --

87C_OD - -

26000 --

2200000 --

4800 =-

_600000 26COJ

-=

910

_50J

q30J

300J

150J

211_J

3_OJ

12OJ

180J

270J

19OO9

20OJ

15OJ

30OJ

250.1

510J

.°

.°

_0J
510J
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TABLEa-8

POSITIVE RESULTS IN SURFACE SOILS

DUNN FIELD

DEFENSE DEPOT MEMPHIS TENNESSEE

PARAMETER
STATE

OFTN SS8

PHASE I PHASE I[

SS7 SS8 SSg SS44

PESTICIDES (ug/kg)

VOLATILE METALS (mg_g)

2

NONVOLA13LE METALS (mg/kg)

652

6

7

302

Shaded ax ea.s are valued3 that at8 8qgaJ to or r_csed the Stale of Tenne&sea soil ctJteria guldeJJnEdL

StaR* Of IN valu_ are only TO Be Censider_ _TFtC) guidelin_ Th_ ,_ net 8n loveable Clean up N_BIS.

B (Inorganic) - Vatue lets than Itte Contract Redulre0 Oct eCllon Limit (CRDL), Dut greater than

t_ InStrument OmeCtlOn Limit (lOLl

8 (Organic) = Found m meth_J Olank.

O = Identified In an an 81y$1sal a _ oll_l r¥ _llutlon faclor.

J . Estimated vatue IE_%SIhan the sampl_ quanUtatlon limiL but greater than z6_o.

• ' - NO ¢_lStrnctic_nbetween Chromrum Ill and Chromium Vl.

-- _ Net del_te_
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sample SS-9 was Collected in Phase I Erom the lowest drainage point

in the southwest portion of ounn Field. SS-44 was collected

approximately 200 feet northwest of SS-%. PAHs were detected in

both samples at approximately the same levels. Dieldrln was

detected in SS-9 and toluene was detected in SS-44.

4.2.2.2.2.2 _urface Sell Analvslm - Maln Installation

- Five surface sell samples, SS-I through SS-5, were

collected in the DPJ_ yard during Phase I add One _a_ple, $S-41,

in Phase II. Analytlcal results of these sample8 are shown on

Figure 4-7 and in Table 4-9. SS-I, SS-5 and SS-41 were the most

contaminated samples° All three samples were found to be

contaminated with PAHs. SS-I exhibited higher level of methylmne

chloride than is usually encountered in a surface soll matrix. $s-

5 contained high levels of chromium, copper, lead, milver, and

Zinc. Zino_ chromium, and lead were detected in SS-41 at high

levels along with law levels of the pestl¢Ide DDE and toluene.

_Li/_- Building 629 is where toxic, Corrosive and oxidizing

materials are stored at DDMT. DUEing Phase I of the RI surfac_

soll samples SS-10 and SS-11 were collected adjacent to Building

629. The high levels of contaminatlan reported from these two

samples suggested the need for additional sampllng in Phase II.

TWO more samplei_ S$-42 and SS-43, weEe ¢olle_Wzed, several feet

away from the building, to provide Infox_ation on the eEtent of

contamination. Anaiytical remultm for theme samp1el arQ given on

F19%tre 4-8 and in Table 4-10. All of the samples collected from

this area are Similar in containment nsture sn_ levels. P_q

contaminatian Is p_asent in all of the samples with SS-42 having

the highest level of these constltuents. High pesticide

(Including: DDE0 DOT, dleldrln, methoxychlor, g_.-.-_-chlordane and

beta-BHC) levels were detected in the eoi_ sample8 from this area

a10ng with high levels of metal contamination. The ma_o_ metal

contaminants were lead, zin_ (at 1.04% in SS-42), copper and
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TABLE 4 9

POSITIVE RESULTS IN SURFACE SOILS

OI:_4R YARD

DEFENSE DEPOT MEMPHIS TENNESSEE

PARAMETER STA_r_ OF SS1

HALOGENATED VOLATILES ug/Kg

PHASEI PHASEll

SS2 SS3 SS4 SS5 SS41

17 i53

JMelhY len@ chloride I 8600 I 7_00B 98 14B 16B 418 J 15B

NONHALOGENATED VOLATILES ug/kg

Acetone j Sg0 -- P_J 8.1 4J 12
Toluene 14400 .. 8 17 2J 13
Total xylgrtgs 150 -- 4J 11 --

NONHALOGENATED SEMIVQLATILES ug/_g

2_BJ

3enzoic aci(_

li_2-ElhylheO(yl) Dhlhalate

_utyl benzyt phthalate

Polyr
H'_rcCalbgn$ (PAH$)

_CeNaph{P1ong

_¢enaght hylene

_[llhracErll

}enztXa)3nltlracene

3enzo(a]pyrene

}enz0(b)

3enzo(g,h,i}_erylenO

}enzO(k]:

}{ben ZC_affl)

:ltJOratRhene

:luoletle

ndello(1.2,3 -(:d)lOyrerl e

:_r@Jle

na

15,000

ng

na

B40J .* 230J

63OJ ** 4201 2900

.... 4700

...... 290J

.... 650.1

.... 350J

6_00 -- 2000

.... 8600

-- - 6200

.... 8200

-- -- 5000

.... 7600

490J - 7400

...... 2600

- -- lOOJ 15000

.... 690J

.... 4000

lOOJ 7700

310(_ -- 570J 17o_o

9690 = _/570 ;,;_ 200 9,1 990

120J

_lOJ

170J

3703

20_lJ
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TABLE 4-9

POSITIVE RESULTS iN SURFACE SO_LS

DRMR YARD

D_ENSE DEPOT MEMPHIS TENNESSEE

PARAMETER STATETNOF

PHASE I J PHASE II !

$Sl SS2 S,_3 SS4 S._ / _ i

PESTICIDES ug/_g

_,4" C)DO nil ..

4,4 -DOE _ r_a

Etl(_OSulfaN sull_l_ na

29_D ZSO I100D

.... 360

21

_3OD

:_ i • •

VOLATILE METALS mg/kg

NONVOLATILE M E'-FALS mg/kg

Shaded areas ate values tPtaz are aqual to or ,=¢ceed the Stale of T_n n e_,see SOil c/it erl& g_tj_l_llnE_,

na = NOt Avail_le

Stale Of TN values are only To Be Corc=i_Qred (TBC) guid Blil__+. Thss_ ar_ nc4 enlorcsable cl4+an UD I_*@1_

B (In_ganlc) = Valus lest Ih3fl II_S COnltacl Requirwd O_tlon Limit (CRDL). but greater thsn

the Inst rumenl Demctlon Limit (IDL).

B (Organic) ,,, Found in mslh_ I_lanX.

D - Idenlifl_ In an anarys_s at a s_cond_y dilul_on factor.

G. Native an=lyre • 4 (tm_ t,_ike added, the_e_ore acc6gtancs ¢ri_s_la do r_sl apply.

J . _imat E_.Ivdlus _e+%_1_1_4rl_IS £,_mJ3lS QL*anlJla[ian limit, but grsalsr t_laa z_q'o.

M . SOik_ld $ar/Ip_ t_OvOr_ M_ within COtlltO_ limit _

Z. M,zt fix int ttrfsrsncs; comgOUZl0 not pl_ilively I_efluflaD_s,

• . DupliCat e an_ysl3 not wl[hin corotrol limits.

•, . NO dl_linc tion _elwe en ChxOmium (IJl) and Chromium (VI).

-- - N01 _emcm_.
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T BLE, 17 15G
pOSITIVE RESULTS tN SURFACE SOILS

BUILDING 62'9

DEFENSE OEPOT MEMPHIS TENNESSEE

PARAM_ J¢;4 _TATETNOF

HALOGENATED VOLATILES ug/kg

PHASEI PHASEII

SS10 SSI_ SS42 SS43

Mgtttylene C_lJot[dB B60_

VrIeh_oethe • ...... 70

18B 13B

NONHALOGENATED VE_LATILE$ ug/kg

Acelone 590 67 95 24 21

C_tt_ort Oisulfl_e 14,400 2J 8 -_
Tolu_nqB 14,400 6J 18 _ 7

HALOG ENA_ED SEMIVOLATILES ug/kg

Ipe.lac.lo,oph_.ol z6oo I "" I 27oJ

NO.._HALOGENATED SE_t_VOLATILES ug/kg

li$(2.EL_ylhexyl) phlhatato

Poly,lucleat Aromatic

Hydrocarbons (PAHs)

!- Methylnapht_alene

_ciB_pl_lft (_rt_

_cenaphlhylene

_ntl_racano

3enzo(a)anthracene

_enzo(a)_yrene

3enzO(b)

3eflzo(g .h,I)p6 ryle n(]

36nzo0() flu or =tnlh _me

3hfysene

3ibenzo(a.t_)ant _ racen e

=luOrert(J

ndenoCl,2.3-cd)pyrene

_aphthalene

;'hananthrene

_'yron E_

15,000 500J .. 130OBJ

na 130OJ 9700 24000J 340J

-°

500J 2gO_J --

2300 20000 640COJ I100J

550J I_)OJ ....

4400 26000 q30C_0J 1800

9500 1100OOD 970000 5300

8300 1CO0OOD 450(;00 5200

9500 _IOgOOD 540000 9300

5300 85COOD 3600_O 29OO

1QOQO 92_OOD 450000 °°

8.9CO 1200000 62CO00 680_

140OJ 9800 _ 50000 1400

23000 2800COD eEoooo 9300

2600 1600_ 47000,1 880J

490o 7200OD 310003 2800

1903 4600 -- 13_J

19003 2_0OCOD 620000 7(_00

IB_O0 IBOOOOD 81CO00 9300
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TABLE.-,0 J7 157
POSITIVE RESULTS IN SURFACE SOILS

BUILDING 6_

DEFEN_E DEPOT ME.IF=HIS TENNESSEE

STATE OF

TN

I_ASE I PHASE II

SS10 SSll S_42 SS43

PESTICIDES u_kg

VOLATILE M_TALS mgJ_{g

NONVrJLATILE METALS mgJkg

Shad_ at E_,_ _re vatu_ Iha{ are _ual Io or ex¢ Bed ihe State of TRrtno_66 Soil Criteria guidelinE_

na. Not Avail_le

SlatQ Qf TN vitlu _ are only TO Be Coosid er 6¢t CTBC) g_id Blin_ Trl_ ar_ nol enrorC_lDle Clear1 u_} IBvelS,

B (Inorganic). Value leSS Ihan inl_ Contract Requif ad Oatlx;{iorl Limit (CRDL), _UI greater Ihan the Instrumer=l

O_etEc{ion Limit (IOL} B (Or g,_nic). Found ie met_c<_ blank

D. I¢_Btttiti_ld I¢1art drt aly_3i$at a Se¢0n_ary dllLlti0r_ I_ctQr

E i Corlcert{r_diort IXCGGQeO thB cali_) fatlorl farlg8 ol lht GC/MS [tl_tnJm@t11,

J B _.5{Im a _6d valtJi9 IEc_ than Ih_ sampke quarllita{ien limit, 13ul grater Ihan zero¸

X I E_{im at 6d valU6 0u(3 Ioa conrirmtd campo;Jr td which is 0If °Ea_ale _1 both columns

•.. NO distinction between CJ_romiu m (Ill) and Chromium (VI).

... NOt delecled.
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17 15S

mercury. Toluene was detected in all four of the samples, l,l,2-

trlchloroethane, tetrachloroethene and trichloroethene were

detected in SS-42. The concentration of trlchloroethene (2100

ug/kg) reported is a minimum value (the concentration level found

in SS-42 exceeded the calibration range of the 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 buildlng+

ZI__ - In Phase I sample SS-24 was collected from

beneath the fuel oli storage tank at DDMT. The analytical results

for this sample are given in Table 4-Ii. Pesticides, DDT and

dieldrin were detected at low levels. PAHs and toluene were also

detected in this sample but, only at quantitation limits.

- In Phase I, surface soll samples SS-12, SS-13 and

SS-14 were taken from the Golf CoUrSe grounds and SS-37 was

collected near building T-273. In Phase IX one additional sample,

SS-50, (also near building T-273) was Collected beside a storm

drain near building T-273. Analytical results of the Golf course

surface soils ere given on Figure 4-9 add 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 building

T-273 (8S-37) and lower levels in the samples collected on the Golf

Course. LOW quantities of PAHs were also detected in all of the

samples. Ve_ low levels of trIchloroethene and tstEsthloroethens

wws dete_M in gg-37. All of the samples from thls area, except

SS-50, had dete=ta_le levels of toluene.

- Duzlng Phase Z surface soll samples SS-15, SS-18,

SS-17, SS-18 and S8-18 were =ollected near Buildlngs 1088 and 1087.

Buildln_ 1080 Is _rently the paint shop area at DDMT. Two

additional samples, SS-45 and SS-46 were colle_ed fo1_m this area

in Phase II. Analytical results for the soils near Building 1008

are given on FigUre 4-10 and in Tabll 4-13. All seven soll samples

8531.60 4-61



TABLE,-_ 17 159
POSFIIVE RESULTS IN SURFACE SOILS

FUEL 01L STORAGE TANK

DEFENSE DEPOT MEMPHIS TENNESSEE

"ARAMETER

STATE

OF TN

PHASE I

SS24

HALOG ENATED VOLATILES (ug.Jkg)

IMBl_y_ene chlorld_l q i 13B
NONHALOGENATED VOLATILES (ug/kg)

I 590 I 58J14,400

NONHALOGENATED SEMIVOLATILES (ug]kg)

Polynuclear Arom_llc

Hydroc;arDons (PAH))

3enzo(a)anthracene

3enzo(a)pyiBne

3enz_b)lluoranthene

3enzC(k)fluoranlnen6

3h_ysone

:luorantbene

_honanthIOn0

_yrBne

15,000 470B

74.1

71J

100,1

e.0J

77J

200J

120J

140J

PESIICIOES (ug/_g)

na 130D

74 41Z

VOLATILE ME'TALS (mg/kg)
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TABLE 4 11

POSITIVE RESULTS IN SURFACE SOILS

FUEL OIL STORAGE TANK

OEFENSE DEPOT MEMPHIS TENNESSEE

EpARAMETER

STATE

OFTN

NONVOLA 17LE METALS (mg_g)

100

A_

2O
na

PHASE I

SS24

18

12

Shaded areas are valu_L_ that af6 _<1O_tl lO Or _Ceed IhF_ Sl_tt6 of Ten nassee soil criIBrJl _ltJ_lglir_es.

na = NOt Av_ila DI_

Sl_m Of TN valu_,_ are 0nly To 811 COnslder_ (TBC) guidelines.

Thine ar_t no1 itnlOfC_DIIt el@an up I_tvRIS.

B (Crg_nic) ,, Foun0 in me_hod blank

0 ,, tdenllFie_ In an analySis a[ a secondary dilution factor.

J ==E_lim al e¢1_alue le_S ih_n it_e $arttl_l_ qoantilalton limit,

bul _re_t gr i_an zero,

Z. M_tlHX ir_l(_llet 8n¢ F_;compoundnol po_ilive_y i(_gtllifiabl_J,

•, . NO ¢lstlnctl(_n between Chlomlum (111)_nd Chr_iur_ (VI).

17 160
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FIGURE 4-g

S1'11_LOCATION MAP FOR SURFAOE $C_1,.S
C(X.J..ECTED FROM THE GOLF COURSE

MIH POSnl'VE RESULTS EXO,---ING ARkRI
DF.PP..HSE DEPOT MEMPHIS, "_NNESSEE

0

--_" .._ LAW (NVIRONM_TAL INC.
_o_,,_'r _ _ 4-64



17 IG2
TABLE 4-$2

POSITIVE RESULTS IN SURFACE SOILS

GOLF COURSE

DEFENSE OEPOT MEMPHIS TENNESSEE

PARAMETER STATETNOF

PHASE I PHASE II

S_12 S_13 S_I_* SS37 t _00

HALO_ENATED VOLAT1LE$ ug._g

nlOfOlor m 70 °. _1 --

Mttt hyll_ne ¢hl0ride 8600 14B 21B 15B 13B 16B

Telra_nJor _hlh3g $_ *. _1 --

rlChl_o_hen8 70 .... 4,J _ _

NONHAL_I_'.NATED VO_TILES u_kg

cetcne 590 9,1 31_ 24 15 22
T©luene 14.400 17 93 _1 _ .°

_lal xyl_n_ 150 .... 8.1 --

NONHAL_ENATEID S_tlIVOI_.T1LE S u_'kg

lL_2-Ethylhexyl) pl_thal_te

PoJynuGJear Aromallc

H I (PAHS)

_.cenaphlhen8

5.nthra¢ene

3enzo(a)z*nlhracene

3enzo(a)pyfene

3enzo(b)ltuoranlhene

3enzo(o,h,i)perylene

3gnzO(k)fluaranlhene

:ll/ora_lhene

:lullrE_(i

nden0(1,2.3-cd_y_ene

=_enant hren8

_yrB_le

==

__

.=

_.

33_1

230d

22COB.I 2700B 7;081 tT00B

-. 200J

-- 280J 330J

270,1 E)20J 810J

340J 930J 610J

41z_,J %1 _ 620,J 1100.1

-- 780J -°

34_J i100J --

390J 12C_J 990J

630J 2700 780J 2200

.* 160J

-- 70OJ - - 370J

310J 16001 _20J 20_0

560,) 1700J 580J 2500
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TABLE4- 2 17 J- 3
POSITIVE RESULTS IN _UAFACE SOILS

GOLF COURSE

OFFENSE DEPOT MEMPHIS TENNESSEE

pARAMETER

STATE OF

TN

PHASEI PHASEII

SS50
SS12 SSI3 SSI4 SS37

PESTICIDES ug/kg

12000"

VOLATILE METALS m0/kg

NONVOLATILE METALS mg/_g

Shad_ at_$ ,_r8 valu_ lhal are _ual to or exceed the Slats of Tennessee S_il Cl[(eria _uld_iN_.

na ,, Not Available

_latE_ of "iN VallJ6s ar8 only TO g(a Con_@r_ {T_C_ _lJi(_ eIFJlF_. The8 arG not enrerc_a_le Cla,_n tJ_ I_,els,

B IIn(_ganic) ,. Value leS,S than the Cent racl Reqult_ OelE¢ Ilon Limit (CRDI-). bul grea_er th;_n

1he Instrument Det_Ctl0n Limit (IDL),

B (OIganic) ,. FOund In m_IhaCi _[ank

D m Ide¢l _itiEd It) &n analy,3{3 _t a $E*Condary dilution lacier

G . Nalive itt_]yt e > 4 llm(_ spike _dEd. Ihsretor e Bcceplaflce cr_(Jria (Jo not _p_ly

J . E_tlm alEqdvalue I_S than Ih_ _Ull pl(_ quanti{alier= limit, I_ut gr (_all_r than z_ro.

N.._piX_ $_,mple recoveq/n_t wllhln ¢onllOl limits.

Z. M_IIx i,_ler rer@nce: ¢omgotJnd nol p_it Ively i(tetlt ifiablo.

• ==Dui}llc&t e an alySi$ itel wilhiR C(_rltlC4limitS,

• * = NO distinction _etween Chr omlgm (Ill) an_ Chromium (VI)

_ _ ==NOl d_t_cl_.
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17 1_4

FIGURE 4-10

SITE LOCA'IION MAP FOR SURFA(_E SOILS
COU.ECIbu NEAR BUILDING 1088

M'n.I POgllVE RESULTS EXCt._uING ARARs
DEFENSE DEPOT MEMPHPS, TENNESSEE

O

_5-18

i_'. *lm

NOTIE_
MJ. NU_dlSE_S_IMDI A4RI_IN_mOA_¢

TN _RITI_A FtA4

p_n'_ RESUL'r'3 F'OR _ _511'I_JID4'_5

-- d

• _ I¢-_1 BO_CG LOCA'ilON

i -i _,_

0 _00

--_ _ I_AW EN'vlRONMENTAL INC.
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TABLE 4-_3

POSITIVE RESULTS IN SURFACE SOILS _. 7 I _

BUILDING 1088

DEFENSE DEPOT MEMPHIS TENNESSEE

STATE OF ITN SS15

PHASE I PHASE II

SS16 SS17 SS18 SS19 SS¢5 SS46

HALC_ENATED VOLATILES ug/kg

IMat hylen9 chloride I BEO0 I 16B :ZgB 11B 98 118 I tlS 8B I

NONHAL(_3ENATED VOLA11LES ug/kg

I"¢ucelO_ I 590 J 15 17T_uene 14,400 5J 4J 12B 6BJ 11BJ I 13 9,J I

NONHALOGENATED SFJ_IVOLA1]LES ugJkg

2,4-Dlmet _ylphenol

2-Melhylphenol

4-MDIhylph_nOI

B_rtzyI &ICOhE4

bLs(2-Ethylhe_yq I_hthalate

BUlyl benZyl phlhaJale

Dlmethyt phthalaZe

DI-n-butyl pht halat_

Phenol

poly

Hy_fccafboP_ (PAHS)

AcenaDPtthsne

ArllhraC0nB

Benz0(a)anlhraoen8

Benzo(a)Dyrene

BeflzO(b) lluofanth_e

Be flzo(g, _1,l_p_ryl erie

Bgnz(Xk)lluor_thBnQ

ChPJSsne

Fluoreng

Indeno(t ,2,3-cd)pyrene

Na_hthal_n_

Phsn_.lmrerte

P'/r enE_

na

na

na

na

na

15,000

na

na

na

n;i

t2.8" 32

na

°.

t700B a300B

370J

1_ 47_1

-- 670.,I

-- 2100J

1700J

12_J 2400.1

-- 14C_J

1003 2200J

220J 580G

130J _

16_ 47_

.... 720J

.... 1100J

.... 5OOJ

.... 32OJ f

6COBJ 81(_08 1200_ 1400B

_ 21_

-- 10,11.1 --

-- 551N

370J 1500J t4OJ 84.1

13003 630J 4600 t60J 160,I

7_J _O_J 2500 _ _30J

1801_1 _300J 3200 340J 2qOJ

.. 311_1

63_ ISCOJ I_ --

760,J 780,1 2500 2t0J 12OJ
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TABLE_-,_ 17 I_G
POSITIVE RESULTS IN SURFACE SOILS

IBUILOING 1068

DEFENSE OEPOT MEMPHIS TENNESSEE

STATE OF

TN SS15

PHASEI PHASE ll

S_16 SSt7 SS18 9S19 8_45 S_¢6

PEST1CIOES ug/kg

PCBs ug/kg

IAr_lor 1016 I

IAr_:lor- 1_2| I

BArOClOr- 1242 I na

Na

_o_

na 100Z

na 95Z

na 270Z

130Z

595

_ 140Z --

5SOZ _ _

10IXIUD ....

°°

.°

TOTAL VOLATILE METALS mg)kg

TOTAL N(_NVOLATILE METALS mg/kg
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TABL_ i+ i3

posKr RESULTSLNSUR *CESOCLS 1 = E7J JL
BUILDING 1088

_.¢J_ SE DEPOT M BMPHI$ TIE_INESS_E

_aded &-ial MII _ IhaJ ui equal to or _¢u¢1 the _atn o#Tenp_ _1 cdleCla guldJlna¢

na., NOt AvaJllIae

Sta_l ot TN velum =re onP/TO 64 _ered (11BC_gulcl_d_n_. 11_ese ire not eafotceaDle ¢lea,_ up _evelS.

B (In0f _l,the). V_Ul Im than t_e C¢_lr a¢¢ R_luit ¢¢1 De( lotion I.Jmlt (CRDL), but grealer t_l_

Ihw m_rume_t _eCl_on L_mll t104.).

B (Ofg_mk:) ,. F_J_ in mFX_od blank,

0 ,. _ql_ lifted In .i_ itnaJT'_ at a ll_¢Ond _ff_ dilutlan fact or.

Q ,, Natl'_l an_Jytl > 4 tlmm I_lkl adde<l, thete_oru accegtanol ¢tll_ta ¢o na_ =L_.

J. E_im _d_ gal=Ji lla Ihiffl thO _.amOle (iuC'ltll atlon ill'nit, I=ut gre.al _ tll a_l zero.

N ,, S01ked samali rl¢=_l¢/hal _tilin control limt_

Z - Mltr_ I_terlerenCe: COma0und n01 _0c_ltJ'_4y k_nlifia_le.

•. OUl:d_cat e aneJysta nm wtth_n ¢¢_tra_ Ilmlt_

•" .. NO dt_lnCtlOn _ Ct_rOmlum (ILl) _ Ct=rC_lurn

.. ,. NQI ¢f_lCCld.
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were contaminated w£th PA_s, pesticides and PCBB. Pesticides that

were detected in this area include: DDE, DDT and game and alpha

¢hlordane. Metal contamination in these samples were elevated

above normal soll levels with chromium, lead and zinc having the

highest levels. Toluene was a contaminant in all of the samples

excep_ SS-17 and SS-46, but was detected at the quantitatlon limit.

- The open storage area is located in the

northwest quadrant o£ the main installation. Three sub-regions of

this area were sampled and the analytical results are given on

Figure 4-11 end in Table 4-14. Zn Phase I SS-21, SS-22 and SS-23

were collected along railroad tracks _3 and J4. A variety of

contaminants were detected in this area. This le consistent with

the reported storage and transport of PCP/PCBs, PAHI, and solvents.

surface sell samples, SS-32, SS-33 s SS-34, SS-35, SS-36 and SS-40,

were also collected durlng Phase Io These samples were collected

near Building 835 and are comparatlvely free o£ contamination.

This apparent lack of contamination may be due to the Eact that the

area has recently been excavated du_ing the conetEucbion of

Building 835.

SS-20 was collected west of Building P-949 In an old palnt disposal

area (Figure 4-ii). This sample exhibited high levels of lead,

barium, chromi_ a_d zinc.' LOW levele of toluene add PAHB were

also detected in this sample.

Gravel &Tea Raat o_ Huildlno $873 - PaGt activitie6 at Building

$873 InG1_ded ruse ae OONTts hazardous mateEiale _ecoupRe_t area.

Remedlation for pesticide contDlnation in this area r_luired the

removal and backfilling of the upper .5 - 1.0 foot of gravel. For

th_B reason, eoll eaNples, SS-26s SS-27p SS-28 and SS-29, were

collected from a depth of one foot during Phase I. Samples from

thle area did not contaln peetlcldel at detectable levels.

Positive results are give_ in Table 4-15.

8_31.60 4-71
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FIGURE 4--II

SIE LOCATION MAP FOR SURFACE SOILS

COLIJECIEO FROM 11-IE OPEN STOeAGE AREA
_TH pOSI11VE RESULTS E:XCEE)ING ARARi

DEFENSE OEPOT MEMPHIS, "I_NNESSEE

0

II
II

I --

-- =_ ---- LAW _I'vIRONME.NTAL INC.
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TABLE,- S 17 1 ?.t
POSITIVE RESULTS IN SURFACE SOILS

GRAVEL AREA EAST OF $873

DEFENSE DEPOT MF_tPHIS TENNESSEE

STATE

OF TN

PHASEI

SS_ SSg7 $S28PARAMETER SSZ'9

HALCGENATED VOLATILES (u glkg)

IMet_vle_ecM°_ld_ I esoo I 23e _2s _ 4J I

NONHALO3E'4A_D VOLATILES (ugJkg)

Acmona 5_ 5BJ 3JB 9J SJ

Toluene 14,400 3J 4.J 33 IJ
Total xylene3 150 2J

NONHALC(]ENATED SEMIVOLATILES (ug/Kgl

bis(2*Ethylhexyl)phthalate 15,000

DlelNylphl_llatg na

Dl=n=butyl p_thalata na

Poly

Hy_roCarDons(PAHS)

Benzc_a)anlhracene

Benzo(blfluoranlhen8

ChP/sene

FIuolanthe_o

PheNan{_reN_

Pylen_

440B 32QBJ 38_BJ 3409J

77j ..

44,1 __

453 --

70J --

44J

75J --

55.J --

55J --

.o

VOLATILE METALS (mg/Kg)

NONVOLATILE METALS (mG/b(g)
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:*BLE'- S 17 1'75
PosmvE RESULTS IN _URFACE SOILS

G R_,VEL ARF_ pJ_:Er OF _T3

Db_ r.N SE D _OT MB, iPHI$ TE_N ES-SEE

Shad_l ar(klJ _rt-vaJu_ thai aro _uaJ [O Or _¢_¢1 tl_e Statlt of T_nnesslm s_[I criteria guid_[nQS.

n& ,. NO{ AVildabM)

Slalg of _ _lfu(is atl otlly TO 13e C_0ns_ aroO (TBC) guid eiJn t_. _1_ ato tlct _r_lorcea_iA cla_l u13 leVelS

B (organic). Found in met_oo bla_lL

J . E,Stlm &tIK) V&IUe JF_=3th&n the s2,r_plU Q[J_tllit_tlOtl limll I I}UI i;r IklllQr [_l,irl ZE¢O,

•.. NOt 0i_ln¢llorl D_:_II4_ Chromium {111)ind ChromLum (1,'1)-

--. NO[ 08tecte0,
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- Building 770 is the maintenance shop area at DOMT.

Du_Ing Phase Z surface sell SS-38 was collected from the area

surroundlngtheunderground waste ell storage tank at Building 770.

SS-39 was obtained in the shop waste disposal area. Durlng Phase

II samples SS-48 and SS-49 were collectsd within the same general

area. Analytical results are given on Figure 4-12 and in Table

4-16 for the four soil samples. All four samples were cuntaminated

with PAKs, which are indicative of oils mr heavy fuel residuals,

and with low levels of toluene. SS-38 contained tetrschloroethene,

trlchloroethene and l,l,l-trichloroethane. Thi_ chlorinated

solvent contemination could be indicative of past cleaning solvent

disposal practices. SS-48 and SS-49 contained trichloroethylene

at the quantitatlon limit. Pesticides were detected in SS-48 and

included DDT, DDE a_d DD0 as well as beta-SHe. The metal levels

detected in each sample were normal soil levels.

old Transformer Storaae Area - New Cafeteria - TWO soil samples,

SS-30 and SS-31, were collected in Phase I from where the

transformer storage area was located. This area IB now occupied

by the new cafeteria. Analytical result8 obtained from the two

samples are given in Table 4-17. These samples tested positive for

the pesticides DOE and DDT, and low levels of PAHs.

- SS-25 was collected in Phase I fEom the BX gas

station area. Elevated levels Of barlum and low levels of PAHs

were detected in this sample. The analytical resultl are given in

Table 4-18.

8531.60 4-79
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FIGURE 4--12

S_TE LOCA'flON MAP FOR SURFAC_ SOILS
CCaIF'C'ED NEAR BUILDING 770

M'n,,I POSl'nvE RESULTS EXCEEDING ARARa
DEFENSE DEPOT MEMPHIS, TENNESSEE

0

Cd,Cr, A_ $$-38 0.41

TOTAL X';I.FJ_£$ 0.59
TOTAL pAHa 45 03
TOTAL pES_ICZOF..S

NOTI_S:

• _RFA_[ SOL _IPUNG L_A_O_

WO_TOR_G _ LOC_110_

0 3OO 800
I I I

--_" _ LAW EN'vIRONMENTAL INC.

"_- _ SER'_ _e_ 01M_iON 4--80
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TABLE 4-16

POSITIVE RESULTS IN SURFACE SOILS

BUILD/NG 770

DEFENSE DEPOT MEMPHIS TENNESSEE

STATE OF

TN

PHASEI PHASE[I

$538 SS39 S,$4_ SS49

HALOGENATED VOLATILES ug/kg

l,l.l-TlichlOrOet_ane 30,000 110 ....

MathylBnachlorida 8600 368 80 5BJ 6B

T_Irac_lOr_lh_n_ 100 31 ....Tr[c_loroBt_en_ 70 o° 13 2J

NONHALOGENATEOVOLATILES ug/kg

4 -Mgt byl-2opent anong na -- 8J

AcOtone $90 47J 200

Ethy_benzene 154,000 gJ 6

T(Jluan_ 14.400 43 16

51 22

13 32

NON HALOGENATED SEMIVOLATILES u2Jkg

2 - Meltt yrn apt1LPtalen 6

_ls(2-Et hylh6xyl) D_thal&t o

Dibenzoluran

Bulyl benzyl DhIhalate

Oi n _}u{yl _lhalat_

POlyl

Hydr_t_ons (PAHS)

3- Nltroanillne

B_nzo(a)_nthraceno

Benzo(a)pyr_n_

Be_zo_)fluof_t_l_hg_@

_enzo(k)fluorani_t_n_

C_ry'3_n_

FIUOf_nlhl_lP

FIuorltl_

_nd_no(1.2,3-cd)pwen8

NaD_llhgl@ng

Pyr_n_

na

15,000

_a

_a

na

610,J 4000

35_

130gJ

280_1 -- 15_

460(3 --

2200J -- 110J

62_1 --

16_J

130_1 _lSOJ 170,,I

4-81
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3_J

9OJ

66J

37J
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POSITIVE RESULTS IN SURFACE SDILS

BUILDING 770

DEFENSE DEPOT MEMPHIS TENNESSEE

STATE OF

T_

PHASEI PHASEII

SS38 SS39 SS48pARAMETER BS49

pESTICIDES ug/kg

VOLATILE ME"rALS mg/kg

NONVOLATLLE METALS mg/k o

SPiGctE_ ar@G$ aro ValU_BSthat are 8quaJ to Or qB_ceod thG Slate of Ten nB,_ee sog Crlleda gul(_811J1e3+

n_ = NOt Available

S_azQ of TN valu_ _o Only To Ba _er_ ITB_ guidQlin_, _O are n_t an forcQable clean up I_lls.

B (r_orllanic). Valu_l i_ tl_a_ ihG CoNtract R_luir_ Dltl _;tlon Umit

(CRDL}. b_t grealer t_an t_e Ins[r _menl DeI_tien Limit (IDL 1,

e (Organic) =. Foun d in metPio(_ blank.

J ,, E_i_maled value I_ than the sample ouantilaIIon limit, OUt greater than zero.

X ,, EStlmaEE_Jvalue _uo to a COt1firmed ¢omp(_urtd wrtich is off-SCale la both1 Columns.

Z = M,at fix inlerlltrltnce; complJund no_ po$itivl31y Idl3nHrl,_lHe

• ' - No distinction between Chromium (1111and Chromium (VI).

°.. NOt ¢lel_l_+
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POSITIVE RESULTS IN SURFACE SOILS

OLD TRANSFCRMER STORAGE YARD (NEW CAFETERIA)

DEFENSE DEPCT MEMPHIS TENNESSEE

=ARAM ETER

STATE

OF TN

PHASEI

SS30 SS31

H ALC_GEN ATEO VOLA]3 LE S (u g,'kg)

IMet hYl_t_e Chloride I 86_ r 3.J 7B ]

NONHALOGENATED VOLATILES (ug_gl

i,oo,ooo 15,Ol •o IToluan9 14,400 3J

NONHALOGENATED SEMIVOLATII_ES (ug/kg)

b[_2 Elhylhexyl) phlRalal8

poly_ucl_ar Aromatic

HyOr_a_O_S(PAHS}

Bsnz_},anthracen_

Benzc_a]pyrene

6enzO(blfluor_n¢_ena

Benzo(g,h,_,efylene

Ch_s_ne

Fluo[anthen@

Indent1,2,3-cct)pyrene

Phenanthfene

15,_0 35QBJ 460B

240J

19OJ

32oj

23C,J

230J

390,1

180J

210J

340J

PESTICIDES {ug/kg)

78D 18 I10OGD 19OD

VOLATILE M_AL8 (m_g)
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POSITIVE RESULTS IN SURFACE SOILS

OLD TRANSFORMER STO _.AG E YARD (N _V CAFETERIA)

DEFENSE DEPOT MEMPHIS TENNESSEE

PARAMETER

NONVOLATILE M ETALS (mg/_g}

PHASE1

STATE

OFTN $£,30 $$31 t

S_ad_ areas are values that are equal to or exceed the State Or Tenne_ee soil crLta/ia gulOaLlnss,

na = NC4 Awilabl_.

SlatU ol TN values _r_ Only TO BIt C_sl(]_r_ (TBC) guidslinl_.

TI_u,_ll arQ nol gnlorce_l_ Cle_n UD I1_115.

B (Organic) = Found in r_th_ 01ank_

O m Iden ti[i_ in an _n aly$i$ al _ _ondary ditutiQn faclor.

J . _limal_ valuo 18S3 IhaN Ille _mpltt _l_ilntit alion limit, but greal ftr titan z_ro.

•.. NO _l_lncllon _ewaen C_tomium (111)and Chromium (VI],

g N01 i_etg_t _.
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POSITIVE RESULTS IN SDRFACE SOILS

8X GAS STATION

DEFENSEDEPOTMEMPHISTENNESSEE

OARAMETER _TATE t PHASEIOF TN SS25

HALOGENATED VOLATILES (ug,'k g)

NCNHALOGENATED SEMIVOLA]3 LES (ug/kg)

)l_ - _ [hylPl_FO_yl)13hthalate 15,(_ 510B

Potynuclear Aiomatic

Hy_rccaroons (PAH$)

3£_f_Zo(alaN [rl cac Qn_

_enzO(alp'/rone

3_n zc._b) fluor an t _ on @

_enzo(g,_,_or.Aene

3enzO(k)fluoranthsn_

:luoranli_sng_

n(_eno{112 3-cd)pyrgna

_hsnatllrl_n_l

_yi@n8

5_J

S3J

67..I

581

93J

76J

14_

47J

PES]ICIDES (upJkg)

VCI_TILE METALS (mg/_g)

NONVOLA17LE METALS (mg/kg)
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TASL_E 4- 18

P0smve RESULTS i_ SURFACE $C3LS 1 _ ]._
EX GJ_ STATION

O_J_r..H S_ DEPOT M_PHI8 TEN Nff _e-_

S/1._ _ro4ul_Lfl vaJu_ t_at _ _quaJ to ¢_ excll_ Ifle _ate Of Ton n_H.B SOil critefl_ 0ui_@Jin _L

n,_. NOt Av_llablL

Slate o] TN vaJu_ aro only TO Oe C0n$i_er_ (TIBC) gu Klelln_

TrleLS_ &ta not @ntOfCIBaDlO¢lNrl UD II_IJ_S.

B (Or_h_). F_und In method _lan_

D. 1_sntifl_l in _1 ilnilly,3i8 it a gecon_ry diluti_T1 t&_'IC¢.

,J. F_im,lt _ v_luO I_ t_an 111o_,amDlU _&_lJ%_lO_ IJmJL btJI _r_l_M (ha_l Z_O.

• " - NO _l_lnctl0n _ ,_,_ Chrernium (111)an_ C_romJum 0/P..

+.
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- SS-47 was collected in Phase II near Building 737,

(pesticide storage). DDE, DDT, alpha-chlordane and beta-SHC were

all detected in this sa=ple at low levels. Toluene and

trichloroethene were also detected at quantitation levels. The

analytical results for this sample are given in Table 4-19.

4.2.2.3

4.2.2.3.1 Oualitv contral ° Subsurface Soils - For Phase I field

duplicates were collected _or STB-2-1 and a duplicate for STB-_-I.

Concentrations for the parameters tested for in these samples were

all at less than five tlmas the detection llmite. NO RPDs could

he calculated. The Phase II field duplicate sample was collected

ffor STB-6-2. The RPD values were within control limits. The trip

blanks that were sent with the soil saJple8 from soil borings did

not show any volatile orqsnic colpound contamination. A rlnsate

(STB-7-R) wam analyzed and contained only low concQntratlonm of

zl_c°

Acetone and methylene chloride were detected in some of the method

blanks analyzed by the laboratory. The amount detected was at very

low levels. Low acetone and methylene chloEide concentrations in

field samples may be discounted as laboratory artlfacte. SUrrogate

recoveries for all the parameters tested during both Phase _ and

Phase II analyses were within control limits.

The MS/MSO analyses for the Phase I sampllng eEtort were within

acceptable limits f_ all parameters tested. RPDS ware acceptable

for all of the spiked compounds except 4-nltrophenol (29%) and

heptachloT (29%). Overall the precision was good. The MS/MSD

results fo_ the Phase II sample SB-8-1 were all within acceptable

limits for recovery and precision.

4.2.2.3.2 Surface So[1 Oualltv Control - The high hydrocarbon

content present in the surface soil samples from Dunn Field

produced prob)mm, in the laboratory for the analyses for organic

constituents. SUEface soil Ss-8 requlEed a 53-fold dilution in

8531.60 4-87



T,BLE,-,_ .1._' _85
pO$ITJVE RESULTS IN SURFACE SOILS

pESTICIDE STORAGE AREA - BUILDING 737

DEFENSE DEPOT M F,_PHI_ TENNESSEE

STATE

OF TN

PHASE41

SS47

HALOG ENATED VOLATILES (uo/kg)

I_°_e°_°h'°''_ I _ I 6oTricl_loroethene 70 IJ

NCN_ALCGENATED VOLATiLES (u(_kg_

I_°°_ I _ I _Toluene 14_400 5J

NONHALOGENATE_ SEMiVOLA]3 LES (ug/kgl

Dis(2 _ElhytPte=yl I _nlhalalo 1_1300 330BJ

PolynuclearAromad¢

HydrO_:arbons(PAHs]

8enzo(a)am_racene

Banzo(alpyxene

BenzO(b)tluoranlhene

Fluoranlhene

IndenO(1,2,3-c0]pyrene

Ph_nanlhren9

7&J

57J

46.J

90J

130J

84J

72.1

130J

PESTICIDES (u g,'kg)

VOLATILE METALS (mgJkg I
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POSmVE RESULTS _NSURFACE SOILS J 7 i 8

pES73CIDE STORAGE ARF.J_ _ 8UIt.D_NG 737

0EFENSE 0F.POT M_PHIS TENNE_EE

pARA_II_

NONVOLAI_LE METALS [mg/kg)

8adum 100 30,6

oo ,2

na 67

PHASE II

53"ATE

OFTN S_7

Sha_f_ &t e_JI atQ val u6d_ih_l ate (KIual [o Of _c_ Ihe S_ate (_1T_ nt6_l_ _1 cr _l_+la guid_ln_.

na. N_ Avallal_p|,

_ala of _ vatu_ _O _ly TO Be Co_gr_ (TBC) g ul_(ll]n_

• ' - NO _lml_Cll©n I_gl_ Chromium [111)I1_ _'_lum (VO.
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ordE_ to preclude analytical instrument saturation. Surface soll

samples $S-7 and SS-8 had elevated quantitation llmlts for some

compounds due to thelr hydrocarbon content. SOme samples collected

from the maln installation also required extensive dilution because

of the hydrocarbon content. Reporting limits for surface soils

SS-38 and SS-39 were elevated for most of the compounds.

sampling precision appears to have been quite good. All calculable

RPDS were less than the goal of 35_. The field duplicate for Phase

I was collected with surface soil SS-I and foe Phase I_ was

collected with surface Goll SS-50.

4.2.3

The surface waters at DOMT were analyzed during the RI to determine

If DDMT activities were contributing hazardous'substanceg to the

aquatic environment. Fishing and swinlng restrictionB are

cuJ_rently in place for Lake Danielson and the golf coL_rso pond.

samples were collected from the lake, the pond and several drainage

discharge locations surroundlng the installation. The following

subsections de_cribe the analytical results. The risk to human

health and enviranment will be discussed in Section 6.

All surface water samples were analyzed foF the same constituents

using the samQ analytloal proc_urel as was gTound water. These

methods were listed In subsection 4°2°1.

4.2.3.1 _ - During Phase I stLrface water

samples SW-3, SW-6, SW-7 and SW-8 were obtained froR Lake

DanlelSOno samples SW-4 and SW-5 were taken from the golf course

pond. SW-I was collected from the drainage ditch in Dunn Field

where it crosses DDMT's northern boundary° SW-2 was collected In

a drainage ditch at DDMT_s western bott_dary. SW-10 wee collected

from the golf course pond drainage ditch where it exits the

southern DgMT boundary. 5w_9 web collected from thedrelnage ditch

located at the southwest corner of the golf course.

8531.60 4-90
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An additional six surface water samples (SW-II _ough SW-16) were

collected in the Phase II investigation. Three of the surface

water samples collected ware taken from the same iocatlon as in

Phase I. SW-II was collected at the location of SW-10, SW-12 at

SW-9 and SW-14 at SW-2. SW-13 was collected from the main drainage

inlet to Lake Danielson. SW-16 was collected from the drainage

ditch in the northern portion of Dunn Field. SW-15 was collected

from the drainage ditch on the east side of Dunn Field.

4.2.3.2

_- SW-3, $W-6, SW-7 and SW-a ware collected from Lake

Panielscn. The analytical results are given in Table 4-20. The

only constituent detected in Lake Danlileon that exceeded the

Ambient Water Quality Criteria for Aquatic Life was copper. Table

4-20 also shews that ble(2-ethylhexyl) phthalate exceeded the

criteria, but this is probably a sampling contaminant and not a

constituent in the lake. The only pesticide contamination detected

was a low level of DDE found in SW-6. SW-13 was collected at the

inlet drain to the lake. Again, no significant contamination was

detected at the time of sampling.

- SW-4 and SW-5 were collected from the golf

course pond. The only contad_Inant detected exceeding _whLent water

quality criteria yam cop_. SW-10 and SW-II were collected from

tha_alnage dltcbalongthe southern boundary of DDMT. This ditch

receives run-off f_s the pond, and the surrounding golf course.

DDE and DDT were detected in both samples. Since no pesticide

contamination was detected in the pond it is suspected that recent

peetlcldo applicatlon8 to the golf course were transported by

eurface r_n-off directly to the drainage ditch.

- SW-9 and Sw-12 were coLLected [tel a drainage

ditch located in the southwest co_eE of the golf course. This

drainage ditch receives run-off from the surroundln_ golf course

8531.60 4-91



_=

0
to _,

Ca

t/a

IZl N

m

wa_

_z =

I

W

o
-* g.

,;a I

I

i m i

I

I

q

I

I

¢=
ca
= ¢0
m

4-92

i i

ii

,17,!189
ii

[

I

i q

I



_z

i_ ,o ,

÷ •

17



17 19!

but doe_ not drain Lake Danielson, DDT was de_ected in both

samplem at levels exceeding the _ient water criteria. Lead,

copper and zinc were also detected at elevated levels.

SW-2 and SW-14 were collected from a drainage ditch located along

the western boundary of DDMT. NO significant contamination was

detected in either sample.

4°2.3.3.2 Surface water Analysis - Dunn Plql _ - One surface water

sample was collected in Phase I of the RI and two in Phase If.

Table 4-21 1lets the analytical results fo_ Dunn Field surface

water,

SW-I (Phase I) and SW-16 (Phase II) were collected in the dEalnsge

ditch at the northern boundary of Dunn Field during Phase Z. So

elevated !evele of constituents were detected in either sample.

Sw-15 was collected in Phase II from the drainage ditch at the

western boundary of Dunn Field. A very low level of the pesticide

dieldrln was detected in this sample.

4.2.3.3 Oualitv Control - Surface Water - The field duplicate

RPDs were generally incalculable due to the low levelm detected.

The RPD for barium was within control limits, but the RPDs for

4,4'-DDT, 4,4'-DOE, and zinc were not. The trip bZanks were

contaminated with concentrations of acetone and/or methylene

chloride. These data are discounted howevlr, baususe the

asso¢lat_ uthod blanks were also contaminated wi_h these

comp¢_l_o

The rinsetes for the Phase I and Phase II sampll_ efforts are

identified aa SWo3R and SW-10R, respectlvely. Results for all

parameters tee_edwere below the dete_tlon llmlte except for mopper

(46 ug/l) and zinc (22 ug/l), copper _asultm for the Phase I

sampling effort may be blaped high. T_e zinc ¢ontamlnatlon in the

rlmeate may he discounted because the ass_lated method blank also

contained zinc.

8531.60 4-94
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TABLE 4-21

POSITIVE RESULTS IN SURFACE WATER

DUNN FIELD

OEFENSE DEPOT M E_*,4PHI S TEN N E.C_EE

PARAMETE_

Aml_ie nt Waler

QUality Ctltetfa

AquallC Ure

(freShXa)

ACUte Chronic

PHASE I PHASE II

SWI SW15 SW16

HALOGENATED VOLATILE8 (U_'1)

JMelhylene ChlOri_e J 11,000 aa I 1BJ I --

NONHALO3ENATED VOLA31LES (ug/_

IAce_one na na 7BJ I t8 2J

NQNHALCGENA_ED SEMIVOLATILES (ug/I)

e%=ol_a=_........ na
N - NtlrosoClp henyla rain e na

PESTICIDES (ug/t)

I°_'ln I _ I ._ ."

3BJ

5BJ

VOLATILE METALS (ugJl)

NONVOLATILE METALS (ug/T)

Shad 8¢1areas are valu_l thaZ _e equal ¢o or exceed either the acute or chronic AmDlenl W,Edef

QUality Ctlt erie gukJelines.

aa ==NOt Awailable

{a) Source; Integrated Risk Information ST_em (USEPA, 1990); Interim Real RFI G uld_lce (USEPA, 1989)

B (Inorganic) -, Value I_ than the Contract Reqult E<I IDeteCtion

Limit (CRDt.), bul gt eater than the InStrument DeleCtlOn Limit (ID L).

8 (Organic) ,, Foua¢l in mem_ I_1_1k.

J - Es41mate_ value leSS than the _mple quamitatlor_limit, bul greater Ihan zero.

=. = Not det_zls¢l.

4-95



17 193

Thl _,,_atl Eecoveries fo_" all organic pa_Qters fo_ PhaBe Z and

Phasa II weEi wlthi_ control limits. This shows good accuracy for

all of the organic analyses.

The MS/MSD resulta for tha Phama I and Phase II sampllng episodes

were generally wlthln control llmlts. Tha recoveries and RP0s for

all of the parameterB were withln acceptable llmlts except for the

seml-volatile arganlc RPDg for SW-5 (Phase I) and the silver

rQcovery for SW-I06 {Phase If). Tha seml-volatile RPOs for SW-5

wQre outside the control llmlt_ for the phenol and phenol

derivative MS/MSDg. Therefors, the pre¢Islon for these coupounds

in the _amples taken during the Phase I lampILn_ effort may be

poar. The recovery of silver for SW-106 was 62_, whlch _a¥ be due

to a matrlx interference o_ laboratory dlgestlon technique..$11ver

results for the Phase II metalm may be hlase_ low°

4.2.4

Sedlment Bamplas from Lake Danlalson and tho golf course pond were

analyzed to d_teraine If past activltlem at DDMT had released

contamination to the two bcdle8 of wate_o Contamlnantg that were

not detected in the wa_Br coJ-_n c_uld posmi_l¥ have _eln t_a_ped

within _he sediments.

The medixnt sampl_s collecte_ f_o_ Laka 0aniIlson an_ the golf

course pond were analysed following thl soll mQ_o4s _sscrlbe_ in

subsection 4o2._.

4.2.4._ _ - Ten sediment samp1en worQ co_le=_ed

from r_i Oanlelaon and the gol_ coursa pon_ _ur£ng Pha_o I of tho

RI. TWO sa_iQm w_ collecte_ at eac_ ic_atlon_ one _rom the

_u_faco (la_led S0-X-$S} and one at a depth of 9-1nchal (SD-X-9}.

SO-l, s0-_ and SD-3 were taken from Lako 0anielson° SD-4 and SD-5

weEa collected fEom thm golf courBe pond° NO B_nt saplea we_

collected in Phasl II.

8531.60 4-96



17 194

4.2.4.2 _ - _al_lcal results from the

sed_ant samples collected during Phase I of the HI are given on

Table 4-22_ The sediments collected fro= Lake Danislaon consisted

of firm clays. Two st the samples collected from Lake Danislson

contained appreciable contamination of the pesticides DDE and DDD.

These samples were: SD-1-SS (s_face sediment) and SD-3-SS. PAHs

vers also detected in several of the samples. _o sediment as=plea

taken from the pond contained a much higher level of pesticide and

P_s contamination _han found in Lake Danislson.

4.2.4.3 _ - T_o field duplicates were

collected from the locations identified as SD-I-SS and 9D-1-9.

Most of the remults for these samples warm not a_x_ve t_s detection

limit, no RPDm could be calculated. Pomitivs results were detected

for the pesticides 4,4'-DDE and 4,4-DDT in SD-I-SS. The recoveries

end RPDa for these pesticides were outside of t_le control limits

indicating that the results far these onpounds should be flagged

as estimated. A rlnsatm yes not neoesmery since the samples veto

shipped to the laboratory In the individual bu_l acetate tubes in

which they vmre Collected. Matrix lntsrfsrsncsm arm indicstmd for

the sediments £ram T_ke Dsnialson. SLLrroqats recoveriem and MS/MSD

recoveries and for all of the pastlcidm analyses were generally

outside of the ¸ control l_ita. All other MS/F_SD results vere

within acceptable rsngsm.

4.2.5 Drilllno !,Nd and Drilllno Water

4.2.5.1 _LJ_L_d_JLI_ - Several bozir_sweE@ introduced

in Phase I and Phase II using mud rotary techniques (see Appendix

A). A mud sample Yes taken fro= the dzllllng pit during the

installation of MW-18 In Phase I (SB_rD1) and from STB-7 (8BMVDII)

duzlng Phase II, A rater sample from the tire hydrants used during

drilling operations yes also collected during both phases of

sampling (HYDH201 and EYDH202).

8531.60 4-9?
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4.2.5,3 Drilllnq Wud and Drllllno Watar Analvmlm - Anal_rtlcal

resultm f_thodrllllng Bud and hydrant samples are given in Table

4-23. Elevated metal constituent levels were dmtected in both of

the mud samples. The hiqh barium levels are to be expected since

the bentonite mud used is predominantly made oE this constituent.

The use oZ mud during the inetallatlon of monltorlnq wells is not

Suspected a8 a source st metal cantaminetlon. Baaed on the

anal!rtlcal reeulte, no correlation can be made between wells in

which high levels of metal contamination occurred and the wells

that were drilled _sinq mud rotary technique. The water samples

collected from the fire hydrant tested positive only fo_ low levels

of barium and copper.

8531.60 4-101



TABLE 4-23

P_Si31VE RESLILT¢3 IN DRILLING WATER AND DRILLING MUD

£1¢r =dSE DEPOT MB4PHI8 TEN NI_ =Lm_=

•_ ,, . ,

=A P,AM_ i _.N :_-120-1 $SMUO.,! HYDH20-2 SBMUD-2

(ug,t.) ," (u¢_._ _ (ug,t) (u_9)

HALOGEN,h i_ VOLA31LIE8

_Q ChlO,fl_e 1JB 55B

-. I
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The knowledge of the potsntial and actual environmental

concentrations and t_rpes of toxic pollutants is a necessary part

u£ any risk aGsessment. The potential for exposure to a particular

compound cr element depends upon whether it can persist in the

particular medium of interest. The fate of contaminants and their

transport depends upon the site's physical conditions, the

characteristics of the mourcs and the extent of the contaminant

release. The behavior of the contaminant8 found in each of the

media sampled (gToundwater, stlrface water, sediment, surface soil,

and subsurface soil) will be discussed with consideration of the

various chemical, physical, and/or biological processes that are

possible at Defense Depot Memphis, Tennessee. The followlng toplcs

will be discussed in this Chapter:

potential routes of migration

persistence

migration

5.1 POT_2_TIAL ROUTES OF CONTAMINANT NTGRATION

Contaminant migration can occur in several ways, depending upon the

charact_istics of the element or compound in qusstion, the medium

in which the element or compound is located, and the tFpe(s) of

media in close proximity, varloum physic_l processel may be

involved. The transport of pollutants by Ya_ to receptors im a

central th---- becaume of the importance o£ wate_ to life, its

contribution to the generation of leachers and its ability to

mobilize contaminants from source areas. The water solubility of

the compounder element will play a significant role In determining

what migration route, if any, will be _ken° Transformation Into

a gaseous state (volatilization) or adherence to moil o= sediment

particles {adsorption) are migration routes. Extraction from

sediments or soils (leachipg) or the movement of soil or sediment
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particles with adsorbed pollutants attached by the movement of

water are al_o possible. Accumulation within the body of aquatlc

llfe forms and/or bacteria (bloaccumulation) can also be a pathway

from watezm, soils, or sedlmsnts.

The migration of metals in the environment is oompXIcated because

metals can exist l_ s variety of for_s. FoE instance, metals can

exist in dlfferent oxidation statem. Metalm cam also exist as

charged particles (I.e. ions in solution) or in a chargelsss or

neutral stats. Metals may combine wlth other metals or organic

chemicals to form many different compounds. In any case, the

potential for migration will then depend upon the solubility of

these forms in water. Metals in solution will exist in an ionic

form; non-ionic formm wlll precipitate and r_in botutd to

sediments in soil. All of the twelve metals analyzed for w_ro

detected in at least one of the four matrices (ground water,

surface water, sediment, and soil) sampled. Five 0£ the metals were

selected as indicator chemicals because of the concentrations

detected at DDMT and the toxicity associated with these metals.

These metals are arsenlc_ bari_ Ch_oRi_i leads and mercttry.

5.1.1.1 Armenia - Because of its multiple oxidation states and its

tendency to form soluble complexem, the geochaiit_y of arsonlc Is

both intricate and nob well characterized. The adsorption ot

arsenic onto clsym, iron oxldmm, and organla (humla} material is

an important transport pathway. Arsenic im almo mohilm in the

aquatic envi2onments it cycles through watmr co1-_-e, sedimentm,

and biota. Thm solubility of arsenic varlem widely according to the

oxidation state. In the natural environment, four oxidation states

are possible for arsenlc: The (-3) state, the m.tallic (0) sthte,

the (÷3) mtate, and the (+S] state. The (+3] end (+5) states are

common in • variety o£ complex mlneralm and in dlmBolved salts in

natural watarm. The eleme_ most commonly asiociated with arsenic
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in nature is sulfur. In all, there are one hundred or _ore arsenic-

bearing minerals known to occur in nature. The oxo acids, arsenious

acid (H3AS03) and arsenic acid (H3ASO¢) , are the prevalent forms oE

arsenic in aerobic (oxygen containing) waters. Arsenic can form

complexes with a number of organic compounds, most oE which

increase its water solubility (Callahan etal., 1979; USEPA, 1983;

ATSDR-Arsenlc, 1987).

5.1,1.2 Barium - Barium exists in nature as a salt. Several salts

including the most c_mmon, barite (BaSe4) and wltherite (Bates),
%

have low solublllty, so precipitation into sediments is likely. Due

to low vapor pressures and high b_iling points, thssB salts are

unlikely to volatilize. Bioaccumulation of barium is not a common

migration process except in systems in which the barium

concentration exceeds that of calcium and magnesium (USEPA, 1983).

5.1.1.3 Chromium - Chromium exists in two oxidation sfiatea in

aqueous systems: (+3) and (+6) oxidation states. The hexavalsnt

form is soluble, existing In solution as an anion complex, and is

not absorbed to any significant degree by clays or hydrous metal

oxides. It is, however, absorbed strongly to activated carbon.

Hexavalent chromium is a moderately strong oxidizing agent and

reacts with organic or other oxidizable material to form trivalent

chromium. Trivalent chromium combines with aqueous hydroxide ion

(-OH) to form insoluble chromium hydroxide (Cr(OH)3) . Precipitation

of this material is thought tO be the dominant transport pathway

of chromium in natuEal waters. Adsorption processes almo result in

removal oE dissolved chromium to the bed sediments. Chromium is

bioaccumulated by aquatic organisms and the passage of chromium

through the food chain has been documented, chromium in soil can

occur as the insoluble oxide dichromate (CE203) and may be

aerosollzed into the atmosphere or transported to surface waters

and ground waters in run-off and leachates (Callahan et el., 1979;

USEPA, 1983; ATSDR-Chromlum, 1987).
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5.1.1.4 Lead-Lead is transferred contlnuously between air, water

and soil. Soil leaching of lead into ground water is determined by

the chemical characteristics of the soil. The availability of lead

in soils Is related to moisture content, sell pH, organic matter,

and the concentration of calcl_ and phosphates. Lead is

bioaccumulated in shellfish and plants (Callahan et el., lg7g;

USEPA, 1983; ATSDR-Lead, 1988). However, increasing pH and calcium

ion (ca 2÷) concentration diminish the capacity of plant8 to absorb

lead, as ca =÷ ions compete with the Pb 2÷ foe exchange sites on the

soil and root surfaces.

5.1.1.5 _ ° Mercury,s major removal mechanism from a

natural system Ig adsorptlon onto the eurfaces of clay partlcle_

and subsequent settllng as part of the sedlment. The overwheimlng

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 dlssolved mercury are ingested

by the aquatic biota or transported by current movement and

dilution. Secondary transformations of mercury in the sediments can

occur; the_e include p_eclpltatlon a8 mercury sulflde and

methylation reactions caused by bacteria. Since mercury itself is

not deetroyed, these inorganic and organic for_8 of mercury _ay

then release ionic or metallic mercury into the water ooi_ as

part of a recycling procees. Resuspenslon of sediments by

turbulence or the activity of benthic organisms can also release

these compounds of mercury directly Into the water col,m_ (Callahan

et el., 1979; USEPA, 1983; ATSDR-Meroury, 1988).

5.1.2

By their.nature, the concentrations of volatile organic compounds

tend not to remain at constant levels in any of the media under

consideration. Only media from which volatilization is hindered

would be expected to retain significant amounts. Several of the

ground water samples and _ few surface and soil boring samplee
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contained measurable 1svels of toxic volatile organic compounds.

Eight indicator chemicals of primary concern due to their

prsvalenca at DDMT and their toxicity are discussed below. These

are l,l-dichloroethene, 1,1,2,2-tetrachloroethane, trichloroethene,

tetrachloroethene, methylene chloride, 1,2-dlchloroethene, carbon

tetrachloride and acetone. Discussions below are based on Callahan

etal., 1979, and ATSDR, 1988.

5.1.2.1 _ - Volatilization is the major process

whereby l,l-dlohloroethene is removed from the aquatic and soil

environment, l,l-dichloroethene is slightly water soluble.

Adsorption onto soils or sediments with high organic content is

also possible, l,l-dlohloroethene probably does not bioacc_t_ulate

to a significant extent.

5.1.2.2 _ - The primary transport proceso

for l,l,2,2-tetEachloroethane is volatilization. Because it is

slightly soluble in water, leaching is a possible migration

pathway. It was detected in grottnd-wafier samples, one surface sell

sample, and sell samples from STB-6. Bioaccumulatlon is possible.

5.1.2.3 _ - Volatilization is the most important

transport process for trlchloroethene. As it has been found to be

highly mobile in soil, leaching from subsurface sell to ground

water is possible. Removal from the atu10sphere in rain (wet

depositlon) is also a likely process, but bioaccumulationpotentlal

is low.

5.1.2.4 _ ° While volatilization is the dominant

transport mechanism for this compound, leaching into the ground

water is also llkely. Return to the sell through wet deposition is

also likely. Adsorption ie not a primary transport mechanism except

perhaps in dry soils with high clay content. Leaching into

subsurface soil and ground water is likely, but bioac_unulation is

not.
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5.1o2.§ IL_;_t-_- Volatilization is a transport process

for the removal of methylene chlorlde from aquatic system, once

in the atmosphere methylene ch10ride can, at high altitudes, react

with hydroxyl radicals or undergo photodlssoclation. Methylene

chloride does not readily undergo oxidation or hydrolysis in

a(_atlc systems. Photooxidation should not occur with methylene

chloride since this compound does not contain a chromophore that

can absorb visible or near UV light. Methylene chloride does not

bioaccumulate.

5.1.2.6 i_ - Volatilization is the major process

for removal of 1,2-dichlorosthene from aquatic systems. At high

altitudes, 1,2-diohloroethene is attacked by hydroxyl radicals,

resulting in degradation products. Photodissociation does not

appear to be a significant fate for 1,2-dichloroethene in aquatic

systems. Information is not available for thls compo_d to

indicate that it would bioaccumulate, biodBgrade (microorganism),

or adeorb to sediments or solids. 1,2-dichloroetheme is also very

resistant to hydrolysls.

5.1.2.? c t c - carbon tetrachloride is volatile

and can be expected to leave from aquatic environments when its

volatilization is not hindered. Carbon tetrachlorlde is stable to

attach from hydroxyl radicals, and photodissoclstion in 48 high

altitude atmosphere is slow. Photodlssoclation in aquatic

environments is not significant. Oxidation, sorption,

bloaccumulation, blo-transformation, hydrolysis, and biodegradation

do not readily occuE with carbon tetrachloride.

5.2.1.8 Acetone - Acetone can b_ expected to volatilize from

aquatic media where its volatilization is unhindered, i.e. surface

water. However, acetone is very soluble in water and should

accumulate in wet sell and ground water if its volatilization is

unhlndered. Information on the fate of acetone regarding

biodegradation, bio-transf_rmation, susceptibility to hydrolysls

and oxidation, or soxption to sediments in aquatic enviro_e_ts is

not readily available.
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Of the semivolatile organic compounds analyzed for, only polycyclic

aromatic hydrocarbons (PAHs) were found at measurable levels with

regularity in soil samples. Several different PAHs were detected.

Of these, the three indicator chemicals of primary concern due to

their prevalence at DDMT and their toxicity are henzo(a)pyrene,

benzo(a)anthracene, and dlbenzo(a,h)anthracene. PAHs are

semlvolatiles. They have low vapor pressures and boiling points

greater than 100°C. They are also characterized by their relatively

low solubility in water. The prlmary transport processes are

different from those of volatile organics, with adsorption onto

soil or other organic matter being most important. Adsorption onto

particulates is the primary transport process for PAHs. Adsorption

onto mobile soil or sediments is larqely responsible for their

movement; examples include the erosion of sell and the movement of

suspended sediments. Adsorption onto soot particles that can be

carried on wind currents and then return to the surface (dry

deposition} are the important pathways to and from the atmosphere.

Short-term bioaccumulaticn also occurs but is not important because

of the rapid metabolism and excretion of PAHs by most aq_atlc

organisms (Callahan et el., 1979; ATSDR 1987).

5,1.4

Pesticides and polychlorlnated blphenyls (POSe} are also classified

as semivolatile o_ganic compounds. Volatility is generally of

little importance with respect to transport; adsorption and

bioaccumulation aEe much more important. The indicator chemicals

of primary concern due to their prevalence at DDMT and their

toxicity are dichlorodiphenyltrichloroethane (DDT) and its

degradation products dichlorodlphenyldichloroethane (DDD) and

dlchlorodlphenyldlchloroethene (DDE), Dieldrin, and the PCBs.
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5.1.4.1 _ - DDD and DDE are degradation products

of DDT; all have generally similar properties. Adsorption onto

airborne particulates and sediments are the primary transport

pathways that are a result of the relative insolublllty of these

compounds in water. Removal from the atmosphere through particulate

fallout is likely. Bloaccumulation and magnification up through the

food chain (bioconcentration) are also important. Volatilization

is a possible transport ¸process (Callahan et el., 1979; ATSDR,

1988).

5.1,4.2 _ - Sorption of dieldrin to soils and sediments is

the most prevalent transport pathway, but there is a tendency to

bloaccumulate and biomagnify. Co-movement with suspended

particulates in water is a likely transport mechanism, but leaching

into ground water does not generally occur due to the relatively

low solubility of Dieldrin. Volatilization is generally slow for

Dieldrin but is relatively high for Aldrin, which is readily

converted to Dieldrin. This reaction is probably initiated by DV

radiation. It is therefore possible that Aldrln might migrate and

then react to forl Dieldrin in its new location (Callahan et al_,

1979; ATSDR, 1987).

5.1.4.3 _ - Volatilization from aquatic environments,

sorption to sediments, and bleaccumulation are important fates for

chlordane. Chlordane is photosensitive and should undergo light

induced reaction to produc_ isomers and other products. The

biotransformatlom of chlordane is probably similar to Dieldrin,

Chlordane is not unsusceptible to oxidation in aquatic

envlronmmnts, but is somewhat suecgptlhle to hydrolysis, with s

half life of 4 years (Callahan et el., 1979; ATSDR, 1988).

5.1.4.4 _- A major fate of heptachlor in aquatic systems

will be the hydrolysis to 1-hydroxyl chlordane. Heptachlor also

shows strong tendencies for bioaccumulation° Sorptlon to sediments

could be an important process for heptaohlor that does not undergo

hydrolysis. Volatilization is also possible (Callahan at el.,

1979; ATSDR, 1988).
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5.1.4.5 8eta-Hexachlorocvclohexane _Beta-B_) - Volatilization,

biotransformation and biodegradation appear to be important

transport paths for 5eta-BHC. Hydrolysis however, does not occur

in aquatic systems. Photolysls can occur, but the data supporting

photolysis in aquatic systems is conflicting.

5.1.4.6 _ - PCBs are prepared in mixtures of different

compounds characterized by the _,_mher and arrangement of chlorine

atoms attached. Different mixtures contain different chle_lne to

carbon ratios and are called nA_oclor_" and usually have a _1_h_r

designation associated with the. All of the PCBS b@have in

essentially the same manner. Adsorption of PCBs onto soil particles

and sediments is the _ost prevalent transport mechanism. However,

bioaccumulatlon is also likely and results in hlomagnificatlon.

Although not nearly as prevalent, volatilization and adsorption

onto airborne partloulate_ are responsible for spreading PcBs

throughout the world; they are redeposited through wet depositi0n

(Callahan et el., 1579).

5.2

The persistence of a contaminant in a particular medium will be

determined by its resistance to chemical and/or blological changes

as well as to the transport mechanisms dlsc_ssed above. A toxic

pollutant may be subject to a variety of chemical rea_ione

depending upQn susceptibility to natural radiation and the presence

of suitable reactants in the environment. In general, cheNioal

reactions will occur where the oxidation state o£ one or more of

the atoms within the reactants changes. For organic compounds,

oxygen IB osually the atom whose oxidation state changes, although

nitrogen, sulfttz, bromine, and chlorlne may undergo chemical

reaction. The metal atom in inorganic complexes is usually the

atom whose oxidation state changes. Reaotio_ with water

(hydrolysis) is passlble for some compounds. UV radiation can

remove an electron from _ compound to form a reactive species
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called a radlcal In a process known as photolyses, contaminants can

be transformed or degraded through photolysls either directly or

indirectly by reaction with other radical species. Metabolism of

compounds or elements by microbes and/or aquatic llfe may result

in slight alteration (biotransformation) or significant breakdown

(blodegradation) Of the contaminant.

5.2.1 Metal_

The persistence of the five elements discussed in Subsection 5.1.1

depends upon thelr rate of transport from the site of interest

which, in turn, depends upon their form. AS mentioned earlier,

metals generally have more than one naturally occurring state and

exist in several different chemical forms.

5.2.1.1 Arsenic - The fate of arsenic in the aquatic environment

depends largely on prevailing pH and oxidation-reductlon

conditions. Sediments are the primary sink for arsenic. A n,,mher

of organisms can metabolize arsenic to form organometalllc

compounds and thereby increase arsenic mobility in the enwlro_ent.

Arsenic can be reduced and methylated by sell organisms, though the

rate at which arsenic is subsequently volatilized may vary

according to site conditions. Arsenic in sell is predominantly in

soluble forms (callahan et al., 1979; USEPA, 1983; ATSDR-Arsenlc,

1987).

5.2.1.2 sarlum - Little information is avallable concerning the

ultimate fate of barium in the environment. As barium is commonly

found in soils and in most surface water and ground water, it is

assumed to be persistent in these media (USEPA, 1983).

5.2.1.3 Chromium - Hexavalenh chromi%_m is the species usually

found in industrial wastes; it will eventually he reduced to

trlvalent chromium by inorganic matters present in water. AS

discussed in Subsection 5,1.1.3, trivalent chromium reacts with
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aqueous hydroxide ion to form insoluble chrooiu_ hydroxide.

Although chromium can react to form a variety of organic complexes,

chromlumpe_sists in sediments after precipitatlnq out of solution

(Callahan eb el., 1979; USEPA, 1583; ATSDR-Chromlu_, 1987).

5.2.1.4 Lead - Lead is present in soils as Pb ÷2 which may

precipitate as lead sulfate, hydroxides and carbonates. Lead is

extremely persistent in soil and water and the species o£ lead

found 19 dependent o_ temperature, pH and the presence of organic

matter. Lead Is relatively immobile in soils and associates

prlmarlly with suspended solids and sediments in aquatic systems.

Below pH oE 6, PhSO 4 (angleslte) is dominant and PbCO$ is most

stable at pH values above 7. The hydroxide Pb(OH)] controls

solubility aro_ind pH 8, and lead phosphates, of which therb are

many forths, may control Pb 2+ solubility at intermediate pH values

(Callahan et el., 1979; USEPA, 1983; ATSDR-Lead, 1988).

5.2.1.5 Mercury - The primary sink for mercury release to the

environment is sediments. Mercury is able to exist in the natural

environment in three oxidation states: as the native element

itself, in the (+1) (mercurous) state, and in the (+2) (mercuric)

state. The nature of the species which will occur in a given

complex or exist in solution depends upon the potential for

oxidation or reduction and the pH of the environment. Deposition

of mercury in sediments that can cause reduction can result in

precipitation Of the sulfide. Blotransformatlon of mercury in the

sediments can reeult in remobllizationo An example is dlmethyl

mercury which has a low solubility in water and is a gas at room

temperature; volatillzation may occur (Callahan et at., 1979_

USEPA, 1983; ATSDR-Nercury, 1988),

5.2.2

Chlorinated volatile organic compounds are basically unreactlve and

are unllkely to undergo _hemlcal or bioloqlcal transformation
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unless the medium in which they are contained slows the

volatilization process. However, they can undergo either chemical

or biological reactions when their concentration is larqe enough

that volatilization and reaction rates can achieve equilibrium. The

slight solubility of most volatile organic compounds in water

generally results in small but measurable persistence in ground

waters where reactions with bacteria can occur (Callahan etal.,

1979; ATSDR, 1988).

5.2.2.1 _ - 1,l-Dichloroethene does not undergo

measurable photolysls and it is nob readily oxidized. 1,1-

dichloroethene is also _table toward hydrolysis, l_l-

dlchloroethene is slightly soluble in water and can he expected to

persist in ground waters.

5.2.2.2 _ - l,l,2,2-Tetrachloreethane is

essentially nonreactive in the atmosphere. In water however, base-

catalyzed hydrolysis to form trichloroethene is an important

degradation path under aerobic and anaerobic conditions. Anaerobic

biodeqradation is also to be considered an important loss pathway

in water and soils with trichloroethene as the reaction product.

with its Solubility, persistence in ground water is likely.

5.2.2.3 _ - Upon volatillzation, trlchloroethsne

reacts readily with hydroxyl radicals in the atmosphere. After

leaching to _O_'4d water where volatilization is hindered, it is

persistent due It6 solubility. Biodegradation and other chemlcal

reactions are slow and do not contribute measurably to its fats.

5.2.2.4 _ - Reaction of tetrachloroethene with

hydroxyl radicals in the atmosphere is the most likely degradation

process for this compound. However, betrachloroethene is persistent

in the atmosphere ¸except during periods of heaVy rainfall. This is

due to the relative stability of the hydroxyl radical as indicated

by its long bald-life (apDroxlmately 96 days). As volatilization
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from grouted water is hindered, slow biedegradation and hydrolysis

processes may occur. However, tstrachloroethsne Is persistent under

such anaerobic conditions.

5.2.2.5 e ' - If volatilization is hindered,

methylene chloride could expect to be persistent in the ground-

water environment. Methylene chloride does not bisaccumulate or

biodegrade, or adsorb to sediments.

5.2.2.5 _ - 1,2-Dichloroetbsne does not

bioaccumulate, blodegrade, or adsorb to sediment8 or solids. It

does not undergo hydrolysis, so it should persist in any aquatic

media where volatllization is hindered.

5.2.2.7 _ - Carbon tehrachlsrlde is extremely

stable and should persist in any aquatic environment where

volatilizatlon is hindered.

5.2.2.8 Acetone - Acetone should be e_pected to persist in ground

water because of its solubility in water. Acetone in the soil will

either quickly volatilize or probably dissolve in soll water (where

volatilization cannot occur).

5.2,3 Polvcvcllc Aromatic Hvdrocarbong (PAHs_

PAHs are generally amenable to photolyslm reactions, subject to

rapid degradation upoD reaction with strong oxidants, but do not

undergo hydrolysis. While oxidation initiated by photolysis is

possible for PAH8 in solution, it is not a major degradation

process because of the minimal amount that exists in these forms.

Direct photolysls results in rapid degradation of the minimal

amounts that do dissolve. Biodegradation is considered the major

transformation process. However, because this process is slow and

competing processes (solubllizatlon, oxidation initiated by

photolysis, volatilization, etc.) occur only to minimal extents,

pAHs are persistent in the soils and sediments in which they adsorb

as discussed above (Callahan et al., 1979; ATSDR, 1987).
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The pestlcldes and PCBs discussed in subsection 5.1.4 are

persistent due to their chemical stability and affinity for organic

matter. Although photolysls is a potential loss pathway, it may

not be possible if the medium is not exposed to ultraviolet (UV)

radiation, as is the case with sediments under deep water and

subsurface soils. Biological action is generally the only removal

mechanism; however, it may be slow.

8.2.4.1 _ - Biotransformation of DDT to DDE

(aerobio conditions) and/or DDD (anaerobic conditions) is the

primary loss mechanism. DDE and DDD do not undergo¸ further

degradation, however. Direct photolysis of DDT and DDD is slow, but

for DDE it is rapid. Indirect photolysls can occur quickly for all

three compounds. Chemical oxidation and hydrolysis are toe slow to

be competitive. Due to their insolubility, these three compounds

are pmrslstent in soils and sediments (Callahan et el., 1979;

ATSDR-DDT/DDE/DDD, 1988).

5.2.4.2 Dieldrin - Dieldrln is persistent in soils and sediments

and is relatively insoluble in water, oxidation and hy_rolysls are

not important factors, and the contribution of oxidation initiated

by photolysis is uncertain. It is resistant to blodegradatlen,

although this may be its ultimate fate (Callahan et el., 1979;

ATSDR-Aldrln/Diel_Lrln, 1987].

5.2.4.3 _- Chlordane is persistent in soils and sediments

and is relatiwely insoluble in water. Hydrolysis, however, is

slow. Chlordane should persist in soil, hut should be slowly

degraded in ground water.

5.2.4.4 _ - Heptachlor should not persist in the

environment since it is easily hydrolyzed and then blotransforlned

or bioaccumulated.
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5.2.4.5 - o e - Beta-Hexachlorocyclohexane

does not hydrolyge. However, it is biotransformed and

biodegradable. Beta-hexachlorocyclohexane should persist where

these processes are hindered.

5.2.4.5 PCB_ - PCBs are resistant to oxidation and hydrolysis. The

heavier PCBs may be amenable to oxidation initiated by photolysls,

although this is unlikely as they are not generally found in media

that are exposed to UV radiation. They are resistant to

biodegradation and biotranoformation; only those molecules with

less than four chlorine atoms are generally susceptible. Due to

their Insolubility, PCBs are persistent in soils, sediments, and

animal tissues (Callahan et el., 1979).

5.3

Typically, landfilled solid waste materials such as those located

in Dunn Field are buried in the dry state. Liquid wastes were

containerized and the documented fluid spill events were local in

nature, involvlng small quantities, contamination in the form of

leachers is produced by the water saturation of dry solld wastes

(USEPA, 1980) by the leakage of corroding llq_Id waste containers,

or by the spillage of fluids at ground surface. Continued waste

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. Given sufficient data, the

llkellhood of contaminatiON generation and the quantlfic_tlon of

leachers production may be estimated by the water balance method

(USEPA, 1980). A calculation of the study area's net precipitation

(the amouDt of ralnfall potentially available for infiltration and

waste sat_tratlon) was nine inches, annually; This value is adequate

to both generate and mobilize waste-related contamination at DDMT.

If contamination at the available source is mobilized, contaminants

will move along the path of least resistance to adjacent receptors.

Surface contamination may _Igrate overland to surface waters via
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_.-_.Lnoff, Or _ay infiltrate into local shallow ground water, Buried

waste-related contamination may favor migration to site ground

water.

Actual migration routes of contaminants and their rates can be

inferred from s_te physical characterization, contaminant release

information and data from chemical analyses of the media that are

potentially associated with their fate and transport.

5.3,1

Leaching and preclpltation of indicator metals are likely transport

systems as Indicated by the presence of metal contamination of the

ground water, _olls, and Sediments. Metals contamination has

likely entered the ground water through leaching of the sol1. In

Dunn Field, the Fluvial aquifer gro_d-water flow direction is

westward. Metals contamination can be e_pected to migrate wlth

ground water in a westerly direction. The analytlcal results for

the off-post wells support this hypothesis. Shallow aquifer

ground-water flow at the main Inetallatlon is not as well known as

are slmllar conditions at Dunn Field. Shallow aquifer conditions

suggests discharge to the underlying regional aquifer in the

northwest quadrant of the installation. However, ground-water flow

direction in the shallow aquifer in most of the main installation

is not well defined.

In summary, matal contaminants can be e_ected to persist at their

present concentrations and to mlgrate beyond the boundaries of Dunn

Fleld. Main installation metal contaminants will persist at their

present concentrations, but should not migrate beyond the border

of the base. Contaminant transport to lower aquifer Is possible.
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s.3.2

Volatile chlorinated organic compounds have been detected as

surface soll contaminants at both Dunn Field and the main

installation, These compounds have also been encountered as

subsurface soll contaminants in Dunn Field. The contaminants

detected are assumed to occur as an unknown nt_mP_r Of localized

"hot spots." These compounds are significant to this investigation

as they may serve to replenish chlorlnated volatile organic

compound contamination of the shallow groLund-water system through

leaching and percolation.

As noted, two areas of contamination were encountered in study area

shallow ground water. The largest such zone extends beyond the

north and west boundaries of Dunn Field. Contaminant

concentrations are sufficiently consistent to permit data

contouring at all wells encountering the COmpounds of interest.

Most of the contaminants are denser than water and thus tend to

migrate vertically downward. MW-35 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

wells indicates that although the contamination extends throughout

the shallow aquifer, it is not accumulating at higher levels near

the bottom of the aquifer.

The volatile chlorlnated organics in the shallow aquifer could

potentially continue to migrate vertically through the confining

unit into the Memphis Sand. Deep soll feet borlng STB-6

encountered this group of compounds extending through the confining

unit underlying the contaminated shallow aquifer. This situation

suggests that volatile chlorinated organlc compounds may have or

may be in the process of migrating from the shallow aquifer at Dunn

Field. A review of monitoring well, soll boring, analytical data

and current literature describing the likelihoOd of such a

contaminant migration potential may he s,,mm-rlzed as follows:

8531.60 5-17



17

The volatile chlorinated organic compounds were detected at

low levels 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 aquifer to the Memphis Sand.

occasional pumpage from the nearby Allen Well Field could

exacerbate the situation.

The general class of compounds possesses low solubilities in

water and does not readily adsorb on mineral surfaces

(Mortland, 1985). These characteristics may enhance the

potential for migration.

The class of encountered contaminants is considered to be

persistent and relatively mobile in ground water (Giger and

Molnar-Kubica, 1978). Further, Griffin and Roy (1985)

classified a _.,mher of organic compound_ according to their

mobility in saturated soil-water systems. The following

compounds detected in DDMT ground-water samples may be

descrlbed'as follows:

ComPound

Acetone

Methylene Chloride

1,1,l-T_IchloroeThane

Carbon tetrachlorlde

1,1,2,2-Tetrachloride

very highly mobile

very highly mobile

Medium mobility

Medittwmobility

Medium mobility

Some organic solvents have been shown to increase clay

hydraulic conductivities. This effect was noted especially

for acetone, methanol and xylene (GrIEfln and Roy, 1985).
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5.3.) Polvcvcllc Aromatic ffvdrocarhcns

PolycyclIc aromatic hydrocarbons (PAHS) were detected in surface

soils at several installation locations. PAHs have apparently not

migrated far from their point of introduction. Because of their

insoluble nature and strong tendency to adsorb to soils, the

leaching of PAHs is not expected. No contamination was observed in

any ground-water and surface water samples. The presence of PAHs

in sediments Erom Lake Danielson and the adjacent pond may be

attributed to soil containing adsorbed PAHs being transported

during surface run-off.

s,3.4

While Dieldrin and DDT and their degradation products DDD and DDE

were detected in surface sells at several installation locations,

PCDs were only detected at two places. It appear8 that the

pesticides and PCSS found at DDMT have not moved very far fro_

their point of application or release to the environment.

Adsorption to soil particles is the likely explanation for the

persistence of these compounds. The movement of soil particles

containing adsorbed pesticides is probably responsible for their

presence in sedlment5 in Lake Danislsen and the adjacent pond.

Their low solubility explain9 why only low concentrations in a few

surface water sample8 were otsez-led. Leachin_ to the 9Tound water

has probably not occurred.
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SECTION 6.0

BASI_r,T_/E RISK ASSESSMenT

6.1

The purpose of a baseline qu_ntit&tive risk assessment is to

provide an evaluation of the potential threat to human health and

the environment in the absence of any remedial action. The

objective of the baseline risk assessment is to incorporate data

identifying the extent, 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

6.2.1 S SS e t

FigUre 6-i presents a conceptual model of potential exposure

pathways considered at the DDMT site. The primary environmental

exposure pathways associated with DDMT include inqestion,

inhalation and dermal absorption of contaminants present in surface

soils, ground water, and surface water. A vital potential pathway

which is included in the evaluation of this site was the

possibility that the shallow aquifer (Fluvial) is interconnected

to the Memphis Sand aquifer, which is the source of drinking water

for the entire Memphis city area. Contaminants of concern were

identified in DDMT monitoring wells screened in the Fluvial or

shallow aquifer, constituents of concern in the Fluvial aquifer

havB not yet been detected in the Memphis Sand ground-water

samples, but were present in some sell borings°

Secondary pathways associated with DDMT include the ingestion of

aquatic species which have bioaecum_lated 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 collection basins on the site (Lake

Danielson) or off-site via the city storm system. The city storm

system is primarily open and above ground in the area neighboring

DDMT. city storm drainage eventually drains to either Nonconnah

Creek or Cane Creek. Both of these surface waters are classified

for fishing use. Also, Lake Danielson has been used for

recreational purposes in the past.

6.2.2 Routes of E_OSUEe

There is a potential for contaminants present in the soils to reach

human and animal receptors in numerous ways. The routes of primary

concern are as follows:

I. Inhalation of soil particulates

2. Ingestion of soil particulates deposited on skin

3. Dermal absorption of contaminants in soils

There is a potential for ground-water constituents to reach

receptors via the.followlng 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 associated with potentially

contaminated surface water and surface water sediments include the

following:

i,

2.

8531.81

Ingestion of fish and other aquatic life from

contaminated lakes and creeks

Dermal absorption of contaminants present in surface

waters and sediments
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Surface water and sediments contained few volatile cempounds, which

were present only at low concentrations. Therefore, inhalation oZ

vaporized constituents present in surface water was considered an

unlikely exposure pathway at DDMT.

6.2.3

6.2.3.1 Ground-Water Sources - DDMT ks located east of the Allen

Well Field, one ef 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 aquifer, which is the potable

water source for the City of Memphis and most of Shelby County.

Studies have implied that "windows" may be present in the coDflning

layer overlying the Memphis Sand aquifer which may allow l_akage

of contaminants from water table aquifers (Graham and Parks, 1986).

It is possible that contaminants migrating from DDMT could reach

surrounding water table aquifers and could potentially contaminate

the Memphis Sand aquifer. Thirteen of the thirty-three Allen Well

Field wells lle within one mile of DDMT (see Figure 6-2).

Analysis in 1988 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 N,_mhers.

113, 114, 115, 117, 118, and 138, all of which lie within a one

mile radius of DDMT (see Figure 6-2), had no detectable levels of

volatile organic chemicals. In 1988, Memphis Light, Gas and Water

Division detected low levels of chlorinated solvents in Allen Well

Field Wells Num_rs 126, 127 and 128. MLGW officials believe the

source is an industrial site located close to the three wells and

has not considered DDMT as a potential source because DDMT is

located more than a mile away from the problem wells. The wells

were resampled in 1989 and continued to have detectable levels of

chlorlnated compounds. All three of the Allen Wells are now closed

(MLGW, 1989 and 1990). Table 6-I 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 important to note that the Allen

Wells are screened in the Memphis Sand aquifer. The DDMT wall

locations shown in Table 6-i are screened in the Fluvlal aquifer.

An analysis of water, dated September 30, 1988, which was taken at

the post-chlorlnation distribution point for the Allen Well Field,

revealed low levels of bromodichlcromethane, chlorodlbromomethane

and chloroform (MLGW, 1988). These constituents are co--on by-

products in water which has undergone chlorination (National

Research COUnCil, 1987).

The state of Tennessee and the local health department monitor the

_her of wells in the Memphis area by requiring drilling permits

and annual permit renewals for continuous well operation. Figure

6-2 shows the locatlons of nearby industrial wells. A preliminary

well 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, Kellog, 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 quound water samples

collected from the Cochran (January 30, 1989} and united

Refrigeration (October 10, 1988) industrial wells for total

phenols, metals, total chlorforms, and nitrates. All three wells

were found to have acceptable water quality for the parameters

analyzed. All four industrial wells are screened in the Memphis

Sand aquifer at depths oE approximately 450 to 500 Feet (Moore,

1989).

The U.S. Geoloqlcal Survey has also analyzed selected wells in the

Alluvial and Fluvial deposits in the Memphis area. One well, SH:

J-171, is physically located near the Allen Water Well Field, and

is screened in the Fluvial aquifer at a depth of 71 feet below

ground level. The results of analyses for dissolved metals and

volatile organic constituents is s,*_rized in Table 6-2. No
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levels of metals or volatile organic constituents exceeded drinking

water standards for contaminant concentrations (NcMaster and Parks,

1988). However, this data is not directly comparable to the data

from DDMT monitoring wells, as wells at DDMT were analyzed for

total metals, rather than dissolved metals.

In s,,mmary, the water well survey associated with the DDMT site

assessment did not reveal any shallow aquifer wells (Alluvial or

Fluvial) within two miles of DDMT which are used for potable water

sources. Therefore, ingestion of potentially 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 would be

via leakage through permeable zones in the confining unit, which

could allow migration of contamination from the Pluvial deposits

to the Memphis Sand aquifer. The potential for this occurrence has

been addressed by Graham and Parks, 1986 and Brahana et el., 1987.

The Memphis Sand aquifer is the primary water source for the city

of Memphis, whlmh has a population of approximately 850,000 people.

Analysis o£ 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

aquifer. LOW levels were detected in one deep soil test bering

located near MW-6. Analysis of wells in the Allen Well Field and

SH: J-171 (located less than a mile west of DDMT) during 1988 and

1989 shows no evidence of contaminants which exceed drinking water

standards (Brahana, etal., 1987; McMaster and Parks, 1988; MLGW,

1989). _rently, the Allen p%implng field is only used on a

reserve basis, with use limited primarily to the s_*_er months

(MI_, 1989). Any wells with detectable amounts of Volatile

Organic Constituents as measured by gas cbromato_aphy methods are

promptly closed.
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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 kinking water exposure point), three potential

scenarios of migration were examined:

i. Vertical 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 asstt_ptlon that a "window"

exists in the intervening confining unit

3. Lateral transport through a portion 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 aquifer near

DUnn Field provides analytical data control rmlative to scenario

n,_her i. Well 108, the Allen Well Field well closest to DDMT,

provides analytical data control relative to scenarios n*im_r 2 and

nu_ber 3.

, o

Several methods were used to predict the vertical transport of the

most concentrated and potentially mobile constituents,

trichloroethylene and l,l,2_2°tetrachloroethane, through the clay

confining unit separating the Fluvial aquifer from the Memphis Sand

aquifer. 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 model, SESOIL from

GE_ (SESOIL, 1982), indicates a mlnlm_ breakthrough time of

approximately 150 years for l,l,2,2-tetrachloroethane (Appendix J).

Estimated concentrations, from the model of contaminant transport

through the confining unit was judged too uncertain for use as
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exposure point concentrations. Therefore, transport rates

calculated by the model were not used to estimate concentrBtions

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 engineering equation

previously cited.

Actual site monitoring information confirms the assumption that the

confining unit at the site has not been breached. MW-37 shows no

evidence of contamination found previously in the Fluvial aquifer.

The only major constituent found in MW-37 is acetone (3,500 Ug/L),

which is not present in the Fluvial aquifer and is not a predicted

breakdown product of any of the Fluvial constituents. It is

difficult to base any conclusions concerning possible health risks

associated with acetone on one sampling episode and one detection

incidence.

Lateral migration via the Fluvial aquifer was estimated using a one

dimensional model from USGS and the Donlgian Rapid Response model

(1953). The assumed parameters used for both models are shown An

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 may have occurred more

recently, mo that the potential migration of the contaminants is

overestimated. Both models used TCE and l,l,2,2-tetrachloroethane

as indicator parameters.

Both models estimate that low levels of contamination could arrive

at Well i08 of the Allen Well Field within a 35 year period. The

USGS model estimated a higher concentration value (TCE = O.S ug/ll

than the Donigian model. Both models rewire the ass_ption of

several parameters unavailable from site data.
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Actual monitoring data of Well 1OS confirms that detectable 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 aquifers has sufficiently

retarded flow to the Memphis Sand aquifer.

oe

This scenario is similar to Scenario N,_m_er 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

Field. Contamination levels would be reduced within each part of

the flow regime. While we have calculated that a contamination

plume could extend some distance out in the Fluvial aquifer, it is

not feasible to model this complex flew. However, as before, Allen

Well Field Well 1OS has nut shown detectable constituent levels.

Thus, contaminatlan from Dunn Fleld has apparently not affected the

Allen Well Field.

Sum_a_ :

Scenarios N_her 2 and Number 3 are more critical than Scenario

_,mher 1. This is because the permeability of the Fluvial aquifer

is several orders of magnitude greater than the clayey confining

u_it in the vicinity of Dunn Field. Thus, lateral transport via

the Fluvial aquifer to a potential window in the confining unit

would have a greater effect on the Memphis Sand aquifer. However,

this flow scenario is impossible to model accurately based on the

unknown conditions (Fluvial aquifer conditions, confining unit

extent, etc.) west of Dunn Field.

A worst case estimate for drinking water exposures can be made by

predicting that ground water concentrations at the exposure point
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equal minimum analytical detection limits as measured by acceptable

gas chromatography drinking water analysis methods (ATSDR, 1987-

1990) o %_Is worst case assumes that very low concentrations of

contaminants have breached the confining unit and have not yet been

detected by sensitive analytical techni_es used by Memphis Gas,

Light and Water. It also assumes that the low levels uf

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 potential drinking water exposures. Exposure intake

estimates and risk calculations are made in later sections based

on this worst case scenario.

6.2.3.2 Surface Water and Sediment Sources - There are two primary

surface water sources and several secondary sources located at

DDMT. The two primary sources are Lake Danielsun and the golf

course pond, which are located in the southeastern corner of the

facility. Analysis of surface water and sediments indicates a

history ef contamination from surface run-off following transformer

storage and biocide applications in this area. Pesticides

previously detected in sediments and fish tissue in samples

collected from Lake Danielson and the golf course pond include

4,4'-DDT, dieldrin, chlordane and chlorpyrlfos. Q_estionably high

levels of PCBs were also detected in these matrices. Fishing was

discontinued at Lake Danielson in 1988 (U.S. Army Environmental

Hygiene Agency (USAEHA, 1996b).

sediment investigations at Lake Dmnielson and the gulf course pond

during April 1989 detected metals, some pesticides and numerous

polycyclic aromatic hydrocarbons (PAHs). Flame thrower testing and

fire protection training has occurred in the vicinity of the golf

course pond in past years and is a possible source for the

hydrocarbons detected in these s_rface water sediments during the

Phase I sampling episode. NO polychlorinated blphenyls (PCBs) were
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detected during the April 1989 sampling of the sediments or surface

water samples collected from Lake Danielson or the golf course

pond. Several compounds detected in sediment samples were present

as estimated values, were present in trip blanks, or were at levels

near background values.

Constituents of potential concern in the golf course pond include

polycyclic aromatic hydrocarbons, which were present above

laboratory estimated values, and 4,4t-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

respect to the pond (SW-10). The only constituents detected in the

pond water were batik, copper and zinc at or near background

levels, and some volatile and semi-volatile organic compounds which

are believed to be artifacts of analysis.

The constituents detected at Lake Danielson during April 1989 and

January 1999 were similar in identity and levels to those present

at the pond. Potential constituents of concern at the lake include

arsenic and thm degradation products of 4,4'-DDT. In addition, two

samples collected down stream from Lake Danielson (SW-9 and SW-13)

contained levels of lead, arsenlcf and 4t41-DDT, 4,4t-DDE, silver

and zinc, which were above human and aquatic health-based standards

for water. Surface water samples SW-9, SW-18, SW-II and SW-12 were

taken at points on the periphery of DDMT from dralnage canals

carrying water off the facility. SW-10 and SW-11 contained pyrene,

4,4'-DDT, 4,4'-DDE and lead. The pesticide levelm detected in the

drainage canals increased from the Phase I sampling episode to the

Phase II episode.

Surface water sample SW-I 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/1. When this point
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was resampled in January 1550 (SW-I8), no dieldrin was detected.

Other constituents were present at near background levels or were

also present in the trip blank.

Surface water samples SW-_ and SW-4 contained low levels of

endosulfan, chromium and acetone. These samples were taken in the

northwestern quadrant from a drainage canal directing water off the

facility, chromium was present at a concentration 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 creeks. Dermal contact with

potentially contaminated water and soil present in NonConnah Greek

are exposure pathways of secondary concern at DDMT, but must be

considered in a risk characterization of the DDMT facility. Current

storm drain handling capacity on the facility requires upgrading

(Harland, Bartholomew and Associatea, 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 wlth waters from

Nonconnah and Cane Creek are included in later sections. Accurate

surface water flow estimates were not available. Thus, a

conservative estimate of off-base flow was made for u6e in dilution

calculations. This estimate, based on ann_al precipitation and

land surface area for drainage basins, wam calculated using the

following equation (adapted from USEPA, 1988a):

Q = C*R*A

where: 0 = Mean flow of surface runoff(ft3/sec)

0 _ conversion factor for land use

0.9 _ co_ercial

8.2 = non-commercial
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R = total annual rainfall, inches

A = total surface area of drainage basin, ft 2

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 gra6s-covered and has an estimated surface area of 217 acres.

The mean flow rate of surface runoff (drainage) was estimated at

0.66 ft3/sec. The mean flow rate of Nonconnah Creek is 47 ft3/sec.

The estimated rate of dilution was calculated with the following

equation:

C = Ce * Qe/Qt

where: c = concentration of substance in stream _mg/L)

Ce-- concentration of substance in effluent (mg/L)

Qe= effluent flow rate (ft3/sec)

Qt_ combined effluent and stream flow rate (ft3/ee¢)

This equation provides a rough estimate of the concentration of a

substance downstream from a point source release into a flowing

waterbody after dilution of the substance by the receiving

waterbody (USEPA, 1966a).

6.2.3.3 _ - In general, contaminants are

limited to surface soils at DDMT. Five soil borinqs were collected

in ¸April 1989 and analyzed, but only samples STB-2-2 and STB-2-3

obtained from Dunn Field bad any obvious contaminants. Pyrene (40

and 51 mg/kg, respectively} and fluoranthene (51 and 47 mg/kg,

respeotively) were detected at depths of 17.5 and approximately 70

feet. The sampling lOCation was near the center of Dunn Field. 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 hydrocarbons at all four

depths, including trace amounts of l,l,2,2-tetraehloroeT/lane and

1,2-dlchloreethylene at 182 feet NGVD.

8531.81 5-16



17 235

EXposures to subsurface soils 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.

u ace ou ces - Most of the areas in the main installation

are covered with buildings or pavement. The area around Lake

Danielson and the golf course are mere natural and are well

vegetated. Where there is little surface vegetation on the main

portion of DDMT, absorption of contaminants present in surface

soils via dermal contact, incidental ingestion of soil

particulates, and inhalation of fugitive dust and any volatile

compounds present in the soils are 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 1989. Ten

additional surface soil samples were collected in January 1990.

surface sell contaminants in the golf course area contained DDT,

DDE, dieldrin, heptaohlor, beta-BHC, polyoyclic aromatic

hydrocarbons (PAHs) and some elevated metals. The old transformer

storage yard (SS-38 and SS-31) had metal6, 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 soils around Building 1088 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

SS-15_ SS-16 and $S-17. Metal oencentrations in most sell samples

in this area exceeded background levels for lead, with 88-18 being

extremely high at (17,500 mg/kg). Elevated levels of metals were

8531.81 6-17
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also present in $8-15, Ss-18, SS-18, SS-IS, SS-45 and 88-48. The

gravel area east of 8873 had near background levels of metals and

small amounts of phthalates. 88-28 also had 10w levels of PAHs.

The hiqhest levels of polycyclic aromatic hydrocarbons detected at

DDMT were found in surface soils around Building 829. 88-42 (Phase

II) had concentrations three to four times greater than SS-ll

(Phase I). Concentrations of FAMe in SS-42 and SS-43 approximate

0.05 to 0.1% of the total soil constituents. Many of the PAH

compounds are potential human carcinogens and fairly persistent in

the enviror_ent (ATSDR, 1990). The Building 629 area also had the

highest surface soil concentrations of nickel (367 mg/kg} and

mercury (1.3 mg/kg). SS-43 has the highest overall soil

concentration of dieldrin (4.5 mg/kg). Other constituents detected

at Building 629 included DDT, DDE, DDD, beta-BHC, heptachlor,

chlordane, dibenzofuran, low levels of chlorinated hydrocarbons and

elevated metal concentrations. SS-20 at the hardstand area had

high concentrations of zinc, chromi%tm and barium, other surface

samples SS-32, through SS-38 and SS-4O, were relatively

contamlnant-free.

At the PDO yard, SS-41 and SS-5 were clearly the hot spots, with

high concentrations of PAHs, chromium, barium, lead, copper, zinc,

D_ and its byproducts. Pesticides were also detected in all six

samples taken in this area.

Surface sample SS-7, DUnn Field, exhibited high concentrations of

PAHs. In general, Dunn Field soil samples had detectable levels of

DDT, DDE, chlordane, dieldrin, PAHs, and slightly elevated lead and

zinc (SS-8) values. Dunn Field is grass-covered and used

sparingly. Therefore, exposures to surface soils at DtlDn Field

would occur less frequently than on the main part of the faoility.

Two potential exposure scenarios for surface soils were examined.

chronic and lifetime risks for career employees were estimated.

Because of the open nature of the buildings at the site, indoor

8531.81 6-18
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soil concentrations (dust) were asstlmed to equal outdoor

concentrations. The subchronic exposure scenario examined exposure

potential for construction workers. This scenario 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 I0 mg/m 3 (Small, 1984), and the respirable

fraction of the dust was estimated as 45% (OSEPA, 1988C). Small

based his estimate 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

concentrationm for s_rface soil constituents detected more than 10%

of the time were calculated. Constituents of low toxicity or those

potentially contributed by sampling or analysis error were 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. chronic and lifetime intakes were

calculated using the constituent arit/imetlc means, while subchronic

intakes were calculated using the highest detected concentration.

6.2.4 potential Human Receptors

Potential human receptors for the DDMT facility include the

following:

i. Employees of DDMT

2. Residents and Neighbors of DDMT

3. Residents of Memphis

4. Fishez_nen and Recreational users ("Waders") of surface

waters, including Cane Creek and Nenconneh Creek

DDMT has been utilized as a storage depot and e_/ipment staging

facility for the armed forces since the 1940's. The majority of

DDMT employees are civilians working during two shifts per work

day. The number of employees is estimated to be 2,700 (Cb,1_ney,

8531.81 6-19
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1989), with a projected future increase of strength to 3,100

(Harland, Bartholomew and Associates, 1988). Thirty-two employees

are uniformed military personnel.

All expansion in employment is expected in the civilian sector.

Employees would he exposed prlmarily to contaminants in surficial

soils and surface water through the inhalation of fugitive dust or

the dermal absorption of constituents deposited on skin. Some

incidental ingestion of soil deposited on the hands may be expected

to oocl_r.

Land use of the area surrounding DDMT is a mixture of residential

and commercial or manufacturing establishments. Population for the

two zip code areas around DDMT (38114 and 38106) was 94,468 in the

19a0 census, with a projected population of 89,695 in 1993. The

average household size was 3.0 and the average household income was

$9,812 in 1980. The zip code areas (30114 and 38106) encompass an

area which extends 1.5 to 2 miles to the east and north af the

facility and up to 4 miles west of DDMT (City of Memphis, 1989).

There are several schools within a one-mile radius of DDMT, hut no

other sensitive suhpopulatlons (i.e., hospitals, nursing homes) 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. 0n-site residents of the facillty are

estlmated to bo no more than 24 (chumney, 1989). There are no

on-site gardens or a_icultural use of the property.

Residents and neighbors of DDMT are potentially exposed via surface

run-off flowing to drainage reservoirs (_ke Danielson) and storm

canals. Decal absorption d_trlng wading is the primary exposure

route and is most likely to occur to children playing in the

drainage canals. Dermal absorption surface water exposure intakes

assume that wading frequency and duration is similar to average

swimming frequency and duration (USEPA, 1988a).
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Cane Creek, Nonconnah Creek and the Mississippi River (Lake

McEellar) are classified for fishing and are all potentially

impacted by DDMT. cane creek and Nonconnah Creek receive surface

drainage from the facility. Some of the constituents present in on-

site surface water and soils are associated with bioaccumulation

in the food chain (i.e., 4-4,-DDT). Therefore, creek fisherman and

recreational users of the Mississippi River are also potential

receptors for DDMT°

As discussed in Section 3.1.6, some authors have presented the

potential for recharge from the Fluvial aquifer to the Memphis Sand

aquifer. Monitoring wells MW-36 and MW-37 are both screened in the

Memphis Sand aquifer, but ground-water samples fram these wells did

not show evidence of the chlorinated hydrocarbons found in theDunn

Field Fluvial aquifer monitoring wells. Nonetheless, via potential

penetration of contamination through the confining unit at Dunn

Field, or through "windows" in the confining unit west mE Du_n

Field, leakage into the Memphis Sand aquifer has not been ruled

out. With potential exposure to chlorinated hydrocarbons in their

drinking water source, the resident8 of Memphis are considered

'potential receptors via 1) ingestion of drinking water, 2) dermal

absorption during bathing and 3) inhalatlon of volatile compounds

emitted by household use of drinking water (i.e., showering,

dishwashlng, etc.).

6.2.5 calculation of Exmosure Intakem

The following section shows the equations used to estimate human

intakes via exposure to surface soils (onsite) a surface water, and

drinking water (offslts). Only the soil exposures consider a

suhchronlc exposure scenario. Sell exposures are calculated only

for adults, as DSMT has controlled access. All other potential

exposure pathways consider chronic exposures for adults and

children, and lifetim_ exposures to carcinogens. The format of the

equations comes from the Risk Assessment Guidanc8 FOr superfund:
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Human Health Evaluation Manual (USEPA, 1989b) with parameter inputs

from the superfund Exposure Assessment Manual and EXpOSure Factors

Handbook (USEPA, 1988a and 1989b).

6.2.5.1 Current Onsite Emolovee EXPOSUres - Current snsite

employees could be exposed to soil contaminants by incidental

ingestion of soil from hand to mouth contact, inhalation of

fugitive dust and dermal absorption of contaminants present in the

soil. EqUations for the calculation of 8ubchronic, chronic and

lifetime eXposures and thelr associated parameters are shown in

Figures 6-3, 6-4 and 6-5. Construction workers were estlmatsd to

have higher inhalation rates than long-term employees as their work

is mor8 strenuous. LOng term employees, were ass_ed to have daily

soll eXposure durations of eight hours, although they may only be

outside for one or two hours per day. Because of the open nature

of many site buildings and the steady traffic flow between areas,

indoor and outdoor soil exposures were assumed to be essentially

equivalent.

6.2.5.2 Current Offsits Fishing and wadinu ExPosures - Flsblng

onsite was ended in 1986, A fish survey by USAEHA found evidence

of pestlcld_s in Lake Danielson species. Mere recent sampling by

Law illustrates the persistence of these compounds in the surface

water and sediments. After estimating constituent dilution in

Noncor_ah Creek, potential intakes vla ingestion of fish which may

bioconoentrate site constituents were estimated using the eguatlon

and parameters in FigUrA 6-6.

Dermal absorption by fishermen wading and children playing in

offsite creeks was estimated as shown in FigUre 5-7. It was

assumed that the receptors would have contact on half their total

skin surface area and that these events would have the same

frequency as swimming (USEPA, 1988a). The dermal permeabllity

constant was assumed to equal that of water {0.0008 cm/hr).
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FIGDI_ 6-3

INCIDI_TAL INGESTION OF SOIL

Equationl

Intakm (mglkg-day) =
BW X AT

I'Eeze!

CS = Chemical Concentration in Soil (mglkg)
IN = Ingestion Rate (mg soil/day)

CF = Conversion Factor [10 "a kg/mg)

FI = Fraction Ingested from Contaminated source (unitless)
EF = Exposure Frequency (days/years)

ED = EXposure DUration (years)

BW - Body Weight (kg)

AT = Averaging Time

Chronic EXPosure to onsite Emolovees:

CS: Mean Surface Soll Concentration

IR: 100 mg/day (adults)
OF: 10-_g/mg

FI: 8 b-r/24 hE = 0.33

EF: 250 days/year
ED: 30 years

SW: 70 kg (average adult)

AT: Noncarcinogen: 10,950 days

Carcinogen: 25,550 days

Intake - CS x 3.2 x 10 -7 days'* (Noncarclnogen)
CS x 1.4 x 10 .7 days "I (carcinogen)

Subchroni_ Incldental Ingestion of Soil:

CS: Maximum SUrface Soil concsntratlon

IN: 100 mg/day
OF: 10 "_ kg/mg
FI: 8 _Lr/24 hr = 0.33

EF: 125 days/year

ED: i year

BW: 70 kg (average adult)

AT: 183 days

Intake = CS x 3.2 x 10 -7 days °I
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FIGURE 6-4

DAILY INHALATION INTAE_ OF FUGITIVE DUST

Ka_ations

Tntake {_/k_-day) = _IL_
BW x AT

CS _ _Erec_ioflChulcaLConc0ntra_ion in Soll (m_/kg)
CF FaCtOE _i0 -6 kg/mg)

IR m Inhalation Rate (m /hr) 3
PC Dust Content £n Air (mq/m }

ET m ExpOsure T_ (hEs/day)

EF . EX_aure Frequency (days/year)
RD m RX_suro Duration (ysaEs)

_S . _bsorption RaEe in Lungs {unitle88)
BW . BOdy WGight (kg)

AT = Averaging Ti_i (days)

Chrcnlc Exuosuro to Onsite EmDlcvoes:

IRa r - light to _derats activity, avera_Ps ad_t (B_, 1909)

DC: i0 _/m (Small, 1984) x 0.45 (average • of partlcle0 • i0 _m (USEPA, 1988)

_; $ h_|/day
EFI 250 da¥8/_ar
EDI 30 yemcs

BWs 70 kg (average adult)
ATI 10,950 da¥s (noncarc£nogen)

2S,SS0 days (cacc£no_en)

Intake m CS • 4*9 x 10 -7 day -1 (Noflca_clnogen)

CS x 2.1 x i0 -? (ca=olnogen)

Subchronlc Ex_sure of Const_ct£on Workerm Onmit@ to Fuatt_y_ _m_;

Inhalations

6 m _
ZR: /i_ r - m,_i_a_e activity, average adult (SEAM ig88)

DO: i0 w/m_ [SmaZl, 1984) x 0.45 (average % ot partlcle0 S i0 um {USEPA*
1988a}

ET: 8 hEs/day

EF: 125 day|/ye_ (nix mQnths)
ED; 1 year
BW; ?0 kg )avlrage adult)

ATz 183 daym

Intake m CS x 9.1 • 10 -7 day -I
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Equation:

Absorbed Dose (mg/kg-day) - CS x CP x SA x AF x ABS X ET X EF _ _p
BW x AT

_aEO|

CS = Chemical Concentration in Soll (mg/kg)
CF = conversion Factor (10 -6 kg/mg)

SA - Skin Surface Area for contact (cmZ/e_ent)
AF _ Soll to Skin Adherence Factor (mg/_m')

ABS _ Ahsorptlon Factor (unitises)

ET _ Exposure Time (hr/day)

EF = EXposure Frequency (days/year)

ED -- EXposure DUration (years)
BW -- Body weight (kg)

AT _ Averaging Time

Chronic Dermal Absorption bv Workers at the Site:

CS; Mea Surface Soll Concentration

CF: i0 -_ kg/m_

SA: 3,280 cm'/event (50% percentile, average adult SA for

forearms, _aNds, and head; USEPA, 1989)

AF: 2.77 mg/cm" -- Kaolin clay (for hands; DSEPA, 1988)

ABS: Absorption from food or soll - 30% (USEPA, 1989b)

ET: S hr/day (site-speciflc estimate which include8 exposure to
indoor dust at site)

EF: 250 days/year
ED: 30 years

BW: 70 kg (average adult)

AT: Noncar=inc_en: 10,950 days

Carcinogen: 25,550 days

Chronic Absorbed Dose _ Mean CS x 2.13 X 10 -4 ay-i (Nonoarcinogsn)
Mean CS x 9.14 x I0 -_ day-i (Carcinogen)
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IIGERZ 6-S (CONT)

Suh_hronlc Dermal _bsorDtion bv Construction Workers fFuture% :

cF:CS: MaXl0_$mUmkg/m_SUrfaceSoil Concentration

SA: 3,280 cm /event (S0% percentile, average adult SA for

forearmS_mgands, and head; EFH, 1989)
_.F: 2.77 mg/ -- Kaolin clay (f_r hands; SF.%M, 1966)
ABS: Absorption from Eood or soil 30% (USEPA, 1989b)
ET: 8 b_r/day (Site specific estimate which includes exposure to

indoor dust at slte)

EF: 125 days/year

ED: 1 year

BW: ?O kg

AT: 183 days

Subchronic Absorbed Dose = CS x 2.13 x 10 -6 days-I
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FIGD'RB 4-4

INGEBTIOH OF COHTANI]f_TZD FISH

Equations

Intake (mg/kg-day) = CW x BCF x IR x FT _ E_ X _D
BW x AT

N'Dore$

CW = Chemical Concentration in Surface Water (mg/l)
BCF = Bioconcentration Factor

IR = Ingestion Rate (g/day)

FI = Fraction Ingested from contaminated Source (unitless)

EF = EXposure Frequency (days/year)
ED = EXposure Duration (years)

BW = Body weight (kg)

AT = Averaging Time

IR: 6.5 g/day
FI: 0.25

EF:

ED:

BW:

AT:

365 days/year

30 years (adult); 12 years (children)

70 kg (average adult); 26 kg (child)

25,550 days (lifetime oE adult); 10,950 days (working career);
4,380 days (child)

Intakes = CW x BCF 9.9 x 10 -3 day "l (adult, carcinogenic)
CW x BCF _ 0.023 day "I (adult, chronic)

CW x BCF x 0.0625 day -I (child}

6-27



PIGD_ 6-7

DE_W.AL ABSORPTION OF CONTAHINANTS
PRESI_rT IN _U*_FACE WATER

17 2,' G

Equation:

Absorbed Dose (mg/kg-day) _ CW x SA x PC x ET x EF x ED x CF

BW x AT

SC_A= Chemical concentration in water (mg/liter)Skin Surface Area Available for Contact (om 2)

PC = Chemlcal-speclfic Dermal Permeability Constant (cm/hr)

ET = Exposure Time (hours/day)

EF = Exposure Frequency (days/year)

ED - Exposure Duration (years)
CF _ VolUmetric Conversion Factor for Water (i liter/1OOO cm 3)

BW - Body Weight (kg)

AT _ Averaging Time (period over which exposure is a%-4eraged

days)

Variable Values: Chronic and Lifetime exposures durina wadinu:

CW:

SA:

PC:

ET:

EF:

ED:

CF:

BW :

AT :

Mean Valu Mean Valu Mean Vale
9,,ova 90,075 4,voo

Pe_eability of water = 0.008 cm/br (USEPA, 1986)

2.6 _LrS/day (same as swiping value; RAGES, 1989)

7 days/yr 7 days/yr 7 days/yr
70 years
1 L/1000 cm 3
7O kg

25,550 days

70 years 12 years
1 L/1O0O cm 3 1 L/10OO cm 3

70 kg 26 kg
25,550 days 4,380 days

Absorbed Dose = CW x 5.2 x 10 -6 LJkg-day (adult,chronlc and lifetime)

= CW X 7.2 x 10 -6 L/kg-day (child, chronic)

6531.81
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6.2.5.3. Estimated EX-Oosures to Residents of MemPhis - Estimating

exposure to residents of Memphis assumes that contaminants present

in the Fluvial aquifer at DDMT have traveled laterally and

vertically to the Memphis Sand aquifer at the Allen Well Field.

There is currently no evidence that contaminants from the site have

reached the well field. However, it is possible that constituents

could be present at "below detection" limits. Also, Memphis Gas,

Light and Water does not utilize a well with any detectable

contaminants. Thus, this wormt case scenario assumes that

contaminants are present in the Allen Well Field at minimum

analytical detection limits. Intakes 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 _-8, 6-9 and 6-10.

6.2.6 o C mSeBS e

A total of 103 constituents were identified in the four matrices

sampled during Spring, 1989 and Winter, 1990. Twenty-eight

constituents of concern have bee_ selected from this total.

Factors considered in selecting chemicals of concern include the

following:

1) Measttred concentrations and frequency of detection at the

site;

2) Toxicity;

3) Physical and chemical characteristics related to

environmental mobility and persistence;

4) Relative contribution of chemicals to overall health

risks associated with the site.
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¥IG_RJ 6-8

ZNGBBTIOH 07 _ZCALB IN DRIh'][/NG ITATI[2

z_ation*

Intake (mg/kg-day] =_[-Z_JdL-K_F_
BW x AT

_gEI|

CW = Chemical Concentration in Water (mg/L)

IR = Ingestlon Rate (L/day)

EF = Exposure Frequency (days/year)

ED _ Exposure Duratlon (years)

BW _ Body Weight (kg)

AT = Averaging Time (days)

z  m UU /muUuu 

CW: Assumes concentrations equal to lowest analytical detsctlon
method (i.e, GC methods); 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); 4,300 days (child, chronic);
days (adult, chronic)

18,980

Intake - CS x 0.029
CS x 0.021

CS X 0.038

(adult, chronic)

(adult, carcinogenic)

(child, chronic)
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Z_TZON OF CII_[ZC_8 IN DRINKING IrATBI

17

Ass_ption:

I_alation intakes to volatilized constituents will equal drinking
water ingestion intakem (McKone, 1967)

Intake - CS x 0.029 days "1 (adult, chronic)

CS x 0.021 days -I (adult, lifetime)

CS x 0.038 days -I (child)
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FIGURB 8-10

D_P*L CONTP_CT WITX Cw_u_ICAL8 IN TFATER

Equations

Absorbed DoQe (mg/kg-day} = CW x SA x PC x ET x RP X ED X CF
BW X AT

IPns_o_

CS _ Chemical Concentration in water (_g/L)
SA Skin Surface Area for contact (cm °]

PC = Dermal Per_eabillty Constant (cm/hr)

ET - EXposure Time (hrs/day)
EF _ EXposure Frequency (days/year)

ED - Exposure Duration (years)

CF = Volumetric Conversion Factor (1 Liter/1000 cm _)

BW _ 8ody Weight (kg}

AT - Averaging Tlme (days)

CW: Ass_tmes concentration equal to lowest analytical method (1.e.,

GC method_); see text.
SA: 18,150 (average adult]

9,400 c_mC_ (average 3-12 year-old child)

PC: Permeability o£ Water _ 0.0008 cm/hr
SEAM, 1988)

ET: 0.25 hr/day (shower time)

EF: 365 days/year

ED: 52 years (adult)
12 years (child I

CF: 1 Liter/1000 cm _

BW: 70 kg (average adult)

26 kg (average child aged 3-12 years)

AT: 25,550 days (lifetlme of adult);

exposure); 4,380 days (child)

Intakes = CW K 3.88 X 10 -5 day -I

CW x 8.19 x i0 -s day -l
CW X 7.23 x i0 -s day -I

(SEAM, 1989)

(Blank et al., 1984,

(EAM, 1989)

18,990 days (chronic

(adult, chronic)

(adult, lifetime)
(child)
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Methods dlscussRd in **Risk Assessment Guidance for Superfund:

Human Health Manual, Part A" (USEPA, 1989b} were used in ranking

ground-water constituents. Constituents were also compared to

available health standards and criteria. Chemicals selected as the

primary constituents of concern at DDMT are listed in Table 6-3.

Tables 6-4, 6-5 and 6-6 show the frequency of detection of

constituents present in soil, sediment and surface water samples.

Constituents with near background concentrations or low mean

concentrations (near quantitation limits) were eliminated. The

selection of groundwater constituents was based on their estimated

contribution to total health risk via ingestion (i.e., a toxicity

screen). Any ground water constituent estimated to contribute one

or more percent to the total health risks via ingestion were

included.

The toxicity assessment is an integral part of the Baseline Risk

Assessment process. In the toxicity assessment, quantitative

reference values describing the toxicity of the chemicals of

potential concern are evaluated. Toxicity values such as reference

dose and carcinogen slope factor are based primarily on human and

animal studies with supportive evidence from phar_acokinetic,

mutagenicihy and chemical str_oture studies. The following

sections will describe toxicity values used to evaluate current and

potential exposures associated with DDMT. S"mmaries of the toxic

effects associated with the constituents of concern are given in

Appendix I.

An additional consideration is a comparison of sits concentrations

to Applicable or Relevant and Appropriate Requirements (ARARs}.

seth Federal and State of Tennessee regulations, rules, guidelines

and criteria are compared to sits concentrations in ground water,

surface water and surface soils.
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Ct_ST[llJEbI¥$ OF CCmr._EII

I_efense Oepa: I1_tJ,is Tm_n_see

_r_e_ Soil

_ut faco Us_@r

0,_ $edlalent

'_.AT [ I.E Oll_/Ud [ C$ :

Acet_

Car b_ Tot re_hLor I de

1,1 -_)i¢_tor _thyTn

1,2-OfchL_r_thyte_

I, 1,2, 2- l_r_ch lot et h_e

Tut rac/_lorcqthyt sr_

Tri_hL_'ael:hylerm

_lethyt er_ £hLor I_

9ASEIIIEUTRAL/AC [O E_TII_TABLE5 :

Be_za(= )anthrac_.ne

8er_t¢ I b ) _ t uor _11_h_

8_ZO( k }_ tuoran_h_

ChrySe_

Fiuar _th_

Inde_o(i,Z,]-cd)pyr_pe

Pyr_ne

P_STIC]DE= & PalS:

(.,4 J .DDE

4,4 J -DDT

bet a-IHC

Ol_t drin

NiET_LS :

Arsenic

O_r Jgm

LeOd

Nercury

X X

X X

X

X X •

X X

X X

X X
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T_e 6-&

pr{_ Ccflsti_'Jenl_s of ¢ot_itrn De_;l"_ [n Surfgcg SotLg

(_kg)

Range of

Fre:psency _Jant I t It tr,_ Arithmetic Naxfrr_m

¢or;B_ituen[s Of Cor_ern {o) of Diil,_[io_ Limits Nean (b) Co_lt_tr&[_

TrICh(oroltby [ eslo 14Z _ -T'a_ 43.8 2100

_ ChyL,l_'_ CI_LOrI_ 1ef¢l_ 3 15,4 7100

_u'lt hrecv4 _ 3._-21C00 4917 130OO0

6_o( 4 )_'l_hra¢,_ 5_ _1,0-_I_00 24741 970000

I_'_*IIHC 201_ 8.1-4_ 161 2_DO

carr{ed throb the r{sak CSLC,Jiat{r,-dS _L_ ti_e cor_t{(t_e_t 40

aLSO intpor[_ [o o_her media,

(b) HeBr_S Mere ca_C_kBl[ed _:y K;d[ng 1_';_ SQLal for _l_ aT ND.
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TabLe 6-5

pr Jmary ¢o_t [ tumlts
De_ecI(_ In S_l(mmtl

Jibe ol

Fr m_m_3, Daz_t_l Arit_l_C_c _xiu

Barium 10/10 76,000- tO4,01_ 9Q,(]CD 10,600

Chrmlum 10/10 9,000-Z8._ 14,200 2B,OOO
Lead 6/10 $,_-91.000 39,250 91,000

Mercer'/ _/10 40-qlQ 67.5 60
L

&,&'DCD 6/10 45--_,01_ T2& 3,000

_,4"OCE S/10 36"k60 15a _0
4,6"DDT ?JlO 6ZO'Z,gQO 1,760 2,900

la_zO(a )entbr_ene $]10 230-1.100 670 1,100

BOnZO(i ]Weme 3.'_0 $00-1,3Cg 677 1,300

Se_zo( I_)f Lu_an/h efle 3/tO 3_0- t, _0 957 1,800

Ben,o( k ]f luopanthene 3/tO 290- t_O 860 1,600

C_ rys_e _/I0 300-t ,400 817 1 ,_00

Ft_ran_h_ne 7/10 71-3,00@ 825 3,0C0

Ft enanth r_ne t./lO 100-1,_00 _3 1,$C0

pyrene • 4/10 1_-2,400 1,1_8 2,_.00

(a) _,,,e,-. Of s_Les In tdli_ _he chemical h"ml postllve_y deEe:ted

Ib) EClSld on detected v_slu_s
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T_Le 6-6

pri_ C_Jt_t I tu_¢s
Jn $ur'fic@ EtJ_f

_efense 0epo_ Ne_s T_IN

(ug/L)

Cor_tit_t

_ af

Fre_lr:y Omt_l:ed Ar J_hmlt IC _fU
_ Dqtt_|l_ (a) _ml_Pl_JN P4HIn lb} Cot'_l_tr|ti_

Arlenic _/15 3T-_.8 43 _8
hrlum 16116 56-91 66 98

C.hro_i_ 3/1_ 10-Z0 17 ZC

LeBd _/13 40-£'95 12T Zg_

OllLdrln 2/3 0.11-0.13 0.1Z 0.1_

4,4-DDE _/13 0._1-0.B8 0.45 0.88

4,4-DD[ _/13 0.16-Z._ 1.13 Z.2

A¢olonl 11/13 1-110 l& 110

(m) Humber of sum_LeX in _ich thin che_lCXL _1_ _oel_lveLy de_l_ted
rea_r _h_ m-,_---_ of S_m_LeB XvmlIB_L4,

(hi r_slcuL_e_l f_'om de_ec_£._ S_F_L_I
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6.2.6.1 Toxicity Assessment for Noncarcinoaenlc Effects

Chemicals that give rise to toxic endpolnts other than cancer and

gene mutations are often referred to as "systemic toxicants"

because 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 threshold. In other words, there is no safe level of

exposure for those compounds.

A chemical-speclflc reference dose, RfD, may be developed for

varying exposure routes (oral and inhalation), lengths of exposure

(chronic, subohronlc or single event), and critical effects such

as developmental toxicity. Chronic RfDs estimate the daily

exposure level for the human population, including sensitive

subpopulations, that is unlikely to produce an appreciable risk of

deleterious selects during a lifetime. Subchronio RfDs are applied

to exposures lasting more than a few weeks and up to seven years.

Chronic RfDs are applied to exposures extending from at least seven

years to a lifetime (70 years). Most exposures in the current

assessment are assumed to be long-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, values from the Health Effects Assessment

S,*mmary Tables (HEAST, 1989) were adopted.

6.2.6.2 Toxicity Assessment for Carclnoaenlc Effects - The USEPA

has assigned a weight of evidence classification and a slope factor

for many chemicals which have been classified as human and/or

animal carcinogens. These indices can be dsrlved for either oral

or inhalation exposures. The weight of evidence classification

indicates whether evidence is primarily from animal studies or is

also based on epidemiological evidence. Chemicals with the

8531.81 6-38
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strongest evidence of human carcinogenicity are denoted with Class

A, BI, or B2, while chemicals with less supporting evidence are

classified as C or D. The slope factor is usually the upper 95

percent confidence limit of the slope of the dose-response curve

for the constituent and is expressed as (mg/kg-day)-l.

Carcinogenic slope factors listed in Table 6-7 are prim_rll y from

USEPA (1990), with HEAST (1990) as a secondary source.

6.2.6.3 Toxicity Assessment of Dermal EXPosures - No RfDs or slope

factors have been derived for dermal absorption. Risks associated

with deZlaal exposures may be evaluated with Oral Absorbed Dose RfDs

or Oral Absorbed Slope Factors after dermal exposures are converted

to their respective absorbed dose (USEPA, 1989b). Dermal exposures

were adjusted to absorbed dose estimates by assuming that the

contaminants permeate skin at a rate equal to the permeability of

water (water-based contaminants only). Oral RfDs and SFm were also

adjusted by oral absorption rates found or extrapolated from

specific ATSDR Toxicological ProEiles.(ATSOR, 1987 to 1990) to give

an Absorbed Dose Reference Dose or Absorbed Dose Slope Factor as

shown in Table 6-7. The Dermal Absorbed Dose estimates can then

be compared to Oral Absorbed criteria, as described in the Risk

Assessment Guidance (USEPA, 1989b).

It is inappropriate to use oral slope factors to evaluate

carcinogens which have direct action on the skin (i.e., skin

cancer), but they can be applied to carcinogens which act in a

syste_ic mode rather than local mode. Arsenic is one oonstltuBnt

which is associated with a de1_ally active mode of carcinogenlcity.

6.2.6.4 AmDllcable or Relevant and AmDromriate Reoulrements and

To Be Considered criteria

6.2.6.4.1 _X_ - In accordance with the Safe

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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_mher of constituents. By definition, the MCLGs are non-

enforceable goals while the MCLS are enforceable standards which

must be set as close to the MCLGs as feasible. The MCLs combine

health effects information on specific constituents with ether

inputs on exposure, methods 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 lowest practical level to minimize

the amount of toxicant contributed by drinking water. A dally

intake of two liters of water is ass_ed in developing these

re_p/lations (USEPA, 1988).

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 be considered are the

Tennessee Superfund Hazardous Substance Guidelines. The first two

are equal to Federal MCLs. The Superfund Guidelines are stricter

for some constituents. The MCLs and State Guidelines for the

constltuente of concern are compared to Fluvial aquifer ground-

water concentrations in Table 6-8.

6.2.6.4.2 _4_ent Water Oualitv Criteria - _mhlent water quality

criteria (WQC) for constituents in surface waters are derived for

the protection of aquatic life and for the protection of human

health from the ingestion of contaminated water and/or organisms

(USEPA, 1987a). Aquatic life WQC will be discussed in the

environmental assessment section. 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 levels have been estimated for those

constituents which exhibit carcinogenic and/or mutagenlc effects

in laboratory tests and are suspected of being potentially

carclnoqenic to humans. The ambient concentration which may result

in one excess cancer case per one million persons (IS -S ) are

8831.81 6-41
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presented in this section as ambient Water Quality Criteria (WQC)

for the potential carcinogenic constituents. The _hient WQC for

the protection of human health are compared to maximum surface

water concentrations at DDMT in Table 0-9.

6.2.7 e a_o

The final component of the risk assessment process is risk

charaoterization, whereby the potential for adverse public health

or enviro_ental effects for each of the exposure scenarios derived

in the exposure assessment are estimated (USEPA, 1988a).

6.2.7.1 Potential Ground Water Risks - As the local quality of

ground water within the Fluvial aquifer may have an adverse impact

on the potable aquifer for Memphis (see discussion in Section

0.2.3.1), a comparison was made between drinking water intakes

based on the minimum analytical detection limits for drinking water

quality (proposed exposure point concentration for worst case

scenario) and the chemical specific RfDs and SFS. Hazard Indices

and Excess cancer Risk was estimated for ingestion, inhalation and

dermal absorption pathways. Adult exposures were for seventy

years, while exposures for children had a duration of 12 years.

Tables 6-10 and 6-ii show the chronic hazard indices for children

and adults, respectively, for exposure to constituents present in

the Fluvial aquifer at Dunn Field. Assuming that these

constituents have reached the Allen Well Field at near detection

limit concentrations, cumulative hazard indices for ingestion,

inhalation of volatilized constituents and dermal absorption during

bathing are within an acceptable range (i.e., below one).

Table 6-11 also shows the lifetime excess cancer risk associated

with conception and use of potable water withlm near detection

limit contamination. There would be a slight excess risk for the

ingestion and dermal absorption routes (i.e. 2E-06, while a risk

0531.81 6-43
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of IE-O6 is usually considered acceptable). The projected

inhalation risk is approximately three magnitudes greater. Most

of the irthalation risk is associated with metals, which have not

yet been detected in any Allen Well Fields. In reality, no actual

excess cancBr risk is currently estimated for drinking water

exposures, because the Allen Well Field does not serve as the sole

drinking water source for any local population 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 onsite Fluvial ground-water concentrations were compared to

federal MCLs and State water quality criteria. As shown in Table

6-8, the highest arsenic and mercury levels were present in MW-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, barlu_, chromic, lead,

and mercury, all exceed drinking water criteria and are several

times greater than background levels present in MW-16. The chromium

level detected in MW-7 is 25 times higher than the background level

and the MCL for chromitlm.

While the maln facility also hsd evidence of low concentrations of

organic compounds_ the seven organic compounds of concern are

primarily localized in Dunn Field. The maximum concentrations of

carbon tetranhloride, 1,1-dichloroethylene, 1,2-dlchloroethylene,

l,l,2,2-tetrachloroethane, tetrachloroethylene and triohloro-

ethylene are many times above drinking water standards and

criteria. Acetone, detected once in the Memphis Sand Well MW-37,

is equal to the RCRA RfD-based health criteria for water ingestion.

Of 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

aquifer has not been completely defined.

A final concern is the finding of dieldrin in monitoring welI MWm9

(Duns Field in April 1989). The concentration detected is quite

low, but most 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 _ampling episode.

The high levels of ground-water constituents 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-36 and MW-37), acetone was detected In MW-3?

at a level potentially hsrmful to human health. Further sampling

at Dunn Field would be advisable to conflrm the presence of acetone

and define the extent of contamination in the Fluvial aquifer.

On the main facility, metals contamination appears to be elevated

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.

6.2.7.2.1 - Off-site EXposures - Two potential offslte surface

water exposures were quantitatively examined. Nonconnah Creek and

Cane Creek receive some drainage flow from DDMT. These creeks are

zoned for recreational use. The pathways examined were ingestion

of fish which may have bloaccumulated site constituents and wading

in water which contains contaminants. The diluted concentration

of site constituents in offsite creeks was conservatively

calculated to be 1.44% of the maximum onslte concentrations.

8531.91 6-48
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Table 6-12 illustrates that, even at these more dilute

concentrations, the cumulatlve hazard indices for ingestion of fish

for both adults and children exceed one (45 and 120, respectively).

Excess cancer risk for fish ingestion was also q_Ite high (IE-02).

Most of the unacceptable risk associated with this pathway is

attributable to the pesticides and arsenic. These constituents

would tend to settle and hind to sediments, hut are also fairly

persistent in the environment.

AS shown in Table 6-13, 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-06,

respectively. The excess cancer risk was estimated at IE-8. It

should also be observed that this risk calculation is for Nonc0nnah

Creek and includes a 69:1 dilution factor. As dilution may not

occur in the drainage channels immediately off-site, application

of this factor may not be applicable. However, the deletion of

this dilution factor would still result in an acceptable risk for

waders in the drainage ditch system.

6.2.7.2.2 - Onslte Exposures - Lake Danlelson and the golf course

pond are not currently used for swimming or fishing, surface water

is not a drinking water source at the facility or fn the

surrounding city area. Therefore, ambient WQC for the protection

of human health are not strictly relevant and appropriate for the

lake or pond on the facility, but shall be considered in evaluating

the quality of water leaving the facility via surface run-off.

As shown in Table 6-9, four metals and three pesticides from the

indioato_ chemical list were detected in the ten surface water

samples taken at OOMT. The maximum surface water concentrations of

arsenic, lead, dieldrin and 4,4'-DDT exceed WQC for the ingestlon

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.
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Pesticides were previously detected in the fist at Lake Danielson

(USAE_A, 19BGa). The continued presence of arsenic and DDT in Lake

Danielson suggests that a source for these contaminants still

exists. DOE and DDT were detected in the sediments of Lake

Danielson. ODT, DDE, DDD and several polycyclIc aromatic

hydrocarbon compounds were present in the sediments from the golf

course pond. Because of the toxicity and persistence in the

environment of these COmpOUndS, it would be unadvlsable to use Lake

Danielson or the golf course lake for contact recreation.

Exposure 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 into the storm

system. Lead, arsenic, DDT and DDE were present in $w-9, 5W-10,

SW-II and SW-12, which are sample points on the southeastern

boundaries of the facility. Dieldrin was present in a surface water

discharge point for Dunn Field. All of these constituents tend to

adsorb to sediments and are not highly volatile.

The results of the quantitative risk characterization of offsite

concentrations (estimated) and the overstep of AWQC by onslte

concentrations (actual) indicate that there are potential human

health risks associated with the pesticides and metals found in

site sediments and surface waters.

G.2_7.3 _ - The surface soil investigations have

discovered high concentrations of potentially carcinogenic and/or

toxic constituents. While many of the areas examined have some

gras8 cower, there are also many areas which are unpaved or have

gravel cover. Traffic flow on the facility is steady, with

activities occurring over a 40 year period. Therefore, assumptions

were 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

concentrations would e_al o_tdoor concentrations. For subchronic

exposures, it was assumed that construction workers would be

B531.81 6-52
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working in areas with maximum concentrations for all constituents

of concern. In reality, maximum soll concentrations are spread

over various locations at the facility.

The subcbronic hazard indices for soil exposures via incidental

ingestion of soils and absorption of soil constituents through the

skin are shown in Table 5-14. There were no subchronic inhalation

RfDs available for these soil constituents, so hazard indices for

inhalation were not derived, Exposures via ingestion appear to be

acceptable, while exposures via dermal absorption are unacceptably

high (182.38 versus an eccBptablB value of 1). Most of the risk

is associated with dieldrin, DDT, arsenic, and the PAH compounds.

Table 5-15 illustrates the chronic hazard indices for career

employees exposed 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

inhalation hazard indices were not derived. Intakes for fugitive

dust approximate those of incidental ingestion, so that risks for

this route may be roughly the same as those associated with

ingestion. The cumulative oral hazard indices are acceptable

(i.e., below 1). The cumulative dermal absorption index 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 associated with

the potential carcinogens in surficlal soils. The cumulative risk

via ingestion is equal to the departure point of IE-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 vla inhalation is associated with

arsenic 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 also contribute significantly to the excess risk via

Inhalation.
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IN Table 6-17, maximum soil concentrations are compared to the

recommended soll concentration levels listed by the Tennessee

Division of Superfund for hazardous substances in soils. These

levels are g_idelines 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 s,_mary, it is recognized that the risk characterization for

surface soils may be conservative, particularly in the appllcatlon

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 soils. 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 e ' - As sho_ in Table 6-17, fairly

high levels of PAHs as well as DDT, DDE and DDD were found in the

golf course pond sediments (SD-5-SS) at levels which exceed

Tennessee's recommended soil concentration values, sediments do

not pose a direct human health risk at DDMT, but do serve as a

reservoir for contaminants in surface water which tend to

bioaccumulate in the food chain.

6.2.7.5 Potential Subsurface Soll RIRkm - Subsurface soil

contamlnation detected at the site was minimal and does not pose

a public health risk. STB-6 did show evidence of contamination

migrating from the Fluvial aquifer towards the Memphis Sand

aquifer.
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6.2.7.6 SUr_marv - In brief, an assessment of the DDMT facility

revealed a large n._her of constituents present in ground water,

surface water, surficial soils and sediments. Potential public

health risk was associated with the following matrices:

i] The Fluvial aquifer contains chlorinated organic compounds

which could negatively impact the Memphis Sand aquifer, the

potable drinking source for 650,000 people. Infolnnation from

hydrological models indicates that very low amounts of

constituents could possibly have reached the receptor area at

Allen Well Field. However, there is currently no 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 quality beneath the facility and to the

west would also be helpful.

2) surfioial soils contain potential human carcinogens at

unacceptably high concentrations (>10-6). Further

investigation is necessary to establish the extent of

contamination at facility "hot spots". Limits on human

exposure (i.e., protective gear, limited access] are

reco_ended for employees with high soil exposure until

remediation of contaminated "but spots" is accomplished.

3) Contamination of site surface waters and sediments have the

potential far negative impacts off the facility. However,

this risk appears to be primarily associated with the

consumption of fish from Nenconnah Creek. This risk is

probably overestimated due to the numerous conservative

assumptions related to calculation of mffelte risk due to

flshing. Actual offslte monitoring of nearby creeks and fish

bloassaym from these creeks would he helpful in determining

what offslte surface water impacts may occur. A continued ban
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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 effsite, does not result

in unacceptable risk.

6.3

6.3.1 v o s

The majority of the DDMT facility has been developed for urban use

and does not support vegetative or animal life. Dunn Field, the

golf course and the administrative area are the only areas which

support notable vegetation.

6.3.2 Wildllfe

Two areas, Dunn Field and the golf course, have evidence Of typical

urban wildlife such as squirrels, chipmunks, red foKes, opossums,

quail, mourning doves, and turtles. Rata, mice and other pests are

attracted to the subsistence stocks and are commonly found in the

storage buildings (Phoenix Associates, Inc., 1964).

6.3.3 AuUatic Life

Lake Danielaon was periodically stocked with bluegill and bass.

Catfish have also been observed in the lake. Several fish kills

have occurred in the lake (1976, 1980 and 1989). One incident in

1976 was associated with pesticide run-off into the lake. Lake

Danielson receives a large amount of the surface drainage from the

southeastern corner of the installation. Pesticide and herbicide

contamination Is also in evidence at the golf course pond and is

probably associated with routine grounds care of the golf course

(Harland, Bartholomew, 1988; Phoenix Associates, Inc., 1984).
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6.3.4

NO threatened or endangered species are known to inhabit or utilize

the DDMT facillty or the area within one mile of the facility

(Harland, Bartholomew and Associates, Inc. 1988}.

6.3.5 Vemetation

Bermuda grass, black oaks and decorative shrubs and trees are the

only vegetation present at the CDMT facility. Grass and trees are

found predominantly st Dunn Field and the golf course. Most

landscape shrubs are located around the family quarters, the golf

course and around the administrative buildings in the southeastern

corner (Harland, Bartholomew and Associates, 1988). •

6.3.6 s w s

Aquatic life in Lake Danielson and the golf course pond are

potentlally exposed to sell contaminants carried by surface run-

off. Offslte aquatic life in Cane Creek and Nonoonnah Creek are

potentially impacted by contact with surface drainage flowing into

these creeks. Aquatic life in the Mississippi River is potentially

impacted by contact with ground water discharged from the Fluvial

aquifer. Plant and animal life are exposed via intake of

potentially contaminated surface water and sell constltuent_.

8.3.7 Environmental Fate Processes

Some of the chemicals of concern have the ability to accumulate

within the food chain (i.e, 4,4'-DDT, dieldrin). The volatile

organic compounds volatilize quickly from water and surface soil.

They do not tend to hioaccumulate and are persistent in the aqueous

environment only under anaerobic conditions. The polycycllc

aromatic hydrocarbons are readily absorbed by living aquatic

species (ATSDR, 1988 and 1989) o The PAHs have 10w vapor pressure
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and low water solubility, but a high propensity to adsorb to

organic soils. Therefore, these compounds persist in surface soils

for long periods of time. The half-life of dibenzo(a,h)anthracane

is 750 days in soil. (ATSDR, 1988 and 1989).

Mercury is a potentially bioaccumulating compound in aquatic

species, but was not detected in surface waterm at DDMT. Lead and

chromium are associated with some accumulation in vegetation and

animalB. In general, in aqueous 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 bioaccumulate in fish tissue.

6.3.8 ProPosed ARARs for Aouatic Life

Imhlent WQC for the protection of aquatic llfe are compared to the

maximum surface water concentrations in Table 6-18. Maximu_

surface water concentrations for chromium and lead exceed WQC. WQC

for aquatic life are not available for arsenic and barium.

Of the volatile organic compounds, only acetone was detected in

surface water. He WQC were available for acetone. The chronic

ambient WQC for dleldrin and 4,4'-DDT are exceeded by the surface

water samples from Dunn Field (SW-I) and the southeastern

boundaries sample, SW-12.

There is no negative impact expected at DDMT on the envirors_ental

receptors coming into contact with Fluvlalground water. Dilution,

after mixing, is also expected to reduce most of the oontamination

contributed by storm runoff to Monconnah Creek and canm Creek to

acceptable levels. Nonetheless, estimated offslte levels of

dleldrin and DDT almost equal or exceed chronic aquatic life

protection levels. Lead levels also approach the chronic

protection limit.
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The surface water quality in Lake Danielson and the golf course

pond is inappropriate for the support of aquatic life because of

the presence of DDT and related compounds in the surface water and

sediments at these locations. On_ possible solution would be to

redirect surface drainage away from Lake Danlelson, though this

proposal may not eliminate the problem. Continued monitoring may

reveal that biodegradation and other environmental fate processes

may reduce surface wateE contaminants to acceptable levels.

6.3. i0 Summary

The presence of vegetation and animal life is limited at DDMT.

Therefore, any negative impact on land flora and fauna is very low.

Aquatic life in Lake Danielson 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 installatlon, consequently, these bodies

of water are unsuitable for the support of fish and are

inappropriate locations for recreational activities such as

fishing.
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7.0 8D]Ofl_Y AND =OHCLUflZON8

This chapter briefly s.mmarlzes the results and conclusions of this

Remedial Investigation and provides recommendations for future

work.

7.1 CONTAMINATION EXTENT AND SOURCE

The ground-water quality investigation at D_/I_ Field revealed

elevated (above background and ARARs) levels of chlorinated

volatile organic compounds and metals in the Fluvial aquifer both

on the installation and beyond the installation boundaries. The

investigation indicates that the plume of contaminated gro_3d water

has migrated in a generally west and northwest direction. The

contamination 8ource is probably associated with the waste material

burial trenches in Dunn Field. The western extent of the plume is

not defined. In other areas, the plume appears to be defined by

wells with low or non-detected levels Of organics and background

levels of metals.

Soils analyzed from the soil test borings in Phase lI at Dunn Field

detected low levels of chlorinated volatile organlc_ within the

confining unit at STB-6 and in the Mempbls Sand aquifer in STB-6

and" STB-8. This contamination may have resulted from downward

migration frc_ the overlying Fluvlal aquifer. HOWevers the

posslbillty also exists that the contamination may have been

transported from the overlying aquifer during drilling operations.

Two monitoring wells were screened in the Memphis Sand aquifer.

A fairly high level of acetone contamination was detected in MW-

37. The 6ource of acetone is un]cnow_1 slnce thim was not a

significant contaminant in the Pluvial aquifer. No other

significant contamination ,was detected in either Memphis Sand

monitoring well.
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7.1.2 Main Installation Ground Water

At the main Installation, generally low levels of metals and

chlorinated volatile organics 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 source of this

contamination has not been determined; however, analysis of surface

soils showed the presence of tetrachloroethene and trichloroethene

at Buildings 770, 757 t 629 and T273 in the vicinity of these wails.

Due to the high relative mobility of these compounds, the surface

sell contamination could have contributed to the ground-water

contamination.

The complex Fluvial aquifer flow regime suggests that a portion of

Fluvlal 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 aquifer (MW-34 and MW-38) were relatively free of the

contaminants, _uggesting that oontamlnetio_ is not currently

accumulating in that area.

7.1.3

The sttrface sell investigation focused on probable or known "hot

spots" at ten separate areas st the main installation and Dunn

Field. surfacm Bails were found to be _ontamlnatld by solvents,

organic compounds, and/or metals at ell mamplinq locations.

Several o5 the sa_nples were contaminated with pesticides and

polycycllc arom=_ic hydrocarbons (PAHS). The Aix meet contaminated

areas were loca_ed at the main installation. Those areas are

listed below, along with the suspected source of cantamination_
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_pected Source of Cmntamination

I. DRMR Yard

2. Building 629

3. Building T-273
at golf course

4. Building 1088

5. Open Storage Area

6. Building 770

Leaking D_Im_

Spills swept or hosed out of deers
at Building 829

Cleaning of pesticide application

equipment

General spillage from paint shop

and/or cleaning operations

Leakage from railroad tank cars on
Tracks #3 and #4

General spillage from maintenance

shop and waste oil storage d_,m.

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

7.1.4

The suEface water investigations in Phase I and Phase II revealed

low levels of organic com_unds, metals and pesticides. The

sediment investigation in Phase I showed appreciable levels of

pesticides and herbicides in the golf Course pond and in Lake

Danielson.

7.2

Potential routes of contaminant migration were deecrlhed for the

typem of comtamlnants detected during the Remedial Investigation.

Transport media include soil, surface water and ground water. The

surface water and ground water contaminant migration pathways are

capable of transporting pollutants from the installation into the

adjacent receiving 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:

herbiuides, FOBs, chlorinated volatile organics,

organics, p_lycyclic aromatics (PARs), and metals.

contaminants are persistent in the environment.

17

pesticides,

extractable

Some of these

Contaminant migration has been detected at DDMT and is expected,

given the presence of contaminants and sufficient rainfall to both

generate and mobilize pollutants. As metals were detected in all

media samples, it is likely that this contaminant class is capable

of migration. Chlorinated volatile organics were detected locally

in ground water (especially in Ounn Field and west of Dunn Field),

surface soils, subsurface soils (STB-6 and STB°S), and possibly in

the Me_phls Sand aquifer. This class of constituents is know_ to

be very mobile in soll and tends to leach into ground water.

Estimates of time for transport to the Memphis Sand aquifer range

25 to 150 years.

Pesticides and PCBs were detected in surface water and sediments.

They are not very mobile in the environment and were detected at

points relatively close to source areas. The low levels 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 thequantitatlve risk characterization indicate that

the installation's surface waters may be transporting low levels

of pesticide contamlnants through the surfaco drainage system to

local fishlnq areas, and that human health could be potentially

impacted by ingestion of fish From these areas.

PAHm were detected primarily in surface soils. This class of

compounds is not very mobile. Therefore, it is suspected that they

too were encountered at locations proximate to their original

sources, for example, at spill slt@g in the foyer Property

Disposal Yard (now DRMO storage area). Subchronic and chronic

exposurm to surface soil contamination may potentially pose a

health risk to depot employees.
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7.3

The Baseline Risk Assessment consisted of a Public Health

Evaluation and an Environmental Assessment. The Public Health

Evaluation concluded that although contamination of the Fluvlal

aquifer 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 aqulfer/Memphis Sand aquifer

connection. The risk posed by contaminated surface soils is

potentially unacceptable, hut could he instltutlonally managed

through site access restrictions and dust control management.

SUrface water and sediment contamination potentially serve as a

continuing so_ce of offslts risk, if actual offslte concentrations

in recreational creeks are as great aB eBtlmated. The

Environmental Assessment concluded _hat installatlon-related

contamination posed little risk to study area terrestrial

vegetation and animal life. The only identified threat was to

aquatic life in Lake Danielson and the golf course pond.

7.4 RRCO)_DATION FOR FU_E WORK

The following reco_endatlons for the future are presented for

consideration.

I} DDNT records show a general location for bL_Tial sites in the

• Dunn Field _eao This set of records was proven to be

inadequate and unreliable during the d_illing portion of the

RI. The grotmd-water contamination at _ Field probably

has resulted from leakage out of these buJrial sites. Thus,

remedlation of these sites will be an important component of

a pelqmanent solution at Dunn Field. An acc_trate definition

of the location and extent of the huEial 51tee wouZd allow the

most economical deslgnof a remediatlon symta. We recommend

that an indirect method, such as surface geophysical s_eys,

be performed to locate the contaminant b_lal trenches. This

sttrvey could include resistivity, ma_etlc, and electro-

magnetic methods.
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2) The western extent of the contaminant plume within the Fluvial

aquifer at Dunn Field will require further evaluation, we

recommend that several additional off-base wells be Installed

in this area. The thickness of the Fluvial aquifer and the

presence of the top of the confining unit should also he

determined at each well location.

3) Monitoring well MW-37 should be resampled to confirm the

presence of acetone.

4) Resample and analyze all monitoring wells for dissolved

metals, in addition to total metals. This should provide less

variable results, which can be more directly related to other

existing data.

s) Addltional Type III soll borings and/or monitoring wells

should be installed within the plume at Dunn Field. Several

important functions could be performed in conjunction wlththe

soll borlngs: i) additional analytical soll results could be

obtained to confirm the 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 mineralogy and

organic carbon content) which affect contaminant transport

could be obtained. The soll borlng(s) could be extended into

: the Memphis sand to allow the installation of a Type IZI well,

This would allOW further confirmation of the acetone detected

in monitoring well MW-37.

s)

8531.60

Install several additional wells at the main installatlon to

cunflrm the low levels and extent of ground-water

contamination. These wells would also allow local definition

Of the ground-water flow direction in the two areas where

contamination was encountered (the southwest corner and Lake

Danielson).
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Remediation of the ground-water contamination at Ounn Field

could involve a conventional pump-and-treat system, Or a

pumping system in conjunction with hioremediation or some

other system. An economical 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. Transmissivlty, 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 Field close enaugh to existing _onitoring

wells to permit their use as observation wells during the

test. If properly designed, the pump test wsll could latsr

be used as an extraction well_ The ground water recovered

during the test must be assumed to _e contaminated_ therefore,

it should b_ rstained on site for analysis, treatment and

eventual release,

s) surface soil contamination has been identified in several

areas. While access restrictions could limit exposure in

these areas, it may be desirable to selectively 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 vertical extent.

Analysis could be done onsite using Thin Layer chromatography

(TLC). By using this method, the results for each sample

could be obtained within minutes, and the extent of

contamination could be determined during one sampling

investigation at a greatly reduced cost.
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