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Errata Sheet

Generic Remedial Investigation/Feasibility Study Work Plan

Defense Depot Memphis, Tennessee

June 14, 1996

The enclosed materials are the replacement pages for the Generic Remedial

Inv_tigation/Feasibitity Study War_ Plan (RI/FS WP) for the Defense Depot Memphis,

Tennessee (DDMT). Revisions to the document have occurred as a result of regulatory

agency conaments, to provide clarity in _e document, and to remove clerical errors. The

instructions below provide the detail needed to convert the existing RI/FS WP to its final
corrected form.

Replace p. 2-7

• Replace p. 3-77

Replace p. 5-15

Replace iv. 5-17
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Generic RI/FS Work Plan

Executive Summary

April 17, 1995

Introduction

In October 1992, the Defense Depot Memphis, Tennessee (DDMT), was placed on the

National Priorities List (NPL) by the Environmental. Protection Agency (HPA).

Therefore, DDMT must fulfill requirements under the Comprehensive Environmental

Response, Compensation, and Liability Act (CERCLA) and National Contingency Plan.

A remedial investigalion/feasihigty study (RI/FS) must be prepared to determine the

nature and extent of contamination, to evaluate the risk to human health and the

em;mmment, and to screen potential cle.a_up actions. The Generic Riffs Work Plan was

prepared to show how the investigation and _mdy would be accomplished: to investigate

the rites that were not previously investigated and to Fill data gaps at previously

investigated sites.

Description of Work Plan and Other Plans

The Generic RI/FS Work Plan includes a facility description, background information,

findings of previous studies, and potential ways contamination may have reached and

affected people. Preliminarj information regarding potential applinable or relevant and

appropriate requirements _d prelimlna_ cleanup goals ate presented. A Qua//ty

Assurome Project Plan (QAPP) and a Health and Safety Plan (HASP) have been

prepared to supplement the Work Plan. The QAPP describes general gampling

procedures mad quality assurance/quality control procedures to he used so that the quality

and quantity of the information is adequate to evaluate the nature and extent of the

contamination. The HASP was prepared to provide procedures for the safety and health

of facility personnel a_d the general pablie during the investigation at DDMT. Included

in the HASP are the assignment of responsibilities, employee training requirements,

medical surveillance requirements, and a llst of substances with possible routes of

exposure and symptoms of acute exposure.

Information from previous investigations, plans, and procedures that applies to all

operable unit_ (OUs) is discussed in the Generic R1/FS Work Plan. OO-spocific plans are

discussed in Field Sampling Plans (FSPs) for each OU. Additionally, a separate PSP for

screening sites ha_ been prepared. Screening sites me those sites where additional

information is needed to determine whether they warrant RI/FS or no further action.

DDIVlT is using several coneepLs to expedite cleeaaup, including the observational

approach, interim remedial actions, early removal, and community relations. By

implementing these concepts, DDMT's cleanup will be achieved more efficiently and

cost-effectively. Where possible, efforts will he made to verify existing information and
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to fill data gaps. Future data collection will be evaluated and revised where appropriate,

based on information and data collected during the RI/Fg process.

Sibe Background and Loeafion

DDMT covers 642 acres of land in Memphis, Shelby County, Tennessee, in the exlxeme

southwestern portion of the statu. The installation contains approximately 110 buildings,

26 miles of railroad track, and 28 miles of paved sheets. Approximately 5.5 million

square feet is covered storage space and approximately 6.0 million square feet is open

storage space. Stored items include food, clothing, electronic equipment, petroleum

products, consmaction materials, and industrial, medical, and general supplies.

Previous Investigations at DDMT

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

A 1982 geohydraulic study, conducted by the U.S. Army Environmental Hygiene Agency

(USAEHA), identified Dultn Field and the Pentaehhiropbenol (PCP) Dip Vat as having

the potential for groundwater contamination. Six monliodng wells were installed,

logged, and sampled in the Dunn Field location. Five of the six well analyses indicated

the presence of volatile organic compounds (VOCs) at levels requiring further

investigation mad possible future remediafion. An investigation of the Dip Vat Building

(Building 737) indicated no groundwater eontaminatintt, but did indicate limited soil

contamination. Cleanup of the area involved excavation to a depth of 10 feet, removing

approximately 602 cubic yards of soil from beneath and adjacent to the Dip Vat Building.

In March 1986, the USAEHA also performed a Water Q,mlity Biological Study that

indicated the presence of dieMorodiphenyltriehloroethane (DDT) in the storm water

influent to l_ke Danielson. Several metals and pesticides also were found in the
sediments of Lake Daninlson.

Additional studies conducted indicatu contamination of the Fluvial Aquifer beneath Duna

Field. A Resource Conservation and Recovea_ Act (BCRA) Facility Assessment was
conducted in December 1989. Assessment data were usecl to define sites for future

investigation that were classified as solid waste management units (49) and areas of

concern (8). The R//FS study focused on the installation; its activities; the study area's

environmental setting; the facility's environmental data colieedon, sample analyses, and

data evaluation; and a risk assessmenl. Environmental Science & Engineering, tue.,

performed a groundwater monitoring study in 1998 tu axsess changes in groundwater

quality since the completion of the RI/FS in 1990. The purpose of the sampling wa_ to

identify a_d delineate contaminants in the groundwater, and to evaluate the extent of

migration of these contaminants on and around DDMT.
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Description of Operable Units

DDM'17 is divided into four OUs for evaluation purposes. Dunn Field is designated

OU-I. The Main Installation is divided into three areas: the southweatcm quadrant,

Off-2; the southeastern lakes mad golf course area, Off 3; and the nozlh-centzal area,

OU_I. Substances found in 0U-I probably resulted from use of the area for landfill

operations, mineral stcclqYfles, pistol range use, and pesticides storage. Potential

contamination of OU 2 may have resulted from spills or releases from the hazardous

material storage and mpourlng area, sandblasting and painting activities, or both. Storage

of polychlorlnated biphenyls (PCBs) and the use of pesticides and herbicides m-e potential

sources of contamination for OU-3. Pdnelpal contamination in Off-4 probably resulted

from a wood treatment operation and h_Tardous material storage.

Physical Characteristics

The two main surface water features at DDMT are currendy off-limits for recreational

purposes and serve primarily _ drainage reservoirs. Drainage channels on the facility
drain either to Cane Creek or Noncormah Cr_k. Cane Creek d rains imo Nonconnah

Creek several miles southwest of DDMT; Nonconnah Creek, in turn, drains into Lake

McKellar. Because DDMT lies well above the average Mississippi River alluvial valley

flood levels and is generally higher than its adjacent properties, it is unlikely that flooding
will occur at the installation.

Five distinct surface soil units have been mapped in the study area: Felaya Silt Loam,

Filled Land-SLily, Graded Land, Memphis Silt Loam, and Memphis Silt Loam 2. The

primary surface soil type is filled land for the developed portion of the depot.

The following geological units have been identified at DDMT: loess, which can contain

"porched _ water-haaring zones for short periods of time after a rainfall event; fluvial

(tewlace) deposits, which contain the site's shallow aquifer; the lachaon Formation/Upper

Claibornc Group, which is a confining unit botween aquifers; and the Memphis Sand,

which repre.s_nts the region's most important source of water.

Nature and Exhant of Known Contamination

OU-I. Soil samples taken in OU-1 dunng previous investigations indicated the pre.._.mo._

of pesfieldes and polynuclear aromatic hydroca_ons (PAHs).

Groundwater anaiyses in the Fluvial Aquifer reveal contmninant migration beyond Dunn

Field boundaries. Contaminants include VOCs, chlorinated compounds, and metals

(including chromium, lead, and mercury). Other potential contaminants may include
axseaic and barium.
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O15-2. One soil boring (y_alding three samples) and 15 surface soll samples were

collected from OU-2 during previous investigations. These samples were co]incted in an

effort to better characterize the former b_Tardous materials recoupment area, the

maintenance shop and the s_ndblasting/palnting areas. In general, sample analysis

detected the presence of pesticides, PCBs, and PAHs at the gandblasting/palnfing area,

and pesticides, solvents, and PAFIs in the area of the maintenance shop. Groundwater

investigations in OU-2 have indicated the presence of solvents and metals.

OU-3. In general, soil samples collected from OU-3 (seven surface samples) were

insufficient to characterize individual sites or sources. Groundwater analysis in OU-3

datected VOCs and metals. Surface water and sediment _.amples also were collected from

Lake Daaialson, the Golf Course Pond, and from storm drainage ditches. Surface water

in the drainage ways generally indicated higher levels of potential contaminants

(pesticides) than water in either "_l_c D_mielson or the Golf Coupe Pond. Sediments
collected from beth 1 _ve Danielson and the Golf Course Pond revealed contamination

with PCBs, pesticides, and pails.

OU-4. or3_ contains the former PCP Dip Vat area, which is now used for pesticide

storage and I_',_qlous materials storage. Extensive remediation of s(ffls wa_ conducted at

this site during 1985 and 1986. Samples taken in 1990 revealed pesticides and solvents.

Soil samples were also taken where past spills have occurced. These samples indicated

the presences of PAl-ls, pesticides, and metals. Groundwater samples in OU-4 indicated

the presence of solvents, pesticides, and metals.

Potential Pathways of Contaminant Migration

Contamination migration can occur hi several ways, depending on the eharaeteristins of

the element or compound in question, the medium in which the element or compound is

located, and the type(s) of media in close proximity. Possible contaminant pathways

could occur through surface water, groundwater, s_Yfl, and air.

Identification of Contaminants of Potential Concern

Factors considered in selecting contaminants of potential concern included the measured

concentrations and frequency of detection at the site, level of toxicity, physical and

chemical characteristics related to environmental mobility, and persistence and relative
contribution of chemicals to overall health risks associated with the site. On the basis of

these criteria, 28 contaminants for potential concern were idcaatified. Potential public

health risks stem from the following: the FluVial Aquifer conlains chlorinated organic

compounds that may negatively aff_t the Memphis Smad Aquifer, surface soils contain

potential human carcinogens, and the need exists for additional data to asse_s the potential
effect of contaraination to surface waters and sediments.
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General response actions wore developed from the folthwfog: potential conteminants of

concern; alfowable exposure levels based on compllancc with RCRA and CERCLA

regulations; EPA guldancc for conducting RffFSs under CERCLA; and known site

conditions. 'I_e general response actions includo no action, implementing institutional

controls, excavation and t_catment, in-situ trcatm_t) plume and/or source containment

for groundwater, pump and treat technologies for groundwater, storm water drainage

divemion or treatment, establishment of aquatic vegetation, lake abando*_ment with

sediment removal, and dredging with offsit_ treatment for surface waters.

Conceptual Site Model

Exposure pathways assodaled with DDIVIT include ingestion, inhalation, and dermal

absorption of contsminlmts present in surface soils, groundwater, or surface water.

Humans potentially at risk of such exposure could focludo e.mployees of DDMT, residents

and neighbors of DDMT, resldeats of Memphis, fisherman, and recreational users of

surface waters, including Cane Creek and Nonconnah Creek.

Generic RI/FS Objectives

Data quality objectives (DQOs) specify the qualitative and quantitative data required to

support the decision r_g process during remedial response and sampling activities.

DQOs are developed to etimthate collection of extraneous s2anpling data while

simultaneously collecting sufficient data to make substantive decisions.

Up to four data quality thvels may be used at DDMT during the field work investigation.

Level 1 data provide the most rapid results and will generate envlroamental

characteristics for the site. Level 2 date provide rapid results and limited information on

coathminant specification, and can give quantitative results. However, the analytical

detection limits for Level 2 data are higher than those of an analytical laboratory. Levels

3 and 4 data are generated by an analytical laboratory that implements specified QA/QC

methods. By implomentlog combinations of date at up to all four fovels, cleanup

decisions will be resolved expeditiously.

Summary of RIFFS Tasks

A total of 14 standard RI]F$ tasks have been dol'med by F_.PA to provide consistent

reporting and to allow more effeerive monitoring of RIIFS projects. Project planning is

the first task and involves defining the appropriate type and extenl of _ite investigation

needed to characterize the sile. Community relations (Task 2) will be established to

ensure community undmstandiag and input concerning the RUFS program.



FieM investigations (Task 3) will be conducted to characterize soil, groundwater, surface

water, and sediments at DDMT mad the surrounding areas. Samples of the three media

will be analyzed (Task 4) and validated in the field or laboratory to determine if the date

are adequate for their intended use. The data v/all be evalga_d (Task 5) to develop

knowledge of the nature and extent of contaminmion. A ¸risk azse._smeat (Task 6) can be

conducted using the date to assess the risk to human health and the environment. ShouM

a risk be identified, tnmtability and pilot testing (Task 7) studies will be conducted to

determine effective remedial solutions to eliminate the risk. An K1 Report (Task 8) v/til

document all findings during the investigation of each OU.

Remedial alternatives development and screening (Task 9) includes development of a

range of distinct management alternatives designed to remediate any contaminated media.

A detailed analysis of remedial alternatives (Task 10) will consist of comparing e_eh

Mternative against 10 criteria, the main criterion being overall protection of human health

and the environment. An FS Report (Task l l) will pre.mnt the results of the remedial

alternative development and screening and the detailed analysis of alternatives, along with

a description of the preferred remedial alternative. Post-RUFS support (Task 12)

includes preparation and submittal of proposed plans, records of decision, remedial

designs, and remedial action work plans. Enforcement support (Task 13) includes effor_

associated with enforcement aspects of the pro_eet at any time dunng the RI/FS. The

final task (Task 14) is associated with work included in the project, but is outside the
RFFS activities.

Cleanup Actions

Cleanup actions will be based on the contaminant_, future land use, potential exposure

levels, regulations, and site conditions. The objective of groundwater remediation will be

to stop the migration of contaminants and to alth.nuate the contamination that threatens the

Memphis Sand Aquifer.

The objective of the soil remediafion will be to prevent the possibility of ingestion, to

limit surface water runoff, and to prevent migration of contaminants to the groundwater.

The objectives of the surface water cleanup are to protect aquatic life and to mitigate

surface water contamination during peak storms.

The ultimate goal of the RI/FS is to select eost_effective cleanup actions that minimize

threats and provide protection of public health and the environment. To accomplish this,

the nature and extent of the rele.,xse of b_rdous substances to the Fluvial Aquifer must

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



The ultimate goal of the RI/F$ is to _l_t cost effective cleanup acdons that minimize

threats and provldc protection of public health and lhc cnvironmcnt. To accomplish thi_,

• e na[ur¢ and extent of the n_lea_e of h_Tu_dous subslz_n_ to the Fluvial Aquifer must

be idenfifie..d_ tb_ source of _i_¢ must be determine, and propo_.A cleanup acgons
must be evaluated.
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1,1 Purpose

Defense Distribution Depot Memphis, Tennessee (DDMT) has been placed on the

National Priorities List (NPL) and must full'hi requirements under the Comprehensive

Environmental Response, Compensation, and Liability Act (CERCLA) and Natiorml

Contingency Plan (NCP). The remedial process under CERCLA and the NCP requires

the prepomtion of a Remedial Invesfgation/Feasibility Study (RI/FS) to determine the

nature and extent of contamination, to evaluate public health risks, mad to screen potential
remedial actions. An overview of the RI/FS process is provided in Section 5.

DDMT's Genetic RUFS Work Plan was prepared by the United States Army Corps of

Engineers, Huntsville Division (CEHND) and revised by CH2M HILL, inc., for the

DDMT. The Plan's purpose is to present general information concerning the following:

fanility background; previous studies; physical characteristics; potential pathways;

preliminary screening of technologies to identify specific data needs relative to potential

remedial aedon; preliminary information on potential applicable, relevant, and

appropriate requirements (ARARs) and preliminary remediation goals (PRGs); sampling

and quality assurance methodologies_ and safely and health procedures.

This Work Plan outlines the strategy for achieving the objectives of a CERCLA

investigatior, and remediafion program that also fulfills the requirements of DDMT's

Resource Conservation and Recovery Act (RCRA) Pan B permit. The RCRA Permit

identifies the list of sites where h_7-_ous and to.de wastes were managed or stored and

requires that DDMT investigate these sites regardless of when the wastes were handled at

these sites. This information is provided in support of the operable unit (OlO-speeifie

Field Sampling Plans (FSPs) to minimize repetition of non-site-specific information.

This document summarizes site conditions and previous thvestigafons that have been

conducted at DDMT. Detailed descriptions of the tasks to be completed during the

course of the RI/FS will be provided in the OO specific FSPs. The Quality Assurance

Project Plan (QAPP) and the Health and Safety Plan (HASP) for DDMT have been
prepared as separata documents and will be submitted with this document.

Several reports document those sites where past waste disposal activities have occurred at

DDMT. The RCRA Facility Assessment (P.FA) (ref. 68), which was performed by the
U.S. Environmental Protection Agency (EPA) in 1990, identified 49 Solid Waste

Management Units (SWMUs) and 8 Are_ of Concern (AOCs) at DDMT. The RFA was

performed subsequent to DDMT's application for a RCRA Part B permit. The RFA also

specified the level of additional investigation necessary for each SWMU and AGe (for

example, no further action [NFA], RCRA Facility Investigation [RFI], and Preliminary
RFIIConfirmatory Sampling).
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In 1990, a study was prepared by Law Environmental, Inc. (the RI R_port, ref. 18),

identifying 75 sites of potential conL_ttlnadon and some general storage sites. Because

these lists were independently prepared, DDMT needed to consolidate the RFA and RJ

Report lists into a single, coordinated list; to prepare a work plan to investigate the sites

that were not investigated previously; and to flU data gaps at previously investigated sites.

Where possible, efforts will be made to verify existing information and to fill data gaps.

Conclusions reached during previous investigations will be evaluated and revised where

appropriate based on information and data collected during the RUES process.

This Work Plan COmbines both lists into one comprehensive list of 93 sites, as presented

in Table 1 1. Table 1-1 was prepared from information contained in the RFA, KI

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

the early removal process.

Representatives of DDMT, CEHND, EPA, and the Tennessee Department of

Envin0nment mid Conservation ('I'DEC) agreed during a t_hnicai meeting held Jar_umy 5
through 7, 1993, to divide the facility into four potential OUs to assist further

investigation, as follows:

OU-I: Dunn Field

OU_: Southwestern Quadrant, Main Installation

OU-3: Southeastern Watershed and Golf Course, Main Installation

OU-4: North-Central Area, Main Installation

The following general criteria were used to define the OUs: ' "

Geographic proximity of sites

Similar contaminants of concern previously idandfied

Similar investigation methods

Scope and complexity of investigation

Results of previous site studies

Potential for offslie migration and exposure

Relative threat to the City of Memphis drinking water supply

Suspected mobility of contaminants

The OUs may be redefined as more data are collected and evaluated. In addition, a list

of screening sites is presented for sites from which more sampling is needed, but which

are not currently believed to require an RItFS type investigation. These sites generally

match those SWMIJs identified in the RCRA Permit as requiring *Confirmatory

Sampling." A Preliminary Assessment/Site Investigation (PA/SI) type of sampling effort

wig he performed on these screening sites, which will be investigated using a biased

sampling approach. These sites will either be added to an OU or placed on the proposed

NrFA list based on the results of field investigalive efforts. Each screening site will
remain as a screening site until defensible, validated Level 3 or 4 data become available.

Once available, DDMT will use these data to either prepare a report to support an NFA

decision with EPA/TDEC concurrence, or to immediately reclassify the site to RI/FS
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TaMe I-I

Comprehent_ve List of DDMT Sit_

Defef_e Depot Mtnnphls, Temle_ee

Page 1 of 7

Site Previoes Current

Nmnbe_ Location Def_iption Disp_itlon

Operable Unit 1-Dunn Field

1/111 OU-I

9/9/10 OU-I

24/24/31

21212

OU I

OU-I

3/3/3 OU-I

4t414 OU I

Mo_lar_ _td Lc.,vmt¢: T]nal.ln_ $e,_ (6) Burial

Site0955 )

CWMp b

Ar,h e_ and Me_a] Burial Sitn (b ttrnlng pit CWMp

refuse) (1955)

I Fo_ Bum Site (1946)

Ammonia Hydroxide (7 II_) and Aextic Acid

(I gal.) Burial (1955)

I Mixed Chemleal Bix_al $iu_ {orthotoltfidine

dihydrcchloride) (1955)

POL Burial Site (13 55-gaL drdms of oil.

grebe, and iz_int: date tmkno_)

CWMP

ER •

ER

ER

4.11 15 OU-I I POL Burial Site (32 55-g_d. dJ_ur_ of oil, ER

grease, md thinner) (1955)

5/5/6 OU-I Methyl Bromide Burtal Site A (3 cubic fe_et) ER

(1955)

7/7/8 OU-I Nitric Acid Buri_ Site (1,700 bottle) (1954) ER

8/8/9 OU-I Methyl Bromldc BufiaJ fate B (3,76g l-gal. ER

c,_m) 0954)

13113113 OU-I Mixed Chemleal Bu_al (Acid, 900 Ibs ; ER

Deter., 7,000 lbn; AI _SQ4; and 200 Ibs Na)

17117117 OU-I Mixed Chemical Burial $1te C (1969) ER

851-125 OU-I I Old Pi_ol l_mge Big& 11841 Tempora_ ER

Pe.sticJd_ Storage

'Mhle a RI/FS Sit_ NumlYar 'ER = Early Removal
b = P.FA Site Number _NFA No Further Action

---- R] Report (ref. 18) Number "KI - Remedial Inve, gdgation
_'CWMp _ Chemical Warfare Mwaagement Plan rfDEC I eed Sites

ma05 -13or.fr-wp4/057.we$ 1-3
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Table 1-1

Comprehensive List of DDMT Sil_

Defet_e Depot Mefi'iphis, Tennessee

Page 2 of 7

Site Pcevlous Curre_l

Number Location Desc_ption DLspc_ition

18118/ OU-I Plane Cr_h R_iduc (Dtmn Fiord) NFA d

22/22/19 OU-I Hard_vaxc BunBI Sito (nuts and bolta) (DLm_ NFA
Fi=l_)

23/23/30 OU-1 Conb_m_tlon Debrls and Food BuriEd Site NVP.

(Dunn Field)

63/-/28 OU-I Fluo_p_ Storage (Southeastern Q_ad nmt of I_I?A

Dt_n Field)

86/-/29 OrJ-I F czc¢l Suppliez (Dunn Fi_ld) NFA

6J6t7 Or.J-I I _O,037 units olntate_t (eye) Bu_al $1te (1955) I P.I°

10110/74 OIJ-I Solid W_te Btaial Site (a_r MW-10) (metal, R]

la_, tn_h, etc.)

till 1/11 OtJ I Ttie_hJoroacetic Acid Burlal Site (1,433 l-_z ]_1

bottle) (1965)

12/12)12 OIJ-I sulfuric _cl Hydr_h]c fic Acid Burial R]

(quantity?) (1967)

14/14F/5 OU-I I Municlpal Waste Burial Site B (n_a_ MW-12) RI

(fc*ad, paper p_xluct_)

15/15/14 OU-I Sodium Bur_a_ Site_ (1968) RI

_5.1/-Jl_ O_-1 Sodium Phosphate Burial (1968)

15.21-/33 OlJ-I 14 Burial Pits: NazPO4, N_, Acic[, Me,dlc_l P_I

Suppl_, and Chl_rln_t ed Lime

16/16fl6 OU-I Unknow_ Acid [tuna_ Site (1969) P.I

_1_/© a -RItFS Site Numbs" eER ---- Early Removal
b dNFA = I,lo FUI_teT Actlon

c _ RI R_pcrt (tel 18) Number 'RI ---- Remedial Inv_tlgafion

_CWMp _ Chemical Warfare M_gement Plan el'DEC Lead Si_

trig m95 - I3I3 MT-'*V_ 41C,57 _ 1_.



Table l-I

Comprehemive List of DDMT Sites

Defep_ Depot Memphis, T_

J26 25

Page 3 of 7

Site Prevlot_ Current

Number Location Ikscrlption Eftspo_ition

16,1/-/18 OU 1 Acid, date unkno_,n RI

19/19f21 OU-I Forn_r Tear Gas Cani_ Btlrn Sit_ (Dung $¢_alng

Field)

20/20/20 OU-I probable AspimL t Burial She (D_ Field) _ing

21/21/22 OU-I XXCC-3 Burial Site (Dunn Field) Scr_ing

SOIAOCA/23 OU-I Duan Field Nortb_tcm Quadraat D mlnage Screening
Ditch

60/-/24 OU-I pistol Range Impact ArmlBulle_ Shop Scraeam 8

61/-/26 OU4 Buried Drain pipe (Nosthwe.stern Qusdrant of Screening
Drum Field)

62/ /27 OU-I I Bauxite Storage (Nortbe_tem Quadranl of ' Scre_0mg
Dtwn Fie]d)

64/--132 OU-I Ba_ile Storage (Sou thwe_tern Quadr_ul of Scr_enlng

Duan Fidd) (1942 Io 1972)

OU 2--Southwestern Quadrant

30130/- OU-2

401401 -- OU.2

41141I-- OU_

47/471-- OU-2

'aPote a

b

bCWMp

PaOli Spray Booths ('2 of 3 Iotal; Bldgs. 770 NFA

_ad 1086)

NFAI Safety KIeext U_ita-5 of 9 total (aLl located in

Buitdmg 770)

Satellite Dram Aucumulafion Areas -2 of 4 NFA

Iolal (vicinity Building 770)

Former C_nt Soil Dntm Storage Area (300 ft NFA
west of Bui]din 8 6B9, removed 19gG)

= PdfFS Site Number ¢ER Ear]y Removal
RFA Site Numbor aNFA ----NO FurLhcr Action

= ILl Report (reff. I8) Number _RI Remedial Invesl_gation
= Chemical Warfare M,..,_,'ment plan _['DEC Lead Site_

ragmg_-DDkCT-'.V_/057.WP5 [ -_
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Table 1 1

C0mprehcn_ive List of DDMT Si_

Defe,tse Depet Memphis, Tennes_e

Page 4 of 7

Site Previous Current

Number Location Description Disposition

29/29?66 OU-2 Former Underground Waste Oil $_orage Tank ER

87t--164 OU_ DDT, banned pcsticld¢_ (Building 1084) ER

881--/65 OU_ PQL (Building 1085) ER

27/27160 OU-2 FvrmeT Recoup Area RI

32132/67 OU_ Saadbl_ting Waste Accumulation Area R/

34/34158 OU-2 I Building 770 Unde_oou_d Od Storage T.._ I R/

89/--168 OU-2 Acids (Building 1089) ILl

31/'31t-- OI5-2 Former paint Spray Booth (Buildln 8 1087) Screening

33/331-- OIJ_ I Sandblasting W_te D_m Storage Area (metaL I Screening

shed _uth of Buil6ing t0_B)

82/-/59 OU-2 FI. m_o+_ble.s(Building 783) Ser_nL_g

841--/63 OU-2 Flammables, $olveat_, Warm Oil, etc. $ereening
(Building 972)

OU_ - Southe._t_'a Quadrant

30/30/- OU-3 NFAPaint Spray Rcoths (I of 3 total-Building

260)

4014G ! -- OU.3 Safety Ydeen Uniu_- 4 of 9 t_tal tmit_ (Bldgs, NFA

253. 469. 490. _t_d 689)

41/41/-- OU-3 Sat_llile D rum Aoeumul.tion Areas 2of4 NFA

total _ (Bldgs. 469 aria 260)

•aJbl¢ a -- RI/FS Site Number +ER - Early Remowl
b -- RFA Sit_ Number dNFA ffi No Further Aetien

---- R1 Report (tel 18) Number +KI Remedial Investigation

_5_VMP - Ch_n_eal Weft.are Management Pla_ tTDEC Lead $ite_

nmrn95 D DMT.Wr'4_ 7 Wr'5 |-6
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Table 1-1

Comprehensive List af DDMT Sites

l)efen_e DepOl Memphis, Tenn_

Page 5 of 7

$ile

Number

49149/46

25/25t42

26/26143

48/48/39

58/--/38

591--140

511AOCBI-

II 52JAOCC/ I

65/-/34

66/-/35

67/--/36

681-/37

691--141

731--/73

751--/50

76/-151

I%reviotts

Location

OU-3

OU-3

OU-3

OU-3

OU-3

OU-3

OU-3

OU-3

OU-3

OU-3

OU-3

OU-3

OU-3

OU 3

OU-3

OU-3

Description

Medical Wasm Storage A_

Golf Course Pond

LakeD_elson

Form_r PCB T_sfermor Storage Area

P_tinides, Herbicides (PAD 267)

Pestizide_, Cleaaens (Budding 273)

Lake Danielson Outlet Ditch

Golf Coum Poad Outlet DitCh

X_CC-3 (Building 249)

POL (Building 253)

MOGAS (Building 7_3)

POL (Building 263) (20 x 4(3 fl)

I 2,4-D. M_I and M4 Fl_mwat Liguld
Fue[s (sarfacc appL)

2,4-Dichloropbc=oxyacedc Acid (all grasso_
ar_s)

Unknown Wastes near Building 689

i Unk.owa Wames near Building 690

Current

Disposition

NFA

RI

gl

RI

RI

RI

Screening

Scr_nlng

Screening

Screw/rig

Screening

Sczeeamg

Ser_nmg

Screening

Scrcemng

Screeaiag

771--t52 OU-3 Unknown W_stes neat BMgs. 689 aad 690 Sct_mlng

75/-t53 OU-3 ,Meohol, Acemae, Toluea_, Naptha; Screazrdng
I Hydroflouric Acid Spi[]

"a/bin a = RJ/FS Site Number nER Early Removal
b -- RFA Sit_ Num_[ dNFA = No Further Action

c _ gl Report (tef. 18) Number "RI _ Remedial Investigation

bC3Vi',iP = Chemical warfare Mauagemeat plaa rrDEC Lead Sites

m_re2_5-DDMT-WP4/_57,wPk 1-7
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Table 1-1

Comprehe:tslve Lisl of DDMT Sit_

Det'er_c Depot Mcraphis, Tcv, n_cc

Page 6 of 7

Site Prevlo_ _urcent

Number Location Description Dispos'ifioa

OU4-North Area of Main lpstallation

41/41/-- OLI-4 5atelllte Dram Accum_l_tlon Arm (I of 5 NFA

total - Buildlng 210)

44/44t56 OU-4 Former W_t_at_ Ttcatm_ml lJnlt Are_ N]FA

45145156 OU-4 Foar_t Co_tamimm_d $o_1 Staging Ate_ NFA

53/AOCE*/61 a_d OLI_ X-25 l;l_unmablc $olwals Storage A_za (txe_r NFA

62 Building 925)

57/AC_HI49 OU _. Building 629 Spill Area KI

28/28/-- OU-4 : R_coup Alea Buildlng Screening

35/351461 OU'd DRMO Baild;ng T-3011-:4._ _dou_ W_stc 5creening

Soars.go

36136/-f OU_ DIL_O l_'="lous Waste Cotzc_ctc $_amgc Setee_i.£
P_

3"/J37/-r OLI-4 DRMO H_:do_ Wcst_ Gnivel Stonzgc pad $nr_niag

_Y_/381 r OU-4 I DRMO Damaged/Empty I_azaadous Mat_rlals Screening

Drum $a_n.ge A_e_

39t391 -f OU-4 I DRMO D_maged/Empty Lubricant Contmner $¢_aemng
At_

42/421_6 OU_ Former PCP Dip VaZ At_ $crceamg

43/_3156 OU-4 I Former Uade, rgtmmd PCP Ta_k p,rca Scv_mng

46/46156 O13_4 Former PCP pallet Drying Atca 5¢t_za_ng

54/AOCE!- OLr-_ Main Installa_in_ -DRMO Earl $_arm Water $et_ealng
Rtmoff Canal

_51AOCF! OU-4 Mala Installation _ DRMO North. Storm Water $ov_nlng
Runoff Arm

II 56tAOCG!- OLI'4 M_ Ins_llatlon- We_t Storm water Sctccaing
Draha_g_ Canal

"a_/c a = RIFFS Site Number _ER -- E_tly Removal
-- RFA $[t¢ Hamb_r _NFA -- No _a_l_ei Action

-- RI Rcpo_ (r_f 18) Number *RI :iga_ion
II _CWMp -- Chemica I Warfare M,magcw_ni pl_ct rJFDEC 1 r-_d $1te.s

m,g_'_ _-DDMT-_ 10_?.WP_ 1-8



TableI-1

Comprehensive List of DDMT Sites

Defet_c.e l_pot Memphis, T_n,_s_e

Page 7 of ?

Site

Number

701-/-

711 /

72/-/-

73/-/73

741-/45

79/-154

80/--/55

81/-/'57

B3l-/69

"a/hie s

b

bCWMp

Previotts

Location

OU _.

OU-_

OU-4

OU-4

OU_I

POL, Vmlotts Chemical Leaks (RR tracks, 1,
2, 3l 4, 51 _d 6)

2,4-Diehlo mphenox yaeetic Acid (all grassed

Fud_, Misc. Liquld% Wood, ond paper
(Vicinity S702)

Fuel and Cle_ers Dis'prosing (Btuldin 8 720)

Curr_t

Di_p_ition

Screening

Scrccnlng

Screening

Fuel Oil (Building 765) Screeaing

POL (iso_etane, tolutme, acetone, MEK, Screening
naptha) Are_._ X-13, 15, _d 25

-- Riffs Site Number "ER - Early Removal
RFA Site Number dNFA = No Further Action

= Pd Repon (tel 18) Number -pal = Remedial Investigation
= Chemical Warfare M_tuageme_t p[_ _rDEC Lead Sites

n_5-DDMT-WP4105%WP5 | 9



status. If RIlFS activities are recommended. DDMT will either propose incorporation of

thes_ sites into existing OUs or will designate them as new OUs following the criteria

listed previously. Further discussion about the application of this process is found in the

Screening Sites Field Sampling Plan (SSFSP).

Altemativaly, scte, ealng sites may be designated for removal either as an Inlerim

Remedial Action (IRA) or under EPA's Superfund Accelerated Cleanup Model (SACM)

process. Removal of a site involves excavating and removing contaminants for offslte

disposal and performing eonfirrnatory sampling. The site is then recommended for NFA

or for further R1/FS based on confirmatory sarapting results.

1.2 Objectives of the RI/FS

According to the Guidance for Conducting Remedial Investigations and Feasibility Studies

Under CERCLA (ref. 63), the RUFS has the following overall objectives:

Collecting and evaluating data to characterize site conditions

Assessing risks to human health and the environment

Corldacting ta'catabitity tests, as necessary, to evaluate the potential

performance and cost of the treatment technologies being considered

Developing alternatives for remedial actions

Screening the potential remedial alternatives

Conducting detailed evaluations of remedial alternatives

The overall objective of providing a description of the preferred alternative that is

consistent with EPA CERCLA requirements is met in the Proposed Plan for the site.

Additional information concerning the KI/FS process (by task) is provided in Section 5.

The RIIFS will be conducted concurrently, but in a manner that allows data coUected
during the RI to influence the selection of candidate remedial actions for the FS, The

candidate removal or remedial actions can, in turn, influence the data needs and scope of

potential treatability studies and additional field investigations.

Scopthg is the initial planning phase of the RI/FS process, and many of the planning steps

begun here are continued and refined as the process develops into later phases. The

RIFFS is an itera_ve process: as the feasibilily study progresses, more detailed data may
be required as part of the Pd to assess the fextsibility of _ alternative. For instance, in



addition to a literature su_ey, more site data or bened-seaki testing of a treatment

technology may be needed. By separating the RI/FS into phase% data can be collected

•nd evaluated sequentially, with a refinement or redefiniuon of dam collection needs at

the completion of _eh phase.

1.3 Regulatory Background

1.3.1 RCRA Part B Permlt and Designation as an NPL Site

DDMT was issued a RCRA Part B permit (No. TN4 210 020 570) by the EPA, Region

IV, and the TDEC on September 28, 1990. Subsequently, and in accordance with

Section 120(d)(2) of CERCLA, 42 U.S.C. 9620(d)(2), EPA prepared a final Hazard

Ranking System 0tRS) Scoring Package for DDMT. The final HRS score was 58,06,

and EPA added DDMT to the HPL by publication in the Federal Register, 199 FR
47180, on October 14, 1992. Future investigation at DDMT will be conducted in

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

1.3.2 Federal Facilities Agreement

DDMT has entered into a Federal Facilities Agreement (FFA) between the Defense

Logistics Agency (DLA), EPA, and TDEC, which was signed on March 6, 1995. The

agreement establishes a procedural framework and schedule for developing,

implementing, and monitonng appropriate response actions at DDMT in accordance with

existing regulations and with achieving RCRA/CERCLA integration. In response to the
FFA, sites at DDMT have been grouped into four OUs to be addressed under the

CERCLA process. Because of DDMT's status as an NPL site, it was agreed that the

investigation of all applicable sites (which excludes screening sties) would proceed under

the CERCLA process for remediation (remedial investigation, feaslbility study, proposed

plan, record of decision, remedial design, and remedial action) and that this process will

meet RCRA requirements. OU-specific FSPs will be prepared for OUs-I, 2, 3, and 4

mad will provide guidelines for conducting the RI/FS for each of those OUs. However,

screening site_, which by definition are not assigned to OTIs until they have been

upgraded to RI status, may be investigated concurrently with an OU. Schedules for

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

As established in the NCP (40 Code of Federal Regulations [CFR] Part 300.120), the

Department of Defens_ (DOD) is the lead agency at NPL sites involving federal, facilities.

Accordingly, EPA and TDEC have been identified as support agencies in this process.
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1.4 Environmental Restoration Strategic Plan

As described in the SMP, one of DDMT's goals in implementing the RL'FS process is to

setprio_tinsfor the sites according to the potentialthreatto human healthand the

environment. DDMT is using several concepts to help set these priorities and to expedite
cleanup. These concepts range from using the observational approach philosophy

throughout the project to recognizing the importance of involving the public in

decisionmaking throughout the cleanup process. This document has been designated as
the master reference document for the environmental restoration work at DDMT

Therefore, this subsection incfuda_ a discussion of the various concepts being used at

DDMT to achieve cteanup to provide the reader with an overall understanding of the
restoration activities.

The concepts include the following:

Observational Approach

Interim Remedial Actions (IRAs)

E&rly Removal

Integrate the RI/FS Proe2ss-(Identi_ Cleanup Alternatives Early)

Community Relations

Each of the concepts described below has one theme in common, which is that use of the

concept will enable the goal of site cleanup to be achieved as soon as possible.

1.4.1 Observational Approach

Recognizing the inherent uncertainty in si_ remediation is a key element in the

observational approach. Originally developed and implemented for soil meehanhis

applications, the observational approach is readily adapted to site remediation.

The traditional approach to site remediation follows the "study-fl_ign-build" paradigm

fundamental to many engineering problems. As applied to remediation, this paradigm

assumes significant investigation of the site or medium of concern to develop a full

undersmndlng or characterization of key conditions and paramelers. Often, a seri_ of

stedie_ is needed before enough information is obtained to complete saleetion of remedial

alternatives and begin design of selected alternatives. Once the remedial design is

complete, the selected alternatives are constrocted. Gathering such large amounts of data

before remedial alternatives are evaluated theoretically reduces uncertainty in the design

phase.

However, the approach does not recognize that uncertainty is inherent in site remediation.

Regardless of how much investigative work is done, unanticipated conditions are

encountered once constlalctioll is stalled. AS a result, unnecessary dine and effort can he

spent collo_ting data that ultimately do not improve the performance of the implemented

remedial strategy significanfiy.
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When applied to remediadon problems, the observational apprccch provides a system for

re_spondtegto major technicaluncertalnges,because itassumes Lhtesuch un_tie.s

existand may need to be dealtwith during rcmedladon. This goal isaccomplished by

applying the following four primary elemenis Io the design activities:

Dcvclop remedial design concepts based on most probable siteconditions,
as understood through a conceptual sitemodel (working hypothesis)

ldentifyparameters thatcan be observed to detectvariationsin site

conditions

]Develop contingencies to respond to potential deviations

Tbe observational approach applied at DDMT will allow rcmcdiation to begin sooner.

The common terms used in the obscrvallonal approach are as follows:

Probable Condition--this is the initial assessment of assumed conditions for

the contamination at the si_ based oa available data. This condition can

include such things as the lateral and vertical extent of the COntamination

piamc, concc_ntr_tion Icvals of expected constltucnLs, and initial remedial

action (for example, number of wells and dischaxge rams for groundwater

pumping sysmms).

Reasonable Deviation-is a manageable change (deviation) from the

probable condition. This can inniudc such things as a Larger contamination

plume m_d higher constituent concentrations, both of which can require

additional recovery wells or increases in discharge tare. Some deviations

will not be manageable; thexcfore, they will not be reasonable and a
revaluation of the site conditions must be conducted.

Pm_,neteTs to Ob_erve-th_ paz_rneters will be ollse_wed during the

initial _media_n to collect _lditional data to aid in the c_rly foe.ntification
of deviations.

Contingency Plan -is the plan m adjust the it.mediation process te the

deviations encountered. This plan will help finalize the remed;_l/on

process by continuing to make ndjusImcnts to remedy the deviations at the
site.

DDMT isalso using some support techniques to help implement tee obscxvatlonal

approach, These include the use of quick tematound time samplc resultsduring the

investigation.The quick turnaround tlmc rcsultswillallow for a more immediate

determination of whether the probabia conditionor reasonable deviationshave been met.



I2G 34
The._ quick recurs will pmvid_ the flexibility to make "online" decisions, to validate of

invalidate the probable conditions, _d to mon_ qalddy implement contingency pl_.

Non-traditional investigation techniques may also be used at DDMT, including

hydropeneh and a field kit for testing polychlorinated biphenyls (PCBs). The advantages

of these techniques are that they provide ralatively inexpenslv¢ data in a dmaly m,_mer to
facilitate field decisions.

1.4,2 Interim Remedial Actions (IRAs)

IRAs arc options under CERCLA that Mlow DDMT to initiate reasonable actions to

attenuate contaminant migration, to expedite eleamup, and to reduce risk to the public.

These actions are typically some type of source control or presumptive remedy and Are

not intended to be the final remedy. Exmnples of IRAS include source removal _md soll

vapor extraction. The following section discusses an interim action that is being

implemented for contaminated groundwater at Dunn Field.

1.4.2.1 DDMT Groundwater IRA

DDMT has prepared a Proposed Groundwater Acaon Plan, Defense Depot Memphis,

Tennessee (December 1994), in comptianc¢ with Section 117(a) of CERCLA, that

identifies the preferred opdon for the IRA for the contaminated groundwater bencain

Dunn Field. In addition to identifying the preferred IRA, the proposod plml identifies

other remedia/options in detail, solicits pubIic review and comments, and provides

information on how the public can be involved in the remedy selection process.

Data Collected in the previously mentioned documents indlc_ted the presence of volatile

organic compounds (VOCs) and heavy metals in the Fluvial Aquifer, which is the

uppermost aquifer at the site. Because the contaminated Fluvial Aquifer poses a potential

threat to the deeper Memphis Sand Aqulfcr through a possible interconnection, it is

con_idared as a potential threat to human health and the environment. Thus, DDMT is

implementing a groundwater IRA to provide a quick response measure that will help

prevent the possible contamination of the area's ddn_fing water supply.

The groundwater IRA involves placing a series of containment wells along the leading

edge of the plume. Pumping gmundwatar from these wells will draw down the Fluvial

Aquifer watc_- table, thus inducing a hydraulic barrier. This barrier will prevent further

migration of the contamination plume.
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Locating the leading edge of the plume and contmnthg the plume will be achieved in the

following manner:

A groundwater recovery well will be installed onsite in the middle of the

plume to determine aquifer characteristics.

Additional monitoring wells will he installed to locate the western edge of

the contaminant plume.

Once the aquifer ubaraaterisdes are determined and the leading edge of the

plume is identified, atitillional groundwater recovery wells, which are

located along the leading edge of the plume screened to the confining clay

layer of the Memphis Sand Aquifer, will be installed a_ appropriate to

contain the plume.

The groundwater and the associated contamination will be captured by the recovery wells

(see Figure 1-1). The spacing and pumping rate of the wells will be such that the

contamination should not move beyond the llne of wells, Once the recovery wells are

operating, the system will he checked frequently and any necessary adjustments made

(including the installation of additional recovery wells if needled) to verify that the plume
is contained.

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

he discharged into the T.E. Maxson Wastewater Treatment Plant fWWTP) publicly

owned treatment works (POTW). The discharge permit will set maximum levels for

groundwater constituent concentrations. If the extracted groundwater exceeds these

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

Follow-on activities include monitoring the groundwater plume ntigration and response to

the IRA. Once the plume has been characterized, subsequent action may be taken to

provide long-term definitive promctaon, thcteding remediation of source _re_ and

potential dense nonaqueous phase liquid (DNAPL). TO the extent possible, the interim

action will not he inconsistent with, nor preclude implementatian of, the expected final

remedy.

A discussion of the range of alternatives evalualed and a more complete description of the

scope and approach for implementing this IRA is in the Proposed Groundwater ACtion

Plan. A public hearing was held on December 22, 1994, to present the Groundwater

IRA, and preparation of the Record of Decision (ROD) is currently unde, nvay (February

1995). lmplemeatation is planned to occur over a l-ye_tr period. The system of recovery
wells will he operated until the risk associated with the contaminants is reduced It,

aeceptahle levats or until the final remedy is in place.
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1.4.3 Early Removals

The early removal prccess is proposed for selected site, s at DDMT as an alternative to the

traditional RIIFS/remedisi design (RD)/rem_dial action (RA) prc_ess. The primary

obj_tive_ of the early removal process are to begin cleanup of selected sltes and to

reduce p_ogmm costs. Removal activity may involve the excavation of buried w'/_te

material and contaminated soils. The abvantagn_ of the early removal process include the

following:

In some cases removal of all contaminated materials may be possibin so

that fisi_ are reduced, an extensive RI is not n_e._ary, and the site can be
recommended for NFA.

By removing the source materials to minirmze further migration of

contaminants, the R1 for the site may be bettex focused and reduced in

scope.

Cle._nop occurs in a timely manner.

Reduced overall remedial action costs may be realized due W reductions in

the costs of studying the site and reductions in costs of performing the

work now, in_twatl of late_ when costs could be tfigher, espe_ally where

, removal is ultimatcly expected to be the prima_ remedial action.

The approach involves evaluating sites using pre,-eatablinhed criteria to select sites for

removal action. Assuming that early removalis a viable option, a ranldng system was

used as a guide to priofilize the sites for removal. Othe_ fatsors that were considered

include the ability to group sites into efficient contract packages, nominal cost to

completely remove fower-ranldng sites from the K1 Ust, and ability to begin work more

quinkly in OU-I. The preliminary results showing early removal candidates are
summarized in Table 1-2.

The methodology and recommended sites will be presented to EPA and TDEC in an

action memorandum. Once the proposed sites are approved, activities to pea'form early

removal will begin. These activities include performing an ARAR evaluation and an

early removal design investigation, preparing an amion memorandum and conducting a

workshop with EPA and TDEC, preparing site-specific design documents and project

control plans, providing services during consmtetion, eondueling confirmatory sampling,
preparing a pest-removal report, and providing decision documents for NFA where

appropriate.



Tablc 1-2

P0leatial Sile Can dldales for Early Removal

Defe.se Depot blemphis. Tennes._
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Grouping

01J-I

Site

Nu_ber"

2/212

D_cxiption

A mnw_nla Hydroxide (7 [b_) lind Acetic Acid

(I gal.) Burial 0955)

Potential Contaminants

(based on site

description/records)

Possiblymetals

31213 I Mixed Chen_cal Burial Sit_ A (OT I None exp_ ted I.o ho

Dihyd cochin rido) (1955) hazardous

414/4 POL Burial Site (13 $_-gal. dmags of o,/. gr_s¢, VOCs, metals

_ad paint: date unknc_u)

4.1l-/5 POL Burial Site (32 S5-gal drums of oil, greas_ VOCs metals

e,ad mq..e 0 (1955)

5/516 I Methyl B_3nfide Burial Sih_ A (3 cubic feet) I Methyl Bromide, VOCS
(1055)

818/9 Methyl Bromide Burial Site B (3,768 one-gal Methyl Bromide, VOC_
cans) (1954)

13/13/13 I Mixed Chenmcal Burial Site B (mixed eheaficals; I Metals

acid, 900 {bs; deh:rgent, 7,0(_ Ibs; alunfinum

_alfam. 200 lh_; sodium)

17117117 Mixed Ch emleal Burial Site C (196'9) Possibly VOC_, me.lid s

85/-/25 Old Piglol Range Buildlng 1184FFe report, X pe.glicid_s

Pesticide Storage

29129166 Form._r Undergrotmd W_.ste Oil Storage Tank pe_ticid_lPCBs, PAHs,
n_r Building 1080) m_tals

Maifi Installation 871-164 DDT, BaanBd Pe_ficide_ (_uildlng 1084) Pest ieidos/PCBs, maims

Bg/-/65 POL (Building 1085) Pc_tieid_s/PCBs. m_tals,
VOCs

Acld Sites 7/7/8 i Nitric Aeld Burial Site (I,700 bottle_) (1954) I Metals

11/11/11 Trichlnroacetlc ACid Burial Si_ (I,433 one-oz VOCs, raetals

bntlle_) (1965)

12/12/12 $nlfilric mad Hydrochloric ACid Bu_al (qu_ttity) Metals
(1967)

16116216 Unkno'._tt Acid Bunnl Site (1q_'69) Mol_]s

16/1/418 Acid, date ttnknown MetalB

II 'e2b/c a ----Cuzr_n t Sit_ Number
b -- RFA Site Number

¢ ----R/ Rcpot_(1990) number

t rtg"195-DDblT-'dlP3/_36.W P5 I - 18



1.4.4 Integrate the RI/FS Process: Early Identification of FS

Alternatives

Initial screening has been performed to forecast the cleanup and remedial alternatives that

may be appropriate SO that the types of data necessary to determine if the aiternative is

feasible will also be identafied. The Pd investigapon will be amended to include

gathering the data necessary to expedite the aiteraative selection process. A preliminary

llst of alternatives and their data needs is found in Section 3 of this report.

1.4.5 Community Relations

DDMT will seek community participation and involvement throughout the environmental

rcstoratian process. DDMT recognizes the importance of maintaining adequate

community relations, aacl has employed a specialist in the field to prepare and implement

a community relations plan. Malting tis_ arc maintained, fact sheet_ are prepared and

distributed, and pedIie meetings and beanngs are coedueted. An Environmental I-Iotiine

(telephone number 901 775_569) also has been established to provide easy access to the

latest information about the restoration proce_. A Restoration Advisory Board,

composed of community group leaders and concerned cltize_s, meets monthly to di_uss

issues of concern. In addition to these meetings, additional public meetings and hearings

are planned. More informataan about the community relations activities may be found in

the Draft Final Community Relations Plan (April 1994).
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2.0 Site Background and Setting

This section describes the environmental setting and geologic and hydrogeologie

conditions that exist n DDMT's vicinity A summary of previous investigations

conducted as part of the DDMT environmental management program also is provided.

2.1 Site Background

2.1.1 Location

DDMT covers 642 acres of land in Memphis. Shelby County, Tennessee, in the extreme

southwestern portion of the state. Approximately 5 miles east of the Mississippi River
and just northeast of die Interstate 240 -Interstate 55 junction. DDMT is in the south-

central section of Memphis. approximately 4 miles southezsL of the Central Business

District and 1 mile northwest of Memphis International Airport. Airways Boulevard

borders DDMT on the east and provides primary access to the ir_tallndon. Dunn

Avenue, Ball Road, and Perry Road serve as the northern, southern, and western

boundaries, respectively. Figure 2 1 shows the installation's ideation within the Memphis
area=

2.1.2 Mission

The DLA, an agency of the DOD, provides logistics support to military services. As a

major fieId instagation of the DLA, DDMT receives, warehouses, and distributes supplies

common to all U,S, military services and some civil agencies located primarily in the

southeastern United States. Puerto Rico, and Panama. Stocked items include food,

clothing, electronic equipment, petroleum products construction materials, and industrial,
medical, aed general supplies. Approximately 4 mi[llon line gems are received and

shipped by DDMT annually; it ships about I07.000 Ions of goods a year. In stock

inventory at DDMT is worth more than $1 billion. DDMT employs approximately 1.486

civilians and 9 military personnel; its annual payroll is $41 miltion (ref. 18).

The installation eonndr_ approximalely 110 buildings, 26 miles of railroad track, and 28

miles of paved streets. It has about 5.5 million square B of covered slorage space and

approximately 6.0 milgon square ft of open storage space. 'l_e land and buildings are

owned by the U.S. Army and leased by DLA. Figure 2-2 illustrates proposed OU
boundaries at DDMT, Study area land use, demographics, and land use controls are
discussed in Section 2.4.
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2.1.3 Past Activities at DDMT

126

Past activities at DDMT include a wide range of storage, distribution, and maintetmnee

practices. Dulm Field (OU-I) has been used as a laedfill area (northwestern quadrant), a

storage area for mineral stockpiles (southwestern and southeastern areas), ands pistol

range, and later as a pesticide storage area (northeastern area). Activities in the

southwestern quadrant of the Main Installation (OU-2) have included hazardous material

storage and reeoupment (Building 873), sandblasting and painting activities (Buildings

1086 tluough 1089), and maintenance (Building 770). The southeastern portion of the

Main Installation (OU 3) includes the bulk of the storage and distribution warehouses at
DDMT. Other activities that ale documented to have occurred in this area include PCB

transformer storage (near Building 274), pesticide and herbicide storage and use (several

locations), and fire truck pump testing (Lake Danielson). The northern portion of the
installation (OU-4) has a history of the following major activities: hazardous material

storage (several locations), treatment of wood product_ wifl_ pentachlorophenol (Building
737), and storage of items awaiting disposal (several locations). Additional information

on past activities within each OU is provided in Section 23.

44

2.2 Previous Investigatiolts at DDMT

In conformance with DLA environmental programs, a tmmber or" technical studies have

been conducted at DDMT (all studies were performed for DDMT by the listed agency or

consultant), including those described below Appendix D conndns data summary tables
f['oII1 tile previous investigations listed.

2.2.1 Installation Assessment

In 1981, DLA and the U.S. Army Toxic and Hazardous Materials Agency

(USATHAMA) conducted an installation assessment (IA) to identify previously used

wasle disposal areas and waste management practices purslaanl to the IP, P. The |A

indicated that some past WaSte management practices were not COll/patible with waste

management practices in use at the time of the inquiry. The study identified areas whete

hazardous matelaal_ might have been used, stored, treated, or disposed of at the site. On

the basis of this assessment's findings, USATHAMA recommended thai DLA conduct a

field survey.

2.2.2 Geohydrologic Study

In 1982, the U.S. Army Environmental Hygiene Agency (USAEHA) conducted a

geohydrolcgie sludy (ref. 51) to characterize the geohydrologic setting and to identify and

monitor sources of potential groundwater contamination. The study identified two areas

of the site as having the potential for groundwater contamination-Dunn Field and the

Pentachlorophenol (PCP) Dip Vat. The study determined that, at that time, the Dunn

mgm9$-DDM_WP21OI g.Wl:'5 2-4



Field area had a greater potential for contamination than did the PCP Dip Vat. USAEHA

installed, logged, and sampled six monhoriag wells in the Dunn Field location.

2.2.3 Groundwater Monitoring

USAEHA performed groundwater sampling and analysis in 1986 on groundwater

monitoring wells (MW)-3, 4, 5, 6, and 7 in Duma Field. Groundwater samples were

a._alyzed, using EPA Method 624, for volatile organic compoundg (VOCs). The results

indicated the presence of low-invel contamination. The concentrations of all VOCs

detected in the five wells ranged from 3 mica'_grams per liter 0_g/L) to 200/_g/L.

TdehlorIJethene (ICE) and teh-achhircethe_e (PCE) were the only VOCs detected in all

five wells. The concentrations for TCE ranged from 4 pg/L to 150 _tg]L, while

concentrations for PCE ranged from 3 pg/L to 81 _g/L. Metals, pe_dcidestPCBs, and

base/neutral acid (BNA) extractable organics also were analyzed, but were either not

detected or were detected at levels below the applicable maximum contafainant ieveIs

(MCks).

2.2.4 Environmental Audit

USAEHA conducted an environmental audit in 1985 of DDMT's waste management

disposal practices. The audit revealed the presence of damaged containers of acids,

bases, solvents, and cleaners in the vicinity of Building 873 (the area de.signaled as Site

27). In addition, spill areas and potentially contaminated sod areas were identified

adjacent to this building. As a result of the audit, DLA commissioned O. 1-I. Materials

Company, a contractor, to reclaim and repackage containers of usable goods in Building

873. Contractor personnel repackaged containers in the "Flmnmables Storage Area,"

Approximately 800, 55-gallon drams were recouped in this open storage area and thca-I

returned to their original location for ste_ge and distribution.

2.2.5 PCP Dip Tank Investigation

O. H. Matefi_ds performed an investigation of the PCP Dip Tank Building (Building 737) -

in 1986, which revealed levels of chlorinated dioxins and furans. Chlorinated dioxins

and furans are contaminants often produced in manufacturing the wood preser_tive PCP

and other chlorinated organic compounds. Beginning in 1952, DDMT personnel ¢aamted

wood products, especially pallets, in Building 737 with the product "Pol-Nu," which

eorttains approximately ll percent PCP.
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DLA officials contracted with O. H. Materials in 1985 to place liquid waste product in

con_ii_rs, to Eemove containers from L_ site, to sample and investiilate s_'rou_.dinil

soils and building surfaces, and to remove contaminated soils as necessary to mitigate
environmental and health hazards An extensive sampling program also was undertaken

to identify the amount aed extent of contamination. The contamination was ultimately

discovered to extend to d_s below ground surface (bils), thus requiring excavation.

Consequently, in August 1985, O. H. Materi_s initiated a clem_up of the PCP Dip Vat

area, formerly located adjacent to the east side of Building 737 The contractor

excavated to a depth of 10 ft, removthil approximately 602 cubic yards (yd _) of soil from

under and adjacent to the dip vat building. The liquid PCP source of contamination was

removed dire_tIy from the dipping vat. The contaminated soil was removed and disposed
of with the approval of EPA, TDEC, and DLA, in accordance with the then current state

and federal regulations.

The excavated area was baekfllled with approximately 650 yd _ of native soil backl-dl anti

covered with more than 489 tons of crushed rock (gravel). The excavated material

(contaminated soil and debris) was packaged in a COmbination of 725 fiber drums (with

overpacking by 55-gallon steel drtttas) and roll-off containers, This material was stored

onsile in two separate staging areas (under approval granted by b_th the EPA and TDEC)

until spring 1988. when it was transported and disposed of at an approved harnrdous
waste disposal facility:

2.2.6 Water Quality Biological Study

In 1986, UIlAEHA performed a water quality biological study (ref. 53) at DDMT. This

study was conducted to investigate possible metal, pesticide, and other inorganic and

organic contamination of Lake Danielson and Golf Course Pond waters, sediment, and

associated fish species. The major finding from the water analysis was the presence of

dichlarodiphenyltrichloroethane (DDT) in the storm water influent site to Lake Dauielson.

Lake Danialson sediment analysis results indicated that several metals (cedmium,

eilrominm, copper, lead, and zinc) and pesticides (chlo_lane and DDT) were effectively
bound up in the sediments.

Worst-ease fish tissue samples were as follows: 23.64 milligrams per kilograms (mg/kg)

DDT + breakdown products in Lake Danielson, while the Food and Drug Administration
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(FDA) action level was 5 mg/kg; for chlordane, 2,13 mg/kg were in Lake Danielson and

0.6 mg/kg in the pond, and the FDA action level was 0.3 mg/kg. PCBs and chloq_yrifos

(Durshan ¢) also were detected in the fish tissue samples. The result of this study was a

recommendation to place these water bodies "off-limits" to fishing.

2.2.7 Remedial Investlgation/Feasibility Study

In 1989-90, DDMT initiated an RUFS investigation of several known and suspected

sources of contamination. This study was performed by Law Environmental through a

contract with the CEHND. The final work plan for this effort was provided to EPA in

April 1989. The study was performed in two phases, referred to as Ph_e I (pd_y

aetivitths in 1989) and Phase 1I (primarily activities in 1990). The final Remedial

Investigation Report was provided to EPA in August 1990, and the final Feasibility Study

Report was submitted in September 1990. The study indicated that the Fluvial Aquifer

under Dunn Field was eontamlnated and that additional investigation was needed to fully

identify contaminant source areas and to delineate the contaminant pthme.

2.2.0 RCRA Facility Assessment

In January 1990, EPA Region IV conducted an RFA at DDMT through a contract with

A. T. Keamey, Inc. The RFA ldentif_l 49 $WMUs and 8 AOCs at the site. Of these,

12 SWMUs and 4 AOCs required no further action. Twenty-eight SWMUs and 3 AOCs

required further investigation in the form of confirmatory s_mpling and _alysis. Four

SWMUs and one AOC were identified as needing RFI characterization. On September

28, 1990, EPA and TDEC issued a RCRA Part B Permit to DDIvIT, No. TN4 210 020

570, under the Solid W_ste Disposal Act, _s amended by the RCRA of 1976.

2.2.9 Interim Groundwater Contamination Remediatlon

AS requested by EPA, DDMT has proposed an Interim Remedial Action (IRA) to treat

groundwater beneath Duma Field to initiate cl_up before selecting the final remedial
action. The IRA is discussed in detail in Section 1.4.3.

2.2.10 Groundwater Monitoring Study

In 1993, Environmental Science & Eagtheeting, Inc. (ESE), performed a groundwater

monitoring study using existing monitor wells at DDMT. The study was conducted to

assess changes in groundwater quality since the completion of the RUFS in 1990.

Groundwater satflples were collected from 35 existing monitor wells on- and offsite. The

results indicated that all parameter concentrations above the federal and State of

Tennessee MCLs were detected within the Fluvial (upper) Aquifer. The Memphis Sand

Aquifer wells OdW-36 and MW-37) contained only one parameter that exceeded the

listed MCLs. Groundwater from MW-37 contained a total lead concentration of 5.7 #g/L



2.2.11 Other Studies

DDMT and supporting government agencies and contractor staff reviewed additional

stuthes for the purpose of providing useful background to specific sites by understanding
past use, data collected, results, and other pertinent information as it relates to an RI,

These additional studies were used in support of the RI Report (ref. 18) and irtclude the
following general categories:

Industrial hygiene

Facility planning

Regulatory compliance consultation

Surface water quality

Groundwater quality

Waste management assessment

Hazardous waste remediatthn

A list of these studies is provided in Appendix C,

2.3 Description of Operable Units

The general criteria used to define the four OOs (shown in Figure 2 2) are listed in

Section 1.1. A brief description of each OU is provided in this section, including a

qualitative assessment of past sampling activities. Detailed site descriptions, sample

locations, and quantitative sampling results are provided in the OU-specific FSPs. A

coordinated list of the sites is presented in Table I-l. Table l-I also contains the sites

identified in the RCRA Permit as "TDEC Lead" sites, which are sites regulated by the
State of Tennessee's portion of the RCRA Penuil. The table contains three numerical
designatlotxs:

The RI/FS site number

The RFA SWMU number

The site number

These numbers are necessary to coordinate tile existing two lists (RFA and RI/FS) into

one list (Site). For future reference, only the Site Number will be used. As previously

stated, the sites were grouped into Oils, screening sites, and NFA sites at a meeting

between DDMT, TDEC, and EPA in January 1993. Sites designated for early removal
were agreed upon by these same parties in January 1995.

Brief discussions about the k_own extent of soil, groundwaler, and surface eontaminafion

are included in Sections 3.1.1, 3.1.2, 3.13 and 3.1.4. The locations of the OUs are

illustrated ha Drawing 1 (OU-1. all sites at Dunn Field) and in Drawing 2 (DUs-2. 3, and
4).
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2.3.10U-l-Dunn Field

Dunn Field is an open, unpaved area located north of the Main Installation and is

separated from the installation by Dram Road. Durra Field is the only known and

documented burial area on DDMT. Dunn Field was established as OU-I because of Rs

geographic separation and because most of the skes are burial sites [hat may require
s[nlila[ investigation techniques. Details on the investigation of the skes at OU-I will be
described in the FSP.

Inslnllation records indicate thai various types and quantities of wastes were buried in the

northwestern corner of Durra Field, Each burial she wdhin Durra Field is described in

detail in the OU 1 FgP. OU-I includes 36 sites from the SWMU and RIFFS lists. Of

these, 25 are known sites where burial of wastes has been documented by DDMT,

documented i[_ other environmental studies, or discovered during the Ri Report (ref. 18)

field investigations. These locations, which have been recorded by DDMT over the years

using dimensions known from landmarks, were summarized in the R_A (ref. 68).

Groundwater monitoring wells were installed into the uppermost (fluvial) aquifer in this

area by the USAEHA in 1982 and by Law Engineering during the RI from 1989 through

1990. Groundwater monitoring data collected during the Ri and presented in the RI

Report (ref 18) have shown levels of VOCs and metals that suggest a release has

occurred from [his area. The individual source or sources of the release ha8 not yet been
determined.

5O

2.3.20U-2-Southwestern Quadrant of Main Installation

OU-2 is geographically located in the southwestern quadrant of tke Main Instal[at[hn of

DDMT and is further characterized primarily as an industrial area where maintenance and

repair activities have taken place. The boundaries of OU-2 were defined primarily
because of the geographic proximity of the sites and the similar nature of activities that

occurred. O0-2 includes the following four key areas:

The former hazardous materials recoupment area (Buildlng S-g73),
designated as Site 27

The sandblasting waste accumulation area, designated as Site 32, and

associated Buildings 1084, 1085, and 1089 (Sites 87, 88, and 89)

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

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

mgm95-DDMT WP2/0t_ W_$ 2 l0
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The boundaries of 00-3 were determined because of its geographic lceation, and to

encompass the entire southeastern watershed. OU-3 contains the only surface water

bodies on DDMT, so it was desirable to keep the majority of the sampling and analysis
a&_ocialed with surface water and sediments in the game OO. OU-3 includes the

following:

Golf Course Pond (Site 25)

Lake Danialson (Site 26)

The former transformer storage area (Site 48)

Pad 267 (Site 58)

Building T-273 (Former Pesticide Storage Area) (Site 59)

Past studies of Lake Danielson and the Golf Course Pond have shown that the suffa_

water, sediment, and fish in the._¢ water bodies exhibit pesticides and PCBs. The Off-3

investigation vail address the storm water runoff from the surrounding industrial aad

recreational facilities, which may be the source of conteminmats identified in the two
surface water bodies.

2.3.40U-4-North.-Centra[ Area

OU-4 is located in the north-cenwal s_tion of the Main Installation at DDMT. Acdvldes

in 00-4 arc primarily associated with materials storage. The most prominent feature of

this OU is the former main hazardous materials storage building (Building 629) at

DDMT, designated as Site 57. Pesticides, polynucle_r axomatie hydrocarbons (PAils),

and VOCs were detected during the RI (mr. 18) near Si_ 57. The geographical area of

OU-4 also contains the former PCP Dip Vat area sites (near Building 73"0. In addition,

this OO is located in the genera/area of the installation where a data gap exists

concerning the confirdng unit that separates the Fluvial Aquifer from the Memphis Sand

Aquifer, which is discussed in Scctioa 2.4.6.2. The boundaries of O12-4 were

determined because of the types of activities that occurred regarding material storage, the

central location of the area, and the requirement to fill the date gap regarding information

on the confining unit between the Fluvlai anti Memphis Sand Aquifers.

2.3.5 Screening Sites

The greening sites are sites idtmtified in the RFA (tel 68) and the RI Report (ref. 18)

that appear to have been areas where h_',_ndous materials were managed and where there

is a potential for iele.asc to have occurred, minor waste disposal areas during past

operations or, based on historical records, have less potential for contamination than sites

placed into the OUs described shove_ A wide variety of sites are included in this

eatego_: storm water drainage ditches, fuel storage aw.z_, known and suspected spill

are._, areas where h_rdous substances were used and may have been released, and

areas where pesticides had been applied (railroad tracks and vegetation). A btlef
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discussion of the l_mown extent of contamination for some sites is provided in

$ecdons 3.1.1 and 3.1.3. A ¢omplet_ desciiption of each of these sites will b¢ provided

in the Screening Sites FSP. Conclusions regarding scr_ing sites will be included in

each OU RI Report.

2.3.6 TDEC Lead Sites

The *TDEC Lead" site.% designated in Appendix A-3 of the DDMT RCRA Part B Permit

(No. TN2 210 020 570) as siles regulated by the State of Tennessee's portion of the

RCRA permit, are shown in Table 1-1 with a foomoto. These sites are indicated in

DraWing 2.

2.3.7 No Further Action Sites

Table 2-1 contains a summary of proposed INFA sites. A total of 17 sites are proposed

for NFA for one or more of the following reasons:

Solid wastes were never managed or disposed of at the site.

The site is not a threat for releases becaus_ of past waste management
activities.

Previous _ampling results have shown no observ_ contamination.

Extensive prior removal or remediatfon activities were conducted.

Current operational _md st:metural feature_ make NFA pmbabin.

A separate NFA report will be prepared by DDMT for regulatory approval that
documents the available information on these site_ and the rationale for the NFA

determination. The NFA report will be submitted per the FFA schedule.

2.4 Site Physical Characteristics

Physical information for the study area wea obtained from published sources (refs. 17,

18, 20, 50, 54, and 55). The available data _vlew focused on background information

reintive to the nature and ext_at of contamination, as well as on previous remedial

response actions initiated by DLA. The bydtog_alogic and environmental quality data

collected as a result of earlier studies were particularly useful in providing a frame of

reference for this pre-P.[ discussion.
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Table 2-1

Proposed No Further Action Sit_

Defense Depot Memphis, T_e_

Site Freviott_ C_t

Nmnber" Location Desolption Disposition

18tag/- OU-I Plane Cntr_h Residue (Damn Field) NpA _

22/22/19 OU-I _ Burial $i_ (Nuts and Rol_) (Duma NFA

Field)

23/23t30 OU-I NFA

_3/-_28 OU-I

86/--/29 OU-I

30/30/-- OUo2

40/401 -- OU-2

4U41/-- OU-2

47/47t- OU-2

30/30/ OU-3

40t40/- OU-3

Coastm_ti0n Debris and Food Burial Site

(Damn Field)

FIuo rspar Storage ($E Qxual_mt of Damn

F/eld)

NFA

Safe_y KI_ Ulllt_--4 of 9 total umts (BldgB.
253; 469; 490; 689)

Food Supplies (Duau Field) NFA

palm Spray Booths (2 of 3 total; NFA

Bldgs. 770 _d 1086)

Safety Kle_ Unlts--5 of 9 total (All totaled NFA

in Bldg. 770)

Satelfile Dnlm Ac_amu] etion Are_ --2 of 4 NFA

total ('Aclnlt y BIdg. 770)

Former Cont. Soil D_m Storage _ (300 f_ NFA
W of BMg. 689, removed 1988)

Paint Spray Bc_ths (1 of 3 total - NFA
Bldg. 26O)

NFA

41t41/- OU-3 Satellite Drum Accumelefion Areas --2 of 4 NFA

total m (Bld_. 469; 260)

49/49/46 OU-3 Med_ Wz_te S_ge Area NFA

4 t/411-- OU._ 4. Satellite DrLtm A_=malmlation Aiea- 1 of 5 NFA

m_d (Bldg.2i0)

44/44/56 OU-4 Former Wa_ate_" Tre_l_t Unit Area NFA

45145/56 OU-4 Former Contaminated Sod Sta_mg A_a NFA

53/AOCD/61 OU-4 X-25 Flaramablo Solvents Storsge Are_ (Neea NFA

_nd 62 Bldg. 925)

Note: "a/b/c a ---- RF/F$ Site Number
b = RFA $WMU Number

c ---- RI Report (rel_ 18) N_unber
bNFA -- NO Furlher Action

r_'9$-DD_-WI'M050-Wp_ 2 13 9/19/95
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2.4.1 Geographic/Topographic Setting

DDMT's surface features (natural and man-made) and DDMT's relationship to

surrounding areas were investigated by onsite visual reconnaissance, U.S. Army Corps of

Engineers (COE) historical (comparative) acrlal hnagery, U.S. Geological Survey

(USGS) 7.5 Minute Series Topographic QUadrangle maps, and instnilatinn topographic

maps prepared by the onE, Mobile District, dated February 1989. Figure 2-3 shows the

topographic features of DDMT and surrounding areas. DDMT is divided into two areas,
Dunn Field and the Main Iustallaimn, eagh 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 64 acres of undeveloped land. Most of Dunn Field is unpaved. About

one-half the area is grassed; the remaining area contains crushed rock and paved surfaces.

A few large deciduous trees are present in the northeastern part of the field. The

southwestern quadrant of the field is a grassed, gently sloping area. The southeastern

quadrant is a level zone used for beth covered and uncovered bulk materials storage
(bauxite, fluorspar, and electrical wires).

Dunn Field's topography is a level-to-gently rolling terrain. The land appears to slope to

the west from the bauxite piles in the center of the field. An arc-shaped ridgeline

_parates the field's two northern quadrants. In the northeastern quadrant of the field,

the areas surrounding the former pistol range (later used as a pesticide/herbicide storage
shed [Building 1184]) and the former burn area are level and grassed The northwestern

quadrant of the field (the waste, chemical, and hazardous materials disposal zone) is a

level-to-gently sloping grassed area. Surface elevations range from a low of 273 fl,
National Geodetic Vertical Datum of 1929 (NGVD}, at the north outfall/thslallation

boundary fencclthe to 315 ft NGVD in the field's approximate center. Maximum local

relief is about 25 ft at the pistol range bullet slop.

The Main Installation consists primarily (approximately 57 percent) of developed land,

Most of the Main Installation's land area has been graded, paved, and built up. Some of

the few remaining unpaved areas are used for open storage of various materials and

cqmpment. The only significant grassed, treed area is the golf course, located in the

Main Installation's southeastern sector. The Math Installation's topography is nearly
level. Surface elevatinits range from approximately 316 ft NGVD in the Defense

Rcutilization and Marketing Office (DRMO) storage yard adjacent to Dunn Avenue to

267 ft NGVD in the low area below Lake Danielson's earthen dam. Maximum Iocal

relief is approximately 20 it, measured across the lake's earthen darn.

2.4.2 Meteorology

Information describing snidy area meteorological conditions was obtained from various

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

Atmospheric Administration (NOAA), 1983 (rc£ 31).
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DDMT is located in the we_t Tennessee Climatic Division of the United States (rnf. 3I)
This Division experiences a typical continental type of climate with humid, warm

summers and cold winters The Memphis area receives an annual average of 50 inches

of preclpitation (30-year period of record). Total annual rainfall was reported to vary

from 30.54 inches (1941) to 76.85 inches 0957). Nornlally, precipitation is heaviest

during the winter and early spring, A second, less significant rainfall period IJevelops as

thundershowers during late spring and early summer. The l-year. 24-hour rainfall value

for file study area is reported to be 3.4 inches in the Rainfall Frequency Atlas of the
United States (ref. 74).

The net amaual precipitation available for groundwater recharge, which is derived from

gross annual precipitation less evaporation and runoff, estimated for the Memphis area is

9 inches, based on NOAA (ref. 31) data. The estimate of net precipitation does not

consider evafotranspiration, which varies considerably according to season. The estimate

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

2.4.3 Surface Water Hydrology

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

2.4.3.1 Installation Storm Water Drainage

lnstagatien surface drainage is accomplished by overland flow to swales, ditches,

concrete lined channels, and an efficient storm drainage system. Figure 24 illustrates the

study area's surface drainage features, installation drainage areas, ouffalls, and local
strealns.

Most of DDMT is generally level with, or above, surrounding terrain; therefore, DDMT

receives little or no runoff from adjacent areas. Where exposed, undisturbed installation

surface soils are predominantly grassed, free-grained, semi-cohesive materials, which

tend to promote large volumes of rapid runoff. Paved and built-up sections of the
installation also tend to generate significant amounts of runoff.

Most Dutm Field drainage is achieved by overland flow to the adjaeem properties to the

north and west. The northeastenl quadrant drains east to a concrete-lined channeI, or to

adjacent properties to the north. The concrete lined channel consists of two separate

segments that join approximately 200 ft north of Building 1184. Both channel segments

convey adjacent residential neighborhood storm water through the northeastern quadrant

of Durra Field The concrete-lined ehalmel directs flow northward m Cane Creek, a
tributary of Nonccnnah Creek
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The Main Installation's surface drainage is achieved by overland flow to a storm drainage

system. The Main Installation has been divided into several small drainage basins
(Figure g 4). The orimat3+ drainage directions and outfall locations are to the west

(Tarreni Branch). to the east (unnamed ephemeral stream), and to the south (unnamed
ephemeral stream). Surface drainage is directed via these allgtlments to Nonconnah

Creek, approximately three-quarters of a mile south of DDMT. Noneonnah Creek drains

into Lake McKcllar, a Mississippi River tributary.

2.4.3.2 Installation Surface Waters

The ditches, channels, or drainagu alignments within DDMT's boundaries convey

seasonal (or wet weather) flow. Frequently, they are completely dry. Two permanent

surface wamrs exist at DDMT and are illustrated in Figure 2-4. The largest body of

water is Lake Danleison, about 4 acres in size. Lake Danietson receives a significant

amount of insod[ation storm water runoff, primarily from the area in which Buildings

470, 489, 490, 689, and 690 are ]ocamd Lake overflow is discharged through a drap
inlet at the dam through a concrete lined channel, to the culvert extending beneath

N Street and BaH Road. Tim smaller water area is the Golf Course Pond. It receives

runoff from thc surrounding golf course, BuiMings 249, 250, 251. 265, 270,271, and the

south parking tht. Pond overflow is directed to a culvert extending beneath N Street and
Ball Road. Storm water flow is then directed to Noncomaah Creek via unnamed
tributaries.

2.4.3.3 Classification of Surface Waters

Ttle DDMT facility has two main surface water features: Lake Danlelson and the Golf

Course Pond. These waters are currently off-llnfits for recreational purposes and serve

primarily as drainage reservoirs. Drainage channels on the facility and in neighboring

areas drain either to Cane Creek, northwest of DDMT, or to Noneonnah Creek, south of

DDMT. Cane Creek also drains to Nonconnah Creek at a point several miles southwest
of DDMT. In turn, Noncoimah Creek empties into Lake McKnilar

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

Sources of water supply for domestic and industrial purposes

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

Stock watering a_d irrigation
Navigation

Generation of power

Enjoyment 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 stringent criteria will be applicable. In addition, waters
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designatnd as wet weather conveyances (natural watercourses) shall be protective of
wildlife and humans that may come in contact with them and shall maintain standards

applicable to all downstream waters.

Nonconnah Creek and Cane Creek have been classified for the following stream uses:

propagation of and maintenance of fish and other aquatic species, livestock affd wildlife

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

facility is classified for recreation. The most stringent applicable criteria protects fish
and aquatic life and states that the waters shall not contain toxic substances that cause

death or serious illness to aquatic biota, and reference criteria promulgated under the

Clean Water Act and Safe Drinking Water Act fief. 47).

2.4.3.4 Flood Potential

DDMT's surface elevations (276 to 316 ft NGVD) are well above the average Mississippi
River alIuvial valley flood levels (185 to 230 ft NGVD). Furthermore. the installation's

land mass is at least equal to, or slightly higher than, adjacent properties. Therefore, it

is unlikely that any installation property would be subject to inundation, even for short
periods of time. During the performance of Phase I field data collection

activities for the RI Report (reL 18), the study area received 6 inches of continuous

precipitation during the weekend of February 18and 19. 1989. Despite the intense,
sustained rainfall, no installation areas flooded.

2.4.4 Surface Soils

Aeco_rling to information furnished by the U.S. Department of Agriculture, Soil

Cort_ervation Service (1970), five distinct surface soil units have been mapped in the
study area. The distribution of these units relative to the installation is illustrated in

Figure 2-5. A brief description of each unit follows:

Falaya Silt Loam (Fnl). This soil unit may have originally developed as a
narrow strip of alluvium occupying a bench above a stream channel. The

unit has been mapped on a small portion of northern Dunn Field. It is

generally descrlbed as a silt loam. with poor Ic_moderate drainage, and

possessing a shalthw water table and typically low-to-moderate
pcrmeabilitics.

Filled Land-Silty (Fs). This soil unit has been artificially developed as a
result of backfilling a small portion of the Main Installation's west

boundary, lt consist_ of a mixture of generally silty soils. Unit

characteristics are estimated to include poor-to-moderate drainage and low
permeabilities.
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Graded Land (Gr). This soil unil has been artificially developed from

silty native upland materials as a result of numerous rite-use modifications

throughout the installation's operational history. The unit generally

consists of silty sandy clay or clayey sandy silt, and its permeability is

te_rted to be highly variable. It is significant to this study because it

occupies more than 90 percent of the instniiafion's land area. Forty-seven

of the surfae_ soil samples collected during the RI (ref. 18) were taken
from this unit.

Memphis Silt Loam (MeB). This 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 siity clay loam. It is wellMrained

and posse_se_ low-to-moderate permeabilities. This unit is significant

because of its location in north Dunn Field with respect to burial arm.

Memphis Silt Loam (MeD2). 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. ll is deep and well-drnined, and possesses

low-to-moderato permeabilitles. The unit is significant because of its Durra

Field location. Surface soll sampIes SS-12, SS-13, and SS-14 in the RI

Report (tee 18) were collected from this unit.

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

installation study area. IJSDA textme, Unified Soll Classification System symbols,

estimated permeability, and likely use eonshaints axe described for each of the five soil
unit_.

2.4.5 Geology

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

2.4.5.1 Regional Geology

Physingtaphy. The Memphis, Tennessee, area straddles two major subdivisions of the

Atlantic Co_tal Plain Physiographic Province (Figure 2-6). Figure 2-7 shows it general

geologic cross section of the Memphis area. The western Memphis urban area lies within

the Mississippi Alluvial Plain subdivision, which is characterized by fluvial depositlonal

features ineindthg young, recently deposited point bars, natural levees, and abandoned
channels.
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DDMT and e_t_m Memphis are situated within the Gulf Co_tai Plain subdivision. The

area, characterized by di_ted loess-c.overed uplands, g_era]ly lacks distinct features.

The erosion-controlled land surface appeaxs nearly level to markedly rolling, and the

visual perspective offers little spatial variation. Local slopes range from level to

approximately 10 percent. The study area elevations average 300 fl NGVD. Locally,

relief is attributed to eloslon or stream ch_anal development and seldom exceeds 30 ft.

Generally, Gulf Coaslal Plain drainage systems are weli-devaloped, and the region is

classified as being in a lalo youthful slage of dissecdon. The uplands tend to be low with

respect to major streams, and the valley is relatively shallow. Most prinaipal streams

have low gradients and txzcupy broad alluviated and te_ valleys (Noncormah Creek).

Secondary sfreams have devalop_ narrow V-shaped valleys in fine-grained soils.

Geologic Settiag. The Memphis area is situated within a m_jor sumctural feature termed

the Mississippi embayment. This area is described a_ a youthful to morons, belted coastal

plain. The principal dyer in the area is the Mississippi River; the major tributaries are

the Wolf River, the Loosachalghle River, aad Nonconuah Creek, according to Graham

and Parks (ref. ll).

The Mississippi embaymeat is a smaetural reentrant extending into the North American

croton from the Gulf of Mexico north to Cairo, Illinois. The embayment is a wedge-

shaped, down-warped struetttm composed of stratified sediments. It begins inland as a

lifin accumulation of elastic matexials, thickening substantially at the Gulf of Mexico.

Late and post-Cretaceous strata fill tbe trough. Formation of the Mississippi embayment

began in the latest Mesozoic with the onset of renewed subsidence of the underlying

Reelinot riR. The axis of the trough (NS0_) roughly pa_llals the current course of the

Mississippi River. The embayment experienced its greatest subsidence during Farly

Terdary time and _ been teetohieally stable since its emergence during the widespread

uplift of the continent in Neogene time.

'I]ae New Madrid seismiz zone (NMSZ) is locateti at the northern end of the Mississippi

embayment and is the most seismically active area hi the central and eastern United

Slates. At least Iwo greal earthquakes eceurred in this area in 1811 and 1812, and more

than 2,500 microearthqttakes have been r_'..orded ainn_ 1974. Johnston and Nova

(ref. 16) have estimated a recurrence intexval for great earthquakes in the Memphis area

to be 425 to 675 years, with a recurrence interval of 70 years for moderate earlhquak_.

Geologic Units. Information describing major regional geologic units ha been obtained

from Wells (ref. 71), MOON (t_f. 29), Nyman (ref. 33), aad Graham and Parks (ref. 11).

Table 2 3 summarizes the ragionally important post-Cretaceous study area geologic units

and their hydrologic sigalfieanee. Figure 2-6 shows the major physiographic subdivisions

in the Memphis area.

The Quaternary and Tcrlaary strata in the Memphis area axe oomposed of loosely

consolidated deposits of madne, fluvial, fluvioglacial, and deltaic sediments. In
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Temlessee, unconsolidated sediments (Cretaceous through Quamrna_) reach their

maximum thiclcness at Memphis, where they range from 2,700 to 3,000 ft.

Cyclic Pleistocene glaciation has been directly or indirectly rcspomible for the origin,

character, and distribution of virtually all of the Quaternary deposits and formation in the

Mississippi embaymcnt, Although continental ice sheets did not a¢_ally extcfid into the

Lower Mississippi Valley area, they nevertheless were responsible for deranging

preglaclal drainage and creating the southward-trending river and valley, which

subsequently have carried large volumes of glaclal meltwater and outwash. Equally

important controls were exerted by cyclic glaciation in the form of major changes in base

levels of erosion and deposition and the form of climatic changes (ref. 37).

The following geologic units have been specifically identified at DDMT, with the

exception of the Alluvial deposits, and the Flour Island, Forl Pillow. and Old
Breastworks formations:

Alluvium. Alluvial deposg_ consisting of Holoccne and Pleistocene sand,

gravel, silt, and clay have been deposlted in the channel systems am:i

floodplains of modern streams. Alluvial dcposit_ may reach their

maximum thickness of 175 ft in the valleys of primary steams (Mississlppi
River). At other locations, the unit seldom exceeds 50 ft in thickness.

Although it is a significant unit within the region, no alluvial deposits were
encountered at DDMT during the Pd (ref. lg).

Loess. Loess is a semi-cohesive eolian deposit composed of silt, silty

clay. silty fine sand, or mixtures thereof. It mantles the ground surface

over wide areas of the central United States. It typically occurs above the

alluvial (terrace) deposits and is thickest along the bluffs overlooking the

Mississippi Alluvial Plain. Its maxhnum thickness is reported to bc about

65 if; it thins cotlsiderably toward the east. Locally, it may contain thin,

discontinuous, fine sandy layers enclosed within silts and silty clays.

Fluvial (Terrace) Deposits. Quaternary and possibly Pliccene age fluvial

dcposha occur beneath the uplands aml 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 gravel with minor lenses of clay and thin layers of

iron-oxide cemented sandstone or conglomerate, These fluvial deposits

tango from zero to 100 ft in thickness. The thickness is higtdy variable

because of erosional surfaces at both top and base. Locally, in the

Memphis area, tile fluvial deposits may ha absent (ref. I1). This deposit
represents the upper aquifer at DDMT.

Jackson Formation/Upper Claiborne Group. The Late Eocene Jackson

Formation and upper part of the Claibome Group lle beneath the fluvial

(terrace) deposits. Because of [ithologic similarities, the Jackson

m_m95.DDMT.WP210nI.W'p5
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Formation and upper part of the Claibome Group cannot be reliably

subdivided in the subsurface of/he Mcmphis area. These units include

strata of the Cocldlcld and Cook Mountain Formations undivided in the

upper part of the Cisibornc Group and, locally, of the Jackson Formation

The Jackson Formation/Upper Claibome Group consists primarily of clay,

silt, and fine sand with minor lenses of lignitc Within this unli, sediments

are ]endcular, and locally individual beds may not be really extensive. The

clays are predominantly of the montmofillonhe type. The thickness of the

Jackson Formation/Upper Cisibomc Group is highly variable in the

Memphis urban area, ranging from zero to 360 ft, with aggregate thickness

of clay beds ranging from zero to 250 ft (ref. 13). These formations

represent the confining unit below the fluvial deposits and above the
Memphis Sand at DDMT.

Memphis Sand ('Tg00-foot sand"). The widespmed terrace deposits of the
Memphis Sand were deposited during the Middle Eocene dme when

streams carried extensive quantities of sand and gravel into the Mississippi •

cmhayment area. The Memphis Sand unit is composed primarily of thick

bcddbd, white to brown or gray, very fine-grained to gravelly, partly

argillaceous, and micaceous sand. Lignltic clay beds cortstitute only a

small percemage of total thickness. The Memphis Sand ranges from 500

to 890 fi in thickness, and the depth to the top of the Memphis Sand

Aquifer in the area ranges from approximately 120 ft to 300 ft below

ground surface. It is thinnest in the northeastern part of the Memphis area
in northwestern Fayette County, Tennessee, and thickest near the

Mississippi River in southwestern Shelby County, Tennessee, (ref. 33).

The City of Memphis obtains its drinking water from this aquifer.

Flour Island Formation. Beneath the Memphis Sand lies the lower

Eocene and Paleocene Flour Island Formation. The Flour Island

Formation consists primarily of silty clay and sandy silt with lenses o1" fine

sand and lignite that are not really extensive. The thickness of this

formation is variable in the Memphis urban area, ranging from 160 to 310
fi (tel 33).

Fort Pillow Formation ("1400-foot sand"). The Fort Pillow Sand occurs

beneath the Flour Island Formation throughout the Memphis area. It

consists primarily of fine-to-medium sand with some local interbeddbd clay
and lignite. The Fort Pillow Sand ranges from 125 to 305 ft in thickness
(ref. 33).

Old Breastworks Formation. The Old Breastworks Formation is the

oldest of the Terdary units identified in the study area. It consists of silty

clays and clayey sil_ with imetheds and lenses of fine sand and lignite.

This unit has been reported to range from 180 to 350 ft in thickness.
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The geology of DDMT was investigated by reviewing the existing published geologic

information and work performed during the RI (mL 18). Eight deep soil borings (STB 1

through 8) and 31 monitoring wells (MW-8 through MW-39) were installed ensits aad

offsitc. The borings ranged from 80 to 220 ft deep, while the monitoring webs ranged

from 54 to 209 feet deep. Twealy-niae of the monitoring wells were installed in the

Fluvial Aquifer, and two monitoring wells were installed in the Memphis Sand Aquifer.

Well legs from eight wells previously installed by USAEHA also we.re used to deveiop

site geology. Monitoriug wens in the Fluvial Aquifer raagc from 29 to 157 ft bgs.

Table 24 shows pertinent data for the existing monitoring wells.

Because soft borings are considc[cd to be representative of ge_lngin conditions only for

the exact point where they were advanced, care was taken in the development of

subsurfacs interpretations that may or may not infer the continuity ef specific strata

between widely spaced borings. Professional judgment wa_ exercised by Law

Environmental in'the intea_pretafiens that are depicted on cross sections and other figures.

The conditions enceunth[_ at DDMT appear to be reasonably consistent with those

reported by a number of iovestigatots in the professional technical lithratom relative to

the geologic units underlying Memphis. STB and monitoring well logs arc located in

Appendix B of Refercnee 19.

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

cress sections are included that illustrate the postulated occurrence, attitude, and

relationships of the geologic units encountered. The cross sections, Figures 2-8 through

2-12, are generalizations; local variations in subsurface conditions should be expected.

Refer to STB Records in Appendix B of Reth_qc._ 19 for descriptions of specific

subsurfacs conditions at individual boring lccations. The strata encountered during the

performance of the Law study included loess, fluvial deposits, Jackson Formation/Upper

Claiborae Group clays (based on inthrpretation), and what has been int_q[_mthd to be the

Memphis Smad. 'I'ne._e geologic units generally exist throughout the Memphis area and

are reported to be laterally extensive, aIthongh individual formation members may not be
correlative over even short distances.

Loess. The uppermost geolngin unit at or near ground surface in the study area is

loess--eolian deposits consisting of brown silty clay, clayey silt, and fine sandy alayey

silt. The loess was encountered at all drilllng locations. This unit is described as a

brown to yellowish low plasticity silt (ML) or low plasileity clay (CL). Thin,

discontinuous fine-grained sand zones may occur locally. The unit ranges in thickness

from 6 ft at MW-25 to some 40 ft at MW-16, MW-17, and Mw-2th Four samples were

eoilected from this unit for analysis of their physical properties. Atterberg Limits

analysis (liquid limit average = 35, and plasticity index average = 15) and grain size

analysis (average 96.8 percent passing the NO. 2130 sieve) indicate a lean elay
classification.
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Summary of ExL_iag Well Co_truction

Deterge Depot Memphis, Tenm_.ee
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Page I of 2

Depth Static

Lend To(al Screen Top of Water
Well Drilling Surface Depth Length Screen Level

_D Location Mellmd (NGVID) (ft) (f0 (It) (n)

MW-2 Duna Field _ HSA 289.7 32.0 14 18.0 20.3

MW-3 Dtu_ Field NW HSA 290.4 73,5 10 63.5 61.6

MV4_ Dutm Fiaid NE HSA 3t_.0 78.5 20 58.5 69.8

MV4-5 D_ Field NB HSA 301,3 77.0 20 57.0 72,8

MW_ Dt_ Fxcld NE I-]SA 288. I 70.0 20 50.0 59.0

MW-7 Duna Field NC lISA 293, I 74.0 10 64.0 62.0

_-8 Dana Field NC HSA 292.? 69. I 10 56.5 59.2

MV_'9 Duaa Field NC HSA 304.7 82.5 11) 70, 1 73,0

MW-10 Du_ FieJd NW HSA 289,0 71.0 l0 55.6 57.5

MV¢-I 1 Dtmn Field NW HSA 299.6 85.3 15 67,9 70.3

MW-12

MW-13

MV4-14

M3V-I 5

MW-16

MW-17

MW-I8

M3,V-19

MW*20

MW-2I

MW-22

MW.23

MW-24

MW-_

MW-26

MW-27

Dean Field WC HSA 301.4 86.g

Enma Field C HSA 300.0 83.4

Dttan Field $C HSA 302,4 80.0

Dram Field WC HSA 295.2 80.8

Main P_ NE (n_r S'209) Mud Rota O, 300,2 75.0

Main P_t NC (near DRMO) HSA 316.2 95.0

Main Post NW (near Gate 15) HSA 308.3 140.0

Main Post NW (near GaU: 925) HSA 290.9 96,4

Main Pt_t WC (ne_tr 1:949) HSA 285 2 100.5

HSA 295. 1

3042

15

15

15

15

15

15

15

I0

I$

15

9_.6

69.4 71.6

66.0 69.0

65.0 72.3

63.4 65.3

57.6 57,0

77.6 8fi.7

122.6

83.1 8819

83,1 85.6

15

Main Po_l SW (near S 1089) 109.5 92.1 95.0

Me,ha Post SW (near 1087) HSA 298.1 107,8 10 95,4 97,7

Main Post $W (ne_ $873) HSA 299.0 113.6 10 101.2 100.2

Main Post $C (near 690) HSA 299.6 114.7 15 97.3 108.7

Main Post SE (near 489) HSA 270.3 81.4 10 69.0 73,4

Main Post $E (n_r $360) HSA 303.7 ll0.0 10 92.6 100.1

Main Post NW (near 737) Mud Rotar/ 76,2

_m_$ DDMT'WPTJ_24"WP5 _-_0 9/19195



Table 2-4

Smmnary of Existing Wall Co_lructlon

lka'ense I)ep_t Memphis, T_

Well

ID

MW28

Location

m-uli_
Method

HSA

HSA

Land

Surface

(NGVD)

294.9

MW29 Dunn Field NE 273.4

MW-30 MLGW HSA 273.9

dW 31 MI_W HSA 287.4

MW-32 Rose21e St. HSA 285.4

MW-33

ivlW-34

MW-35

MW-36

MW-37

MW-3$

MW-39

Main Po_ (near Gate 15)

Ro_elleSt. HSA 277.5

Dunn Field SW vlud Rotary 3C0,8

Dtt_ FieId NNV HSA 301,6

Du_n Field SE Mud Rotary 311.2

Roselle St. _ud Rntary 295.5

_u_ B.otar 308.4

Mud Rotor 296.4

126 7t

Total Strut
Depth Length

(ft) (ft)

69.4 15

54 3 20

591 20

792 15

67.8 15

60.0 15

L56.9 20

89.7

209.4 15

182,8 15

155.0 15

115,6 20

Page 2 of 2

Depth Static

Top of Water
Salem Level

(ft) fit)

54.3 57.2

34.2 37.0

39.0 42._

64.[ 61.6

52.7 58.9

44.6 48.2

136.6 145.6

69.6 71.7

192_3 166.1

165.7 142.1

139.9 137.2

95.5 104.9
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Fluvial Deposits. Fluvial dcposha underlie the loess and were encountered at all driging

locations during the R] (rcf. 18). The unit is composed of three generalized members

that can be Iraced through the sthdy area;

Silty clay. silty sandy clay, or clayey sand

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

Gravelly sand

The upper member is the silty clay, silty sandy clay, or clayey sand. It averages

approximately 5 fl in thickness and directly underlies the loess. It thins in the vicinity of
Lake Danielson at MW-25 and is not presenl in MW-26.

Beneath the silty clay, sandy elay/cIayey sand are layers of sand and sandy gravel. These

layers may alternate, as shown on the cross sections. A conspicuous pink. white, or gray

low plasticity clay occurs as a thin discontinuous seam within the gravelly sand sequence.

Apparently this seam dbekens near STB-8, where 35 fl of clay was encountered. MW-27

terminated at the top of this clay seam before reaching the saturated zone of the aquifer.

The sand layers range from poorly graded to well graded fine- to ecarse-grnined, very

well-sorted to poorly-sorted quartz grains. The upper sand layers are generally a bright

orange, indicating an oxidizing envircrtment. The lower sand layers are poorly graded.

and ate tan to white. The sand layers show a coarsening downwazds into a gravelly

sand, with chert being the primary gravel constituenL Gravel size ranges from small

pebble size up to 4 inches in diameter¸ The coar$_flng downward sequences and the

lateral facies changes over short distances are indicative of fluvial deposits (ref. 38). The

fluvial deposits range in thickness from approximately 40 ft al MW-29 _o 131 ft at
MW-38.

Most of the samples collected for mechanical testing were taken from within the fluvial

deposits. Geotechnical analysis confirmed the primary field classification as poorly

sorted sands and gravels (SP).

Jackson Formation/Upper Claihorne Group. Clayey soils that have been interpreted as

the Jackson Formation/Upper Claibor_e Group were penetrated in STB_. STB-7, STB 8,

MW 36. and MW-37, This unit is represented in the study area by a distinctive stiff

gray or orange, low to high plasticity ligniflc clay. This member underlies the fluvial

deposits and is a regionally significant confining unit. The maximum thickness of the

confining unit was 92 I[I in MWo36, This unit appears to he laterally persistent and fairly

uniform in thickness throughout most of northern Dunn Field. In the southern portion of

Dunn Field and on the Main Installation, post Eocene erosion on the upper surface of the

Jackson Formation/Upper Claiborne Group resulted in a deep channel-like feature. The

eroded surface was indicated by drastically increased depths to the top of the clay unit

encountered during drilling operations. The thickness of the clay unit in boring STB-8

mgm95- n DM_ -WP2/018.WP3 2-37
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was 15 It, which was the minimum thickness of the clay ung that was encounlered by soil
borings at DDMT.

Memphis Sand. The upper portion of the Memphis Sand Formation was encountered in

the same five borings as was the Jackson FOrnlalion/Uppor Clalborne Group This

Formation is represented in the study area by a gray, very fine-grathnd, silty sand.

2.4.6 ltydrogeology

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

2.4. 6.1 Regional Hydrogealagy

Information describing the groundwater conditions and resources of Shelby County was

obtained from Wells (ref. 71). Moore (ref. 29), Terry. et, al. (ref. 49), and Graham and

Parks (refi i1). Water table (fluvial) aquifer quality information was derived from

McMaster and Parks' 1988 report (ref. 11).

Hydrogeologic Setllng, The region's hydrogeologie setting consists of a series of thlck_

generally unconsolidated sedimentary units deposited in a broad trough or synniine

(Mississippi embaymenQ. The trough's greatest depth is defined by its axis, which

extends N50°E in an alignment generally foltowing that of the Mississippi River The

trougg dips southward along its axis. Large-scale sedimentary units deposited within this

structural feature tend to thicken from east to west where they reach their greatest

•accumulation, at the axis, and tilt gently southward, following the trough's orientation.

Individual sedimentary sequences have been deposited in the trough, roughly following its

physical orientation The most permeable of these units are identified as aquifers and the

least permeable are termed confining units

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

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

Alluvium

Fluvial (Terrace) Aquifer

Memphis ("500 foot*) Sand Aquifer

Fort Pillow ("1400-foot") Sand Aquifer

These aquifers correspond to the geologic units described in the geology subsection. The

Alluvial Aquifer's distribution is limited to the channels of primary streams; therefore, it

does not occur at DDMT. The Fluvial, Memphls Sand, and Fort Pillow Sand aquifers

underlie the installation and are discussed in following subsections.
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Site-specific hydrogeolngic conditions were investigated by physical inspection, test

borings, groundwater quality, monitoring well installation, and direct measurement of in

situ hydraulic properties during the RI (ref. 18). The investigation consisted of three

interrelated tasks: a review of the available groundwater data, performance of eight

STBs to further describe aquifer characteristics, and monitoring well installation. A total

of 29 groundwater quality monitoring ',veils were installed into the study area's Fluvial

Aquifer, and 2 monitoring wells were installed into the Memphis Sand.

Loess. The uppermost hydrngeologic unit encountered at DDMT is the loess, a firm silty

clay or clayey silt. While not usually a water-bearing unit, these materials are of interest

to this investigation because they tend to limit precipitation infiltration (recharge) to

significant underlying aquifers where the loess remains intact and undisturbed. Sandy
zolles occurring within the loess may become seasonal "perched" water-bearing zones that

conrani water for short periods of time after rainfall events. Usually, the perched water-

bearing zones discharge their groundwater to adjacent units in hydraulic eommunicatlon

with them. One USAEHA monitoring well (MW-2) and several of the monitoring wells

installed as part of the It/ (ref.18) encountered one or more perched water-bearing zones

in Dunn Field. Typically. the perched zone consisted of a fine sandy layer enclosed

within tile loess, approximately 20 fi bgs.

Fluvial (Terrace) Deposits. Fluvial (Terrace) deposits underlie the loess within the

study area. The fluvial deposits form the site's shallow (water table) aquifer. It consists

of clayey sand, sand, and gravelly sand strata, ranging in thickness from 40 to 13I ft at

DDMT. Recharge to this unit is primarily from the infiltration of rainfall (ref. 11).

Discharge from the unit is generally directed toward underlying units in hydraulic

communication with the fluvial deposits, or laterally into the adjacent stream channel.

According to the water levels measured in the monitoring wells during the RI and

presented in the RI Report (ref, 18), only the base of the unit is salurated. The actual

saturated thickness varies from 5.7 fi at MW-24 to 18 ft at MW 16 and MW-35 The

upper surface of the unit's saturated thickness ranges from an elevation of 243 ft NGVD

at MW-16 to a low of 155 ft NGVD at MW-34. Published seasonal water levels indicate

that tile groundwater levels fluctuate several ft. However, during the ILl (ref. 18), no
significant fluctuations were seen in the water levels measured at DDMT

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

(ref. 18) of the Fluvial Aquifer underlying DDMT (Figure 2-13). This figure represents

an interpolation of the water level information obtained from widely spaced monitoring
wells and is an interpretation of natural conditions on the date of measurement. The

figure suggests that two general flow directions exist within the fluvial deposits at
DDMT.
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In the Dunn Field area, a westerly direction of flow is apparent in the insndlation's
shallow aquifer (Figures 2 13 and 2-14).

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

(Figure 2-14). The closure of water level con¢ours around MW-34 and STB-8 suggests

that groundwater flow in this area is directed thward what may be a "sink" or" a buried

stream channel of poorly defined progurtlorts. More information is needed to properly

define groundwater flow in this area. A general west to southwest groundwater flow is
indicated for the rest of the Main Installation. However, local vaimtions in this trend are
not well-defined.

Site groundwater and surface water levels were compared to evaluate the possibility of

groundwater discharge to surface waters at or near DDMT. On the basis of a generalized

hydrnguologie section created during the El and presented in the P,/ Report (ref. 18),

groundwater elevations fall below local stream base elevations in the viethity of DDMT

(Figure 2-15); therefore, the fluvial deposits probably do not contribute to the stream

base at this l_=ation. The higher elevation of both Cane Creek and Noneormah Creek in

relation to the groundwater table indicates that the Iwo creeks discharge into the aquifer.

The appareln southward flow away from Cane Creek, and northward flow away from
Noneonnah Creek, in conjunction with the drop in elevation of the water table associated

with Mw-3g. supgurt_ the possibility of dowt_ward vertical leakage into the deeper
Memphis Sand Aquifer.

TO better thlerpret subsurface conditions, a geologic map of the fluvial deposits' saturated

zone at DDMT was prepared during 1989-90 as part of the RI Report (Figure 2-16),

This figure suggests the possible presence of a paleo-stream channel in the study area,

which is a feature known to be consistent with conditions existing in the region (refs. 71,

29, and others). This figure shows a contouring of in situ permeability values in

comparison with a sell classification of the saturated thickness, suggesting that a

correlation exists belween conductivity test data and the basal unit's sedimentary
characteristics.

Jackson Formation/Upper Claiborne Group. The Jackson Formation/Upper Claiborne

Group was er_countered at more than half of the monitoring well and soil boring

installation Iocafiorts. The unit is represented in the study area by a distinct gray or

orange clay. The unit is sigthlqcant because it is a regionally imporw, nt com'-mlng bed

separating shallow water-bearing zones from underlying major aquifers (ref. 33).

The top of the Jackson FormafiolVUpper Claiborne Group at DDMT was contoured to

interpret the project drilling data in the RI Report (ref, 18). as illustrated by Figure 2-1'7.

Where encountered, the elevation of the confining unit's upper surface ranges from 223 ft
NGVD at MW i_- to 118 fi HGVD at STB-8. In addition, the elevation of the

Jackson/Upper Claiborne surface encountered at the Allen Well Field was compared to

those encountered at DDMT. The elevation _f the lackson Formation/Upper Claiborne

Group's upper surface within the Allen Well Field varies from 182 fi NGVD at Well 133

to a low of 150 fi NGVD at Well 138. This comparison indicates that the variation in

r_B m95 -DDM T-WI'21[I i g WP$ 2-4 1
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the top of the confmlag unit is not atypical for the a_.a. The highly vaflabl¢ nature of

this surface is inte._reted to be due to post-Eocene erosion.

An inspection of the study a_a's cross sections (Figures 2-8 through 2-12) fodicains that

the strata in the vicinity of MW-34, MW-38, _nd STB-8 do not conform to the more

pervasive tint-lying condition_. The extxem_ depth at which the confuting unit was
encountered at these three locations and the reduced thickness of the unit in STB-8

suggests that the confining unit has been algnific_ntly eroded in this area. An

investigation to deterrniae the p_n_ of the confining unit and hydraulic communieatioa

(if any) between the two aquifers is planned during the OU_ RI field activities. The

continuity and actual thickness vf the confining unit can only bc e_timat_d from the

available information.

The Jackson Formation/Uppar Clalbome Group appears to be lam_lly perelst(mt and

f_rly uniform in thie_me._ in most of the Dunn Field area. In the southwestern portion

of Dunn Field and on the Main Installation, this unit both dwpens and thins (scc

Figure 2-10, specifically, STB-7 and STB-8).

Graham and Par_ (rcf. ll) present _vcral lines of evidence to suggest that the Jackson

Formativn/Uppor Clalbeme Group is not laternily continuous throughout the Memphis

ai_a. In some areas, the Memphis Sand is directly overlain by the alluvial or fluvial

deposits, permitting the downward verticaJ leakage from shallow watar-b_aing zones into

the regional aquifer. Bell and Nyman (in re_ 11) estimated the quantity of this

downward leakage to be on the order of 2 million gallons per day (mgd). The._

indications are drawn from a comparison of the pie.zometrlc surfaces of the Memphis'

Sand Aquifer and the Fluvial Aqulfor at DDMT.

Leakage through the Jack_on Formation]Upper Clnibeme Group is possible even where it

is continuous, I_cau_ of the sigelficant positive head difference between the two aquifers

separated by the confining unit. The unit is composed of petra_bl_ fine sand and fignltie

lens in addition to the less permeable day and silt strata.

Groundwater _epago through the confining unit at Dunn Field _ estimated during the

RI (r_f. 18). In that area, the borings indicated the confmfog unit was wlatively thick

_d consisted of a uniform clay. P_meabillty dam were not available for the specie site

_s; therefore, a range of i_picni values for clayey soils was assumed. The average

interstitial seepage velocity may be _timat_i by using the aquafion

V -- K h/1, where:
rt ¢

V = average foterstifial velocity

,_g_gS.DD_-r.w_t t W_ 2 46 9/19t95
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K = average estimated coefficient of permeability, the assumed range is 3 x l0 "_

to 3 x fi_s ft/day (lxl0 _ to lxl0 Bera/see) for tight, plastic clays (from

Cedergren, 1989, pp. 31 and 32)

h difference in hydraulic head between two aquifers (82,7 ft); rids

information was obtained for the Fluvial Aquifer at MW-32 (226.02

NGVD) and the Memphis Sand Aquifer at MW-37 (143.36 NGVD)

I = thickness of the confining unlt (75 R at MW 37)

h/ I -- hydraulic gradient (dimer_thnless)

n_ - estimated effective porosity (dhnensionless), assumed as 0AO for clays

The calculated range of downward seepage velocities is 3.3 x 10 _ to 3.3 x 104 fi per

day. This approach indicates ttmt the confining unit in the Durra Field area near MN'¢ 37,

when the confining unit is 75 f_ thick, could be penetrated by water flow in a time frame

from 25 to 2,500 years. These calculations are based oa assumptions that wig be refined

and verified during future remedial investigations.

Memphis Sand ("50O-foot sand"). The Memphis Sand represents the region's most

important source of water resources. This unit was investigated by drilling three deep

soil borings and irtstalling MW-36 and MW-37 during the ILl (ref. 18). Information

describing the unit was obtaiNnd from the two wells, three borings, and published

Sourees.

The Memphis Sand is reported to underlle the eatlre Memphis area. At DDMT, the top

of the Memphis Sand is approximately 125 to 150 fi NGVD. The base of the unit is on

the order of -750 fi NGVD, based on interpolation of Moore's work (ref. 29). The

Memphis Sand contains groundwater under strong artisan (confined) conditions. Locally,

extensive pumping has lowered water levels considerably. The Memphis Sand.

potentiometric level at MW-36 and MW-37 ranges from 143 to 146 fi NGVD. Flow in

the unit is directed generally westward, toward the A0en Well Field. a major local

pumping zone.

The Memphis Sand is repolxed to derive most of its recharge from areas where it crops

out. The outcrop area f_rms a wide northeast trending belt several miles east of

Memphis. The outcrop belt extends from the east of Shelby, Fayette, and Hardemen
Countll_ nollJleast acrog$ milch of west Tenll_Ss_e.

Fort Pillow Sand. The Fort Pillow Sand (also called the "1400-foot sand") underlies

DDMT and the Memphis region at great depth, on the order of 1,400 ft bgs. It is

reportnd to average some 200 ft thick in the study area. The unit contains groundwater

under strong artisan (confined) conditions. It derives most of its recharge from its area

of outcrop well east of the study area and from hy&ogeologic units in hydraulic

communication with it. The Fort Pillow Sand potentiometrie level in the DDMT area

was interpolated to be oa the order of lg0 fi NGVD in the fall of 1985 (ref. _,1).

mgm95-DDMT-WI_2/01 g,WP5 247



2.4.6.3 Groundwater Pumpage and Use 126 88

The fluvial deposits provide water m many domestic mud farm wells in rural _¢as of the

Gulf Coastal Plain, but none are located within the immediate vicinity of DDMT (see

Section 2.4.6.6 for resuIts of the well survey from the RI Report (ref. lg). The fluvial

deposits have a limited saturated thicknes._ and are subject to groundwater level

fluctuations.

The Memphis Sand currently provides about 95 percent of the water used for municipal
and industrial water supplies in the Memphis area and is the sole source of water for the

City of Memphis. The Memphis Sand was first used as a source of water at Memphis in

1886; since then, withdrawals have increased in proportion to industrial and population

growth. In 1984, municipal and industrial pumpage from the Memphis Sand in the

Memphis _xea avezaged about 180 mgd. The remaining 5 percent of the water used for

municipal and industrial supplies comes from the Fort Pillow Sand (10 mgd in 1984)

(ref. ll).

Published maps of water levels in wells completed in the Fluvial Aquifer and Memphis

Sand in the Alien Well Field are inconclusive in indicating a hydraulic connection

between the two units. The 15- to 20-foot drawdown hi the Memphis Sand is not

reflected in the immediately overlying Fluvial Aquifer. However, the well density used

on the published maps is not sufficient to address this issue, anti it should be considered a

data gap in the Imowledge base for this _poet of the project.

2.4.6.4 Water _,atlty

McMastor alad Paxk_ (t_f. 22) report on water quality of the Fluvial Aquifer in the

Memphis area. In their study, 28 wells were sampled in 1986 and 1987 anti analyzed for

selected trace inorganic constituents and synthetic organin compounds. Seven additional

wells were installed in Memphis Light, Gas, and Water (MLGW) wellfields (see

Figure 2 18 for locations of MLGW wellfielda), and were sampled and analyzed for the
same constituents. From their studies, the authors concluded that water from the Fluvial

deposits has low coneentx'_ions of dissolved solids, generally is moderately hard, and has

low concentrations of iron. The MLGW field study indicated that all major and trace

inorganic constituents in the Fluvial Aquifer were within the known range of values for

natural, uncontaminated water. Synthetle organic compounds were not detc_ted in any of

these samples. Comparisons between the MLGW and USGS studies, and the associated

data, are discussed in the next section.

2.4.6.5 Allen Well lh'eld

DDMT is located east of the Allen Well Field, one of six pumping centers owned and

operated by the MLGW. The Allen Well Field draws water from the Memphis Sand

Aquifer, which is the potable water source for the City of Memphis and most of Shelby

m_9 5-DD_.W]_O] B.W_ 2-48 9119/95
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County. Studies have implied that suspected ar_as of hydraulic interconneclioa may exist

in the confining layer overlying the Memphis Sand Aquifer, which may allow migration

of contaminants from water table aquifers (ref. 1 l). It is important to note that, to date,

none of the studies performed at DDMT have conclusively shown that any of the.._ areas
exist beneath DDMT. However, one of the invesdgalion's purposes is to Ls.se.ss whether

one of these are.as exists beneath the Main Installation. Contaminants migrating from

DDMT possibly could reach surrounding water table aquifers and could pote.atinliy

contaminate the MempMs Sand Aquifer. Of the 33 Alien Well Field wells, 13 lie within

one mile of DDMT (s_ Figure 2-18). A detailed map showing the locations of the Allen

Well Field monitoring mad production wegs is provided in Figure 2-18. DDMT will

coordinate with MLGW to obtain avelinhie information regarding the integrity of the

Allen Well Field wells.

Anelyse._ in 1988 mad 1989 of groundwater samples obtained from wells within the Alien
Well Field show no contaminants exceeding drinking water standards. When analyzed

during 1988, Wells 113, 114, 115, 117, 118, and 138, which all lie within one mile of

DDMT (see Figure 2 18), had levels of volatile organic chemicals that were below glks

chromatographic detection limits. In 1988, IVILGW detected low levels of chlorinated
solvents in Allen Well Field Wells 126, 127, and 128. At that dine, MLGW officials

believed the SOurCe of contamination was an industrial concern located close in the three

wells. They did not consider DDMT as a potealia_ source because DDMT was located

more than a mile away from the problem wells, and wells leeated closer to DDMT did

not exhibit contamination. The wells were w..sampled in 1989 and continued to have

detectable levels of chlorinated compounds. One of the thre_ wells is no longer used

(127), while the other two are u._*d only during periods of peak demand (ref. 26).

Table 2-5 shows the contaminanLg det_ted in the Allen Wells as well as the constituents

detected in the DDMT monitoring wells, while Tables 2-6 and 2-7 show the analytical

l_sults for the operating production wells and the "IT-" series wells in the ALien Well

Field. It is important to note that the Allen Wells are screened in the Memphis Sand. In

response to an agency review comment, analytical results for the operaling production
wells a_ll the "IT-" series wells in the Allen Well Field were obtained. These data are

presented in Tables 2-6 and 27, and were obtained for the same i:¢rlmi of record _s the

data presented in Table 2-7.

DDMT well Ice.aliens shown in Table 2-7 are screened hi the Fhivlai Aquifer. An

analysis of water, dated September 30, 1988, which was taken at the post-chlorination

distribution point for the Allen Well Field, contained low levels of

bromodichlommethane, chiormiibromomethaae, and chloroform (mr. 23). These

constituents, which are common by-products in water that has undergone chlorination

(ref. 32), have not beea detected at the DDMT, but the wells will continue to be anaIyzed

for them. Figure 2-18 shows the location of both production and monitoring wells in the

Allen Well Field.

mgm95. D DMT.VCP'2_ I g VCP5 _ _0 9/19/95
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The USGS has also analyzed selected wells in the alluvial and fluvial deposits in the

Memphis area. One well, SH:I-171, is physically tocaled near the Agen Wall Field, and

is screened in the Fhivial Aquifer at a depth of 71 fi bgs. The _.sults of analyses for

dissolved metals and volatile organic constituents axe summarized in Table 2-8 (re_ 11).

No levels of metals or volatile organic constituents exceeded drinking water standards for

eontamthant concentrations. However, the.$e data are not directly ctJmpaFabl_ to th_ data

from DDMT monitonng wells, because wells at DDMT were analyzed for total metals

rather than dissolved metals.

2.4.6.6 Well Survey

The Stata of Tennessee and the local health department monitor the number of wells in

the Memphis area by requiring tlrilling permits and annual pcaTnit renewals for continuous

well opetafiom A prelimina_ well sur_ey of the area (conducted during the RI [tel. 18])

within a l-mile radius of DDMT did not reveal the existence of _ly private realdentiaI

wells. Four industrial wells (Coclu-an, Kellogg, and two at United Refrigeration) are

located within a 2-mile radius, but ate not used as potable water sources (ref. 28). The

Memphis-Shethy County Health Depaxtment (MSCHD) has analyzed groundwater

samples collected from the Coehran (Janua_ 30, 1989) and United Refrigeration

(October 10, 1988), industrial walls for total phenols, metals, total coliforms, and

nitrates. All three wells were found to have acceptable water quality for the parameters

analyr_d. All four industrial wells are screened in the Memphis Sand Aquifer at depths

of approximately 450 to 500 fi (rof. 28).

2.4.7 Land Utilization

Laaad use of the specific zones located within the area of interest was determined by

visual reconnaissance during the RI (ref. 18) _md by previous investigations (Section 2.2).

Figure 2-19 shows most current land use information for the area summnding DDMT.

2.4.7.1 Demographics

DDMT is located in the southern poofon of the City of Memphis. Table 2-9 shows the

census data for the total Memphis Standard Melropotltan Slafistleel Area (SMSA) city

The 1988 estimated median age for the areas surrounding the DDMT is 29.5, with 25

percent of the population under the age of 15 and 11 percent over the age of 65.

Females make up 54 percent of the population. Most of the residents have lived in the

area fewer than 5 years or more than 15 years (ref. 6). Two additional zip codes are

within 1 mile of D/_M'r, but no census data wan available for these codes (38132 and

38131) (ref. 5).

rc_cag_. O O MT.Wp2/[II _ ._ 2-55 9119195
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Dis.solvedMctals and VolatileOrganic Compounds

USGS FluvialWall

Defc_c I)c_etMemphis, Tenn_see

126 £6

Well Name DcpIh, Ft. Sample Date

SH: J-171 71 02_3-87

C_ncentratlo_ of Consfitu_ (_g_)

Total
Volatile

Arsenic, Barium, Cadmimu, Ctwomitm_, Lead, Ma'vry, Or_anlc

Di,_olved DL_olved Di&_lved Dissolved Di._olved Di_lved C_npom_ds

<I 92 2 4 <5 <0.] <3

Source: USGS, 1988.
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Table 2-9

1990 Cevsus Data for DDMT and Surrounding Area

Defev_e Depot Memphis, Tennessee

1980 Ce_ 1988 F_timate 1993 Projection

Total Population 646,356 652,875 659,441

Total Households 230,474 244,545 253,588

Avoxage Household Size 2.8 2.6 2.6

1990 Census Data for Zi J Code 38114

1980 Census 1988 Estimate l_3Projection

Total Population 47,781 47,109 46,587

Total Households 15,502 16,315 16,562

Average Household Size 3.1

1990 Cep_us Data for Zi

1980 Census

Total Population 46,686

Total Hou_e..holds 14,588

Average Household Size 3.2

2.9 2.8

t Code 38106"

1988 Estimate 1993 Projection

43,956 43.108

14,214

3.1

14,312

3.0

"DDMT is surrounded by zip codes 38114 and 38106.
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2._7.2 Land _e

The summary be[owwas obtained from Harland, Bartholomew and Associates, 1988

(ref. 15)

Adjacent Land Use, DDMT is located in south-central Memphis in an area of widely

varying uses. TO the north of DDMT ate the rail lines of the Frisco Railroad and Illinois

Central Gulf Railroad. A number of large industrial arid warehousing operations are

located along the rail lines in this area including Kellogg Company; Laramie Tires;

Lanigan Storage and Van Company; the Kruger Company; National Manufacturing

Company, Incorporated; and United Uniforms. A triangular area immediately to the

north of DDMT along Dunn Road also contains several industrial firths Formerly a

residential neighborhood, the area is characterized by small commercial and

manufacturing uses with a few single-family residences remaining

Airways Boulevard is the most heavily traveled thoroughfare in the vicinity and is

developed with numerous small, cotnmercial establishments, particularly from DDMT

southward to the Airways interchange with Interstate 240. Businesses along Airways

Boulevard are typical of highway commercial districts and include convenience stores,

liquor stores, restaurants, used car dealers, and service stations. Other commercial

establishments are located to the north, south, and west of DDMT. Mosl are small

groceries or convenience stores that serve their immediate neighborhoods.

DDMT is surrounded by residential development. Several large, multi-family

developments are in the area. ranging from an older aparunent complex (Castalia Heights

Apartments) noah of DDMT along Carver Avenue and Kelmer Circle. to a newly

cor_tmcted development (Orchid Manor) south of DDMT on Ball Road.

Institutional uses include numerous small church buildings scattered throughout the

residential neighborhoods. Several schools are located in the area: Alcy Road

Elementary to the south of DDMT; Norris Elementary, Dutm Elementary, Curry Junior

High, Hamilton High, HamiltOn Junior High, and Hamilton Elementary to the west;

Magnolia Elementary m the northeast; and Charjean Elementary and Airways Junior High

to the east. Five cemeteries are located near DDMT: Anshei-Sphard located directly

across Air, vays Boulevard; Baron Hirsch, located to the northwest on Rozehe Street; and

Calvary, Forest Hig, and Temple Israel in the vicinity of Person Avenue and Bellevue

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

along Person Avenue¸

Two neighborhood parks are in the nimaediate vicinity of DDMT. Alcy Samuels Park is

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

mgm95 DDMT WP'z/O OI Wp5 2 59
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Most of the land surrounding DDMT is intensely developed However, three relatively

large, undeveloped $it¢$ exist in the general area. The [argc_t ls located to the north of

DDMT at Person Avenue aed Roze_le Street, Other areas are located south of DDMT

along Ball Road and Ke[chum Road in the vicinity of the Orchid Manor Apartments, and

east of DDMT on Dwight Street.

Land Use Controls+ In Memphis and Shniby Coumles, zoning controls and subdivision

requirements are under the jurisdiction of the Office of Planning and Development

(OPD). The DDMT properly itself is zoned Light Industrial (l-L). This designation

extends to several contiguous parcels east of DDMT along Airways Boulevard, in the

vicinity of the Kellogg plant westward past Rozelle Street. Several smaller areas adjacent

to those mentioned above are zoned Heavy Industrial (I-H).

Commercially zoned areas predominate along Airways Boulevard from DDMT southward

to the Airways Boulevard intersection with Interstate 240. Other commercially zoned

areas exist along Castalla. Hearst, aed Ragan (north of DDMT) and along Alcy and

Ketchum (south of DDMT).

Most of the remaining land in the vicinity of DDMT is zoned for single-family or duplex

residential. However, several large parcels have been zoned to allow multi family

developments, particularly to the north of DDMT in the Castalia Heigh_ area; to the

west of DDMT on Dunn Avenue near Lincoln Park; to the south of DDMT along Alcy

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

2.4,8 Ecology

The following sections discuss the flora and flauna at DDMT.

2.4.8.1 Flora

Most of the facility is restructured surfaces with little observable vegetation. The

unsurfaced areas have native Bermuda grass and some deciduous black oak (Quercus

velutina). Some decorative plant species have been used in landscaping the housing arca,

golf course, administrative areas, and the lake (ref. 15).

2.4.8.2 Fauna

No habitats of threatened or endangered species are huown to exist on the DDMT

facility; however, DDMT personnel have reported sighting migmto_¢ birds that may be

considered threatened or endangered using surface water bodies at DDMT. Lake

Danielson has been stocked in the past with bass (Micropterus so.) and bluegill

(Lepomis so.) and also contains catfish (Letalurus so.). However, as mentioned

previously, Lake Danielson and the Golf Course Pond have been placed off ihnits for

mgmg$ DDM_WIr2/018.WP5 2 60
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recreational uses since 1986. Dunn Field is a large open area with mature oak trees and

grass. Several additional species have heen noted at Durra Field, including squirrels

(Sciurus niger), the red fox (Vulpes vulpes jSdva), meurinng doves (Zenaidura macroura),

quail (Colinttl_ virgtiltottu_'), and turtles (Terrpaene carolina) (ref. 15).

2.4.9 Summary of Physical Characterization Information

information compiled and evaluated for this study suggests the following:

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

relief. The Main Installation has been extensively developed and is

essentially level.

The study area receives about 50 inches of annual precipitation. Net

precipitation was calculated to be 9 inches armually, a value suggesting the

possible generation of leachate and migration of waste-related
eontamirk_tion,

Few surface water drainage controls are present in Duma Field. The Main

Installation has an extensive storm water drail_ge system. Lake Danlelson

and the Golf Course Pond receive installation surface drainage.

It is unlikely that DDMT will flood.

Site surficinl soils (loess) ate predominantly fine-grained, low permeability

materials that promote rapid runoff and Ihn8 percolation where they remain
intact and uedisturboth

The study atea's shallow aquifer is composed of the Fluvial deposits, of

which only the lower extent is saturated, The unit's water levels are some

37 to 145 ft bgs. The unit obtains techarge from precipitation infiltration.

A Fluvial Aquifer water level map (see Figure 2 14) was contoured using

water levels recorded by ESE in November 1993 (ref. 88). The

groundwater flow directions indicate a water level depression in the

northern portion of OU_., in the approximate location of a depression in

the top of underlying clay layer. This portion of DDMT is a suspected

area of hydraulic interconneedon between the Fluvial Aquifer and the

underlying Memphis Sand Aquifer The extent of the suspected area of

hydraulic intereonnection is currently unknown. The groundwater

elevations range from approximately 160 ft NGVD in the depression ro

approximately 230 11 NGVD in the eastern portion of the Main Installation,

The fluvial deposits are underlain by the Jackson Fcnnatinn/Upper

Clalborne Group, a dOcUmented confining unit in the study area. The top

tagmg$ DDMT.WPZ/OI R WP_ 2 6 1
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of this unit may influence flow directio_ in the overlying fluvial deposits.

The unit appears to be persistent in the Dunn Field area. where the highest

concentration of ¢ontamlnants was found. It both deepens and thins in
other areas beneath DDMT

The Memphis Sand Aquifer is a _gionally significam source OF potable

water supplies in the Memphis area. This hydrogeologie unit underlies

DDMT at a depth of approximately 180 I'1and receives most of its

recharge from the outcrop area, _everal miles east ¢ff Memphis. Some

recharge is derived from overlying or hydraulically ooramunicating units.

The Fort Pillow Sand, a second regionally _ignificant aquifer, underlies the

Memphis Sand at great depth.

Sludy area lar_d use includes mixed t_sidetltial, commercial, and industrial.
Numerous residences border Dunn Field.

DDMT is an intensely developed area. AS such, it offers little habitat. No

threatened or endangered species habitats have been ob_etwed on the
installation.

m_rn95-DDMT.Wp'_018,'_'5 2-62



I
I

I
I
I
I
I

I
I
I

I
I

I
I
I
I
I
I

I

12B 103



3.0 Initial Evaluation 12 6 10 4

This section briefly describes the namm and extent of soil, groundwater, surface water
and sediment contamination at each of the OUs at DDMT on the basis of data obtained

from the site characterization activities to date. A conceptual model of DDMT, including

information from the preliminary baseline publle health evaluation during the gI

(col 18), is presented in this section. OUs are discussed by media to provide a gene_l

qualitative ove_,iew of the known nalurc and extent of contamination. Table 3-1 presents

the potential cortstitecats of coaccm. Detailed information regarding the anafydcni results

is provided in Appendix D_

3.1 Nature and Extent of Known Contamination

A detailed description of contamination including contaminant concentrations and figures

showing sample locations will be provided in the OU-spenific FSPs to justify sample

locations and proposed chemical analysis. In addition, figures showing locations of all

previous sampUng sites and tables showing corresponding data from these sampling
locadons for the four OUs are provided in Appendix D of this report, and in this section.

Findings are summarized by OU, for each media, in the fonowing subsections.

During the 1990 KI (tel 18), 50 surface soil garaples and 24 subsurface sanapths were
collected from 8 slrafigraphin soil borings 0 per boring) throughout DDMT (1990). All

soll samples (surface and subsurface) were analyzed for votht[in organic compounds (EPA

Method 8240), semivointile organic compounds (EPA Method 8250), pestinidegtpCBs

(EPA Method 8080), total metals (EPA Method 3050/6010), and mercury ('EPA Method

7471). EPA methodologies listed above are found in EPA SW-846, 3rd Edition. Surface

svil and subsurface soil samples collected during the ILl and presented in the R1 Report

(ref. 18) ate designated as "SS" (Surface Soil) and "STB" (Stratigraphie Test Boring),

respectively.

Groundwater samples were analyzed for VOCs (EPA Method 8240), SVOCs (EPA

Method 8270), pestinid_,cJPCBs (EPA Method 8080), total metals (EPA Method 6010,

inniuding antimony, arsenic, barium, cadmium, chromium, copper, lead, silver,

selenium, nickel, and zinc), and mercury (EPA Method 7470). The EPA methodohlgths

listed above ate found in EPA SW-846, 3rd Edition. All water matrix samples wcrc

measured for pH, temperature, and Slx_ific conductance in the field. GmurLdwated

samples oollected during the RI and presented in the R1 Report (ref. 18) _xe designated

by monitoring well (MW) in Appendix D.

MW-16, located in the extreme northeastern comer of the Main Installation (Dr'awing 2),

was installed during the 17d (ref. 18) to provide background water quality infvrmatJoa al

DDMT. /ffw-16 is screened in the Fluvial Aquifer. No chlorinated VOCs were detected

r_gmg$. DDMT VCWO0t 0.Wl_ 3-1 9119195
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Table 3-t

Potential Constituents of Concern

Defeltse Depot Memphis, Tennessee

Groundwater SoH

Surface Water

and Sediment

VOLATILE ORGANICS:

Acetone X X X

Carbon Tetrachloride x

1,1 -Dichloroethene X

1,2-Dichloroethene X

1,1,2,2-Tetrachloroethane X
Tet rachloroethene X

Trichloroethene X X

Methylene Chloride X

BASE/NEUTRAL/ACID E.XTRACTA BLES:

Antraeene X

Benzo(a)antracene X

Benzo(a)pyrene X

Benzofo)fluoramheae X

Benzo(K) fluoranthene X

Crys_ne X
Fluoranthene X

ldeno( 1,2,3w_d)pyr_ne X
Phenanthrene X

Pyrene X

PF_TICIDES AND PCBS:

4,4'-DDD X X

4,4'-DDE X X

4,4'-DDT X X
Beta-BHC X X

Dielddn X X X

METALS:

Arsenic X X X

Barium X

Chromium X X X

Lead X X X

Mercury X

Note: Potential Constituenk'_ of Concern based on results presented in the RI Report (fef. 18)

mZn_5-DDMT-W_Je_Swr_ 3-2
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in this well in two separate phases of sampling dunng the RI (ref. 18). Samples analyzed

from MW-16 in Phase 1 and Phase 1I of the RI (ref. 18) indicated the presence of

arsenic, barium, chromium, copper, leed, and alne. Samples taken from MW-16 during

groundwater monitoring by Environmental Science & Engineering, Inc., (ref. 88) in 1993

indicated the presence of trichloroethene, aluminum, arsenic, bahum, chromium, copper,

lead, and alne. The positive results reported for total metals may be indicative of natural

haekgroutrd concentrations. This assumption will be evaluated through the background

sampling plan discussed in Section 5.3.2.

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

analytical procedures as groundwatht, Surface water _amples collected during the RI and

presented in the RI Report (tel 18) have an "SW" prefix.

The sediment samples collected from Lake Danialson and the Golf Course Pond were

analyzed using the same analytical methods described for soils previously. No sediment

samples were taken from the previously identified ephemeral water hodle_ be.cause no

saturated sediments were available to _o'nple. AOCs A, B, C, and G are all concr_th-

lined, storm water drainage channels. Sediment samples are referred to with the _SD"

prefix.

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

• OU-1 at Dunn Field includes 10 RI/FS sites, 10 early removal sites, 8 screening sites, 3

chemical warfare management plan sites, and 5 proposed NFA sites, Of the 1O R1/FS

sites, all are sites where burial of wastes has either been documented or was discovered

during the KI (tel 18). The other two sites include an area where open bumiag

periodically took place and an area where pesticides were stored. A short description of

these sites is found in Table 1 I.

Groundwater, surface soil, subsurface soil, and surface water have been previously

sampled at OU-I. Previous sample locations are shown in Drawing 1. Highlights of

pn_vious investigation results are summarized below•

3.1.1.1 Soil

The 23 burial sites in OU-I (10 RI siles, 2 CWMP sites, 9 ER sites, and 2 serc£ning

site.s) have not been individually inv_tigated during the RI/FS or during previous

investigations. DDMT has recorded the burial site locations through the years, using

dimensions from known landmarks, and summaEzed them in the RFA (reK 68) on a

map. Drawing I shows site Locations in this OU.

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

used to store posdaldes and herbialdes. A soil sample (SS-6) taken near this builthng

(ref. 18) (see Figure 3-1) exhibited pesticides (DDT, DDE, and tiieldrin). I'¢J_V-9 was

mgrag_.ookfr.wroJ010.w95 3-8
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sampled, and these contaminants wexc not found in the groundwater in this area. MW9

is downgredient from Building I 184

The open bommg area (Site 24) was invc_tigat_ with one surface soll sample (SS-7) (s_
Figure 3-1) at a depth of approxamately 1 foot during the RI (ref. Ig). The re.suits of this

analysis revealed PAils and alpha_hlordane. Results in this sample possibly show
evidence of buried burned material. The existence of PAHs can he an indication of

burind burned material, bcc,ausc these contaminants are readily formed during the

combustion of oil, gas, or organic material.

Sample SS-8 (see Figure 3-0 was collected in the south-central portion of OU-I at a site

that contained drums of what appeared to be used motor oil. The location of this sample

does not correspond to an existing site. The surrounding ground was discolored from the

drums' contemts. This sample contained levelsof VOCs includingethylbenzene,

4-Methyl-2-pontanone, xyleme, and toluene. The pesticide dtoldnn also was deter:ted in

this sample. Metals that were detected include arsenic, lead, barium, and chromium.

Sample 5S-9 was collected during Pha_e I fxom the hrwcst drainage point in the

southwestern portion of OU*I. SS_4 was collected approximately 200 ft northwest of

5S-9. PAHs wcr¢ detected in both samples at approximately the same Icvals. Dieldrin

was detected in SS-9. The locations of these samples correspond to Site 64, where

bauxite was stored from 1942 through 1972.

Soils analyzed from STB-I and STB-2 contained barium and cadmium. Chloroform, was

present in STB-I at 14 f_. Pyrene and fluoranthene were present in STB-2.

The pump lest well alld thl'ec piezometers were thstalled during 1992, and soil cuttings

from those wells were analyzed for agent mustard, chloroform, and thlodiglycol (the

breakdown product of mustard) in addition to o_er analyses. Agent mustard,

chloroform, and thiodlglycol were not.detected. Metals dr._c_tod in the cuttings include

a_sethc, barium, chromium, lead, and zinc. VOCs detected include I,I-DCE, vinyl
chloride, TCE, and l,l,2,2-Tetrachloroctbene. Pesticides dctctlled thcthdc 4,4'-DDD,

4,4'-DDE, 4,4'-DDT, and dieldrin.

3.1.1.2 Groundwater

Groundwater, both in the Fluvial and Memphis Sand aquifers, has been studied

cxtenslvcly at OU-I, and therefore a reasonable undcrstandthg of the nature and extent of

groundwater contamination at this OU currently exists. Major findings of the

groundwater investigation to date ar_ as follows:

Contaminant migration past the boundaries of OU-I has OCCUlTe.d.

Metals of concern include chromium, lead, mercury, arseinc and barium.

VOCs of concern include TCE, tetrachlorocthane, and 1, I-DCE.

mgm95-DDM'r.WFaOI0 Wt_ 3- 5
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Groundwater samples were collec.t_ in OU-I from MW-2 through MW-15 during Phase

I of the RI (ref. 18). MW-I thn)ugh MW-7 are wells that were installed by USAEHA in

1985. MW-8 through MW-15 were in,tailed during Phase I of the RI (tel 18). MW-I

was desU'oyed before the RI (r_f. 18) and wa_ not acccssthle for sampling. MW-2 is

screened in a perched water table at a depth of 29 ft. With the exception of MW-36 and

MW-37, monitoring wells a_e sci_ened in the Fluvial Aquifer. Drawing 1 shows the

location of monitoring wells at OU-I.

Analytical re.tits from Phase I of the RI (reft 18) indicate possible coatamfoant migration

past the boundaries of OU-I. AS a result, l_e monitoring wells (MW-30, MW 31,

MW-32, MW-33, and MW-37) were inalnilnd wet of OU 1. Except for MW-37, all of
the wcll_ were screened in the Fluvial Aquifer. MW-37 was installed in the Memphis

Sand Aquifer. An interpretation of the petemiome_e groundwater contours (November

1993), as prcpered by ESE and Memphis Sta_ University, is shown in Appendix D,

Figure D 1.

Groundwater samples were collectnd and analyzed again during Phase lI of the RI and

presented in the R/Report (ref, 18) from the same wells _ in Phase I, except for MW-2,

which wa_ dry at the time of sampling. In addition to these wells, the five new wells

installed in OU-I during Phase lI also were sampled. Four of the new monitoring wells

(MW-28, MW-29, MW-34, and MW-35) were screened in the Fluvial Aquifer. MW-36

was installed in the Memphis Sand Aquifer.

Of the metals idendfind as potential constituents of concern in the RI Report (i_f. 18),

chromium, lead, mad mcrcuI 3, were identified in most wells. The highest levels detected

were chromium (800 _g/L, MW-7), lead (653 ag/L, MW-10), and mercury (3.6/_g/L,

MW-6). By comparison, the primary drinking water standards for chromium, l_d, and

mercury are 50 pg/L, 50 pg/L, and 2 pg/L, respectively. Ar_cnin and barium also were

idemifiod as potential contaminants of concern; however, they were less widespread.

Toted metals concenaations were reported from several Wells on the facility in excess of

MCLa. Isoconcentration maps of the distribution of the.s_ metals concentrations were not

prepared, however, because the total metals concentxations may be more rep_tetive of

the turbidity in a sPeCific wet[ than they arc of a plume of contamination. As implied in

the EPA guidance (1989), the results of total, or unfdiered, mends analyses are

repre*eatedve of the metals' actual presence, but the filtered or dissolved metal analytical

re..sniL_ may be more representative of the mobile fraction of the metallic species in the

groundwater.

Analytical results from the RI (ref. 18) also detected vocs and total metals

concemtrat[ons in the Fluvial Aquifer at OO-i. The constituents that were detected

include carbon tetrachloride, chloroform, TCE, tetrachloroethane, l,l-Dichloroethene,

l,l-Diehinrocthane, l.l,l-Tnchlorc_thane, l,l,2,2-Tetrachlorocthane, 1,2-Dichlo:o

ethene, l,l,2-Trichloroethane, and 1,2-Dichloroethane.

Chlorinated VOCs were detected in two of the wells located west of OU 1 (MW 31 and

MW-32). Both wells were contaminated with the same constituents that were detected in

mgm95 DI_MT wr_o] 0 wP5 3-6 9/[9/95
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the wells in Dunn Pield. The concentration of the VOCs found in these two wells was

withirt the sam_ order of magnitudes as levels encountered in the northwestern quadrant
of Dunn Field.

MW-30 and MW-33, west of Dut_n Field, did not contain deteclable levels of edlodnatad

VOCs at the time of Phase lI sampling. TheSe two wegs were used to define the

nor_em _nd southern extent of the rmn_raln_t plume in this area at the time of the

RI (ref. 18).

TCE was the constituent present at the highest levels in samples coll_texl during both

phases of sampling. Resalts from phase I of the RI (re(. 18) indicated TCE, except in

MW-13 and MW-14, with levels ranging Rein 2 _g/L in MWI5 to 1,500 _gtL in

MW-12. In Phase I[, the levels of TCE ranged from 4 _g/L in MW-9 to 5,100 #g/L in

MW-12. The MCL for TCE is 5 #g/L.

Tetraehloroethene was another major groundwater contaminant found in both rounds of

sampling. Analytical results from Phase 1 of the RI (ref. 18) showed tetrachloroethene in

most of the northern wells in Dunn Fiald, with levels ranging from 3 ,Ag/L in MW-6 and

MW-13 to 190 pg/L in MW-10. Meaxurements in Phast: II obtained similar results, with

levels ranging from 2 /_g/L in 54n,V 6 to 240/Jg/L in MW-10. By contrast, the MCL for

tetraehloroethene is 5 _g/L.

Samples from MW-IO, MW-I 1, MW-12, and MW-6 tested positive for
l,l,2,2-Tetrachloroethane in Ph_e I. In Phase I1 the same wells, along with MW-13,

tested positive for this constituent. The highest concentration levels of

1,1,2,2-TeWaehloroethane were found in MW-12 (3'$0 _g/L in Phase I and 1,900 #g/L in
Pha_ lI).

Samples flom Phase I and Phase 11 of the RI (ref. 18) detected l,l-Dichloroethene in

lVlW-3, MW7, MW 8, MW-9, and MW-10. MW-29 also tested positive in Phase lI.

Levels of contamination did not change significantly between Phase 1 and Phase IL

Contaminant contours of the major organic compounds for OU-I, prepared from

sampIing and analysis conducted in 1993, are shown in Appendix D, Figures D-2 through

D_ (reL g8). Additional details on the specific contaminants found in each well are

provided in both Appendix D of this raport and the OU I FSP. The OU 1 FSP also

addresses previous sampling results by individual sites and data gaps, and the overall

strategy for completing these data gaps.

In summary, the analytical results from groundwater samples taken at Dunn Field indicate

that the downgradient wells (Figure D-l) wesl and narthwest of Dunn Field are
contaminated with ¢hlorinaled VOCs and metals.

m_.m95-DDMT.WP_010.'.'._ 3-7



3.1.2 Nature and Extent of Known Contamination at OU-2 -- 1 2 6

Southwestern Quadrant of Main Installation

ou-2 is illustrated in Drawing 2, with a short description of the individual sites in

Table 1-1. Detailed information is provided in Appendix D.

3.1.2.1 Soil

111

During previous investigations, 15 surface soil samples and three subsurface samples

(depths of 16 fl, 78 /t, and 83 It) from STB-5 were collected in OU-2. The sample

locations and _nalytical results are shown in Figures 3-2 and 3-3. Samples were collected

to aid in the evaluation of the former haTardous materials rec.oupmem area (Site 27), the

maintenance shop Building 770 (Site 34), and the sandblasting and painting areas (Sites

32 and 34).

Samples collected at Site 27 were COlleCted at a l-foot depth (libeled surface soils),

because the top foot of soil had been previously removed and backflUed to address

pesticide contamination in the _oils, based on a sampling investigation conducted by

O.H. Materials in 1985 (teL 72). Four samples were collected to evaiuate the pre.seace

or absence of residual contan_nation, and did not detect pesticides. However, PAH$

were detected in one sample. Toluene was detected in another sample (Figure 3-2), and

metals were deteeled in all samples.

In general, sample analysis detected the presence of pesticides, PCBs, and PAHs at the

sandblasting and painting area and pesticides, solvents, mud PAHs in the _rea of the

Maiatenance Shop, as illustrated in Figure 3-3, although the samples were not suffieiem
to characterize the full nature and extent of contamination. Additional data to be

collected are detailed in the OU-2 FSP.

3.1.2.2 Groundwater

Four groundwater monitoring wells have been installed in O0-2 with one located

northeast of the maintenance shop (MW-39) and three existing wells located in the south

(MW 23) and southeast (MW-21 and MW-22) of the unit. On the basis of the cunent

understanding of the direction of groundwater flow (Ftgure D-l), the.ze wells may be

upgradient of potential source ams_ in 00-2.

Previous sampling events have detected both tetrachloroethene and edchloroethene in

MW-21 and triehloroethene in MW-22. A summary of current pertinent information is

provided in Figure 3-6. In November 1993, monitoring performed by ESE indicated the

presence of metals in MW-23 and te.trachlo_oethene, trieldoroetbeaae, and metals in

MW-39. Because of the fimited information, neither a definite source area nor a trend in

water quality can be determined.

_a_s-v e_ r-wvnolo.wr_ 3-8
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3.1.3 Nature and Extent of Contamination at OU-3-Southwestern

Watershed

OU-3 includes the Golf Course Pond (Site 25), Lake Danialson (Site 26), the former PCB

transformer storage area (Area 272) (Site 48), Pad 267 (Site 38), and Building T-273

(Site 59). OU-3 giles are shown in Drawing 2 and presented in Table l-l.

3.1.3.1 _

Seven limited surface soil samples have been collected from the Golf Course grounds and

near Buildings 274 (Site 46) mad Building "1"-273 (Site 59) during the l/l, with results

presented in the RI Report (tel 18). In general, the samples were not sufficient to

characterize any individual site or source; however, the data indicates the presence of

PAHs and pesticides, as illustrated in Figure 34.

3.1.3.2 Groundwater

Analysis of two rounds of groundwater samples (1990, 1994) from MWs-24, 25, and 26

in OU-3 detected VOCs and metals. Figure 3-5 illustrates the summarized data.

Samples from Mw-g5 and MW-26 showed the presence of tetraehforoethene. MW-26

also detected levels of "ICE, carbon tetraehloride, and ehtomform present in both

sampling ph_es. A variety of PAHs were detected in 1994 in MW-24 that were not

detected in the other two wells during either round of sampling or in Mw_g during 1990

sampling. Analytical data from the original reports is provided in Appendix D.

3.1.3.3 Surface Water�Sediment

OU-3 has two perennial water bodies, Lake Danielson and the Golf Course Pond, both

manmade str_etures. Pr_vinus investigations have ineltlded three separate surfa_ wate¢

and sediment sampling efforts, which are illustrated in Figure 3-4, with detailed analytical

results located in Appendix D. While surface water and sediment samples have prlmmily

consisted of samples from the lake and pond, samples also have been collected from

storm drainage ditches.

Surface water samples were collected (nine from Lake Danialson and related outfall,

three from the Golf Course Pond, and four from drainage ways) during three

investigations. In general, results indicated low levels of pestieiges in the surface water

(illustrated in Figure 3-5 and presented in Table 3-2), probably attributable to disturbed

sediments, as discussed below. Surface water in the drainage ways indicated higher

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

In general, both Lake Danielson (9 locations with 5 locations having samples collected

from the surface _tnd 9 inch depth) and the Golf Course Pond (3 locations with one

location having samples collected from two depths, surface and 9 inch) sediments have

o_ m,_$. oD,'.¢r.w_010,we5 3-11
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PCBs, pesticides, and PAl-IS, wi_ch also have been deleCled in fish 6ssue samples (resalls
in Table 3-2 and Appendix D). Generally, when analyticalresultsfrom I._ke Danielson

samples arc compared to samplc,sfrom the Golf Course Pond, Lake Daninlson samples

have higher levelsof pesticidesand metals while the Golf Cours8 Pond samples todicat_

higher levelsof PAHs. Fish samples mirror thatdistributionof contaminants, with the

additionof indicationsof PCB, higher in the Golf Course Pond than Lake Danialson.

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

Central Area

ou-4 contains the former pemtachhirophcnol (PCP) dip vat area, now occupied by

Building 737, which has been used for pesticide storage, and Building 629 (Site 57),

which was the hazardous materials storage area. Locations of OO-* sites are shown in

Drawing 2. A short description of the site is found in Table 1 1.

3.1.4.1 _

Reraedinlion of softs was conducted at the dip vat area during 1985 _nd 1986, resulting in

removal of soils down to l0 ft below ground surfar_ (bgs) (ref. 72). During the R1

(ref. lg), one soil sample (SS-47) and one stratlgraphic test pedng (STB4) yielding three

subsurface soilsamples were analyzed from the former dip vat a_ea, The surfacesoil

sample calfibited pesticides that arc assccinted with Building 737. DDE, DDT, alpha-

chlordane, gamma-chlordane, and beta-BHC 'Acre all tier_Cled in this _¢npin. Toluene

and trichloroethene also were detected at quanritation levels.

Four soil samples, ilinstrated in Figure 3 6, were taken around Building 629 in areas

where past spills have occurred. Building 629 formerly stored toxic, cohesive, and

oxidizing materials. Surface soil samples SS-10 and SS-I 1 were collected adjacent to

Building 629. Two more samples, SS_2 and 8S-43, were collected several feet away

from the building to provlpe information on the extent of contamination. PAH

contamination is present in all of the samples, with SS_2 having the highest leval of

these constituents. Pesticide (including DDE, DDT, dieldrin, methoxychlor, gamma-

chlordane, and betR-BHC) levels were detected in the soil samples from tlus area, along

with metal contamination. The major metal contaminants wcrc lead, zinc, copper, and

mereuE¢. Tohiene was deaected in all four of the sampths. 1,1,2-Trichlorocthane,

tetrachlorocthcne,and trichhifocthenewcrc detectedin SS-42. The conccntratlonof

trichhirocthene (2,100 #g/kg) reported is a minimum value (the concentration level found

in SS42 excccdcd thc calibration range of the [aboratooy instrument).

3.1.4.2 Groundwater

Groundwater samples were collected during the ILl (ref. 18) from monitoring walls

M3V-39, MW-38, biW-17, M3V 19, and MW-20. Their Iocatio0s are shown in

Figure 3-6. Like the other moniloring wells on the Maln Installation, these we/Is are all

ser_zned in the Fluvial Aquifer. Analytical results detected tetrachlor0ethene and
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triehinroethane in MW-39. Samples collected in 1993 (ref. 88) detected TCE in MWs-38

a_d 16 at 1.55 _g/L and 1.10 !zg/L, respectively. The pesticide dieldrin was detected in

MW-38 at 0.062 ,_g/L. Metals were detected in all wells, naraely, chromium, arsenic,

lead, and zinc.

3.2 Potential Pathways of Contaminant Migration

3.2.1 Con_tminant Fate and Transport

The fate and tianspots of contamination depends on the site's physical condition, source

characteristics, contaminant characteristics, media characteristics and extent of

contaminant release. The behavior of the contaminants found in each of the media

samplad (groundwater, surface water, scdimenh surface soil, and subsurface soil) will be

discussed, with consideration given to the various chemical, physical, or tiiological

proc_sea that are possible at DDMT. The following topics will be discussed in this

subsechon:

Potential mutes of contaminant migration

Persistence

Migration

3.2.1.1 Potential Routes of Contaminant Migration

Contaminant migration can occur in several ways, depending on the characteristics of the

element or compound in question, the medium in whinh the element or compound is

located, and the typo(s) of media in close proximity. Various physical processes may he

involved. The transport of pogutaats by water to receptors is a central theme because of

the importance of water to life, its contfibmion to the generation of leaehate, and its

ability to mobilize contaminants from source areas. The water solubility of the

compound or element will play a significant role in determiaiag what migration route, if

any, will be taken. Transformation into a gaseous state (volaliliTation) or adherence to

soil or sediment particles (adsorption) are migration route.s. Extraction from sediments or

soils (leaching) or the movement of soll or sediment particths, with adsorbed poLintants

attached, by the movement of water are also possible. Accumulation within the body of

aquatic life forms or bacteria C0ioacoumuladon) can also be a pathway from waters, soils,

or sediments.

The discussions provided in tiffs section are intended only to provide a brief, genera]

overview of the potential environmental transport mechanisms for the potential indicator

chemicals and chemicals of concern that were identified for DDMT in the POtReport

(ref. 18). This section will be expanded in the final RI/FS reporte to inclutie additional

constituents or additional transport mechanisms, _s needed.
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3.2.1.2 Meml:

The migration of metals in the environment is compfieated because metals can exist in a

variety of forms. For instance, metals can exist in different oxidation states. Metals can

also exist as charged particles (such as ions in solution) or in a chm'g¢le._s or neutral

slate. Motels may combine with other metals or organic chemicals to form many

different compounds. In any case, the potoatinl for mig,_.tion will then depend on the

_olubility of these forms in water. Metals in solution will exist in an ionic form; non-

ionic forms will precipitate and remain bound to sediments in soil.

The 12 metals analyzod for were detected in at least one of the four matrices

(groundwater, surface water, sediment, and soil) sampled. Five of the metals were

selected during the RI (ref. 18) aa potentiid indicator chemicals because of the

concentrations detected at DDMT and the toxicity associated with them metals. Them

metals are arsenic, barium, chromium, lead, and mercurJ. Unfiltered data will Ix: used

in the BRA.

The mobility of metals in the subsurface also depends on their mode of occurrence as

either solid suspended sediment particles or as dissolved components of the groundwater

matrix. Boeause metals are nalurally occurring, their reported presence in a groundwater

sample may or may not indicate a contaminant rele2_. In accordance with direction

from EPA Region IV and TDEC, only total metals (unfiltered) samples vail be collected

and analyzed. Follo,.ving EPA guidsnee (EPA, 1989) for the evaluation and

interpretation of groundwater data, total metals analytical _.sults will he used to assess

whether a pro'titular metallic species is pre._nt at a given Inearion.

Arsenlc. Because of ila multiple oxidation states and its tendency to form solublo

complexes, the geochemistry of ar_nic is both intricate and not well characterize. The

adsorption of arsenic onto clays, iron oxides, and organic (humic) matclinl is a_

important tnmsport pathway. Arsenic is also moi_ile in the aquatic environment; i_ cycles

through water columns, sediments, and biota. The solubility of arsenic vade_ widely

according to the oxidation slate. In the natural environment, four oxidation state_ are

possible for arsenic: the (-3) slam, the metMlic (0) state, the (+3) state, arid the (+5)

state. The (+3) and (+5) state* aro common in a vafie_ of compiex minerals and in

dissolved sall_ in natural waters. Sulfur is the element most commonly associated with

arsenic in nature. In all, them az¢ [00 or more arsenic-bearing minerals known to occur

in nacre. The oxo acids, arsenious acid (HsAsO3), and arsenic acid (H,AsO(), arc the

prevalent forms of arsenic in aerobic (oxygen-containing) watelS. Arsenic can form

complexes with a number of organic compounds, most of which increr6¢ its wamr

solubility (refs. 1, 3, and 57).
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Balqum Barium exists in nature as a salt. Several salts including the most common

(barite [B_O4] a_d withedte [BaCO_]) have low solubility, so precipitation into
sediments is likely. Because of low vapor pressures and high boiling points, these salts

am unlikelyto vohtilizc. Binaccumulation of barium isnot a common migration process

except in systems in which the barium concentration exceeds that of calcium and
magnesium (tel'. 57).

Chromium. Chromium exists in two oxidation states in aqueous systems: (+3) and

(+6) oxidation state._. The hexavalent form is soluble, existing in solution as an anion

complex, and isnot absorbed to any significautdegr¢_ by claysor hydrous metal oxides.

[t isp however, absor_d Stsongly to aehvatcd carbon. Hexayalent chrorinum is a

mederatoly strong oxidizing agent and reacts with organic or other oxidizable material to
form tsivalcnt chromium. Trivainnt chromium combines with aqueous hydroxide ion

('O1_) to form insoluble chromium hydroxide (Cr(OH)_). Precipitation of this material is
thought to be the dominant transport pathway of chromium in natural waters. Adsorption

processes also result in the removal of dissolved chromium to the bed sediments.
Chromium is bioaccumuthted by aquatic organisms, and the passage of chromium da_ugh
the food chain has bcgn documented, Chromium in soilcan occur as the insolubleoxide

dichromate (Cr20_) and may b¢ aerosolized into the atmosphere or transported to surface

waters and groundwaters in runoff and leachatcs (rcfs. 1, 3, and 5"0.

Lead. Lead is transfernsd continuously bclwc_ air, water and soil. Soil leaching of

lead into groundwater is det_l.,ined by the chemical characteristics of the soil. The

availahtiity of lead in softs is related to moisture content, soil pH, organic matter, and the
conccntration of calhium and phosphates. Lead is bioaccumulated in shcgf_h and plants

(refs. 1, 3, and 57). However, increasing pH and calcium ion (Ca _*) concentrations

diminishes the capacity of plants to absorb lead, because Ca 2. ions compete with the

Pb _+ for exclamge sites on the soft and root surfaces.

Mercury. Mercury's major removal mechanism from a natural system is adsorption

onto the surfaces of clay particles and subsequent settling as par[ of the sediment. The

overwhelming majority of any dissolved mercury is removed in this m_mer within a

relatively short time, generally in the immediate vicinity of the source. Much smaller

portions of the dissolved mercury are ingested by the aquatic biota or transported by

current movement and dilution. Secondary transformations of mcxeury in the sediments

can occur; these include pre:eipitation as mercury sulfide and methylatioa reactions caused

by bacteria. Because mercury itself is not destroyed, these inorganic _nd orga_fic forms

of mercury may then release ionic or metallic mercury into the water column as part of a

recycling process. Resuspensinn of sediments by turbulence or the activity of benthic

organisms also can rele_e the_e compounds of mercury directly into the water column

(refs. 1, 3, and 57).
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3.2.1.3 Vol, mle Organic Compounds (VOCs)

By their nature, the concenb_tions of VOCs tend not to remain at conalmat levels in any

of the media under consideration. Only media from which volatilization is hindered

would be likely to retain significant amounts. Several of the groundwater samples and a

few surface and soil boring samples contained measurable levels of VOCs. Eight

poterttial indicator chemicals of conc*m were seleeled during the ILl (ref. 18) because of

their prevalence at DDMT: I, l -Dichlerocthene, 1,1,2,2-Tetrachloroethane, TCE,

tetrachloroethene, methylene chloride, 1,2-Dichleroethen¢, carbon tetrachloride, and

acetone. The brief discussions concerning the transport mechanism of these chemicals

provided in following sections are based on Callahan, 1979, and ATSDR, 1988 (refs. 1,

3, and 5"0.

1,1-Diehlore.athene. Volatilization is the major pr_e,_ whereby 1,l-Dichloroethene is

removed from the aquatic and soil environment. 1,1 -Dichloroethene is slighdy water

soluble. Adsorption onto toils or sediments with high organic content also is possible.

1,1-Dichloroethene probably does not bioaccumulato to a significant extent.

1,1,2,2-Tetrachloroethane. The pdmary transport process for 1,1,2,2

Tetraohlor_thane is volatilization. Because it is slightly soluble in water, leaching is a

possible migration pathway. Eioaccumalation is possible.

TCE. Volatilization is the most important Lranspon process for TCE. It has been found

to be highly mobile in soil, so leaching from subsurface: soil to groundwater is possible.

Removal from the atmosphere in rain (wet deposition) is also a likely process, but

bioaccumuinilon potential is low.

Tetrachloroethene. While volatilization is the dominant transport mechanism for this

compound, leaching into the groundwater is also tikcly, as is retem to the soil through

wet deposition. Adsorption is not a primary transport mechanism except perhaps in dry

soils with high clay content. Leaching into subsurface s{ffl, and groundwater is likely, but
bioaccumuladon is not.

Methylene Chloride. Volatilization is a transport proceas for the removal of methylene

chloride from aquatic systems. Once in the atmosphere, methylene chloride can, at high

altitudes, react with hydroxyl radicals or undergo pbotedissociation. Methylene chloride

does not readily undergo oxidation or hydrolysis in aquatic systems. Photo-oxidation

should not occur with methylene chloride, because this compound does not contain a

chromophom that can absorb visible or near-UV light. Methylene chloride does not
bioaccumuintc.

mgm95.DDMT-W['93010,Wp_ 3-22 9/t9/95



12G 12G

1,2-Dichloroethene. Volatili,atinn is themajor process for removal of

1,2-Diehinrocthene flora aquatic systems. At high altitude, 1,2 Dichloroethen¢ is

attacked by hydroxyl radicals, resulting in degradation products. Photedissociation does

not appear to be a significant fate for 1,2-Diclfloroathene in aquatic systems. Information

is not available for this compound to iodlc_to that it wonlil bioaccumnlate, bid-degrade

(microorganism), or adsorb to sediments or solids. 1,2-Diehlotcethene is also resistant to

hydrolysis.

Carbon Tetraobloride. Carbon teWachloride is volatile and can be expected to leave

from aquatic environments when its volatilization is not hindered. Carbon tctraeltlofide is

stable to attach feom hydroxyl radicals, and photodi_onlation in the high-altitude

atmosphere is slow. Photedissonlafion in aquatic environments is not significant.

Oxidation, mrption, hioaccumulation, bio-transformadon, hydrolysis, and bledegredation

do not readily occur with carbon tetrachloride.

Acetone. ACetone can be expocted to vo]_til]_ from aquatic media where its

volatilization is unhindered (such as in surface water). However, acetone is very soluble

in water and shouid a_umnlate in wet soil arid grouedwatee if its vol_filiTnalon is

hindered. Information on the fate of acetone regarding biodeg,'_d_tion, blo-

transformation, susceptibility to hydrolysis and oxidation, or sorption to sedimeats in

aquatic environments is not readily availabin.

312.1.4 Semivolatiles and Base�Neutral/Acid Extractables

Polycyclic Aromatic Hydrocarbons. Of the SVOCs aaalyzed, only PAHs were found at

mcasurabte levels with regularity in soil samples during the RI (inf. 18). Several

different PAHs were detected. Of these, the three potential indicator chemicals of

primary concern, because of their prevalence at DDMT a_d their toxicity, are

beazo(a)pyrene, hanzo(a)anthracene, and dibenzo(a,h)anthraoene. PAHs have low vapor

pressures and boiling points greater than 100°C. They also axe chatacterizad by theix

relatively low solubility in water. The primary transport processes are different from

those of volatile organics, with adsorption onto sfffl or other organic matter being most

important. Adsorption onto parfieulnles is the primary transport process for PAHS.

Adsorption onto mobile soil or sediments is laxgely responsible for their movement (for

example, the erosion of soil and the movement of suspended sediments). Adsorption onto

soot particles that can be carried on wind euneats and then returned to the surface (dry

deposition) are important pathways to and from the atmosphere. Short-Warm

hi_ccumulafion also occurs, but is not impariant because of the rapid matZ_boilsm and

excretion of PAHs by most aquatic organisms (refs. 1 and 3).

Pc_ticide_ and PCBs. Pesticides and PCBs also are nlassi_ad _s SVOCs. Volatility is

generally of little imporLancc with respect to transport; adsorption and bicoccumnlation

are much more important. The potential indicator chemicals of primary concern

identified during the RI (re[. 18), because of their prevalence at DDMT and theft

toxicity, are DDT and its degradation products: dichforedlphenyldichforoethane (DDD)

and diehinrodiphenyldichlorocfoene fDDE); dieldrin; and PCBs.
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DD_ DDE, and DDD. DDD and DDE are degradation products of DDT; all have

generallysimilarpropartles.Adsorption onto airborne particulatesand sediments isthe

prlma_ transport pathway that results from the relative insolubility of these compounds
in water. Removal from the atmosphere through pmticulat¢ thilout is likely.

Bioaccumulation and magnification up through the food chain (bioconccntratlon) also arc

important. Volatilization is a possible tr0nsport pr_-_ (refs. 1, 3, and 57).

Dleldrfo. Sorpdon of dialdrin to soits and sediments is tile most prevalent tra,asport

pathway, but there is a tendency to bioaccumulate and biomagnify. Co-movement with

susponded particulate5 in water is a likely transport mechanism, hut leaching into

groundwater usually does not occur because of 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 reaetlon probably is mifated by UV radiation. It is

therefore possible that aldrin might migrate lind then react to form dieldrin in its new

location (refs. 1 and 3).

Chlordane. Volatilization from aquatic environments, sorption to sediments, and bio_

aeeumulmion are important fates for chlordane. Chlordane is photosensitive and should

undergo light indacod/'eaeUon to produce isomers and other products. The

biotransformation of chlordane probably is similar to dieldrin. Chlordane could be

su_eepliblo to oxidation in the presence of oal.diTJ.ng substances in aquatic environments,

but is somewhat susceptible to hydrolysis, with a half-life of 4 years (refs. I and 3).

Heptuehlor. A major fate of hepraehlor in aquatic systems will be the hydrolysis to

1-hydroxyl ablordane. Hepta_hthr also shows strong tendencals for bioaccumulation.

Sgrplion to sediments could be an imporlant process for heptachlor that does not undergo

hydrolysis. Vohailization also is possible (refs. 1 and 3).

Beta-BHC. Volatilization, biotransformalion, mad biodegradailon appear to be important

wznsport paths for Beta BHC. Hydrolysis, however, does not OCCur hi aqualie systems.

Photolysis can occur, but the data supporting photolysls in aquatic systems is coaflieling.

PCBs. PCBs are prepared in mixtures of different compounds characterized by the

number and arrangement of chlorhic atoms attached. Different mixtures contain different

abforine to carbon ratios, axe called aroclors, and usually have a number designation

associated with them. All. PCBs behave in essentially the same manner. AdSOrption of

PCBs onto soil particles and .sediments is the most prevalent transport mechanism.

• However, bioaeeumulation is also likely and results in biomagnificatioa. Although not

nearly as prevalent, adsorption onto airborne particulates _ed entrainment through fugitive

dust emissions a_c responsible for spreading PCBs throughout the world; they are

redeposited through wet deposition (tel 3).



3.2.1.5 Chemical Warfare Agents (CWAs)
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Although not identified as a potential contaminant of concern during _e RI (ref. 18),

three sites within OU-I may contain either CWAs or decomposliion/degradation by-

product_ of CWAs. Fortunately, DDMT records concerning d_2ontamination and

disposal of the.s_ items are specific. Both the RFA (reL 68) and the R1 Report (tel 18)

identified Site 1 in Dunn Field as containing six se_ of l-inch by 9-inch must_d and

inwisite detection kits. The OU-1 FSP contains an additional discussion of the CWAs,

their disposal, and potential transport processes.

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

in a trench approximately 240 ft by S ft. Site 9 is located in the northwestern portion of
OU-I.

The other documented instatlce of CWAs being disposed in OU-I (Dunn Field) occurred

in 1946 near Site 24. This incident consisted of decontaminating, burning, and burying

approximately thirty 500 pound German mustaxd bombs from World War II. Facility,

DOD, and newspaper records document the decontamination, open burning of the casings

and decontamination by-products, and burial of the c_ings. The migration of chemical

agents or products of docontamination or docomposinon f_om a waste site occurs in a

manner similar to that of any chemical migration. The causes of migration are primarily

leaching through the soils, air evaporation, or physical transport in groundwater. The

migration of material through leaching depends primarily on the solubility of the material

in water and the mount of precipitation received in the axe_. Chemical agents or

products of decontamination or decomposition exhibit relatively low solubililie._ in water;

these low sniubilities effectively limit tbeir lezchiog potential.

3.2.2 Contaminant Persistence

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

resistance to chemical or biological changes, as well a_ to the transport mechanisms

discussed above. A toxic pnilutant may be subject to a variety of chemical reactions

depending on susceptibility to natural radiation and the presence of suitable reactants in

the environment. In general, chemical reactions will co;u1" where the oxidation State of

one or more of the atoms within the reactants changes. For organic compounds, oxygen

is usually the atom whose oxidation state changes, although nitrogen, sulfur, bromine,

and chlorine may undergo chemical reaction. The metal atom in inorganib complexes is

usually the atom whose oxidation state changes. Reaction with water (hydrolysis) is

possible for some compounds. UV radiation can remove an alectron from a compound to

form a reactive species called a radical in it process known iis photolysis. Contaminants

can be Wansformed or degraded through photolyals either directly or indirectly by

reaction with other radical species. Metabolism of compounds or aliments by microbes

or aquatio fife may result in slight alteration (bintransformndon) or a significant

breakdown (biodegredatlon) of the contaminant.
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The persistence of the five ehiments discussed previously (axsenic, barium, chrominm,

lead, and mercury) depends on their rath of Wansport from the stte of interest, which in

turn depends on their form. As mentioned earlier, metals generally have more thaa one

naturally occurring state and exist in sc_veral dlffercnt chemical forms.

Arsenic. The thte of arscnin in the aquatic envffonment depceds lalgcly on prevailing

pH and oxidation-reduction conditions. Sediments _u_ the primary sink far arsenic. A

number of organisms can metabolize arsenic to form organomatauic compounds, thereby

increasing axsenin mobility in the environment. Arsenic can be reduced and methylated

by soil organisms, though the rate at which arsenic is subsequently vol_filiTc¢l may vary

according to site conditions. Arsenic in sell is predominantly in sohible farms (refs. 1,

3, and 57).

Bariura. Little information is available concerning the ultimate fate of baxium in the

environment. Because barium is commonly found in s_da and in most surfar_ water and

groundwater, it is assumed to he persisteat in these media (ref. 57).

Chromh_m Hexavale.nt chromium is the spocins usual3y found in industrial wastes; it

will evczltunily be reduced to tr[valent chromium by inorganic matters present in water.

As discussed in Semion 3.2.1.2, edvalent chromium reacts with aqueous hydroxide ion to

form insoluble chromium hydroxida. Although chromium can react to form a varmiy of

organic comple.xe.s, chromium pe'rslsts in sedimeat.s after precipitating out of solution

(refs. 1, 3, and 57).

Lead. Lead is present in soils as Pb +2, which may preinpitate as lead sulfale,

hydroxides, and carbonates. Lead i_ extremely persistent in Soil aad water, and the

species of lead found depenils on temperature, pH, and the pre.,sence of organic matter.

• Lead is relatively immobile in soils and associates primarily with suspended solids and

sediments in aquatic systems. Below pH 6, aaglesite (PbSO_) is dominant, while PbCO 3

is most _tabhi at pH values above 7. The hydroxide Pb(OH)2 conh_ls solubility around

pH 8, anti lead phosphates, of which there are many forms, may COnl_ol Pb _+ solubility

at intermediate pH values (refs. 1, 3, and 57).

Mercury. The primary sink for mercu_ relca.s¢ to the environment is sedlments.

Mercury can exist in the natural environment in three oxidation States: _ the native

element itse.lf, in the (+1) (mercurous) state, and le the (+2) (mercuric) state. Th_

nature of the spies that will occur in a given complex or exist in solution depends on

the potential for oxidation or n_dumion and the pH of the environmen[. Deposition of

mercu_, in scdimen_ that can cau_ tc_duction can result in prccipLtation of the sulfide.

Bfat_'ansfotmatlon of mercury in the s_Iimeats c_n result in rm_obil|zafioa. An example

is dimethyl mcreu_, which has a low solubility in water and is a gas at ro_m

temperature; volafflization may occur (refs. _, 3, and 57).
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3.2.2.2 Volatile Organic Compounds

Chlorinated VOCs are basically unreactiva and unlikely to undergo ubemical or biological

transformation unless the medium in which they are contained slows the vol_tiliTatinn

prcx:ess. However, they can undergo reaetioas, either chemical o_ bioingicul, when their

eon_tlLration is large enough that volaHliTallOn and reaction rates Call aehinvc

equilibrium. The sUght solubility of most VOCs in water generally results in small but

mewdurabin persistence in groundwaters where reactions vAth bacteria can occur (ref. 1).

1,1-Dichloroethene. 1, l-Diehloroethene does not undergo measurable photolysis and it

is not readily oxidize, l,l-Dichloroethene is also stable toward hydrolysis.

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

groundwathrs.

l,l.2,2-Tetraehlor_thane, t,l.2,2-T_loroethane is essentially non reactive in the

atmosphere. In water, however, base-catedyzed hydroly_s to form TCE is an important

degradation path under aerobic and anaerobic eondinons. Anaerobic biodegradation is

also to be considered an imperiant loss pathway in water and soils with TCE as the

re.action product. With its solubility, persistence in groundwater is likely.

TCE. Upon volatilization, TCE reacts readily with hydroxyl radicals in the almosphore.

After leaehthg to groundwater where volatiliTation is hindered, it i_ persistent because of

its solubility. B_odegradation and other chemical reactions are slow and do not

measurably contribute to it_ fate.

Tetrachloroethene. Reaction of telrachinroethane with hydroxyl radicals in the

atmosphere is the most likely degradation process for this compound. However,

teta'aehloroethane is persistent in the atmosphere except durfog periods of heavy rainfall,

because of the relative stability of the hydroxyl radical as indicated by its long half-lifo

(approximately 96 days). As vol#tiliTation from groundwater is hindered, slow

blodegradation and hydrolysis precesses may occur. However, tetrachloroethmae is

persistetlt under suub maaerobic conditions.

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

in the groundwater environment. Methylene chloride does not bioaccumnlate,

biodegmde, or adsorb to sediments.

1,2-Diehlore_thene_ 1,2-Diehloroethene does not bioaccumulate, biodegrade, or adsorb

to sediments or solids. It does not hydrolyze, so it should persist in any aquabe media
where voLatilization is hindered.

Carbon Tetr'achloride. Carbon totrachfoside is extremely stable and should persist in

any aquatic environment where vola61iTalfon is hindered.
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Acetone. Acetone should be expected to persist in groundwater beczu_ of its solubility

in water. Acetone in surface soils will quickly volatilize.

3.2.2.3 Polycyclic Aromalic Hydrocarbons (PAils)

PAHs generally are aznenable ta photolysis reactions and subject to rapid degradation

upon reaction with strong oxidants, but do not undergo hydrolysis. While oxidation

initiated by phololysis is pe_ible for PAHs 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. Biodeg,_,_tion is

considered the major transformation process. However, because this process is slow and

competing processes (solubilizatia., oxidation initiated by photolysis, and volatilization)

occur only to minimal extents, PAHs are persistent in the soils and sediments in which

they adsorb, as discussed above (refa.I and 3).

3.2.2.4 Pesticides and Polychlorinated Biphenyls (PCBs)

The pesticides and PCBs discussed earlier are persistent because of their chemical

stability and affinity for organic mauer. Although phoIolysis is a potential loss pathway,

it may not be possible if the medium is not exposed to ultraviolet radiation, as is the ease

with sediments under deep water and subsurface soils. Biological action usually is the

only removal mechanism; however, it may be slow.

DDT, DDE, and DDD. Bintransformation of DDT to DDE (aerobic conditions), to

DDD (anaerobic conditions), or to both is the primary loss mechanism. However, DDE

and DDD do not undergo further degradation. Direct photalysls of DDT and DDD is

slow, but for DDE it is rapid. Indirect photolysis can occur quickly for all three

compounds. Chemical oxidation and hydrolysis are too slow to be competitive. Because

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

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

water. Oxidation and hydrolysis ate not imperiant factors, and the contribution of

oxidation initiated by photolysis is uncertain. It is resistant to biodegradation, although
this may be its ultimate fate (refs. 1 and 3).

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

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

Heptachlor. Heptaehlor should not persist in the environment because it is easily
hydrolyzed, then tikllz'ansformed or bioaccumulated.

Beta-BHC. Bela-BHC does not hydrolyze. However, it is biotransformed and

biedegraded. Beta-BHC should persist where these processes are hindered.
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PCBs. PCBs are resistant to oxidation and hydrolysis. The heavier PCBs may he

amenable to oxidation initiated by photoiysis, although this is unlthaly because they axe

nol generally found in media that are exposed to UV radiation. They are resistant to
biodegradafion and bioWansformafion; oaly those molceul_ with fewer than four chlorine

atoms are generally susceptible. Because of their insolubilily, PCBs are persistent in

softs, sediments, and _mal fissu_ (ref. 3).

3.2.2.5 Chemical Warfare Agents

The ram of formation of CWA degradation compounds depends on many factors, such as

pH, moisture content, and mmperature. Hydrolysis products for the persistent

compounds are formed over padods ranging from days to years. Additional information

will be provided in the OU-I FSP.

3.2.3 Contaminant Migration

Typically, landfllled solid waste materials such as those located in Duma Field are buried

in the dry state. Liquid wastes were stored in containers and the documented fluid spill

events were local in nature, involving small quantities. Contaminant releases can occur

by the water saturation of dry solid wastes (rcf. 56), by the leakage of corroding liquid

waste containers, or by the spillage of fluids at ground surface. The chief source of

water at disposal sites is precipitation. Given enough data, the likelihood of

contamination generation and the quantification of leachate production may be estimated

by the water balance method (ref. 56). A calculation of the study area's net preeipflation

(the amount of rainfall potentially available for infiltration and waste saturation) was 9

inches annually. This value is adequate to both generate and mobilize waste-related

contamination at DDMT, If contaminalinn at the available source is mobiliTe_l,

contaminants will move along the path of least resistance to adjacent receptors. Surface

contamination may migrate overland to surface water's via ,runoff, or may infflla_te into

local shallow groundwater. Buried waste-raiated eonsfiteents may migrate to site
groundwater.

Actual migration routes of contaminants and their rates can be inferred from site physical

characterization, contaminant release information, and data f/ore chemical analyses of the

media that axe potentially associated with their fate and transport.

3.2.3.1 Metals

Leaching and preeipitmion of indicator metals are likely transport systems, as indicated

by.the presence of meted contamination of the groundwater, soils, and sediment_. Metals

contamination probably haa entered the groundwater through leaching of the soil. in

Dunn Field, the Fluvial Aquifer groundwater flows westward. Metals contamination can

be expected to migrate with groundwater in a westerty direction. The analytical results

for the off-post wells support this hypothesis. Shallow aquifer groundwater flow at the

Main Installation is not as well k_own as are similar conditions at Dunn Field. Shallow
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aquifer eondfoons suggests discharge to the underlying regional aquifer in the

northwestern quadrant of the installation. However, groundwater flow direetinn in the

shallow aquifer in most of the Main Installation is not well defined.

3.2.3.2 Vola_le Organic Compounds

Chlorinated VOCs have been detected as surface soft contaminants at both Dunn Field

and the Main lnstaiindon. These compounds also have been encountered as subsurface
soil contaminants in Dunn Field. The contaminants detected are assumed to occur as an

unknown number of localized source atoms. These areas are signific_qt because they may

continue to release VOCs to the shallow groundwater system through le_hthg and

percolalJon. The only clearly defined zone of groundwater contamination to date extends

beyond the west boundary at the north end of Dunn Field. Contaminant concentrations

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

Some of the constituents are denser than water and thus tend to migrate vertically

downward. M_N-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

thes_ two weils iedieates that although the constituents are prese.nl throughout the shallow

aquifer, at these lOCations it is not aecumelaqing at higher levels near the bottom of the

aquifer.

A review of monitoring well, soil boring, and anelytieai data, as well as CuxTent

literature, describing the liknilhood of ¸such a contaminant mlgra0on potengai may be
summarized as follows:

Potentiomelzic or water table elevations within the site's shallow aquifer

were measured to be approximately 80 ft higher than the petentiometfic

elevations noted in Memphis Sand wells at Dunn Field in 1989. This

difference in head creates a petential for mixing of water from the shallow

aquifer and the Memphis Sand Aquifer, and subsequent diffusion of Fte_el

Aquifer contaminants into the Memphis Sand's water. Pumpage from the

nearby Allen Well Field could increase the gradient between the two

aquifers. It should be noted that the piezometric head of the Memphis

Sand exceeds the lowest measured confining layer surface.

The general class of compounds possesses low solubilities in water and

does not readily adsorb on minerai surfaces (tel 30). These characteristics

may enhance the potential for migration.

The class of encountered contaminants is considered to be persistent mad

relatively mobile in groundwater (ref. t0). Further, Griffin and Roy

(ref. 12) classified a number of organic compounds according to their
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mobility in saturated soil-water systems. The compounds detected in

DDMT groundwater samples may be dexeribed as fellows:

Compound
Acetone

Methylene Chloride

1,1,1 -Triedloro_thane
Carbon Tetrachloride

1,1,2,2-Telrachloroethane

Mobility Class

Very highly mobile

Very highly mobile

Medium mobihty

Medium mobility

Medium mobility

Some organic solvents have been shown to increase clay hydraulic

conducfivifies. This effect was noted especially for acetone, methanol, _.d

xylene (tel 12).

3.2.3.3 Polycycltc Aromatic Hydrocarbons

PAHs were deteeled in surface soils at several installation locations. PAHs apparently

have not migrated far from their point of introduction. Because of their insoluble nature

and strong tendency to adsorb to soils, the leaching of PAHs is not expected. PAHs

were not found in groundwater and surface water samples dunng the RI (ref. 18). The

presence of PAHs in sediments from Lake Danielson and the adjacent pond may he
attributed to soil containing adsorbe_ PAHs being transpor.ed during surface runoff.

3.2.3.4 Pesticides and Polychlorinated Biphenyls

While dieldrin and DDT (and degradation products DDD and DDE) were dateeted in

surface soils at several in_tsllation locations, PCBS ',_ere only detected at two pinces-

near Building 1088 (OU-2) and near Building 925 (along RR Tracks 3 and 4). It appears

that the post_cides and PCBs found at DDMT have not moved from their point of release.

Adsorption to sou panicles is the prohahin explanation for the persistence of these

compounds. The movement of soil particles containing adsorbed pesticides pv0bably is

responsible for their presence in sediments in Lake Daninlson and. the adjacent pond.

Their low solubility and high K_ explain why concentrations in 13 surface water samples

wet_ observed at coneentration_ from 0.14 _g/L to 2.2 _g/L.

3.2.3.5 Chemical Warfare Agents

Hydrolysis of the various agents buried at Burial Site 3-A may produce contaminants that

could migral_ into the shallow gt_uedwater through leaching. Thindiglycol, a pnmary

degradation product of mustard, is miscible in water. The hydrolysis of lewisite and

mustard forms hydrochloric acid ffICI), whlch could then react with metals and insoluble

metals salts in the soil to transform them to leachable salts. However, as mentioned

previously, because of the timiled nature of the documented CWA burial activities in

Duma Field, it is not tikely that metals contamination in Dunn Field groundwater is due to

CWA. Addifionat information concerning this issue is provided in the OU-1 FSP.
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From the resultsof previous studies,DDMT has identifiedseveralpotentialpathways of

concern. Note thatthisisa preliminary idemificafi.onof possthlcpathways thatwillbe

expanded in the RI/FS report(s).Them isa potentialfor contaminants presentin the

soilsto rc_ch human and animal receptorsillllumc[ous ways. The routesof primary
concA_rnare as follows:

Inhalation of soil particulates

Ingestion of soil particulates

Dermal absorption of contaminants in soils

Inhalation of VOCs present in soils

There is a potential for groundwater constituents to reach _:cepters via the following
routes:

Ingestion of groundwater (Memphis Sand Aquifer only)

Dermal contact with potentially contaminated potable water during bathing

Inhalation of vapors from volatile contaminants present in potable water

that are emitted during household use

The potential routes af exposure associated with potentially cohered su_a.ce water

and surface water sediments include the following:

Ingestion of fish and other aquatic life from contaminated lakes and creeks

Dermal absorption of colltaralnants pre__nt in surface waters and sediments

Because VOCs do not tend to persist in surface water and sediment.% inhalation of

vaporized constfouents prescgt in sttrface water currently is considered an unlikely

exposure pathway at DDMT.

3.2.5 Groundwater Sources and Potential Pathways

DDMT is located east of the Alien Well Field, one of six pumping centers owned and

operated by MLGW. The A]thn Well Field draws water from the Memphis Sand

Aquifer, which is the main potable water source for the City of Memphis and most of

Shelby County. Studies have implied that suspected arena of hydraulic interconne_ilon

might exist in the confining layer overlying the Memphis Sand Aquifer, allowing l_Moage

of contaminants from water table aquifers (tel 11). To date, none of these suspected

areas have been conclusively found to exist beneath DDMT. However, past dlilling logs

and hydraalm information on water levels taken during the Kl and presented in the K1

Report (tel. lg) have suggested that one of these areas might ealst in the north.centrel

portion of the Main Installation. The next phase of field work is dealgned to evaluate

whether the Fhivial Aquifer and Memphis Sand Aquifer are in direct hitercommuhication

in this area. If so, it is possible that constituents migrating flora DDMT could reach
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surrounding water table aquifers and could potentially enter the Memphis Sand Aquifer.

Thirteen of the 33 Alien Well Field wells lle within one mile of DDMT (see

Figur_ 2-18).

Section 2.4.6.5 contains a summary of previous analyses of the Allen Wells and the well

search conducted during the RI (ref. 18). In summary, the water well survey associated

with DDMT site a_scssment did not reveal any water _.ble aquifer wells (Alluvial or

Fluvial) within a l-mile radius of DDMT that are used for potable water sources. The

primary potential gathway of water _.ble conlaralnabon would be via leakage through

permeable zone_ in the confinin S unit that could allow migration of contamination from

die Fluvial deposits to the Memphis Sand Aquifer. The potential for this occurrence has

been addressed by Graham and Parks, 1986 (ref. ll) and Brabana, el al., 1987 (raft 2).

The Memphis Sand Aquifer is the primary water source for the City of Memphis, which

has a population of approximately 65S,000 people. Analysis of groundwater from onsit_

wells screened in the Memphis Sand Aquifer (MV_-36 and MW-37) did not show

evidence of VOCs p_escnt in the Fluvial Aquifer.

3.2.6 Surface Water and Sediment Sources and Potential Pathways

There _e two prima_ surface water sources and Several seCOndary sources located at

DDMT. The two primary sources are Lake Danielson and the Golf Course Fond, which

arc located in the sauthea.stem comer of the facility. Analysis of surface water and

sediments indicates a possible history of releases to surface runoff from transformer

storage and hiocide 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 chlorpyrifo_. PCB levels ranging from 0.34

mgtkg to S.g4 mg/kg were detected in fish tissue samples taken in 1986 by USAHEA.

Fishia S was discontinued at Lake Danietson in 1986.

Sediment investigations at Lake Dadielson and the Golf Course Fond during the RI

(ref. 18) detected metsls, some pesticides, and numerous PAHs. No PCBs were detected

during the _ampllng af the sediments or surface water samples collected from Lake
Danielson or the Golf Course Pond.

Potential constituents of concern in the Golf Coarse Pond include PAl-ls and 4,4'-DDT,

and its degradation products (DDD and DDE), which were detected in the pond

sediments and in one stlrface water sample downs_eam with respect to the pond (SW-10).

The only constituents det_ted in the pond water during the RI and presented in the RI

Report (tel 18) were barium, copper, and zinc at near background levels, and some
VOCs and SVOCs that were believed to be lab contaminants.

The list of constituents detected at Lake Danietson dunng the RI and presented in the KI

Report (ref. 18) was similar in identity and levels to those present at the pond. Potential

cottstltuerlts of concern at the lake irleinde arsenic and the d_gredallort products of
4.4'-DDT.
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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 toward Cane Creek. Dieldrin

was deteeled in this sample. When this point was resarnpled (SW-16), no dieldrin was

detected. Other constituents were present at near background levels or were also present

in the trip blank.

An exposure point for residents living in the vicinity of DDMT is via exposure to surface

runoff traveling in the aity's aboveground, open storm canals. Dermal contact with

potentially contaminated waler and soil presen_ in storm canals is an exposure pathway of

concern at DDMT, and will be considered in risk characterizations of DDMT faotilty.

3.2.7 Air and Soil Sources and Potential Pathways

The preliminary patenbal effee_ of the air and soil pathways would he as follows:

Dermal (absorption) contact with contaminated surface soils

Ingestion of contaminated surface soils

Airborne entrainment and inhalation of contaminated soil particles

The first two exposure pathways would be limited primarily to employees working at

DDMT. The third pathway mentioned (inhalation) is possible, but not likely, given the

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

3.2.7.1 Subsurface Soil Sourees

Five soil borings were collected and analyzed during the ILI (ref. lg) at Dunn Field, but

only samples STB-2-2 and STB-2_ obtained from Dunn Field had any obvious

contaminants. Pyrene and fluoraatheae were detected at depths of 17.5 and

approximately 70 ft. The _ampling location was near the center of Dunn Field. All

values were flagged as estimates by the labomto_ during the R1 (ref. 18). Three

additional soil borings were collected and sampled during the second phase of the RI

(ref. 18). STB-6 showed evidence of chlorinated hydrocarbons at all four depths,

including trace _noual_ of 1,1 ,g,2-Tetraablomethane and 1,2-Diabloroethene at 182 ft

NGVD. Additional subsurface sampling is planned for many areas at DDMT to further
abaractarize the nature and extent of subsurface soil contamination.

3.2. 7.2 Surface Soil Sources

Areas of surface vegetation at DDMT vary widely. For example, Dunn Field, the Golf

Course, and the Family Housing area are moderately to heavily vegetated. However,

some areas of the Main Installation either are not paved or are covered with a gravel

surface. Therefore, in some areas, absorption of contaminants present in surface soils via

dermal contact, incidental ingestion of soil particulates and inhalation of fugitive dust,

and any volatile compounds present in the soils are exposure pathways for employees of
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the DDMT facility. DDMT has a history of surface spills. The presence of surface

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

3.3 Preliminary Public Health and Environmental Effects

3.3.1 Identification of Contaminants of Potential Concern

A toted of 103 constituents were identified in the four matrices sampled during the ILl
(reL 18). Twenty_.ight contaminants of potential concern were sefoeted from this total

(see Table 3 1) during the RI (ref. 18). Factors considered in seleeling these included the

following:

Measured concentrations and frequency of detection at the site

Toxicity

Physical and chemical abaracteristics related to environmental mobility and
persistence

Relative contribution of chemicals to overall health risks associated with

the site

Methods discussed in Risk Assessment Guidance for SupeoCand: Human Health Manual,

Pan A (ref. 66) were used in ranking groundwater constituents during the ILl (ref. 18).

Constituents also were compared to available health standards and criteria.

Table 3-1 shows the contaminants of potential concern for DDMT that were identified

during the RI (ref. 18) using the factors listed above. This is a preliminary list.

Additions or deletions to this list will occur during the RIFFS process, with involvement

from the FFA parties. Current EPA and TDEC guidance will be used in the

development of future lists.

3.3.2 Toxicological Assessment of Contaminants of Potential Concern

A toxicological description of each of the identified compounds is provided in

Appendix B. Descriptions will be expanded or updated in future RI/FS report(s).

3.3.3 Preliminary Human Risk Characterization

A pmlimtha_ human risk abaraeterization is made in this section according to the results

of previous studies. Potential health risks will be thoroughly examined during the BRAs
prepared for all DDMT OUs.
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The contamination found at DDMT is primarily limited to the Fluvial Aquifer, which is

not currently used as a drinl0ng water source within the City of Memphis. Currently,

there is no k_own exposure pathway to these groundwater contaminants through either the

potable water supply of the City of Memphis or through private wells. Possible pathways

and routes for contaminant migration will be further investigated during the RI/FS. Data

provided by MLGW indicate that the water produced by MLGW mee_s all federal and

stat_ water quality standards. However, the local quality of groundwater within the

Fluvial Aquifer may potentially have an edver_ effect on the Memphis Sand Aquifers

because of possible existence of areas where Fluvial and Memphis Sand Aquifers

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

Although the main facility had evidence of VOC contamination, the potential compounds
of concern at_ primarily localized in Dunn Field. The maximum concentrations of

" I,l,2,2-Tetrachkiroethane, tetraehlor_thylene, and TCE exceed all current drinking

water standards. Of additional concern is the fact that the chlorinated compounds have a

tendency to leach through the sell, and the extent of contamination now extends beyond
the installation boundaries. The horizontal and vertical extent of contamination in the

Fluvial Aquifer is not yet defined. In general, the potential metals of concern (arseale,

barium, chromium, lead, and mercury) exceeded drinking water standards at several

times greater than background levals present in MW-16 during the RI (tel 18).

However, it should be noted that the selected backgn_und well also exceeded drinking

water criteria for several metals of c_ncem. Background levels in groundwater will be
established during RI activities for all OUs.

The presence of groundwater constituents found at Dunn Field during the first phase of

groundwater sampling during the KI (ref. 18) was confirmed by the data from the second

phase of groundwater sampling. Groundwater contamination extends beyond the

northwest corner of Dunn Field (MW-31 and MW-32). While no chlorinated compounds

were found in the tieepor wells (MW-36 and MW-37), acetone was detected in MW37 at

3,500 _g/L. As a degradation product of isopropanol, acetone's presence may he

attributed to impropariy rinsed sampling equipment. Subsequent sampling and analysis in

1993 did not indicate the presence of acetone. Further sampling at Dunn Field will be

performed during the RI to confirm the presence and quantitation levels of all VOCs and

to define the extent of contamination in the Fluvial Aquifer.

3.3.3.2 Potential l_'sks from Surface Water

Lake Daalalson mad the Golf Course Pond are not eurrendy used for swimming or fishing

because of restrictions instituted based on the presence of PCBs and pesticides. Surface

water is not a drinking water source at the facility or in the surrounding area. Metals and

postieides were detected in the surface water samples taken at DDMT and are
summarized in Table 3-2. The maximum surface water concentrations of arsenic
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(48 pglL in Lake Davidson), lead (295 .ag/L in LakB D;mielson Drainage), and 4,4'-DDT

exceeded Water Quality Criteria (WQC) for the ingestion of water and fish or fish alone.

No criteria were available for 4,4'-DDE (max -- 0.88 ,aglL in Golf Course Pond

drainage detected). The three pesticides are considered carcinogenic and are likely to
bioaeeumulate in the food chain.

Peslieida6 and PCBs previously were detected (summarized m Table 3-3) in fish tissue at

Lake Daniaison by USAEHA (ref. 53). The continued presence of arsenic and DDT

(max in catfish of 23.64 mg/kg) in I2,ke Damelson suggests that a source for these

constituents may still exist. DDT and DDE were detected in the sediments of Lake

Daninlson (Table 3-3). DDT, DDE, DDD, and several PAIl compounds were present in

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

Appendix D).

Another potential exposure point via surface water is the potential release* to Nonconnab

and Cane Creeks, which are classified for fishing and recreational use. The risks

associated with the consumption of potentially contaminated fish or dermal contact ,kith

contaminated water are expected to be minln_al, primarily because of the levels of

concentrations of contaminants observed in the surface water drainage ditches to date,

coupled with the efl_cts of mixing and dilution. The concentrations of contaminants

observed in the drainage canals and exposure via dermal absorption are not expected to_

pos_ a significant health risk to humans wading in these waters.

Exposure Io volatile compounds via vaporization from surface water is not considered a

viable pathway at DDMT because no volaliles have been detected in the surthc_ water

discharged from the facility into the storm system. Lead _ arsenic, DDT, and DDE were

present in SW-9, SW 10, SW-ll, and SW-12, which are sample points on the

southeastern boundaries of the facility. Dicldrin wa_ present in a surface water discharge
point for Dunn Field. All these constituents tend to absorb to sediments and are not

highly volatile.

3.3.3.3 Potential Risks from Sediments

Levels of PAHs, as well as DDT, DDE and DDD, were found in the Golf Course Pond

sediments (SD_-SS). However, the RI Report (ref. 18) concluded that sediments do not

pose a dlreet human health risk at DDMT because of the lack of pathways to human
receptors. Sediments may serve as a reservoir for contzm_inants that tend to

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

3.3.3.4 Potenaal Risks from Surface and Subsurface Soil

Subsurface soil contamination detected at the site during the RI and presented in the gl

Report (ref, 18) was determined not to pose a public health risk at this time. However,

several source areas of surface soil contamination exist and need further investigation.



Table 3-3 1 2 6 1 4 1
Select Summary of USAI_HA

Fish and Sediment Analyses

Defense Depot Memphis, Tennessee

Lake Danielson Golf Course Pond

Fish Tissue (mg/kg) A" D

Chlordane (total) 2.13 1.82

O,P' DDD 0.51 0.43

4.06 3.68P,P' DDD

P,P' DDE 15.55 11.82

O,P' DDT 0.59 0.47

P,P' DDT 2.16 1.66

Dieldrin 0.31 0.16

PCB (1260) 0.45 0.44

Sediment (mg/kg) 1" 4

Chlordane (total) 1. I 1 2.09

O,P' DDD 0.95 0.97

P,P' DDD 3.45 3.93

P,P' DDE 2.71 4.75

O,P* DDT 0.I8 0.21

P,P' DDT 0.77 0.75

*A ----Sample Identification

1 - Sample Number

_Only one sediment _t_lple was taken from the Golf Course Pond

B C

2.13 2.01

0.57 0.55

4.76 3.66

15.65 8.44

0.63 0.29

2.03 1.38

0.19 0.16

0.48 0.34

2 3

2.52 1.64

1.34 0.77

3.75 2.32

5.31 4.22

0.24 0.18

0.81 0.59

A B

0.14 0.60

0.02 0.07

0.18 1.02

1.25 3.61

BDL BDL

BDL BDL

0.03 0.17

1.13 2.84

5 b

BDL

BDL

0.21

0.22

BDL

0.15
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Potential human exposure routes that have been considered on a preliminary basis at

DDMT include ingestion, dermal absorption, and inhalation of contaminants present in

soil and dust. Dunn Field, the Golf Course, and the Family Housing Area all have

significant vegetation to limit the generation of fugitive dust during active site use. The

rest of the facility is predominantly paved, but _ome exposed areo_ me present.

Levels of VCCs de.te_ted during the RI and presented in the RI Report (reL 18) were

determined not to pose a health risk at this time, hut the levels of PAHs, pesticides,

PCBs. arsenic, and chromium observed may potentially pose a heelth risk, depending on

the exposure scenario. Soils at Building 629 (SS-10, SS-I 1, geM.2, SSM.3) mad Dunn

Field ($S-7) are the potential source _rea_ for PAH compounds and for pesticides.

Dieldrin was detected at SS-14 on the golf course and at SS-43. Beta-BHC and

heptaehlor were present in SS-S0 north of the golf course. In the southwestern comer of

the main facility, contamination with PCBs has been noted. PCBs also were detected at

the hard,land area (SS-21 and SS-23). The highest arsenic concentration _ detected at

SS-37, while chromium was found at gg-20 in the hardstand area.

3.3.3.5 Summary of ltuman Risk Characterization

A praliminat 3, assessment of DDIvlT facility conducted during the RI and presented in the

R_ Report (raf. 18) revealed a number of constituents present in groundwater, surface

water, surfialel soils, and sediments. Potential public heahh risks have been _sociated

with the following matrieea:

The Fluvial Aquifer contains VOCs, which could negatively affect the

Memphis Sand Aquifer under certain conditions. Further investigation is

needed to establish the extent of groundwater contamination at and near

Dunn Field, and whether leakage to the Memphis Sand Aquifer is
occurring at or near DDMT.

Surfielel soils contain potential human carcinogens at relatively high

concentrations at some sites. Further investigation is necesm_ 3' to establish
the extent of contamination at facility source areas and to characterize

potential releases at other sites.

Additional data needed to assess the potential effect that contamination of

surface waters and sediments could have on public health.

3.3.4 Preliminary Ecological Risk Characterization

3.3.4.1 Development and Use

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

vegetative or animal life. Durra Field, the Golf Course, the Administrative Al_a, and the

Family Housing Area support vegetation.

rolling5 DDMT-V"_OJ010 .V"P$ 3-39
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3.3.4.2 Wildlife

Two areas, Dunn Field and the goff oourse:, have evidence of typical urban wildlife such

as squirrels, chipmunks, red foxes, opossums, quail, mourning doves, and turtles. Rats,

Mice, arid other pests are altl_cled to the suhsisteno, _, Stocks and are commonly found in

tile storage buildings (ref. 35). In addition, small numbers of waterfowl (ducks)
oe_aalonally have heen obse_ad at Lake: Danielson and the Golf Course Pond.

3.3.4.3 Aquatic I_fe

Lake Danialson was stocked periodically with bluegill and ba_s before the re_trielion on

fishing in these water bodies. Catfish also have been observed in the lake. Several fish

kills have reportedly cceurred in the lake (1976, 1980, and 1989); one incident in 1976

was associated with pesticide runoff into the lake. Lake Daalelson receives much of the

surface drainage from the southeastern comer of the installation. Pesticide and herbicide

contamination is also in evidence at the Golf Course Pond and probably is asseinated with

routine grounds care of the golf course (refs. 15 and 35).

3.3.4.4 Endangered Species

Although previous reports indicated that no threatened or endangered species are known

to inhabit or use DDMT facility or the area within 1 mile of the facility (ref. 15),

concern exists that this conclusion may not he correct. DDMT has proposed a study of

ecological conditions at the facility for application in RUFS conclusions.

3.3.4.5 Vegetoa'on

Bermuda grass, black oaks, decorative shruhs, and trees are the primary vegetation at

DDMT facility. Grass and trees are found predominantly at Dunn Field and the golf

course. Most landscape shrubs are located around the family quarters, the golf course,

and the administrative buildings in the southeastern comer (tel 15).

3.3.4.6 Potential Exposure Pathways for Ecological Effects

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

contaminants carded by surface runoff. Offsite aquatic life in Cane Creek and •

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

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

groundwater dlseharged from the Fluvial Aquifer. Plants and animals are potentially
exposed through intake of contaminated surface water and soil constituents.

3.3.4.7 Environmental Fate Processes

Some of the potential chertheals of concern have the ability to accumulate within the food

chain (such as q,4'-DDT and dieldrin). The VOCs volatiliz_e from water and surface soil.

msm_5-DDM r-w_ola Wp_ 3-40
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They do not tend to bioaccumulate and are perslsthnt in the aqueous environment under
anaerobic conditions. The PA2IS are z_dliy absothed by living aquatic spo_ies (tel I).

The P?_3s have low vapor pressure and low water soinbilit_, but a high propensity to

adsorb to organic soils. Tilerefore, these compounds persist in surface sods for long

p_riods (forexample, the half-lifeof dibenzo(a,h)anthraceneis750 days in soft)(ref.I).

Mercury isa compound thatcan potentiallybioaccumulam in aquaticspecies,but was not

detecthd in surface waters at DDMT. Lead and chromium are associated _ith some

accumulation in vegetationand animals. In general,in aqueous envlronmenL% metals,

PAIls, and pesticides tend to adsorb to sediment_. The pesticides oventuaIly are recycled

to the Bqualle environment, whel_ they lend to hioaccumulate in fish tissue.

3.3.4.8 Summary of _e_inary Eco_gic_ Risks

Vegetation and animal life are limited at DDMT. Therefore, any effect on land flora and

fauna is reducedl Aquatic life in Lake Daalelson and the Golf Course Pond has been

affectedby storm water nmedf of pesticidesat the f_cility.TraCes of pesticidesraresell

detected in surfagewater and sediments at the installation.An ecoinginalriskassessment

will be prepared for the various RI reports.

3.4 Preliminary Identification of Remedial Alternatives

Contaminated groundwater, surface water, sediments, and surface soils were delocted

during the RI (ref. lg) and previous studies. These environmental media were considered

individually in developing potentially applic_id remedial alternatives. Several p_ce.ss

options within each remedial technology type were evaluated for each contaminated

media, Potentially applicable technologies were considered for each OO, with the

potendal technologies and additional data n_ds for each of those technoingies shown in

Table 34. However, alternativ_ that will not require data collection during the RI field
activities are not included in Table 34.

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

However, a schedule for development and implemematlon of the feasibility studies is

provided in Table 3-5.

General re_sponsaacgons were developed consideringthe following: potential

contaminants of concern; allowable exposure levelsbased on the RI Report (rcf.18);

compliance with regulations(RCRA and CERCLA); the EPA Guidance for Conducting

PJ/FSs under CERCLA (rcf.63); and known siteconditions. The following sections

identifyapplicabletcchnoingicsfor tcmediafionof groundwater, soil,and surfacewater at
DDMT.

_._s oo_rr.w_m:ow_ 3_.1



Table 34 1_¢_ _L4_)

Potential Additional Data Needs to Aid in Prelimlnary Screening of Remedial Alternali_
for RI Siles'

D(ffec_ Depot Monphis, T_

Page I of 2

Operable Typical

Units Remedial Optio_ Media

OU-I Bioremedlation Soil,
W_t_

Containment GW _

Cover SOil.
Waste

Information Required for AIImmative Evaluation

I Nutrients, molsmre content, porozity, pH, T, di_olved oxygen II
in water and s_absurface, TOC

Slug _md pump

Adequttte bloat, ¢x)tt,_t in fort0 atiort on Bonng Logs (to 15' or so)

OU-2

Incineration Soil

I_-Situ Bioremedlat ion GW

Lan6 Disposal Soil

Landfill (_olids) Soll

'_ut ralizalion Soil.
Waste

I Removal/Tzeat_t I GW

Sanita_ Sewer (liquid) Liquid
W_te

Stabilization. Solidifi_atiaa Soil.

Liquid
Waste

SVE Soll

Bioreme.diati0a Soil.
W_te

Cont_i-ment GW

Cover Soil

Land DispOsal Soil

Inelnenation Soil

In-Sire Biommediation GW

NeutraliZation Soil.
Waste

RemovaltTreat meat GW

I Mettds (TCLP _nd total), ¢Morlne. BTU as kigher heating value n

(usenfemnce v_lu_)

Nutrients, electron ace_ptors, moisture content, di_olved

oxygen, T, pH

TCLP, HW eharneteristies

TCLP, _ eharleteli_lies

pH, alkalinity, moistur* content

I COD, BOD, TDS, T$S, pH, e_ndLmtivity, eation_/anlons, II

smmonla, nitratednilHte, total pho_phooJs, alkMirdt_/, hardae&s

None

H. moisture content, grain size. porosity

I Grain slz_ (if clay do Atl_rburg). momlure eonte_t, soll boring II

,_fil_s to water table, pump tests {slug tests i[ pump lefts not
_sible)

Nut rlenm, moisture content, porosity, pH, T, di_otvecl oxygen
in water end suL.sur face, TOC

Slu$ md pump tests

Slug mad pump tests
COD, BOD, rIDS. TSS, pH

Adequam blow _otmt in fommtioa on Borla_ Lo_ (to 15' or _o

TCLP. HW ©har_eterlatiea

Metals O'CLP and total), chlorine, BTU as higher heating value

e._d _h contemt (can probably just use refere_e_ values)

Nutrients, electron _eeptom, ttmi_ture ex)_umt, di_._c*b,ed

ox_e_, T, pH

pH, alkalinity,

COD, BOD, TDS, TSS, pH, eonduetlvity, cztio_/tmiou%

ammonia, nitrate/nitrite, total pbosFhortm , alkalinity, hardness

=s=_ roo).rr.w_t 0_o.w_ 3-42
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Potential Additional Data N_'_LS Io Aid in Prdiralnary Screening of Remedial Alternatives
for RI Sites*

Def_ Depot Memphis. Teane_gee

Pa_e 2 elf 2

Operable Typical

Units Media Information R_luired for Allernallve Evaluation

OU-2 _H, moisture content, gram siT_, porositySoil,

Liquid
Wm_e

R_nedial Optfovs

Solldifieatlon/Stahili_ation

$VE

Cover

Conmhament/Rem_val

Fill

haeineratlon

Land Di_o_al

P.e tony e/L_a clfill

Treatment

OU-4 Contammenl

Cover

tn_m¢lluon

In-Siva Binfeclamat fon

Land Disposal

Solidification/Stabilization

Tre_tlment

Soil Gmln size (if clay do Atterburg), moisture content, soil boring
profiles to water ruble, pump t_ts (slug te._s if pump tes_ not

possible)

OU.3 _ SOil

GW

Sed

Site-specific Water love[ data with plczomete_, geoteehmeal
properlle_ (gtain size dlstribuliott, Atterberg limits,

penn_ahilit y, direct shear) of pond _mbankments a_d

immediately adjacent soils

Slu[_ and pump tests

NoftB

GW

Soil Metals Ci?CLP and moral), chlorine. BTU as higher heating value

and ash _ntent (use _ )

Soil TCLP, 14W charaotefisti_

$ed TCLP. molst'are content. HW characteristics

GW I COD. BOD. TDS. TSS. pH, conductivity, ealions/tmions, tl

ammonia, nitrite/nitrite, total phosphorus, alkalinily, hav.fo ¢ss

SIn_ and pamp tests

Adequate blow count information on Boring Logs (to 15 ft or
so)

Soll

Soil

GW

Soil

S0il Metals _I'CLP itad t0ta[), chfonne, BTLI _s higher heating value

and ash content (u_ reference value)

GW I Nutrients. electron a_eptots, amismre content, dissolved II

oxygen+ T, pFl

TCLP. HW characteristics

)H. moisVare content, gtaln size, porosity

COD, BOD. TDS, TSS, pH, conduclivity, catlcaslsnfons,

ammonia, nltratelnittlte, total phosphors, alkalinity, ha fdne_s

Note.: "This table is a genemllzed list of pole_ tial data needs for the RI to aid in the s_oping of fidd aetivlties. It is

nol intetlded for USe _ the preliminary remedial alternatives screening for the Fe_sibilily Study nor is it intended
to collect data for all potential remedial alternatives to be evaluated. Alteraativ_ thai will not require data

_llectlon during the Pd fiekl aotivlties am not inclndod_ similar technologies woulcl be groupcA under a
specific name, i.e., Incineration woul_ generally also rc.pr_etlt ther_tT.al dc.r,c _ tin n, c_ment kilns, . ;,
py_ysis, vr wet alr oxi_.tion e_ slmila_ t_knolngie_.
*'GW Groundwater

nt

II dDue to the eonslru¢fion of the ponds, it may require slgnific_at englneeclng review of current design and

o_ndit fov.s to ea.s_ re that the pond wails will not collapse if full or partial drahalng of the pond is required fo_

dred_irt_, femoral I or cover pla_mealt.

m_rn95raDMr W_/O_0.Wp5 3-43
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Table 3-S

Schedule for Development and Implementation

of Feasibility Study

Defense Depot Memphis, Tenner_ee

Activity Duration (months}

Approval of Generic P3/FS Work Plan starting milestone

FS Work Plan Draft 2

EPA/TDEC Review 2

Prefinal FS Work Plan 1.5

EPAfTDEC Review I

Final FS Work Plan 1

FS Screening 2

Draft FS Report 2

EPA/TDEC Review 2

Prefinal FS Report 1.5

EPA/TDEC Review 1

Final FS Report 1

n_ 5- DDMT _rPJ/Q31 .WP5 3_.4
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3.4.1 Groundwater Cleanup Alternatives

3.4.1.1 Preliminary Remedial Ac_on Objectives for Groundwater

The overall goal for groundwater remediation at DDMT is to stop the migration of

contaminants in the Fluvial Aquifer and to protect human health by eliminating

groundwater contmnination that might threaten the Allen Well Field. The specific

objectives to meet this goal are to accomplish the following:

Remediate groundwater contamination in the Fluvial Aquifer.

Minimize the possibility of contaminant migration to the Memphis Sand

Aquifer through local manipulation of groundwater flow patterns in the

Fluvial Aquifer (using groundwater extraction wells) and treatment of

contaminated groundwater if needed with discharge to the city sewer.

Adequately mitigate the sou_ of contamination.

Section 1,4.2 provides a more complete discussion of the interim remedial action.

Two areas must be examined in developing the groundwater remedial alternatives: the

source areas where the contamination is being generated and the contaminated portion of

the Fluvial Aquifer. The information obtained in performing the RI (rcf. 18) indicates

that a principal contaminant source area is located within Dunn Field. Although the exact

location of the trench, or trenches, contributing the contamination was not identified,

several sites (such as Sites 4 and 4.1) could be likely source candidales based on the

documented typos and quantifies of waste burled. Although the areal extent of

groundwater contamination was not fully determined during the RI (ref. 18), remedial

action alternatives may still be evaluated.

G_)undwa/er cleon-up levels will be determined from information obtained during the

RUFS, the ARARs analysis, and determination of risk-based concentrations.

Groundwater clean-up levels may also he governed by ta'calability studies using the best

avallabl_ technology (BAT), which may dictate levels exceeding nsk-based criteria if
BAT cannot achieve these values.

3.4.1.2 General Response Acffons for Groundwater

General response actions were developed to address the remedial action objectives for the

groundwater and contaminant source(s) in the Dunn Field area. Potentially applicable

general response actions were developed, as follows:

No action

Institutional controls

Plume containment

nlgmg_-D DMT-WF2/010,WP_J 3 g5
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Soure._ ConlalnmeNt

Pump and IJca[ technologies
In-slm ffcatment

Time critical removal action (excavation of source areas and offslie
t_eatment and disposal)

3.4.2 Surface Soil Cleanup Alternatives

Altemalivcs for prctiminaryremedial and general response actionsfor surface soilsarc

discussed below.

3.4.2.1 Preliminary Remedial Action Objeclives for Surface Soils

The primary remedial action objective for surface soils is the prote,_tion of human health

and the environment, which requires the prevention of ingestion of or direct contact with

soils having contaminant levels exceeding _'get levels. A secondary remedial action

objective is to limit the potential effect that su_ace soil contamination might have on

surface water runoff. A third remedial action objective is to prevent migration of

contaminants from the surface soils to the groundwater.

3.4.2.2 General Response Aclions for Surface Soils

General response actions wcrc idcalified to address the remedial action objectives for •

surface soils. The general response actions fall within the following main categories:

No action

Institutional controls

Excavation and onsite treatment and replacement
In sita treatment

Excavation and offsite treatment anti disposal

Excavation and offsite disposed

Capping

Excavation of contaminated soils at DDMT may require compliance with RCRA's Land

Disposal Restrletions (LDR) regulations. Ttlese regulations apply to soils transported

offsite for disposal and may apply to some forms of onslie treatment a_d replacement.

The regulations are generally based on the generation process for each contaminant.

Contaminated soils that can be traced to a specific identified source can be classified as a

"Listed Waste." This category of soils has definite standards to which soils should be

treated before disposal. TO categorize the waste at DDMT as "Listed Wastes," a

thorough examination of the records (waste manifests) would have to be performed by

facility personnel. If the eontaminmats detected in the RI and presented in the RI Report

(ref. 18) can be identifieq from any of these records, the wastes may be considered as
"Listed."
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Contaminated soils that are not "List_l" are evaluated on the basis of their

"Cha1"actedsfies" (ignitabilily, corroslvity, reactivity, and toxicity). For soils, this means

their toxicity, as currently defined by the toxicity characteristic leaching procedure

(TCLP) tests. Soils that are above the toxicity standards are defined as "Characteristic
Wastes." These soils would have to be treated to meet the Land Disposal Requirements

under RCRA. The TCLP test applies to RCRA metals, pesticides, and some organics.

Once defined as a "Characteristic Waste," the soil would also need to comply with the

California List Waste rule. This rule is pargcularly significant for halogenated organic

compounds (HOCs). These soils would have to be treated to below the California List

for total HOCs (1,0(30 milligrams per kilogram [mglkg]) before land disposal. Clean-up

levels should be negotiated between DDMT, 'rDEC, and the EPA.

3.4.3 Surface Water Cleanup Alternatives

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

following sections.

3.4.3.1 Preliminary Remedial Action Objectives for Surface Water

The remedial action objective for Lake Danielson and the Golf Course Pond is to protect

the health of anyone who might be exposed through the consumption of contaminated fish

and to protect the aquatic life (partiuuinrly the fish) within the water bodies. Lake

Danielson and the Golf Course Pond are both currently under "No Fishing" and "No

Swimming" restrictions. Ultimately, DDMT would like to increase the utility of these

two surface water bodies, spocifically by allowing activities such as picnicking and

potentially fishing. Water quality could be affected by short-term increases in

contaminant levels as the result of peak storm events.

Sediment contamination was detected in Lake Danialson _Jid the Golf Course Pond.

PAH, pesticide, and metal contamination levels were significantly higher in the pond than

levels detected in the lake. Three general areas must be addressed in developing

remediailon alternailves for the Lake Danielson area: surface water, sediments, and the

current storm water drainage system that supplies the lake and pond.

3.4.3.2 General Response Ac_ons for Surface Water

General response actions were identified for the thr_ areas in developing remedial

alternatives for the surface water bodies. These actions include the following:

No action

Institutional control

Storm water drainage diversion or treatment

Establish aquatic vegetation for sediment
Lake abandonment with contaminated sediment removed

Dr_ge sedimenLqoffsite treatment and disposal

_ m95.DOhfr.WrZr0 t0.W_ 3 47
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Source determination, excavation, and taxatment (accompanied by one of

above)

3.5 Preliminary Identification of Applicable, Relevant,

and Appropriate Requirements and

Preliminary Remediation Goals

3.5.1 Introduction

The purpose of this _¢¢fion is to present information in the scoplng phase of DDMT

projects on issues relating to compliance with applicable or relevant and appropriate

requirements (ARARs), including identification of preliminary iemediation goals (PRGS).

This information guides the development of appropriate sampling and analysis plans and

early removal actions, or fainlitate.s the development of a range of appropriate remedial

alternatives and can focus selection on the most effective remedy. Terms used in this
section axe defined in Table 3 6.

The procedures for identification and evaluation of ARARs and PRGs me presented in

several important sources, particularly the following:

The NCP, specifically 55 FR 8741 8766 for a description of ARARs, and

8712-8715 for using ARARs as PRGs; athc/53 FR 51394

CERCLA Compliance Manuals (EPA 1988 and 1989)

gisk Assessment Guidance for Sopeo_d: Volume 1-Hwnan Health

Evaluation Manual. Part B, Development of Risk-Based Preliminary

Remedintion Goals. EPA, 1991, (RAGS Part B)

Three types of federal and state _ have been identified and are presented in this
section:

Chemleal-spealfle--Health or risk management-based numbers or

methodologies that result in the establishment of numerical values for a

given media that would meet the NCP "threshold criteria" of overall

protection of human health anti the environment and COmpliance with

ARARs. The development and presentation of these "threshold criteria"

are a major focus during this initial ph_,e because of their role in the

development of the spocific sampling plans and thexr use in initial data

interpretation.

Loeation-spcdlic--Resbdetions placed on the concentrations of haTnrd0us

substa_aces or the conduct of activities solely because they are in special

locations (such as wetlands).
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Table 3_;

ARARs and PRGs Definitio_

Defet_ Depot Memphis, Term_ee

Term De_nltion

"AppLiCable" v_luiremen_ are LhoS¢ cLc_u-up standards, staqdards of

cont _L, _md other su_tentl ¸ * protecfio o teqtti_m_nt_,

¢_u_rla, or limlut tion_ promLgated v_der fc_lcrmL, state, or local law

that specifically addr_ a hazal _, pollut_ut, co_t_m]n0._t,
re m_llal Jtcli0n, ]_tion, or other c[[cum_A_c¢ sl a Comp_ve

E_nromneat_l Res_n_, Comper_fion, aed Liability Act (CERCLA)

_i_. °I_lev_t 0._d approp_aU:" v_uirem_a_ a_c Lhosc ¢lcan_up

_andar_ which, while not "eppbcabte," sddc_c_ pvobl_re_ or

_[iuatlons _ I'ficlemtly _m]lar to tho_.v e_nc_un_ted a_ the CERCLA site
that their u_c is wcll-sultcd to th_ pm_ieular _le. ARA_ c_n be

_ctioo-_vecific, L_calien-_ec[fl_, or ehemlc._-sp_cifi c.

Final Remedlatlon Le_el_ Chemlcal_cci5 c cl_n-up Level_ are docuv_.nted _n the Recc_d of
(FRLs) Decision {ROD)_ Tv.vy w_y diffex from prct_mmary wm_llal_oo goals

(PR_ beca_ of mvd_fica_ion_ r_Ltlng 5ore c_nsider_tion of

va_iou_ _mce_.L_tles, LechnlcaL and ¢xpo_ facto r_, a_ well _ all mn_

_cLe_ction_ _mcdy crhcrla outllned in the N_iona[ OiL _nd H_z_rdot_

Subst_nc_ PoLluIio_ Conlingcncy PLan (NCP).

PrelJmln_. T Remedlstion Goals I Initial clc_n*up goals that (I) arc pwtcccive of human h_l(h _u_ the II

PRGs) t, _nd ¢Z1 comply with ARAR_. T_ey are developed e_tly

m thc process b_cd on r_dily avall_b[e m form_lion and _e modified
to reflect r_ult_ of th_ b_ellne _isk as_sn_-ut. They a]_ are used

during _l_d ys_s of remedla] alte_ativc_ in th_ r_rncdlal

investigation/[ca_ibility study (R]/pS).

glsk-ba_d PRGs C_ncc_t mt ion levels _c4 al _pmg for m_ivid_t chemlcaLs that

covreapond _ a specific _r i_sk level of 10_ or _ H_rd

QuotleatJHa_rd Index (HQ/HI 1 of 1. They src gvncrslLy sc]cctvd
wb_ ARARs _re not av_ilnhle

Screening Ri_k b_L_d PRGs Con_._'atlvr. n_ ba_d c_tlmat _ and g_i(L_nc_ concentrsfion_ to be
t_ed f_¢ si[e _d pathway sc_enlng. Lower valucs th_ _yplc_Ily

e_im_t _l after a b_sel_ne _i_ _._ment are prc_eoted-valu_

c_ _spoad to _ HQ/H[ of 0.1.

Remedial GOal Options (RGO_) Remedial goz] options are typically developed d_ring the b_eline _isk

p_wt risk m_agl _ge of po_i_01e target

FRL .
Lev_s (RAL_) I

I po_©_ti_l for s_utv _r _on_rm chronic _f_ccts_

Applicable or Relevant _md

Appropdat_ Rvqulremeuts
(AP.AP_)
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Action-specific-Usually technology or acfivlty-besed requirements or

limitations on actions taken with respect to I_.ardous waste.

The ARAR and PRG information presented in the work plan documents are initial

guiddine_. They do not establish that cleanup to meet thes_ goals is warranted. AS more
information is obtained about all OUs and as remedial alternatives are considered, federal

and slate requirements will be narrowed to those that axe potential AP_ARs for e_ch

alternative.

3.5.2 Chemical-specific Threshold Concentrations

Threshold criteria were developed for each media of potential concern, specifically

groundwater, surface water, soil, and sediment. These are pre_ented in Tables 3-7 to

3-10. These include ARAR-based PEGs, guidance values that axe "to be considered,"

and scroenthg rlsk-base<[ PEGs.

The screening PRGs pr_nteq during this phase represent the most conservative approach

to the interpretation of the site data. These data are intended for use in screening site_ to

evaluate the appropriate disposition of the site. At these sites, a more limited data set

may be available; no site_specific BRA will be pedonned to identify remedial goal

options for the site that may be more appropriate target oonceat_tlions.

The screening PEGs were developed from information provided in Risk Assessment

Gnidanc_ for Superinnd (RAGS) part B and guidance from EPA Region IV. Region Ill

publishes screening PEGs, and the table is updated quarterly. Region lIl PEGs wen

used for guidance in davelopthg the PEGs presented in Tables 3 7 to 3-10. However, the

screening values in these tables are mo_ conservative than the Region I11 values. The

following factors were considered and led to the development of these screening PEGs:

Presence of multiple contaminants

Pathways not considered in the published values (soil to g_oundwater

pathways)

poteatial coalogical effects

Appropriate land-use assumptions

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

Residential lltnti-use assumptions

Guidance values for potential ecological effects presented for surface water

and sediments.

_¢_¢m_.5DoMr.wP_J010 W!_ 3 50 9/LgkgS
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AI_L_(S ¢ B_ PR_ _k- btt_d DR_
i

MCL d MCLG* _ _C FRG

yo LATI L _ ORG._L_[C COM]_OUJ_[_

B,_xdso_a

1, L.D_h_JaJu_

M_J_# E_ Kct_.
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Via_ (_du
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C
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C
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Estimate of potential effect for the soil to groundwater pathway

Use of 10 percent of the PRG estimate as cntena for noncarcinogenie

compounds, to address the potential presence of multiple chemicals

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

equation.

In all cases, the approach is conservative, because the initial intended use of these values

is for screening sites. The screening values are estimated or identified for the TCL/TAL

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

In addition to screening PRGs, other chemical concentration-besed levfl:ls are of potential

concern and will be developed as the investigations proceed. Early removal actions are

one of the primary objectives of the _ereening process. Two of the evaluation criteria for

early removal sites me toxicity and relative mobility. As a guide to decisions for early

removal actions, alternate criteria will be developed for the screening sites to identify

Removal Action Levels (PALs). DDMT will negotiate RAts for each contaminants of

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

Remedial goal options 0/GOs), consistent with EPA Region IV guidance, will be

developed during the llI process and will provide a more realistic basis for the

development of final remeqiation levels (FILLS).

3.5.2.1 Groundwater Media

Risk-based and ARARs-based PRGs for screening groundwater are shown in Table 3-7.

For cleaning up groundwater that may be used for drinking, 40 CFR Section 300.430 of

the National Oil and H_7_dous Substances Pollution Contingency Plan (NCP) states that

maximum contaminant level goals (MCLGs), established under the Safe Dnnldng Water

ACt (SDWA), that are set at concentrations above zero shall be attained if reinvant anti

upprupdate to the circumstances of the release. Where the MCL0 for a contaminant has

been set at a concentration of zena, the MCL promulgated for that contaminant under the

SDWA shall be attained. MCLGs and [ViOLs are relevant and appropriate as cleanup

levels for groundwater that is a current or a potential source Of dtillldng water. The only

exception to the above is that the cleanup value for lead in groundwater used for drinking

is nat its MCL In an EPA memorandum from Hen_ Longest, director of the Office of

Enforcement and Remedial Response (OERR), to Patrick Tobin, director of Waste

Management Division, Region IV, dated June 21, 1990, Mr. Longest recommended a

final action level for lead of 15 parts per billion (ppb). The State of Thnnesse_

groundwater and surface water guidance concentrations as presented in Tables 3-7 and

3-8 mix standards applicable to each of these media. Additional definitions of state

standards and guidance concentrations will be presented as the site chemicals are identified.
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Risk-based levelsfor domestic (residential)potablewater us¢ assume thathumans _tre

exposed via the dthe_tingestionof contaminants as well as the inhalationof volatile

constituentsduring activitiessuch as showering and dlshwashing. The groundwater

screening leve.lswere calculatedby assuming that the exposure from inhalation is

approximately equal to the exposure from ingestion (for volatiles with a Henry's constant

< IXl0 -5 and molccdar weight of < 200), and applying the RAGS Part B methodology

for estimating a PRG for kiges_ion of potable water with a consumption rate of 4 liters

pot day (L/day) for volatile compounds and 2 L/day for other chemicals. Consistent with

this guidance, exposure is assumed for 350 days per year for a 30-y_ar exposur_ period.

No ecological receptors ate identified for groundwater, and no current potable use of

she]low groundwater onsite _ present.

3.5.2.2 Surface Water Media

Risk-based and ARARs-bascd sercening concentrations for surface water arc shown in

Taltie 3-8. For cleaning up non-drinking surface waters where there are effects on

aquatic organisms, the remedial action will attain, where relevant znd appropriate, the

Federal Aquatic Water Quality Criteria or the State of Tennessee's water crimria,

whichever is the most stringent. Water Quality Criteria may be considered as relevant

and appropriate when 1) the protection of aquatic life is a concern, and 2) human

exposure from consumption of contaminated fish is a concern. A possible exposure point

for residents living in the vicinity of DDMT is from the surface runoff traveling in the

city's aboveground, open-storm c.anals and crocks.

The surfaco water bodies at DDMT arc not used for potable water supply. The screening
surface water PRGs include the State of Tennessee's water criteria and the federal

Ambient Waler Quality Criteria (AWQC) for surface water are based on protection of

aquatic llfe and protection of human health from the ingestion of both water and fish.

The protection of freshwater aquatic llfe is evaluated based on chronic criteria that is

protective of most organisms. If no AWQC is available, a no observed effec_ level

(NOEl) or lowest observed effccLs level (LOEL) may tie used for preliminary

consideragon; also, criteria have been proposed for screening by EPA Region IV.

AWQC for the protection of human health for the ingestion of aquatic organisms and

water is more conservative than the assumption of fish ingestion only, because it assumes

that surfaco water will be consumed along with the dictary intake of fish and other

freshwater organisms. Ti_s is a conservative application at this site. In most cases, the

aquatic life criteria is substantially lower than the corresponding human health criteria.

3.5.2.3 Soil

The AKAR-based and risk-based PRGs for screening soil concentrations ate summarized

in Table 3-9. The EPA has identified an action level for PCBs that is dependent on the

lypes of exposure that will occur because of land use, such as current or future r_sidential

m_ mgS.D D_fr .'A'F21010.Wp5 3-_4
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or industaqal. The EPA-recommended soil action levels are 1 part per million (ppm) for

residential land use and 10 to 25 ppm for industrial land use. These guidelines are

presented in the EPA document Guidance on Remedial Actlon._ for Supe_Cand Site_ _th

PCB Cor_'nina_on, Office of Solid Waste and Emergency Response (OSWER) Directive

9355.4-01. In a memorandum dated September 7, 1989, from Henry Longest to the

Waste Management Division Directors in EPA Regions I through X, Mr. Longest

proposed an interim soil cleanup level for total lead at 500 to 1,000 ppm. On August 6,

1993, EPA Region IX published a technical memorandum identifying PRGs for soils on

the basis of standard exposul_ assumptions. PRGs for most of DDMT Preliminary

Contaminants of Concern (COCs) have been provided in Table 3-9. The final

remediation goals for all COCs will be based on the BRAs performed for each OU.

Soil PRGs are the most diffiealt media to estimate PRGs because of potentially multiple

pathways and receptors. Because this is an industrial area with no sensitive lerrestrial

habitats, PRGs estimated for protection of human health would be considered protective

of ecological receptors. EPA has issued draft soil screening level guidance that focus on

three pathways of exposure as follows:

Ingestion of soil

Inhalation of volatiles and fugitive dusts

Migration of contaminants through soil to an underlying potable aquifer

When risk assezsments are performed, dermal absorption frequently contributes

significantly to the risks for many chemicals. There are greater uncertainties in the

estimation of exposure because of dermal absorption; however, the risk-based soil PRGs

derived for DDMT include contribution from this exposure route in addition to the

ingestion mid inhalation.

Surface Soll Expe_ure. Frequently, only the risk from soil ingestion is considered in the

determination of residential soil action levels (RCRA Action Levels or RAGS Par_ B

PRGs for residential soil). However, in a typical RRA, exposures to surface soil may

include ingestion, inhalation, and dermal absorption routes of exposure. Therefore, risk-

based PRGs for DDMT were derived assuming that tiermal absorption also occurs. For

ingestion and inhalation, RAGS Part B methodology was followed in deriving the

screening levels, with the inhalation calculation being adjusted Io reflect the residential

exposure scenario. As with groundwater consumption, inhalation is a significant pathway

for soils only for chemicals with substantial volatility.

Soil-to-Grounilwater Pathway. The screening PRG for this pathway is a simple

estimation of equilibrium conditions between soil and groundwater and maintaining the

water concentration below potable risk-based standards. Calculations were carried out.

r_m95- DO_4"I -_.JO I 0 WP5 3-65
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using the residential groundwater screening level in the following equation (assuming no

dilution of groundwater):

PRG _- KOC x Foe x Cw

where

KOC - Organic carbon partition coefficient (parameter specific)

FOe = Fraction organic carbon (assumed 0.005)

Cw = Screening risk-based groundwater concentration

PRG - Soil screealing concentration protective of groundwater

3.5.2.4 Sediment

Guidance concentrations for sediment screening are shown in Table 3-10. Dirogt human

exposure to contaminated sediments frequently is limited. For shallow drainage ways,

child exposures may be similar to estimates for surface soils. Sediments pose risks to

both the surface water ecosystem and to humans, typically because of toxicity or

bioconcentration as chemicals a_ released to the Overlying surfuc¢ watga- body.

Sediment standaa'ds have not been promulgated. Many factors affect the availability and

toxicity of chemicals in sediments, and elevated levels may not pose similar threats in

different locations. For purposes of screening, studies of potential effects of some

chemicals in sediments have been evaluated. Specific freshwater sediment criteria are not

available. Sediment screening criteria proposed for use as screening PRGs were adopted

from the Florida Marine sediment guidance documents as recommended by EPA Region

IV. The No Observed Adverse Effects Levels (NOAELs) are proposed. If exceedances

occur, further evaluation may include use of the permissible exposure level (PEL).

Values are presented for only a selected subset of chemicals where guidance

concentrations have been proposed. Other approaches (for example, assuming

equilibrium of the sediment with water and maintaining protective levels in sutthee water)

could be estimated _ required for specific chemiceds.

3.5.3 Action-specific ARARs

Action-specific ARARs usually are technology- or activity-based requirements or

limitations on actions taken with respect to hazardous wastes, or requirements Io conduct

certain actions to address particular circumstances at a site. Remedial alternatives that

involve, for example, elosure or discharge of dredged or fill material may be subject to

ARARs under RCRA and the Clean Water Act, respectively.

3.5.3.1 Groundwater and Surface Water Media

The remediation of groundwater using pump-and-treat techniques would require the

discharge of the treated water to surface waters, to a Publicly Owned Treatment Works

(POTW), or into the same formation from which it was withdrawn.

,_mg_.nour wraolo.w_ 3-66
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Both onslte and off$ite direct discharges from CERCLA sites to surface waters are

required to meet the substantive requiremen_ of NPDES. These substantive requirements

incinde discharge timitafions (both technology and water quality-based), cermth

monitoring requh'_ments, and best managemem practices. These n:quirements will be

contained in a I DES permit for offsite CERCLA discharges. For an onsile discharge

from a CERCLA site, these substantive requirements must be identified and complied

with, even though onsite discharges are not required to have an IqPDES permit. Too

discharge of CERCLA wastewnler to POTW's is considered an offsite activity.

However, the discharge of a CERCLA wastewater onslte to a receiving water body

(either perennial or aphemelal) in dose proximity to the area of contamination is

considered an onsite discharge, even if the water bmiy eventually flows offsite (ref. 64).

An NPDES permit will be obtained if necessary, and proper treatment facilities wi0 be

provided if required.

The NPDES program establishes administrative requirements that must be complied with

both before and after permit issuance. These requirements would not be considered

ARARs for onsite direct discharges to surface waters because they are administrative in

nature. However, there would be requirements to be complied with in the NPDES

permitting process for offsite direct iliseharges to a PO'IW¢. These NPDES administrative

requirements include the following:

Certification: The CWA 401 requires that any applicant for a federal

license or permit to conduct art operation that may result in any discharge

to navigable waters shall provide to the licensing/permlthng agency a

certification from the State that the discharge wlil comply with applicable

provisions of CWA 301, 302, 303,306, and 307.

Permit Application Requirements: NPDES regulations (40 CFR 122.29)

require that applications for permits for a new discharge must be made

within 180 days before discharges actually begin.

Reporting Requirements: The NPDES permit program requires

dischargers to maintain records and to report periodically on the amount

and nature of pollutants in the wastewaters discharged (40 CFR 122.440)

and 122.48).

Public Partinipmion: NPDES discharge limitations and requirements

devdoped for a CERCLA site are subject to public participation

requirements in 40 CUP. 124.10, including public notices _nd public
comment.

Toe operation and eons_etion of Class IV wells, as defined in the Underground

lnjozilon Control (UIC) program, is prohibited unless the wells are used to reinject

taealed groundwater into the _me formation from which it was withdrawn as part of a

CERCLA ele_mup or an RCRA co_tive action (40 CFR 144.13[d]). The LTIC program

defines Class IV wells as those used to inject hazardous waste or radioactive waste into

mg m9 _.D DMT. WP]t010.'*V]PJ 3-ti7
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or above a formation that, within 1/4 mile of the web, contains an underground dfinldng

Wa{22r SOUrC_.

Underground injection wells that are consla'ucted offsite arc subject to all provisions of
the SDWA relating to underground injection of fluids, and must be permitted by an

authorized state agency or EPA and must comply with the UIC permit requirements.

Superfund sites that conalmct underground injection wells onsite are not required to

comply with the administrailve requirements of the UIC program; however, they must

meet the substantive requirements of this program where the requirement is determined to

be applicable or relevant and appropriate to the CERCLA remedial action.

3.5.3.2 Sediment and Soil Meilia

Remediation of Lake Danielson and the Golf Course Pond by the dicdging of sediments

may require a local permit, an Aquatic Resources Alteration Permit, or both. The
dredging of these two ponds need not comply with Section 10.0 of the Rivers and Harbor

Act, becauS_ neither Lake Danielson nor the Golf Course Pond _re navigable waters (the

Rivers and Harbors Act prohibits the unauthorized obstruction or alteration of any

navigable water of the United States. Navigable waters of the United States are defined

as waters that are subject to the ebb and flow of the fide shoreward to the mean high

water ma_k, or are now used, have been used in the past or may be suscep15bin to use to

transpor_ interstate or foreign commerce. Examples of use include dredging, Idling,
installation of pilings, and eonsLructlon of Sh'Uetores such as berms, levees, coffer dams,

and piers). TO determine if the sediments are to be disposed into a b.,_rdous or solid

waste landfill, a toxicity cintraetaristie leaching procedure (TCLP) test will need to be

conducted on a small number of sodiment samples collected from these two water bodies.

The excavation, onsita solidification, and placement of soil and debris that contains

RCRA restricted waste may trigger the RCRA land disposed restrictions (I.DRs). In

general, RCRA's LDRS were established for waste streams that differ significantly from

Super_nd wastes. Because the LDRs are not based on taeatiag wastes that contain soil

and debris, a treatability variance may be appropriate. Under a treatability variance,

alternative treatment levels based on data from actual treatment of soil, or best

management piaetices for debris, become the "treatment standard" that must be met.

"Ihe excavation and offsit_ treatment of soft and debris that contains a RCRA b_7_rdous

waste must comply with transporter regulations under 40 CFR Part 263 (Subtitle C). A

transporter under Subtitle C is defined as any person engaged in offsite ta'ansportation of

b_,_5ous waste within the United States. Such transportation requires a manifest under

40 CFR Part 262.

The capping of onsite sites may need to comply with RCRA Subtitle C landfill closure

requirements. Subtitle C landfill closures require post-cinsure care and maintenance of

ms,_S-D o_xr-wra010.w_ 3-68 9119195
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the unil for at leas| 30 years. The landfill unit must be capped with a final cover

designed and constructed to accomplish the follow_ag:

Provide long-term minimization of migration of liquids
Function with minimum maintenance

Promote drainage and minimize erosion

Accommodate settling and subsidence

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

natural subsoilspresent

Post-closure care includes malnteaane_ of the final cover and maintenance of a

groundwater monitoring system in accordance with 40 CFR Parts 264. 117 and 264.310(b)

and with 264 Subpart F.

'I_e capping of onsite surface impoundments in accordance with RCRA Subtitle D is

similar to the requirements described above, except that a 5-feot-thiek soll cap would be

placed over the disposal cell rather than a RCRA cap. Po_t-closum care requirements

would be the same as those described previously.

3.5.3.3 Air Media

The remedlation of groundwater by pump-and-treat teelmiques may cause the emission of

VOCs into the atmosphere. Before groundwater remedlafion activities begin,

eoordthation with Shelby County air quality regulators should be done to determine if the

quantity of VOCs emitted into the atmo_ere needs to be reduced to comply with

National Ambient Air Quality Standards (NAAQS) regulations for use of best available

technology (BAT) to reduce emissions.

3.5.4 Location-specific ARARs

la:cation-speeifie ARAP_ generally are restrictions placed on the eoncenUafion of

hn,_rdous substances or the conduct of activities solely because they are in special

locations. Some examples of special locations include floodplains, wetlands, blstorie

places, and sensitive ecosystems or habitats. Diseussfons with TDEC, Division of Solid

W_le Managom_t, have indicated that the State is not awaJre of aily llallll_d i'_ourc_._

for whiab it acts as a trastee that are potentially threatened or damaged as a result of past

or current w_te disposal practiee.s conducted at DDMT. Furthermore, a se2arab for

possibla location-specific ARARs w_s conducted during the RI (reL 18), and no federal,

state, or local natural resouree.s were found to be near the site. Before the completion of

the final RI/FS report(s), a CERCLA 104B.2 Notilleafon Form will be submitted to the

Department of Interior (DOt) by DDMT to determine if the DOI is a traste_ of any

natural resources that may be threatened by a rel_se of h_ous substanee_ from the

site.

mBm95 DDMT WI_010.WPS 3-69 9119/95



3.6 Risk-based PRGs

The PRGs developed for use in DDMT work plans are designed to he protective using

conservative a.ssumptloas. In this way, they may be used for screening sites where a

focused investigation is conducted to select locations that represent "worst-case

conditions, _ and decision makers can be confident that chemicals reported below thes_

concentrations would result in unacceptable rlsk._ at the Site afler a baseline risk

assessment. For risk-based PRGs, the following general assumptions are used:

Reslde_tial Land Use

Target Risk Level (TILL) of 10-6; Target H_7_rd Index (THI) of 0.1

The current land use is industrial, and many arez_ of the facility are located where

worker exposures would be _'elativeiy infrequent. ¸Risk estimates based on the TRL of

10-6 or THI of 0.1 would be protective if several chemicals were present below the

specified concentrations. However, under conditions where l0 or more chemicals were

reported, additional review would be required.

Many of the chemicals have only toxicily values for oral pathways, but not for inhafatioa.

According to RAGs Part B guidance, the inhalation pathway would not be included in the

derivation of the target concentration when the specific inhalation toxicity value was not

available. However, consistent with the more conservative approach recommended by

Regina IIl, when the inhalation value was not available, the oral toxicity factor was used

to estimate the contribution from this pathway.

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

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

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

sufficiently protective.

The rlsk-based PRG concentration tables presented in SecUon 3.5 were based on several

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

3.6.1 Groundwater PRGs

I. Residential Scenario

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

TR*BW*AT*3ti5 days/year

SFo*IRw*EF*ED
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Table 3-1 i

Cop_rvatlve A_umptiom for Scrcen;_ Valu_

Defer_e Depot Monpl_, Tenn_-_ee

Exposure Val_

Czrclnog_ic p_te_cy slope factor, ond (1/mg_g_lay)

_ioosenlc pol_ncy slope factor, i.h_l_tLon (l/mg_g_zy)

Referee dose, oral (ms/kg/day)

_, inl_oa (mg/kg/day)

Targetc_n_r tick

Ta_ge_ Imz_d quotient

Body weight, wsJult _kg)

Ave_,_a_ing " " >ge_s (years)

Av_agln g time sys_mi¢ _xie_nus (yo_*B)

Soll inge_tioa factor, age zij_tcd (mg-ye_r &g_hy)

Inhalation _te, age _j_ted (m_-ycax/kg_J_y)

IF Dermal contact rate, age adjusu:d (mg-y_x_/kg<iay) I

Tap v_ter Lnge_tion rate. (L/day)

Exposa_ frequency (days/y_r)

Averaging lime syste_c toxicant_ (y_u)

Ex poxat¢ dur_tioa (ye_s)

Volatifizafion fe.ct of (mJ/kg)

paniculate Emi_sLo_ factor (m]/ks)

C_'g_c Ca_oa p_ition _*efficie_t (mUg)

Fn_clion organic ¢ar_n (site specific)

Value Name

SFo

SFI

glDo

RfDi

IE-6 TR

0.1 'IHQ

70 BW

70 AT

30 AT

114.29 IgSadj

IL66 llLtad_

655 (orSa_ics) IRDadj

65 (metats)

2 IRW

3_0 EF

70 AT

30 ED

VF

4.63E+9 PEF

Koc

0.005 $oc

No_; * ¢het_c_l-_pecific

mgm95 .D DMT.W_21010 Wp$ 3-'71 9/19_5



B. Systemic Toxicants

THQ*AT*BW*365 day/yewr

IIRfDo*IRw*EF*ED

126 175

3.6.2 Soil PRGs

l. Residential Scenario: Direct Contact Soil coacentration (mg/kg) ----

A. Carcinogens

TR*A T.365 day/yea.r

EF* ( [SFo *(IRDOdj+IRIwt]) * IOE-6] +[SFi *lRAadj * (11VF+ I/PEF)] }

B. Systemic Toxicants

THQ*AT*365 day/year

EF*([IlICDo*(IRDadJlIE6+IRladj/IE6)]+[I_i*(IRAadj*(IIPT+IIPEF))]}

If. Soil to Groundwater Pathway:

Soll concentration (mg/kg) -- Groundwater PRG (rag/L) * Koc *foc

3.7 Generic Conceptual Site Model

A conceptual model of DDMT environment will aid in planning the RI activities. This

model considers the potential sources of contamination and the pathways for migration

and exposure leading to human and environmental receptors in the site vicinity.

The potential source_ of ¢ontan_ants at DDMT can be geographic_dly divided into
activities within the Main Installation and activities in Dunn Field. At the Main

Installation, potential sources include storage of petroleum, oils, and lubricants (POL);

storage of h_rdous materials (oxidizers, corrosives, r_actives, and solvents); storage of

excess property items (DIUMO); metal cleaning and painting activities; vehicle

maintenance operations; a wood treating operation (dismantled and remediated in 1985);

past storage of PCB-conhtining transformers; and use of herbieide.s and pesticides around

the installation. At Dunn Field, the potential sources include burial sites for pest waste

materials, bum sites for wastes, and a former pistol range area. There is a potential for

mgm95 .DDMT.WIr/J010.WP5 3-]2
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contaminants to have been released from these activldes through normal operations, or

through spills alld leaks onto Nri[$ el" into rOtlte.S Of snrfact + d̀rainage

The exposure pathways asscclated wit& DDMT include inge_tinn, inhalation, and dermal

absorption of contaminants pre._nt in surface soils, groundwater, or surface water. A

cross-secttonal view of DDMT vicinity (Figure 3-7) illustrates some of the_ pathways

and exposure routes. The three principal pathways are summarized below.

First, contaminated soils at the surface provide opportunities for dermal contact,

inhalation of dust, or ingestion of dirt or dusts by humans woddng at DDMT or wildlife

within the installation boundaries (and subsequent human ingestion of wildlife). Skin

contact with contaminated soils could lead to dermal absorption of contaminants.

Contaminated surface soils in unpaved or unvegetated areas could become entrained in

the atmosphere and subsequently lead to inhalation of contaminanLs. Ingestion of these

contaminants could occur from soils deposited on hands after activities in these areas.

This pathway is potentially present at locations in all four OUs (OUs-I, 2, g and 4).

Surface soil contamination has been found in various locations dutSng the RI (ref. 18).

At Dunn Field (OU-1), pesticides and PAHs were detected at the bum site a_d the pistol

range. In the southwestern quadrant of the Main Installation (OU-2), PAI_ and metaJs

were detected along with pesticides and PCBs. In the southea.stem watershed (OU 3),

PAl-ls, pesticides, PCBs, and metals were detected near Building T-273 (formerly used

for pesticide storage). In the north-central area (OU-4), PAHs, pesticides, metals, and

some VOCs were detected near the former bnTmrdous materials storage area (Building

629).

The significance of many of the soil analyses during the RI (ref. 18), particularly for

metals and PAHs, cannot be determine*l until more is known about background

concentrations. Soil samples taken during the RI (tel 18) are from locations within

DDMT that may have received contamination from past aabvities. Background

conditions in DDMT environment will be hard to determine because of the urban setting

and the possibility of encountering previously unsuspected contamination. For this

reason, offsite locations will be desirable to define background conditions. Furthermore,

several samples are needed in the background group *o minimize the influence of

unknown contamination

Second, the leaching of waste constituents from sites in Dnnn Field (OU-1) or spill sites

(OUs-2, 3, and 4) can transport these constituents into the shallow aquifer beneath

DDMT. This aquifer, known as the Fluvial Aquifer, is found at the bottom of fluvial

deposits of fine to medium sand that underlie the region. These deposits and the

associated aquifer lie on top of a low-permeability clay Layer known as the Jackson

Formation/Upper Clalborne Group. Below the Jackson Formation/Upper Clalborne

Group lie the Memphis Smld deposits and the Memphis Sand Aquifer, whthh serves as

the drinking water supply for the Memphis metropolitan area. DDMT is located east

memg+.DDp_r.wr_aol o V+5 3-73
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(upgradient) of the Allen Well Field, which is one of many wallfields oporated by the

MLGW for public water supply. The Allen Well Field draws water from the Memphis

Sand Aquifer.

The Fhi.Aal Aquifer has been found to occupy the bottom 10 to 20 ft of the fluvial

deposits in monitor wells in DDMT vicinity. The elevation of the aquifer appears to

follow the elevation of the underlying Jackson Foralafioa/Upper Clalbome Group. The

Jackson Formatlon/Upper Clalbome Group provides the base for the Fluvial Aquifer and

confines the underlying Memphis Sand Aquifer. The thickness of the Jack.son Formation/

Upper Clalborne Group varies across the region and is reported to thin out at scattered

sites. Th¢._ sites, which have been occasionally discovered by drillers in the Memphis

region, may provide a pathway between the Fluvial and Memphis Sand Aquifers. If such

an interconnection occurs in DDMT area, then a groundwater pathway could transport

waste constituents westerly into the public drinking water supply.

Future data collection should include water level monirodng of well pairs completed in

both units. A pump test of the Memphis Sand should be accompanied by an intense

water level monitoring effort in both the Memphis Sand (to gather data on hydraulic

conductivity and transmissivity of the Memphis Sand) and also in the Fluvial Aquifer

(specifically to assess the influence of water levels of the overlying unit and to evaluate

the nature of the clay confuting hod). These data could be combined with the

geotecboinal data planned to be collected on the hydraulic conductivity of the confining

clay unit to assess the degree, if any, of hydraulic in/erconnection between the two units.

A potential zone for aquifer interconneefion was discovered during the RI (ref. 18). An

area in the north_.entral part of the Main Installation (OU-d) was found to exhibit sands

and interbedded clays more than ICO ft below the land surface. Two monitoring wells

installed in this area (MW-I$ and MW27) were originally thought to penetrate the

Fluvial Aquifer, but ultimately have proven to be dry, Stratigraphic test boring STB-8

encountered clay lenses within sandy fluvial deposits as deep as 150 ft below the surface.

Static water levels in the Fluvial Aquifer (measured at MW-34, 38, and 39) suggest a

depression in the Fluvial Aquifer water table. This area needs f_itbor study during the

OU-4 investlgationactivities.

Potential contaminants of concern have been found in monitoring wells screened in the

Fluvial Aquifer beneath Dunn Field (OU-1) and the southwestern corner (OU-2). These

same contaminants have not been found in the Memphis Sand Aquifer beneath DDMT.

A plan view of the concepttml model (Figure 3 8) at DDMT illustrates the direction of

movement in the Fluvial Aquifer and the zone of groundwater contamination discovered

during the RI (ref. lg).

The third pathway in the conceptual model involves surface runoff from areas of spills or

reir_ases (OUs-1, 2, 3 and d). This runoff collects in drainage channels that lead off

government property, creating a potential for dermal absorption of contaminants during

wading or swimming. Aquatic species could also potentially ingest contaminants and

accumulate contaminants in tissues. Both terrestrial and aquatic wildlife can ingest

_5-DDF_r-_]O _ 3-75
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contaminants by drinking surface waters or eating other species with contaminated

tissues. This pathway includes f_h_rmen that ingest aquatic species taken from surface

water bodies in DDMT vicinity. Contaminants have been found in sediments from both

the Golf Course Pond and Lake Daniolson (OU 3). The plan view (Figure 3-8) ill_tra_s

the surface runoff pathways from DDiVlT toward Cane Creek to the north and Noneonnah

Creek to the south.

Potential human receptors in DDMT vicinity include the following:

Employees of DDMT

Residents and neighbors of DDMT

Residents of Memphis

Fishermen and recreational users ("waders") of surface water_, including

Cane Creek and Nonconnah Creek

Even though th_ potential for exposure to contaminants exists, the health risk assessmem

conducted by the Agertey for Toxic Substance and Disease Registry (ATSDR) concluded

that no apparent poblio health hazards existed for grouedwater, surface water, sediment,

air, and soil. ATSDR came to this conclusion by comparing potentials for exposure and

levels of contaminants identified at DDMT, and whether there would be any harmful

effects from these levels. As DD/vlT continues investigating potential sources of

contamination and more information becomes available, ATSDR will update the health

risk assessment of DDMT.

3.8 Data Gaps

Table 3-12 attempts to sumraarize the data gaps from previous studies for all OUS

(facilitywide data gaps) and OU-specific data gaps that will be addressed in OU-specific

FSPs. Data gaps appropriate to he filled during the Screening Sites investigation also are

_dentified.

r_g_5 DOMT.W_OI0 Wp5 3-77 fi/t4/96
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4.0 Generic RI/FS Objectives 126 18,1

4.1 Objectives of DDMT Pd/FS

In a broad sense, the ultimate RUFS objective is to characterize the risks pos_l by

hazardous substances and to select remadial actions that minimize or eliminate threats to

public health and the environment. To achieve such a broad objective, it is necessary
that several more specific objectives be met. Table 4-1 provides a llst of RI/FS

objectives foz DDMT and the associated RI and FS aenvities that will be conducted to

achieve those objectives. Although most of the objectives are geared toward specific

media or SOurCe areas, each is consistent with the ultimate objective of selecting a
remedial alternative.

4.2 Data Quality Objectives

4.2.1 Purpose of DQOs

The purpose of developing DQOs is to help managers and. planners focus the data

collection activities at a site under investigation to minimize unnecessary data, and yet

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

Clearly identify the study objective

Determine the most appropriate type of data to collect

Determine the most appropriate conditions from which to collect the data

Specify an acceptable level of error to determine the quality and quantity of
data needed to support the decision to be made

Data collection at a site may be conducted in several phases, each with a specific focus

and different data need. FOr example, defining the nature and extent of contamirlatioi_ to

assist in the sethetion of a remedial alternative may indicate collectiou of biased sample.%

whereas support of a risk assessment to daterrnine "No Further Action" may indicate use

of a sta_sfieally based sampling strategy. DQOs win assist in optimizing a sampling and
analysis plan.

4.2.2 DQOs Defined

DQOs are qualitative and quantitative statements that specify the quality of the data

required to support the decision-making process during remedial response and sampling
activities. The statements axe based on the end uses of the data to be collected. The

qualitative aspect of DQOs assists with planning for field investigations, and the

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

rngnc¢ 5-DDM I'-WI_3 _039.Wp5 4 = l
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Table 4-1

DDMT Riffs Objectives
Defcmse Depot Meluphis_ Tennessee

R] I?S

Objecfi':e Activity Activity

Determine p re_e ace or absence of Con flrm/cstabIish presence or abseno_ of Evaluate the appliuability of no
coat arnlnartts ifi each medium¸ coat amin_t s aI each soulr.c and in all acllon a]tematlve.

pathways.

E,st_blish ihc _naturc" of contaminants at

each source _td in pathways.

De tetmlne types of contaminants.

Detenlltl_e _oDe.,_lt tRitOnS Etn_

distribution of _marMnanls.

DctercMnu the mechanism of

coataminaUl rtlea.s_ to pathways.

Dctcratme directiou of Lramp0rt.

Determine bound afie_ of sources and

pathways.

Charactefi_ environmenlal and

public health factors.

Determine source _mcl pathway

characleristies with resort In

tmtigation (bench studies).

DeterrMnc most probable conditions.

E,_tabiish concemratlons and conceutration

gradients,

Establish mcJ:hanlc,s of sounm/

pa[hway inmr faces

Establish pathwzys and transport tx_tt[es gn6

identify potcmial rcceplors.

Establish horizJrmt alive rLieal baundarics of

sources and pathways of oontaminatiort.

Evaltlate cxposuf¢ :Ltldcon_nt rat ions tO

cha2_cleri_ cnvlronmenh_] anti public hc_th
thFeat.

E_tabilsh th_ range of contaminants and
their ¢onc2ntrat loins.

Eslabllsh ranges of conditions present
Claire,

Identify applicable rcme0iaL

tethnologic6.

EvBluatc air ernativc:s and c_sts

to achieve applicable or relevant

and appropriate standards.

Evaluate the effectiveness of

containment Icchnologias.

Itlcntify most c ffccliv¢ points in

th_ pathway to comrol transport
of contaminants.

Evaluate coststo achlcvc

AgARs; identify applicable

remedla_ technologies. ASSe_S
risk reduction

Evaluate applicable sl_JldDJ_s or

risk; identify applicable remedial

tcchnotogle_. Assess risk
reduction.

Evaluat c tre_t mctil schemes.

EvMuam mcJsl probable
conditions and reasonable

deviations

Sour_: Dala Ouallty Objec¢ivez jor Reraedlat Response Acrivfti_--Devetopmenl Process (rcf. 75),

mg mg$1DD MT_WP3/040.WP5 4_
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Per the Generic RI/FS Work Plan, only qualitative DQOs will be developed.

Quantitative DQOs irmy be developed in the field sampling plans, but not in all eases.

Staliabcal considerations are generally only necessary when eontarafoant levels are close

to action levels or when there is considerable variability in the data.

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

document, Data Quality Objectives Process for Superfund, lnteHm Final Guidance

(ref. 87).

4.2.3 DQO Development Process

The DQO process is a series of planning steps based on the scientific method that are

designed to help determine what type, quantity, and quality of environmental data

collected will be adequate to provide information for making a sound remedimion

decision. Criteria aredeveloped to delemainc when enough data has been collected. The

process helps Io improve the design of the sampling and analysis program, saves time and

money, and improves decislen making. Application of the DQO steps should help to

result in collection of data that wilt give resu[_ of sufficient quality to make a defensible
decision.

Each of the steps in the DQO process is presented in Table 4-2 However, a number of

the steps in the process are more specific in nature and generate site-speciflc DQOs.

These will he addressed in the OU-specific FSPs. More information on the DQO process

can be found in Data Quality Objectives Process for Superfund, Interim Final Guidance

(ref. 87).

4.2,4 Specific DQOs for DDMT

A summary of the DQOs for the Generic RIIFS Work Plan is provided in Table 4-3.

The DQOs are broken up into three categories:

Background Evaluation DQOs address the andvities that will be

performed to fully characterize thequality of soil and groundwater
upgradlent of DDMT.

Site Evaluation DQOs apply to all of the sites that will he investigated at

DDMT. The DQOs primarily address issues related to physical and

chemical data that will be collected _ characterize a given site to make a

sound and defensible remedial decision.

Early Removal Evaluation DQOs apply to the sites that will initially be

considered for early removal. The DQGs address whether early removal is

the appropriate action and the status of the site after completion of early
removal.

mgm95. DDM_Wp3/039 WI'$ 4-3
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Table 4-2

DQO Process Steps

Defense Depot Memphis, Tennessee

Process Steps Description

State the Problem Summarize the contamination problem that will

require new e "ltal data, and identify the

t resources available to resolve the problem, i

Identify the Decision Identify the decision that reqt" :nvironmental

data to address the contamination problem.

Identify Inputs to the Identify the information needed to support the

Decision decision, and specify which inputs require new
environmenim measurements

Define the Study Boundaries Specify the spatial and temporal aspects of the

tal media that the data must represent to
support the decision.

Develop a Decision Rule Develop a logical "ifi..then..." statement that defines

the conditions that would cause the decision maker to

choose among alternative actions.

Specify Limits on Decision Specify the decision maker's acceptable limits on
Errors decision errors, which are used to establish

performance goals for limiting uncertainty in the data.

Optimize the Design for Identify the most resource-effective sampling and

Obtaining Dam analysis design for generating data that are expected to

satisfy the DQOs.

Source: EPA, 1993 (ref. 87)

mg m95 -DDMT.WP3/039.WP5 4-4



126 188

Table 4-3

Gcne_ic RI/FS Work Plan Data Quality Objmives

Dcfetxse Depot Memphis, "fenneggl,e pftg¢ I at 2

Category Data Quality Obj_tlves Comments

Backgrotmd Collect soL[, g_otmclwatcr, s uri'ae._ water and

Ev_]uatlon sediment dat_ of :ca ffiuient quality, _d qu_tity

to be ttsed in Statistical compm'iso Jxs wLth 'results

from onsite field _ampling.

O ffsite Soure_ Establish the presence of uffs_[e contamlr_tiuu

Evaiuatioa that may I:c contribulillg to t_ environmental

conditions found m DDMT.

Site Evaluation Develop ml uaderstaltdiug of site geology _td

hydrogeolo_ to evaluate contaminant fate _d

H_rtspo_.

EvaJuat¢ me natnr¢ io_d extent of potential
contamination.

Judgmenl;fl sampt_s to confirm NFA

Slat istical sampl_ to dcmoaslzat¢ the average

(UCL95) con_nnlralion is below the PRG

Judgmental samples to evaluate the most

appropriate remedial action

Provide reliable data rexults supported by QC

• ipl,mented during sompllng avd

maalysis.

CO]]¢¢i data useful far ¢'¢a]uat ion in comparison

to background exmcentrations. EPA Risk-Ba_ed

Cone2ntra[ions, and other ARAP_.

Collect groundwater and soil data that are

rtptestmtatxve of site conditions.

NFA will only be confirmed if all

r_ti]L_ a_ below applicable action
levels.

If all rcstll[s arc nat below a_tlon levels.

a second phase o[ sampling will be

required to obtain st atistie2J sam!vies.

Tho FSPs will define the basis for

col[t_t ion of st alis ii_,[ _tmples

T_t rationale regnrdt_g the [ocatlon of

where samples will be collected will b_

included in the FSPS.

mg rags -DDMT-Wp3/039 Wp5 4-5
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T_ble 4-3

Generic RI/FS Work Plan Data Quality Obje_ive_

Defense Depot MEmphis, 'renn_ee page 2 of 2

Category Data Quality Objectives Comments

l_fly Removal

Evaluation

Delecc_Jne if early removal is the most

appropriate _mtion.

Confizm that the source of materials has been

icmovEd.

Cou(_rm thc cont£fitfl of IhE W_I_ (]_at W_L_

dlsF, os¢6 cf a( the site: or _,on firm th=

Deterzmne the condition o[ remaining soils to

deterrent further action.

mg mg_ -D DMT- W_/CG9.v, rfl5 4_
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Specific site investigation DQOS for the data COlleCtion activities at each of the sites will

be presctheq in the OU-specifie FSPs.

4.2.5 Data Quality Levels at DDMT

The data collected during field activities at DDMT will be Level i, 2, 3, or 4. Level l

data is at a screening level. It provides the most rapid results, but the least amount of

information to defend the data quality. The data generated will typically provide general

environmental charaetedaties, not information related to contaminant speciafion. Level 1

data may include pH, conductivity, lemperature, and organic vapor concentrations. Level

2 data is field analysis data. Level 2 provides rapid results and more documented data

quality than Level 1. Level 2 data can provide limited information on contaminant

speciafion and can give quantitative results. However, the reporting limits for a Level 2

analysis would be much higher than for a Level 3 or 4 analysis. A common Level 2 data

measurement may be analysis for specific indicator volatile orgamcs by a field-operated

gas chromatograph.

Level 3 and 4 data are generated by an analytical laboratory, typically from a permanent

laboratory with documented quality control procedures. The difference between Level 3

and 4 is the amount of supporting information provided by the laboratory. Level 3 data

packages typically have only QC summary information, while Level 4 data peekages will

provide all of the supporting information necessary to define the quality of the data.

Level 4 data is eonfirmational, and it provides the highest level of data quality. Data

validation can be performed on Level 4 data.

At DDMT, Level 2, field screening, data will be used to determine the extent of

eontaralnation, to select samples for Level 3 and possthly Level 4 analyses, and to make

field decisions. The majority of offsite laboratory analytical data will be Level 3 QA/QC

for target parameters. There is a potential that Level 4 data will be required in the future

at this facility. Samples analyzed using Level 4 QC are analyzed using the same

analytical methods as Level 3 samples, but different data package deliverables are

provided. Confirmatory samples will be analyzed using Level 3 QC, and no Level 4 QC

is proposed at this time. However if in the future Level 4 information becomes

necessary, this information wid be requested from the analytical labomthry.

Of all the soil samples collected, at least 5 percent will be analyzed for TCL/TAL, and at

least one sample from each site will be analyzed for TCL/TAL. In the eharaele.dzation

of background soil and groundwater quality, TCL/TAL analyses will be performed.

An analysis for TCL._AL indicates that specific listed parameters will be analyzed by

specificmethods. The analyticalmethods used are the CLP methods. These methods

have specific analytical reporting fimits. The categories of compounds that will be

analyzed in a TCL/TAL scan include VOCs, SVOCs, peedeides/PCBs, metals, a_d

cyanide.
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5.0 RIFFS Tasks

A total of 14 standard RJ/FS tasks have ben defined by EPA (ref. 63) to provide

consistent reporting and to allow more effective monitoring of RIIFS projects. A detailed

description of each of the RI/FS tasks and the work that will he performed under each is

provided in the followLqg discussion.

5.1 Task 1-Project Planning

The purpose of the project planning (or scoplng) task is to define the appropriate type and
extent of site investigation and analytical studies ne_cessaty to characterize the site. The

main objectives of scoplng are to identify the types of decisions that need to be made, to

determine the types of data needed (including quantity and quality), and to design the

studies necessary to collect these data. initially, tile ta_k involves a site inspection of the

study area and an analysis of existing information for DDMT. This task also incindes

development of the Generic RIIFS Work Pla_, the SAP, the HASP, and the Community
Relations Plan,

During project planning, a conceptual model of the site is established that considers the

Source of contamination, potential pathways tJf exposure, and potential receptors. Data

gathered during the site characterization acllvlties will binld on that model. A conceptual

model of DDMT has been developed as described in Section 3.0. The identification of

potential ARARs and other criteria, advisories, and guidance to be considered has been

initiated. Tables of potential PRGs (Tables 3-7 through 3-10) have been developed for

regulatory review. So that ARARs are ide_ilied "in a timely manner," as required by

CERCLA, a formal letter will be issued by DDMT to both TDEC and EPA Region IV to

request a list of proposed state and federal ARARs for DDMT.

Following is a description of the contents of each of the work plans that will be provided

as part of the planning task. All of the work plar_ described will be written in

accordance with the current NCP and the October 1988 EPA RIIFS Guidance Document

(ref. 63).

5.1.1 Generic RIFFS Work Plan

The purpose of the Generic RIIFS Work Plan (this th_umem) is to present the general

rationale and methodology for conducting the RI/FS. Because much of the site

background information is Rot subject to change, it has been consolidated in this

document for fomre reference. Each OU, as well as the Screening Sites, will have a
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detailed FSP that describes site Msto_, previous sampling results, proposed future
sampling locations, analytes, and rationale. The Generic RI/PS Work Plan includes the

following elements:

A general description of the project, along with discussions of the site

background

A general conceptual model, including the nature and extent of
¢ontamimtion

A history of regulatory and response actions

A general discussion of data quality and quantity objectives

A general description of the work tasks m be performed

A description of the delivembles that will be submitted and their schedule

for delivery

Project management, organization, and responsibilities

5.1.2 Sampling and Analysis Plan

The SAP contains the FSP and the QAPP. For each sampling event, the FSP outlines the

sampling objectives; necessary equipment; sample types, locations, and frequetxcy;

analyses to be performed; and a schedule of when the particular sampling events will

occur. The FSP includes a separate plan for the following sampling events-shallow

soil/surface sampling, stratigraphic borings, and groundwater monitoring well installation

and sampling. In addition to the other gnidatlce documents listed above, the FSP is

written in accordance with the Compendium of Super_md Field Operations (reL 62) and

the Data Quality Objectives for Remedial Response Activities (ref. 75).

The purpose of the QAPP is to provide a derailed description of the quality

assurance/quality corltrol (QA/QC) procedures to be employed during the RJ/FS. The
objective of the QAPP is to ensure that the R//FS is based on the correct level and extent

of sampling and analysis required to produce enough data for evaluating remedial

agematives A second objective is to ensure the quality of the data collected during the
KIIFS. The QAPP, which has been written in accordance with the Current RIIFS

Guidance (relY. 63), the Data Quality Objectives for Remedial Response Activities

(ref. 75), the Guidelines and Specification for Preparing Quality Assurance Plans

(ref. 76), the Users Guide to the EPA Contract Laboratory Programs (ref. 77), and the
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proposed NCP, addresses all of the field investigations conducted as a part of the DDMT

site characterization activities and includes the following discussions:

A project description

Project organization illustrating the lines of responsibility to the personnel
invojved in the sampling phase of the project

QA objectives for the data acquired, including accuracy, completeness,

representativeness, comparability, and intended use of the data

Sample custody procedures

The type and frequency of calibration procedures for field and laboratory

instrument, internal quality control checks, QA performance audits, and
system audits

Analytical procedures

Data reduction, validation_ and reporting procedures

Internal QC procedures

Peffotlnance and systems audits

I)reventiv¢ mathtenance procedures

Specific routine procedures used to _ssess data

Corrective actions

QA project reports

5.1.3. Health and Safety Plan

The HASP is developed on the basis of expectnd site conditions to protect personnel

involved in site activities, as well as the surrounding community. The plan addresses all

applicable regulator 3, requirements under 29 CFR 1910120. The HASP provides a site

background discussion and describes personnel responsibilities, protective equipment,

health and safety procedures and protocols, decontamination procedures, personnel

training, and medical surveillance.
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5.2 Task 2-Community Relations

The community relations task is designed to ensure community understanding of aedons

taken during the remedial response aczlvitles and to obtain community input on the RI/FS
program. A Community Relations Plan has been prepared and submitted to EPA and the

State of Tennessee by DDMT. The Community Relations Plan documents the community

relations history with respect to DDMT and describes the techniques that will be needed

to achieve the objectives of the program. The plan has been prepared in accordance with

Community Relations in Superfund: A Handbook (ref. 78), and Corrunulaty Relations

Activities at Superfund Enforcement Si_es-lmerim Guidance (ref. 79).

Additional community relations activities to be conducted by DDMT persomnd include

the following:

Establishing a community infonnatlon repository that will house a copy of
the administrative record

Preparing and disseminating news releases, fact sheets, slide shows, and

exhibits designed to inform the community of current or proposed activltfe_
at DDMT

Analyzing community attitudes toward the proposed actior6

Although most of the community relations activities will be conducted by DDMT

personnel, technical support will be provided by outside agencies (COE and comractors)
at public meetings.

5.3 Task 3-Field Investigations

5.3.1 Objectives of the DDMT Site Investigation Activities

The primary objective of tlxe DDMT remedial investigation is to provide additional data

to characterize the nature and extent of surface and subsurface soil, groundwater, and

surface water/sediment contamination resulting from past operation_ at DDMT. To

ac.c_mplish this objective, DDMT will perform the following activities:

Satisfy the conflnnatory sampling and corrective measures study
reqniremcms of the insndlatlon's RCRA Part B Permit.

Collect additional data to deten_ine the extent of groundwater

comaminadon from burial sites located in the Durra Field area (OU-I).

Evaluate the degree of hydraulic interconnection beo, veen the Pluvial

Aquifer and the underlylng Memphis Sand Aquifer at DDMT

mgrn95-DElM% WPM037.W P_ 54



126 195
Provide eddidonal information for the BRA and the setection of appropriate

mmedlal alternatives.

Provide sufficient information to establish most probable conditions and

rc_a.sonable d¢inations.

Soil samples will be collected from surface soil samples, soil borings, stratigrap_dc test

borings, and new monituring well locations. Investigation goals of them samples will be
to make determinations such as the nature and extent (latexal/veffical) of contamination

from past waste disposal activities, background soil concentrations, and the presence (or

absence) of the confining boil that seperate_ the Fluvial Aquifer from the Memphis Sand

Aquifer. With the exception of the background sampling locations, winch are discussed

below, Slmeific rationale is provided for each rumpling location in the OO-spegifio FSP.
Other subsurface soil data will be collected to further characterize the source of

contamination at a number of sites, pmticularly in OU-I. The subsurface soil data will

be acquired through collecting and analyzing subsurface soil smnples and malting .Asual

examinations ;rod figld measurements during drilling acdvifies,

TO fully characterize the extent of both the groundwater contamination beneath DDMT

and the extent of the plume offsite, approximately 20 additional groundwater monitoring

wells are proposed to be installed. Samples will be collected and analyzed from both new

and existing wells to further characterize the nature aad extent of the potential

contaminants of caneern in groundwater.

5.3.2 Background Sampling Program

DDMT is conducting a multimedia background sampling program to support its

environmental restoration program. The purpose of the background sampling program is

to provide sufficient data to establish representative background concentration data for

naturally occurring constiteents at DDMT. Background is dcilned as samples coll.:ted in

locations where chemicals present are representative of naturally occurring and

anthropogenie (human made, non site) source._. Once the background data have been

collected, it is the risk assessor's task to eonstr_ct a representative data s_t considered to

be background. Care will be taken to include analytical data that do not fit a particular
statistical data set distdbuilon.

Constituent concetur, thons detected in various media ms part of the remedial activities at

the site will be compared to background data established hereto, in order to evaluate

whether the reported concentrations of those constituents were caused by DDMT

operations, are naturally occurring, or whether they are caused by ambient effects from

the urban environment sui'rounding DDMT. In general, the background data will be used
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to support several aspects of the environmental program at DDMT, including the

following:

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

decision making

Potential/future risk assessments

• Development of clean-up criteria and PRGs

(Remainder of page intentionally left blank, after f'mal comment resolution.)
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Final decisions reg_trding how the background data will be used in site analyses will be

developed as DDMT environmental projects occur; however, one of the most appropriate

uses of the data will be to compare the distribution of the entire data set obtained during

site investlgadons to the distrlbebon of the background data set.

Background concentrations for the following media will he addressed: surface and

subsurface soil, surface water and sediment, and shallow groundwater. This section of
the Generic RI/FS Work Plan describes the rationale for the number and locations of

samples for each media. As additional background dam become available as part of

possible future investigahons, they will bc incorporated into the background data base as

appropriate. Sampling locations have been selected in areas believed to be unaffected by

past or present DDMT industrial activities. An important aspe*:t of the sampling program

is the consideration of potential effects of urban pollutants from the area surrounding the

site,

A statistical approach has bceri used to select the number of samples required to provide

an appropriate level of confidence for each media. Sample sizes appropriate to estimate
t_lerance intet_als (Conover, 1980) were used to estimate the number of samples required

for each media. Nonperametrie tolerance intervals make no assumptions about the

underlying distribetion of the chcminal or compound. However, independent samples are

assumed to be randomly drawn from an infinite population. The desired level of

confidence and coverage must be specified to determLac the number of samples.

Coverage is the percent or quantile of the population distribution to be bounded by the

largest concentration in the sample. An upper tolerance bound is designed to contain at

least lO0 percent of the sampled popuLation from a sample of size n with 1£0 (l-a)

percent confidence. The level of confidence reflects the probability that the maximum
concentration detozted from a collection of s_mples will bound the prc-specified quantile

of the population distribution. The equation used to generate the minimum sample size is

as follow_:

n = ln(a)/in(p)

where a -- significance level (O<a< 1)

p = percentile of the population to be contained by the upper bound (0<p< 1)

n = minimum number of samples required

For example, half of the population is greater than and half of the disLribution is less than

the 50th quandin, the population median value. The upper and lower quantiles of the

distribution, the 75th and 25th quantiles, respectively, are the concentration levels at

which 25 percent and 75 percent of the population are greater. A prespecified confidence

level of 5 percent Red prespeeified 50th quantile means that the maximum concentration

from the sample of size "n _ will not be less than the median (from chance alone) more
than 5 times out of 100. "N" increases as either the preselected quantile (upper tolerance

limit} or preselectad level of confidence increases. The effect of raising the quantile of

interest dominates the inere_tss in required sample size. For example, to be 90 percent

certain that the m_ximum concentration flom a sample exceeds the median of the
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population being sampled requires a sample size of 4; to tie 95 percent certain requires a
sample size of 5 -a comparatively negligible increz.se in sample slz_. To be 90 percent

confident that the maximum sample coneentratlon is greater than the 95th quantile
requires a sampfo size of 45; to be 95 percent confident requires an N of 59.

Table 5-1 tabulates sample sizes to meet a range of prespealfied coverages and a range of

prespecified confidence levels.

Table 5-1

Sample Siz_ for Prespecified Confidence Levels
Defense Depot Memphis, Tennessee

Estimated Quantile 85% Confidence 90% Cord]dense 95% Confidence

3 4 5fMcai *]

75th [Upper Quantil_]

85th

9 I1

12 15 19

90th 19 22 29

951h 37 45 59

Levels of confidence for eaed media (sediment, surface water, and groundwate0 were

calculated according to the project objectives, and other considerations. In genemal, as

shown by the above equation, a larger number of samples is required to support either a
higher confidence interval or a greater proportion of the distribution. A larger number of

samples increases the probability of sampling more "ra_e" events (extreme vidues),
thereby increasing (biasing high) the overall calculated background value. There a.re also

cost considerations in implementing higher confidence intervals: in general, it costs
incrementally more per sample to obtain small increases in the confidence interval. The
selection of confidence intervals for DDMT was based on both the need to obtain a

relatively representative rata set a_d the cost of obtaining such dam. A specific
discussion of the confidence intervals and sampling rationale for each media is presented
below.

5.3.2.1 Surface and Subsurface Soil

As identified by the Soil Conservation Service (SCS, 1970), five major surface soil series

have been mapped at DDMT: Falaya Silt Loam (Fm), FiLled Land-Silty (FS), Graded
Land (GO, and Memphis Silt Loam (MeB and MeD:). Most of the surface SOU at
DDMT is classified as graded land (meaning cut-and-fill or other surface disturbance) for

installation development. During grading and land development, the surface so_
probably originated as one of the Silt Loam series soils, but probably was mixed and

reworked Nabve surface soil is only apparent in the stream and swale channels. The

areas eoverexl by the other soil types are too small to wan-ant separate consideration.
Therefore, for purposes of this background sampling program, no distinction between

different surface soil minerafogtes will be attempted, although the soil type will be
classified in the field for identifieapun purposes.
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To obtain a _l of background surface soil data representative of the diversity (non-

homogeneity because of mixing and grading) of soll conditions anticipated at the site,

samples will be obtained from a combination of onsite and offsite areas. The number of

_eanples for regional surface and subsurface ,soils was selected to provide at least a 90

percent confidence and a 90 percent coverage of the sample population. Therefore,

surface and subsurface, soil samples will be obtained liom a total of 22 locations.

At DDMT, areas have been selected that do not appear to be affected by operations,

based on information regarding former and current land usage and on existing soll

analydeal data. avoiding those are2d with known or potential contamination. Betential

sample locations were chosen by, first, delineating areas throughout the installation that

were not appropriate for sampling, including areas of blown or suspected contamination

and areas covered by buildings or roads. Because DDMT is heavily developed, relatively

few potential l_ations were available for sampling. A total of It onsite sample locations

(presented in Figure 5-1) have been chosen to represent the most reasonable ge_0graphinal

distribution Ix_sible over the site, considering the site limitations. Before the sampling

program, a visual field reconnsismnee will be conducted at each sample location to verify

its accessibility and suitability. Three potential alternate _mpling locations have been

designated in Figure 5-1 in case an originally proposed location is deemed unsuitable

(based on field observation).

For the offsite locations, several golf courses, parks, and schools were targeted as

possible baek_,uand soil mimpling arena. Proposed sampling locations are shown in

Figure 5-2. A total of lg offsite sampling locations have been designated, 11 primary

sites and 7 pote_bal alten_.ative sites. Permission for site access will be otitalned before

field sampling activities begin.

At each sampling location, samples will be obtained from the ground surface (at a depth

interval of approximately zero to 1 feet bgs), and at a depth sufficient to be representhtive

of native soil. The aetuel depth of native (undisturbed) soil will be evalttated in the field

based on visual soil elassilication; it is anticipated that the depth will tie approximately 5

to 6 feet bgs. All samples will be scanned in the field with a photoio_tion detecter

(P/D) or a flame ionization detector (F/D) to eliminate sampling locations that contain

PID/FID detectable VOCs.

The entire Memphis area was formerly used for agriculture (cotton and possibly other

crops), so it is possible that some residual pesticide, herbicide, or fertilizer residual could
remain in the surface soil. Pesticides and herbicides were typically also applied to

DDMT and the ne,xrby parks and schools as part of routine grounds maintenance.

Similarly, because DDMT is in a heavily developed urban area, other constituents (for

example, FAHs from asphalt roads or lead from automobile exhaust) might be detected in

the surface soil The baekgroumi soll sampling program has been designed to consider

and include these regional effects. Therefore, the background soil samples will be

analyzed for the target compound list used for the remainder of the DDMT sampling

program, including VOCs, SVOCs, peslieldes/PCBs, dioxins, PAHs, and TAL metals.
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Resultswin be _nalyzed using statisticalevaluationsto d¢aivea range of possible

background values for each constituent. Box plots, probability plots, and other statistical

plotswillbe graphed far each parameter (usingthe contract-requilettdeteetioalimits

[CRDLs] for non-detected values) to provide an overall L_essment of the distribution of

data. Outlying data wilt be flagged and possibly removed from the data set. Once the

distributions of each parameter am determined, both parametric and nonparamaltic
toleran_ intervals will be evaluated. The upper tolerance bound will constitute one

possible background value for each conshtuetu. Another possible background value is
twice the mean of the data. A table will he developed that shows, per analytical

constituent, the number of samples, frequency of detection, maximum and minimum

detected values, the mean and standard deviations, the upper tolerance bound, and the

twice-mean value.

5.3.2.2 Surface Water and Sediment

Surface water from DDMT drains through overland flow to swale.s, ditches, conc_te-

lined channels, and a storm drainage system to nearby st_:ams. Most of the drainage

chmmals at DDMT convey only seasonal (wet weather) flow, and are frequently dry.

DDMT is generally level with or above the surrounding tcrraln, so that DDMT receives

only a minor amount of run-on from adjacent areas, primarily at Dunn Field from the

neighborhood to the east. Major drainage features are shown in Figure 2-4. Surface
water from Dunn Field flows northward to Cane Creek. Surface water from the western

portion of the Main Installation flows westward toward Tan_tu Branch, which flows to
Nonconnah Creek. Surface water from the eastern mad southern poff.lon of the

installation (including ouff211s from Lake Danialson and Golf Course Pond) also flows Io

Nonconnah Creek. Finally, surface water from the northern portion of the main

installation flows to Cane Creek. Considering the hydrology at the site, two types of

surface water features will be evaluated as part of the background sampltag program:

ponds and streams.

For the pond sampling program, the two ponds onaltc (hake D_alelson and Golf Course

Pond) would not tie suitable for use in the sampling program because they have received

runoff from the installation. "l_.erefore, we propose to sample offslie ponds Ic<ated i_ a

similar setting (such as on a golf course or in a park-like setting) as DDMT's ponds.

Two ponds are considered, one at Audubon Park (northeast of DDMT) and the other at

Medal of Honor park (southeast of DDMT).

For the stream sampling program, the number of suitable locations for surface water and

sediment samptlng is limited by the number of active flowing streams on or near DDMT.
Cane and Noneonnah Creeks sustain perennial flow. Therefore, surface water samples

will be obtained from portions of Cane Creek and Nonconnah Creek upgredicnt of the

outfalls from DDMT. These samples will he used to represent background surface water

chemistry for DDMT; however, the surfa.ce watur and sediment obtained from these

sampling locations may demonstrate effects of upstream iedustnal and residential land

Use.
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To obtain a minimum 90 percent confidence and 90 percent coverage of the sample

population, 22 surface watex samples are required. Sm_pilng lncahons are shown in

Figure 5-3. Five surface water samples each will be collected from Cane Creek and

lqonconnah Creek upgrathe_t of the outfall from the site. An equal number of sediment

samples will be collected from low-flow velocity area_ at or near the stream locations

used for surface water sampling. Six surface water and sediment _dnples each from the

Pine Hills golf course and Lincoln P_rk ponds will he obtained. All samples will be

analyzed for VOCs, SVOCs, pestieldes/PCBs, and TAL metals.

The two data scks (stagnant data and running water data) will he compared using an

analysis of variance (ANOVA) statistical approach, lfthe ANOVA indicates that the

mean contaminant values from tho stagnant anti running water data _Is are from the _,mo

population, at a 95 percent confitience level, then the data sets will be combined;

otheBvine, they will be kept separate. Surface water anti sediment samples will be

considered separately.

5.3.2.3 Aquaffc Biota

Fish collected in Lake Dathelson during previous studies were found to contain

concentrations of pe_beides and PCBs. Lake Daninlson is located within the golf course

at DDIVlT and may receive pesticides from the onsite storm water system or direct runoff

from the golf course. Golf course maintenance typically requires high invcls of pesticide

;rod herbicide applications, which may be _=ansperted to the adjacent ponds or surface
water streams. Although pesticides have been stored at DDMT and may have been

introduced to l_ke Danielson through spgls onslle, maintenance activities on the golf

course probably also have introduced pesticides directly to the ponds.

TO provide representative hackgroaed data on pesticides in fish for compaaison with the

fish collected in ]ake Danialson, fish ,.,All be collected from golf course ponds in the

Memphis axea anti analyzed for pesticides and PCBs. In addition, data available from

TDEC's Division of Water Pollution Control on tissue analyses from fish collected in the

area will be used for comparison purposes. This combination of data sources will

provide a more representative background estimate of peshalda anti PCB concentrations
in fish within the project area.

Fish will be collected from two ponds within one of the Memphis City Parks golf courses

and analyzed using EPA Methods 8080 (organochlorlnes) anti 8140 (PCBs and

organophosphates). Fish will be collected using a back pack alectro shocker, w'iapped in

aluminum foil and then placed in ziploc plastic hags, and placed diroclly on dry ice for

shipment to CH2M HILL's Montgomery, Alabama, laboratory for analysis. Fish will he
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fileted in the laboratoq* and aqpmxtmately 10 grams of bssue extracted for the analysis.

"[l_e fish in these ponds probably will be small and it may require more than one fish to

provide 10 grams of llssue filet. Therefore, depending on the size of fish collected, up to

three fish may he combined to make up one sample. Compositing of fish samples w ill

follow procedures oudined in EPA's Guidance for Assesalng Chemical Contaminant Data

for Use in Fish Advisories, Volume 1, Fish Sampling and Analysis. EPA/823-R-934)02

(EPA, 1993). A total of three samples will be analyzed from each pond for a total of six

samples.

As recommended by EPA (EPA, 1993), catfish (lctalums so.) or common carp (C_,prinus

carpio) will be the target organisms because of their bottom-feeding habits and potential

exposure to contaminated sediments. These spocies have been conalstenfly s_mpled for

monitoring of a number of ¢onmmina.nts, including pesticides. If sufficient catfish or

carp are not available for comparison purpOSeS, the next most abundant species will be

collected to conduct the aquatic biota study.

TDEC's Division of water Pollution Control conducts a_nual surveys to evalual_

contaminant leveafi in freshwater fish. Data from the last 5 years for stleaxns in the

Memphis area will be summarized and evaluated with background rumpling data for the
fish collected in golf course ponds to develop appropriate background fish tissue levels

for pesticides and PCBs.

5.3.2.4 Fluvial Aquifer Groundwater
. . - " " The

Shallow (water table) groundwater ts contained wlthm the fluwal deposlls at the site.

fluvial deposits consist of clayey sand, sand, and gravely sand strata, ranging in thickness

from about 40 to 130 feet. Only the base of the fluvial dcpasits are saturated; total

saturated thickness varies from about 6 to 23 feet. Seasonal fluctuations (up to several

feet) a_¢ anticipated within the Fluvial Aquifer. It is not known whether groundwater
flow directions have changed over time, caused, for example, by pumping in nearby

wallfields.

VOCs, SVOCs, or pesticides/PCBs a_'enot expected to be naturally occurring in.the

Fluvial Aquifer, although inorganlcs, such a_ metals, are expected to be present m

background groundwater. Land use to the north (and upgradient in the Fluvial Aquifer)

of DDM71" generally consists of heavy industry and warehousing. To the east (also

upgradient) of DDMT along Airways Drive, there are numerous commercial
establishments as well• Operations in the area surrounding DDMT may have affected

groundwater quality; for example, there is known groundwater contamination at the

Kellogg facility just west of the site. Therefore, the background sampling program has

been designed to consider these potential effects.

USGS (McMaeter and parks, 1988) has performed ma evaluation of selected inorganic and

organic constituents in the Fluvial Aquifer in the Memphis area. The laboratory analyses

were performed on filtered groundwater samples (.probably filtered with a 0.,$5 t_ filter) to
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assess the concentrations of dissolved inorganic constituents (arsenic, barium, cadmium,

chromium, lead, and mercuty). These data are probably representative of background

conc.cntrations in the Fluvial Aquifer. Analytical results at DDMT are for total metals

(not dissolved), so the data are not currently comparable. A_ parl of the background

sampling program, only unfiltered (total) groundwater samples will be obtained for total

metals analyses.

The approach to selecting wells for use in the background sampling program is to use the

grcsenc_ of VOCs, SVOCs, or posticidcslPCBs as an indicator regarding the potential

effect of groundwater from either DDMT or surrounding industrial operations. Are2.s

outside known organic contamination, wells thai have non-detectnd organic constituents,

and areas that are primarily upguadient (or far downgradien0 of the site have been

" considered as potential sampLthg locations.

On the basis of these criteria, the fni]owing onslte wells have been evaluated for us= as

background wells: MWs-14, 16, 19, 23, 24, 28, and 30. These anticipated Fluvial

Aqulf_r monitoring well sampling locations are shown in Figu_ 84. These wells have

nonMetectnd leveLs of organic constituents, MW-16, located in ti_e far northeastern

comer of the Main Installation, was specifically installed to provide background

groundwater quality data. The remaining welLs also appear to be in the upgradient areas
of DDMT. The distribution of inorganic constituents is also hnportant; wells with

ouflythg (excessively high) inorganic constituents may reflect inorganic conmmlnation

rather than background concentrations. Because of highar4han-average metals

concentrations, MW-14 was elhnthat_l from consideration, although it is not known

whether concentrations reflect groundwater contamination or other effects (such as well

co_mletion, for example).

There are an additional 14 Fluvial Aquifer monitoring welLs installed and sampled by

USGS in 1987 in and around the Allen Well Field (including well SHJ-171, and MGLW

wells IT-I through 13). Several of these exhibit organic contamination, and will not be

considered for use fis hackglound wells. The Fluvial Aquifer wells that will he used for

background data are discussed in Section 4 of the OU_- FSP. These wells will be

sampled in conjunction with the OU4 field sampling efforL The background data will he

collected as part of the imtnilation of wells A through K (shown hi Figure 44 of the

OU4 FSP).

The total combined number of poteatial Fluvial Aqnifcr background wells (6 onsite and 7

offsite) is 13 wells. Thirteen samples will give a 90 percent confidence and

approximately 82 percent coverage. Both filtered and unfiltered samples will be obtained

from all Fluvial Aquifer wells; samples will be analyzed for VOCs, SVOCs,

pesticides/PCBs, and TAL metals Analytical results will be analyzed by statistical

evaluations similar to those proposed for soil, above. Onsite wells that show evidence ¢ff

organic contamination may be elinrlnamd from consideration as background wells;

similarly, wells with statistically significant outlying concentrations witl be eliminated.
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5.3.2.5 Memphis Sand Groundw_er

The Memphis Sand reportedly underlies all of the Memphis area, iuctuding DDMT. At

DDMT. the top of the unit is approximately 125 to 150 fc_t NGVD. In the vicinity of

DDMT, the potentnimetric surface appears to slope generally westward toward the Allen

Well Field. approximately 0.5 to 2.5 miles west of DDMT. a major local pumping zone
with wells screened in the Memphis Sand. The Sbeahan Well Field (approximately 5

miles east of DDMT) has 23 prndxttaion wells screened in the Memphis Sand, and the

Mallory Well Field (approximately 5 miles north of DDMT) has 25 production wells in

the Memphis Sand. Only two wells at DDMT are installed in the MempMs Sand: MW-

36 and -37. The potentinmetrin level in these two wells ranged from 143 to 146 feet

NGVD. The Memphis Sand Aquifer will not be sampled as part of the background

sampling effort. However. the groundwater quality of the Memphis Sand Aquifer
beneath DDMT will he evaluated as part of the OU_ investigation (OU _, FSP,

Section 4.6)

As with the Fluvial Aquifer. VOCs, SVOCs, or pcsticines/PCBs are not expected to he

naturally occurring in the Memphis Sand. MLGW routinely analyzes groundwater flora

the Allen, Sheahan, and Mallory Well Fiald productlon wells. Low levels af chlorinat_i

solvents have been detected in some production wegs in the Allen Well Field.

5.3.2.6 Fort l_llow Sand Groundwater

The Fort Pillow Sand underlies DDMT and the Memphis area at a depth of

approximately 1,400 feet. it is reportedly approximately 200 feet thick. The Fort Pilinw
Sand will not he investigated as part of the KIIFS. nor of the background sampling

program.

(Remainder of page left intentionally blank after f'mal comment resolution).
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5.3.30U Site Characterization Activities

Subsurfa_ _otl data will be collected to further characteri_ the source of contamination

at a number of sites, paxticulaxly th OU 1. The subsurface soil data will be acquired

through collecting and analyzing subsurface soil samples and making visual examinal_ons

and fiald measurements during drilling activities.

The OU field investigations will be conducted under the guidance of the OU-spealfic

FSPs, and the generic QAPP and HASP work plans developed during Task 1. All of the

smnple locations have been identified on maps provided in the OU specific FSPs. Data

management and QA/QC activities will be conducted in accordance with tbe procedures

ou_ned in the genetic QAPP, and onsite health and safety procedures described in the

gcnctic HASP will be followed. The [allowing field zcbvifies will bc conducted:

installation and sampling of new monitoring wells

Collection and laboratory analysis of surface soil _mples

Drilling, sampling, and geotechnical and chemical analysis of shallow soil

borings and s_atigraphic test borings

Surveying of stratigraphic test borings and monitoring wells

Sampling and analyzing groundwater samples from existing monitoring
wells

Collecting and analyzing appropfiam QA/QC samples

Surface water and sediment sampling of both perennial and ephemeral

water bodies and drainage canals

Geophysical surveys of documemed burial sites

5.4 Task 4-Sample Analysis and Validation

Tiffs task involves development of a data management system, including field logs,

sample management and traeldng procedures, and QA/QC procedures for both laboratory

data and field measurements. The purpose of the data management system is to ensure

that the data collected during the investigation are of adequate quality and quantity to

support the risk assessment and the FS. The data collected will be validated at the field

or laboratory QC level to determine whether it is adequate for its intended u_e. A

detailed description of the field and laboramly data validation procedures are described in

the QAPP.
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In general, all field and analytical data VAIl be reviewed for the following:

Complc_ess Completeness, expressed as a percentage, is a measure of

file amount of valid data obtained from the measurement system compared

Io the _'_ount that was expocted.

Comparability-The comparability betw_n data ga_ered during different

sampling rounds will be determined and descril:_d hi the DDMT RI/FS

repork

Correctness-A check will be made of all ma_ematical calculations, units,

significant figures, and data t_:anaposi_ons.

Accu_ey-Me.asured values will be compared to known values (spiked

samples). Accuracy will be reported as a relative percent difference

(RPD).

Precision--The reproducibility of measurements VAIl be determined by

making repeated measurements of the same quantity (spli 0 samples.

precision wtil be repor_l as a standard deviation.

Representativeness in a laporato_ setting, criteria are usually evaluated

according to data credibility, on the basis of the QA officer's past

expcricncc with similar samples.

5.5 Task 5-Data Evaluation

This task includes reduction, tabulation, and evaluation of data obtained from the site

investigation phases to be ineleded in the RI/FS report(s). Results of analyses will be

summarlz_l and tablilat_l in a logical manner so that the relaUonships between site

investigation measurements in the different media are readily apparent. The data vail be

summarized in the RI/FS report to describe the nature a_d extent of Co_llalaillatlon, as

well as the expected fale of the contaminants _md the expected transport mechanisms that

influence the migration of the contaminants.

A copy of all datz collected will be supplied to TDEC and to EPA as specified in the
FFA.

5.6 Task 6 Risk Assessment

A BRA will be conducted to assess the potential human health and environmental risks

posed by the DDMT sites. This effort will involve the following components--

contaminant identificztion, exposure assessment, toxialty assessment, and risk
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characterization. The BRA will be prepared in accordance with the R_sk Assessmem

Guidance for Supe_Jnd (Volumes I and II) (ref. 66), the Supe_nd Exposure Assessment

Manual (reL 81), the Exposure Factors Handbook (reL 80), and the Supplemental Region

IV Risk Assessment Guidance (ref. 82).

After compIetion of the site characterization activities, including data validation, a

detailed outline of the BRA will be provided to the state and EPA for review. Upon

acceptance of the outline by both par'des, a draft BRA will be developed _ed submitted

for approval. The BRA will then be incorporated in the RI/FS report. Its components of

the BRA are discussed in detail in the following sections.

Although the ppthntial contaminants of concern were identified, in the BRA portion of the

pd Report (tel 18) for DDMT), they will be re-evalualed, based on results of the

additional investigarion aelavitins m the OU FSPs. The contzrmnants of concern will be

selected on the basis of their concentration and health-based exposure criteria, their

presence in large quantifies or high coneentrarions, or because they are currently in, or

potentially may migrate into, critical exposure pathways.

An exposure assessment will be conducted to identify actual or potential exposure

pathways, to characterize potentially exposed popolations, and to evaluate the actual or

potential extent of exposure. A water well survey was conducted as part of the Ri

(tel 18) to identify potential shallow groundwater users. Identification of potential

human and ecological receptors, which was also conducted as part of the Pd aJad

presented in the RI Report (ref. 18), will be augmented.

Although a toxinity assessment of the originally identified potential contaminants of

concern w_ conducted during the R1 (tel lg), additional toxicity information will be

obtzdned during the next phase of aetivtues. This information will be usexi to expand the
assessment of adverse health or environmental effects associated with the contaminants

found at DDMT.

The information obtained from the studies cited above will be integrated to determine the

current or potential risk to human health and the environment posed by DDMT.

5.7 Task 7--Treatability Study and Pilot Testing

Tlgs task involves conducting bench or pilot studies to determine the suitability of

remedial technologies to slle conditions, if necessary. Technologies that may be suitable

to the site will be identified as soon as possible to determine whether there is a need to

conduct treatability studies. A treatability work pl_ will be prepared if deemed

ne_ssary.
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The treatability work plan will identify the typ_ and goals of the study, the level of

effort needed for the study, a schedule for completion, and the data management

guidelines to be used in the study. The work plan will be submitted to the state and EPA

for review and approval. Upon approval, the test facility and equipment needed for the

study will be procured by DDMT.

Upon completion of the treatability testing, the effectiveness of the technologies tested

will be assessed. A report summarizing the testing program and its results will be

submitted as part of the final RI/FS report.

5.8 Task 8-Remedial Investigation Report

The DDMT RI report(s) will document the conclusions drawn during the remedial

investigation of each OU and will thclude resalts of the BRA. The RI report(s), along

with the FS report(s), will be submitted to the state and EPA for review and approval,

and a final RI/FS report will be prepared reflecting those comments.

In addition to the RI report, brief quarterly progress reports will be prepared for

submittal to the state and EPA project managers. The following items will be included in

the quarterly reports:

A description of actions taken since the previous report toward completing

the RI/FS, updates or results, and findings

The date such actions were completed

A description of MI work, procedures, and submittals for the next two

reporting periods

A description of all major medifle.adons to the work plans made in the
field

The identification of any event that might cause a delay in the work and a

summary of efforts made to mitigate the delay

A list of document.% including field logs, drilling logs, surveys, laboratory

test results, and other field data produced or generated since the previous

report
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5.9 Task 9--Remedial Alternatives Development and Screening

This task includes deveinpment of a range of distinct management alternatives designee to

remeeiatc any conmminatee media, including soil, groundwater, surface water, and

sediments, to provide adequate protection of human health and the environment. The

proposee alternatives will encompass the following range: (1) alternatives ol which

treatment is used to reduce the toxicity, mobility, or volume of the waste while varying

in the degree to which long-term management of the waste is required; (2) alternatives

involving containment with little or no treatment; and (3) altemail_es involving no action.

The following steps will be conducted to detemine the range of alternatives for DDIVIT:

Establish most probable conditions and reamnable deviabens

Establish remedial action objectives and general response actions

Identify and screen technologies

Configure and screen allemailves

On the basis of the information available afmr the site obaraeterizatinn acdvibes, remedial

action objectives to protect human health and the environment will be developed for

DDMT. The objectives earzblishee early in the thvestigagon process will specify the

¢onta¢itfoK, als Kqd media of concern, the exposure routes and receptors, and PRGs. A

draft technical memorandum (TM) specifying the remedial action objectives will be
prepared and submitted to the state and EPA for review and comment. A final remetIiat

action objective TM will be submitted incorporating the comments. Upon completion of

the RI mad the BRAt, final remeeiation goals will be established.

After approval of the remedial action objectives by the state and EPA, general response

acdons for DDIVIT will be developed. On the basis of the general response actions,

h'eatment technologies will be identified and screened to ensure that oaty the technologies

applicable to the contaminants present Will be consideree. The need for treatability

testing for the most probable technologies will be datelmined duting this phase.

The potential technologies and process options will be combined into meeium-spocific

alternatives. All of the information necessary for evaluation of the altemailves, including

remeeintion lame, flow and ta"eatment rates, and requi_ee permits, wig be obtained. The

alternatives will then be screened with respect to effectiveness, implementability, and

cost. Uncertainties are allowed for by developing conilngeney actions for each
alternative.

A TM detailing the s_reened alternatives will be submitted to the state aad EPA for

eomment_. A meeting beIwC_n the pa_tie$ will be conducted to discuss whiob alternatives

win be evaluated in the detailed analysis and to facilitate the identification of

actEon-spocafic ARARs.
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5.10 Task 10-Detailed Analysis of Remedial Alternatives

A detailed analysis of altcrnalives will be conducted for DDMT. The analysis will

consist of an individual comparison of each alternative against the set of ten criteria L_ted
below:

Overall protection of human health and the environment

Compliance with ARARs

Long-term effectiveness and permanence

Reduction of toxicity, mobility, or volume through treatment

Short term effectiveness

lmplementability
Cost

State acceptance

Community acceptance

Contingencies

Each individual anaJysis will include a technical description of each alternative that

outlines the waste management strategy involved and identifies the pertinent ARARs

associated with each alternative, and a description of the performance of that alternative

with respect to each of the evaluation criteria. A table summarizing the results of the

comparison, along with the description of each alternative, will be prepared and

submitted in the form of a TM to the state and EPA for review and comment. A meeting

wlil be held so that all parties can discuss the alternatives and select a preferred remedial
alternative for DDMT.

5.11 Task 11-Feasibility Study Report

The RI portion of each RMFS report will present a complete summary of the nature and

extent of contaminalSon and the BRA, as described in Section 5.6. The FS portion of the

report will present the results of the remedial alternatives development and sereenthg and

the detailed analysis of alternatives. A draft RI/FS report will be submitted to the state

and EPA for review and comment. Comments will then be incorporated into the final,

DDMT RUFS report.

5.12 Task 12-Post-RI/FS Support

The tasks to be performed after submittal and approval of the RI/FS report include

preparation and submittal of Proposed Plan(s) and RODs. Finally, remedial design(s)

will be developed, followed by a remedial action work plan(s).
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5.12.1 Proposed Plan

The Proposed Plan(s) for DDMT will summarize the results of the RI/FS and identify the

allernalive that appears to b_l satisfy the eritetla for site remedimion as well as

presenting plans for site monitoring and for dealing with contingencies, The Proposed

Plan will also summarize the position of the state resalbng from its review of the RJ/FS

and the draft Proposed Plan. After review and comment of the draft document by the

state and EPA, the revised Proposed Plan will be issued for public review and comment.

5.12.2 Responsiveness Summary

A Re.sponsiveness Summary will be prepared as pan of the ROD to provide a summary

of public comments on the Proposed Plan.

5,12.3 Record of Decision

After the public comment period on the RItFS and the Proposed Plan, the final selection

of a remedial action will be made for DDMT. If the odglnal preferred alternative is

determined to be the most appropriate remedy, that alternative wft] be selected. If not,

the DLA, in conjunction with the state and EPA, will select another alternative that is

more appropriate. In any ease, the selected remedy will be documented in the ROD.

The ROD will summarize the problems posed by the site, the technical analysis of

alternatives, and the technical aspects of the selected remedy that will later be refined into

design spenifiealions. The ROD acts as a legal document that demonstrates that the

R1/FS has been carded out in accordance with statutory and regulatory requirements.

The ROD also p_esents the long-term monitoring plan to evaluate risk reduction and,

further, presents a plan to deal with contingencies at the site. A draft ROD will be

prepared in accordance with the Draft Guidelines on Preparing Superfund Decision

Docwnents (reL g3), and submitted to EPA and to the state for review and comment.

The final ROD will then be submitted, approved and sigaed, and made avnilable fur

public inspection before remedial action begins.

5.12.4 Post-ROD Activities

After approval of the ROD, a remedial design work plan will be developed for DDMT.

Upon approval of the work plan by the state and EPA, the development of the remedial

design will begin, with EPA and state review and comment periods at negotiated stages

of design completion (such as 30 percent, 60 percent and 95 percent completion). After

submittal and approval of the final remedial design, a remedial action work plan will be

developed and approved, after which the remedial action will begin. Monitoring during

remediation and long-term monltodng may be required.
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126 216

5.13 Task 13-Enforcement Support

This task includes efforts _sothated with enforcement _pects of the project at any time

during the RI/FS. _¢pical activities include the following:

Attendtqg negotiation meetings

Preparing briefing materials

P_3vidthg task mzaaagement and QC

5.14 Task 14-Miscellaneous Support

This task includes work that is associated with the project, but that is outside the PJ/FS

activities described prewously.
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6.0 Project Schedule
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It is of critical importance to meet the schedules imposed by the FFA and the SMP for

DDMT This section describes the management techniques that will be employed to

monitor project progress. Although the FFA specifies procedures for the extension of

agency comment periods, dispute resolution procedures, or for other items that may

affect the project schedule, these items will not be described in this section.

6.1 Preparation of a Project Schedule

A detailed project schedule has been prepared for each C_U and for the Screening Sites to

show all the activities required by the FFA according to their start dates, end dates, and

their durations. These schedules have been submitted to the regulatory agencies in the

SMP (ref. 84). To minimize the need to update multiple documents because of schedule

changes, these schedules will be kept in the SkIP and will not be added to any other
RI/FS work plan document.

6.1.1 Submittal Schedule

The deliverables listed in the SMP are classified as primary or secondary documents, in

accordance with the FFA A primary document is one in which a document in draft form

is submitted to the state and EPA for review and comment In general, the comment

period will be 60 days. In most cases, after the comment period, a meeting will be held

to discuss the comments aed how they will be incorporated into the final dt_ument, The

comments will then be incorporated into the final document as the parties have agreed,

and the final document will be submitted to the state and EPA for approval.

In the case of a secondary document, the document will be submitted to the state and

EPA for review and comment. As specified in the FFA, DDMT will prepare a written

respol_e to the comments stating how they will be addressed. The comrfiellt_ will then

be inaorporated into the next scheduled primary document submittal,

6.1.2 Meeting Schedule

As part of the project schedule, a number of scheduled meetings will be held. These

meetings will generally be held at the end of a state and EPA comment period for

primary or secondary document% depending on the particular document. The purpose of

the meetings will be to discuss the comments and how they will be incorporated into the

revised document(s) and to resolve any differences that may exist.

In addition to the meetings described above, quarterly meetings between the state, EPA,

and DDMT will be held to discuss project progress.
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6.2 Monitoring Project Progress

The project schedule is monitored by comparing weakly estimates of project ptggres_

with actual project progress¸ The estlmaled percentages of each task completed are

compared weekly with the percent of time bud_ed for that task that has elapsed..

Similarly, the percentage of the project completed is compared with the percent that was

platmed to be completed at that time.

The project schedule will be updated regularly using actual completion date_ and revised

estimates of Ome to perform m_or items of work, to predict the completlon dates of

future activities as accurately as possible. In addition, the schedule will he revised when

work days arc lost to adverse weather, mechanical failures, or other problems.

6.3 Corrective Action for a Schedule Breakdown

Because meeting the schedule is of paramount imporlance to the success of the project,

corrective actions must be formulated and implemented immediately after a schedule

breakdown has been detected. In the event of a schedule breakdown, the procedures
outlined in the FFA will be followed.

mX m95 .DD MT.Wp31037 _/p$ 6-g
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Appendix B

Toxicity Profiles



ARSENIC
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Int odc _ :

Arsenic is a naturally occurring element in air, water and food

and is usually found in combination with other elements. In

general, inorganic arsenic is more toxic than organic arsenic.

Arsenic enters the envi'ro_ent as a result of natural forces

{volcanoes, weathering) and human activities such as metal

smelting, glass manufacturing, pesticide production and

application and Zossil-fuel buz-ning IATSDR,19BT)'.

Metabolism:

Ingestion of arsenic in food or water is the the most co,on

exposure route. Inhalatio_ and skin contact are secondary routes.

Arsenic is quickly absorbed through the lungs or digestive tract

into the bloodstream. Within a few hours, most arsenic is

cleared from the blood and is excreted in the urine. Inorganic

arsenic is metabolized to the organic fo_s monomethlyarsonic

acid (MMA) and dimethlyarsinic acid (DMA). Methylation is

considered the primary detoxification scheme fox inorganic

arsenic (ATSDR, 1987).

Animal studies indicate that low levels of arsenic may be

necessary to good health, though no cases of arsenic deficiency

in h_ans have bee_ reported. The human diet noz_ally represents

the largest source of arsenic exposure with an average rate of

ingestio_ of 25-50 _/day of arsenic (ATSDR, 1987; USEPA, 1987).

Acute and Chronic Effects:

l_rge oral doses (h%_an oral LDS0: 0.6-2 mq/kg) of inorganic

arsenic induce death, while smaller doses produce systemic

effects such as irritation of the digestive traot, with pain,

nausea, vomiting and diarrhea. In addition, there are

hematopoieti_ effects, abnormal heart function, blood vessel
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damage, liver and/or kidney injury and impaired nerve functioning

(i.e.,. tingling of the hand and the feet).

oral exposure to inorganic arsenic produces characteristic

hyperpigmentation and "corn"-like skin eruptions called

hyperkeratoses. A small n,,mher of hyperkeratoses digress to skin

cancer.

LOW level exposure to inhaled arsenic can also produce the

• systemic effects seen with ingestion. Dermatitis and mucous

membrane irritation are the primary symptoms reported with

occupational exposures to inorganic arsenic (ATSDR, 1987).

C 'n en'c E ect :

Reliable epidemiological d_ta demonstrates _n association between

occupational exposure to inhaled arsenic and lung cancer. HUman

populations studied include smelter workers, pesticide

manufacture workers and arsenical pesticide applicators. The

OSHA PEL is set at 10 ug/m 3 (29 CFR 1910.i018). ACGIH suggests a

TLV TWA of 0.2 mg/m 3. and soluble compounds. NIOSH has a

ceiling Recommended Exposure Limit of 2 ug/m 3 (ACG_H,1987; ATSDR,

1987).

An excess prevalence of non-melanoma skin cancer is seen in

Taiwanese populations which consume drinking water with above

average arsenic concentrations. Arsenic-containing medicinals

also are thought to contribute to a higher risk of skin cancer.

This Taiwanese population also exhibited a higher prevalence of

internal ozyan cancers (bladder, liver, kidney) (USEPA, 1987;

1988) U.S. Qpidemiological studies have not supported the skin

cancer and inorganic arsenic relationship, but are hampered by

Small sample size.

Various forms of inorganic arsenic have been administered to

various species of test animals by ingestion and inhalation.

Animal studies have provide no consistent indication that arsenic
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is carcinogenic. The animal oral LD50 is approximately 20-150

times greater _han the h_an LDS0. Animal data has little value

in estimating a dose-response relationship in humans( ATSDR,1987;

USEPA, 1988).

Arsenate and arsinite transform Syrian hamster embryo cells and

produces sister-chromatid exchange in cultured mammalian cells.

Arsenic is a weak inducer of gone mutations in vivo (USEPA,

1988).

Ouantitative Estimate of Careinooenic Risk:

The EPA has calculated a quantitative estimate of carcinogenic

risk (lung cancer) for the inhalation exposure route. Tbe

l_halation Slope factor is set at 1.5E+OI mg/kg/day. The slope

factor is the cancer risk (proportion effected) per unit of dose

and can be used to compare the relative potency of different

substances on the basis of chemical weight. The unit risk is the

increased risk of cancer associated with a lifetime exposure of 1

ug/m 3 and is set ate 4.3R-03. The wit risk for skin cancer from

oral arsenic exposure in drir_king water is 5E-05 for 1 ug/L

lifetime exposure (proposed) (USEPA, 1988).

Reoulatorv levels of concer_:

Safe Drinking Water Act:

MCL and MCLG for Drinking Water: 50 ug/L

Clean Water A_:

_m_tent Water Quality Criteria, Protection of Hllman Health:

Water & Fish Consumption:2.2E-03 ug/L

Fish Consumption: 1.75E-02 ug/L

_hfent Water Quality Criterla, Aquatic organisms:

Freshwater:Acute-3.6E+02 ug/L_Chronic-l.gE+02 ug/L

Marine: A_te--6.gE+Ol ug/L;Chronic-3.6E÷Ol ug/L

Kentucky Water Quality Solid Waste Standards:
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Warm Water Ac_/aEic Habitat Criteria:5o Ug/L

Maximum Ground Water Contox_inant Levels:50 _g/L

EPA Health Advisories: S0 _g/l proposed for all HAs

No reference dose (RfD] has been proposed for arsenic.

_ioaccumulation of arsenic to toxic levels within the food chain

is a concern. Arsenic is listed under RCRA for ground water

monitoring. Under CERCLA, the reportable quantity (Re) of

arsenic for release into the enviro_ent is set at one pound

(ATSDR, 1987).

_nvironmenta Conce S:

Inorganic arsenic is a non-volatile solid. SolUbility varies

widely according to the compound. Soluble inorganic compounds of

AS(Ill] are the principal toxic species, but soluble inorganic

compounds of _(V) are also of concern. Mobility of arsenic in

the enviro_ent is related to the solubility of the species.

Eighty-one perce_It of the arsenic released is deposited on land.

Surface water sources include urban run-off, pesticide

application and zinc production. Most arsenic in the air is

adsorbed to particulate matter and settles out according to

particle size.

Arsenic in the soil is predominantly an insoluble, adsorbed fo_.

Some soils, such as limestone, have a greater holding capacity

for arsenic. A pH change or a change in redox potential may lead

to resolubilization of fixed arsenic. Arsenic in soil and water

may be red_c_ and methylated by soil organisms, hut the rate of

volatilization into the air may vary considerably.

For freshwater aquatic species, the one-hour average

concentratimn once every 3 years for inorganic As(Ill) should not

exceed" 360 ug/L (USEPA, 1987b). E_bryos and larvae of aquatic

vertebrates suffer damage at acute levels as low as 40 ug/L.

Freshwater crustacean species are more than twice as sensltive to

B-4



126 234

trivalent arsenic than the fish species tested, of _he seven

fish species studied, the LC50 ranged from 13,340 to 41,760 ug/L.

The sensitivity of freshwater a_atic plants is comparable to

that for sensitive invertebrate species in acute toxicity testing

(USEPA, 1980]. Freshwater plants appear to be considerably more

sensitive to As(V) than to As(IXI) (USEPA, 1987b). The

commonwealth of Kentucky has set the Wa_7m Water Aquatic Habitat

criteria at 50 ug/L (401 _ 5:031 (4)).

Acute values for trivalent inorganic As range from 232 to 16,030

ug/L in the 12 saltwater species studied (USEPA, 1987b). For

saltwater ac_/atic $peciese the one-hour average concentration

should not exceed 69 ug/L more than once every three years on the

average. Fish species are less sensitive than bay scallops or

oyster embryos. Shellfish show a greater bioacc_ulation of

arsenic thnn fish species.

One freshwater life-cycle study done on DaDhnia maana found a

chronic toxicity value of 912 ug/1. There is little data on

saltwater chronic toxicity. No Residue Limited Toxicant

Concentration (RLTC) for inorganic arsenic has been deter_ined,

since no maximum permissible tissue concentration for arsenic is

available (USEPA, 1980).

The EPA office of Pesticide Progr_s has restricted the use of

inorganic arsenic for pressure-treated wood and is reviewing the

use of inorganic arsenic for non-wood preservative use

(ATSDR, 1987).

Re_er_c6s_

ACGIH. 1987. _u_erican Conference of Governmental Industrial

Hygienists. Threshold Values and Biological Exposure

Indices for 1987-1988. Cincinnati, Ohio:ACGIH.

ATSDR. 1987. A_enoy for Toxic Substances and Disease Registry.

Toxico10glcal Profile for Arsenic. Atlanta, Ga.: Public

B-5



126 235
Health Service, Dept. of H_S.

USEPA. 1987a. US Environmental Protection Agency. Special

Report on Ingested Inorganic Arsenic:Skin Cancer;
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III%RIUM

Introduction:

Barium is a reactive yellowish-white metal of the alkaline earth

group. It is not found free in nature, but as salts. The most

common salts found are barite, BaSO4, and witherite, Baco3, both

of which are highly insoluble. The metal is stable in dry air, but

readily oxidizes in humid air or water. Many bari_ salts are

soluble in bo_h water and acid. Bari_ ions are generally thought

to be rapidly precipitated or removed from solution by absorption

and sedimentation. Barium occurs at low levels in most surface and

ground waters with reported levels of less than 340 ug/L

(USEPA,1987).

Barium is a malleable, ductile metal, but its primary commercial

value is in its compounds. Barium compounds are used in a variety

of industrial applications including the metallurgic, paint, glass,

and electronics industries, as well as for medicinal purposes.

Although it is used in a n_er of co_ercial processes,

contamination of drinking water is usually the result of naturally-

occurring barium and not industrial releases (USEPA,1987).

Food is the primary exposure route for humans since most foods

contain a low level of contamination. Many edible plants and fish

take up barium from soil or water sources. Barium is also found in

most drinking water supplies, at concentrations usually less than

200 ug/L (USEPA, 1987).

MetaboliSm:

Barium is absorbed into the blood stream from the gastrointestinal

tract after ingestion or the lungs after inhalation. Little is

absorbed through the skin. Barium absorption after oral ingestion

has been estimated to be approximately 5% in adults, but it may be

greater than this, especially in children. The skeletal metabolism
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of barium in htLmans is qualitatively similar to that of calcium,

although T-he incorporation of these two elements is quantitatively

very different. It is not likely that barium accumulates in the

bone, muscle, kidney or other tissues. In humans, ingested barium

is readily eliminated principally vi_ fecal excretion

(approximately 72%) (USEPA, 1987).

Acte Toxicit :

Ingestion of high doses (>550 mg.) of barium ar_ reportedly fatal

to man. Ingestion of soluble barium compounds may also result in

effects on the gastrointestinal tract, causing vomiting and

diarrhea, and on the central nervous system, causing violent tonic

and clonic spasms followed in some cases by paralysis. Baritt_ salts

are considered to be muscle stimulants, especially for the heart

muscle (USEPA, 1987).

Ch onic Toxicit :

High blood pressure has been seen in animal tests. NO other organ

systems have been reported as being affected by chronic doses of

barium. There have not been adequate studies on the

carcin_enicity, teratogenicity, or mutagenicity of barium to date.

The National Academy of Sciences has derived a chronic Suggested

No-Adverse-Response Level (SNARL) value for barium of 4.7 mg/L

(USEPA,1987).

Re lato

Occupational exposures:

OSHA PEL (for soluble compounds)

OSHA PEL (proposed for Barium

sulfate)

ACGIH

0.5 mg/m3 TWA

i0.0 mg/m3 TWA

0.5 mg/m3 TWA
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Safe Drinking Water Act:

MCL: 1.0 mg/L

clean Water Act:

_mhient Water Quality Criteria, Human Health

Water and Fish Ingestion: 1.0 mg/L

Ambient Water Quality Criteria, Aquatic Organisms

None

238

RCRA Health-based Criteria, Rfd:

900 mg/kg

(ACGIH,1988).

Environmental Effects:

EXPerimental data indicate that the soluble barium concentrations

in fresh and marine water generally would have to exceed 50 mg/L

before toxicity to aquatic life would be expected. In most natural

waters, there is enough sulfate or carbonate to precipitate the

barium present in the water as virtually insoluble, non-toxic

compounds (USEPA,1987).

_efer_noe:

ACGIH.1988. American Conference of GOvernmental Industrial

Hygienists. Threshold Limit Values and Biological EXpOsure

Indices for 1988-1989.

USEPA.1987.US Environmental PrQtection Agency. Quality Criteria for

Water,
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Introduction :

Chromium(Or) iK a steel-gray lustrous metal which exists in

nature in three valence states:+2, +3 and +6. Chromi_ is used

in metal alloys, chromeplating, photography, pigments, textiles,

cooling water, leather tanning, fungicides and wood

preservatives (HSOB, 1988).

Metabolism:

Chromium occurs naturally in foods and is considered vital to the

metabolism of fats and sugars. Chromium in the environment is

absorbed via ingestion, inhalation and skin contact.

Physiological responses to chromium and its compounds are varied.

Hexavalent Cr is considered the most toxic valence state and is

the form seen in most waste streamm. The following discussion

will be confined to hexavale_t chromium[cr[Iv) ] unless otherwise

noted.

Approximately two percent of ingested chromium is absorbed from

the gastrointestinal tract. Soluble chromate compounds are

quickly absorbed through the skin. In man, the most efficient

means of absorption is via the lungs. After absorption,

hexavalent Cr is quickly converted to trivalent Cr. While

chromium accUmulates in the fat and the lungs, the majority of

absorbed chromium is quickly excreted via the urinary tract

(80%) (_LSDB, 1988).

Acute

Inhaled chromium irritates the mucous mpmbranes causing sneezing t

redness of the throat and generalized bronchial spasms. Dermal

chromium exposures result in skin ulcers which may penetrate

deeply into soft tissues via sweat glands. Sec0ndary skin
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infections often follow, but dermal exposure to chromium is not

associated with skin cancer.

Ingested chromium may cause intense GI irritation, violent

epigastric pain, nausea, vomiting, severe diarrhea, hemorrhage,

circulatory collapse, unconsciousness and death. The lethal dose

for hexavalent chromittm is estimated to be i0 mg/kg of body

weight. A chromium dose of 0.2 mg/kg or greater produces marked

necrosis of the kidneys. Chromium exposure depletes the body's

asoorbio acid which is normally protective" against strong

oxidizers such as hexavalent chromium. At" 1.56 mg/kg Cr,

respiratory enzymes in rat and heart muscle mitochondria are

powerfully inhibited (HSDB, 1989).

Chronic Toxicity:

within one year of employment, workers from a chrome plating

plant demonstrated nasal perforation or ulceration. Airborne

concentrations for this plant ranged from 0.71 to 9.12 ug/m 3 in

the plating areas.

Prolonged inhalation of chromium dust is associated with chronic

respiratory irritation with an abnormal increase in the blood

supply, emphysema, and Chronic inflRmmation and congestion of the

upper respiratory tract. A concentration of 134 ug/L Cr in

drinking water over 2 to 3 months produced liver and kidney

lesions in rats.

The human fetus accumulates chromium ten times faster than

adults. Chromium concentrations in body tissues decrease with

increasing ags. Impaired reproductive function and sterility

were found in rats receiving 0.125% chromium in feed. Chromium

interacts with bacterial DNA by causing frameshift mutations and

basepair substitutions (HSDB, 1988).
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Carcino n cit :

Epidemlological evidence indicates a strong relationship between

occupational chramltL_ expasure and lung cancer. The latency

period was 10.6 to 21 years. Workers exposed to 400 _g/m 3 for an

average of 6.6 years showed an increased incidence in papillomas

of the oral cavity and larynx (benign).

Rats injected with varying doses of chromium developed round-cell

sarcomas, hemangiomia, papillary adenomas of the lungs and

s_/amous-cell carcinoma. Vegetables from gardens containing high

levels of Cr in the soil were associated with an excess incidence

of stomach and intestinal cancers. Total chromiLun in U.S. soils

ranges from less than 1 to 1,000 mg/kg with an average of I00

mg/kg (IRIS, 1988; HSDB, 1988).

vels of Concern:

Occupational _idelines for soluble chromic or ehromous salts

include:

OSHA PEL 500 ug/m 3

NIOSH 25 ug/m 3

1 ug/m 3

ACGIH TLV 50 ug/m 3

Safe Drinking Water Act:

MCL: 0.05 mg/L

MCLG: 0.12 mg/h

TWA

TWA, non-carcinogenic Cr(Vl)

TWA, carcinogenic Cr(VI)

TWA, water soluble Cr(VI)

Clean Wat_ Act: chromi_ (VI)

_mhlent Water Quality, Human Health

Water and Fish Consumption-5.0E+Ol ug/L

Fish Consumption-None

_hient Water Quality, Aquatic Life

Freshwater:Acute-l.6E+01 ug/L; Chronic-l.iE+Ol'ug/L

Saltwater: Ac_te-l.iE_03 Ug/L; Chronic-5.0E+01 ug/L
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Chromium is listed under RCRA for ground water monitoring. The

Reportable quantity for release into the environment is 1 pound

(proposed) (IRIS, 1988).

_ronmenta_

Airborne chromium is primarily removed from the atmosphere by

fallout and precipitation and enters surface water and soil.

Most Cr(vI) exists as Cr207(-2 ) or Cr04(-2), CHromium is present

in small quantities in all soils and plants, bu_ is considered an

agriculturally deleterious element. Toxic plant effects begin

as low as 0.i mg/kg Cr(VI) . Exposed plants show growth

retardation, leaf rolling, wilting and discolorations. Greatest

plant toxicity Occurs in acid sandy soils with low organic

content (USEPA, 1979).

In water, Cr(Vl) is eventually reduced to Cr(III) by organic

matter in the water. Residence time of chromium in lake water is

4,6 to 18 years. The 96 hro LC50s for fathead minnows and

goldfish in softwater is 3 and 18 Ug/L, respectively. Inhibition

,of alg_l growth occurs at 0.03 to 64 Ug/L. The bioconcentration

factors for several forms of aquatic life range from 1 for

rainbow trout to 2,300 for phytoplankton. Cr(VI) is mobile in

ground water and is sometimes used as a tracer to follow ground

water flows. Nexavalent chromium is not strongly absorbed to

clays, but is quickly reduced to insoluble chromium(III)

compoth_ds in soils with a high organic content (USEPA, 1989).

HSDB. 1988. National Library of Medicine. Hazardous Substances

Data Base. Bethesda, Maryland.

USEPA. 1988. Integrated Risk Information System (IRIS)

Database: Chromium. E_vironmental Assessment and Criteria

office, Cincinnati, Ohio.
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USEPA. 1979. US Environmental Protection Agency. Water-Related

Environmental Fate of 129 Priority Pollutants. Washington,

D.C.: Monitoring and Data Support Division.
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Lead is a com_0nly used, naturally occurring metal which is

ubiquitous throughout the environment. Lead is found in

constructio_ materials, leaded gasoline, radiation protection

gear, paint,- ceramics, plastics, lead oxide and antimonial lead

storage batteries and ammunition.

Lead is well absorbed from all portions uf the respiratory tract

including the nasal p_ssages. Absorption from the

gastrointestinal tract is less rapid and complete than from the

respiratory tract. Dermal absorption is a much less significant

route of lead absorption than inhalation or ingestion. Most of

the absorbed lead is distributed to the soft tissues of the body

with _he greatest distribution to the kidney5 and the liver.

Lead is eventually transferred to the skeleton where 90% of the

body's long-_er_ burden is stored. Approximately 70% of the

absorbed lead dose is excreted.

Acute Toxicity:

Lead intoxication can Occur by ingestion and inhalation of dust

or fumes in httmans. Lead interferes with the synthesis cf home,

oxidative phosphorylation and synaptic transmission in _he

peripheral nervous system at blood levels of 30-50 ug/dL.

Symptoms of lead intoxication include anorexia, malaise,

headaches and intestinal spasms. The neuromuscular syndrome,

lead palsy, is a manifestation of advanced subacute poisoning

[lead blood levels of 70 ug/dL and less] and is characterized by

muscle weakness leading to paralysis. Lead encephalopathy is the

term for the central nervous system manifestation which is

commonly S_ in children when lead blood levels reach 80 ug/dL.

symptoms include clumsiness, vertiqo, ataxia, delirium,

convulsions and coma. The mol-taliby rate is 25% for cerebral

involvement with survivors suffering long-term neurologlcal

sequelae.
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Chromic Toxicity:

Lead toxiciKy is exhibited by the brain

peripheral nervous system, the kidneys and

126 245

and central and

the hematopoietic

system. Lead poisoning causes peripheral neuropathy in adults

and children. Chronic low level lead exposure (lead blood levels

of 30-50 ug/dL) is associated with learning disabilities. Lead

toxicity is defined by the Centers of Disease Control as a blood

level of > 30 ug/dL (child). Damage at lower levels has been

reported and the blood level will be revised to approximately 2g

ug/dL.

Renal insufficiency occurs after prolonged exposures and is

apparently reversible. In epidemiological studies, lead

intoxication is also associated with increased blood pressure

which is symptomatic of renal damage. Hematopoiebic "effects

include decreases in heme production, _icrocytosis and anemia.

Lead exposure is associate with reproductive effects such as

miscarriages and transitory sterility. Lead readily crosses the

placenta. Human studies searching for chrom0so_al aberrations in

exposed populations have been eq_ally positive and negative.

Genotoxicity testing in nonhuman, m=_alian cell assays have

given mixed results. Zn all systems, the concentrations of

essential nutrients and elements have a significant impact on the
;

degree of toxicity seen with lead exposures.

carcinm enic't :

Occupational exposure to airborne lead is associated with an

increased incidence of total malignant neoplasms, cancers of the

digestive tract and cancers of the respiratory _ract. An

increased incidence in renal cancer was seen i_ lead smelter

workers expOsed via inhalation and in various animal species

exposed via ingestion at levels of 500 ppm and above.

_f Conce_=

The USEPA has set a primary National hmhient Air Quality Standard

(NAAQS) for lead of 1.5 eg/m 3. The USEPA has proposed a 10-fold
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reduction im the Maximum Contaminant Level (MCL) for Drinking

Water to 5 ug/L. Other environmental criteria include:

Ambient Water Quality Criteria, Protection of H_tman Health:

Fish and Water Consumption: 50 ug/L

Fish Consumption: none

A_bienr Water Quality Criteria, Aq_/atic Life:

Freshwater:Acute-eR ug/L; Chronic-3.2 uq/L

Saltwater: AcUte-140 ug/L;ChrOnic-5.6 ug/L

The FDA regulates the amount Of lead leaching from ceramics and

flatware.

Occupational guidelines for lead exposure include:

NIOSH TWA: 0.I0 mg/m 3

ACGIH TLV: 0.15 mg/m 3

E_viron_ental Conc_l_s:

The mobility of lead in soil is dependent on the cation exchange

capacity and pH of the soil. _ad can react with anions such as

sulfates s carbonates and phosphates or c0_ine wi_h clays and

organic matter which limits the further migration of lead through

the soil matrix. Lead in suucface waters is usually present as

suspended solids. Atmospheric lead is removed by dry deposition

and rainout.

_ad does not significantly bioaceumulate in fish with the BCFs

for freshwater fish ranging from 1.38 to 1.65. Lead localizes in

fish skin which serves to reduce human exposures via fish

ccnstu_ption. Lead is toxic to wildlife, particularly water fowl,

by their coDsu_ption of lead shot. The growth of algae is

inhibited at levels above 500 ug/L. Tetraethyl lead is

biogradabl_, but inorganic lead concentrations above 5 ug/L can

be toxic to microorganisms.

The acute sensitivities of i0 freshwater species range from 142.5

ug/L (amphipod) to 235,000 ug/L (midge). As water hardness

increases, the acute toxicity of feed to freshwater aquatic
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Re_erences:
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s}
USEPA, 1988. US Environmental Protection Agency. IRIS
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IntroductioN:

Mercury is a common constituent of the earth's crust and is found

as a sulfide, chloride or oxide at levels ranging from i0 to 500

PPB. Organic mercury can bioaccumulate in the food chain, but is

not commonly found in ground and surface waters. Naturally

occurring mercury in ground and surface water is generally less

than 0.5 UG/L.

Metabolism:

Seven to fifteen percent of ingested inorganic mercury is

absorbed by humans. Most of the body burden for mercury

accumulates in the kidney. Most inorganic mercury (85%) is

excreted in the feces, with organic mercury, most is excreted

via the urine.

Acute Toxicity:

The lethal dose for mercuric salts in humans is 1 to 4 grams.

Ingestion of 1.5 grams of HgC12 produced vomiting, severe

abdominal pain With a brief loss of consciousness,

Rats, receiving subcutaneous doses of HgCI2, developed renal

disease with deposits in glomeruli and renal arteries.

Proteinurea and a nephrotic syndrome were observed.

Chroni

There is no data on long-term ex]_osure of humans to inorganic

mercury. Rats receiving mercuric acetate orally showed a

decrease in body weight gain and pathologic change in the

proximal convoluted tubules of the kidney. Inorganic mercury,

very possibly, has a developmental _ffect, but no reproductive,

mutagenic or carcinogenic effects have been documented.
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T_ve o C e •

Occupational guidelines include:

ACGIH TLv:alkyl compounds-o.01 MG/M 3, TWA

OSHA PEL:Organo mercury compds.-0.Ol MG/M 3, TWA

Environmental guidelines include:

Safe Drinking Water Act:

MCLG:2 UG/L

Clean Water Act:

Ambient water Quality Criteria, HUman Health:

Water and Fish Consumption:f44 NG/L

Fish ConsumptiQn: 146 NG/L

Ambient Water Quality criteria, Aquatic Life:

Freshwater:Acute-2.4 UG/L;Chronic-o.012 UG/L

Saltwater: Acute-2.1 UG/L;Chronic-o.025 UG/L

Env ronmental Co ce s:

Mercury has a strong tendency to hioaccumulate in aquatic li_e.

Mercury enters the e_viron_ent fro_ nL_me_ous industrial sources.

Mercury moves very slowly through soils. It readily precipitates

out of leachate ¸at pH values above seven. Aguatic plants such as

algae tend to accumulate Hg relative _o its concentration in the

water. Uptake by plants can be minimized by maintaining a soil

pH above 6.5 or reacting Hg with selenium and cadmium in the

soil.

USEPA. 1987. US Environmental Protection Agency,

Advisories for 25 Organics• Washington, D.C.:

Health

USEPA. 1983. US Enviro_ental Protection Agency. Hazard Waste

Land Treatment. Washington, D.C. : OSWER. SW-874.
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_LYCYCLIC AROMATIC _ROCT_J3ONS

Introduction:

Polycyclic aromatic hydrocarbons (PAHs) are a diverse class of

compounds formed as a result of incomplete combustion of organic

compounds with insufffcie_t oxygen. This leads to the formation of

C-H free radicals which can polymerize to form various PAHs. Among

these PAHs are compounds Such as benzo[a_pyrene (B[a]P),

benz[a]anthracene (B[a]A) and dibenz[a,h]ant_racene(DB[a,h]A)

(ATSDR(a) (b) (0),1988).

PAHs are present in the environment from both natural and

anthropogenic sources. As a group, they are widely distributed in

the environment, having been detected in animal and plant tissue,

sediments, soils t air, and surface water. Humans may be exposed to

PAHs in the environment, in tobacco smoke and cooked food, and in

the work place. Typically, individuals are not exposed to a single

type of PAHs, but to a mixture of related chemicals

(ATSDR(a) (b) (c) i1988 |.

PAHs are readily absorbed into the blood stream from the

gastrointestinal tract after ingestion or the lungs after

inhalation. PAHs in animals has been reported to be excreted

primarily through thQ hepatobilliaxy system and the feces. From the

studies on the excretion of PAHs

bioaccumulmbion is not thought to occur

Toxicity:

in animals, extensive

(ATSDR(a) (b) (C),19S8).

There is no direct information available for the effects of PAHs

on humans. All of the information available for PAHs are from

studies on experimental animals. PAHs are well-established as

experimental carcinogens for all routes for which humans would
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nez_ally be exacted to be exposed by. Noncarcinogenie effects

reported for PAHs include skin lesions and noncancer lung diseases

such as bronchitis. Benzo[a]pyrene has been associated with

development_l toxicity and adverse reproductive effects in

experimental animals (ATSDR(a)(b)(c),I988).

Re ate Standards.

Occupational exposures:

OSHA PEL (S[a]P) 0.2 mg/m3 TWA

ACGIH

(coal tar pitch volatiles) 0.2 mg/m3 TWA

(B[a]A) 0.i mg/m3 TWA

NIOSH (coal tar products) 0.i mg/m3 TWA

Safe Drinking Water Act:

No data available

clean Water Act:

None

Benzo[a]pyrene is listed under RCRA for ground water monitoring.

The World Health Organization European standards for drinking water

recommend a concentration of PAHs not to exceed 0.2 ug/L

(USEPA,1988).

nV" O

The envirom_ental fate of PAHs are determined largely by their low

water solubilities and high propensity for binding to particulate

or organic matter. In the atmosphere they are associated with

partiCulate matter, especially soot. In aquatic environments, PAHs

are usually bound to suspended particles ur bed sediments. PAMs

suspended in the air i6 thought to undergo direct photolysis very

quickly. The ultimate fate of PAMs in the sediment is believed to
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be biodegradation and biotransfor_ation by benthic organisms

(USEPA,1986).

PAHs in the water cm]-_- also accumulate in organisms, but many

organisms metabolize and excrete PAHs rapidly, resulting in short-

lived bioacc_mulatimn (USEPA,1986).

Reference_

ATSDR(a).I988. Agency for Toxic Substances and Disease Registry.

Toxicological Profile for Benzo[a]pyrene. Atlanta, Georgia:

US Public Health Service.

ATSDR(b). 1988. Agency for Toxic Substances and Disease Reqistry.

ToxicolOgical Profile for Benz[a]anthracene. Atlanta, Georgia:

US P_blic Health Service.

ATSDR(C) oI988. Agency for Toxic SUbstance and Disease Registry.

Toxicological Profile for Dibenz[a,h]anthracene. Atlanta,

Georgia: US Public Health Service.

USEPA. 1986. US Environmental Protection Agency, Quality Criteria

for Water. Atlanta,Georgia: USEPA.

USEPA. 1988. US EnvlroDmental Protection Agency. lris chemical File

on Benzo[a]pyrenel CASRN 50-32-8 (3/I/88]. Cincinnati, Ohio:

USEPA, Env. Criteria & Assessment office.
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Dieldrin, a chlorinated hydrocarbon compound and member of a group

of synthetic cyclic hydrocarbons called cyclodienes, has been

widely used as a .domestic pesticide. The primary use of the

chemical in the past was for control of corn pests, although it was

also used by the citrus industry. Current uses are restricted to

those where there is no effluent discharge. Production in the

United States has been restricted for all pesticide products

containing dieldrin; however, formulated products containing

dieldrin are imported each year from Europe for termite control by

stlbsurface soil injection and for non-food seed and plant treatment

(USEPA,1986).

Dieldrin is a white crystalline substance with a melting point

between 176 and 177 C. It is soluble in organic solvents. The

chemical name for dieldrin is 1,2,3,4,10,1d-hexachloro-6,7-epoxy-

l'4,4a,5,6,7,8,Sa-octahydro-endo,exo-l,4:5,8-dimethanonaphbhalene

(USEPA, 1986).

HUman exposure ca_ result from water, food products, and air.

Dieldrin is very persistent in the environment and is concentrated

as it moves up the food chain. Dieldrin has been detected in all

major river basins in the U.S. and the Mississippi delta. Because

it is used in may parts of the world outside of the U.S., it can

be assumed that imported food products contain residues of

di_idrln. _e overall concentration of dieldrin in the U.S. diet

has been e steered at 43 ng/g of food consumed. Dieldrin enters the

air through various Mechanisms SUch as spraying, wind action, water

evaporation and adhesion to particulates. An EPA study from 1970

to 1972 found dieldrin in over 85% of _he air samples tested.

Dermal exposure is limited to those involved in manufacturing or

application of pesticides containing dieldrin, by dermal

absorption. The potential for this ex_posure route has been reduced
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due to the bans on the

(USEPA, 1986) .

Metabolism:

126 254

manufacture and use of dieldrin

Dieldrin is absorbed into the bloodstream from the gastrointestinal

tract after ingestion or the lungs after inhalation. It is

widespread in the body immediately after intake, but within hours

is usually concentrated in the fat tissues which it has a high

affinity for due to it being extremely apolar. Other organs which

tend to have high concentrations are the liver, kidneys, brain and

blood. The concentration in the body tissues will continue to

increase until an equilibrium is reached. If exposure to dieldrin

is discontinued, dieldrin will be excreted, mainly in the feces,

in the form of several metabolites that are more polar than the

parent compounds. The dieldrin half-life in human blood has been

fo11_d to be 0.73 years. It is thought that this walue may reflect

the overall half-life in other human tissues as well (USEPA,19g6].

Ac_t_ Toxicity

The toxicity of dieldrin is highest by the intravenous route,

followed by oral and then del-mal. (The toxicity in experimental

studies has been dependant upon the dieldrin to solvent ratio.) The

oral acute lethal dose for man has been reported to be 70 mg/kg.

Toxicity appears to be related to the central nervous system with

symptoms of headache, dizziness, nausea, general malaise, and

vomiting followed by muscle twitching, myoolonic jerks and even

convulsion. Death may result from anoxe_ia (USEPA,1986).

Chronic Toxicity

The sub-acute or chronic dose of dieldrin for man has been repor_td

to be between 3.1 ug/kg/day and 33.2 ug/kg/day. Studies of z/%e

National Cancer Institute and other groups have shown that dieldrin

produces hepatic carcinomas in test animals and a higher liver-to-
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body weight ratio. Studies of pesticide workers in Holland have

sho_rn no long term effects (including cancer) from their _xposures

(mean average of 6.6 years). The findings of this and follow up

studies have not been accepted by the entire scientific community

due to the small n-mher of workers studied and the short term of

the study (USEPA, 1986).

to

occupational expos%ires:

OSHA PEL 0.25 mg/m3

ACGIH 0.25 mg/m3

TWA

TWA

Clean Wat_ Act:

_hient Water Quality Criteria, Hu_man Health

Water and Fish Ingestion - 7.1E-08 mg/L

Fish Consumption Only - 7.6E-08 mg/L

_m_lent Water Quality Criteria, Aquatic Organisms

Freshwater: Acute - 2.5E-03 mg/L; Chronic - I°9E-06 mg/L

Saltwater: ACUte 7.0E-02 mg/L; Chronic - 1.9E-06 mgIL

Dieldrin, under 40 CFR 261 is a P-listed hazardous waste. The U.S.

Public Health Service Advisory Committee has recommended a drinking

water standard of 17 ug/L (1969). The U.N. Food and Agricultural

OrganizationIWorld Health Orqanization have recommended an

acceptable daily intake of 0.0001 mg/kg/day (AOGIH, 1988) (USEPA,

1986).

_V

Dieldrin im extr_ely persistent in the envlro71ment due to its

extremely low volatility (i.e., _ vapor presBL_re of 1.78E-O7 mmHg

ah 20°C). The tima required for gS% of dieldrin to disappear from

soil has been estimahed to vary from 5-25 years (depending on the

microbial flora in the soil), since dieldrin is extremely apolar,

it is very fat soluble and is progressively accumulated in the £00d
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chain. It is retained in animal fats, plant waxes, and other such

organic matter in the environment. Many organisms not in direct

contact with cont_inated water and sediment accumulate dieldrin

from the food supply. Once it is in the fatty tissues of organisms,

dieldrin remains stable when equilibrium is reached with the

envirc_ent. Dieldrin is eliminated from the organisms when the

environmental concentrations become lower. This dieldrin is then

available fur other organisms. Equilibrium is attained when the

ch_ical concentration is constant. Bio-concentration Factor (BCF)

values range from 128 to 5,558 for lower plants _nd invertebrates

and 2,385 to 68,286 for fish (USEPA,1986).

Plants are effected by concentrations over I00 times higher than

that affecting fish and invertebrate s_cies, so they are protected

by animal derived criteria. The freshwater acute values range from

5.0 ug/L (isopods) to 740 ug/L (crayfish). Freshwater chronic

values r_ge from 0.22 ug/L (rainbow trout) to 57 ug/L (cladoceran)

(USEPA,!986) .

Referenc@s:

ACGIH. 1988. American Conference of Governmental Industrial

Hygienists. Threshold Limit Values and Biological Exposure

Indices for 1988-1989.

OSEPA. 1986. US Enviro_ental Protection Agency. Quality Criteria

for Water.
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DDT, l'l'l-trichl°ro-2,2-bis-(p-chlurophenyl)ethane, was one of

the most widely used chemicals for the control of insect pests on

agricultural crops and for control of insects which carry such

diseases as malaria and t_hus. Technical DDT is primarily composed

of three forms (P,P'-DDT, o,p'-DDT, and o,O'-DDT)', which are white,

crystalline, tasteless, and almost Odorless soiids. In addition,

DDE and DDD, l'l-dichl°ro-2,2-bis(p-chlorophenyl)ethylene and l,l-

dichl°r°-2,2-bis(p-chlorophenyl)ethane, respectively, are found in

small amounts as contaminants in technical DDT. DDD was ale

as a pesticide and one form of o USed
DDD was used medically in the

treatment of cancer of the adrenal gland (ATSDR, 1987) (USEPA, 1986).

DDT does not occur in the natural envirQrument. The presence of DDT

In the environment is generally a result of contamination due to

its past production and use and its subsequent movement from sites

of application to land, water, and air. DDT can no longer be used

in the United States except in cases of p_iblic health emergency.

However, it is still used in several other areas of the world In

addition, use of DDD as a pesticide was also banned (ATSDR, 1987)
(USEPA,1986).

Food is the primary exposure route for humans. Even though they

have not been used in this country since 1972, small amounts of DDT

and DDE can remain in soil for a long time and may be transferred

to crops _n on this soil. _n addition, imported foods may have

been dire_ M exposed to DDT. In the past, so much DDT was used

that DDT or its degradation products are still found in virtually

all air, water, a_d soil samples. Levels in most air and water

samples are low and exposure by these pathways is of little concern
(ATSDR, 1987) (USRPA, 1986].
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DDT, DDE, or DDD enter the body primarily by eating foods

contaminated with these compounds. DDT, DDE, and DDD may also be

inhaled and absorbed through the lungs. These compounds are not

readily absorbed by the skin (ATSDR,1987) (USEPA,1986).

Once in the body, these compounds are stored most readily in fatty

tissue. Once stored, they are eliminated from the "body very slowly,

which means that levels in fatty tissue may remain relatively

Constant over time or will increase with continued exposure over

time. These compounds are eliminated from the body primarily in

urine but breast milk is an additional route (ATSDR,1987]

(USEPA, 1986).

Acute Toxicity:

With acute exposure to high doses, the nervous system appears to

be the major target in both human and experimental animals.

symptoms include byperexcitability, tremors, and convulsions. The

effects appear to be reversible once the exposure ceases. The liver

has been shown to be the major target organ for DDT toxicity in

animal studies, but no liver d_age has been reported in httmans

following DDT ingestion. Oral doses of i0 mg/kg by humans have

produces illness in some, but not all subjects. Smaller doses

generally do not produce illness. Doses as high as 285 mg/kg have

been taken by h1*mm-s without fatal results, but these large doses

are usually followed by vomiting, so the amount of DDT retained is

variable (ATSDR,1987).

b o • . •

Chronic exposure studies in both humans and experimental animals

have reported that the liver is the major target organ. There is

no evidence that liver function in humans occupationally exposed

has been impaired, however the data are limited. Carcinogenic
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effects have been reported in some animal studies, with liver and

lung ti_mors being reported. It has been reported that exposure to

DDT will enhance the carcinogenic effects of known carcinogens.

The information available from animal studies indicates that DDT

is not a structural teratogen. However, embryotoxicity and

fetotoxicity including infertility have bee reported in

experimental animals in the absence of maternal toxicity
(ATSDR, 1987).

Re lato Standards:

Occupational exposures:

OSHA PEL
1 mq/m3 TW A

ACGIH TLV
1 mg/m3 TWA

Safe Drinking Water Act:

NO data available

Clean Water Act:

Ambient Water Quality Criteria, Human Health

Water and Fish Ingestion: 2.4E-08 mg/L

Fish Consumption Only: 2.4E-08

Ambient Water Quality Criteria, Aquatic Organisms

Freshwater: Acute-l.iE-03 mg/L; Chronic-l. OE-06

Saltwater: Acute-l.3E-04 mg/L; Chronic-l. OE-06 mg/L

DDT is list_ Under RCRA for ground water _onitoring. The

reportable quantlty for release into the environment Under CERCLA

is 10 poun_ {proposed) (ACGIH,1988) (USEPA,1988).

_V ronm nt E e t :

Because of its persistence in nature, its hydrophohic properties

and its solUbility in lipids, DDT and its metabolites are

concentrated by aquatic organisms at all trophlc levels from water,
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enter the food web, and are bioaccumulated by organisms at higher

trophic levels. Freshwater acute values range from 0.18 to 1,800

ug/L. The Freshwater Final Acute Value is i.i ug/L (based pm 42

species). Saltwater acute values range from 0.14 to 89 ug/L. The

Saltwater Final Acute ValuQ is 0.13 ug/L (based on 17 species)

(USEPA, 1986) .

References:

ACGIH.1988. American Conference of Governmental Industrial

Hygienists. Threshold Limit Values and BiolOgical Exposure

Indices for 1988-1989.cincinnati, ohio:ACGIH.

ATSDR.19ST. Agency for Toxic SUbStances and Disease Registry.

Toxicological Profile for p,p'-DDT,p,p'-DDE and p,p'-ODD.

Atlanta, Georgia: US Public Health service.

USEPA.1986. US Environmental Protection Agency. Quality criteria

for Water. Atlanta, Georgia: USEPA

USEPA.1988. US Environmental Protection Agency. Iris Chemical File

On DDT;CASRN 50-29-3 (5/24/89). cincir_ati, Ohio: USEPA, Env.

Criteria & Assessment Office.
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Introdu _ l :

Polychlorinated biphenyls (PCBs) are mixtures of chlorinated

biphenyls. The degree of chlorination is indicated by the

commercial nomenclature of these compounds. In the Aroclor

series, a four digit code is USed whereby the last two digits

represent the percentage by weight of chlorine in the product.

PCEs are relatively nonflammable, have useful heat exchange and

dielectric properties and are primarily used in electrical

transformers and capacitors. They are also used in the

formulation of lubricating and cutting oils, in pesticides,

adhesives, plastics, inks, paints and sealants

(Verschueren, 1983).

Metabolism:

Almost without exception, PCBs contain polychlorinated

dibenzofurans as contaminants which play an unknow_ role in PCB

toxicity. PCBs are readily absorbed through the gut, respiratory

system and skin. The compounds initially concentrate in the

liver, blood and muscle tissue, but long term body storage is

primarily via the adipos e tissue and skin. Degradation and

elimination occurs via the hepatic microsomal enzyme system.

PCBs are very active inducers of the liver enzyme systems with

the most active enzyme inducers containing the highest degree of

chlorination. Excretion in urine is predominant in the least

chlorinated PCBs with excretion in bile more common in the highly

chlorinat_ species (i.e., Arochlor 1254). Highly chlorinated

isomers at, rQfractive to metabolism and accumulate in the fatty

tissues as long as exposure to PCBs continue (HSDB, 1989).

Acute and Chronic Toxic Effects:

The first documentation of acute human poisoning occurred in the

1868 with the ingestion of contaminated rice oil in Yusho, Japan.
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Most victims consumed approximately two grams of PCBs. Symptoms

included dark pigmentation o_ nails and skin, chloracne,

increased eye discharge, increased sweating of the palms and

weakness IHSDB, 1989).

Occupationally exposed

rash, gastrointestinal

following inhalation

concentrations ranged

workers complain of sore throats, skin

distress, eye irritation and headaches

exposures. The breathing zone

from 0.014 to 0.073 mg/m 3. Chronic

occupational exposures are also associated with bale infertility,

liver function fluctuations, the birth cf hyperpigmented and

hyperkeratotic infants or infants with a mild disturbance in

porphyrin metabolism after intrauterine exposure. PcBs

bioaooumulate in mother's milk and pass through the placenta

(HSDB,198g).

Carcinoqenic Effects:

An occupational cohort showed an excess risk of cancer in the

liver, gall bladder and biliary tract. Experimentally exposed

animals demonstrated benign and malignant liver cell tumors,

iymphomas and leukemia, and carcinomas of the gastrointestinal

tract. Fatty deposits in animal livers were noted after

infection, dermal application and ingestion of PCBs. In animal

studies, PCBS have been show_ te act both as promoters and

inhibitors of t_mor induction. Most genotoxicity assays have

been negative. PCBs are considered to be potential human

carcinogens by the USEPA and the International Agency for

Research on Cancer (HSDB, 1989; IRIS, 1989}.

Ouantitative Eatlmate of Carc_ppoenic Risk:

The USEPA has calC_llated a q_lantitative estimate of carcinogenic

risk (hepatocellular carcinoma) for the oral exposure route. The

Oral Slope factor is set at 7.7 mg/kg/day (based on Arochlor

1260). The slope factor is the cancer risk (proportion affected)

per unit of dose and can be used to compare the relative potency
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of different substances on the basis of chemical weight• The

drinking water unit risk is the increased risk of cancer

associated with a lifetime daily exposure of i ug/L and is see at

2.2E-04. The drinking water concentration associated with an

estimated excess risk of 1E-06 is 5.0E-03 ug/L (IRIS, 1989).

Regulatory levels of concern

Safe Drinking Water Act: Not available

Clear Water Act:

Ambient Water Quality Criteria, Protection of Human Health:

Water & Fish Cons_ption:7.gE-05 Ug/L

Fish Const_ption: 7.9E-05 ug/L

Ambient Water Quality Criteria, Aquatic Organisms:

Freshwater:Acute-2.0 Ug/L;Chronic-l.4E-02 ug/L

Marine: Acute-10 ug/L;Chronic-3E-02 ug/L

NO specific Tennessee Standards for PCBs were located.

Reference Dose, Oral or Inhalation: Not available

nviroru_ental Concernn:

PCBs are lipophilic and tend to bioconcentrate in living tissues.

The average log bioconcentration factors range from 3.26 to 5.28.

PCBs have been fo_d in fish, birds, sea m_m_Is and processed

food products in diverse locations over the globe.

BioaccUmulatlon in m_cles SUCh as the golden eagle were found to

contain _ in tlsBues from the brain, heart, kidney, liver,

muscle and fat. PCBs are associated with decreased shell

thickness in contaminated bird species. In general, detected

tissue levels in wildlife have slowly decreased since PCBs Use

was discontinued in the 1970"s.

B-34



126 264

_e fe_enc_ :
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Introduction:

Carbon Tetracbloride is a clear, heavy li_id with a sweet aromatic

odor. It is a synthetic chemical with no natur_l sources. Carbon

tetrachloride evaporates very easily, so it is not usually

encountered in its liquid state in the environment. Most carbon

tetrachloride in the environment is found as gas in the atmosphere

(ATSDR, 1987) (USEPA, 1986).

The major source of carbon tetrachloride release to the enviro_ent

is accidental releases from production and uses. Once in the

environment, carbon tetrachloride is fairly stable. When it is

released to the air it is broken do%an by chemical reactions very

slowly. If released to surfaoe waters, it will migrate to the

atmosphere in a few days. If it is released to land, it does not

sorb onto the soil but migrates readily to the grott_d water

(ATSDR, 1987) (USEPA, 1986).

The major source of exposure _o carbon tetrachloride is from

contaminated air, usually around areas where carbon tetrachloride

is used• Water and food are minor sources of exposure. Carbon

tetracbloride is rare i_ ground and surface waters. In the past,

carbon tetrachloride has been used as a f_igant for grains, and

low levels have been reported to occur in some foods (ATSDR,1987)

(USEPA, 1986).

Carbon tetrachloride is readily absorbed from the gastrolntestinal

tract, and more slowly through the respiratory tract and the skin.

MOSt carbon tetrachloride leaves the body by being exhaled out

through the lungs within a few hours. It has been shown that some

carbon tetrachloride will be incorporated into fatty acids by the
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liver. The carbon tetrachloride that remains in the body is

excreted in some form in the urine and feces (ATSDR, 198_)

(USEPA, 1987).

Acute Toxicity:

Acute toxicity studies of carbon tetrachloride fer humans have

shown a range of variation depending on the person involved and

that acute toxicity is low in contrast to that with repeated

exposure. Prior exposure to alcohol, phenobarbital, and some

pesticides have been shown to increase the effects of carbon

tetrachloride. Single exposures to low concentrations may cause

symptoms such as irritation of the eyes, moderate dizziness, a_d

headache which disappear quickly once the exposure is discontinued.

Exposure to higher concentrations will cause the same sylnptoms as

above, but additional symptoms of nausea, loss of appetite, mental

confusion, agitation and the feeling of suffocation may also be

seen. At these higher levels, liver damage as well as central

nervous system depression may occur. The kidneys and lungs may also

be affected, but only at doses which are well above the threshold

for hepatotoxicity. By the oral route, single doses of 59 mg/kg are

generally without effect in humans, although some individuals may

be affected by doses of 30 mg/kg (ATSDR,I987).

Chronic ToxicitY:

The symptoms of chronic exposure to carbon tetrachloride include

fatigue, lassitude, giddiness, anxiety, headache, muscle twitching,

and increased reflex excitability. Persons exposed may complain of

lack of appetite, nausea, and occasionally of diarrhea. Sometimes

blood pressure is lowered and accompanied by pain in the cardiac

region and mild anemia. Organ damage is usually restricted to the

liver, although there have been cases of kidney damage. After

chronic exposure there is usually regeneration in these organs

(ATSDR,1987).
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Carbon te_rachloride is carcinogenic in animals, producing mainly

hepatic neoplasms. The increased incidence of tumors is generally

observed at doses high enough to CaUSe clear liver injury. No

strong evidence of carcinogenicity in hu_nans has been reported

(ATSDR,1987) .

Re u ato Standa ds:

Occupational exposure_:

OSHA PEL
l0 ppm TW_

25 ppm Ceiling

ACGIH
5 ppm TWA

Safe Drinking Water Act:

MCL: 0.005 mg/L

MCLG: 0.0 mg/L

Clean Water Act:

Ambient Water Quality criteria, Human Health

Water and Fish Ingestion: 0.0004 mg/L

Fish Cons_ption Only: 0.00000048 mg/L

Ambient Water Quality Criteria, Aquatic Orqanisms

Freshwater: ACute- 35 mg/L

Saltwater: Acute- 50 mg/L

Carbon tetrachloride is listed under RC_ for ground water

monitoring. The reportable quantity for release into the

enviror_nen_ _u_der CERCLA is i0 po_%nds (proposed) (ACGIH, 1988)

(USEPA, 19ES).

E vironmenta effects:

Although carbon tetrachloride is poorly soluble in water, both

freshwater and saltwater organisms may be affected. The 96-hour

LC50 for freshwater fish is about 27 mg/L and acute toxicity has
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been noted in both fresh and saltwater organisms at concentrations

of 5 to 50 mg.L (USEPA,1986).

References:

ACGIH.1988. A/_ericaD Conference of Governmental Industrial
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ATSDR° 1987. Agency for Toxic SV20_tances and Disease Rmgistry.

Toxicological Profile for Carbon Tetrachloride. Atlanta: US

Public Health Service.

USEPA. 1986. US Enviro_ental Protection Agency. Quality Criteria

for Water.

USEPA. 1987. OS EnvironmQntal Protection Agency. Health Advisory

for Carbon Tetrachloride.

USEPA.1988. US Envirommental Protection Agency. Iris Chemical File

on Carbon Tetrachloride;CASP/_ 56-23-5 (5/24/89). cincinnati,

Ohio: USEPA, Env. criteria & Assessment office.
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Introduction:

l,l,2,2-Tetrachloroethane is a man-made, colorless dense liq_id

with a penetrating, sweet, chlorofo_-like odor that does not burn

easily. It is currently produced by only one company in the United

States. It had been USed extensively as a substance to produce

other chemicals and as an industrial solvent. Additionally i,i,2,2_

tetraohloroethane was used as a chemical to separate other

substances, for cleaDing and degreasing metals, and in paints and

pesticides. Its present use appears to be limited (ATSDR, 1989).

Most of the l,l,2,2-tetrachlcroethane released into the environment

eventually moves in the atmosphere or qroundwater. Breakdown of

this chemical in both the atmosphere and groundwater is slow. Half

of the chemical is expected to disappear from groundwater in-1-3

months and from air in about 2 months (ATSDR, 1989).

LOW levels of l,l,2,2-tetrachloroethane can be present in both

indoor and outdoor air. It appears that the source of the indoor

concentrations may be products used in the home. Low levels have

also been detected in several drinking water supplies, but exposure

from contaminated drinking water are rare. l,l,2,2-

tetrachloroethane has not been reported in food or sail. It is also

not expected to acctLmulate in the food chain (ATSDR,1989).

l,l,2,2-Tetrachloroethane can enter the body when a person breathes

air containing the chemical or when a person's skin come i_to

contact with the chemical. It if were to occur in the drinking

water, or if it was accidentally ingested, 1,1,2,2-

tetrachloroethane would be absorbed into the body. Most of it

leaves the body fairly quickly (within a few days) through the

breath or through the urine (ATSDR,1989).
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Acute Toxicity:

Inhalation of larqe concentrations (116 ppm) of 1,1,2,2-

tetrachloroethane by humans have been reported to cause mucosal

irritation, fatigue, vomiting and dizziness, several instances of

deaths from 1,1,2,2-tetraohloroethane have been reported, but the

concentration was unknown. The studies of high oral doses of

l,l,l,2-tetrachloroethane have occurred as the result of accidents.

_ngestion of doses >285 mg/kg/day httmans have been reported as

resulting in death. Autopsies showed severe liver destruction and

fatty degeneration of the liver. Doses of i00 mg/kg/day have been

reported to cause a loss of consciousness. Jaundice and enlarged

livers have also been noted in persons exposed to high

concentrations of l,l,2,2-tetraohloroethane (ATSDR, 1989).

Chronic Toxicity:

The human health effects from long term exposure to relatively low

concentrations of l,l,2,2-tetrachloroethane are not known.

Hepatocellular carcinomas have been reported in studies with mice

and rats, but there are no conclusive reports of cancer in humans

(ATSDR,Ig89).

Reuulatory Standards:

Occupational exposure:

OSHA PEL 5 ppm

OSHA PEL (Proposed) 1 ppm

TWA

TWA

ACGIH TLV 1 ppm TWA

Safe Drinking Water Act:

No data available
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Clean Water Act:

A_ient Water Quality Criteria, Human Health

Water and Fish Ingestion: 1.7E-04 mg/L

Fish Const_ption Only: I.IE-02 mg/L

A_ient Water Quality Criteria, AqUatic Organisms

Freshwater: 2.4 mg/L (LOEL)

Saltwater: 9.0 mg/L (LOEL)

l,l,2,2--Tetrachloroethane is listed under RCP-% for ground water

monitoring. The reportable quantity for r_lease into the

environment under CERCLA is i00 pounds (proposed) (ACGIH,1988)

(USEPA, 1988).

References:
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TETRACELOROETHENR

Introduction:

Tetrachloroethene or tetrachloroethylene is a nonflammable liquid

solvent used for dry cleaning fabrics for metal degreasing. It is

also used in the production of other chemicals. Tetrachloroethene

is liquid at room temperature but vaporizes easily in an open

enviror_ment (ATSDR, 1987) .

Metabolism:

Tetrachloroetbene is readily absorbed after ingestion or inhalation

exposures. Dermal absorption is poor. A large portion of the

absorbed dose is distributed to the fatty tissues.

Tetrachloroethene's primary urinarymetabolites are trichloroacetic

acid and trichloretbanol. Urinary excretion accounts for only a

small percentage of the absorbed dose as the main excretion pathway

is through exhalation of the unmetabolized compound (ATSDR, 1987).

Acute and Chronic Toxic Effects:

Tetracbloroethene is thought to be relatively nontoxic by the

inhalation a_d oral routes. An acute LCs0 for mice of 5,200 ppm

was reported. A single dose LDsD for rats of 3,005 mg/kg was also

given in the literature. When tetrachloroethene was used as an

antihelminthic d_/g in humans, a dose Of 60 to 80 mg/kg was

nonletbal (ATSDR, 1987).

Chronic inhalation exposure to mice have shown hepatic effects at

concentrations of 9 ppm and above. Central nervous system effects

in gerbils were noted at 60 ppm. The human threshold for CNS

effects is i00 to 200 ppm. Tetraohloroethene is regarded as a

hepatotoxin and renal toxin in humans by the ingestion and

inhalation routes.
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Developmental studies in rat and mice indicate that

tetrachlore_hene is fetotoxio but not teratogenic at

concentrations which were also maternally toxic.

Tetrachloroethene is believed to be a potential transplacental

neurotoxicant. It is also thought to cause sperm abnormalities

{ATSDR, 1987).

Ca cino enic Effects:

Occupationally exposed cohort studies have not demonstrated a

clear increase in cancer risk for Workers exposed to

tetrachloroethene. These studies are complicated by exposures to

multiple chemical compounds. Chronic inhalation studies in mice

and rats show an increased incidence of mononuolear cell

leukemia, renal tttbular cell ade_omas or adenocarcinomas as well

as hepatocellular carcinomas. Chronic ingestion studies show an

increased risk of hepatocellular carcinomas in mice but not in

rats. The toxicity of tetrachloroethene increases in the

presence of compounds, such as PCBs, which induce increased

metabolism of tetraC_loroethene (ATSDR, lg87).

_equlatoz_j Levels of Concern:

Safe Drinking Water Act:

MCLG: 0 ug/L

Clean Water Act:

Ambient Water Quality Criteria, Protection of Human Health:

Water & Fish ConsL_mption:8.0E-01 Uq/L

Fish Cons_ption: 8.85 Ug/L

_mhient Water Quality Criteria, Aquatic Organisms:

Freshwater:Acute-5.28E+03 ug/L;Chronic-8.4E+02 ug/L

Marine: ACUte-l.02E+04 Ug/L;Chronic-4.SE+02 Ug/L

Oral Reference Dose: 1.0E-02 mg/kg/day
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Acute toxicity of tetrachlorethene to aquatic organisms was

tested with two invertebrate and three fish species. The acute

values range from 4.8 to 30.8 mg/L. Chronic toxicity data for

the fathead minnow is 0.084 mq/L. A freshwater alga species was

more resistant than the animal species with no observed effects

at concentrations as high as 816 mg/L. A bioconcentration factor

of 49 was determined for the bluegill and a factor of 39 was

estimated for the rainbow trout (Callahan, 1979).
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Trichlorcethene or trichloroethylene is a colorless liquid at

room temperature with an odor similar to ether. The major use of

this man-made chemical is as a solvent for degreasing metal

par_s. _t is also used in making more complex chemical compounds
(ATSDR, 1988).

Tricbloroethene is metabolized within the body to

trichloroethanol, trichloroethylene-glucoronide and

trichloroacetic acid and, possibly, the hypnotic agent chloral

hydrate. Forty to seventy-five p_rcent of an inhaled dose is

metabolized. The liver removes trichloroethene from the blood.

The glutathione conjugate of trichloroethene is transported from

the liver to the kidneys where the kidney enzymes product a

metabolite which cOvalently binds to DNA a_d is the most probable

mechanism for the induction of carcinogeniclty (ATSDR, 1989).

In humans, mos_ of the metabolized dose is execreted in the

urine. Elimination of triohloroehhene from adipose tissue has a

relatively 10ng halE-life [ATSDR, 1988) "

Acute and Chronic Toxic Effects_

Trichloroetnene is not acutely toxic by the inhalation or oral

routes. A human LCI0 of 2,900 ppm for humans is reported. A

dose of 70 mq/kg is thought to he fatal for humans. The bone

marrow, central nervous system, liver and kidney are the

principals target organs. Oral and inhalation effects noted

included narcoses, enlargement of the liver and kidney, impaired

home synthesis and immunosuppression. Trichloroethene is

fetotoxic to animals, but is thought to be teratogenic.

B-46



126 276

Carcinoaenic Effects:

Genotoxicity assays have been equivocal with most positive

associated with in vitro assays using liver enzyme metabolism

systems. Htu_an epidemiological studies have not sho_ a clear

connection between exposure be trichloroethene and increased

cancer risk. Experimental animals exposed by inhalation

developed cancers in the lung and liver, while animals exposed

orally had increased incidence of hepatocellular and renal

carcinomas (ATSDR, 1988).

Ouantitative Estimate of Carcinoaenic Risk:

The USEPA has calculated a quantitative estimate of carcinogenic

risk (hepatocellular carcinoma) for the oral exposure route. The

Oral Slope factor is set at 1.2E-02 mg/kg/day (based on Arochlor

1260). The slope factor is the cancer risk (proportion effected)

per unit of dose and can be used to compare the relative potency

of different substances on the basis of chemical weight. The

drinking water unit risk is the increased risk of cancer

associated with a lifetime daily ek_osure of I ug/L and is set at

3.2E-07. The drinking water concentration associated with an

estimated excess risk of IE-06 is 3.0 ug/L per day (IRIS, 1989).

Reuulatorv levels of concern:

Safe Drinking Water Act:

MCLG:0 mq/L

MCL: 5 ug/L

Clean Water Act:

A_ient Water Quality criteria, Protection of Human Health:

Water & Fish Consumption:2.7 ug/L

Fish Consumption: 8.0_E+01 uq/L

A_ient Water Quality Criteria, Aquatic Organisms:

Freshwater:Acute-4.SE+04 ug/L;Chronic-None
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Marine: Acute-2.0E+03 ug/L; Chronic-None

Reference Dose, Oral or Inhalation: Not available

_onmentRl Concerns:

Trichloroethene volatilizes rapidly from water. It is highly

mobile in soil and qUickly leaches to the grottndwater. Its' high

vapor pressure suggests that trichloroethene exists predominantly

in the vapor phase with some removal from the atmosphere via wet

deposition. Trichlorcethene is believed -to have a low

bioacctt_ulation potential in fish and other aqUatic creatures.

LC50 of approximately 50 mg/L was found for three species tested

(ATSDR, 1988).

RefeEeRce_:

Agency for Toxic substances and Disease Registry (ATSDR), 1988.

Toxicological Profile for Trichloroethylene. US Public

Health Service.

Integrated Risk Information System (IRIS), 1988.

Trichloroetbylene. USEPA, Environmental Criteria and

Assessment Office. Cincinnati, Ohio.
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Introduction:

METHYLENE _nLORIDE

Methylene chloride is a colorless, odorless solvent found in

insecticides, metal cleaners, paints, and paint removers.

Methylene chloride is also know_ as dichleromethane and is commonly

included in a chemical category called the halomethanes.

Metabolism:

Methylene chloride is lipophilic and easily absorbed via inhalation

or ingestion. Once absorbed, it is quickly distributed throughout

the body, but is most common to adipose tissues, "the brian and the

liver. Most absorbed methylene chloride is excreted via the lungs

or the kidneys.

At low doses, methylene chloride is primarily metabolized by the

MFO pathway to CO and CO 2. Some of the CO is exhaled, but a

significant portion is involved in the formation carboxyhemoglobin

(CoHb).

Acute Toxicity:

The formation of CoHb interferences with oxygen transport by the

blood and results i_ cardiorespiratory stress. Acute exposures

(<300 ppm) are associated with impairment of the central nervous

system as well as liver and kidney effects.

Acute inhalation exposures to 500 ppm for i0 days resulted in mild

liver damage in rats. Above 500 PPM, methylene chloride induces

sluggishness, nausea and headaches. If trapped against the skin,

methylene chloride can produce a chemical burn. It is also an eye

and throat irritant. IDhalation exposures of ii,000 to 16,000 PPM

are fatal for most species, while 1,000 to 4,000 mg/kg is the oral
or fatal dose range. MIOSH qives 5,000 PPM as the level which is

immediately dangerous to httman life and health.

Chronic Toxicity:

Human studies have not shown any evidence of liver and kidney

damage aster 30 years of occupational exposure to 30-125 PPM

methylene chloride or to 140-475 PPM over a three-month period.

Animai studies demonstrate mild liver damage after i00 days of

inhalation exposure to i00 PPM methylene chloride in air. Chronic

ingestion by rats of 50 MGIKG/DAY in water also showed slight liver
damage.

Carcinoaenicitv:

Liver and lung tumors are demonstrated in methylene chloride -

exposed mice and rats, but only after two years of chronic

inhalation and ingestion exposures. Epidemiological evidence shows
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no association between human exposure and an increased incidence
in liver or lung tumors.

Leve s of Concern:

OSHA PELS: 500 PPM TWA

I,O00 PPM Ceiling
2,000 PPM Peak

ACGIH TLV: 50 PPM TWA

NIOSH REL: lowest feasibility limit

Ambient Water Quality Criteria, Human Health:

Fish and Water Consumption: Q.19 UG/L
Fish Conslz_ption: 15.7 UG/L

Ambient Water Quality Criteria, Azp/atio Life:

Freshwater: Acute - ii,000 UG/L Chronic - none

Marine: Acute - 12,000 UG/L; Chronic - 8,400 UG/L

E vi onmental Fate:

Atmospheric methylene chloride is easily dispersed and transported.

The compoundts lifetime in the troposphere ranges from a few months

to 1.4 years. Phosgene is a possible de@radation product.

Volatilization is the most common fate processes in s
Biodegradation is a . urfaoe waters.

volotilizatiooleaohi  SO odi r   n oiO a atlosy te  .
ro " . . gr atlon are all important

p cesses I n the SOl I envlronmenh. Methylene Chloride has
log octanol/water partition coefficient and is ....... a low

Dloacc_ulate. It Is estimated BCF is 2.3. _v_ _Uec_ea _0

_ferences:

ATSDR, 1987. Toxicological Profile for Methylene Chloride.

Department of Health and H_an Services. Atlanta, GA.

USEPA, 1980. Ambient Water Quality Criteria for Halomethanes.

Office of Water Regulation and Standards, Washington, DC. EPA
440/5-80-051.

USEPA, 1988. Dichloromethane. IRIS Data Base. Cincinnati, ohio.
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Trans-l,2-dichloroethylene (trans-l,2-DCE) is a colorless, low -

boiling liquid. It is fla_able and is considered a dangerous

fire hazard. Its use is as a general solvent for organic

materials, dy_ extraction, perfumes, lacquers, and thermoplastics.

Trans-I,2-DCE should be readily absorbed through oral, inhalation

or dermal routes during a Contamination incident.

Alcohols and carboxylic acids are the predominant metabolic end

products of trans_1,2-DCE. EPA' s health advisory on this chemical

notes that trans-l,2-DCE transforms to 2,2-dichloroethanol and

2,2-dichloroacetic acid in a study of rat liver microsomal

Preparations supplemented with NADPH. Trans-I,2-DCE i s

metabolized at a slower rate than cis-l,2-dichloroethylene in an

in vitro hepatic microsomal system. NO data on the excretion of

_rans-l,2-dichloethylene are available (USEPA 1987).

DCE is considered moderately toxic when ingested, inhaled or

contacted dermally. The principal toxic effects of

£rans-l,2-dichlcroethylene (DCE) following acute oral exposur_ are

upon the liver and kidney (Jenkins et al., 1972, Freundt et al.,

1977). A single 400 mg/kg oral dose of trans-l,2-DCE produced a

significant increase in glucose 6-phosphatase in adult female

Holtzman rats when compared to controls, and a dose of 1,500 mg/kg

significantly decreased the level of liver tyrosine transaminase.

Trans-I,2-DCE appeared to be less potent than the cis-isomer and

both were less potent than I,I-DCE.
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Freundt et al., (1977) reported on the ef=ec_s of trans-l,2 DCE

following inhalation in mature female Wistar rats. A brief (B-

hour) or prolonged exposure 18 hours/day S 5 days/week for i, 2, [

or 16 weeks) of 200 to 3,000 ppm yielded an increased incidence of

slight to severe fatty degeneration o[ the hepatic lobules and

lipid accumulation by the Kupffer cells. Damage became more

noticeable in higher percentage of the animals as the length of

exposure increased to 8 or 16 weeks. Eight-hour exposures to the

200 to 1,000 ppm concentrations caused a signi[icant decrease in

th_ nu[_ber of erythrocytes, and exposure to 1,000 ppm for 8 hours

also resulted in significant reductions in serum albumin, urea

nitrogen and alkaline phosphatase levels.

General anesthetic and narcotic effects can occur at exposure

levels above those at which liver and kidney effects are observed.

I_ appears that the trans-isomer is abou_ n_ice as potent as the

cis-isomer in depressing the central nervous system.

No data on teratogenicity or carcinog_nicity following oral

ingestion were found. Trans_l,2-DCE was not mutagenie in

bacterial assays (OSEPA 1987).

Re_ulatorv L_vels Of Concern ;

Time Weighted Average

790 mg/m 3

Limited data are available on the aquatic toxicity of

trans-l,2-DCE. The LCs0 reported for the bluegill is 135 mg/L.

No data on the chronic toxicity to aquatic organisms were found in

the literature.
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Introduction:

Acetone is used as a solvent for fats, oils, waxes, resins and

cements. It is used in the manufacture of many products such as

explosives, plastics and synthetic fibers. It is flammable and

explosive in a closed environment.

Metabolism:

Acetone is easily absorbed via the lungs to the blood stream. It

is also absorbed through the skin. Acetone is metabolized in the

body to glucaric acid and mercapturic acids which are primary

excreted in urine. Acetone is rapidly excreted after absoption

with only a fraction of the original dose present in the body after

sixteen hours.

Acute and Chronic ToxicitY:

Acetone is not toxic to humans except in high doses. A blood

concentration of 200 to 300 Ug/L is considered toxic and 55D ug/L

is considered lethal. Pretreatment with acetone prior to exposure

to other toxicants increases the observed toxic effects in animal

Species. Symptoms of acute acetone poisoning include restlessness,

headache, vomiting, lowered blood pressure and irregular

respiration. Direct contact with the eyes produces corneal

irritation. EXtended contact with skin defats the skin and

produces dermatitis.

Chronic inhalation and ingestion exposures to animals are

associated with granular degeneration and necrosis of the kidney

tubules. Exposures ranged as high as 5 mg/L by garage and 3,000

ppm by iDhalation. Workers chronically exposed to 1,000 ppm over

seven to fifteen years complained of inflamation of the airways_

stomach and duodenum.
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No specific evidence links acetone exposure to the development of

tumors in animals. Genotoxicity and mutagenicity testing results

are largely negative.

Re_ulato_ I_vels of Concern:

The Reference Dose for Acetone is 1E-01 mg/kg/day. No drinking

water or ambient water quality criteria have been established. The

Time-Weighted Average for inhalation exposures is 750 ppm (ACGIH,

1990).

Environmental Concerns:

Acetone is released into the enviro_eNt fro_ stack emissions,

volcanic eruptions and waste water. It is also a metabolic product

released by plants and animals. When released oh soil, acetone

will both volatilize and leach into the ground where it is usually

biodegraded. In water, acetone will probably biodegrade and he

released into the atmosphere. In the atmosphere, acetone is lest

by photolysis and reaction with hydroxyl radicals.

Bioconcentration and adsorption to sediments are not expected.

References:

Hazardous Substances Data Base, 1989.

Medicine. Bethesda, Maryland.

National Library of
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Introduction: 126 285

The pesticide Heptachlor is no longer manufactured in the united

States. It used in the control of termites and is a impurity in

the pesticide chlordane. Heptochlor epoxide is an oxidation

product which is for_ed by many plants and animals aftmr exposure

to heptachlor.

Acute and Chronic Toxicity:

Heptamhlor is readily absorbed from the gastrointestinal tract

and the skin. lb is slowly eliminated via the bile duct to th_

feces. Heptachlor epoxide is often detected in httman milk, blood

and other body tissues.

Heptachlor is acutely toxic via the oral and dermal routes. In

rats, the oral LDs0S is approximately 71 mg/kg and the dermal

LD 0 is 195 to 150 mg/kg. Human death is reported after
inhalation exposures to technical grade chlordane which is

approximately 10% heptachlor. Hepatotoxicity is the most

sensitive noncancer endpmint with animal acute and chronic

studies describing evidence of severe liver damage, increased

liver weight, and increased levels of serum liver enzymes. The

neurotoxicological signs include hypoactivity, tremors,

convulsions, ataxia and changes in EEG patterns. Long-tez1_ oral

exposures in animals are also associated with renal, adrenal and

blood d@fects. Heptochlor is also febotoxic and caused reduced

fertility in laboratory rodents.

Carcinoaenicitv:

Chronic oral exposure to heptachlor or heptachlor epoxide

increased the incidence of liver carcinomas in several species of

mice. Heptachlor is considered a probable human carcinogen (B2)

because human evidence of carcinogenicity is not adequate to

establish a relationship, sbudies of pesticide applicators

indicate a slight increased incidence in cancers of the lung,
skin and bladder.

Regulatory Concerns:

ACGIH 8 hr-TWA TLV:0.5 mg/m 3 with skin absorption

NIOSH PEL:O.5 mg/m 3 with i00 mg/m 3 being immediately dangerous

to life or h_alth

Drinking Water Health Advisories: i0 day-10 ug/L

Lifetime-17.5 ug/L (hepatchlor)

Lifetime-0.4 ug/L (h.epoxide)

National Ambient Water Quality: 0.28 ppb

Maximum Contaminant Level Goal of zero in drinking water.
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Environmental Concerns:

Heptachlor and its epoxide are persistent in seil with half-lives

of two and fourteen years, respectively. Heptachlor tends to

partition to sediments from water. Both heptachlor and heptachlor

epoxide bioaccumulate in aquatic orgBnisms, especially fish End
mollusks.

R_fQrQnCQS:

ATSDR, 1989. Toxicological profile for Heptachlor/Heptachlor

epoxide. Public Health SerVice, Atlanta, Ga.
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_Introduction :

l,l-Dichloroethylene (I,I-DCE) is Used in the production of organic

chemicals and polyvinylidene chloride copolymers. These copoly1_ers

are used in packing materials, as flame retardants, as adhesives

a_d as coatings in pipes. I,I-DCE is present in food Wraps.

Metabolism:

I,I-DCE is readily penetrates the lunqs and rapidly enters the

blood stream following inhalation e_osures. Oral doses up to 100

mg/kg of body weight are readily absorbed from the gastrointestinal

tract of rats and mice. It is expected that I,I-DCE would also

readily penetrate the skin because of its lipophillic properties.

I,I-DCE appears to accumulate preferentially in the kidney, liver

and lung. I,I-DCE undergoes complex biotransfor_ation processes.

The main pathway for I,I-DCE involve conjugation with glutathione.

As glutathione is depleted, increasing amounts of reactive DCE

intermediates become bound to liver and kidney tissue. I,I-DCE is

q_ickly excreted with the bulk of the metabolites exiting the body

via explred air and urine.

Acute Tox'cit :

Acute inhalation exposures in rodents (10,000 ppm or greater) are

associated with irritation of the upper respiratory tract,

depression of the central nervous system and arrhythmias of the

heart. _ rats, four-hour inhalation exposures to 200-250 ppm

resulted in increased liver weight, hepatic enzyme induction and

massive histologic injury to liver ceils. Acute exposures as low

as I0 ppm produced lesions in the nephritic tissues of mice. In

httmans, inhaled exposures to 4,000 ppm produced convulsions, spasm

and unconsciousness. Maternal and developmental toxicity is
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associated with inhalation exposures in rodents.

The oral LD50 in fasted rats is 1,500 mg DCE/kg body weight, while

mice are more sensitive with an LD58 of 200 mg/kg. Oral

administered I,I-DCE mainly targets the liver and kidneys, but also

effects the lungs and digestive trac£.

Chronic Toxicity:

Longer-term inhalation exposures to 1,I-DCE is also associated with

irritation of the respiratory tract. The liver and kidneys are the

major target organs of DCE toxicity following chronic inhalation

exposures. Continuous inhalation exposure to experimental animals

is more damaging than inte_ittent chronic e_osures (i.e., 48 ppm

for 90 days as opposed to 1oo ppm for 8 hr/day, 5 days/week for 43

days) Damage to the central nervous system, ltL_gs and heart have

also been noted in animal studies.

Chronic ingestion studies with rats over a two year period showed

few treatment-related changes. Cytoplasmic vacuolation of

hepatocytes and increased fatty deposits were noted with doses

ranging from l0 to 20 mg/kg.

Carcinoaenicitv:

Inhalation studies in mice and rats have shown an increased

incidence of ma_ary carcinomas in females and lung tumors in both

sexes. High dose males (25 ppm) had an increased incidence of renal

adenocarci_omas (Maltoni, 1985). These results were not

statistically si_ificant. Long-te:l: oral animal testing has not

provided statistically significant evidence. I,I-DCE is considered

to be a tumor-initiating agent when dermally administered (Van

Duure_ et el, 1979). I,I-DCE is considered a possible human

carcinogen (EPA Class C).
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_/ula _0_ Concerns :

Maximum Contaminant Level:0.007 mg/L

NIOSH REL TWA:4 mg/m3

ACGIH TWA TLV:5 ppm or 20 mg/m3

Ambient Water Quality Criteria to Protect Human Health:

Ingestion of Fish and water:0.o33 ug/L

Ingestion of Fish: 1.85 ug/L

Environmental Concerns:

Because of its high volatility, 1,I-DOE _mainly partitions to the

atmosphere. It is water soluble and is often found in surface and

groundwater. I,I-DCE has a 10w propensity to bind to organic or

particulate matter. It is transformed in the atmosphere by

reaction with radicals and undergoes biodegradation in soil or

water.

R_ferences:

ATSDR, 1988. Toxicological Profile for l,l-Dichlorethene. Public

Health Service. Atlanta, Go.

Maltoni, C. et al, 1985. Experimental research on vinylidene

chloride carcinogenesis. Archives of Research on Industrial

Carcinogenesis. Vol. 3, Princeton, NJ: Princeton Scientific

Publishers.

Van Duuren, B.L° et al., 1979. Carcinogenicity of halogenated

olefinic and aliphatic hydrocarbons in mice. J. Natl. Cancer

Inst. 63(6): 1433-1439.
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Introduction:

Chlordane is a man-made substance used _s a pesticide from 1948 to

1988. After mixing with water, the chemical was used to stop

termites and to treat corn and other crops.

Metabolism:

Data on htu_ans exposed by inhalation suggest that chlordane levels

in blood and milk fat increase with increased duration of exposure.

Inhaled doses distribute primarily to the lungs and liver. Oral

doses distribute to adipose tissue, spleen, brain, kidney and

liver, in that order of primacy. The primary metabolites identified

in human tissues are oxychlordane, tra_s-Nonachlor and hephachlor

epoxide. Chlordane metabolites are excreted in the milk of

lactating mothers. Seventy to 90% of an oral dose is excreted

within Seven days with most eliminated in the feces (70-90%) and

2 to 8% in urine.

ACute and Chronic _:

Absorption following ingestion of or skin contact with chlordane

can be fatal. An acute oral dose as low as 25 mg/kg can result in

death. While the human dermal LDSO is net know-n, the dermal LDS0

in animals is quite low. Inhalation exposures are unlikely to

cause death. Rats repeatedly exposed to chlordane aerosols do not

suffer respiratory defects.

Gastrointestinal distress such as nausea, vomiting, diarrhea and

cramps are associated with oral exposures. Chlordane, llke other

organochlorine insecticides, functions as a potent inducer of

hepatic microsomal enz_es. Animal studies suggest that subtle

hepatic effects occur which would influence the metabolism of other

substances in the body rather than damage hepatocytes directly.
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Kidney congestion has been observed in rats and hamsters given

large acute oral doses of 200 and 1200 mg/kg, respectively. Skin

contact may cause burning sensations, development of rash and

pruitis. Eye contact can cause conjunctivitis.

Neurological effects are the primary effects noted after acute

oral, inhalation or dermal exposures _nd include headache,

dizziness, tremors, confusion, con%n/Isions and coma. These effects

are not associated with occupational exposures."

Male mice exposed to chlordane had testicular degeneration after

chronic oral exposures for 30 days. Reduced fertility has also been

reported in animal studies. Exposure to chlordane is believed to

affect metabolism and circulating levels of steroid hormones.

Chlordane has induced mitotic gene conversions and sister chromatid

exchange in genotoxicity assays.

Carcinouenicity:

Chronic oral treatment resulted in significant increases in

hepatocellular Carcinomas in mice. Some researchers suggest that

chlordane acts as a promoter of liver tumors.

Re_laterv ConCe_bs :

OSHA PEL: 0.5 mg/m3

ACGIH TWA-TLV: 0.5 mg/m3

A_ient Water Quality Criteria for the protection of human health:

Ingestion of Water and Organisms:0.46 ng/L

Ingestion of Fish: 0.48 ng/L
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_Nviron_QNtal Conce _-Ns :

Chlordane in water will both adsorb to sediments and volatilize.

Chlordane will bioconcentrate in both marin_ and fresh water

species as well as bacteria. In soil, chlordane will adsorb to the

organic mater and volatilize slowly over time. It will leach

significantly and is usually found only in the top 20 c_ntimeters

of soil. Chordane can persists in soils as long as twenty years.

References:

A_SDR, 1988. Toxicological Profile for Chlordane. PUblic Health

Service. Atlanta, Ga.
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BETA-BHC

(HEXACHLOROCYCLOHEXANE)

Introduction:

Benzene hexachloride (BHC), also known as hexachlorocyclohexane,

exists as eight isomers. Alpha-, beta-, delta- and gamma-BBC

(lindane) are often found in mixtures at hazardous wastes sites.

While lindane is still available in some household products,

technical grade BHC, which contains all four isomers, is no

longer used as a pesticide in the United States_

BHC is readily absorbed via inhalation, ingestion or dermal

contact. BHC has been found in adipose tissue and the blood

following inhalation exposures. Following ingestion, BHC is

deposited primarily to fat, the kidneys, the lungs and the liver.

BHC has also been detected in the brain, human milk and can cross

the placenta. Chlorophenols and chlorobenzenes are the primary

metabolites excreted in urine by lindane-exposed workers.

Metabolibes are also found in milk and semen.

Acute and Chronic Toxicit :

The toxicity of BHC is often dependent on the solubility and

viscosity of its carriers. EXposure to excessive amounts by

inhalation or ingestion has lead to death in humans. The central

nervous system is strongly affected with con%n/lsions and coma

preceding death. Blood disorders have been reported in humans

after Inhalation exposures. Liver toxicity is believed to be

s s been noted _n animals, but not in humans. [mmun_

y hem changes have been noted in animals.

In h_ans, neurotoxic effects include pareshhesia of the face and

extremities, headaches, vertigo, seizures and oonvulsions.
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Alterations in reproductive hormones and spontaneous abortions

have been observed in women with detectable levels of BKC in

their blood. BHC has produced mitotic disturbances in mammalian

and plant cells, but is not mutage_ic in bacteria, yeast or

algae.

Carcinoaenicitv:

Alpha-, beta-, gamma- and technical grade BHC have all shown

carcinogenic effects following long-term exposures.

Hepatocellular carcinoma is the most frequent reported tumor

type. Metabolites, such as 2,4,6-trichlorophenol, are also

carcinogenic.

Re_latol-v CoMcerns:

OSHA PEL TWA:0.5 mg/m 3 with skin absorption (Lindane)

MCL: 0.004 mg/L (Lindane)

Lifetime Health Advisory: 0.2 ug/L

Ambient

Ingestion of Water and

Aquatic Organisms:

A-BHC:9.2 ng/L

B-BHC:Ie.6 ng/L

G-BHC:I2.3 ng/L

Water Quality Criteria to protect human health:

Ingestion of Fish:

31 ng/L

54.7 ng/L

62.5 ng/L

All isomers either Class B2 or C carcinogens.

Environmental Conce1-_s:

BHC in soil can leach to groundwater, sorb to soil particles or

volatilize to the atmosphere. Leaching is dependent on the amount

of organic material in the soil. Gamma-BHC released in water has

a tendency to dissolve and remain in the water co]nmn. In
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surface water, it may adsorb to sediments or partition to aquatic

organisms where the chemical accumulates in the foodchain.

Biodegradation is the major degradation process in water.

Biotransformation is also important in soils.

References:

ATSDR, 1988. Toxicological Profile for Alpha-,Beta-, Ga_uma- and

Delta-Hexachlorocyclohexane. Public Heal th Service.
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Appendix C

Reports Reviewed for DDMT RIFFS



Reports Reviewed for DDMT RI/FS
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Harlaad Bartholomew & Assocmtes, Inc., July 1988, Master Plan,
Defense Depot Memphis, Tennessee.

0.H. Materials Company, Summa_ Report: On site Remedial Activities at

Defense Depot Memphis, Feb. 1986.

Phoenix Environmental Consultants, Inc., January, 1984, Environmental

Assessment for H_7_rdous Materials Mission Expansion.

Defense Depot Memphis, Tennessee, 1982. Draft Spill Prevention Onnta_l

and Countermeasures Plan, Faeihties Engineering Division, DDMT.

U.S. Army Environmental Hygiene Agency, December 1986,

Ground-Water Consultation No. 39-26-0815-87, Defense Depot Memphis,
TeglflCS_.

Defense Logistics Agency, 1 October 1980. Defense Depot Memphis,

Master Plan Component Analysis of Existing Facilhies.

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

impact Assessment. Consultation visit No. 21-1443-78, Defense Depot
Memphis, Tennessee.

U.S. Array Environmental Hygiene Agency, August 1975. Environmental

Survey No. 99-012-76, Defense Depot Memphis, Tennessee.

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

Assessments of Existing Operations at DLA Installations, Survey No.
24-1443-78.

Defense Supply Agency, 1978. Defense Depot Memphis. Safety & Health

Office (DDMT-GE) Industrial Hygiene Survey No. 78-002: Asbestos

Rebagging & Rewarehoualng by Kennedy Contracting Company.

U.S. Army Environmental Hygiene Agency, August 1977, Waste

Management Consultation No. 26-1443-78, Defense Depot Memphis,
Ten nes,ca_'_,

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

Management Survey No. 26-0020 78, Defense Depot Memphis, Tennessee.
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U.S. Army Environmental Hygiene Agency, September 1977 Industrial

Hygiene special Study Survey No. 556-35-0127-80, Evaluation of

Hazardous Material Warehouse, Defense Depot Memphis, Memphis,
Telh'lessee.

U.S. Army Environmental Hygiene Agency, August 1977, Waste

M_nagement Consultation No. 26-1443-78, Defense Depot Memphis,
Tennessee.

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

Management Survey No. 26-0020-78, Defense Depot Memphis, Tennessee.

U.S. Army Environmental Hygiene Agency, May 1980. Hazardous Waste

Management Consultation No. 37-264)113- 81, Defense Depot Memphis,
Tennes_,ee.

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

Hygiene Survey No. 234)22-70. Defense Depot Memphis, Tennessee.

U.S. Arnly Environmental Hygiene Agency, October 1969. Industrial

Hygiene Survey No. 234)22 70. Defense Depot Memphis, Tennessee.

U.S. Army Environmental Hygiene Agency, June 1973. Industrial

Hygiene Smwey No. 35-049-73/74. Defense Depot Memphis, Tennessee.
Aberdeen Proving Ground, MD 21010.

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

Protection Survey No. 624)431-77. Defense Depot Memphis, Tennessee.

U.S. Army Environmental Hygiene Agency, October 1974. Entomological

Survey NO. 44-P09 75. Defense Depot Memphis, Tennessee.

U.S. Army Environmental Hygiene Agency, October 1979. Installation

Pest Management Progxam Review No. 16-62- 0589 90. Defense Depot
Memphis, Tennessee.

U.S. Army Environmental Hygiene Agency, November 1978. Installation

Pest Management Program Review NO. 16-62- 0541-79. Defense Depot
Memphis, Tennessee.

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

Pest Management Program Review NO. 62-0577-78. Defense Depot
Memphis, Tennessee.
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U.S. Army Environmental Hygiene Agency, November 1978, Installation

Pest Resistance Study (ES) No. 18-62-0542-79, Defense Depot Memphis,
Tennessee.

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

Entomological Sutwey NO. 44-015-74, Defense Depot Memphis,
Tennessee.

U.S. Army Environmental Hygiene Agency, September 1976. Installation

Pest Management Program Review No, 67-0546- 77. Defense Depot
Memphis, Tennessee.
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Appendix D

Previous Sampling Locations and Data



Study 11_c

Appeadtx D-Table of C_o_

Summary °f Pl'e_m_ I n'_t_Rt_°_ 126 303
Defoe Depot M_pE[_, Ten ness_

Dale of Appcndbc D
Study lu_t[gator IBve_t_a_n I_ep_e of I_vc_tlga+[on l'ag¢ Numbers

G_hydtologlc Study Number Un_ed State_ _y

3_-2_0195-82 En v_nmc_aL Hy#cr_
AgC_cy (USA_HA)

W._r Quality Biologi_ S_dy IJSAEHA
Number 3_-24_733 86

Grc u_d_r _flsu Lllfion Study USP_HA
Number 38-9/_05L5_'/

R_racdla] lnv_stJga_ _ Law _nmcntal

F_sibitky $Ludy

Gmu_d_,_r Moni_r_g Re_ulll Envlmnme_l Scle_ &

[or DDMT E_i_ce_'_g, tn_. (E.S_

July 1982 Gmund_a_r lamp'rig a_d D-2

M_.r_h lg[[fi L_k_'p_ nd _w_l_ _nd acdh_enl D_

spec_c,s amflysk

D_mb_r 1986 Gra_n,_,_wt sampling D-14

A_gu_t 1990 G_und_r. sOU. _ur[a_ _*-1_

September 1993 Gmund,+_a_-r ,,_ mpfing D_2"

"_.omc Of the [o¢._dun rmtps and figures ¢xccr_d from the_¢ repots, "_h[ch wcr_ pt_,iously in _it _.p3:_.ndL_, have be_n L,aoa fcm_
$_¢t[on 3 ia r_ponsc to, cg_lnto ry ttg_rmy _o mraemt_

mgn_ 5-DDMT-Wp3 I042.WP5 ID. I
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GeohydrologicStudy
Number 38-26-0195-83

United States ArmyEnvironmentalHygieneAgency(USAEHA)
Jnly1982
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Geuhydrologic Study No. 38-26-0195-83, DDM. blcmph_$, TH. 2£ Jun-Z Jui BZ

TABLB 5. ANALYTICAL RESULTS, OEEENSE DEPOT MEI_PHIB

Honltorlng NO f_O3 {;OD CI SO _pC Phenol F
Well mg_L mg/L _tg/L mg_L tm_hos mg/L mg/L

pH

307

MW-2 0.10 75.0 6.4 35,0 570 <0.04 0.67 6.4
MW-3 I.Z ILU 9.8 41,0 300 <0,04 O.BZ 6.0

HW-4 Z._ IL.O 16.0 17.0 234 <0,06 0.27 6,0
MW-B 2,0 <5.0 Z4.0 16.0 224 <0.04 O.Z3 6.Z

MW-6 1.9 13 70.0 16.0 431 <0.04 0.30 6.i

MW-7 O,BZ I1 16.0 21.0 Z29 <0.04 0.28 6.1

ROGER E. BOLOT, Ph.O.
Chief, Non-Metals Analysis Branch

Radiological and Inorganic Ch_ais_ry
Division
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Water Quality Biological Study Number
32-24-0733-86

USAEHA
March 1986
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Mater Quallty Biological Study NO. 32-24-0733-86, DOMT, %0-14 Mar 86

METALS Ifl FISH TISSUE (FILLETS) FROM FIRE RESERVOIR AflD SMALL POND.

ODMT. 10-14 MARCH 1986

Sample
CatFish fro_ Elre Reservoir Goldfish From Pon'd

Metal (mglkg) A B C D A B

Antimony <0.992 <0.954 (l.OS <1.00 <0.992 <0.978

Arsenic <0,992 (0.954 <1.05 <I.00 (0.992 (0.97R

6erylllum (0.198 <0.191 <0.209 <0.200 <0.198 <0.196
Cadmium (o.ogg <0.095 (0.105 40.I00 (0.099 <0.098

Chromium (2.96 <2.86 <3.14 <3.00 ¢2.98 (2.9¢

Copper <3.97 50.8 <4.18 <A.O0 <3.97 <3.91
Lead 0.794 ].IS 0.628 <0.200 0.397 (O.IRE

Mercury <0.039 (0.038 <0.042 <0.040 0.238 " 0.333
N|cRel <9.92 <9.54 <I0.5 <I0.0 <9.92 <9.78

Selenium <0,198 <O,19l (0.209 <0.200 <0.198 <0.196
Thallium (0.198 <0.191 (0.209 <0.200 <0.198 (0.196

Zinc 3.57 19.8 3.97 3.80 15,g 10.8

D=IO
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Hater QuaHty Biological Study NO. 32-24-0733-06, DOHT, _O 14 Mar

PESTICIOE RESIOUES IN SEDIMENT FROM

FIRE RESERVOIR AND SMALL PONO, ODMT, 10-14 HARCH ]986

Detectlon L1mlt Sample Site*

Pestle%de mg/kg I 2 3 4 5

A1drin 0.000 ' BDL BDL BDL BOL BOL

BHC (Alpha) 0.020 BDL BDL BDL BOL BOL
B_C (Beta) 0.060 BOL BOL BDL BOL 80L

BHC (Delta) 0.060 BOL BOL BOL 8DL BDL

Chlordane 0.400 BDL BDL BOL BDL BOL

Chlordane (MetabI@ 0.400 1.11 2.52 1.64 2.09 BDL

0,P'-000 0.120 0.95 1.34 0.77 0.97 BOL

P,P'-DOD O.IDO 3.45 3.75 2.32 3.90 0.21

O,P'-DOE 0.120 BOL BDL BDL BDE BOL

P.P'-DOE O.lO0 Z.71 0.31 4.22 4.75 0.22

O,P'-ODT 0.120 0.18 0.24 O.IB 0.21 BDL
P,P'-ODT 0.150 0.77 0.81 0,59 0.75 O.IS
01azlnon 0.052 BOL BDL BOL BDL BOL

01eldrln 0.070 BOL BOL BDL BDL BDL

Endrln 0.130 BDL BOL BDL • BDL BOL
HCB 0.020 BOL BDL BOL BOL BOL

Heptachlor Epoxlde Om050 BDL BDL BOL BOL BOL
Llndane 0.024 BOL BDL BOL BOL BOL
Malathion 0.010 8DL BDL BOL BDL BOL

Methoxychlor 0.500 BOL BOL BOL BDL BOL

Methyl Pacathlon 0.030 BDL BDL BDL BDL BDL
Mlrew 0.120 BOL BDL BDL BOL BDL

Oxychlordane 0,050 BDL BBL BOL BDL BDL
Parathlon 0.000 BDL BDL BDL BDL BDL

RCB (Aroclor

1242, 1248. 1254 & 1260) 0.100 BOL BDL BOL BOL BOL

Toxaphene 4.0(3 BOL BDL BOL BDL BOL

t Metabollze_,total constituents chlordane that

chlordane.
BDL - Below detectable 11mlt

Includes CIS and tcans
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pEST|CZDE RE$ICU[$ IN FISH TISSUE (FILLETS) _GM FI_E R{S[RVOIR _0 SMALL pOlO,

Gal_rl_h

B_C IA]ph_) D,OQ_ BD_ ° • _ 8CL BO_ _L _

_ IE_al O,OQS _OL" B_L BDL 60L BDL QO_

C_lor_&n_ C,_O GOL" BDL _L BDL _OL B_L

C_ar_e (M_a_]_ _*_0 2,]_ 2.13 _,_1 1.D_ 0.14 0.60

Chlorp_rlfos 0.004 0,_]2 O,QQ_ 0.0_3 a,QQ_ BO_ B_
O,p*-O00 0,01_ 0,51 a,_7 0.$5 0,4_ 0.0_ 0.07

p,p*-o0_ 0,010 4,0_ 4,76 _,66 _,60 0.1_ ].02

p,p'-OD_ 0,010 IS,SS tS.63 g*4_ 11._2 I._5 3.61

D_eldr_n _._08 D,21 O.Ig Q.I_ O._S 0,03 0.17

PCB (_raclor 12¢2 0,2_ BDL BDC 80_ G_ B_L _0_

PCE [_r_clo_ 124B & 12S4) 1,0Q BD_ B_L 60_ _ B_L BOL

• BC_ E_low C_¢tl_n LIml_
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Mater Quality Biological Study No, 32-24-O733-86, DDMT1 10-14 Mar BS

GEXERAL CHEMICAL AND PHYSICAL NATER QUALITY DATA FROM
FIRE RESERVOIR At_D SMALL POND, DDMT, lO-Ig MARCH 19B6

Characteristic Sample Oate Sample Slte°
Unit (March) I 2 3 4 S

Dissolved Oxygen 11

mglL 12
Temperature II

°C 12
pH 11

Standard Units 12
Conductivity 11

_hos/¢m 12
Chlorides 11

_g/L 12
Cyanide I1

mg/L 12
Sulfates I_

mg/L • ]2
Blochemlcal Oxygen Demand 11

mg/L" • 12
Total Organic C_Fbon _1

mg/L
AmmOnia Nitrogen

mglL 12
Total KjeldahI-Nitrogen

mg/L. 12
Nitrate Nitrite Nitrogen

mg/L 12
Tot_l Phosphate Phosphorus

mg/L )2
Grease and 011

mg/L 12
Alkalinity (a_ CaCO_)

mg/L 12
Xardness (as CaCO_I I1

mg/L 12

10.4 IO.g 11 .0 11.5 15.6
g.6 lO.1 10.3 I0.0 7.6

14.0 14.2 13.7 13.9 17.1
14.0 _3.7 13.7 13.7 14.9

6.8 7.6 8.?. 6.2 9.6
8.0 8.6 8.$ 8.6 6.6

77 77 T? ?7 97
03 7g 76 74 60
'1.3 I.S I.S 1.3 2.0
I.S 1.6 1.9 1 .I 1.6

(0.01 <0.01 <O.OI ((].01 (O.O1
¢0.01 (O.OI (0.01 ¢0.01 <0.01
II .S 11.2 11.6 11.0 7.'/
11.1 11.0 12.1 ll.Z 6.4

3.6 3.9 3.6 3.6 10.3
3.1 3.6 4.2 3.9 16.0

19.4 16.8 17.1 17.3 _6.8
18.9 17.0 1S.8 17.6 23.4

0.023 0.22 0.23 0.26 0.32
0.33 0.63 0.$1 0.68 0.11
0.$1 O.B9 0.81 _.6 0.60
I .6 O.S] 0.60 0.64 4.2
0.16 O.16 O.Ig 0.16 0.08
0].9./ 0.26 0.65 0.25 0.30]
0.0]47 0.035 0.046 0.067 0.61
0.12 0].086 0.096 0].0]65 0.46

<6.0 ¢S.0 33 10].g <S.O
<S.O 48 23.2 13.9 <S.O
66.0 2g.I 28.0 67.0 23.1
24.1 23.1 2S.I Z3.1 23.1
31.3 29.3 61.3 29.6 21.2
39.4 66.3 27.3 ¸ 29.3 24.3
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Groundwater Consultation Study Number
38-26-0815-87
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Ground Water Consu]tatlon NO, 38-Z6-OBI5-87, DDHI, Tf_, B=lO Oe_ B6
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Ground-Mater Consultation NO. 30-26-0015-87, DDMY. TN. 8-10 Dec B6

CHEMICAL ANALYSIS

TABLE B-]. HATER LEVEL INFORMATION (MEASURED FROM T_E TOP OF TH£ HELL
CASING)

MR2 MW3 MW4 MW5 MM6 MW)

Depth to Water DRY 62'11" 70%" 74'II" 58'4" 64'3"

TABLE B-2. GENERAL CHARACTERISTIC DATA

Mff3 MR4 MH5 MW6 MN7

Conductivlty (pmho_/cm) . 318 . 247 290 2481 261
TDB (mg/L) 282 "20B 2_5 1670 222

pH 5.} 5.2 B 2 5.6 6 3

TABLE B 3 TOTAL METAL5 (ppm). ALL SAMPLES SqERE PREPARED EOLLO_IRG EPA
METHOD 200.0

EPA Detectio_

Method Limits MH3 HN4 MWB M_6 N_7

Ba 200.7 O.OlO 0.135 0.129

Cr 200.7 0.020 BDL BDL

Fe 200.7 O.lOO 2.03 2.40
Nn 200.7 0030 BDL BDL

HB 245.2 0.0002 0,0004 0.0002

Ra 200.7 0.500 20.) 24.3
Pb 239.2 D.ODI 0.006 0.003
Be 2?0.2 O.OOl O.OOl BOL

Zn 200.7 O.OlO 0.04B 0.074

BDL = Below detectable limit "

0.15S 0.674 O.lO?

0.022 0.022 BDL
ll.4 I.]3 0.760
O.OB2 9 II0 8DL¸

DDL BDL O.DO02

23,8 34.2 16.2

0¸012 BDL 0.004
0.001 BDL O.DOI

0¸072 0.079 0.043

D-J6
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12B 319

Ground-Hater Consu]tltion HO. 28-25-08_5-87, DOHT, T_, 8-]O Oec 86

TASL£ B-4, PURGEABLEORGANICS(ppm]. ALL SzV4PLESHERE ANALYZEOFOELOWINGEBA
HET_OD 624

Detection
Limlts HH] HX4 _W_ MH6 _?

],l*Oichloroethene 0.003 0.0£7 SOL SOL BOL 0,075
1,1-Dtchloreethane 0.003 SOL SOL SOL _0t 0.003
l,l,l.Trichloroethane 0.003 O.CK]4 SOL GOL 8OL .0.OO9
Trlehloroethene 0.003 O.0lS O,OO_ O.007 O.ISO O.015
Tetrlchlor_ethene 0.003 S.02_ 0.08% 0.027 0.003 0.039
C_loroform 0._ SOL 0.00_ SOL O,019 0003
Carbon letrachlortde 0,OO3 BDL O._4 SOL S.07B BDL
Tran;-l.2-Oichloroethene 0.003 BDL SOL SOL 0.200 SOL "
1,1,S,2-Tetr_chtoroethane 0.003 SOL SOL BOL O,OS_ SOL
t,%,2-Trlchloroe%h_ne 0.003 80_ SOL SOL 0,004 SOL

NOTE: BO other purge_ble organics were deteeted.
S_L - Below detecL&bl_ II_lt.

TASTE 8-S. AC[O EXTRACTABLEORG_flIC$ (ppml. ALL SAHPLE$ H_R[ A_ALYZEO
FOLLO_3NG SPA HETH{_ 625

4,6-D_nltro-O-Cres01
4-N1t_ophenot
P-Chlorc-H-Cresal
Pent&chlo_o_he_ol
2,4,6-Trlc_l_reghenol

0eteetlon
Llmlt_ HH3 MW4 HHS _G _W7

0.250 SOL TRC SOL SOL SOL
0.0S5 50L TRC BDL SOL SOL
O.OZ5 SOL TRC SOL BDL SOL
0,0_5 BOL TRC SOL SOL SOL
So_5 SOL T_C BDL BOL SOL

_E: No other icld extr_ctabl_ ocg_nics were Qetecteo,
TRC • Trace _rmunt dete_ted,
_OL = Selo_ detect_ble llmlt.

o 17
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Ground-Hater Consultation No. 3B-26-OB15-B7, DOMT, IN, 8-10 Dec B6

TABLE B-6 BABE/NEUTRAL EXTRACTABLE ORGANICS (EPA HETHOD 625)

320

NO base/neutral extractable organics were detected in any sample.

TABLE B-7. PESTICIDES AND PCBs (EPA Method 60B)

Bo pestlcldes or PCBs were detected in any s_mple.

D-18
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Remedial Investigation/Feasibility Study
Law Environmental

August 1990
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TABLE D-I.1

POSITIVE RESULTS IN GROUND WATER

DUNN FIELD - PERCHED WATER TABI.F

DEFENSE DEPOT MEMPHIS TENNESSEE

126 325

NON_LOGENATE0 VOLatILE5 (uga I

-- I

NONHALOGERATED SEMr_OLAIII_S {u_l]

VOLAT1 LF METALS (k_gA1

_115 0_) I_N
Me_ur_ 2 ,5

NO NVCI_TIkF M _'_J_ (ugA)

Af_mony 6

Bmium 2ag 0

Cedrnium 5

ChrOmium (c) 100

Copper l;30g fd)

NiCkM tOO

Z_= _o 0 0_)

R_erence - pd l_porl (t_'O)

(b] MCU Action 12_eI

(c) No di_Jn_d_t_ bet,_mn Chr omit_rn 111_nd Chromium VI

(t_] MCt.G, Prkntuy MCLE_ Tm_m _I T_hnEq ue

(h) S_ond_ MCL

J = EstJm_r,d v_e l_s _an the s&enpi* q ut_11ii_]c_

l[m_L but grimier t_en z_ro.

N = _plk_d s_pl_ r_owr_ n_t _in con1_l l]mlt_.

NA. N_ Atn_Jl_tbl_

_N

475N

_N

118N

1_7N

48N

_,_N

D-23
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TABLE D - 1.3

POSITIVE RESULTS IN GROUNDWATER

MEMPHIS SAND AQUIFER

DEFENSE DEPOT MEMPHIS tENNESSEE

328

NONI-LALO GENATE_ VOLA_ L.E8 (ug/1)

Aczzt_le pHASE II - - 8,_ D2- B_ax_one pHA8 EII 4J

Me_hz4- 2-p_t_ne F_L_SE II -- aJ

NONHALOGENATED $ EMLVOLATtLE8 {u_l 1

[ N- Ni_ipbenylamir_m pHASE II --- I 38J -_

NONVOLA riLE METALS (ug/I)

Chromium (¢)

CO_Fzor
N_ckel

PNASE II 2880

pI-_EI E II 100

pHASE II 13C_ (d)

pNASE II I_

PHASE II 5OOO(e1

Fleferenee RI Reeptt (1_)
MCL. - S D_AIAM_dmum Cant_dnmenl Levml

(c} NO d_g_orl between C_er_lum I[]mid Chr_'_lu m VI.

(dl MCLG. Prim_ MCL I_ T_ent TeChnique.

D . Id enl_ In at_ en,dy_L_ _ • _ond&_/dDut_._ f_u:_r

J D _m_t_z_ v_Juo _ _ _ setrapk__IU_4_qttJon [Et_I_

but _r_b_r _lpJ1 z_,

410

IO

?3

38O

ZO

2O

2O

150
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SAMPLE TYPE

AND NUMBER

TABLE D-2.1

SURFACE SOIL SAMPLING LOCATIONS

LOC_TION

12B

DEPTH

329

SS_I

SS-2

SS-3

SS_

SS-5

SS_

5S-7

SS_

SS-9

SS-11

PDO YARD

1S0' soulh of MW-17

pDO YARD

PDO YAi_D

hazardous material storage
Post # Y-SO-29-6?-AA

Drums ol cleaning t:_m_und
$olverht

POO YARD

north ol B street; so_th o[
POSl# Y-50-34_7-AA

in drainaB_ ditch

PDO YARD

_,out_em mo_[ C_tl_ent bin;

west of Bldg. $209; east
of Bldg. 308

DUNN FI£LD

junction af drainage pipe and

and concrete dit_:h; east of

Bldlg. 1_84

DUNN FIELD

bkvn a_ea; north oI road north

of Bauxile _ora_e

DUNN FIELD

100' _oLIth of gate On Dunn Ave.;

20' west of rr I_ack # 15;
ben_lh oil drums

DUNN FIELD

75' west o_ wes_rn lence;
S00' north of Du_n Ave

HAZARDOUS MATER[At STORAGE

southwest comer ol Bldg. 629;

alang ramp on 6th slre_t

HAZARDOUS MATERIAL STORAGE

west end of _ldg, 629;
below door # 11

12"

5Llrf_ce

SI_aC_

SLIF_O_

surface

sur{ace

1.0'

surface

SUrface

0.5'

O.S'

~

D-27.



SS-I 2

SS-13

SS-14

S,_5

SS-16

SS-] ?

RS-18

S¢_19

RS-20

SS-21

S_22

ES-23

SS_24

GOLF COURSE

soulh end of fish pond;

3' south of waler_'clge

GOLF COURSE

200' southwest of fish pond

GOLF COURSE

3' e_t of 2rid strut;
300' north of N _lr_l

PAINT A.R_

west side of Bldg. 1088
beneath metal dust o_lleaor

PAINT AREA

north end of Bldg. 108]
e_t side of driveway and

doon,_ay

PAINT AREA/SAND BL,_ST AREA

northwest o=*met of Bldg. 1088
iusI weE1 of emergency exit daor

PAINT AREA

south _nd of Bldg. _087

easl _id_ of driveway

PAINT AREA

northwest corner of Bldg. 1087

P-949 AREA

south end o{ _ew labri_ i[ru_'ture;
5' east Of concrete slab

HARDSTAND OPEN AREA

300' soulh of B sb'eet_
2' easl of rr Irad_ # 3

HARDS3rAN[_ OPEN AREA

600' _outh of B streel;
2' west of rr Iradc # 3

HARDSTAND OPEN AREA

2' east of rr lrack # 4

FUEL OIL STORAGE TAHK

west o_ Bldg. 720;
beneath diesel _el tank

D 28

126

0,2 _

SU r_ace

5UI_C_

0.2'

0.2'

0+2'

0.2'

0.2"

0.5 r

0,5'

Q.S'

O.S'

330



$S-2_

SS-26

SS-27

SS-2B

SS-2g

5S-30

SS-31

SS-32

SS_33

5S-34

5S-35

SS_36

MOGAS STATION

southeasl corner of G and

2rid sire*t; 2' wesl of tank
VtlVe5

RECOUPMENT AREA

20' east of 81dg 873;
s_uth end of bin # 6

RECOUPMENT AREA

20' easl of Bldg. 873;
north end of bin # 6

RECOLJPMENT AREA

150" east QI BId_. 873;
cenlete(_ on lain # 7

RECOUPMENT AREA

125' easl of Bldg. 873;
20' south of rr track # 3

NSVv' CREDIT UNION BLE)G

OLD TRANSFOPJ,4ER STORAGE YARD

3' $Dulhwesl of southwesl

corner

NEW CREDIT UNION BLDC.
OLD TRANSFOR/,4ER STORAGE YARD

2" north of north end of Bldg,;

veP/center of building

HARDSTAND OPEN AF¢_A

3[_' south of B street; centersd
beP,veen rr track # 11 & _2

HARDSTANO OPEN AREA
7 5' r,orth of Ihe rlOrt_v_st corr_r

of new _azardous maler]al slorage

building

HARDSTAND OPEN AREA

20" south of B street; directly
souIh of 804

HARDSTAND OPEN AREA

northwest corner of the new

hazardous material Storage

buildini_
HARQSI'AND OPEN AREA

300' south of B street,
3' _as_ of rr track # B

1.0'

10'

126 331

10'

1.0'

10'

1. 0 '

10'

1.0'

.0'

1.0'

1.0'

[_ 29



55-37

55-38

55-39

$5_0

S_41

SS_42

55-43

$r_44

5S_5

5_6

SS_7

OLD PESTICIDE STORAGE AREA

in flower bt..d betweerL putting
gceen and Bldg. "i_273

BLDG, 770

50'north of South end of Bldg.
770; 10' we_ of building

at inlet to underground tank

BLDG. 770

50'north of south end of RLdg

770; 55' wes_ of buEIding;

beneath two 8arbaBe bins filled

wilh oil fitters, cans of hydraulic
fluid, _nd anti-ireeze

HP_R.DSTAND OPEN ARE/_

_00' sou_ of B stmel; centraE
between _7t_ stn_t and rr track

# 7; transformer storage area

PDO YARD

Due 5outD. of Gate 19;

10' North of 8raveE Road

HAZARDOUS MATEI_IAL 5TO Pv_GE

west end of Btdg. 629

HAZARDOUS MATERIAL STOP,ACE

5outh side of BId_. 629
200' East of $_11

DUNN FIELD

PAINT AF,_J_,

South Bastcorner of 81d_.
S:08g

PAINT AREA

just north uf 51090

and just west ol Bldg. 880

BLDG. 737

North west corner of b_dg,
in the gravel

1.0'

SLJdace

surface

0.2 _

sumac8

_urface

SU_aC_

sur_ac8

_u_ace

suda¢_

_urface

J26 332

SS_8 BLDG 77F1

North east comer of

J & lOth St. inte_ection

SU_aC_

D-30



SS_9

SS-50

BLDG 770

North We_l ¢'orner of bldg.
_'frorn storm d_in

OLD PESTICIDE STORAGE AREA
beside stocm d_in _t

so_theBs_ comer of bld_,.
T-_73

126

surface

sun'ace

333

£
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TABLE D-2.2

SOIL TEST BORINCS

SAMPLE

NUMBER

LOCATION S,M*APLINC

DEPTHS

STB_I #1

#2

#3

STB-2 #1
#2

#3

5TB-3 #_

#2

#3

STB_ #1

#2

#3

STB*S #1

#2
#3

STB-6 #l

#2
#3

#4

STB°7 #1

#2

#3

#4

ST B_!t #1
#2

#3

#4

DLJNN FIELD

DU_NN FIEtD

PDO YARD

OLD DIP VAT DRIP ARE&

N O RTI-_VEST CORNER OF MAIN

INSTALLATION

NORTHWEST CORNER OF
DUNN FIELD

WEST EDGE OF DUNN FIELD

MAIN INSTALLATION NORTH
OF BUILDING 83S

23.5'

62.5'

73 5'

10.0'
17.5'

67,5

21.0'

260'

93.5'

19.0'

26.0'

i020'

16.0'

7B.O'

83.0'

71.5'
76.0'

860'

18] O'

Jl .O'

76.0'

91.0'

170.0'

920'

97.0'

127.0'
212.0'
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TABLE D - 3

POSt I'IVE RESULTS IN SURFACE SOILS

BUILDING 629

DEFENSE DEPOT MEMPHIS TENNESSEE

IZG 335

...... ....

h;ALOG ENATED ",_1_ I_'_ ug/Kg

1,1.2- Td_,l_ _1 hea_ .... 1 I - -

M_'lyl_e ¢hlec_e 153 13B BB 7B

Trie_e .... 2IC_E --

NONk_t.OG ENA_D VOI_I I_S ug/kg

I Aceton(, 67 95 I 24 21
C=_b(_ d_SU_F,du 2.1 8 ....

Tzdu_o 5J 18 aJ 7

_LO GENATED S EMIVOLATILES ug/_g

I Pen_c hl_ophenol I .... I -- 2?oJ I

NONHAtOGENATEO SEM_LA_LE8 ug/_g

bts(2- Elhylhnx_/i)0 hlhxllAle

N - Nitn_s_[pher yl_ine

,_e_0ph_ens

_r_clme

_h_r,r,e

D r_ en_,h)_recene

Fluoronll

Inder_l.2o3-cd)g_mne

N_hth_s

I_r_ng

1

53(X) _D 360(_0

12gQ(X)D E;_(_C

144_J 9_20 $_QO_

2B(XX;QO B_QO_

2_ I_ 47[_0J

4_(X1 ?_OCQD 311_Q

I_X) 4600 --

1_ 200000(3 6_(X30Q

1_3,0_ %4L_g,_O_ 6,,175,CC0

1300BJ

34(2J

110_1

5300

5_

93g0

29_0

-=

680O

1409

130.1

7O0O

93C0

E3,210

D-33



TABLE D - 3

POSITIVE RESULTS IN SURFACE SOILS

BUILDING 629

DEFENSE DEPOT MEMPHIS ! ENNESSEE

126 336



TABLE D - 4

POSITIVE RESULTS 1N SURFACE SOILS

FUEL OIL STORAGE TANK

DEFENSE DEPOT MEMPHIS t _NNESSEE

126 337

HAt.OG Et,IA'p_ VOI_11LE $ (ug/l_g)

NONHA_.OGENATED VOI_I_LES (ug/kg)

NON_LOGENATE{_ SEM_OIJ, T1LE_ {Ug_G)

bia(2- ELh¥1h,Bx_phth_lm,_

N - Ni_,',,,_!p pter_lne

Poly nuch_t Ar o_el_c

I+_lr _ II=AH_1

_zo{klfl u_'em_ ono

CheCB_e

pheN_ro_

_rllnll

470B

74,J

7_J

77J

120J

To_J pA_ _Z

pESTEC[DES {ug_g 1

I 4'4'-_DT I 51
Dieldrin i_

End_ult_ I 41Z

_kA_ll_ METALS (m0_g)

13-35



TABLE D - 4

POSITIVE RESULTS IN SURFACE SOILS

FUEL OIL STORAGE TANK

DEFENSE DEPOT MEMPHIS TENNESSEE

126 338

NONVOLAIILE METP,L_ [mg/kg)

..5Chromium **

COpp _t 18

N_ml 12

486

F_fecence - RI R_I:_I {lggc)

B (Org_lc] _ F_Jnd In m_>d _'lk,

0 . Idln_,d in eu_==_m'ysL__ ¢1sacond_y dgUff_,_fz_tor.

J = Estimated wJue r_ _ _le gC_lple quemt_on limit*
bu_greater _n za¢o,

Z _ Mcr_ix _rtkBrfa_nce; ©o,rnpcczi_ n_ posl_,_y I¢e_ti_bl_

• *. NO dis_ctkm _h,m_n Chrocnlum (111)end Chromium t_/ll.

D-36
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TABLE D- 5

POSITIVE RESULTS IN SURFACE SOILS

GOLF COURSE

DEFENSE DEPOT MEMPHIS It:.NNESSEE

MALOGENA_ VDLAllLES ug/_

Chl_f_m - - 2J ....

M _Y/I 0ne ¢h_fkID 14B 21B 15B _3B IBB

Trlchloro_h_me - - _ - -

NONHALOGE NATED VO L,_]ILES ug_

i i + + + +1°TQluene 17 9J eJ 3J

Tc_l _yie n_ ...... Lj _

"qONhALO_ENA'rED 5_IrVOLA_LES ug/kg

1500BJ _2OOBJ 27_ 7108J 1700BblsC2 Eb_ylhexyl) p_e] _

N - Ni_o_iphQre/ImfninQ

l_Iyr

Hydr_ort_ (PAH_)

A_enm_h_no

r_Ir _C_O

_ (e)_w_Ehr_one

Be_J_(a)py[gnQ

B_fo)_ uomnth_ne

B_n_(g,h+B pev/lene

B_nm_wI

I_wno(1,2,3-cdl_'rena

T_t_l PAH_

-- 2e_ij --

- - 27gJ 9_oJ =

_,4OJ 930J --

-- 4_03 _l_flJ 620J

.... 7E_j =-

-- 34_J i tc, OJ --

-- _ t2_OJ --=

3,30,1 _ 27[_ 7_Od

.... ZOOJ ----

-+ 310J IF_OJ

_{]J 17100J 580_

560 3,L_oO 13.010 _

2_)J

81OJ

610J

110_J

993J

22C0

160.1

370J

20_

2:5OO

11,270

D-3?
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TABLE D - 5

POSITIVE RESULTS IN SURFACE SOILS

GOLF COURSE

DEFENSE DEPOT MEMPHIS q ENNESSEE

PES_CIDES ug_g

4,4 -ODE 2tx_O _,0D - 12_J0D 4_00

4,4 -DDT 870 _._ -- 4t_0 D _DJ

0Eold_ 7_ a3._D _ 14t_D _D

H_la_hlor ........ I 1002

H_h]Of elaO_dd_ .... _4QZ

bat_-Bl-_ ....... 2500

VO LATII_ M_AI_ rng/_g

/ _'SL_ 33 22 41 42 12 L
I,e_t 81lG* _t I_G* 71 157

Mercu_ 015N II1N O,N,I 032 O_

NO NVOUM1LE M ErAI_ rng_

] ._rnany - - 50B 5,0 _

Copper _ _1_ 26 • _ _

N_I 13 • _ I_ 11 _

B (Ir_ _1¢) = V_ue I_s _m _e C_nt,_ _,_ui,_l O_Hon tlmlt _C_I_, b_ gr_r _m me Ins_me_t Det_e_m Umll {IOI4¸

G . Hi,till _mal,_m • 4 Hm_ 0p_ ¢ldd_l _l_r_ _epl_l_e crilll_ do hill _ply,

-- m NOl d_¢$(<1,

D-3B



126
TABLE D - 6

POSITIVE RESULTS IN SURFACE SOILS

BUILDING 1088

DEFENSE DEPOT MEMPHIS TENNESSEE

341

I M_o chr_lCe

NONHALQGE_T_D VOLA_LES u_g

I lOB _8 I_B gB 11B I 1_8 gB I

4J - _jlZB _J IIBJI130 2J --_JI

NONH_OOEN&_D _EMIV_LEm u_

5¢_J

I_¢0J --

17_B _B _BJ 81¢¢B

O_J 371_

210J

HIOJ 470J gSOJ _

l_J _J

-- 5_OJ

120J

IDOJ

I10J

_BJ

130J

lOOJ

2_OJ

_70J 2_OJ _ 2_OJ

17DOJ _ 370J l_OOJ

240_J _300J _OJ _000

1400J a40J ....

_J --

_ I_J I_J 3_

$1_J

1_lOOJ _J -- 1_OOJ

3_J 780,) 78_J _500

4700 l_OOJ _ _u.O0

IIlOJ --

I_J _J

I_J _J

l_J l_J

l_J

_l_J

_ 27,_70 81040 4,;7_ 18,_'_ I 2,1_

l:l_J

2t_J

I_J

o 39



TABLE D - 6

POSITIVE RESULTS IN SURFACE SOILS

BUILDING 1088

DEFENSE DEPOT MEMPHIS TENNESSEE

126 342

PE_11¢_OES u _lg_g

POS= u_t

I1OD

4_D

IIZ

I I

l_UO

_1D2

5_D

870 40¢O 1EIO

2_JD 11000

43Z

11;[

22c

-- 13J

33 _/

2_J --

_lJ --

TOTAL Vt_AI]LE METAL g m W'_;=

t._d

M_y

-- 55OZ

-- 2gOZ

2_7_* 175_0 247 312 1_0

fl.D,$N 02_ - -- _ --

TOTAL NoNVnL_T%E M_AL_ _g/kg

18300

0_8 0IS

g_'iflm_y

B_i_m

r*_t_ mlum

C_ ornlum H

Copp.*

Nk,k41

-- 48

218 313 I_ _ I_

1 QN _4 0.7 47

71&13 6710 tog 8880 2_)

124- 2_ 7_ 5Z I¢S

37. _3 32

-- 0_B --

_t*OG 21_ 270 _lO0

_2 01 8

128 7G

116 76

_ 148

8 CriEr ;)tt,l_:1 = V_d_deI_A= U_cq ble Corib_=t Requbl, d Dt_k-_oq LImR [CRr_.), bL_ gr e=d_ (he_l _t Ensi_ument De;¢¢_ Lime (_DL_

B (O,gs,_k,_. Found _ flood bl:qk.

C) m Id_ n_ald in nn _m_lil et _ ist;ortdety dikJ_oq f_otcx.

. NSbw _ • _ *Ira*c= *plk_ addQ_$.th4ref_l _;_bact ¢[i_t do not _ply

I N = 5p_cd =:rnple rIm_*_'y riot W_lr_ ¢¢_qb¢4I[m_l.

Z ,_ M/_rlx I_tlrr_ im©a_ =amp_und rio1 _¢41Uve_y EdC_tr_¢_

• _ Du_ll_ nneJysls not _d_lFt _¢m_-rJ limltl

** = NI_ dL_t_cgo_ bem,_e r; Ch_omium _ll} ¢qd Chr Dmlum 0/I]
-- i Not dee=1=ted

[}-40
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TABLE D - 8

POSIHVE RESULTS IN SURFACE SOILS

GRAVEL AREA EAST OF $873

DEFENSE DEPOT MEMPHIS IPSNNESSEE

126 346

HALOGEHA_D ¥OLAI"I LE_ (ug/kg)

IM°_ _o ch_do I _8 in 4J ,_ [

NONHALOG ENAT_) "_O LA]IlJ:$ (_g/_g)

[ Acoterie 5_J 3J6 9.1 5,/
T_lua[m 3.J 4.J 3.1 IJ

To_l xyIon_ .... _A

NONI_,LOGENATED SEM['/OI.A]ILES _g,'kg)

bls(2- Eih_h++x'+d)phl),_+)m

6]i-n - b ui'ylph_+m

N - N_o<il_+honyl_ina

Poty

Benz_ (e)ani_a_llne 45J

Cht_s_ 44,J

I R uora+x_e+_ l 7_.J

SSJ

l+yrene

T_sl pAH_+ 344

VOLATI_ M_TAL$ C_g}

?TJ .....

- - 4g_J ....

] Ar_nlc I 2B _8 17
I Mercumy 0.03 -- 0.02

NO NVOtATIL_ M ETALS (rrl_kg)

°111

0_03

Barium

Copp.er

B (Or geu_¢) . F_ur_l Ih method bl_k.

J . F_tim e_ed v_lue I_ fl_ _e ae/ilpme qu_l_a_d o_l limit bul 0re_r th4_l zero.

• , _ N_C dbsflr_c_l I_m_n Chromium (11_ ¢u_d _h_e*mlum (VI I.

7 8 5 6

143 105 183 I_,_

1_ 17 E 10

22 2_ 5

2_ 18 _ 6

705 67 _ --

_-44



TABLE D - 9

POSITIVE RESULTS IN SURFACE SOILS

BUILDING 770

DEI_NSE DEPOT MEMPHIS JENNESSEE

12G 347

HALOGENA_ VOL_U_$ ug_g

t I, I -Tt Lhl_O_hene 110 ......

Mothylene chlodda 36B 8B 5BJ 68

Tu_'achlor _Lhene 31 ....
TdchloroQ_eno -_ 1J 2J

NONHALOG ENATF_ VOLA I1LES uE_g

4 - MeCejl - 2- p_nt_on o

A_et_ne

T_tJd x_t un_

E_ylbe, nzgnw

T_lugnl3

NQNHA_.OGE NATED 8 _IVOLA_LES ug_

_ _J ....

47J 2_0 51 2_

gJ 6 -

43 IG 13 32

590 53 IJ 2,1

2-Me_ylnaph_ef_

bL_C2- El_yih e_tl ) ph_J _¢_

Butyl bemzy_ ph_eJ_

DI-m butyl ph_cd_ta

I_ly

Hydr_bo,_ (pAHa I

B4_Z_ _ _t ht_Ce ne

B,_zo Ca_pymrm

_lfiuar_nB

N_[eng

Ind_o(1,2,3-¢d)pyfene

N_h_ahlng

I_lllnu

T_I pAH=

8111.1

_B

78O0

45_O

22_OJ

12_O

6_OJ

18_X)0

13¢O0

45,030

4000 ....

-- 340 B IBOBJ

_50J ....

13COJ ....

• 80J ....

--- _OJ --

621 --

-- 1 ,_,OJ gOJ

-- _lOJ --

-- 160,1 _J

--- _ --

t6oOJ ....

I Io0,J _J 37J

P_OJ 170,2 150J

8,48_ 670 240

D-45



TABLE D-9

POSII IVE RESULTS IN SURFACE SOILS

BUILDING 770

DEFENSE DEPOT MEMPHIS 1 ENNESSEE

136 348

PEN_CIDE5 ug/kg

4' OOD -- 101 --

4A'-DO_ .... 17X

4,4" DOT -- 52 --

b(¢_- BHC _Z _- 28Z J4Z

fl_mme- BHC _An_e} 1tag ......

VOLATILE MURAL8 mg/kg

I ' ....48 24 _1 4

S_4e_um -_ 15 ....

NONVOLATILE: MgTALS mg]kg

Barlun_ 20gEt

CedmJum i

_hrom_m ** 10

C_pe,¢ 13

H_el 3

Zir_ 41_
:l_t_rtc u - R] P,l_parl (1 _1

B (I¢_¢gan_) . VpJue ¢_lS _ _ Cor_ _ulr _10Ql_n Umti

(CItD L_. but gr_ than the In,s_rneci_ _ Umtl 0DL_.

B (Org_l¢). Found tn m*,_od bl_.qk.

J. FJltlr,atsb_.l S_Ue Itesl__ the gore pie I_UltallIffdo,n IIm_kbut 9r_lt_r _lm z_ro.

X. EJstmn_d veJu_ dub to a cl=nflrme,a co,'apaund which Is aff-eced0 In bo_ Columr_s.

Z = MffrlxInte_li_cz,nce:¢_:¢_pcundnm _;_y Id_r_l_ble.

,* _ No di_gnc6on betwe_ C1_rornlum (11_end (N_'ccnlum IV0

17 --

15.8 Ig_3 11.7

3 0 5 0.8

- ig II

_ls 10 d

? fl 5

12._ 5S.2 _.,I

D _



TABLE D- 10

POSII1VE RESULTS IN SURFACE SOILS

OLD TRANSFORMER STORAGE YARD

DEFENSE DEPOT MEMPHIS 1ENNESSEE

12fi 349

I-_ALOGENA11ED VOLA111_$ (ug/_g)

_J 78 I

NO NHALOG ENATE_ VOLA_ U_S (ug_g)

I_°°" I ° '_ IT_g,_ _,J _

NONHALO_ENAT_ _NOLA_LES Iug/_g)

_BJ ¢_B

p_ynu_lg_r Aromalic .

h_drac_,bor_ (PAHs)

_ro_(a) k_,th f_mJr_

B,on:o[,_)pyr ene

8_r'_o(g,h._ per_lene

Chr_ene

Ind_O(1 ,_3-_d)pyrgn,_

_'rgn_

_40,I --

3_O,J --

i_0d --

2181 --

To_J PAHs 2_0 --

PE_llCID E$ (l_/kg)

I"-°°_ I '°° '° I
VOLATILE ME_ALS (mQ_g 1

I: "

D-47



TABLE D- 10

POSH IVE RESULTS IN SURFACE SOILS

OLD TRANSFORMER STORAGE YARD

DEFENSE DEPOT MEMPHIS I_NNESSEE

126 350

NON'VOI_,_I_ M_At.8 (m fl/v_ )

_tlmc, n¥ 4

m 78.1 21_

_ppaf 22 6

Niek_l 13 3

S[I_" 0,6 ---

69 _L

** E N_ distrain _a Chrom_m CII__md Chromium (VI).

0-48



TABIJE D-11

POSfl]VE RESULTS IN SURFACE SOILS

BX GAS STATION

DEbLNSE DEPOT MEMPHIS "l E_EE

126 351

14ALOGENA_D VOLATILE_ (¢=9/kg)

IM_ana d_Ide I 25B

NQNHALOGE_TED $ E_I_ LAIILE8 (ug/_gl

bi_I2 - E_y_,_xy _ gh_n¢ge+t_ 510B

_BJ

F_nucle_ _zarn_J¢

Hydrocarbons {pAHs)

Ber,zo_s)e_t_'_se_ee

8er,zo(_p_e

Ber',zoCo)fluc_sn_ne

ff_nzo_llu_nr_enB

Fluor_ne

tnda_(1,2,3-_p_

B_J

9_J

7E,J
140J

_TJ

76,/

I10J

769TOE=IpA_=

PESTICIO ES (u_g)

VOLATILE METAL8 (mgNg)

I_d 16

Me¢cufy 0.03

NONVOLA_LE METAL8 (r#_)

Cop_

NEd(el

Ref_er_e - pd Report (I 990)
B (CYgeu_¢) = Fc_JndIn nlothr_ b_mnk.

D _ Id_nti_¢_ In _unerl._ds m m_md_y diluti_ _c_or,

J ==E_t_d ._lt_ le_5 I_ 'die M_ple q u_;_Uor= limit but gr o_r _-_mn z_o

.* = NO dlslin¢l]_ bccw_n G'momJu_n(11I)=rid C_lum _/I),

4

14

t9

57.9

D-¢9



TABLE D - 12

POSI [t_/E RESULTS IN SURFACE SOILS

PESTICIDE STORAGE AREA - BUILDING 737

DEFENSE DEPOT MEMPHIS "I'bNNESSEE

126 352

_ 1J

NONH_LOGEN#.1_D S E_N_.6.llLE:5 [ugt_fl

Ptd_x_ A,o_me

_d_¢= bora IPA:-Lt)

C_

Uer_ot/Jm _. =gm[_

EtomoOalp_ the

Samo(b)ltax=r_ne

FIIX_NIr4

P_

_N

T,_tl pAHI

330BJ

7SJ

_J

a_J

130J

SCJ

7ZJ

130J

_B7

4.4'- 0OE

4,4 -_T

a]phe*-Ch_-#a_,e

bets-EdC

g_m[n= -I_lo[dane

14J

79DJ

g IZ

V_L_t]_J=E METALg [mg_g)

NO_3L_IUJE METAL_ _

Chru,n_

C_p_

Q

12

3

Fa,hmarc= PJFuap(_ tl_

--. No d=l_ _n Chromkqn 01_ end ChreanMm {V0,

E_[Or gent). Foun_ In r _ b_d_

D 50
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TABLE D - 14

POSIIIVE RESULTS IN SURFACE WATER

DUNN FIELD

DEFENSE DEPOT MEMPHIS 1 ENNESSEE

354

t_O_ENAI_D VOLATILES lugJl)

I k$'_I_ chkx_l tl i000

NONHAL 0 GE_A_ O "_LATIL _ [U_

r,_ 2J

NONP:_.OQENA_O3EM_Ct.A_LI_(u_

_x_ _iyt_y9 ph_nl_te _4_ -- IOBJ

N - Nib_ph_yla_b_ na na -- 5_

PESTIC]DE_ (_1)

I °a'_[r' I .1_ I _-

VOLATLE META_ (u_J_

NDNV_ X_TLE META_q (ug_l_

_'t*Eum r_ r_ 91B 77 ,_

::o.....C_r 18 12 IU 10

tk_l 110 110 I_

B (In_[en/c} . ValU_ f_ _at_ _w Contm_ R_q_r _d D_t _¢n

D-52
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TABLE D - 18

POS1TIVE RESULTS IN SURFACE SOILS

DRMR YARD

DEFENSE DEPOT MEMPHIS i;cNNF_SEE

126 360

HALG GENATED 'v_lJ_t_S ug_g

I Mei_ene ch_*lde 7100B gB 14B 16B 41B I I$B

NO NI-IAI £)GENATEO _0 LA33 LE_ ug/cg

L#¢:wtone 8J 8J 4J 12
Tolu=_,ne -- 8 17 _- 2J 13

Toi_ x_enes _- 4J I1 ....

NIP NHALQ GENATEO 8 EMIVOLA33 LF5 ug/kg

bEs(_ ECwlhexyl) pht_J_

Butyl _ phth_data

N - NKro_iphen_d_u_lne

Poly

Ac_aph_na

Aconaphih_ene

_,1_1tt¢ _ f_6

Bonzo(_cmthr =can_

Bo_m(_dpyrene

Ba_a_(g.h.t)perfte_a

Ch,yaene
_ib_(ch)=mthr_¢ene

RUg=Ef_Q

Inden_I1.2.3-cc_pyfone

Pyr_ne

...... _oJ

630J -_ 420J

.... 4700

-- 2_3j

-- 65_

61130 .... 2000

-- 62,00

.... 8_0

4_ ...... 74_

.... 2600

.... lOOJ 15C_0

...... 6_0 J

...... 40GO

.... tOOJ 77OO

31_ -- 570J - 17000

9,690 -- 570 200 9_,_0

_6J

I_J

_lOJ

170J

370J

200J

290J

1.360

D-SU



TABLE D-18

POSI rJ VE RESULTS IN SURFACE SOILS

DRMR YARD

DEFENSE DEPOT MEMPHIS IENNESSEE

126 361

P_T_IDE_ ug_kg

_,4'- DD_

4,4'-DDE

4,4 -DDT

be_-BHC

Oteldrln

El_asultltr_ aul fab_

-- _O _a_ -- II1_D 21

-- 150_t_ 14060 5cJOOD t30D

......... ICtZ

-- _ --

VOLA_q LE METAL8 mgf_g

I+° + 1++ ° + I_end 88N 86N 129H _ Z4_l 87_

NONVOLATILE M ETA_*S mg/Rg

#Jl_ra_¥ - -

Bet_Jnl 5.8B

C_dmlura --

Cllr omEum .. 15

Caper 245"G

N]c_el 3.0B

_n¢ 2'2r

R_emnce - I_ Ra_oa (lggO)

43,4 Ig.2B 978

19 17 14

25"G _4.G 28

8OB 3OB 14

1311. _2.4 + 1_0.7

273 31_

15g 0,tl

_6 144

_SgO 42

1+15 5,0

2,5 --

2160 265

B {Ir_rgcmi¢) - VaJue I_s IhJn _+1C¢¢d/_¢1 P,¢_ItK D_t_c_on Lirnil (CF_[.}, b_ g_r _ _ I_m_t D_n Utah (IDa.

B tor6_l¢) _ Four,d in rn_ blc_k.

D. Idm_l_d In en atutJya_ _d _ s_cond_y d_Uto_ f_ctor.

G. t4zdl_e atlalyte • 4 _r_es Bplke _dd ed. _O ¢tcC_ _tmlce cdt81_ d o not I_op_y,

J _ _Bt_leted _due le_s I}lan 6,_ ¢l_npla qu _t_ _ Ikn tl, but Breater _l_t_ z_o.

N . _3piked _arapl_ r_eP/ not wi_lin _ & wl Ilm_,

Z _ M_ intec_[enc_; c_r_pguRd n_t _i_ely I_nlil_ble.

• = Duprc_te eJlaJysl_ _ w_dllt_ contrcd IIm_B,

• • E N_ dl_ rction beh_aen Chronlum (tll) _nd Chromium Otl)

. Not detected

D-59



TABLE D- 19

POSITIVE RESULTS IN SURFACE SOILS

DUNN FIELD

DEFENSE DEPOT MEMPHIS tENN ESSEE

126 362

HALOGENATED VOLATILES (ug/kg)

Carbon TOt rachlodde
I MGthylene chloride I ...... I44B 45B 10B 8B 8B

NONHALOGENATED VOLATILES (ug/kg)

2-But_Jmne .... t9 --
2-HexanQrle --- _ 2J ....

4-Methyl-2-p_ntanone .... 62 ....

Acetone 8J 7J 120 19 20
Ethylbenzene .... 2J - - -

ToMeno 1J _J 6 - 1J
Total xyMnes - - 3.1 14 ....

NONHALOGENATED SEMIVOLATIt.ES (ug/kg)

2- Methylnaphthalene

4- Methylphenol
Benzoic acid

bieI2 -Ethylhexyl) phth_Jate
Dibenzofumn

N - Nt rascdiph_nylamine

Polynuol_ar Aromatic

Hydrocarbons (PAHe)

Acenaphthene

Acenaphthylene
Anthracene

Benzo(alant_mc_ne

Benzo(alpyrene
Benzo(b)fluomnthano

Benzo(g,h,J]perylene
Benzo(k) t uomnthene

Ch_seno
Dibenzo(_,h)anth racene
Fluomnthene

F[uorelle

Indent(1,2,3-cd)pymne
Naphthalene
Phenanthrene

Pymne

Total PAHs

-- 2600 3600J
-- 300J ....

- 250J ....

94OJ - - 910
-- 11000 ....

-- 1400J 3200J

19000 ....

2COQJ ....

21000 ....

81000D -- 150J

68000D -- 130J

68000D - - 300J
48000D -- 150J
28000 ....

87000D 210,1
26000 ....

220000D - - 34OJ
16000 ....

440COD - - 120J
4_00 ....

160000D -- 180J

160000D 26OOJ 270J

1,05¢,800 2600 1850

1900B

200J
15OJ

3OOJ

250J

510J

300,1

510J

2220

o 6o



TABLE D- 19

POSITIVE RESULTS IN SURFACE SOILS
DUNN FIELD

DEFENSE DEPOT MEMPHIS IENNESSEE

J26 363

PESTICIDES (ug/kg)

4,,¢'- ODE 160D ......

4,4'-DOT 170D ......

,_lpha- Chlordane - m 150_ .....Dieldrin 330D -- 480D 64D --

VOLATILE METALS (mg/kg)

LAD.Die 35 23 2,1 ILead 51 122 459 19 2

Mercury 0.04 0,06 0.08 0,04

NONVOLATILE METALS (mg/kg I

B_ciur_l

C=dmium

Chtomium **

Copper
Nickel
Sodium

Zinc

Reference - RI Report (1990)

99,2 t05 645 70.3
1.6 1 1.1 --

12 32 -- 10

32 54 24 18
12 14. 9 10
.... 82B - -

102 114 300 45.1

B {Inorganic) = Value less than the Contract Required Detection Limit (CRDL),
but greater than the Instlu m_nt Detection t.Jmlt

B {Organic) = Found in method blank,

D = Ident_ed in aa analysis at a secondaPj dilution factor,

J = Estimated value le_s than the sample qua°treat)on IIm_, but greater than zero,
** = No distinction bet_ert Chromium III and Chromium VI,

- = Not detected,

65.2

27
6

7

30.2
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