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1.0 INTRODUCTION

Defense Depot Memphis, Tennessee (DDMT) is a major field

installatio_.o_th_efense Logistics Agency (DLA), U.S. Department

of DeZense (DO0). Due to the requirements of its primary mission,

providing material to support all U.S. military services and some

civil agencies, DDMT has been engaged in a variety of operations

dealing with hazardous substance transportation, shipment and

disposal.

OOD developed the Installation Restoration ProgTam (IRg) in 1981

to evaluate and remediate the effects of past hazardous waste

management and disposal practices at its facilities and to comply

with provisions Of the Comprehensive Environmental Response,

Compensation and Liability Act, as amended. All POD facilities

will be examined under the IRP.

This Feasibility Study (FS) is based primarily on information

obtained in the Remedial Investigation (RI) including the Risk

As'sessment. TheSe two studies are a continuing part of the RI/FS

process. The RI/FS effort is managed and contracted on behalf of

DLA by the Huntsville Division, U.S. Army Corps of Engineers

.... (CEHND) ........CEHND. retained _Law Environmental, InC. Government

Services Division (LEGS) to perform the DDMT RI/FS.

i.i PURPOSE _/'ID ORGANIZATION OF REPORT

This Feasibility Study report presents a range of feasible remedial

action alternatives that, if implemented, will protect h_an health

and the environment as far as practical and reasonable within the

applicable or relevant and appropriate requirements (ARARs). An

array of feasible alternatives have been evaluated and are

presented in this report. Section 4 describes the recommended

remedial actions for each of the areas investigated.

8531.83 i-i
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The report organization adheres to the report format suggested in

Chapter 6 of the ERA DocUment: G_dance for Conductina Remedial

_vest_ga_ions and Feasibility Studies Under CERCLA, October. 198B.

Briefly, the report is presented in the following sequence:

I. Description of the enviro_ental situation at DDMT based on

information collected during the Remedial Investigation (RI).

2. Selection of sites to be investigated for the development of

remedial action alternatives.

3. Identification and screening of applicable technologies.

4, Assembly of applicable technologies into remedial action

alternatives.

5. Screening of remedial action alternatives.

6. Detailed analyses of the screened alternatives.

7. Recommendations.

1.2 BACKGROUND INFORMATION

1.2.1 site Description

Defense Depot Memphis, Tennessee is situated on 542 acres of

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

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

southeast of the CeNtral Business District and one mile north of

Memphis International Airport. DDMT is set in a mixed residential,

commercial and industrial land use areas (FigUre I-I). DDMT

consists of two sections: Dunn Field, an open storage area about

sixty acres in size, and the main installation, which is intensely

developed.

8531.83 1-2
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As a major field installation of the Defense Logistics Agency, DDI'_

warehouses and distributes an extensive inventory of supplies

utilized by U.S. military services and federal agencies. These

supplies span a broad range of commodities including clothing,

food, medical _d_e=, electronic ec_ipment, petrole_ products

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

large supply vol_es handled, some items ware spilled, leaked or

disposed within installation boundaries during the last forty-

eight years.

A review of installation file data and other records suggest that

as many as 75 sites of potential enviro_ental concern exist at the

facility. These include: waste disposal sites, spill locations

and material storage. In past years, much of DDMT's waste disposal

has been conducted at Dunn Field. Thirty-five of the 75 sites are

located in D%L_n Field. Fibre 1-2 and Table i-i show the kno_

locations in Dunn Field and types of material.

1.2.2 e " s ave " t_ s

Prior to Law Environmental's Remedial Investigation, numerous

technical studies were performed at D DMT to assist DLA in its

¸continuing mission requirements. The technical studies ¸ reviewed

and utilized in support of the RI include the following general

categories:

i. Industrial'Kygiene_.

2. Facility Planning

3. Regulatory Compliance Consultation

4. surface Water Quality

5. Ground Water Quality

6. Waste Management Assessment

7. Hazardous Waste Remediation

8531.83 1-4
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FIGURE I-2

DUNN FIELD DISPOSAL & STORAGE SITES

0

NUMBERS CORRESPOND TO

HAZARDOUS MATERIAL STORAGE

OR DISPOSAL BIES LISTED

ON TABLE 1--1.

LEGEND

+ MONITORING WELLS

INSTALLED BY AEHA

SCALE: 1 "_-350'

SOURCE: US ARMY ENVIRONMENTAL HYGIENE AGENCY, 19B2.

[__ CEOHYOROLOGIC STUDY NO. 38-26-0195-83.
-- LAW ENVIRONMENTAL INC

- - GO_ERNMEJ_T SER_CES DI_I_JON

__ 1-5
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Most of the studies at the site were performed internally by the

U.S. Army Environmental Hygiene Agency (USAEHA) or the U. S. Army

Toxic and Hazardous Materials Agency (USATH_}. A few were

projects conducted by consultants or Architect - Engineering (AE)

firms under contract to DLA. The specific prevfmu='fnves_igations

utilized in support of the RI/FS are listed in Section i of the RI

report.

1.2.3 _e_edial Investiuation Activities

The Remedial Investigation included the collection of regional and

study area information. This information was used to characterize

the surface and subsurface environments at DDMT. The following is

a brief review of RI activities.

The study areats surface features were investigated by on-site

visual reconnaissance, by reviewing U.S Army Corps of Engineers

historical aerial imagery, U.S. Geological Survey 7.5 Minute Series

Topographic Quadrangle maps and installation topographic maps.

LEGS investigated the suspected contaminant sources by visual

reconnaissance, interviews with DDMT personnel and a review of

installatidn files, internal technical- studies and previous

consultations.

The geology, hydrogeology, ground-water and subsurface soil

contamination were investigated at the main installation and in

Dunn Field by installing and sampling thirty shallow monitoring

wells into the Fluvial deposits. The location of the wells

screened in the Fluvial aguifer, MW-8 through MW-35 and MW-38 and

MW-39, are shown on Figure i-3. In addition to the wells installed

during the RI, monitoring wells MW-2 through MW-7 (installed by

USAEHA) were sampled. The AEHA wells are shown on Figure 1-2.

8531.83 1-8
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FIGURE 1-3

RI MONITORING WEll AND
SOIL TEST BORING LOCATIONS

DEFENSE OEPOT MEMPHIS, TENNESSEE
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Five soil borings were advanced into the Fluvial deposits to help

characterize the subsurface stratigraphy and to collect sell

samples for analysis. The locations of STB-I through STB-5 are

shown on Figure 1-3*

The confining unit between the Fluvial aquifer and the Memphis Sand

aquifer was investigated by advancing three 220-foot stratigraphic

test borings (STB-6, STB-7 and STB-8) and by installing two deep

monitoring wells (MW-36 and MW-37). Soil samples were collected

from each boring for analysis from within the confining unit and

at the top of the Memphis Sand aquifer. The water quality Of the

Memphis Sand aquifer was investigated by sampling the two wells

screened into this aquifer. The soil test borings and deep

monitoring well locations are shown on Figure 1-3.

Twelve areas of potential surface soil contamination were

investigated by collecting surface soil samples. A total of fifty

soil samples were collected (SS-i through SS-50). The surface soil

investigation focused on probable or known "hot spots". Th8 twelve

sampling areas are shown on Figure i-4. Each of the sampling

locations are shown on Figure 2-1 and 2-2a through 2-2d in the RI

report. The areas selected for development of remedial action

alternatives will be discussed later in this section and will be

shown on FigUres 1-6 through i-Ii+

Installation surface waters were sampled at points of discharge off

of DDMT property and, fro_ Lake Danielson and the golf course pond.

sediment samples were collected from Lake Danielson and the golf

course pond.

8531.83 I-I0
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FIGURE I-4

SURFACE SOIL SAklPUNG AREAS
DEFENSE DEPOT MEMPHIS, TENNESSEE

0

OUNN RE1.O

ORMR ¥_XRO I

81JrL_G
I 6_g

BX GAS

_----" LAW ENVIRONMENTAL INC.

_ GOVERNMENT 3ER_lCES OpASION 1_11
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1.3 SELECTION OF AREAS FOR DEVELOPMENT OF REMEDIAL ALTERNATIVES

Based on the information obtained during the RI, remedial action

alternatives were developed for three separate media at DDMT. The

• three media considered in _his F_ are: (I) ground water in the Dunn

Field area; (2) surface water and sediments in Lake Danielsom and

the golf course pond and (3) surface soils on the main

installation. A sugary of each area is presented below,

including suspected contaminant source, physical conditions, extent

of contamination, apparent risk _0 human health and/or the

environment and data gaps.

1.3LI Dupn Field Ground-Water Investiaation

The Fluvial aquifer's geologic and hydrogeologic characteristics

and the quality of the ground water in the Dunn Field area were

investigated by installing and sampling fifteen monitoring wells

during the RI. In addition to these fifteen wells, the five of the

seven wells installed by AEHA wer_ sampled. All monitoring wells

(except MW-34) screened in the Fluvial aquifer in DUnn Field are

shown on Figure i-3.

TO help characterize the Dunn Field subsurface environment (both

physically and chemically), two stratigraphic soil test borings

were advanced into the Fluvial deposits (STB-I and STB-2), Three

soil samples were collected from within the Fluvial deposits from

each boring. The location of each boring is shown in Figure 1-3.

The possibility for vertical migration of ground-water

contamination in Dunn Field was investigated during the RI by

collecting soll samples from within the confining unit and the top

of the Memphis Sand aquifer from STB-6 and STB-7. Water samples

were collected from the Memphis Sand aquifer from MW-36 and MW-

37,

8531.83 1-12
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1.3.1.1 Physical Condition_ - Information obtained during

installation of the monitoring wells and soil test borings

damonstrated that the Fluvial aquifer, within Dunn Field, consists

of clayey sand, sand and gravelly sand. The saturated thickness

of the Fluvial acp/ifer ranges from :_ight .feet a_ MW-14 to

approximately 23 feet at MW-28. Recharge to this unit is primarily

from the infiltration of rainfall (Graham and Parks, 1986). A

comparison of ground-watsr surface levels suggests that the Fluvial

a_ifer does not discharge to local streams. Discharge from the

Fluvial a(_ifer is probably directed toward underlying units in

hydraulic conunication with the aquifer.

Water level data collected in the Duns Field area was utilized uo

prepare a water table surface map of the Fluvial aquifer. Figure

1-5 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.

From this infor_ation a westerly ground-water flow direction was

determined.

A ground-water velocity of 303 ft/year was calculated using the

following method:

V _ Ki/p where: v = velocity

K = hydraulic conductivity

i = gradient

p = effective porosity

An average hydraulic conductivity (K) was obtained using slug-test

results from each monitoring well in Dunn Field (7.5 x 10 -3 ft/min

or 3.8 x 10 -3 cm_sec). The gradient (i) was measured between

various wells in the Dunn Field area and an average value of 0.02

was used. The porosity was nst measured and an average value of

26% was used for a silty sandy gravelly soil.

8531.83 1-13
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using the information listed above, the following calculations were

used to determine the ground-water velocity:

V =

(7.5 x 10 -3 ft/min) (0.02) (60 min) .(24 hr) (365 days)

0.26 _ " hr day year

V = 303 feet/year.

_t should be noted that this velocity was calculated using

parameters measured over a very limited range and may not be

indicative of areas not covered in this investigation. This value

should also be used cautiously in estimating the rate and extent

of ground-water contamination since no values for attenuation,

retardation, dispersion or degradation were obtained.

The Jackson/upper Claiborne confining unit was found to" be

primarily a lean to fat lignitic montmorillonite clay. This

foz_ation is approximately ninety feet thick in the northwestern

Dunn Field area. Monitoring well MW-37, located approximately 350

feet west of Dunn Field, was the most western location at which the

confining unit was investigated during the RI. The continuity of

the confining unit west of MW-37 was investigated only by reviewing

boring logs from the Allen Well Field (located approximately 1 mile

west of DDMT). From these records it appears that the confining

unit is variable both in thickness and elevation throughout the

area.

The water levels measured in the Fluvial aquifer were approximately

ninety feet higher in elevation than those encountered in the

Memphis Sand aquifer (MW-36 and MW-37). The difference in the

hydraulic head between the two aquifers indicates that downward

vertical migration from the Fluvial aquifer to the Memphis Sand

aquifer is possible, despite the clayey nature of the confining

unit.

8531.83 1-14
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The upper portion of the Memphis Sand aquifer was encountered in

Dunn Field during the installation of _-36_ MW-37, STB-6 and

STB-7. Samples collected for physical properties analysis indicate

this fez-motion is composed of gray, very fine grained, silty sand.

_he %rater levels encountered in the wells screened into th_Memphis:!-_u_

Sand aquifer were approximately 19 fee_ above the top of the

aquifer. This rise in water level (hydraulic head) is indicative

of artesian conditions. The top of the Memphis Sand aquifer

(bottom of the confining unit) was encountered at an elevation of

125 NGVD. The potentiometric water level in MW-36 and MW-37 was

encountered at approximately 144 feet NGVD.

1.3.1.2 Extent of Ground-Water Contamination - The analytical

results indicate that a plume of contaminated ground water exists

in the Fluvial aquifer in the west and northwest portions of Dunn

Field and extending past the western boundary of the installation.

Chlorinated volatile organic compounds and metals were detected in

the Dunn Field Fluvial aquifer. The levels of contamination found

in the ground water varied within the sampled area. The levels

near the edge of the plume were near detectioni'limlts. In the

central portion of the plume (around MW-12), the level of

contamination was found to exceed ARARs by several orders of

magnitude. Table 1-2 lists the constituents -detected in the

Fluvial aquifer ground water. This table also includes the results

from MW-16, which was used to determine background levels. ARARs

have been included for reference. A full description of project

APes is given in Section 6.0 of the RI report.

Figure i-5 _hows the known extent of chlorinated ground-water

contamination. The area of the plume shown on this figure covers

approximately 46 acres. An estimated 75 million gallons of

contaminated ground water has been calculated for this known area

using an average aquifer thickness of 14 feet. The western most

8531.83 1-15
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FIGURE I-5 A

WAI_R TABLE SURFACE OF FLUVIAL DEPOSITS _
AT DUNN RELD JANUARY, 1990

DEFENSE DEPOT MEMPHIS, TENNESSEE

pill

•, SHADED AREA REPRF_FJCp3 CHLORINA11ED VOlUbLE
ORGANIC CnN'r_II4_ON OF GROUND WATEIR. EXT1OqT
OR CO;*rT_J_41NATIONI_ UN;_IOWN _B ALL BOUNOARES
OF" THE PLUME HAVE BEEN U_FE_RRIED,

_OTI:: "p,41SILLUEr_'nON RI_RESF.KpS A_
INT_PRETAllON OF NATUI_. Co_DmON$
ON THE OATE OF MEA_IRE_Ek'T.

PO$1TNE RESULTS F'OR ALL COI_blHUEN_ OETECTED
IN THE FLLMAL AQUIFER GROUND WATER ARE Clan
IN TABLE 1-2

LEGEND

MONITORII_ _ LOcA'nON

I5OpLEn4s OF EO_ EI.EVAIIONS

INFERRED EL_VAIION5

375 0 375

I I
SCALE IN FEET



19 3O

location at which the ground-water contamination was investiqabed

was at MW-31 and MW-32. These two wells contained appreciable

levels Qf contamination; therefore, it is expected that the

contamination has migrated further west than these iocabions. The

western extent of the contaminant plume was nht "identified during

the RI.

Four stratigrapbic soil test borings were advanced in Dunn Yield.

Samples wore collected to provide information concerning the amount

of contamination within the subsurface soil matrix. The analytical

results for those samples are given in Table I-3.

STB-I is located in the northern portion of Dunn Field in a

contaminated area of the Fluvial aquifer. However, no significant

contamination was detected in the soil samples collected from this

boring.

STB-2 is located in the central portion of Dunn Field in an area

where only 10W levels of ground-water contamination were detected.

Analysis of soil samples collected from this boring indicated low

levels of Polynuclear Aromatic Hydrocarbon (FAH) contamination.

AS expected (due to the insolubility), PAH contamination was not

detected in any of the ground-water samples. However, it is

uncommo, for these contaminants to be detected at these depths (68

feet) due to their immobility.

STB-6 is located in the northwest corner of Dunn Field in an area

of significant ground-water contamination. Low levels of

chlorinated volatile organic contamination was detected in the

samples collected from within the confining unit and from the top

of the Memphis Sand aquifer. This suqgests the possibility that

the contaminants have migrated through the confining unit and have

entered the Memphis Sand aguifer. However, it is possible that the

contaminants were introduced during drilling operations and may not

indicate actual contamination of the Memphis Sand aquifer.

8531.83 1-20
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STB-7 is located along the western boundary of Dunn Field near the

southern extent of the known ground-water contaminant plume. NO

significant contamination was detected in any of the samples

collected from this bering.

The quality ef the Memphis Sand aquifer was investigated by

installing two monitoring wells into the aquifer (MW-36 and MW-

37}. MW-36 is located upqradient from the Fluvial aquifer

contaminant plume. MW-37 is located west of Dunn Field, within the

known extent of the contamination. The only contaminant detected

was acetone, found in MW-37. Hone of the contaminants that were

detected in the Fluvial aquifer were found in either of the wells.

This suggests that the contaminants detected in the Fluvial aquifer

have not migrated through the confining unit as of the time of

sampling.

1.3.1.3 Cent m" ation ource - Based on the analytical results and

the ground-water flow direction, it appears that the source of the

Dunn Field ground-water contamination is the burial trenches

located within Dunn Field. Typically, landfilled solid waste

materials, such as those reportedly located in Dunn Field, are

buried in the dry state. Liquid wastes were containerized and the

documentid fluid spills, involving small quantities, were local in

nature, contamination, in the form of leachate, is produced by the

water saturation of dry solid wastes (USEPA, 1980), by the leakage

of corroding liquid waste containers or by the spillage Of fluids

at ground surface. Continued saturation will mobilize the

contaminants. The chief source of water at the disposal site is

precipitation, a prime component of a site _s water balance. A

calculation of the study area's net precipitation (the amount of

rainfall potentially available for infiltration and waste

saturation) was nine inches annually_ This value is adequate to

both generate and mobilize waste-related contamination at DDMT.

8531.83 1-24
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1.3.1.4 _sment - The potential enviroDmental exposure

pathways associated with any off-site ground-water contamination

include ingestion, inhalation and dermal absorption. A vital

..... ..... pathway which is included in the exposure evaluation is the_,r_ -

pOSSibility that the Fluvial aquifer is interconnected with the

Memphis Sand aquifer, which is the source of drinking water for the

entire Memphis area. Table 1-4 lists the contaminants of concern

that were identified in DDMT monitoring wells screened in the

Fluvial aquifer. None of the constituents listed on this table

were detected in the wells screened in the Memphis Sand aquifer

(MW-36 and MW-3?).

An unacceptable health risk was not associated with the

contaminated Fluvial aquifer ground water because this water is not

used for drinking or irrigation. However, an unacceptably high

risk could he associated with drinking water from the Memphis Sand

aquifer in the vicinity of Dunn Field. This estimate is based on

the potential migration of contaminated ground water into the

Memphis Sand aquifer and the conservative exposure scenario assumed

for this estimate. This scenario ass_es that contaminant levels

below standard sensitive detection limits are entering the Allen

Well Field and that the population ingests contaminated drinking

water from this single source for a lifespan of seventy years.

This scenario assumes that wells will no longer he pumped after

contamination is detected by current sensitive gas chromatography

methods. As drinking water comes from multiple sources in the

Memphis area, the excess cancer risk estimates are overestimated.

Thus, actual health risk associated with drinking water exposures

is expected to be acceptable. However, long-term environmental and

economic factors associated with potential negative impacts on the

Allen Well Field must _ considered.

8531.83 1-25
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1.3.1.5 Data GaDs -- The major data gap associated with the Dunn

Field ground-water contamination is the definition of the

contaminant plume, particularly in the west and northwest

direction. This is signiZicant because the confining unit west of

Dunn Field may be less consistent, "and thus, less effective in

retardation of ground-water movement downward to the_Memphis Sand

aquifer. Further study of the plume should also include

investigation of the confining unit in that area.

A second major data gap is an accurate determination of the

location of burial areas and waste characterization. Although a

plan is available indicating burial areas, personal accounts and

the unplanned penetration of buried waste indicate that other areas

also exist. Location of these areas, using a non-invasive _ethod,

such as surface geophysics, would be a cost-effective alternative

to remediation of large areas in Dunn Field.

1.3.2

surface soil contamination was investigated at twelv9 areas during

the RI. A limited number of samples were collected from each site.

The sampling locations were targeted to areas based on soil

discoloration and/or known areas where spillage or burial had

occurred due to past site utilization. Moderate to high levels of

metals, pesticides, PCBS, volatile organics and semi-volatile

organics, which exceeded ARARs, were detected in surface soil

samples from six of the twelve areas.

8531.83 1-27
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1.3.2.1 Nat e of C ta_'nation - The contaminants d_tected have

been broken down into the following waste groups as specified in

the _nolo_ v screeninq Guide for Treatment of CERCLA Soils and

(USEPA, 1988) : =

i. Halogenated Volatiles

2. Nonhalogenated volatiles

3. Nonhalogenated semi-volatiles

4. PCBS

5. Pesticides

6. volatile Metals

7. Nonvolatile Metals

The positive results detected during the RI a_e given for each

waste group in Tables i-5 through 1-10. Concentrations are

Compared to Tennessee superfund Hazardous Substance guidelines.

The sites are listed below and are shown on Figures 1-6 through

i-ii:

i. DRMB Yard

2. Building 629

3. Golf Course

4. Building 1088

5. Open storage Area

6. Building 770

8531.83 1-28
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TABLE I-5

POSITIVE RESULTS IN SORFACE ,5OILS

DI:_MR yARD

DEFENSE DEPOT M I_APHIS TENNES_cF

ST OF

pf,_Mk-'TE R SS1 SS2 . . _ ',_4

HALOGENATED VOLATILE5 ug/kg

I-*t_' "._hl='l_" I _o_ I 71oob
NONHALOGENATED VOLAllLES ug,qcg

Acetone 590 --

T_Jiuene 14,4C_

TataJ xylen_ 150

NONHALOGENATI_D SI_IIVOLATILE 5 ug/kg

3e_zoic aci_1 na 840J

)L_2 .Etilylhex._ g_thalat e 15,C00 630J

3ulyl benzyl phlh_lale na --

_ibenzofuran na --

""
Polynuclear Aromatic

HyCrocar_ns (pAHS)

AcenagPithmle --

ACon_c_ttthyler_e --

Ant_lracene 6100

8enzo(a)antt_r_cene --

Ben;¢o(a_yrene --

Benzo_)lluC_anthene --

Ber=zc(g.h._eryCen e =-

BenZO(k)lluoranthene

Chrys_e 490J

Dit_enzo(a.h)anthrac_me

Fluorarllh6_18

Fit JOt Bni

ndeno(t .2.3-¢_yrenu

_yrene 3100

19 40

1pHASE li --.

SSS I S_tl

9B 14B 16B 41B i 15B I

*. 8J _ 4-I 12

8 I? -- 2-I 13

230J

.° 42GJ 2900

4700

.. 350J

__ 8800

..... - 6200

.... 8200

.... 7600

_. - 7403

26OO

1013J 15000

690.1

4000

-- 100J 7700

570,J -- 170C0

290BJ

1£_J

210J

170J

..

370J

200J

29OJ
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TABLE 1-5

POSITIVE RESULTS IN SUP, FACE SOILS

ORMR YARD

DEFENSE DEPOT MEMPHIS TENNESSEE

19 4t

'" pARAMETER

pESTICIDES ug/K0

PHASE I PHASE II

SS3 SS4. _95 SS41

4,4'.DDD na F ........ 260 r'/ --

4,4'=DDE na 290D _50 -- 111_D I_ 21- / .. D

FJldOSull_ Sulfate na ...... 360 _,_ --

VOLATILE METALS mgJkg

NONVOLATILE METALS mgJkg

S_adeq areas are valueS that are equal Io or exceed the State 81 Ten nccsee soil cxizeria guid_in_,

na . Not Ava_labl_

StitD of TN v&ltJl_ a_rl_only TO 80 Col_id 8t _,d {TElC) (_uid_llne_. Thin a_ _ot 8nlofceablB cls,an u_oIEwel,_

IB (]no fg_,n_c). Vatu 6 I_ than ih $ Contract R_ulr6_ D_tE_;tLon Umit (CRDL}, lout greate_ th_n

tb6 I_l_t r_Jm_B_t Detection LJmit _OL),

B (Organic) = Found irl metil_xI blank,

D =, k/entifie¢_ in a_ _r_ysi$ at a secondaw di_ulion lactol,

G - Native ana_yte > 4 lir_ _ikt_ addle, Ih8_ fof(_ acceqIar,ce ¢rileria do not _b_Y,

J ,. Esflmateq value I_ ttlzn the sampl_ quar_tita¢lon Ilmil, bed grater man zero*

N =, SDIkE_ _,mple tEcGvePt nOt w_tI_i=1CO,trot limits.

Z. Matrix Int_rfarer_e; com_ouad no_ positively identiliable

• ,= OupllC;_t_t analysis n(_l Within contrc4 limits.

•, = t4o distinction between Chromium (111)am0 Chromium (VI),

__. NOl _(al_leq,
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TABLE 1.6

POSITIVE RESULTS IN SURFACE ._OIL:_

BUlLOING 629 1 9 _ 3

DEFENSE DEPOT MEMPHIS TENNESSEE

HALOGENATED VOLATILES u_/kg

PHASE I PRASE II

SS10 SSll _$42 SS43

1,1,2-TriChlOf h f_@C_t a ......... 1200 ,

Melhylene chlclride

TetraChlorC_lh6_g 100

NONHALOGENATED VOI_TI_$ u_kg

tSB 13B _ 78

Acetone 590 G7 95 24 21

Carl3 Oll disulfld9 14,400 2J B =.
TOI¢JEb3Q . " . 144 _ 63 %9 _J 7

HALOGENATED SE_IIVOLAT_LES ug/kg

Ipent_chlor0phenoI I 3600 I I -- 210J I

NQNHALOGENATED SE_IVOLA_LES Ugl_g

dsC2-ELhyl_yl) p_tha[ate

iN:__i_

PoI_

HyOroca#ocns (PAHS}

2 MBIhyInaptllha]_ne

Acen_hlhQrle

ACSn_l_hthy_Ono

Anthracene

Benzo(a)anlhracenG

B_nzo(al_a*e
Be_zotb)_

Benzc(g,h,I)pe_le_e

Benzo(k) fluoranlhene

Chr/sene

Dibanzo( a,h)ant hxacene

F]uoFaf%lh_18

_'lu(_r_nE

In_eno(1,2,3-¢d)pyrene

Naphlh_lOn_

P/rene

15,000

na

50oJ

1300J 9700

50_J 20(_J

2300 20000

550J 19OOJ

4400 260CO

9500 110C_D

8300 10000_D

9500 $10_O_O

53_ 850030

t0000 92000D

8_ 120CO_D

1400J 9800

23_300 260C_D

16000

49CO 720(_O

1900 4600

19_0 _O0_D

180¢O 1800_D

-- t3OOBJ

24000.1 340.1

64000J 1100J

970000 5300

451_ 5L_kl

540000 93_

I 6COCO 1400

31_ _

-- t3_J

8_ 9300

JT_TAL PAHs _; j _ , _i, _ 0 0028 : 30_050 _429_300 , :6:475000 63;2 0_
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TABLE 1-6

POSITIVE RESULTS IN SURFACE SOILS _L 9 4 /t
BUILDING 629

DEFENSE DEPOT MEMpHiS TENNESSEE

pESTICt DES ug;kg

i; TN PHASE I
_,. STATE OF

PHASEII

5542 SS¢3

4,4"-DDD na 2100X 3,_00 140GJX _200J

4,4'-DOE na 4500D 3_OD S000DJ Z_00DJ

at0ha-C_lordane na 40000 ......

--
Enct t_=lket c41e n_ -- I'200QD ....

HeplaChl¢_ epoxkJe na 250 ....

Met tlCLCy¢hlo r .... 1500J --

VOLA11LE METALS mg/kg

NONVOLATILE METALS mg/kg

_aded areas are v_ues (h_t are 8quaJ to ©r _ceed Ihe Slate ©f Ten ne_eee s¢]il criZgrl& g uid elln_s,

na. Nal¸AvailabLe

Slat8 ol]N V_lueS ar8 Only TO BO Consider _1 ("pBC) guidelines _esa are fl_t e_lc¢ceabJe clean UD beve[_

B (Inorganic). Vat,_ b_ than the Cont f acl Require_ De[ecliofl Limit (CROL), buI grsater than the In-=truman[

Del_lJon UmJt (IDL) B (Or ganic). FOUnd _n mat Pt_ bl_n k.

D. Iden Lifil_clin _n arlalySi$ al a SECONdary (_Uution facIc¢,

E. Co_cef_[_atiof_ Oxc_3EKJPKJlhe calibration range Of t;l_ G C,)M S insilurtt _I_L

J. Es_lmaled valuta I_ than (he sample Qua_titatlO_ limit, bu_ g_eater than zero

X. F_iir rlat Ed va_u_ dub Io & CC_firmeO C(_rflC,OUII¢I w_lcrt is © ff -_Cale _n beth cc4umrl$,

•, . NO distinction between Chromium (ill) and Chromium (VI).

__. NO1 i_l_ieCled.
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FIGURE I-8

SITE LOCATION MAP FOR SURFACE SOILS
COI IFCTED FROM TI-IE GOLF COURSE

_TI-I PosrnvE RESULTS EXC_r.uING ARAR=
OEF'ZNSE DEPOT MEkIPHtS, TENNESSEE

O

TOTAL pAHs 11.27

TOTAL p F.._'ilCI DE_ 18.1 3

Cd,Gr,A=,Pb,Hg

_-37

TOTS, L p_la 2.5

TOTAL pES'_ClD_ 6,5

J

NOES:

ALL NU_4B_S C_,I_N _'_E LN mg/kg
pbd,ls m pI_5_III_ _OMAllC H_ROCA,_BON_

T_ = _I_LORO_I_E

p_el_l_,_ RESUL'P_ FOR ALL CON$_EN_P_

IHE G_" COURSE ARE _IW_I IN TABLE I-7

.$27t

pUT_NG GREEN

LEGEND

b_JRFAC_ _OtL SAMpLJNG LOCA'fl0N

MC4¢ITO_ING Vd_LL LOCATION

I" ° I C-R_SS

0 _00 600

SCALE IN FEET

_ LA w ENVIRONMENTAL INC.
COta_RNM_N1F _qCF._ OI_I_ION l_ 3 5



TABLE 1-7

POSI RVE RESULTS IN SURFACE SOILS .[ 9 _ G

GOLF COU RSI_

DEFENSE DEPOT ME_*_=HIS TENNESSEE

Lp STATE OFARA_:I pj_ _'4

HALOGENA_D VOIJ, TILES ug/kg

PHAS_ I PHASE II

SS12 SS13 _14 _S.37 S_50

Chtoroform

Melhy_ene chlotlde

Trtchlorl_4_sne
TQiracnJofsIhen8

70 --

8600 14B

1OO --

70 --

2.1

218 1SB 13B

.... 2J

.... 43

16B

NONHALC_IENA_D VOLATILES ug}kg

Acmone 590 _1 38 24 t5 22

Talu_n_ 14.4OO 17 9J 6J 3J ..
TOtal x_tenes 150 ...... BJ ..

NONHALOGENATEI3 $EMIVOLA_LES u_lKg

15.000 I_)0BJ 22OOBJ _ 27008 710BJ 17008biS(2 .Eih ylhex_l) phtha_t e

polynU¢lltar Aromatic

H_t_rl_ns (PAHs)

Acitn_httlenlt

Ant h(acentl

_enz_a _nthr;tc@no

Benze_a)pyrQn_

8enzl_o)Ilu_ ra_ tI_nQ

8enz_g,h,i)pe_lene

Benz_(k JIluOt_nthene

Ch_one

Indent1,2,3-cdlp_ene

phenafll_t@_o

_rsn8

-- 260J

276J 920J --

340J 930J

420J ItCOJ 6201

78O3

340J 1100J

-* 390.1 1200J

330J 630,1 2700 780J

-- 7_J

-* 310J 1600J 52_J

230-1 560J 1700J 580J

200J

330.J

8t0J

610J

11o0J

22O0

161AI

37_

_zl 270

1-36



TABLE 1-7 .....

POSmVE RESULTS IN SURFACE ._ILS 1 9 _ "7
GOLF COURSE

DEFENSE DEPOT MEMPHIS TENNESSEE

PESTICIDE8 ug/kg

TN ".SS12 SSI 3 PHASEI 14STATE OF - .

5,537

VOLATILE METALS m g/leg

NONVOLATILE METALS mg,'kg

........  __17 .....................Bar um _ 958 _ 76.9 76.4

Cooper .. na 34* 21. 26 • 18 15

2Inc na 81.2G 89.3G 8Z3G 804 290
N_C_cel 20 13' 12 • 12 • 11 8

S_laCt_ ar O=LSarm VaIMBS 1hal are equal Io Of exceucJ Ih6 Statg of Tenn_ soil criIerla gutd=gllnl_.

n_ ==NOt Availabl8

$_ate of TN value_ are only TO Be Considered (TBC_ guidelines. Tl_aSa are not en forcsable clsan up IEetels.

8 (Inorganic). Value less than Ihe Conlract _cluired OeleCllon Umll (CROL), _ut greater Wan

ihe InSlru_ael O_4_ction LJrnil (IDL 1

B (O_ganic). Found In me_hod Ol_k.

D. _@tl_ifIeo i_1arl an aly_i$ at a _on_ar_ 0iluIIC_ la¢lo r`

G. Native analyt_ > 4 tima_ ,_gik e added, (her_ for6 accep t_nce cfit eria do nc4 apply

J., ,¢._tlm._t_ v,_lue I_c_ Ihan Ihe r_, mpie quanlitation limit, but gleale_ ttl_b_zaro.

N = ,_,pik_1 _dmplo r_;ovory riOt wdh[rl contt_ll limil_.

Z. Matrix inierfarenca; com_:_ound not pc_ilicely iclentiliable.

• ,,=DupliCate analysis not _._(hin ¢ g_11IOllimil S.

•.. No distinction _otw_en Chromium {Irl) and Chromium (VI)

-.. NOI d @tEIC¢E*_,

l-3T
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FIGURE 1-9

SIIE LOCATION MAP FOR SURFACE SOILS
COI I¢C'IED NEAR BUILDING 1088

WI'IH POSITIVE RESULTS EXCt.._.uING ARARs
DEFENSE DEPOT MEMPHIS, TENNESSEE

I $S_45

TOTAL PAId_ 2,05
TOTAl. pE$]IQ 0F._ 0,179
C_.Ni.Pb

Ba'_r'Ni'Pb S$-17

TOTAL PAH=
TOTAL pE511QOES 0.463
TOTAL plebs 0.890

$S_46

TOTAL p_

_3TAL PE$_C_DE$
Cr,NI,pb

O

_OOMT PROPER'PI" BOUNO_Y

NOTES:

AI& NUMBER$ _1_1 ARE IN mg_g

WETAI_ USTI_ ARE 1N_ THAT EXCEED STAE

p(_SllT_ REf_AL'p3 FOR ALL CON$_1_1_
D_CED IN IttE _IJRFAI_ S_II_ NEAR

BUI_ING ltlSB ARE _ IN r_l_ I_ 8

LEGEND

• SURFACE _L SAMP1JNG LOCA11ON

• _OIL _ST BOR1NG LOcA'nON

MONITORING _ LC,CAI_C@_

O 3OO

SCALE IN FEET

--_ _ LAW ENVIRONMENTAL INC.

--" -- -_ GOVERNMENT _E_ICES OI_ISION __3 8



TABLE _-8

F_ SITIV E RESULTS IN'SURFACE SOILS

BUILDING 1088 i

DEFENSE DEPOT MEMPHIS TENNESSEE
49

pARAM= i =H STATE CF /TN SSI5

HA LCIG EN ATEJ) VOLA I1LES uO/k{_

PHASE I PHASE n

SS16 S_IT" :SSt8 - SS!9 .'3S45 ,_=S46

IMethY lane chloride I 8600 I 16B 29B t18 98 118 I 11S 88 I

NONHALOGENA I _u VOL_TILES ug/kg

Toluene 14,_ _ _ -- _ 6 _ --

NONHALOGENA i eJJ SI_41VOLATI LE S uglkg

2,4 - Dimelbyl_h6*l ol

2-MB, Itlylp hBNOl

l-Melhy_phenol

3enzoi¢ acid

_enzyl alcohol

)lS(2*Et_ylh_y_ phlhala_e

3ulyl benZyt DPtlha]at e

3imel_tyl phlhalate

_i .n-13utyl pl_tPtalate

_henCd

POlyZ

Hy_ roca_o O.lS ('PA HS)

_c_naphlhsne

_fllhrE_Ene

_enz_a]

3enzo(a)pyrena

3enzcXD)

3enzo_g,h.I]_rylene

3enz'o(k)l

31_rysene

:luorB_t @

ndano( 1.2.3-¢d)pyrene

_laph_halene

)hsnanth fene

ila

fla

15,000

na

rla

na

na

na

.a --
i_a ....

17008 4,300B 600BJ

96,J 370J --

16_J 470J --

,__ _ --

-- 670J _

-- 21OOJ 620J

-- 17(X)J --

12_J 24002 130_J

.. 1400J 840J

10411 2200J -.

110J 25gOJ 790.I

220.1 5800 1800J

°* _2_3J 630J

130J 3C_OJ 760J

160J 4700 t 10C,J

-- 720,I

-- lZ00J

5OOJ

-- 32OJ

1000.I

810_B

37O3

83_J

2_oJ

550J

_30J

260J

220O

1500.J

460O

ICO0,J 2500

130OJ 3200

310J

150OJ

48OJ

?SCJ _500

86411 2600

1200B 14(_OE)

I_Q,J ..

16GJ _OJ

]40J

1£_,,I 160J

220J 130J

340.1 2tOJ

120.[ --

210.1 120J

_OJ 250J

r'olal PAHs'_ _ O.QO_t 840 • 27;670 8 _0 _'4%_ _18_920 2_050_
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- pESTICIC}ES ug/kg

TABLE 1-8

POSITIVE RESULTS IN SURFACE SOILS

BUILDING 1088

OEFENSE DEPOT MEMPHIS TENNESSEE

STA_I_ OF _15 ,_16

19 50

PHASE I PHASE II

_17 _t6 _19

_8S u_g

Ar_Jor-1016

IAr_lor-1232

na

At_lo_.l_4 na

TOTAL V_LA_LE METALS m_,_g

aa IOOZ

na _Z

na 27OZ

13OZ

595

-- 14_Z --

-- 550Z

-° 200Z

TOTAL NONVOLATILE METALS m_kg
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19 5!TABLE 1 .E_

POSITIV E RESULTS tN SURFACE SOILS

BUILDING 108a

DEFENSE DEPOT MIEM PH]S TENNESSEE

S_1aded areas are valua_ ih_l ale equal Io or excee(] the _,_ale of TenneSSee soll cdteria guidelines.

na. NOt Available

State of TN ,a_ues ale only TO Be Conside._ ed (TI3C1 ouidolln_. I_E_e are not e n !o¢,,'_,aJbt OC1¢,O:t L:p k,_'e IS.

B (InDrgani¢). Value I_ ih_, Ihe ContxacI ReQulrea Oat action Limit (CRDL), bul gloater Lhan

the Ir_Sttl_mem D_ action Limit (ID L).

B (Organic). FOund In method tltanl(.

D. Identir]od in _al analysis at i 5acgtldar_f _llulion I_ctor.

G. Na¢ivg analyLe • 4 tlrn_el _)iko acid ed. therefore acceptance cdl e='lado not apply,

J. E_imat ecl wlue le_ than the ,_._mpte ¢_uantllati¢41 limit, bul gloater than zero.

N . ._lked _rnple r_ rh'w7 net wit_tln¢ontro_ lim/S

Z = Matrix Int etferenco; cocnf_o*Jnd ncA pasitiveJy Identltiabie

• . Dtt p[Jc_tlt a rlaJy_$ (1_ _thin conlrOl Jirnil_

•.. NO dlStlnCtio=l Dotween Chxomium (111)an(] Chromium (VI)

--. NOl ¢tat_t_.
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FIGURE 1-10

SITE LOCA'gON MAP FOR SURFACE SOILS
COLI FC'I_D FROM THE OPE_ STORAGE AREA

WITH POSITIVE RESULI:_ EXC-c_uING ARARs
DEFENSE DEPOT MEMPHIS, TENNESSEE

O

NOES:

ALL NUM@ERS GI_%N ARE IN mq/_¢3
ImA_Hs . I=OLyNIJC_EAR AR(_A_C HY_ROCARi]ON$

TCE . TRICHLOR_ENE

METALS US11ZO ARE TH(3S_ THAT EXCEED STA_

OF TN CRIteRIA FOR SOILS

po3g_ RETAJL_3 _'OR ALL CONS/I_JENTS

OEI_ZCTED IN THE SURFACE SOILS NEAR

mE HAROSTANO AREA ARE C4_N IN TABLE _-9

• _JRFACE _OIL SAMPUNG LOCA_ON

MQNJTORING WELL LOCAllON

I" - I GRASS

_:t GR^Vm_

0 300 600

SCALE IN FEET

LAW EN_ARONMENTAL INC.
_ COV_NMENT SER_CES m_SJaN
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FIGURE 1-11

SITE LOCA'RON MAP FOR SURFACE SOILS
COLLECIP.U NEAR BUILDING 770

W111"1POSI'I1VE RESULTS EXCEEDING ARARs
DEFENSE DEPOT MEMPHIS, TENNESSEE

O

0"67 t
01¢_

NOTE'_:

ALL NUMg_R$ GIV_d ARE IN mg/k 9

pAN=I R POL_4UCLEAR AROMA_C HYDF_CARB_S
T(_ == TRICHLQ_OETHENE

MEIALS US_ ARE '_OSi_ "HAT L'XC_E[J STA_'I_ •
OF ]_N CRITERIA FOR S(_LS

pO_'ilv_ R_SULI_ FOR ALL C0N$/llFJEN_

OE_CII_0 IN _E SURFACE SOILS NEAR

BUILDING 770 ARE _VEN (N TABLE I- LO (_:,_:,i:1

SURFACE _011. SAMPUNG LOCA_0N

MONIT(3RING _f_LL LOCAlqON

GRA_I_L

._=__

0 300 600

5CAI_ IN _T

-- LAW ENVIRONMENTAL INC.

-- -__ GOVERNMENT S/_RCES 01'_1510N
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TABLE 1-10

POSITIVE RESULTS IN SURFACE SOILS

BUILDING 770

DEFENSE DEPOT MEMPHIS T ENN E.S_EE

HALOGENAIIED VOLATtLEB ugJkg

STATE OF

PHASEI _A_Etl ....

SS38 SS3_ _ SS4g

1 ,t ,1 -TrichlOrC_thane

Melhylene chlodde

TglraChl_h_e

30.000 qt0 --

8600 36B 86 5BJ

100 31 --

70 - 1J

NCNHALOGENATED VOLATILES ug/kg

6B

2J

-Met hyl-2-pe_b_none na --

ACGIO_e 590 47J

ELhylbenzene t 54,CO0 9J

Toluena 14.400 43

.....

NONHALOGFJ4ATED _EMIVOLATILES ug/kg

200 51 22

6

16 13 32

53 tJ 2J

!-Ms[_yirl_hihalsne tl_,

-3 )is(2.Et_ylhexyllghthal_,l e 15,000 .r

)lbenzoluran na

3u!¥1 benZ,/I tOhthalat_ na

)i-n-bulyl _hlhalal8 na

>olyr=uc

Hydrocarbons (PAHS)

3enzo(a)_,nlhracene

3enzo(_)Dyrene

IB_zo_blfluorantnene I

3enz¢_)=

_hrysene

=lu(_i_R [hen_

:]utJreRe

ndenO(1,2,3-cd)pyrene

,_apttlhatene

_henanltlrene

:_/IOR(3

610J _ --

4,1]COB *. 340B 160BJ

350J --

• . 13003 .......

480J ....

.... 361

7800 -- • 80J --

3600J -- 62J --

28[X)J -- 150J 90J

4600 ......

2_oJ -- 110J --

12003 -- 160J 661

620J ......

53J --

1600J --

tsco0 110_r _._J 37J

13000 8_0J 170J 150J
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TABL.S,-10 Z 9 5 9
pO_TIVfi RESULTS IN SURFACE SOILS

BUILDING 770

DEFENSE OEFOT MEmpHiS 3_*4NE_E

pARAM_; J P.JH

pESTICIDES ug,q(g

STATE OF

TN

pHASEI PHASEg .....

$838 SS_q SS48 SS49

VOLATILE METALS mg/Kg

NONVOLATILE METAL$ mGfkg

4

Stl_d_ areas arG v_duqB_that &re _tJal [O or EucC_ 1he St_le of T_n_ SOil Gritstia 01JIOel[N _.

,-,e. NOt AV'_ilabl8

Stale of TN velum are only To 8a _r_lder_l (I_C) guideline, _ are ,,_ Gnforce,3ble clan ul_ 18_.e1$,

B (Inorganic) = Valu_ I_ Ihan Ih_ COnlfaCl R_luir_l _t_tloe LJmit

(CRDL1 but greater than t_le lest r_Jm_nI Oetrclion Umit (1DL).

El (Organic). Found in methocI blank.

J - E_imated value I_8 Ihan the sample Qu aotilaliC_ limit, but greater than zero.

X = Estimated value due to a c©nflrmed comaound which is off-_:ale in both columns.

Z ,= Matrix let _rltztr 811C_; cQrttpourld Re4 pO_itivBly id_rtlifi_

• • . NO _lSltr_lio n llot w_Bn C_romlum (111),_ed Chromium ('4 9.
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1.3.2.2 Sou ce Contamin on - The suspected sourcs of

contamination at each site is as fellows:

site

_ected Source

of Contamination

i. DRMR Yard Leaking drums

2. Building 629 Spills swept or hosed Out

of doors at Building 629

3. Building T-273

at Golf Course

4. Building 1088

Cleaning of pesticide

application equipment

General spillage from paint shop

and/or cleaning operations

5. Open Storage Area Leakage from railroad tank cars

on Tracks #3 and _4

6. Building 770 General spillage from

maintenance shop and waste oil

storage drums

In addition to the above-mentioned sources, PAH contamination could

have occurred in the past from spraying oils onto the soils for

dust control.

1.3.2.3 Risk Assessment - Table 1-4 lists 21 constituents of

concern in surface soils. Pesticides and PAH compounds were

associate_ with most of the potential health risk estimated for

soil exposures. Nonhalogenated seml-volatiles or PAH contamination

was found at levels greatly exceeding health-based values at every

location. Pesticides were detected at levels above the health-

based values at each site except at Building 770.

8531.83 1-50
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The detected levels of halogenated and nonhslog_nated volatile

contaminants was found to be generally below health-based values

and are not considered contaminants of concern. Both volatile and

nonvolatile metal contamination was detected at all sites.

1.3.2.3.1 Calculation of Tsroet Soil Cleanup ConCentrations -

Health-based risk estimates for potential subchronic, chronic and

lifetime exposures to soils at DDMT were calculated in the Remedial

Investigation Report. Unacceptable levels of risk were associated

with subchronic and chronic scenarios via thm incidental ingestion,

dermal absorption and dust inhalation pathways, using this

scenario, "acceptable" soil constituent levels were back

calculated. TheSe "acceptable" levels are herein referred to as

"target" levels, and could conceivlbly be used as clean-up levels.

However, these are not referred to as clean-up levels because this

determination also requires regulatory interaction. Target levels

are calculated in the following sections for non-carcinogens and

carcinogens, and s"mmarized in the succeeding section.

1.3.2.3.2 Target Levels Based on ExPosure to Systematic Toxicants

(Non-Carcinooensl - Unacceptable levels of adverse health risk

associated with exposure to systematic_toxicants (non-carcinogens)

is primarily attributed to the presence of pesticides and PAH

compounds in site surface soils. To derive target goals based on

the subchronic and chronic exposure scenarios for dermal

absorption, the chemical-specific hazard index is divided by the

cumulative hazard index to give a target hazard index value. The

target hazard index value is then multiplied by the dermal absorbed

reference dose (RfD) value (subchronic or chronic as appropriate)

to predict an acceptable dermal dose. The acceptable dermal dose

is then divided by the dermal absorption intake factor to find the

Target Soil Concentration. Tables i-ii and 1-12 show Target Soil

Concentrations based on the subchronic and chronic soil exposures

described in the RI report.

8531.83 1-51
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TABLE I-tl

Target SOil Concentrations

8 _LSedon $u_Iron_ _w_41_ur_

_JbChton_ ,_Jb¢_onk: .:( :: T_g6t M_Jmum

: : T_u'gel : ACC_i_O: SO_I Surfa¢8,_oil

Haza_ l._d_ .:. _D_'rn_ _L : Corcentratlon Concentration

ConStituents of Concem Vslue ! : , {ntg/lcg) (m_9)

_CelOn e 1.4E-05 1.2BE-06 0,00G 1.1

rfichloroe[_,ene -- ___

_emyl_tne Chloride .... 7.1

_nir_rac,sce _ ?..2E-03 1.52E-04 0,71 130

3enzo(a)ant_racene 1.6E-02 1.13E-_ 5.32 970

]anzo(_]_r e,_e 7.5E-03 5.2SE-O_ 2.47 ,_50

3anzo(b)ffuoranthene 9.0E-03 6.31E-_4 2.96 540

3snzo{k) Iluorant _ene 7.5E-03 5.26E-a4 2,47 450

_hrysene t:0E-02 7.24E-C4 3.40 620

=tuosanl_ene t 4E-02 1.00E-03 4.72 860

ndeno(1,2,3-c_)pyr gne 5.2E -C,3 3,62E- 0_ 1.70 310

=henanlhre_e 3.3E-CQ __34E-04 1,10 200

=yr erie 1.5E-02 1.02_-03 4.77 870

_,-OOT _7_: 01 6.89E-05 0.32 59

_*-DOO .... 3.6

,;-ODE -- 39

_ta-BHC 1.1E-03 2.92E-06 0.0_4 2.5

_ieldri_ 6.8E-01 3.39E_06 0016 2.9

_rsenic 5.2E-02 ,_.91E-05 0230 42

_hromium 7.6E-03 1.69E-02 8_ 16200

L_a_ -- 17500

-_ Subchro_ic RJD ROI availat]l_ foI tl_ C¢_OUt_.
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TABLE 1-12

Targ_ _1 Coecentr_tic_$

BL_(I oo Chronic S_WI_.XDCL_Ute_

19 63

Con51it ui9rLt$ (3f _4)r,ci9[ rl

Tit iQe[ CtlfGnic

Oermat

A_tgDIo

D_tmal

M_ir_um

Tslgot _rface Soil

SOEIC_ncenlrallon$ Concenlralion

(rng/ko) (mg/kg)

Acelone 2_33E-06 E.2t E-(_7 0.0010 1 1

Trichl0 foe{tleno .... 2.1

MoI_yI_rlQ C_zlorl0e 3,91 E-(J5 1.46E-06 0,0068 7,1

Anmtacene (a) 6,64E-C_ _+65E-05 0,22 130

Benzc(a)anthr acono 3.34E-03 __34E-04 IJ0 _4:_0
Bonzc(a]l_yren@ 1 85E-03 1.3QE-04 0,61 [

BenZO_D}llUotanlhBnt 2.14Eo03 1.501_-04 0 70 540 I

BenzO(k)fluof_rtlherlE_ 1.50 E-O,_ 1 .O._E- 04 049 450 _[

ChrysertA 2.42E-03 1 6gE 04 080 620 _

FIuor arltberle 3.98E-03 _-79E -04 1,31 860 [

In0enr_ 1,2,3-cdl_}yteo9 1,1_E-0_ 7,93E-05 037 310 !

ph E[lan{hioNe 2.91E-03 2-_,4E - 04 096 200 1

pyrene 3.5_E-03 _47E-[_4 116 _70

i
_._-DDT _.03E-02 Z01E-O5 0.094 59 j

_.4-DDD ...... 36 :

_.4-DO_ ....... 39 1

be_a-B_C 5.57E-03 i 52E-06 0.0071 2.5 i

OielOtin 7.2BE-01 3 64E-06 0.017 2 9 !
I
I

Arsenic I._-_E-01 1 57E-04 0 74 42 ;

Cbr0mium _7_E-O_ 6.96E-03 33 I B2OO ]

(a) Minimum RiSk LONer Ior PAH$ in food (ATSDR, 1990) u$eO for

Oral Reler ence Oose of PAH compotJn_5,

-- Chi0ni ¢ _ele/enco {3o3o V alLS_ wefo n0I availaUIB.
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1.3.2.3.3 Taroet Levels Based on Exmosure to Carcinoaens - An

unacceptable excess cancer risk was associated with current soil

exposures via incidental ingestion, dermal contact and inhalation.

Several constituents, primarily pesticides and PAHs contribute to

the overall excess cancer risk. To calculate acceptablQ target

risk levels, the chemical-speclfic risk was divided by the total

excess cancer risk to find the percentage of excess cancer risk

contributed by that constituent. The chemical-speclfic percentage

of risk contributed was multiplied by 1 x 10 -6 to find the

acceptable target risk level of each constituent of concern.

The chemical-specific target risk level was then divided by the

chemical-speclflc slope factor to give an acceptable intake for the

constituent. The chemical-specific acceptable intake for each

pathway was then divided by the pathway-speclfic intake facfor for

the constituent to give the chemical- and site-specific soil

health-based clean-up goal. Table 1-13 shows the stepwise

procedure used to calculate health-based clean-up goals for surface

soils based on excess cancer risk.

1.3.2.3.4 Taraet Levels-Summarv - Table 1-14 sHmmarizes all the

target'levels. The most strlnqent target requirements are based

on carcinogenic exposures. A required reduction efficiency for

r_medial action was calculated by comparing health-based clean-up

levels to the arithmetic mean soil concentrations for each

constituent. Based on the potentially highly toxic nature of the

c_rcinogens and the conservative scenario assumed in the risk

assessment, very low target levels have been estimated. These

levels may be impossible to_achieve. Hazardous Substances

Guidelines for the State of Tennessee and proposed RCRA Action

Levels for soils are also given. Clean up goals will have to

adjust to the Best Demonstrated Available Technology (BDAT) for

remediation of the constituents of concern.

6d
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1.3.2.4 Data GaDs - The lateral and vertical extent ef

contamination has not been determined at any Of the sites. A field

screening method (such as thin layer chromatography conducted

on-site) would be an economical method for estimating contamination

extent, with-co_firma_i6hZprovided by selected samples submitted

for laboratory analysis.

1.3.3 _#ke Danielson and the Golf Course Pond

Two pe_anent surface waters exist at DDMT (Figure 1-12). The

largest body of water is Lake Danielson, about four acres in size.

Lake Danielson receives a significant amount of installation

warehouse district storm water runoff, primarily from the area in

which Buildings 470, 48£, 490, 689 and 690 are located. Lake

overflow is discharged through a drop inlet at the dam to a

concrete-lined channel, to the culvert extending beneath N Street

and Ball Road. Storm water flow is then directed to Nonconnah

Creek via unnamed tributaries.

The smaller surface water is the golf course pond. It receives

runoff from the Surrounding golf course, Buildings 249, 250, 251,

265, 270, 271 and the south parking lot. Pond overflow is directed

to a culvert extending beneath N Street and Ball Road.

1.3.3.1 Nature of Contamination - Previous investigations of the

surface waters a_d sediments from these two bodies uf water

indicate a history of contamination from surface runoff from areas

Of transformer storage and biocide application. In a study

conducted by AEHA in 1986, pesticides were detected in the

sediments and in fish tissue (USAEHA Water Quality Biological Study

NO. 32-24-0733-86, March, 1986). The contaminants included 4,4'-

DDT, dieldrin, chlordane and chlorpyrifos. Questionably high

levels of PCBs were also detected in these matrices. Following the

8531.83 1-57
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FIGURE 1-12

SllE LOCATION MAP FOR SURFACE WAl_
AND SEDIMENT SAMPLES COil _'CIP..u

IN "n-lE LAKE DANELSON/GOLF COURSE POND AREA
DEFENSE DEPOT MEMPHIS, ENNESSEE

O

ORAINAGE

DITCH

MW-26

NOTES:

pO_l',JE pJESUL_P3 FOR SURFACE WAIER

AR E _%'EN IN TABL_ _._,

pOSln_/1E RE_LIN _'OR $E01M_'_ ARE

@_N IN TAEILE _-16
• SUI_ACIE WA_ER SAMPLE LOCA_CN

• _O[MENT SAMpLF LC_k]ION

MONITOR[NO _ LOCA_ON

0 300

SCALE IN FEET

6O0

-- LAW ENVIRONMENTAL INC,

- GOVERNMENT _R_CES D1_lSION
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1986 investigation, _ishing and recreational use was discontinued

at Lake Danielson. Recreational use of these two bodies of water

remain under these restrictions.

_u The only significant contaminant detected in _ Lake>Panielson

water co] ,,m- exceeding Ambient Water Quality Criteria (AWQC) was

copper. This constituent was not selected as a contaminant of

concern in performing the risk assessment (Table i-4). LOW levels

of arsenic and DDE were also detected, but at levels not exceeding

AWQC. No significant contamination was detected in the sample

collected at the inlet to Lake Danielson. The samples collected

from the golf course pond had similar results to those collected

in the lake. Copper was the only constituent detected that

exceeded AWQC. NO pesticides were detected in the pond's water

co]nmn. However, samples collected frmm the pond's outflow

drainage ditches had levels of DDT, lead, copper and zinc exceeding

AWQC. Analytical results frmm the RI for surface water are given

in Table 1-15.

Sediment samples were collected during the RI from Lake Danielson

and the pond. Metals, pesticides and PAB contamination were

detected at significant levels. All contaminant levels were

greater in the pond sediments than in the lake. Since no

contaminants were detected in the water co]11mn, it would appear

that the sediments are acting as a contaminant "sink". Sampling

was done on a clear day, t_Lrb_lence (stoz_s) may cause disturbance

of the sediments, thus releasing contaminants back into the water.

The sediments analytical results from the RI are given in Table

1-16.
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TABLE 1-15

POSmVE RESULTS IN SURFACE WATER ]. 9 '7 0

LANE DANIELSON & GOLF COURSE PONC*

DEFENSE Q_POT MEMPHIS TEN NE,_SEE

Amblmnt Watlt

Qualify Criteda

Aquatic Life

(fresh)

Acute Chronic

PHASEI

3OLF COURSE PON£ LA_DANIEL$ON

SW4 S_V5 SW6 SW7 SW8

3OLFCOURSEPOND

DISCHARGE

SWIQ SWll

=AKIEDAN,

INL_-T

SW13

HALCGENATEO VOLA11LES ug_

IM_hylenecnloti_8 I1.000 na I I -- 28J 1BJ I .... I ** I

NONHALOGENATED VOLA31LES ug/_

na na 14B
_¢ _IB _ 12 : 46

: ! 12'0 _ I]O 22
_/ 30 248 20B _ 9B _ 25" ,,30

_ 41 32 37 _]1 i:: 110 54

1-60



19 7! .......
TABLE I 15

POSFHVE RESIJLTS IN SURFACE WATER

LAKE DANIELSON & GOLF COURSE POND

DEFENSE DEPOT ME_{FHIS TENNESSEE

Shaded areas ar_ values Ih,_.1are equal to or exceed eltl_ er the aGule or ChlOrite Ambi6ftt Water O_ _tliCyC tIlBria guideliNl_.

na = Not Avaitable

{_) S¢¢¢fce: InlegracE<J Rlsl( Informati©n SyStem (USEPA, _990): Intedm Final RFI Guld_tce (USEpA. t 989}

B (Inorganic}. value le_.s than the ContraCt R_,_uife_ OeIFclion Limil (CROL) bul Growler than t_te InSlfument

DetEction Limit ([DL}.

B (Organic) - Found in method bl,_n k.

O = kJ_Fultifil_ in an arl_lysl$ al a .¢_;ond ary dIlutior_ I_otof.

J ,, Es_imaled value le_ than Ihe s_r_ple qtJanlil_tion limit Dul gls._tef iPlan zero.

==Not (JateGled.
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1.3.3.2 SO ce of C tamination - The source of contamination in

Lake Danlelscn and the golf course pond is thought to be from

runoff into these surface water bodies from the warehouse areas

via the base storm water,system. Overland runoff of pesticides

applied to the golf course may have contributed. Although

installation operations have been improved to reduce this source

of contamination, past operations still may he contributing to the

problem.

1.3.3.3 Risk Assessment - The potential routes of exposuJce

associated with Contaminated surface water and sediments include

the following:

I. Off-site ingestion of fish and other aquatic llfe from

contaminated lakes and creeks.

2, Dermal absorption of contaminants present in off-site surface

w_ter$.

ingestion of fish potentially presents an unacceptable level of

risk for off-site fisherman, but no excessive risk is associated

with dermal absorption of contaminants present in off-site drainage

canals or creeks.

1.3.3.4 Data GaDs - The source of the sediment contamination and

the cause of fish kills cannot be evaluated from the available

data. Of particular interest is water quality, at the points of

storm water discharge and in the lake and pond, after large rain

events which may tend to wash additional contamination into the

lake. In addition, rainfall events may stir up pesticides retained

in the lake or pond sediments. Coordination of sampling with a

fish kill or during a major rainfall period would be useful.
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2.0 IDE_FfIFICATION AND SCREWING OF TECHNOLOGIES

2.1

Contaminated ground water, surface water, sediments and surface

soils were detected during the Remedial Investigation activities.

These environmental media- were considered individually in

evaluating potentially appllcable remedial alternatives. Several

process options within each remedial technology type were evaluated

for each contaminated media. Potentially applicable technologies

were identified on the basis of experience and using various

published references. These references included Journals, standard

engineering textbooks and USEPA publications (References 1 through

i0) .

The following guidelines have been considered to develop the

remedial action objectives for each of the environmental settings:

i. compliance with ARARs

2. eliminate or reduce the need for long-term management

_. reduc'e toxicity, _obility or volUme of waste

4. reduce potential risk o_ exposure or direct contact with

waste (long-term, short-term and during remediation

activities)

The contaminants of interest and the preliminary ABARs for ground

water, surface soils and Lake Danielson were discussed in Section

1.0. Prior to actual clean up, the actual allowable exposure

limits (clean up levels] for all of the constituents of concern

must be established.
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General response actions were developed considering the following:

Contaminants of interest

Allowable exposure levels based on the Risk Assessment

and ARARs

Compliance with regulations (RCRA and CERCLA)

The OSEPA Guidance for Conducting RI/FS under CERCLA

(1988)

Site conditions

VolUme of waste and the time required for remediation

using potentially applicable technologies

Volume of waste and capacity of off-site disposal

treatment facilities, duration of haul tima and distance

required for waste transportation

Availability of technologies, field demonstration

capabilities and uncertainties for the specific

technologies

Effectiveness and implementabllity of technology

Cost

Probability of acceptance by the public

Likelihood of acceptance by regulation agencies (USEPA,

Tennessee Division of Solid and Hazardous Waste and

Memphis/Shelby COUnty Health Department).

8531.83 2-2



During the screening process of each technology

criteria were evaluated per EPA guidance for:

19 7S

the Eollowing

A) Effectiveness:

B) Implementability

C) Cost

D) Other

i) Overall Protection of Human Health

and Environment

2) Compliance with ARAR's

3) Long-term Effectiveness and

Performance

4) Reduction in Toxicity, Mobility

or VolUme Through Treatment

5) Short-term Effectiveness

6) Implementability

7) Cost

8) State Acceptance

9) Community Acceptance

The screening process is an ongoing process and should be

reevaluated prior to design and construction of any remedial action

technology. During screening, emphasis was placed on the

effectiveness and implementability of each technology. Cost was

considered to be the least important factor in developing a

remedial action alternative. The actual cost for each technology

can only be determined on a unit basis, since the actual volume of

contamination is unknown. The cost shown on the screening tables

are relative values based on these unit costs,

The following sections describe applicable technologies for

remediation of ground water e soil and Lake Danielson at DDMT.

Included in the discussion is an evaluation of each technology.

Following the screening and evaluation of each technology, remedial

action alternatives will he developed. These alternatives will

then be ranked based on their effectiveness and implementability.

A detailed analysis of the selected remedial action alternatives

is given in Section 3.
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2.2.1 Remedial Actlcn Oblectives for Ground Water

The overall objective for' ground water remediation in the Dunn

Field area is For the protection of human health. Specifically,

these goals are to remediate ground-water contamination in the

Fluvial aquifer, minimize the possibility of contaminant migration

to the Memphis Sand aquifer and to adequately mitigate the source

of contamination.

Ground water from the Fluvial aquifer is not currently (or expected

to be in the future) used for drimking water, industry or

agriculture. This aquifer is separated from the Memphis Sand

aquifer (primary source of drinking water for Memphis, TN) by

approximately $0-feet of lean to fat clay within the Dunn Field

area. However, it has been reported that the two aquifers are

hydraulically conRected in some areas. Although no contamination

was detected in ground-water samples collected from the Memphis

Sand aquifer (MW°36 & MW-37), the potential exists for contaminants

to migrate from the Fluvial aquifer.

" Two areas must be 6xamined in developing the ground water remedial ""

alternatives. These two areas are: i) the source areas where the

contamination is being generated and 2) the contaminated portion

of the Fluvial aquifer. The information obtained in performing the

RI indicates that the contaminant source area is located within

Dunn Field. However, the location of the trench, or trenches,

contributing the contamination was not identified. Although the

areal extent of ground-water contamination was not fully

determined, remedial action alternatives may still be evaluated.

Due to technology limitations, no currently available remedial

action will remove 100% of the contamination from the Fluvial

8531.83 2-4
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aquifer. Ground-water clean-up levels will be determined based on

information obtained during treatability studies using the Best

Demonstrated Available TechnolOgy (BDAT). The State of Tennessee

broadly _proposes that clean-up levels will be set to Maximum

Containment Levels (MCLs)Tur_a_iground water. However, the State

agrees that actual levels will be negotiated on a site by site

basis.

2.2.2 GeNeral ResPonse Actions for Ground Water

General response actions were developed to address the remedial

action objectives for the ground water and contaminant source(s)

in the Dunn Field area. Six potentially appllcable general

response actions were evaluated and screened based on the criteria

discussed in Section 2.1. These actions include:

No Action

Institutional Controls

Plume Containment

Source Contair_ent

Pump and Treat Technologies

In Situ Treatment

Since the lateral and vertical extent of ground water contaminatien

was not fully determinedt the voiume of contaminated ground water

that must be treated can oniy be estimated_ The areai extent cf

the known eontaminant plume c_ve_ approximately 46 acres _Figure

i_$_ An estimated 75 _illion galions of c_nha_ina_ed ground wate_

i_ _o_t_i_ed within the _nown extent o_ the pl_e area_
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2.2.3 _dentlfication and Screeninu of Technolouies

Potentially applicable technologies for ground water remediation

at Dunn Field are listed on Table 2-1. A process option that

satisfies the remedial act_on'objec_ive- was _lected from each

general response action. Each technology and the related process

options were evaluated and screened based o_ their effectiveness,

implementahility and costs. The technologies are discussed and

evaluated in the following sections. These options were then

evaluated and ranked to determine the appropriate remedial action

alternatives.

2.2,3,1 Institutional Control

2.2.3.1.1 DescriPtion m The institutional control alternative is

not considered a technology but has been included in this section

as a possible alternative. In selecting this alternative for

considerationjthe horizontal and vertical extent of ground_water

contamination must be defined. This alternative consists of the

following components:

i. Notifica_ion-,of .property .ow_ers _within the zone of

contamination as to deed restrictions on present and

futume use of ground water from the Fluvial aquifer.

2, Establishment of a periodic ground water monitoring

program to determine changes in the levels of

contamination and plume migration into more sensitive

areas.
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2.2.3.1.2 Evaluation - The institutional control alternative does

little to reduce the risk to exposure since the contamination is

not mitigated. Most of the chlorinated volatile organics detected

in the ground water at Dun_[iP_ld will take a considerable amount

of time to naturally degrade. ' The half-lives for the types of

contaminants detected at DDMT is unknown. Reported values have

ranged from weeks to years (Howard, 1990). In addition to the

lengthy half-lives, the majority of the organic contaminants break-

down to form vinyl chloride. This constituent was mot detected in

samples collected during the RI. During the degradation period the

contaminants can be expected to migrate both laterally and

vertically, thus potentially increasing the risk associated with

this site.

Although the capital cost for this alternative is relatively

inexpensive, the future cost of liabilities associated with the

exposure risks may be unacceptable. This is because contamination

could possibly, or already has (Section 1.0), penetrated the

confining unit and entered the drinking water supply for the

Memphis area.

Even though Institutienal Control does not meet the remedial action

objectives it.has_been.reta_ned in the screening of technologies :

This is because as a first step towards effective ground/water

remediation, the plume definition and the further monitoring

portion of this alternative must be incorporated.

2.2.3.2 Plume C ta'nment

2.2.3.2.1 Descrintion - Plume containment could be used to

prevent further lateral off-site migration of the contamination.

However, as migration past the installation boundary has already

Occurred, this action could only be partially effective. Pl_e

containment could he achieved by several technologies as discussed

below.

8551.83 2-13



19

_o We - PlUme containment could be achieved by using

injection wells to change both the direction and speed of the

plume's migration. By creating an area with a higher hydraulic

head, the pl_e can be forced to chang@_@J_Tection. This teohniqu@

has been effective at some sites for short term diversions: This

technology does not mitigate contamination and has no effect on

vertical contamination migration. Since this technology does not

meet the remedial action objective it will-not be retained for

future consideration.

Hydraulic Barriers - E_raction Wells - A line of e_raotion wells

(Section 2.2.3.4 discusses the types of wells) could be used to

halt the advance of the leading edge of a contaminant plume. The

wells are placed at a sufficiently close spacing to capture all

ground water moving off-site. Depending on natural gradients, the

wells will eventually recover contamination from up-gradient where

contaminants are miscible and move readily with water. The wells

will also have an effect down-gradient, capturing some of that

contamination. This technology was retained during screening since

its incorporation into a pump and treat alternative (Section

2.2.3.4) is important.

SIu_ Walls - Slurry walls are subsurface barriers used to reduce

lateral ground-water flow. The term slurry wall can be applied to

a variety of barriers all having one thing in common: they are all

constructed in a vertical trench that is excavated under a slurry.

The slurry, usually a mixture of bentonite and water, hydraulically

shores the trench to prevent collapse and at the same time fol-mS

a filter cake on the trench walls to prevent high fluid losses into

the surromnding ground. The wall itself can be constructed of a

combination of cement, bentonite and native soil. Slurry walls

have proven to be difficult to construct, maintain and to be

ineffectual at preventing contaminant migration.
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Due to the sandy-gravelly soil conditions, depth to the Fluvial

aquifer, and ths possibility of disturbing the burial trenches in

Dunn Field, slurry walls would be extremely difficult to const%_Ict.

since this technology is ineffective, dlf_icult tg_impl_ent£ and

relatively expensive it was not retained during the screening

process.

2.2.3.2.2 _ - The three plume containment technologies

were evaluated to be ineffective at addressing the remedial action

objective. This evaluation was based, in part, on the fact that

contamination has already migrated past the installation

boundaries. Plume containment would also have little positive

effect on potential vertical migration to the Memphis Sand aquifer.

However, sxtraction wells forming a hydraulic barrier and

associated treatment system eventually incorporated into a full

pump and treat system may prove to be very effectlvs.

2.2.3.3 SOU ce ta'n t

2.2.3.3.1 _ - Source containment is necessary to limit

continued contamination of the, F.luvial-aquifer_ _he_burial sites

should be located prior to final design of source containment. The

most effective source containment would be excavation of the waste

and transportation to a RCRA hazardous waste disposal site.

However, because of the heterogeneous and potentially dangerous

nature of the burial pit contents, this technology would be

difficul_ to implement. In lieu of excavating the waste, a low

permeability cap could be placed over each burial trench. The cap

should be composed of a lean clay and/or a synthetic membrane. The

capping of these sites would prevent surface water from percolating

through the waste, thus slowing the leaching of contaminants to the

ground water.
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2.2.3.3.2 _- The two technologies (removal and capping)

evaluated for control of the suspected contaminant source in Dunn

Field should be considered as part of any remedial action

...... alternative undertaken at DDMT. The first technology, excavation

of waste_ would provide the most effective means of source control.

Even though this technology would provide long-term effectiveness,

a high risk to the personnel involved may be associated with the

execution of this option. In the process of excavation, more

contamination may be released to the subsurface environment than

would naturally occur. The cost of excavating and transporting

the wastes may also prove inhibitive.

The second technology, capping of the burial waste sites would

greatly reduce infiltration of surface water into the waste areas,

thus reducing the generation and migration of leachate to the

ground water. This technology would be an effective, easily

implemented and relatively inexpensive method of controlling the

contaminant source.

2.2.3.4 Pump and Treat TechnoloGies - The most accepted ground

water remedial alternatives include four technologies: I) the

extraction of ground water (pumping), 2) treatment, 3) the

discharge of the treated water and 4) disposal of treatment-

residuals. Several options for each technology have been evaluated

to determine appropriate remedial action alternatives for the type

of conditions found at DDMT. Each of the options are briefly

discussed in the following paragraphs.

2.2.3.4.1 Ground-Water Extraction Wells - Three types of

extraction wells are in common use at sites where ground_water

remediation is being undertaken. The following gives a brief

description of the three types:

k._j 8531.83 2-16
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1. Wellpoints - Wellpoint systems consist of a group of

closely spaced wells connected to a header pipe and

pumped by a suction pump. Wellpoints are best suited for

_-J_ ..... ground-water extraction in stratified soils where total

lift or drawdown will not exceed 22 feet. A suction

(vacuum) pump is typically used in wellpoint systems to

-" lift water.

f

k_J

• Ejector Wells - Ejector systems consist of closely spaced

wells connected to a header pipe. The lift principal is

as follows: high pressure supply water moves down the

supply pipe through ports in the ejector body to the

tapered nozzle where the pressure head is converted to

water velocity; supply water exits the nozzle at less

than atmospheric pressure creating a vacuum in the

suction chamber; ground water is drawn into the chamber

through the foot valve because of the pressure

differential; supply water and ground water are mixed

in the suction chamber. The mixed water enters the

venturi where the velocity decreases because of

divergence resulting in increased pressure; the increase

in pressure develops sufficient head to return the

combined flow to the surface. This type of well system

has proven to be very inefficient (less than 15 percent).

3 . Deep Wells - Deep well systems can be installed to any

depth and can be spaced at greater distances than

wellpoints or ejector wells. The major components of a

deep well include; casing, screen, filter pack and seal

and pump. A submersible electric pump is typically used

in conjunction with deep wells• The pump selection must

be made based on the total capacity, operating conditions

(pumping cycle, load) and total head.

_ 8531.83 2-17
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Additional information will be required before an economical design

of the extraction well system can be made. Design of an integrated

pumping system will involve calculating the well spacing, pumping

rate and draw=dm_n,_ _ conceptual level design can be performed

based on the data obtained to date_ _The final design must be based

on more detailed pilot level studies.

2.2.3.4.2" Greund Water Treatment Technolouies - Two appropriate

remedial technologies, physical and chemical treatment, were

evaluated for post-extraction treatment of ground water at DDMT.

The variable characteristics of the contaminants (organic and

inorganic) detected during the Remedial Investigation indicates

that a combination Of process options would be the most effective

method for ground water remedi_tion. The following is a b_ief

description of the process options.

2.2.3.4.2.1 h s al T e tmen - The first remedial technology

presented and screened involves the physical treatment of ground

water. The following sections describe each of the process options

that are feasible for this type of technology.

Ai Stri in -" Air stripping is a mass'transfer process in which

volatile contaminants dissolved in the water are transferred to a

gas phase. The tendency for a dissolved constituent to be removed

by air stripping can be determined by the constituent's Henry's Law

constant. A general r_le of thumb is that components with henry's

Law constants of greater than approximately the constant for TCE

can be effectively removed by air stripping, Several of the

organic constituents detected in the ground water at DDMT are

significantly less than that criteria.

Air stripping is generally accomplished in a packed tower equipped

with an air blower. The water stream flows down through the

8531.83 2-18
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packing while the air flows upward, and is exhausted through the

top. volatile, soluble components have an affinity for the gas

phase and tend to leave the aqueous stream.

The feed stream must be low in suspended solids (i.e., some sort

of filtration device prior to air stripping) and may require pH

adjustment to reduce solubilit[ and improve transfer to the gas

phase. Air stripping would only be partially effective and must

ha followed by another process such as carbon adsorption (see

below).

The equipment for air stripping is relatively simple, start-up and

shut-down time can be accomplished quickly, and the modular design

makes air stripping well suited fur temporary applications.

Another factor in the consideration of whether to utilize air

stripping technologY for the removal of volatile contaminants" is

the air pollution implications. The gas stream generated during

treatment may require collection and subsequent treatment or

incineration- Air stripping has been retained in the screening

• process since it can be easily incorporated with other technologies

to develop an effective remedial action alternative-

Aptivated Carbon Treatment - The process of adsorption onto

activated carbon involves contacting a waste stream with the

carbon, usually by flow through a series of packed bed reactors.

The activated carbon selectively adsorbs constituents by a surface

attraction phenomenon in which organic molecules are attracted to

the internal pores of the carbon granules.

Adsorption depends on the strength of the molecular attraction

between adsorbent and adsorbate, molecular weight, type and

characteristic of adsorbent, electrokinetic charge, pH and surface

area.
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As in air stripping, pretreatment is required to lower the

suspended solids to 50 ppm or less. Air stripping can be applied

prior to carbon adsorption in order to remowe a portion of the

volatile contaminants, thereby reducing the o_gg_i_C&_!o_ ad tO the

column, using the air stripping ffrst would also minimize carbon

regeneration costs.

Carbon treatment is well suited to mobile treatment systems as

space requirements are small. Start-up and mhut-down are rapid.

The main consideration associated with activated carbon treatment

is the regeneration of spent carbon. Regeneration must be

performed for each col_tm/l at the conclusion of its bed-life, the

spent carbon may be restored to its original condition for reuse;

other_4ise, the carbon must be disposed. For the types (and levels)

of contlmination detected in the ground water at DDMT the bed-life

of the carbon Would be relatively short (weeks). For this time

period it would be more economical to incorporate a carbon

regeneration unit on-site than to dispose of the spent carbon.

Activated carbon treatment has been retained in the screening

process since it can be readily implemented in conjunction with

ether technologies, and an effective remedial action alternative

. may be developed. - - -

MU "-Me a _ tra "on - Multi-Media Filtration is a physical

process whereby suspended solids are removed from solution by

forcing the fluid through a porus medi_. The filter media

consists of a bed of granular particles (sand or sand with

anthracite or coal). The bed is contained within a basin and is

supported by an underdrain system which allows the filtered liquid

to be drawn off while retaining the filter media in place. As

water laden with suspended solids passes through the bed of filter

medium, the particles become trapped on top of, or within, the bed.

This either reduces the filtration rate at a constant pressure or

increases the amount of pressure needed to force the water through

8531.83 2-_0
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the filter. In order to prevent plugging, the filter is

backflushed at a high velocity to dislodge the particles. The

backwash water contains high concentrations of solids and requires

f_rther treatment. _t-_-_

Filtration equipment is relatively simple, readily available in a

wide range of sizes and easy to operate and control. Filtration

technology has been retained since it is also easily integrated

with other treatment options.

' 't on o at" - Precipitation is a physiochemical

process whereby some or all of a substance in solution is

transformed into a solid phase. It is based on alteration of the

chemical equilibriUn relationships affecting the solubility of

inorganic _ecles. Removal of metals as hydroxides or sulfides is

the most common precipitation application. Generally, lime or

sodium sulfide is added to the waste-water in a rapid mixing tank

along with flocculating agent. The waste-water flows to a

flocculation chamber in which adequate mixing and retention time

is provided for agglomeration of precipitate particles.

Agglomerated particles are separated from the liquid phase by ,

settling in a sedimentation chamber, and/or by other physical

processes much as filtration.

The processes require chemical pumps, metering devices and mixing

and settling taDks. The equipment is readily available and easy

to operate. Precipitation and flocculation can be easily

integrated into more complex treatment systems. Precipi-

tation/Flocculation can be used to effectively remove heavy metals

prior to using other technologies for organic removal. This option

has been retained in the event that further ground-water analysis

indicate a significant metal contamination. It should be noted

that the high levels of metals detected •during the RI (Table i-2)

are total metals, not dissolved metals. Thus, Precipi-

t_tion/Flocculation may, or may not, be a necessary component of

a remedial action alternative.
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_- sedimentation is a process that relies upon gravity

to remove suspended solids in an aqueous waste stream. The

fundamentals of a sedimentation process include: I) a basin or

-'_._i_ of sufficient size to maintain the liquid, 2) a means of

directing the liquid: into the basin in a manner conducive to

settling and 3) a means of physically removing the settled

particles from the liquid.

Sedimentation is typically used as a pretreatment for carbon

adsorption, air stripping, reverse osmosis and filtration.

sedimentation employs readily available equipment and is relatively

easy to operate. The process is versatile in that it can be

applied to almost any liquid containing suspended solids. It can

also be easily integrated into a more complex treatment system as

a pre- or post-treatment option, since the sedimentation process

is nondestructive, results in a large volume of sludge that may

require further treatment and/or disposal and is slower than

filtration, it was not retained as the most effective technology

for the type of conditions at DDMT.

- OSmOSis is the S_ontaneous flow of solvent

•-(water) from a dilute solution through a semipermeable membrane to ......

a more concentrated solution. Reverse osmosis is the application

of sufficient pressure to the concentrated solution to overcome the

osmotic pressure and force the net flow of water through the

membrane toward the dilute phase. This allows the concentration

of solute to he built up in a circulating system on one side of the

membrane while relatively pure water is transported through the

membrane.

Reverse osmosis is primarily limited to polishing low flow streams

containing highly toxic contaminants. Although this technology

would be effective at DDMT, its high initial and operating costs

tend to be inhibitive.
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2.2.3.4.2.2 Chemical Treatment Technolo_v - Chemical treatment

technologies involve the chemical alteration of the ground water.

Only one process option was evaluated and is discussed below.

g_traviolet cat_ivz_d ;x_dation wlth Hvdroaen Peroxide ,UV/H2Q21 -

In the UV/H202 process the ground water is treated in a batch or

continuous mode _in which hydrogen peroxide is initially added.

The solution is then ex_0g_d to UV light. The unit is operated

until analysis of the water shows that the contaminants have been

destroyed.

UV light catalyzes the chemical oxidation of organic contaminants

in water by its combined effect upon the organic contaminant and

its reaction with hydrogen peroxide. Many organic contaminants

absorb UV light and may undergo a change in their chemical

structure or simply become more reactive to chemical oxidants.

Ultraviolet light reacts with hydrogen peroxide molecules to form

hydroXyl radicals. These very powerful chemical oxidants then

react with the organic contaminants in the water. If carried to

completion, the end products of hydrocarbon oxidation with the

UV/H202 process are carbon dioxide, water and chlorine.

The u v/H202 process provides one of the most effective alternatives

for ground-water remediation at DDMT. Since this technology allows

for total destruction of organic contamination at a reasonable

cost, it has been retained for incorporation into a remedial action

alternative.

2.2.3.4.2.3 _ - All of the process options discussed in

the above sections are effective technologies for some, but not

all, of the contaminants at DDMT. The diverse characteristics of

the contamination (organic and inorganic) necessitate the

combination of technologies to provide an effective remedial action

alternative that will treat all contaminants effectively.
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For example, an effective remedial action alternative would be the

combined use of Precipitation/Flocculation to remove the metals,

Filtration to remove the Suspended solids, and Carbon Adsorption

Air Stripping to remove the honky, oleo_organics- Mowever, this

alternative does not completely eliminate the contamination. A

concentrated sludge is produced in the precipitation stage and the

organics remove @ by Air stripping are merely transferred from the

water to the air. In addition, organic contaminants are

transferred from the water to t_e carbon through adsorption. The

spent carbon has to be rQgenerated or disposed of as a hazardous

waste.

A second, but very effective, remedial alternative would include

UV/H202 to remove organic constituents and Filtration to remove

solids : and possibly (if determined necessary) Precipi-

tation/Flocculation to remove metals. This alternative may be more

expensive to operate tha_ the previously described alternative, but

less in overall cost since most of the contamination is eliminated

and wastes generated during remediation will need no further

treatment.

2.2.3.4.3 DescriDtion of Discharae of Treated Watsr

Following extraction and treatment of the contaminated ground water

an appropriate method of discharge must be incorporated into the

remedial action alternative. Four methods have been investigated;

fl) relnjection (or Deep Well Injection), (2) discharge to surfacm

water through DDMTS NFDES permit, (3) discharge via the Publicly

OWned Treatment Works (POTW) and (4) discharge into the public

drinking water supply.

It should be noted that the discharge method selected will be a

factor in determining ground-water clean-up levels. The following

is a brief discussion of each option.
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- After the ground water has been extracted and

treated, it could be reinjected into the Fluvial aquifer up-

gradient of extraction wells. As previously discussed, this could

be done to increase hydraulic gradients a_,_rease _he velocity

of the contaminated ground water. Injection pewits are typically

very difficult to obtain. Therefore, this option was not

considered for incorporation into a remedial action alternative.

Dee "ect'o - The State of Tennessee has classified all

aquifers for either drirLking water or injection purposes. The only

a_ifers o%rrrently being used for injection are located in the

central portion of the state. Therefore, if this method were to

be used, the ground water extracted at DDMT would have to be

transported long distances and injected into the state operated

wells. Due to logistical problems and the high cost associated

with this method no further consideration was given.

- The extracted ground water could be sufficiently

treated to meet NPDES permit requirements and then discharged to

surface waters on site. DDMT's NPDES permit currently allows for

storm water run-off only. This type of discharge will require

, treatment of the effluent to meet the State of Tennessee ambient

water criteria (Section 6.0 of the RI report).

Publicly Owned Treatment Works fPOTW) - Treated or partially

treated ground water can be discharged to the POTW. This option

is generally used when the sewage treatment facility is designed

for the same type contaminants that are being treated, and

sufficient treatment capacity exists at the facility. DDMT's

sewage is discharged to the City of Memphis - South treatment

facility. A system discharge agreement can be established with the

City of Memphis based on negotiated levels of effluent

concentrations. A copy of the system discharge agreement has been

included in Appendix C of this document.
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Wate_ - This option entails discharging the treated ground

water to Memphis Light, Gas and Water (MLG & W) for reuse as a

water supply. This option is typically not utilized due to public

objections, and the potential liability. Fqr--the_ reasons this

type of discharge was not included in any of the remedial action

alternatives.

- Discharge of the treated water to the surface waters

or the POTW offers the most reasonable alternative. Both options

will require continual monitoring of the effluent prior to

discharge to meet discharge requirements. Discharge to the surface

waters would require a NPDES permit and effluent to meet the

ambient water criteria. POTW discharge would allow higher limits,

but could require a discharge fee.

2.2.3.4.4 SU o um a eat - Based on the previous

discussion, an applicable pump and treat system would consist of

the following items:

a, An extraction system consisting of deep wells. The wells

could initially be installed as a hydraulic barrier to

limit off-site migration, and later expanded to remediate

both on-site and off-site contamination.

b. Treatment of contaminated ground water.

C. Disposal of treated ground water to either a POTW or

surface waters utilizing a NPDES permit.

A pump and treat system would remove a considerable amount of

contaminated ground water and significantly reduce contamination

levels. However, due to the tendency of constituents to adsorb to

the soil matrix, a p_p and treat system cannot typically remove

a portion of the contamination, thus preventing the achievement of
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low clean-up goals. Pulsed pumping [alternating periods of pumping

and non-pumping) can be utilized to improve recovery. However,

achieving very 10w clean-up goals may still not be obtainable.

A pump and _treat system can be combined with other technologies.

For example, the initial extraction wells could be established at

the downgradient property (i.e. to form a hydraulic barrier).

Additional extraction wells, both downgradient and upgradient,

could be established later.

2.2.3.5 _ e tme t - An alternative to pump and treat

methods is to treat the contaminated ground water in situ.

2l_.3.5, I _ -- In situ treatment entails the use of

chemical or biological agents, or physical manipulations which

degrade, re_ove or immobilize contaminants. In situ technologies

also include methods for delivering solutions to the subsurface and

methods for controlling the spread of contaminants and treatment

reagents beyand the treatment zone. In sltu biodegradation or

bioreclamation, is based on the concept of stimulating mlcroflora

to decompose the contaminants of Concern. In situ chemical

treatment involves the injection of a specific- chemical _r

chemicals into the subsurface in order to degrade, immobilize or

flush the contaminants.

Each of these methods have been evaluated for feasible remedial

action at DDMT and are discussed 5elow.

In Situ Blolouical Treatment - In situ biological treatment, or

bioremediation, is a technology for treatlnq zones of contamination

by microbial degradation. The basic concept involves altering

environmental conditions to enhance microbial metabolism or

cometabolism of organic contaminants, resulting in the breakdown

and detoxification of contaminants.
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Microbial metabolic activity can be classified into three main

categories: aerobic respiration, in which oxygen is required as a

terminal electron acceptor; anaerobic respiration, in which sulfate

• • -- e. . _ L nlbrate serves as a terminal electron acceptor ; and

fermentation, in which the microorganism rids itself of excess

electrons by exuding reduced organic compounds.

Bioremediation shows great potential for completely, or almost

completely, degrading contamination. Actual application, however,

is controlled by the specific contaminants and hydrogeologic

conditions. The chlorinated solvents present in the ground water

at Dunn Field are not easily biodeqraded compared to some other

classes of constituents. In addition, the intermediate breakdown

products can be more hazardous than the original constituents

(e.g., under some biodegradation conditions TOE breaks down to

vinyl chloride, a known carcinogen). Hydrcgeologlc conditions

govern the delivery of _utrients to the system. Thus, these

conditions must be evaluated in detail and the delivery system

properly engineered to achieve proper results. Bicremediation

could potentially he applied to the ground-water contamination at

Dunn Field but would be difficult to implement and this technology

has not been proven to be as effective as pump and treat.

In situ Chemical Immobilization - I_t_ohilization methods are

designed to render contaminants insoluble and prevent leaching of

the contaminants from the soil matrix and their movement from the

area of contamination. Technologies considered under this category

include: precipitation, chelation and pol_erization. In situ

treatment of a leachate plume using any of the immobilization

techniques has limited application. The problems associated with

this technique include the following:

Need for numerous, closely-spaced injection wells

Contaminants are not removed from the aquifer
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Injection of a potential ground water pollutant or the

formation of toxic byproducts.

Since this-b_R_-d_em .not meet the remedial action objective

no further censideraticn was qiven.

IF situ Chemical Mobilization - Organic and inorganic contaminants

can be W&shed from contaminated soils by means of an extraction

process termed "soil flushing". Water or an aqueous solution is

injected into the area of contamination, and the contaminated

elutriate is pumped to the surface for treatment. During

elutriation, sorbed contaminants are mobilized into solution by

reason of solubility, formation of an emulsion or by a chemical

reaction with the flushing solution.

Soil flushing is generally used as an alternative to the excavation

and treatment of the contaminant waste. Although removal of _he

contaminant source from Punn Field is not recommended (Section

2.2.3.3), soll flushing is not applicable to the conditions at

DDMT. If the contaminant source is located and capped no further

generation of leachate should occur. Leachates existing within

the unsaturated soil matrix at the time of capping will naturally

...... migrate" to'the-water-table and be recovered, by whatever remedial ........

technology is incorporated.

In situ Chemical Detoxification - In situ detoxification techniques

are those which serve to destroy, degrade or otherwise reduce the

toxicity of contaminants and include hydrolysis, oxidation,

reduction and neutralization. These methods are applicable to

specific chemical contaminants. The only contaminants detected in

the ground water at DDMT that are applicable to this type of

treatment are arsenic, chromium and selenium. The problems

associated with this technology are the same as those for in situ

chemical immobilization.
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2.2.3.5.2 _ - Bioremediation shows potential as an in

situ technique for ground water remediation at Dunn Field but has

not been included for detailed evaluation for the reasons

previously discussed- _Ho_a_er,_this_techn°l°gY is currently in a

state of active development and should be reconsidered for use when

site remediation goals have been more completely defined.

2.2.4 velo ment ten "yes

The screened technologies were combined to develop site-specific

remedial action alternatives to address human health and

environmental concerns associated with ground-water contamination

at DDMT. The potential exposure pathways, receptors and risk of

exposure were considered, on the basis of the RI report. The

screened technologies were also combined to develop feasible

alternative actions that could mitigate the potential exposure

risks identified in the Risk Assessment (Section 6.0 of the RI

Report).

Five alternatives were developed to address the remedial action

objectives described in Section 2.2.1 of this report. All of the

alternativep listed below (except No Action) will require further

assessment to determine the full extent of ground-water

contamination. In addition to plume definition, each alternative

includes the location, definition and containment of the

contaminant source. The most reasonable alternative for

contaiDment is capping the burial trenches in Dunn Field with an

impermeable membrane and/or clay seal. The alternatives range from

NO Action to Pump and Treat as presented below:

i.

2.

3.

No action

Institutional control

Containment of ground-water contamination - Hydraulic

Barriers
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PUmp and Treat

4a. Filtration,

Flocculation

19 lOG

Air stripping and Precipitation/

4bo Filtration, Carbon._ Adsorption. and Precipitation/

Flocculation -, -7-

4c. Filtration, UV/H202 and Precipitation/Flocculatlnn

In situ Biorestoration

2.2.5 creen' o ten t_

The assessment of each alternative was based on the sane evaluation

criteria (Effectiveness and implementability) as used for screening

the technologies described previously in section 2.2.3. The

selected alternatives can be implemented with the understanding

that comprehensive design studies and remediation planning will be

required to comply with the ARAR's and address public health and

safety.

2.2.5.1 Evaluation of Alternative I [No Action_ - Remedial action

alternative number 1 was selected for a detailed analysis (section

3.0) so that it nay he used as a baseline for comparative analysis

of the risk and cost'assoclated _th'°the_ "_Iternatives" Although

there is no capital cost for this alternative, the future cost of

liabilities associated with the exposure risks are unknown.

2.2.5.2 Evaluation of Alternative 2 [Institutional Control] -

Institutional controls, such as further monitoring and deed

restrictions do not mitigate the contamination or comply with

ARARs. However, this alternative was selected for a detailed

analysis because if further assessment at DDMT indicates that the

contamination within the Fluvial aquifer is adequately contained,

then monitoring may prove to be a viable alternative to

remedia_ion.
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2.2.5.3 Evaluation of Alternative 3 _Hvdraulic Barrlers_ - A

Hydraulic Barrier could be established along the western and

northern perimeters of Dunn Yield by installing extraction wells.

However, since the contaminant plume has already migrated west and

" "north of DDMT boundaries this would not be an effec£1ve

alternative. Therefore, as a remedial action alternative, a

Hydraulic Barrier will nut be considered in a detailed analysis

(Section 3.0). However, a hydraulic barrier could be considered

as a subset of a pump-and-treat system.

2.2.5.4 Evaluation of Alternative 4 (Pumo and Treat) ° The pumping

of contaminated ground water will require using Deep Wells as

discussed in section 2.2.3.4.1. Three post-extraction treatment

alternatives have been developed for the type of contaminants

" detected at DDMT. The treatment technologies include Air

Stripping, Activated carbon Adsorption and UV/H202.

Each treatment technology requires the removal of suspended solids

prior to treatment. Filtration of the ground water was selected

as the most effective technology since it will produce the least

amount of treatment waste (sludge). Analysis of ground water for

the dissolved metal component will determine if a Precipitation/

Flocculation pretreatment will he necessary.

Even though the selected treatment technologies will not fully

rsmediate the subsurface environment in Dunn Field, they provide

the most effective means available, of the three technologies

selected, only the LrV/H202 method will destroy the organic

contaminants. Although Air Stripping and Carbon Adsorption

technologies are less expensive to install and operate than

UV/H202, and are as effective in reducing organic contaminant

levels, they produce wastes that must be further treated. These

additional treatment costs can equal or exceed the operating costs

of tnI/H202 technology. Therefore, Air stripping and Carbon

Adsorption have not been selected for a detailed analysis.
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2.2°5.5 Evaluation of Alternative 5 fln situ Biorestoratlon% - The

contaminants detected at DDMT (chlorinated volatile organics) are

not currently well suited for this technology. However,

"_-_-_-cdr_s_ing the rapid advancements in the technology, it may need _Z

to be reconsidered for use when site remediation goals have been

more thmroughly defined.

2.2.5.6 e ect_ te t'ves

Based on the infor_ation p_esented in the screening and evaluation

of the remedial action alternatives, the following have besn

selected for detailed analysis (section 3.0):

i) No Action

2) Institutional Control

3) Source Containment (capping)

4) PU_p and Treat

Filtratien-Precipitation/Flocculation -

Dr/H202

2.3

2.3.1 R@medial Action Objectives for Surface soils

The primary remedial action objective for surface soils is the

protection of human health and the environment. This requires the

prevention of ingestion and direct contact with soils having

contaminant levels exceeding the target levels that were determined

in the risk assessment (section 1.0). A secondary remedial action

objective is to limit the potential effect that surface soil

contamination might have on surface water run-off. A third

remedial action objective is to prevent migration of contaminants

from the surface soils to the ground water.
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2.3.2 General Response Actions for Surface Soils

General response actions were developed to address the remedial

action objectives for surface soils. The general response actions

Q_'i_h_w_-_O_'idered_for evaluation fall within the following main .

categories:

NO action

Institutional controls

Excavation and on-site treatment

In situ treatment

Excavation and off-site treatment/disposal

Excavation and off-site disposal

Excavation of contaminated soils at DDMT may require compliance

with RCRA's Land 8isposal Restrictions (LDR) regulations. These

regulations apply to soils transported off-site for disposal, and

may apply to some forms of on-site treatment and replacement. The

regulations are generally based on the generation process for each

contaminant. Contaminated soils which 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 dispusal_ _ In order to categorize the waste at DDMT

as "Listed Wastes", a thorough and time consuming examination of'"

the records (waste manifests) wo_id have to be performed by base

personnel. If the contaminants detected in the RI can be

identified from any of these records the wastes will be considered

as "Listed".

Contaminated soils which can not be "Listed" are evaluated on the

basis of their "Characteristics" (ignitability, corrosivity,

reactivity and toxicity). For soils, this basically means their

toxicity, as currently defined by the EP-toxicity and soon to be

redefined by the TCLP tests (September, 1990). Soils which are

above the toxicity s_aNdards are defined as "Characteristic Waste".

These soils would have to be treated to below their characteristic

level before land disposal.
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The TCLP test applies to RCRA metals, pesticides and some organics.

Once defined as a ,,Characteristic Waste" the soil would also need

to comply with the California List waste rule. This rule is

particularly significant for halogenated organic compounds (HOC'S).

These soils _ould h_ t_!b_ted to below the california List

for total Hoe's (i,000 mg/kg) before land disposal. Clean-up

levels should be negotiated between DDMT, the Regional and State

RCILA office, and the Superfund Enforcement Personnel. AS

previously discussed, health based target levels may be impossible

to reach. Moreover, regulatory based levels may be more applicable

at DDMT.

2.3.3 Identification and Screenlna of Technolouies - Surface Soils

The technologies that are potentially applicable to soil and

sediment rem2dia_i0n DDMT are listed on Table 2-2. Each

technology, and the related process options, were evaluated and

screened using the criteria listed in Section 2.1,

2.3.3.1 ns _utio Controls

2.3".3.1_i" _ _ Using Insti£utlonal controls as a remedial

technology at DDMT could involve the following actions:

i) Installation of fences around the areas of contamination

2) Posting of potential health hazards

3) Controlling the access to each site through security

measures

4) Worker training on potential health hazards and safety

procedures
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s) Seeding the contaminated areas with grass to prevent

fugitive dust.

_2_3_2:_f2'_-_-- Based on the health risk detezlnined for

each site the use of the actions listed above may prove to be an

effectlve way of addressing the remedial action objective. For

example, some Of the areas (DRMR Yard) where contamination was

detected could be fenced off and access limited.

This technology would not comply with ARAR's or other applicable

clean-up goals. However, it could be an effective method of

meeting the remedial action objective of limiting worker contact

with contaminated soils.

2.3.3.2 Excavation and 0ff-Site Treatment and Disnosal

2.3.3.2.1 DescriPtion - This technology involves excavation of

site soils and transportation to an appropriate RCRA disposal

facility. Based on constituent make up, the facility may be able

.to either dispose of the material directly, or treat the soil prior

2.3.3.2.2 _ - This technology effectively removes site

contamination and transports it to a secure disposal facility. The

cost of the option is determined by what treatment is required.

Due to final implementation of the RCRA Land Disposal Restrictions,

these costs are escalating. Thus, this technology is applicable

for small remediations, hut could lead to prohibitive costs for

larger removals. This technology has been retained for

incorporation into a remedial action alternative since the volume

of contaminated soil is unknown.
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2.3.3.3 On-Site or In situ Thermal Treatment Technoloaies

All of the on-site thermal technologies included on Table 2-2 would

provide sum 9 level of remediation for the contaminated soils at

DDMT. However/ t-he biqh levels of metal contamination would not

be reduced by thermal treatment. In some cases the metals may

cause toxic emissions to be generated during treatments. In

addition to the emission problems, permitting would be a problem

since DDMT is located in an urban area. Following treatment, the

metals and ash will have to be stabilized prior to landfilling.

None of the on-site thermal technologies will be retained for

further incorporation into remedial action alternatives due to the

problems associated with each process option and the types of

contamination detected in the soils at DDMT. A brief description

of each option has been included for reference. After further

characterization of soil contamination this technology may need to

be investigated.

2.3.3.3.1 _ - Each of the readily available and

potentially applicable thermal treatment technologies are presented

in the following paragraphs.

....... u_'d[z_Jed cine t on - The_e are £wo types of fluidfzed-bed .......

incinerators: circulatory bed and bubbling bed. In a bubbling bed,

the flow of fluidizing gases is kept low to minimize entrainment

of solids. In a circulatory bed, the flow of fluidizlng gases is

high enough to cause some entrainment of bed materials back to the

bed. The soil is stirred, or fluidized, by passing an oxidizer up

through the bed. The oxidizer is usually air, although it can be

pure oxygen or nitric oxide depending on the type o_ combustion

required. AS the unit operates, solids are added to the volume of

the bed then bled down to maintain a constant volume and

consistency. In a unit primarily handling liquid, additional bed

material would be required to maintain the proper bed
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characteristics. During a treatability study air emissions would

have to be monitored since acidic exhaust is often associated with

this option. Limestone, added to the bed, has been shown to

effectively control acid_gas_missions.

Operating temperatures are in the range of 840 ° F to 1800 ° P. To

achieve temperatt_res a_ve 1550 ° F, the waste must have a minimum

heating value of 4500

supplemented.

Fluidized-bed tec_Lnology

Btu_ib or additional fuel must be

has several primary advantages. The

combustion design is fairly simple, compact, efficient and its

maintenance cost is low. Comparatively low gas temperatures and

air requirements minimize the formation of nitric oxide. In some

cases, the bed can contain lime or other material to chemically

react with the products of combustion and reduce acid gases. The

bed mass provides a large surface area for reaction and combustion

with relatively uniform temperatures.

Inorganic wastes cannot be treated by this technology and certain

organic wastes will cause the bed to agglomerate.

Ro Kil ine atlon 2 Rotary Kiln Incinerators can process

solids that have no heating value, solids may be fed in compacted

or loose by either a bucket elevator or a conveyor system. The

temperature of operation can range from approximatsly 1500 ° F to

20000 F. The temperature of operation is based upon the

characteristics of the wastes, and the time the material and its

offgases remain in the incinerator.

There are two options for the application of this technology. They

are co-current flow or counter_current flow. The choice of flow

direction is based upon the waste characteristics.
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A secondary combustion system operating at 2000 ° F or greater is

placed in sequence after the rotary kiln incinerator to finalize

waste destruction. Rotary kilns are capable of being operated in

a pyrolytic or o qun .ode if nseded.     d r s ?ue can be
discharged either directly from the drum of the kiln or after being

passed to the secondary combustion chamber. Acid gases and

combustion end-products can be treated by the injection of lime or

caustic soda with the feed or in the air pollution control system.

Inorganic hazardous constituents must be further treated after

passing through the incinerator, since this system will not

detoxify _hem.

The advantages of rotary kiln incineration are its ability to

handle varieties of waste simultaneously, to achieve a high

operating temperature, and to achieve a gentle and continuous

mixing of wastes.

e eatme t - Infrared thermal treatment involves the

introduction of waste at one end of a long chamber for processing

by high temperatures generated through electricity. The infrared

• radiation comes from silicon carbide elements positioned over a

conveyor. The waste is stirred by moving past stationary paddles

.. . and subjected to high energy..Ka_atipn_Mh_9_ 9agsg_ hreak@°W9 of ........

organic materials. While similar to incineration, the gas

evolution is low compared with other incinerators due to the lack

of a supplemental fuel supply. The resulting gases are burned in

a secondary combustion chamber similar to that used for the rotary

kiln process.

P ol t'c c'ne t' - Pyrolysis involves the destruction of

organic material in the absence of oxygen at a high temperature to

reduce toxic organic constituents to elemental gas and water. The

absence of oxygen allows separation of the waste into an organic

fraction (gas) and an inorganic fraction (salts, metals and

particulates] as char material. The process conditions range from
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pure heating (thermolysis) to conditions in which only slightly

less than the theoretical (stoichiometric) air quantity is

supplied. Gases and ashes are the principle products generated by

the pyrolytic reaction. -a_'_---- __

The pyrolytic incineration process ks a two-step process. In the

first step, waste material is decomposed at i0000 to 1400 ° P into

an organic gaseous fraction and an inorganic solid fraction in the

absence of air. In the second step, the organic fraction is fed

into a high-temperature, direct-fired incinerator operated at 2200 °

F, where hazardous elements from the organic fraction are destroyed

and the clean, decontaminated gases are sent to an energy recovery

device.

V't / t on - This process converts waste into inert,

glass-like material. While primarily intended to dispose of

inorganic, non-combustible wastes, the vitrification process can

handle some wastes with organic Constituents.

The process equipment system consists of a long enclosed chamber

with a pool of glass kept at above 2300 ° F by use of electrical

heaters immersed in the glass. Inorganic and non-combustible

- _ .... solids enter _he _eed end and fall into-the-_ool of.glass; _he • .

waste then vitrifies and becomes part of the glass. As waste

material is fed in, vitriEied material is drawn off at the other

end to maintain the internal liquid glass levels. In some cases,

glass must be introduced with the waste to control the composition

of the vitrified material.

Sufficient oxygen is kept over the pool of glass so that any

combustible material can be completely burned. If the waste feed

contains any combustible liquid, it evaporates and burns over the

pool. Residues that do no exit with the combustion gases fall into

the pool. Water contained in the waste feed evaporates and leaves

the glass chamber with the gaseous combustion products. TheSe

gases are treated using air pollution confrol equipment for acid

gas and particulates such as a bag house and scrubber.

8531.83 2-44



19 120

Drawn off material can be melded into blocks or made into granular

form as it emits from the equipment. The resultant glass-like

material is stable and practically inert.

The advantages of plant vitrification are i) waste toxicity and

mobility can be reduced significantly, specifically metals which

are nut treated with other thermal methods are immobilized; and 2)

the residual waste might be disposed of as non-hazardous material

or recycled.

V't ' ' at o - In situ vitrification is similar to the

plant vitrification technology discussed above, except that the

waste is net excavated. Operating temperatures are produced by

placing electrodes in the ground and running high voltage currents

through the waste material. Electrode spacing and depths are

adjusted for the required temperatures and "desired coverage.

During processing, a heed is placed ever the treated area and off-

gases treated with appropriate equipment. The process starts with

a bed of conductive material on the ground surface that is started

vitrifying by the electrodes. The reactive layer moves downward

and _lightly outward during processing until the desired depth is

achieved. The end-produc_ is a vitreous or glass-like material in

....... the-qround: - -Th_ in situ vitrification-process'typi6ally offers

less control of the generated gases and final composition o_ the

glass. Also, while the plant vitrification is a continuous

process, in situ vitrification can be a batch process involving

set-up and placing of electrodes and processing.

2.3.3.3.2 Evaluation - The advantages of thermal technologies are

i) their ability to remediate heterogenous waste in a relatively

short time, and 2) their effectiveness at destroying volatiles,

semi-volatiles and pesticides.
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The disadvantages to the incineration technologies are their

ineffectiveness at treating metals, the difficulty associated with

obtaining a permit for on-site use, the contaminated ash must be

stabilized- 9=_ _o_disDosinq of (landfilled) and toxic air

pollutants must be avoided. In addition, the high set-up cost

involved with cost operations requires a large volume of soil to

be economical. Because DDMT is in an urban setting, and because

metals contamination is present at most sites, these treatment

options are not considered applicable.

2.3.3.4 Qn-site or In situ Phvsical/Chemlcal Technologies

2.3.3.4.1 Desc_ - This section describes the applications

and restrictions of physical/chemical treatment technologies for

the remediation of contaminated soils at DDMT. Physical treatment

processes separate the waste stream by either applying physical

force or changing the physical form of the waste. Thus, they

typically result in concentrating the waste into a small volume of

highly concentrated constituents rather than the original large

volume of low concentration material. Chemical treatment is often

used to aid the physical processes. The chemical treatment

..... p_6c_ss_ayals_ _iter the chemical strugtur6of the constituents

to produce a waste residue that is less hazardous than the original

waste. Thus, physical and chemical processes are discussed

together.

Treatment sludges from any of the chemical/physical processes may

require additional treatment either on site or off site prior to

disposal. Treatment needed may include dewatering (and subsequent

treatment of water) and immobilization. Solid residuals must be

disposed of off-site at a RCRA Facility.
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The following paragraphs contain information on individual process

options.

_h@_ical Extracti'o, _h_mi_a_=_xhra_cion processes are used to

separate contaminated soils into their respective phase fractions:

organics, water and particulate solids. One demonstrated process,

Basic Extraction Sludge Treatment (BEST), has been used primarily

to treat oily sludges containing hydrocarbons and organics of high

molecular weight. Generally, this process is suited for wastes

containing greater than 200 ppm of organics and oil concentration

up to 40%, but is not appropriate for materials containing heavy

metals.

_n $_tu Chemical Treatment - In situ chemical treatment allows

treatment of contaminated soils and waste deposits in place. By

using this treatment method a wide range of treatment agents,

including solvents, precipitating, neutralizing, oxidizing and

reducing chemicals, and stabilizing agents. These processes

involve dispensing of remedia_ion agents to the desired depth.

TheSe treatments can selectively treat metal and organic

contamination. However, the processes are difficult to control

and would he difficult to implement due to the variety of

constituents-'pre_ent _t''DDM_ _. _ In situ treatment would also

contribute to ground-water contamination at the site. For these

reasons this option is not included as a remedial alternative.

Soil Washing - The soil washing process extracts contaminants from

the soil matrix using a liquid medium such as water as the washing

solution. This process is used on excavated soils that are fed

into a washing unit. The washing fluid may be composed of water,

organic solvents, water/chelating agents, water/surfactants, acids

or bases, depending on the contaminant to be removed.

A typical soil washing system operates in the following way:

Contaminated soil enters the system on either a batch or a
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continuous basis, and is fed through a feeder, where oversized non-

soil material and debris that cannot be treated are removed with

a coarse screen. The waste passes into a soil scrubber, where it

is sprayed with washing fluid, soil pa_'bp_as _g[r_er than

approximately 2 _m in diameter are sorted and rinsed, leave the

scrubber, and are dewatered. The remaining soil enters a

countercurrent chemical extractor, where additional washing fluid

is passed oountercurrent to the soil flow, removing the

contaminants. The treated solids are then dewatered. The

remainder of the process is a multistep treatment for removal of

contaminants from the washing fluid prior to its recycling.

Treatment is generally .accomplished by conventional waste-water

treatment systems depending on the types of contamination.

The advantage of a soil washing system is that it can remove all

types of contamination. Fine soil particles and highly adsorptive

constituents require additional washing solutions and effort. A

batch system can be mobilized economically to handle small to

moderate volumes of soii. For larger volumes a continuous system

can be installed, soil washing bus been retained as a viable

option for on-site soil remediation at DDMT.

...... In S tu Sell ushin -- [n_sltu-'s_il tlushing--is_a-P r°cess applied

to unexcavated soils using a ground weter relnjection/extraction

system. In situ soil flushing consists of injection of a solvent

or surfactant solution (or water} to enhance the contaminant

solubility, which results in increased recovery of contaminants in

the leachate or ground water. In EPA test studie_, the system has

not shown to be effective. In addition, because it involves

injecting other constituents into the ground, further ground-water

contamination is likely. Based on this information in situ soil

flushing has not been retained for further investigation.

Low Temoerature Thermal StriDDinm - The low temperature thermal

stripping system employs a process in which solids with organic
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contamination are heated in the presence of water, driving off the

water and org_ic contaminants and producing a dry solid containing

trace amounts of the organic residue, The contaminated solids are

o F
•_"_-_;. fed 'by auger or pump into the dryer and heated to 500-800 ___._

inert nitrogen carrier gas bransp_rts the volatilized water and "

organics to the off-gas handling system, a three-stage cooling and

condensing rain which condenses organics of low, intermediate and

high volatility in a step-wise fashion. This system is

particularly applicable for high to moderate volatile constituents,

such as petroleum products, since only low levels of volatile

compounds were detected in the soils at DDMT, this is not an

effective option.

StabilizatlonISolldlficatimn - Stabilization can be performed in

situ or in tanks. In situ stabilization allows direct application

of stabilizing agents, mixing paddles and augers can be utilized

for deep soils, common construction equipment such as a backhoe

or front end loader can be used to mix shallow soils with reagents.

At the end of the treatment, a treated block of soil or a

continuous stabilized mass is left behind.

The equipment used for tank stabilization is similar to that used

..... L fgr cement mixing and handling. It.includes a feed.system, mixing ......

vesselsf and a curing area.

Whether in ground or in tanks, stabilization facilitates a chemical

and/or physical reduction of the mobility of hazardous

constituents. Heavy metals, semi-volatiles, pesticides, PCBs and

nonvolatile organics may be treated successfully. Mobility is

reduced through the binding of hazardous constituents into a solid

mass with low permeability that _resists leaching. The actual

mechanism of binding depends on the type of stabilization process.

The processes can be categorized by the primary stabilizing agent

used: cement-based, pozzolanic-based or silicate-based,

thermoplastic-based, or organic polymer-based.
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critical parameters in stabilization treatment include selection

of stabilizing agents and other additives, the waste-to-additlve

ratio, mixing and curing conditions. All of these parameters are

p__ndent on the chemical and physical characteristics of the

waste. Bench-s_al_ treatability tests should he conducted to

select the proper additives and their ratios and to deter_ine the

curing time required to set the waste adequately. Leaching tests

(TCLP) and compressive strength tests should be conducted to

detez_mine the integrity of the solid end product.

The advantage of a stabilization system, in addition to its

economy, is its applicability to a wide range of wastes. It is

used primarily to reduce leachability.

Due to implementation problems and cost, in situ stabilization is

not the most viable remedial option_ However, surface

stabilization provides an effective, easily implemented and

relatively inexpensive method for remediation. The post-

stabilization material must pass the TCLP test for the type of

wastes contained ("Listed" or "Characterized") prior to

landfilling.

2".3.3.4.2 _valuation - An evaluation of each of the physi-

cal]chemical options discussed above result in the selection of

solidification as the most applicable remedial technology. Both

in situ and tank solidification options have been proven to he

effective for the type of contaminants detected at DDMT.

Solidification is an effective and economic option that will meet

the remedial action objectives (protect health and environment,

reduce mobility and prevent leachate). Mobile systems are readily

available and can be easily implemented a_ DDMT.
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2,3.3.5 Biolouical Treatment Technol_ies

2.J.3.5.1 pescriDtion - Waste utilized by microorganisms as a food

source t0 _?:_th ks the.-basis of biodegradation (or

biorestoration)° Biodegradation can be an effective way of

reducing toxic constituents to harmless basic elemsnts.

contaminated soils can be biologically treated in situ or excavated

and treated by solid-phase - and slurry-phase bioremediabion

processes.

For in situ use, naturally occurring organisms are typically used.

For above ground, controlled application such as in a reactor,

acclimated genetically englneered microorganisms can be used.

Biorestoration ks accomplished by adding a supply of nutrients to

the soil to promote microorganism growth. Each of the process

options are discussed below.

n sit ode adation - In situ biodegradation uses indigenous,

intro4uced aerobic or anaerobic bacteria to biodegrade organic

compounds in soils. The technology involves enhancing the natural

biodeqradatian process by injectinq nutrients (i.e., phosphorus,

nitrogen, etc.), oxygen and/or cultured bacterial strains. In some

cases ib may be necessary bo adjust environmental parameters sucb

as soii pH and bemperabure_ A ma_or limitation of an in situ

sysbem is tbe difficulby in deiivery of nutr_s_ _ _ri_nt

_ar_i_g _a_i_ _s_c_ as _b_r _ ai_l _a_ _e_ere_ti_i_ t_a_i

bb_o_gb _r_ _i_s _es _biie _e c_ta_a_i_ _ r_in

_d i_ b_ iess _erviou_ _s_

_ si_ bio_egr_d_i_ is _red_i_t_ _se_ _er s_bs_e _ii

_em_iabi_n i_ c_i_ _it_ g_n_ _er _i_g a_

_ei_c_io_ _e_s t_ _irc_i_ _r_e_ _ oxyge_ _br_g_ a

_t_e_ a_i_e_ a_ _ss_ciated soi_s_ _is _ecb_iog_ is _o_

_a_ _ _e_iat_ _ s_r_a_e _iis _ soi_ _o_ta_i_ate_

_ibb beavy m_aiso _eavy _e_ _ta_in_i_ _£_i _est_o_ tb_

_ic_org_i_s _e_re b_egr_d_ti_ _a_ _a_ _i_.
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ComDostina Composting involves the storage of highly

biodegradable and structurally firm material (e.g., chopped hay,

wood chips, etc.) with a small percentage (<10%) of biodegradable

waste. Adequate a_,-_-_pt_mum temperature, moisture and

nutrient content and the presence of an appropriate microbial

population are necessary to enhance decomposition of organic

co_pounds.

There are three basic types of composting: open windrow systems,

static windrow systems and in-vessel (reactor) systems. The open

windrow system consists of stacking the compost into elongated

piles. Aeration is accomplished by tearing do_ and rebuilding the

piles. The static windrow system also involves long piles of

compost. However, the piles are aerated by a forced air system;

i.e., the piles are built on top of a grid of perforated pipes.

Finally, the in-vessel system involves placing the compost into an

enclosed reactor. Aeration is accomplished by tnmhling, stirring

and forced aeration.

When treating wastes, it is necessary to collect and treat leachate

and runoff water from the composting beds. As mentioned previously

the heavy metal contamination will destroy the microorganisms.

p_t_eatme_"of"'the s_ils - _ixation of metals) can "be done to

increase the effectiveness. In addition to the metals, pesticides

have not been successfully reduced in biorestoration studies.

S ur - ase e - The slurry-phase technology involves the

treatment of contaminated soil in a large mobile hioreactor. This

system maintains intimate mixing and contact of microorganisms with

the hazardous compounds and creates the appropriate environmental

conditions for optimizing microbial biodegradation of target

contaminants.

The first step in the treatment process is to create the aqueous

slurry. During this step stones and rubble are physically
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separated from the waste, and the waste is mixed with water if

necessary to obtain the appropriate slurry density. A typical soil

slurry contains about 50% solids by weight. The actual percentage

of solids is determlned .i:_hea=-la_atory based on the

concentration of contaminants, the rate of biodegradation, and the

physical nature of the waste. The slurry is mechanically agitated

in a reactor vessel to keep the solids suspended and maintain the

appropriate environmental conditions. Inorganic and organic

nutrients, oxygen and acid or alkali for pH control may be added

to maintain optim_ conditions. Microorganisms may be added

initially to seed the bioreactor or added continuously to maintain

the correct concentration of biomass. The residence time in the

bioreactor varies with the natttre of soil and the contaminants

involved. Once biodegradation of the contaminants is completed,

the treated slurry is dewatered. The residual water may require

further treatment prior to disposal.

An advantage of treatmen_ in a contained process is that a

remediatlon system can be designed to pretreat waste contaminated

with heavy metals as well as biodegradable semi-volatile and

volatile compounds, soil washing and extraction of metals using

weak acids and chelating agents can be combined with biological

treatment by coupling-two separate-slurry-phase reactors in series.

Solid-P_l_@ Treatment _ Solid-phase soil bioremediation is a

process that treats soils in an above grade system using

cenventional soil management practices to enhance the .microbial

deqr_datlon of contaminants. The system can be designed to contain

and treat soil leachate and volatile organic compounds.

The system consists of a treatment bed lined with a high-density

liner and covered with clean sand. The contaminated soils are

placed on the treatment bed. Lateral perforated drainage pipe is

placed on top of the liner to collect soil leachate. Leachate

draining from the soil is transported by the drain pipes and
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collected in a gravity-flow lined sump and then pumped to an on-

site hioreactor for treatment. Treated leachate can then be used

as a source of microbial inocula and reapplied to the soil

treatment bed through an overhead irrigatlon_system_.w_aft_r

adjusting for nutrients and other environmental parameters.

As in the slurry-phase treatment the soils must be pretreated to

stabiliz_ or remove the heavy metals.

Landfarminu - Landfar_ing as a biological treatment technology is

similar to the solid-phase treatment except that contaminated soils

or waste are placed on the ground instead of a lined surface.

Landfarming can be performed at different depths in order to obtain

the maximum reduction of contaminants by the available soil

microorganisms. The potential for soil and ground-water

contamination could be created by not using a liner.

2.3.3.5.2 Evaluation - Biurestorafion can be an effective

reme_iation method for contaminated soils if used in conjunction

with other process options. Pretreatment of DDMT soils will be

required to remove or fix the heavy metals. This option could he

utilized if bench or _ilot scale soil washing tests show it capable

Of obtaining site clean-up goals.

2.3.4 Deve o ment of Ate n

The screened technologies were combined to develop site-specific

remedial action alternatives that address the remedial action

objectives (protection of human health and environment and reduce

the potential transport of contaminants to other medi_). The

exposure pathways (inhalation and dermal contact) and receptors

(employees working at 0DMT and surrounding residents) were

considered in developing the remedial alternatives. Alternatives

were selected that could mitigate the potential risks identified

in the Risk Assessment (Section 6.0 of the RI Report).
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Four alternatives ware developed that could potentially fulfill the

remedial action objects. All of the alternatives listed below

(except No Action) will require further assessment to determine the

full extent of surfaqe soil contamination. RCRA Land Disposal

Re_lations will become an ARAR if excavation of the soils_'a_D-_T

Occurs (Section 2.3.2). I[ the contaminants cannot be traced to

a "Listed" waste they _ust be "Characterized" (TPCL) before clean-

up levels or disposal levels can be established. The following

alternatives have been assembled fo_ screening:

i. NO action

2. Institution control

3. Excavation / on-site treatment / off-site disposal

3a. soil washing_slurry-phase bioreactor

3h. stabilization

4, Excavation / off-site treatment / off-site disposal

2.3.5 c eenin of A at'yes

The assessment of each alternative was based on the same evaluation _

criteria (Effectiveness and Implementability) as was used for

screening the technologies described in Section 2.3.3. The

selected alternatives can be implemented with" the _nderstanding

that comprehensive treatability and pilot scale studies will be

required to comply with ARARs and address public health and safety.

2.3.5.1 _valuation of Alternative 1 [No Actien) - A no action

alternative is selected for detailed analysis (Section 3.0) so that

it may be used as a baseline for comparative analysis of the risk

and cost associated with other alternatives. Although there is no

capital cost involved with this alte_natlve, the future costs of

liabilities associated with exposure risks are unknown.
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2.3.5.2 _valuation of Alternative 2 Ilnstitutional Control] -

Institutional controls, such as limiting access and seeding areas

with grass, do not mitigate the contamination. This alternative

_ was selected for a detailed analysis since it could potentially ....

reduce health risk associated with soil contamination. However,

this alternative will do little to reduce environmental risks or

hinder contaminant migration to surface water and ground water.

2.3.5.3 Evaluation of _iternative 3 IExcavationlon-site Treatmentl

TO tully address the remedial action objectives the contaminated

soils will have to be excavated and treated. This alternative

contains two technologies that could be conducted on-site. The

technologies selected are: (i) Soil washing combined with a

bioreaotor and (2) Stabilization. Both technologies have potential

to successfully address the remedial action objectives.

Using either of the technologies, treatment wastes will be produced

which will require further disposal. Stabilization will produce

a larger volume resultant than soil washing. However, if the

stabilized material can be shown, through TCLP methods, not to

produce a leachate it can be disposed of in a sanitary landfill.

The sqils washing residue must be disposed of it a Level C, RCRA

Facility (hazardous waste landfill).

Soil washing, although potentially etfsctive, would be difficult

to implement. This process will require the following steps:

i. Excavation of soil

2. CrUshing and coarse screening of the soil

3. Washing the soils (the numerous contaminants and fine-

grained nature of the DDMT soils could require numerous

washing steps and various washing additives)

4. Mixing in bioreactor for a determined period of time
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in5. Analyzing the product to determine if reduction

contamination is sufficient

6. Treatment of waste sludge

_. _ite disposal of treatment products to a Level C,

RCRA Facility.

Stabilization would reduce the mobility and provide an effective,

easily implemented and cost effective alternative for soil

remediation. The stabilization process re_ires the following

steps:

i. Excavation of soil

2. Crushing and mixing of soil

3. Mixing with stabilizers

4. A_alyzing the product for leachate

5. Off-site disposal to a sanitary landfill

since both technologies would be effective, the implementability

of each becomes the deciding criteria. As can be seen from the

above discussion, the Stabilization process is much easier to

implement than Soil Washing. For this reason, Stabilization was

selected for a detailed evaluation (Section 3.0).

2.3.5.4 Evaluation of Alternative 4 _Excavation]Off-site

Treatment% - This alternative provides an effective and easily

implemented option for remediation of soil contamination. However,

the complicated contaminants detected at DDMT may make this

alternative cost-prohibitive if large volumes of soils are

involved. However, the final decision as to the viability of this

alternative will depend on the amount of soll that must be treated.

For this reasen this alternative has been selected for a detailed

analysis (Section 3.0}.
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2.3.5.5 t'ou "yes - Based on the information

provided in the screening and evaluation of alternatives the

following have been selected for detailed analysis (section 3.0):

i=

2.

3.

4.

NO Action

Institutional Control

Excavation/On-Site Treatment/Off-Bite Disposal

Excavation/Off-Site Treatment/Off-site Disposal

2+4 E DAN E SO

2.4.1 Remedial Action Objectives for Lake Danielson

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

ecology (particularly the fish) within the Lake. Lake Danielson

is currently under restricted access (no fishing). The

installation wishes to increase the utility of these two surface

water bodies, specifically by allowing activities such as

picnicking, and potentially fishing. NO significant contamination

was detected in the surface water within the lake an_ _ond or from

storm water entering the lake. However, water quality could be

affected by short-term increases in contaminant levels as the

result of peak storm events. Although surface water contamination

was not detected, its condition during storm events could be a key

element in remediation of the lake and pond.

Sediment contamination was detected in Lake Danielson and the golf

course pond. PAH, pesticide and _efal contamination was

significantly higher in the pond than levels detected in the lake.
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Three general areas of attainment must be addressed in developing

remediation alternatives for the Lake Danielsmn area. TheSe

include: I) surface water, 2) sediments and 3] the present stoz_

water drainage system that supp_le_e-he -2_ake and pond.

2.4.2 General ResPonse Actions for Lake Danlelson

General response actions were developed for the three areas in

developing remedial alternatives for the Lake Danielson area.

These actions include:

Mo Action

Institutional Control

Storm Water Drainage Diversion or Treatment

Establish Aquatic Vegetation for sediment

Lake Abandonment with Contaminated Sediment Removed

2.4. 3 A_plic_ble Technoloaies for Lake Danielson

The restrictions currently in force at the lake and pond constitute

institutional control. These include fishing, swiping and boating

restrictions. An additional institutional control measure which

could be implemented is continued water quality monitoring,

particularly of storm water entering the lake. Samples should be

collected at the inlet drain to Lake Danielson during and

im/_ediately after a rain has occurred. Water samples should also

he collected within the lake itself at these times. If possible,

water samples collected i_ediately _fter a fish kill would also

be Useful. This data could be utilized in a further ecological

study of the lake to determine the cause of the "fish kills" that

have occurred.
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An alternative that was considered was to divert storm water to the

ground-water treatment system in Dunn Field (Section 2.2.3.4).

However, due to the different type of contaminants in the two media

(ground water vs. surface water) this alternative may not be an

effective remedial action.

Another alternative would be to plant appropriate aquatic

vegetation to stabilize the sediments in the lake, thus reducing

the potential for release of contamination from the sediments into

the water column•

The lake and pond act as sedimentation ponds for a portion of the

base drainage system. As such, contamination released from those

drainage areas may tend to accumulate in the lake and pond. Based

on this, another alternative is to abandon these facilities. This

could be done by breaching the dams land cleaning out contaminated

sediments. After removal of the sediments a natural drainage

system could be established (no backfilling). However, if

abandoned, all contaminated storm water run-off would be discharged

directly to Nonconnah Creek via open ditches.

A final alternative is to dredge the contaminated sediments from

the lake and pond, leaving the bodies of water intact. After the

sediments have been removed they could be sent to an off-site

disposal treatment facility. The effective utilization of this

alternative would rely on determining and mitigating the

contaminant source. The lake/pond could then either be

reestablished (if storm water is determined to be free of

contamination), or backfilled with clean soil.
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2.4,4. Selection of Remedial Alternatives - ThrBe remedial

alternatives have been selected For detailed evaluation. They aref

i. NO Action

2. No Action with continued restrictions on fishing'and

additional monitoring of storm water entering the lake

and pond

3. Dredge Sediments/Landfill

A detailed analysis sf each alternative is given in Section 3.0.
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This section of the report presents the detailed analysis of

alternatives developed in Section 2.0 of this report. Alternatives

are discussed for application in three separate areas. The first

area of discussion is remediation of ground water in Dunn Field,

the second is surface soils on the main installation and the third

is the surface water and sediments of Lake Danlelson and the small

golf course pond. The discussion of each area is then subdivided

with detailed analyses of remedial alternatives developed for that

area. Detailed analyses of each remedial action alternative (RAA)

is presented using the seven evaluation criteria presented in the

"Guidance for Conducting Remedial Investigations and Feasibility

Studies Under CERCLA" IOSWER 8355.3-01 USEPA, 1988). The criteria

are ns follows.

3.1.1 Short-TeZ-m Effectiveness

2,

........ Th_s criterion examines the effectiveness-of- -a_ternatives in --

protecting human health and the environment during the construction

and implementation period.

3.1.2 Lon -Te 're ess

The assessment of alternatives against _his criterion evaluates the

long-term effectiveness of alternatives in protecting human health

and the environment.
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3.1.3 _uction of Toxicity. MobilitY, and Volttme

This criterion evaluates the anticipated

s_ecific treatment tschnologies.

19 138

performance of the

3.1.4 _mplementabilitv

This assessment evaluates the technical and

ffeasibility

reNeurces.

administrative

of alternatives and the availability of required

3.1.5 e o ance

This criterion describes how the alternative complies with

Applicable, Relevant, and Appropriate ReqUirements (ARARs).

3.1.6 Overall Protection

The assessment against this criterion describes how the

alternative, as a whole, protects and maintains protection of human

health and the environment.

3.1.7 Cost

The evaluation of cost for each alternative is done with available

da_a and information. Costs are determined using estimated values

of volume and ground-water flow. The estimates are expected to

have an accuracy range of +50 percent to -30 percent as outlined

in the RI/FS Guidance Document (EPA, 1988). Additional data will

be necessary to further define remedial alternative characteristics

and cost,
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3.2 REMEDIAL ACTION ALTERNATIVES FOR OUNN FIELD

The Remedial Action Alternatives (RAAs) for Dunn Field focus on

hhe gT_a_e_-(GW) -contamination at the site. Results of

ground-water sampling at Dunn_Field have show_ significant levels

of chlorinated compounds and concentrations of metals from total

metals analyses above the MCL's. A total of four GW-RAA's are

evaluated for this area. Detailed cost'analysis is for each of GW-

RAAs are given in Appendix A. These alternatives'include:

GW-RAA-I No Action

GW-RAA-2 Institutional Control

GW-RAA-3 Capping of Burial sites

GW-RAA-4 Pumping and Treatment of Ground Water

3.2.1 Remedial Action Alternative - I IGW-RAA-_) - No Action

The NO Action alternative assumes no further action at the site and

....... is used as a baseline to measure the other alternatives, ....

3.2.1.1 [GW-RAA-II Technolouies IncorPorated - NOne.

3.2.1.2 (GW-RAA-II KeY Desian Assumptions -- None.

3.2.1.3 (GW-RAA-I] Short-Term Effectiveness - Because no action

is taken, there is no short-term exposure to the community or

workers due to the remediation.
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3.2.1.4 (GW-RAA-1) Lonu-Term Effectiveness - Because the source

of contamination would remain at the site, the potential risk of

exposure would continue to exist with this alternative.

3.2.1.5 (GW-RAA-I_ Reduction of Toxicity, Mobility and Volume -

The ground water would not be treated to reduce toxicity, mobility

or volume under this alternative. The ground-water contaminant

plume would be expected to migrate and natural attenuation of the

organic constituents would occur.

3.2.1.6 (GW-RAA-1) ImDlemeDtabilit7 - There are no implementation

concerns since no action would be taken.

/

3.2.1.7 [GW-RAA-I) Requ!atory ComplianGe - The No Action

alternative would not comply with applicable standards due to

exceedences of ARARs by constituents in the ground water.

3.2.1.8 (GW-RAA-1) Overall ProtectioD - Since no remedial action

is taken under this alternative, potential risks remain at the

site. In addition, contributions from the source areas to the

existing ground-water contaminant plume would continue over time.

3.2.1.9 (GW-RAA-_) Cost - Implementation of the No Action

alternative incurs no cost.

3.2.2 Remedial Action Alternative - _ {GW-RAA-2) -Institutiona]

Control

Implementation of GW-RAA-2, Institutional Control, would consist

of continued monitoring of the on and off-site ground-water

monitoring wells. A restriction on the drilling of water supply
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wells and removal of ground water from the Fluvial aquifer in the

contaminated area would have to be implemented. Monitoring of

existing wells would be periodical, as negotiated with the

appropriate regulatory agencie_-_sc_rictions of ground-water use

in the area would be regulated by Shelby County and the State of

Tennessee.

3°2.2.1 {_GW-RAA-21 Teehnolouiem IncorPorated - None.

3.2.2.2 (GW-RAA-2% KeY Desian AssumPtions - None.

3.2.2.3 (GW-RKA-21 Short Term Effectiveness - Because there is no

actual remediation of the source, there would he no short te_

exposure to the community'. There is potential exposure to the

persons ¸ sampling grot_nd-water wells at the site. This concern

could be ade_ateiy addressed by the use of the proper protective

clothing, air monitoring equipment and decontamination procedures.

3.2.2.4 _GW-RAA-2% Lonu Ter1_ Effectiveness - Because the source

of ground-water 9ontamination and the contaminated ground water

ftself continues to exist at the site, future potential exposure

would also continue. Ground-water monitoring would aid in tracking

contaminant levels and plume movements- At present the full extent

of ground-water contamination is not known. Additional study would

be necessary to fully charecterize and delineate the contaminated

plume. RegUlation of the Fluvial aquifer's use would only provide

protection from direct exposure of ground water from the Fluvial

aquifer. In addition to monitoring the Fluvial aquifer it will be

necessary to monitor the Memphis Sand drinking water aquifer to

determine if contaminants are migrating through the confining unit.

Monitoring of the drinking water is currently being done by Memphis

Light, GaS and Water (Mid&W) at the Allen Well Field, located
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approximately one mile west of DDMT. The Institutional Control

alternative must address the possibility of contamination from DDMT

reaching the drinking water supply for the city of Memphis.

If" results of qround-water moniboring indicate any of the

following, additional remedial alternatives would have to be

implemented.

i. Rising contaminant levels in the Fluvial aquifer

2. Contaminant plume migration into a more sensitive area; such

as in the Allen well Field area

3. Detection of contaminants in the Memphis Sand aquifer

3.2.2.5 _W-RAA-2_ Reduction of Toxicity. Mobilltv and Volume -

Neither the waste in the burial areas nor the contaminated ground

water is treated to reduce the toxicity, mobility or volume.

3.2;2.6 GW- - m en " "t - This alternative would be

easy to implement. By sampling ground water from the Fluvial

............. @quifer-and the Memphis Sand aquifer-contamimant levels could- be .....

monitored and additional remedial alternatives evaluated if

necessary. All equipment and materials necessary for this

alternative are readily available.

3.2.2.7 _W-RAA-21 Requlatorv Compliance - This requirement does

not comply with CERCLA closure requirements of a regulated unit.

It does, however, give a level of confidence concerning risk

through the monitoring of contaminant levels and movements.
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3.2.2.8 G_RAA-2/_Qverall protection - This alternative does not

offer protection from potential exposure through monitoring of the

ground water- It does, however, offer a level of protection

T,_rOugh the _eg_llation of the drilling of water supply wells and

removal of ground water from the Fluvial aquifer. By limiting or-

excluding use of ground water from the pluvial aquifer, the

potential for e_osure is reduced. It does not offer protection

from contaminants potentially reaching the Memphis Sand aquifer.

3.2.2.9 _ - Cost of this alternative would be the

installation of monitorinq wells and the actual sampling and

analysis expenses incurred. Results could be evaluated in a brief

ground-water quality report and submitted to the appropriate

agency. Costs of this alternative have been summarized on Table

3-1. Detailed cost are provided in Appendix A-I.

3.2.3 _emedial Action Alternative IGW-RAA-3_ - Multi-_ver CaD and

capping of the burial sites would help contain and isolate the

buried waste. The conditions in Dunn Field are very suitable for

capping" to Be an effectiv_'a_ternative for contaminant'source

control. It has been estimated that approximately 50 feet of soil

exists between the bottom of the burial trenches and the top of the

water table, installing a multi-layer cap over the burial sites

would reduce water percolating through the landfill, thus,

minimizing the amount of contamination contributed to the ground

water.

3.2.3.1 _W_R_-3) TeChnOl_ies incorporated - The multi-layer cap

would consist of the following components, from top to bottom:

8531.83

LOam layer, two feet thick

Gravel/Sand drainage layer, one foot thick
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(i) None

TABLE 3-1

COST ESTI_L%TE sUMMARY

DL_N ?IELD

_-2 Institutional Control

g@_t

Annual Operation and Maintenance Costs

(1) Monitorinq $200,000

Total Annual 0 & M costs $200,000

" Total present Worth $1,315,000

(30 years)

* See Appendix A-I for Detailed Cost Analysis.
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30 mil synthetic membrane

Clay, low per1_eability,

Fabric, geotextile

Ik.D

Sand, drainage layer one foot thick

This cap meets the minimum RCRA requirements as set forth in EPA

document 625/4-89-022.

3.2.3.2 (GW-RAA-3) KeY Deslmn Assumotions - The following desi_

assumptions were made regarding the implementation of this

alternative-

The estimated area of burial sites identified in Figures

3-1 and 3-2 was used for cost estimating purposes.

Actual areas required for capping should be evaluated by

further field studies•

The design life of the cap is estimated at 30 years.

After 30 years, the _embrane and other cap elements may

need to be replaced.

A 30 mil reinforced polyvinyl chloride (PVC) liner would

be used as the synthetic membrane material. The PVC

liner was chosen due to its relative low cost and ease

of installation. The 30 mil membrane should have

adequate tear strength a_d chemical resistance for the

Dunn Field site.

A low maintenance shallow rooting grass cover would be

placed over the loam to control erosion.
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FIGURE 3-1

DUNN REI D DISPOSAL & STORAGE SITES
APPROXIMATE AREAS FOR MUL'i_-LAYER CAP (SEE NOE)

O

ESRIMAI_D EXl_NT OF

MU Lll- LAYER CAP

SOURCE: US A,_WY EN_IR(_NM_NTAL HYGIENE AGENCY, 1982,
(_EOH_R{3LOC_C S_ll0y NO 3B_26_OtgS_83 SCALE: 1" _ 175'

-- LAW ENVIRONMENTAL INC.
--- "_ GOVERNMENT SERVICES 01tlS1ON 3 10
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FIGURE 3--2

DUNN RELD DISPOSAL & STORAGE SITES
APPROXIMATE AREA FOR MUL'FI--LAYER CAP (SEE NO_)

"_"t'_* _='_ - _: _ _ ._ _. I I

U

_ "_-- ESTIMATED EXTENT OF

/ MULTt- LAYER CAP

AREAS SHOWN FOR CAPPING "

ARE APpRO)BMA_ AND _HO_JL_ BE

CONRRM_D _,¥nH RELD _PJR_

AN 0 O'p,_E_ INFORMAI_ON. S(_dE

AREAS _,IOV_I MAy NOT REQUIRE

NOT _,'_OV_N MAY REQUIRE CAPFtNG.

SCALE: 1" _ 70"

SOURCE: US ARMY ENVIRONMENTAL HYGIENE AGENCY, 1982.
GECHYDROLOOIC SI_JDY NO. 38-25-0195-83.

• _ _ LAW ENVIRONMENTAL INC.
_--GOVERN_O'_T$E_C£S DI_ISlON 3-11
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This alternative would also include the institutional

control measures (monitorlng and regulation) of GW-BAA-2

to monitor contaminant levels and movements and provide

protection from potential e_qsu_ei-_.,,_ '

3.2.3.3 _W--RAA-3) Short-Term Effectiveness - Installation of a

multi-layer cap over the burial sites would immediately isolate the

sites from surface exposure. A reduction in the percolation of

water to the burial areas would occur quickly. However, a

reduction in the volume of leachate generated from infiltration

may require more time, allowing the source areas to dewater.

3.2.3.4 _W-RAA-3% Lon_-TeA-m Effectiveness - Because the source

of contamination would r@main at the site, the potential risk of

future exposure would continue to exist. The long-ter_ risks would

be reduced with this alternative. The cap will require long-term

management and _aintenance, including inspection on a regular basis

for signs of erosion, settlement, subsidence or the presence of

burrowing animals. Maintenance activities should include periodic

mowing and weed control to prevent invasion by deep-rooted

vegetation. Any signs of settling or subsidence will require

immediate repair. In addition, the monitoring program as described"

in GW-RAA-2 will remain for the 3D year life of the cap instead of

two years, as reguired by RCRA. It was assumed for the cost

analysis in this report that the synthetic liner would have to be

replaced after 50 years.

3.2.3.5 {GW-RAA-3% Reduetisn of Toxicity. Mobilltv and Volume -

Waste is not treated to reduce toxicity ¸or volume with this

alternative. Mobility will be significantly reduced.

8531.83 _ -12



19

3.2.3.6 W- -3 m eme bilt - This alternative would be

relatively easy to implement using standard construction equipment.

Multi-layer caps similar to the one proposed for this alternative

have been proven tellable in the field under similar conditions.

.The monitoring program will provide an added level _6_fid_nce

concerning _isks associate with leaving the contaminants on-site.

By sampling ground water from the Pluvial aquifer and the Memphis

Sand aquifer, the contaminant migration pathways at the site could

be monitored. All equipment and materials necessary for this

alternative are readlly available.

3,2.3.7 _GW-RAA-3_ RegUlatory Compliance - The multi-layer capping

of the burial trenches complies with applicable standards and with

the existing exposure pathways. The monitoring portion of this

alternative may not comply, depending on the current extent of

contamination.

3.2.3.8 _GW-RAA-3_ overall protection - This alternative

accomplishes the remedial action objective of providing containment

of the contaminant source and thereby reducing surface water

infiltratiqn. The alternative does not eliminate the source of

.......contamination, sO the potential ris k of exposure vi@ qon_amina_ed .

ground water still exists. However, the monit'oring program would

provide information regarding contaminant levels and movements so

that if contaminant levels increase or become more mobile in the

subsurface, additional remedial alternatives could be employed.

3.2.3.9 W-RAA-3 ost - Cost of this alternative would be the

capitol cost of installation and design plus the annual operation

and maintenance cost. TheSe costs are summarized on Table 3-2.

The detailed cost calculation sheets are presented in Appendix A-2.
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TABLE 3-2

COST ESTIMATE Sir_AR¥

DUNN FIELD

RAA-3 Multi-Layer Cap and Monitoring

Cost

(i) Multi-Layer Cap
$ 490,471

d" tCa t Cost

(2) Englnesring Design (6%) 29t429

Total capital Costs $ 519,899

- . .Annual.0Deration and Maintenance Costs

(i) _9/iti-Layer Cap O & M

(2) Monitoring

5,000

99,808

Total Annual O & M Costs $ 104,808

Total Present worth $1,508,000

* Detailed cost analysis are presented in Appendix A-2.
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3.2.4 Remedial Action Alternative - 4 IGW-RAA-_) - Pump and Treat

The fourth remedial action alternative employs the e_raction and

t_men_.cf centaminated ground water. This alternative could be

used to achieve two objectives: (1) reduce contamination in the

ground water and (2) use the pumping effect of the extraction wells

to form a hydraulic barrier to limit further off-site migration.

Additional study would be necessary to fully characterize the

heterogeneous nature of the Flu_ial aquifer deposits, delineate the

aquifer geometry and preferred flow routes and define the

contaminant pl_e. The data needed to effectively design a

workable p_p and treat system could be gathered through

performance of an aquifer test, additional soil test borings,

geophysics and a small scale pilot study. In addition, this

alternative could be combined with GW-P_tA-3 (Multi-I_uyer Cap and

Monitoring) to provide for containment of the source areas.

3.2.4.1 [GW-R2_-4) Technolouies Incorporated - A pump and treat

system for ground water would incorporate the use of a series of

large diameter (approximately 6-inch) extraction wells into which

submersible or pneumatic pumps would be installed. A conceptual-

level design for the extraction well system is shown on FigUre 313.

It should be noted that the final design of the system should be

based on site specific information obtained from fully defining the

extent of contamination and from a pump test. Ground water

collected from the extraction wells would be diverted to a

treatment system designed for filtration of solids, the treatment

of organic contaminants by the use of hydrogen peroxide and

ultraviolet light and possibly the treatment of metals by a

precipitation and flocculation system. Treated water could then

be diverted to a nearby surface water feature or storm drainage

system as negotiated with the appropriate regulatory agency.
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FIGURE 3-3

CONCEPTUAL DESIGN OF
GROUND WATER EXII',J_,CTION SY_IEM

DEFENSE DEPOT MEMPHIS, TENNESSEE

O

_I MON ITORING _ LOCA_O_

_--III1_ E<TR_CllON WELL _,_D
HFJ_ ptpE

375 0 _75

I T I

-- LAW ENVIRONMENTAL INC.

_-- _ GOVERNLIENT $_q_4CF..S DI'_S_ON 3_16
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3.2.4.2 _GW-RAA-41 Key DesiGn Assumptions - Implementation of this

alternative would require additional information and data as

discussed above. Design assumptions such as ground-water flow

characteristics, well spacing_umes of contaminated ground

water to be treated cannot be adequately addressed at the present.

For the purposes of estimation, however, the following gross

assumptions have been made.

Contaminants to be removed from ground water include

chlorinated solvents and metals.

Ground-water flow is estimated to be i0 to 50 gallons per

minute (gpm) from a six-lnch diameter extraction well,

90 feet deep, screened into the FluVial aquifer.

The spacing of extraction wells is estimated as

approximately 300 feet. For the purposes of costing, ten

extraction wells have been assumed.

The ground-water treathent system will be built on-site.

A chemical oxidation treatment system consisting of a

hydrogen peroxide and ultraviolet light degradation

process---_n-ser&es- with .filtration and precipi-

tation/flocculatlon system.

Treated water can be disposed of to a surface water

feature or a local storln/sanitary sewer line (POTW).

A minimum of ten years operation is estimated for this

alternative.

An overall permit would be required to operate the system (such as

a RCRA Part B permit if the facility falls under RCRA guidance).

Specific permits (NPDES and/or POTW) would also be required to

discharge the water.
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3.2.4.3 (GW-RAA-4_ Short-Te_ Effectiveness _ This alternative

would reduce the levels of ground-water contamination fairly

rapidly. The installation of an extraction system would prevent

further lateral contaminant migrat_.._A.pgtential for exposure

to workers implementing this alternative could be adequately

addressed with protective clothing, monitoring equipment and

decontamination procedures. There is little potential for exposure

to the i_ediate community.

3.2.4.4 (GW-RAA-4) Lonu-Term Effectiveness - This alternative

should he effective in long-term reduction of contaminated ground-

water levels and associated health risk. The pump and treat

technology will not treat all residual contamination, although

pulsed pumping could be effective in further reduction of

contaminant levelm. An estimated duration of this alternative is

ten to twenty years. Additional characterization will refine this

figure to an acceptable degree of confidence. The addition of an

extended monitoring plan will he necessary to provide the necessary

information necessary to evaluate the long-ter_ effectiveness.

This treatment alternative will require long-term operation and

maintenance. If used in conjunction with a multi-layer cap (GW-

RAA-3), the cap wi_l require Iong-term maintenance and inspection

as well.

3.2.4.5 (GW-RAA-4_ Reduction of Toxicity. Mobility and Volume -

Treatment of the contaminated ground water will accomplish

reduction in toxicity, mobility and volume. Toxicity and volume

could be reduced by the treatment system itself. Mobility of the

contaminant plume is contained by the physical forces of extraction

which should form a barrier to the lateral movement of the

contaminated ground water.
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3.2.4.6 - - em " 't - This alternative should be

relatively simple to implement. The technology and processes have

been reliably demonstrated. Equipment and materials are readily

available. However, as stated previous__Z___.a_dditional.

characterization and a pilot study will he necessary prior to

successfully implementing this alternative.

3.2.4.7 (GW-R_A-4) Reuulatorv ComPliance - Successful treatmen _

of the contaminated ground water will meet re_/latory requirements

and provide protection of human health and the envirora_ent.

3.2.4.8 _GW-P-%A-4% Overall Protection - Remedial alternative GW-

RAA-4 would provide the overall protection to human health and the

environment by reducing the potential for exposure to contamination

either from the Fluvial aquifer or the Memphis Sand aquifer. The

source areas should he addressed in conjunction with the pkn_p and

treat alternative (GW-RAA-3).

3.2.4.9 GW- -4 st - COSt of implementing this remedial

alternative is estimated using the gross assumptions discussed in

Section 3.2.4.2. Development of more confident cost estimates must

be performed following completion of additional site

characterization. Estimated costs are suuunarized on Table 3-3.

Detailed cost worksheets are presented in Appendix A-3.

3.3 REMEDIAL ACTION ALTERNATIVES FOR SURFACE SOILS

The detailed remedial alternative analysis for surface soils (SS)

focuses on surface soils around the main installation of DDMT.

Soils were found to be contaminated with significant levels of

polynuclear aromatic hydrocarbons (PAHS), pesticides and metals.

The purpose of this sampling was to co.firm/deny the existence of
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TABLE 3-3

COST ESTIMATE SU_¥
DUNN FIELD

GW-P_-4 Pump & Treatment of
Ground Water with Quarterly Monitoring

ComPonent

(1) Extraction Wall Installation $
(10,6-inch wells)

(2) Initial Treatment Set-up (Chemical oxidation)

(3) Treatment Set-up
(Precipitation/Flocculation)

Indirect capital Costs

(4) Engineering Design (6%)

Total Capital Costs

Annual OPeration and Maintenance Costs

(1) Quarterly Sampling

(21 Treatment (Chemical oxidation)

(3} Treatment (Plocculatlon/Precipitation)

19

cost

155,000

15,000

200,000

22,200

$ 392,200

199,616

2,365,200

99,864

TOtal _nual O & M Costs $2,664,680

Total Present Worth S16,765,000

Detailed cost analy_i_ are presented in Agpendix A-3.
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contamination at probable source areas. The limited n,,mher of the

soil s_ples are inadequate for determining vol_es of the

contaminated areas. However, based on the surface soil

._.._gtaminatJ_n encountered at six separate areas of the

installation, four remediel action alternatives have been prepared

and are discussed in the following section. Due to the lack of

information concerning the volume of the contaminated media, a

detailed cost analysis has not been included. The alternatives

include:

(SS-RAA-I) No Action

(SS-RKA-2) site Restrictions

(SS-RAA-3) Excavation On Site/Solidiflcation/Landfill

{SS-RAA-4) Excavate/Off-site Treatment/Landfill

3.3.1 Remedial Action Alternative - 1 fSS-RAA-II - No Action

The He Action Alternative assumes no Eurther action at the site and

is used as a baseline to measure the ether alternatives.

3.3.1.1 e o o ies ncor or - None.

3.3.1.2 Key Desian AssumPtions - None.

3.3.1.3 (SS-RAA-I) Short-Term Effectiveness - Because no acticn

is taken, there is no short-term exposure to the community or

workers due to remediation.

3.3.1.4 tSS-RAA-I) Lena-Term Effectiveness - Because the source

of contamination would remain at the site, the risk of exposure

would continue to exist with this alternative.
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3.3.1.5 fSS-RAA-I) Reduction of Toxicity. Mobilltv and Volume -

The contaminated surface soils would not be treated to reduce

toxicity, mobility or volume under this alternative.

- - - .

3.3.1.6 SS- -i tabi "t - There are no implementation

concerns since no action would be take_.

3.3.1.7 _SS-RAA-II Reaulatorv Commliance - The NO Action

alternative would not comply with _pplicable standards due to

exceedances of ARARs.

3.3.1.8 [SS-RAA-I% overall Protection - since no remedial action

is taken under this alternative, potential risks remain at the site

providing no overall protection to human health and the

environment.

3.3.1.9 fSS-RAA-11 Cost - Implementation of the No Action

alternative incurs no cost.

3.3.2 Remedial Action Alternative - 2 6SS-RAA-21 - Site

Restrictions

Implementation of SS-RAA-2, site Restrictions, would consist of:

setting up boundaries around the contaminated areas to limit

access; personnel using protective clothing when working in a

contaminated area; posting warning signs; annual training for

personnel working i_ or around the contaminated areas; and seeding

Xhe areas with grass to reduce fugitive dust. These protective

measures could be implemented by DDMT environmental staff.
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3.3.2.1 (SS-RAA-2) Technolooies Incorporated - None.

19 158

3.3.2.2 _SS-RAA-21 Key Desian AssumPtions - The only assumption

necessary with this alterha_ivei_w much of_ an area to label

"contaminated". Additional sampling will be necessary to

accurately delineate full extent of contamination.

3.3.2°3 fSS-RAA-2% Short-Term Effectiveness - Because there is no

remediation of contaminated soils, there is a continued risk of

exposure to personnel working in or around the contaminated aream.

Direct exposure could be addressed with the restrictive measures

of this alternative. There is little potential for exposure to the

community surrounding DDMT from the contamination present in the

soils.

3.3.2.4 _SS-RAA-2_ Lonu-Term Effectiveness - This alternative

could potentially provide long-te_ effectiveness, provided that

the institutional controls are in place.

3.3.2.5 tSS-RAA-2) Reduction of Toxicitv, Mobility and Volume -

There is no reduction of toxicity or volume of contaminants in

surface soils with this alternative. Mobility of the contaminants

can be reduced by seeding the areas with grass.

3.3.2.6 (SS-RAA-211molementabilitv - This alternative would place

limitations on the use of certain areas by the depot.

3.3.2.7 (SS-RAA-2% Re_latorv Comoliance - This alternative does

not remediate the surface contamination and would not comply with

ARARs.
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3.3.2.8 (SS-P_A-2% Overall Protection - Site restrictions would

effectively address exposure for workers at DDMT. This protection

would rely on the diligence of depot personnel in Bnfercement of

institutional controls. The potential etKa_urfage water run-

off and migration of contaminants to the ground water is not

addressed.

3.3.2.9 SS- - - There would b_ minimal cost incurred

with implementation of this alternative. Implementation of this

alternative could be managed by DDMT.

3.3.3 Remedial Action Alternative - 3 {SS-R_A-3} - Excava-

SO di and ill

This alternative consists of excavating contaminated soils and

binding-up the contaminates using a solidification process. The

solidified soil could then be disposed in a landfill. This

technology would be particularly effective if the soils are classed

as a "Characteristic waste" based on their potential metals

leaching toxicity. As explained previously a more complete

characterization of soils at DDMT is nesessary prior to the design

and implementation of an extensive remedial action. Additional

work would: (i) delineate the horizontal and vertical extent of

contamination, (2) define the organic and chemical properties of

the soil and (3) detel-mine the applicability of using a

solidification process. Given these limitations, the following

detailed analysis is presented.

3.3.3.1 {SS-P.AA-3_ Technologies Incorporated - This alternative

uses standard excavation practices to remove contaminated soil.

The soil is then mixed with cement and other additives using a "pug

mill." The treated mass is tested to confirm that its leaching
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potential has been reduced. Depending on its classification as a

RCRA wasts (i.e. either a "Listed" waste or a "Characteristic"

waste] it would be disposed in a Level C, RCRA Facility or Level

D, RCRA landfill. The excavated area would then be backfillad with

new gravel.

3.3.3.2 ISS-RAA-3_ MeV Desian AssumPtions - Key design assumptions

must be made following Further characterization in order to more

accurately design the remedial _lternative assumptions.

3.3.3.3 (SS-RAA-3] Short-Term Effectiveness - This alternative

does involve potential for exposure during remediation. This

concern can be adequately addressed by the use of site

restrictions, protective clothing, monitoring equipment and

decontamination procedures.

3.3.3.4 _SS-RAA-3) Lona-Ter_ Effectiveness - Implementation _f the

Solidify/Landfill remedial action would have positive long-term

effects since the contaminants are effectively bound to the

solidified soil and placed in a secure RCRA facility.

3°3.3_5 ISS-RAA-3_ Reduction of Toxicitv_ Mcb_lltv and VolUm_

This alternative effectively reduces the toxicity and mobllity of

the waste_ volume ls significantly increased_ Froper desiqn and

remediahion techniques would adequately address tbi_ criteria_

3.3.3.6 - -3 m lement ' t - Depending on results from

additional characterization study, this alternative could be

readily implemented. Excavation could be accomplished usinq

standard construction equipment and materials. The solidification

treatment system would be designed specifically for the site
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conditions (i.e., contaminants, soil types, special situations)

allowing for greater success of the remediation action. The

availability of solidification units are relatively widespread.

This alternative invc_%5_s,_ex.avatlon of relatively shallow areas

of soil.

3°3.3.7 _SS-RAA-3) RegUlatorY Commliance - The acceptance Of this

alternative by regulatory agencies will be based on analysis of the

solidification material, soil above clean-up ¸ levels would be

removed and disposed in compliance with Land Disposal Regulations.

3.3.3.8 fSS-RAA-31 Overall Protection - Implementation of this

remedial action could provide overall protection to the depot

personnel and the immediate community. Moreover, the source of

contamination would be removed, thus effectively preventing

additional migration of contaminants.

3.3.3.9 [SS-RAA-31 Cost - Given the uncertainties associated with

the design and implementation of this alternative at the present, .,_

an accurate cost estimate is NOt feasible. Vendor quotes have

indicated solidification costs range from $50 to $1O0/ton of sell

*. materfal. 'Landfil_ing-costs could varY'significantly based on the

classification of the soil and the type landfill required.

3.3°4 Remedia_ Actiom Alternative - 4 tSS-RAA-41 - Excavation/Off-

This remedial action consists of the excavation and off-site

treatment and disposal of contaminated soils. This is a relatively" -

simple alternative to implement, however, the costs can be high.

The full extent of contamination must be known to provide data for

an accurate cost estimate. Depending on the applicability of the

Land Disposal Restrictions the soils may need treatment prior to
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disposal. This treatment (such as incineration) could be performed

at the disposal facility. This would he an additional cost which

cannot be addressed at this time. A detailed alternative analysis

has been prepared using available data,

3.3.4.1 _S-RAA--4) Technolouies Incorporated - Standard excavation

and disposal technologies would he necessary for implementation of

this alternative. Treatment technologies may be necemsary should

the contaminants to he disposed of invoke Land Disposal

Restrictions. The treatment methods that would he selected and

utilized by the disposal facility are not discussed herein.

3.3.4.2 f$S-RAA-4% Key Dssiun Assumotions - Due to the nature of

the uncertainties associated with implementation of this

alternativm, key design assumptions cannot be addressed at thls

time.

3.3.4.3 fSS-RAA-41 Short-Term Effectiveness - Short-term exposure

potential does exist for personnel performing remediation

activities on site as well as those involved with the

transportation and .disposal activities.. Exposure can be reduced

with the use of protective clothing, monitoring equipment,

decontamination procedures and adherence to waste handling and

transporting requirements.

3.3.4.4 (SS-P_-41 Lonu-Term Effectiveness - This alternative

offers long-term effectiveness since contamination is removed from

the site, reducing exposure to DDMT personnel.
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3.3.4.5 fSS-P-%A-41 Reduction of ToxicitY. Mobility and VolLLme --

Excavation and off-site disposal effectively reduces toxicity,

mobility and volume of contamination at the sits to acceptable

levels. -"

3.3.4.6 S- - m e t _ " - This alternative can be

readily implemented using standard excavation, waste handling and

waste transportation methods.

3.3.4.7 (SS-P_%A-4% Reaulatorv ComPliance - RegUlatory acceptance

of this alternative could be received as it actively addresses the

contaminated soils reducing both exposure potential and

concentrations of contaminants to acceptable levels. However,

prior to acceptance compliance with LDR will require either

"Listlng" or "Characterizing" the wastes.

3.3.4.8 {SS-RAA-4] Overall Protection - Removal and off-site

disposal of contaminated soils would provide overall protection for

on and off-site personnel.

3.3,4.9 - - st - Implementation of this alternative has

high costs associated with it in comparison with the other

alternatives. Treatment of soils prior to disposal for compliance

with LDR would add to the cost. Due to the uncertainties

associated with implementation of this remedial action alternative,

it was not possible to prepare an accurate cost estimate.

3.4 REMEDIAL ACTION ALTERNATIVES FOR LAKE DANIELSON

The detailed remedial action alternative analysis for Lake

Danielson also includes the golf course pond. No significant
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contamination was detected in both surface water (sw) bodies.

Pesticide contamination was detected in the sediments. Both bodies

of water receive surface runoff and directed storm drainage from

the surrounding areas. In addition, Lake Danielson also receives

drainage from the warehouse district portion of the depot.

OcCUrrence of the fish kills in the lake has not been explained.

Based on the results at these surface water bodiesj continued

restrictionG may provide an adequate short-term alternative to

remediation. Prior to selecting a long-term, effective remedial

action alternativesj the contaminant source must be determined.

Since only low levels of contaminants were detected in the surface

water at the lake/pond it can not be determined if the contaminant

source is intermittent (storm surges) or no longer exists.

However, three remedial action alternatives have been addressed for

the lake/pond. A detailed cost analysis for each alternative is

presented An Appendix B. The alternatives discussed in the section

include:

(SW-RAA-I) No Action

(SW-RAA-2) site Analysis and Restrictions-

(SW-RAA-3) Drmdg8 and Landfill

3.4.1 _emedial Action Alternative - 1 ISW-RAA-I%
- NO Action

The NO Action alternative assumes no further action at either the

lake or the pond and is used as a base line to measure other

alternatives.

3.4.1.i [SW-RAA-I% Technoloaies Incormorated - None.

3.4.1.2 _SW-P_-1% Key Desian Assumptions - NO ne.
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3.4.1.3 /SW-RAA-11 Short-Term Effectiveness - Because no action

is taken, there is no short-term exposure to workers or the

co.unity from remedial action.

_.4oi.4 (SW-PJ%A-I_ Lona-Te _ Effectiveness - Because the source

of contamination would continue to exist at the site, the potential

for exposure would continue to exist with this alternative.

3.4.1.5 tSW-RAA-I% Reduction of ToxicitY. Mobllitv and Volume -

There would be no reduction of toxicity, mobility or volume of '-_9

wastes under this alternative.

3.4.1.6 W- - eme tabi - There are no implementation

concerns under this alternative. -

3.4.1.7 (SW-RAA-II ReaUlatorv Comnliance - This alternative would .

not meet re_latory requirements due to exceedances of A_S in the

lake and pond sediments. " _

3,4,1. 8 _SW-R_A-I_ Overall" Protection- The No Action alternative

would provide no overall protection to human health or the

e_vironmenh.

3.4.1,9 SW- - - There would be no cost incurred under

this alternative.
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fSW-RAA-2_ - Site Analysis

Remedial Action SW-RAA-2, Site Analysis, consist of a variety of

¸.steps in an effort to control and study the pesticldQ contamina tion¸

problem in Lake Danielson and the small golf course pond. TheSe

steps include:

i) site Restrictions

2) Monitoring Surface Water and sediments

3) Review of In-Place Drainage Systems

4) spill Control

5) Review of Pesticide Application Procedures

The remedial objective of implementing this alternative is to

characterize the site and detez _ine the cause of fish kills at the

depot. Should the cause of the fish kills be dete_ined,

additional remedial alternatives could be implemented.

3.4.2.1 fSW-Pd%A-2% Technolouies Incorporated - The site Analysis

alternative does net require specialized technologies to perform

its objective.

3.4.2.2 (SW-RAA-2% Key Desian Assumptions - BeCause this

alternative is mostly a data gatherinq exercise, there are no key

design assumptions.

3.4.2.3 ,SW-R_j%-2% short-Term Effectiveness - Short-terln exposure

potential would be most probable during sampling activities- This

exposure potential could be addressed by the use of protective

clothing, monitoring equipment and decontamination procedures.

The current access restrictions for depot employees and golfers

should remain in effect to reduce the exposure potential.
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3.4.2.4 _SW-RAA-21 LonG-Term Effectiveness - This alternative has

no long-term exposure benefits. However, results obtained during

implementation of this alternative could be used in the design and

implementation of remedial alternatives that would offer__.._long-ter_.---

exposure protection.

3.4.2.5 (SW-RAA-2_ Reduction of ToxicitY. Mobility and Volume -

Because waste is not treated under this alternative, there are no

reductions in toxicity or mobility. If contamination is determined

to be caused via stor_ water runoff into the lake and pond, DDMT

could innate practices to mitigate the source, once the

contaminant source has been stopped this alternative could provide

time for natural degradation of the contaminants to Occur.

3.4.2.6 (SW-_AA-2% Imoiementabilitv The Site Analysis

alternative could be readily implemented using available

information from the depot and standard sampling protocol.

3.4.2.7 _SW-_AA-21 Reuulatorv Compliance - This alternative in

itself would not meet regulatory requirements for the protection

of httman health and the environment. Of particular concern are the

fish kills in Lake Danielson. The determination of the contaminant

source will be necessary prior to the design and implementation of

additional remedial action alternatives.

3.4.2.8 (SW-RAA-2) overall Protection - This alternative does not

offer any means of overall protection to human health or the

environment.

3.4.2.9 W-RAA-2 C st - Cost of implementing this alternative

is minimal. DDMT has presently implemented site restriction

measures. A review of available information on drainage systems,
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pesticide application history and chemical/pesticide spill history

would be beneficial. Cost incurred during this alternative would

be the time spent reviewing available data and site

:_--_oh_racterization. A detailed cost analysis is included in AppendiM_..,,_

B-I.

3.4.3 Remedial Action Alternative - 3 ISW-RAA-3% -- Dredae and

an  m ttu

This remedial action alternative focuses on the actual remediation

of pesticide contaminated sediments from both Lake Danielson and

the small golf course pond. Remediation under this alternative

would consist of partial drainage of the surface waters (assumed

to be clean) and the dredging of sediments from both the lake and

the golf course pond. Following collection, ,the material would

require off-site disposal. Implementation of this alternative

could be used with SW-RAA-2, site Analysis, to delineate site

geometry and volumes of contaminated media. Therefore, due to the

uncertainties associated with this alternative, the following

detailed analysis is presented in a general discussion.

3.4.3.1 _SW-R_-3_ Technolooies InCorporated - Dredging of

contaminated sediments could be accomplished using standard

remediation technologies. Equipment and materials are readily

available to complete this alternative. The excavated sediment

would he sent to a landfill, where it may or may not require

treatment prior to disposal.

3.4.3.2 ISW-RAA-31 Key Desiun AssumPtions - Gross volume

calculations give the following results for the volume of

contaminated sediment. Surface water does not require treatment.
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AssUme Lake Danielson is 6 acres and the Golf CoUrse Pond 1 acre:

___ 7 acres X 43,560 ft2/acre = 304,920 ft 2

AssUme 2 feet of contaminated sediments:

304,920 ft 2 X 2 ft = 609,840 ft 3 = 22,587 cubic yards of

sediments

It is assumed that the water in the pond will not require treatment

and can be pumped or released to a drainage _eature, sanitary sewer

or storm drainage system.

3.4.3.3 _SW-RAA-3] Short-Term Effectiveness - This alternative

does have potential exposure to workers implementing the remedial

construction and treatment activities. ExpOsure could be minimized

however, with the use of protective clothing, monitoring equipment

and decontamination procedures. In addition, the site should have

restricted access to depot employees and unauthorized personnel

during remedial activities.

3.4%3.4 _SW-_AA--3) LonG-Term Effectiveness - The dredging and off-

site disposal alternative offers long-term effectiveness for depot

employees and the immediate community. Moreover, since the

sediments are remediated to safe levels the site can be eliminated

fro_ _uture environmental consideration. However, this should not

be implemented until the contaminan_ source has been identified and

eliminated.

3.4.3.5 (SW-RAA-3] Reduction of Toxicitv, Mobility and Volume -

since wastes are only removed from the site to environmentally s_fe

levels, there is no reductiun in toxicity, mobility ar volume.
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3.4.3.6 W-- eme il't - This alternative can be

readily implemented using standard equipment and materials.

Remediation can be accomplished using accepted waste handling and

treatment procgdur_s.

3.4.3.7 fSW-RAA-3) Remulatorv ComPliance Because the

contaminated sedlments/water are disposed of at _environmentally

safe facilities, regulatory acceptance could be obtained for this

remediation alternative.

3.4.3. 8 (_W-PJ%A-3% overall Protection - since wastes are removed

from the site, there would he overall protection for human health

and the environment. Following remediation, the site could be

removed from further environmental conslderatio_.

3.4.3.9 ($W-RAA-3) cost - The cost associated with the

implementation of this alternative are based On the estimated

volLtm_ calculations given in section 3.4.3.2, Key Design

AssUmptions. As stated previously, additional study is necessary

to fully define the volume of contaminated sediments and therefore

refine costing efforts. Costs have been estimated using available

data and should be used as a rough comparison value. These cost

do not include reclamation of areas in the form of a lake/pond, or

the backfilling with clean soils. TheSe costs are presented on

Table 3-4. Detailed cost estimated are presented in Appendix B-2.
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TABLE 3-4

COST ESTIMATE SU_R¥

L_E DANIELSON

SW-RAA-3 Dredge and Off-slte Disposal

om_ Cost

(i) Dewatering & Surface Water Diversion $52,140

(2) Dredging of Sediments 61,175

(3) Off-site Disposal 4,291,530

(4) Trucking _ 1,129,350

• ect C _a Costs

(i) Engineering & Design 332,051

19

Total Capital Costs

Apnual OPeration and Maintenance Costs

None

$5,866,401

Total Present Worth $5,866,401

* Detailed cost analysis are presented in Appendix B-2.

172
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4.0 RECOMM_ATIONS

The purpose of this section is to present a recommended course of

action for each of the three area.sunder consideration. Each area

is discussed separately in the following'sections.

4.1 E G 0 W

The contaminated ground water at Dunn Field presents a potential

health risk. The risk is _ot currently high because the Fluvial

aquifer is not used as a drinking water supply, nor does future

use appear as a likely possibility. The Fluvial aquifer in Punn

Field is separated from the Memphis Sand drinking water aquifer by

approximately 90-feet of clay. Despite the presence of this

confining unit, the large downward differential head between the

aquifers Qill cause eventual downward migration of the

contaminants- A serious concern that was not addressed in the RI

is if the western extent of the contaminated plume (ctLrrently

undefined) extends to an area not underlain by a significant

confining unit thickness. Prior to any remedial action it is

reco_mended that the full extent of the plume be defined. The

confining unit should be investigated in the area of the pl_e to

determine i6s continuity and consistency: Finally, the contaminant

source should be identified and corrective actions taken to

mitigate further ground-water contamination.

Final remedial action recommendations concerning the Dunn Field

ground water should be deferred until the extent Of contamination

has been determined and treatability studies have been perfo_ed

to determine the most effective technology. Hewever, based on

Information to date, the following preliminary recommendations are

made:
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Define the burial areas in Dunn Field which are the

probable source of ground-water contamination. This

process should include: interviews with people who were

actually involved in the burialg,_the use of surface

geophysical surveys to locate the burial site_; and the

comparison of results to define which areas need

remediation.

Install an impervious cap over the burial areas to limit

ground-water infiltration and thus significantly reduce

the amount of leschate seeping from the burial trenches.

I

- I

Perform analysis of representative ground-water samples a._

to determine dissolved metals concentrations, suspended -, :'_'

solids, hardness, Biological Oxygen Demand (BED) , -_/_"

chemical oxygen Demand (COD] and silica levels for use '_'

in the design of treatment studies.

Perform treatability studies using the UV/H202 process

to determine effectiveness (see Section 3.2.4 for ,

complete discussion of this alternative).

Perform pump test studies to provide adequate information

to design and install a ground-water extraction system.

Install a ground-water extraction system in areas where

contaminant levels exceed ARARs. Based on clean-up

levels obtained in the treatability study, dispose

treated water to POTW or to surface water in accordance

with DDMT's NPDES permit.

8531.83 4-2



19 175

4.z

A total of twelve potentially contaminated surface soil areas were

investigated at DDMT. The sampling was target_dat the most likely

areas of contamination (obvious spills, etc.). Highly elevated

levels of contamination were detected in six areas. However, the

sampling was insufficient to determine the extent of this

contamination, either horizontally or with depth. ThuS, it is not

possible to estimate quantities of contamination with any

confidence. This affects t_e estimate of total cost. It also

affects the selection of a remedial technology because some

technologies are more cost-effectlve when large quantities are

involved.

Based on the current understanding of site conditions and on the

health based clean-up levels calculated in the risk assessment the

following recommendations can be made:

i. Additional investigation should be performed to determine

the extent of contamination both horizontally and with

depth. A field screening method should be used to reduce

costs, with selected confirmation from laboratory

analysis. Sampling should be sufficient to allow a more

accurate determination of quantities so that a clean-up

contract can be prepared.

2_
If soils are to be excavated RCRA Land Disposal

Regulations require soil contaminants to either be

"Listed" or "Characterized"- DDMT records will have to

be searched and comparisons made between the hazardous

material stored2spilled on-site and the contaminants in

the soils. If contaminants can not be "Listed" then TCLP

analysis must be performed to "characterize" the

contaminants-
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3. If possible, all areas requiring clean-up should be

approached at one time so that a large quantity of

contaminated soil is produced. This large quantity would

allow an on-site technology to be utilized economically:

4. Treatability studies should be performed to determine the

most effective technology (soil washing or stabili-

zation).

5. If it is necessary to treat localized areas, off-site

disposal and treatment could be considered. Land

Disposal RegUlations will be considersd an ARAR and these

regulations will have to be complied with. The cost of

this alternative should also be thoroughly reviewed prior

to implementation-

4.3 _LAKE D_NIELSON/GOLF COL_aSE POND

Low levels of contamination were detected within the surface waters

of both Lake Danielson and the golf course pond. Pesticides and

metals were encountered in the sediments of both bodies of water.

The RI results did not provide information concerning the cause Of

fish kills within Lake Banielson. The most likely hypothesis is

that large rainfalls bring additional contamination from the

drainage basins into both impoundments. This hypothesis is

supported by the reports that fish kills occur after heavy

rainfalls. Based on these understandings, the following

recommendations are presented:

i. Perform additional surface water sampling of both Lake

Danielson and the golf course pond. The sampling should

be performed after a heavy rainfall, and ideally after

a fish kill. The water entering the lake from the storm

water system, and the water within the lake and pond
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should be sampled. The additional sampling results

should be combined with existing results to formulate a

course of action.

If the contaminated water is observed to be entering t_

lake, consider either treatment or diversion of the

water.

After the above surface water questions have been

"resolved, consider treatment of the sediment in both

surface water bodies. This could be done by dredging the

lake and disposing of the sediments off-site. The actual

dredging could also be performed by draining the lakes

and excavating with a front-end loader. The introduction

of aquatic plant life could be considered to reduce

%grbidity in the water (i.e., prevent sediments from

intermittently mixing with the water).

8531.83 4-5



18 178

USEPA, 19Bed. Technology screening Guide for Treatment of CERCLA

Soils and Sludges. EPA/540/2-88/Q04 ....

USEPA, 1988C. Guidance on Remedial Actions for Contaminated GroUnd

Water at Superfund Sites, Interim Final, OSWER Directive

9283.1-2.

DSEPA, 19BBb. Guidance for Conductinq Remedial Investigations and

Feasibility Studies Under CERCLA, Interim Final, OSWER

Directive 9355.3-01-

USEPA, 1985. Remedial Action at Waste Disposal sites (Revised)

EPA/625/6-85/006.

USEPA, 1986. systems to Accelerate In situ Stabilization of Waste

Deposits, RPA/540/2-86/002.

USEPA, 1989a. In situ AqUifer Restoration of Chlorinated Alphatics

by Methanotrophic Bacteria, EPA/600/2-89/033.

USEPA, 1988a. Constructed Wetlands and AqUatic Plant Systems for

Municipal Wastewater Treatment, EPA/625/I-88/022.

USEPA, 1990b. WERL Treatability Database PrOgram.

USEPA, 1989c. Superfund LDR Guide #6A "Obtaining a Soil and Debris

Treatability Variance for Remedial Actions"; Directive 9347

3-06FS.

DSEPA, 1989b. Superfund LDR Guide #5 "Dete_ining When Land

Disposal Restrictions (LDRs} are Applicable to CERCLA Response

Actions". Directive 9347 3-05FS.

8531.83 R-I



19 172

Draft Copy - Hazardous Substance Guidelines, Tennessee Division of

Superfund.

Ma_ess, B.J., 1990a. _ral com_1lnicatlon, Tennessee Department of

Health and Environment - Division of $uperfund, Jackson

Tennessee.

Von Hofe, Fred, 1989d. oral co_unication, Memphis Light, Gas and
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Federal Register/Vol 54, No. 224, Page 48372. Proposed Third

Ruling of -LAND-BAN" Restrictions.

8531.83 R-2



19 180

i



19 181



19 IS3

APP_IX A-I

Detailed Cost A_alysis

Ground Water

Remedial Action Altmrnative 2

Institutional Control
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BASIS OF CAPITAL COSTS ESTIMATE

COST ITEM RAA-2 COST COfV_ONFJCr INSTITUTIONAL CONTROL

BASIS: MONITORING OF OFF AND ON-SITE we:LLS AND REGULATION OF

FLUVIAL AQUt_ t.R USE
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JOB No.:

JOB No.:

BY:

CHECKED BY:

i

11-8531-01

19 iS,_

PAGE: 2 OF 4

DDMT

GPM

TLR

DATE:.

DATE:.

4-12-90

4-17.90

i,i

ANNUAL OPERATING COSTS ESTIMATE

SITE: DDMT - DUNN FIELD

COST COMPONENT

O & M COSTS

1. OPERATING LABOR

it

b°

c,

2. MAIN t eJq'ANCE

MA-[_.2KIAL& LABOR

i

b.

3. AIDt'n J_.y

MATERIAL & LABOR

a. MONITORING

b.

4. AIJ'XII.TARY

!

b.

5. ADMINISTRATION

6. INSURANCE, TAXES,

LICENSES

Ik

7.MAINiPMANCE RESERVE

& CONIINGENCY COST

ESTIMATE ($)

199,616

INSTITUTIONAL CONTROL

ALTERNATIVE: RAA-Z

BASIS OF ESTIMATE FREQUENCY

QUARTERLY

YEAR/FERIOD

99,808

8. OTHER

i

3-30

PER MONITORING
COST

ESTIMATE x 2

PER MONITORING
COST

BREAKDOWN
ESTIMATE x 4

SEMI-
ANNUAL

1-2
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JOB NAME:

11-8531-01
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PAGE: 3 OF 4

DDMT

BY: GPM DATE: 4.12.90

CHECKED BY: TLR DAT_ 4-17-90

COSTS ANALYSIS

SITE: DDMT - DUNN FIELD
INSTITUTIONAL CONTROLS

ALTERNATIVE: RAA-2

COST COMPONENT

CAPITAL COSTS

i

7_ O & M CO_TS

3. AN_t_AL EX]V2_ITUP._, Xt
(SUM OF LINES 1 AND 2)

4. DISCOUNT FACTORS
ANNUAL DISCOUNT RATE = 10 qo

5. PRESENT WORTH

(PRODUCT OF LINES 3 AND 4)

COST/YEAR COST OCCURS (THOUSANDS OF DOLLARS)

0 1 2 3 I 4 5 6 7 8 9 10 11 12 I 13 14 ] 15

' j I .,//
200 200 20O 1001

200 200 200 lOel

I

r

I

m ! I

1.0 .909 .826 .7S11.683 .621 ..¢_i.513J.467 .424 .3861 35 .3191 .29 .2631.239
i I ,

' 39 I200 182 165 75 [ 68 62 56 51 I 47 42 35 32 29 26 I 24

z I i i I m

I.CAPITAL

7_O & M COSTS

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

3. ANNUAL EXPENDITURES. Xt
CSUMOFLINES t AND2)

4. DISCOUNT FACTORS
ANNUAL DISCOUNT RATE =

5. PRF_F2_'T WORTH

(PRODUCT OF LINES 3 AND 4)

100 _

100 -

.218 .198 .180 .164 .149 .135 .123 .112_ ,101 I .092 .084 .076 .069 .063 .0S7

22 20 18 16 15 14 12 11 10 9 8 8 7 6 6
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I1-8S31-01 PAGF2 4_ OF 4

DDMT

DATE: 4-11-90

DATE: 4-17-90

GROUND-WATER MONITORING COST ESTIMATE

DUNN FIELD (ON AND OFF-SITE)

INSTITUTIONAL CONTROLS RAA-2

(I) TOTAL - 24 GW MONITORING WELLS

(2) WELLS SAMPLED FOR: VOC'S, SEMI-VOLATIES, PEST../I_B's-
DL_SOLVED METALS COST EA. $1,50O/W le,LL

(3) ANALYSIS 24 WELLS x SLS00/WELL $ 36,000

(4) LABOR - 1'4 LEVEL 4 PERSONS x 3 DAYS x 10 HRS/DAY x $68/HR 8,160

(5) TRAVEL - ROUND TRIP MEMPHIS $475 x 4 PERSONS 1,900

(6) AUTO - 2 VEHICLES x $55/DAY x 2 DAYS 220.

(7) PER DIEM 4 PERSONS x 3 DAYS x $'77/DAY 924

(8) MISC. OTHER DIRECT COST 450

(i.e. TAPE, ICE, BAGS, ACIDS_ DECON EQUIPMENT)

SUBTOTAL $ 47,654
RI_PCtRT PREPARATION

(9) LABOR P4 24 HRS x $48/HR 1,632

P6 (REVIEW/) 4 HRS x $107/HR 428

C34 (CLERICAL) 6 HRS x$30/HR 190

SUBTOTA.L $2,250

q

SAMPLE EFFORT TOTAL $49,904

PER EVENT
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APP_4DI X A-2

Detailed cost Analysis

Ground Water

Remedial Action Alternative 3

Source containment



i_ l_J

JOB No,: n.8531-01 PAGE: 1 OF _

_ DDMT
_ LAWENVIRONMENTAL,INC. JoBN._'_:

"_ " tar t_ _nr_s _asuh_fi_n BY: GPM DATE: 4-12-90

CHECKED BY: TLR DATE= 4-17-90

BASIS OF CAPITAL COSTS ESTIMATE

COST rrEM RAA-3 COST COMPONENT SOURCE CONTAINMENT

BASIS: INSTALLATION OF MULTI-LAYER CAP ABOVE BURIAL SITES AND

SEMI-ANNUAL SAMPLING

CALCULATION/SOURCE:

(1) IN-HOUSE PROJECT FILES

(2) REMEDIAL ALl'tON AT WASTE DISPOSAL S[I _S

EPM62516.85/O06



|

t

19 I_0

PAG_ _ OF

DDMT

CAPITAL COSTS ESTIMATE

DATE= 4-12-90

DATE: 4-17-90

DDMT. DUNN t_LD

COST COM_DNENT

DIRECT CAPITAL COST

L F_ 11%
_. LABOP. 25%

64%
SUBTOTAL

I 7- KQ_P_crI_ I
_TAt I l:lh

I pffR(_I_ED I

I 3 LAND & Sm_ _N_I_E_T I

b. UABO_

SUBTOTAL

k, LA3OR
c..*dAT_adALS

SUBTOTAL

I 5 P_ICCA_0O/

SUBTOTAl

I SUBTOTAL

TOTAL DIRECT COST

I I?CDI_ECT CAPITAL COST

I Z ¢_NT_G_4CY_d.OWAN_

I L I_GAL _

I ¢. START._ & SIDd_o.DOWN

SUBTOTAL

TOTAL INDIRECT COST

TOTAL CAPITAL COSTS

SOURCE CONTAINMENT
AL 1PACNATIVE_ RAA-3

I COST R_ t t_vlA_3_ I BAb_ OF _ST'_ I YEAR [NCURREDI

53,952
122,618
313,901

490,471

490,471

29,429

29,429

519,899

SOURCE #'S
l&2

6% OF DIRECT
COST
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_ LAW E)IVIROHMENTAL, IHC.

JOB No.: 11-8531-01 PAGE: 3 OF _

SOB NO.: DDMT

BY: GPM DATE: 4-12-90'

BY: TLR DATE_ 4-17-90

-- --,--w

ANNUAL OPERATING COSTS ESTIMATE
SOURCE CONTAINMENT

Sn'E: DDMT - DUNN FIELD RAA-3

COST COMPONENT

• Or'ez_T_G LABOR

b.

2. MAIN'r_IANC_

MA itutu_L& LABOR

3. AU_.IARY

MA ,t_tL & LABOR

.. MONITORING

b.

4. PURCRASED SERVIC_ *"

I $. ADbI_'I_-_.ATION I

I_CENS_-_

b.

& CONT_G[_CY COST

ESI1]_'TE ($)

5,000

_,80S
COST

BREAKDOWN
F.,SI[MATE

FREQUE_L'Y yEARP_ERIOB

SEMI. 1 - 30
ANNUAL
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JOBNo.: I1-8531-01 pAG_ 4 OF 5__

7 '_ INC. JOBN._ DD]Wr

_ CHEC_D BY." TLR DATe: 4"17"_

COSTS ANALYSIS

Sl_,: DDMT - DUNN e'L_LD

SOURCE CONTAINMENT

ALI_ATIV_ RAA-3

COSTP/EAR COST OCCURS CfIIOUSANDS O



JOB NO.:

m m

_ LAW ENVIRONMENTAL, INC. JOBNAM_

• t_ -t_ $_ co,¢,-.,[_ ,,_rm BY: GPM DATE_ 4-20-90

C]_.CK_.D BY: TLR DAT_: 4-_2-_

19 193

11-8S31_1 pAGE: $ OF ]

DDMT

MULTI-LAYER CAP COST ESTIMATE

SOURCE CONTAINMENT RAA-3

(A) CLEANING AND GRUBBING $1198/ACRE x 3.65

0l) SO LL IMPORT (3.6S ACRES x 43.$6 ftz x Zft) ÷ 27ft 3 = 11,777 yd 3

(1) CLAY $3.38]yd3x 11,777 yd_

(2) SAND/GRAVEL $11.44/y_ x $'889 yd3(l F£ LAVER)

(3) LOAM $3.38]yd3x 1],777 yd 3 "

(C) SOIL PLACEMENT $1.09/y¢_ x (11,777 ÷ 5,889 + 11,777)

(D) VEGETATION, MULCH & HYDROSEED $I1981ACRE x 3.65 ACRES

(E) 30 roll PVC LINER 0.38/t_ x 158,800

(F) CAP INSTALLATION (ENCL. EARTH WORK) 5131]f12x 158,800t_

SUBTOTAL

+ 20% LEVEL C

MULTI-LAYER CAP EST1MA'I I_

$ 4373

39,8O6

19_03

39,8o6

32,093

4,373

60344

208,028

$408,726

81,745

$490,471

)
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APpEnDIX A-3

Detailed Cost Analysis

Ground Water

Remedial Action Alternative 4

Pump and Treat



P_o_!oF 5_

_ LAW ENVIRONMENTAL, INC
-- 'i. _f._o,_ _

JOB No.:

JOBNAME_

11-8531-01

DDMT

BY: GPM

CHE_ BY: TLR

DA'I_: 4-12-90

DA'I[_ 4-17-90

BASIS OF CAPITAL COSTS ESTIMATE

COST HEM RAA-4 COST COMPONENT PUMP AND TREAT

BASIS: (I) REMOVAL AND TREATMENT OF CONTAMINATED GROUND WATER BY

(a) CHEMICAL OXIDATION

(b) PRECIPITATION / FLOCCULATION

(2) QUARTERLY MONITORING

_ON_O_

(1) GROSS SUBSURFACE ASSUMPTIONS

(2) VENDOR COMMUNICATION



q
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I JOB No: 11-8531..01 PAGE: _ Of: S
r_A _ w_uf_,/ng_ BY GPM DAT_ 4-12-90

BY: TLR DAT_ 4-17-90

CAPITAL COSTS ESTIMATE
pUMP AND TREAT

_tL_: DDMT - DUNN FIELD AL, r..r._ATIV_ RAA-4

I COST COMPONENT I

I OBJECT CAPITAL COST I

• EQty_v_qT
b LABOR

SUBTOTAL

I 2. EQU_t_i_rro_"r5 i
Iktt_ _T_I J _rJ

I 3 L,tMD&SITEDJ_/_.Op_ I
L r_lLrg_r

_. MAT_dAK_

I SUBTOTAL I

I 4. BU_J3_4C_&SI_VK_._ I

L_
SIISTOTAI.

SUBTOTAL

I 6. DI_°O_ALC_S'I_ I

TOTAL DIRECT COST

i E2_GIr_,_G &D_IG7_

I _ START-UP&$14A_DGWN I

SUWI_T._

TOTAL LNDIRECT COST

TOTAL CAPITAL COSTS

COST F_TIb/ATE

17,050
38,750
99,200

155,0_0

15,000

20o,0o0

370,000

22,200

22,200

392,200

BAS[_ OF ]_]'JLMATE !YEAR _NL'URRE][

DETAn _ED COST
BREAKDOWN 1
$15_00 / WELL

x 10 WELLS

_NrrlAL SET.UP &
_-DAY TRAINING I
FOR CHEMICAL

OXIDATION S_ _, l AM

SET UP FOR
FLOCCULATION /
PRECIPITATION 1

SY_I t.M FOR METAL
_T

6% OF DIRECT
COST



ANNUAL OPERATING COSTS ESTIMATE

_lle: DDMT - DUNN I" tI_LD

COST COMFONI_qT TZ._J _'dA TE ($)

O & M COSTS

1. OPI_RATING LABOR

b.

2. MAR4YENANCE

b.

3. AU Yn 'ARY

MATEP,1AL & I.ABOR

_. MONITORING 199,616

b.

4. PURCHASED SERVICES

L CHEMICAL- OX

b.J:RF.,AT_.2___ Z,36S,200

I 5. ADb_'lSTRA'Ir'EON I

I 6. ENSlIR.M_CE, TIC_S, I

b.

AL JT_J_J_AT]V_

PUMP AND I REAT
RAA-4

BASIS OF ESTIMATE IqZEQUI_Cy

365 DAYS / YEAR

S00 gpm

;9.00/10_0 GALLONS

_0.38/1000 GALLON;

YEM_I_EIOD

COST
BREAKDOWN QUARTERLY 1 - 10

ESTIMATE

1 - 10

?. _AHCE RESERVE

& CONT_GI_Cy COST

8. OTHER

ANNUAL TOTAL $2,664,680.00



ra-
m I

m I

_ LAW ENVIRONMEN'tAL, INC.

19 ,I.99

JOBNo.: 11-8531-01 PAGE: 4 OF 5

JOB NAME:, DDMT

BY: GPM DA'IT_ _12-_

CHECgFD BY: TLR DATE: 4-17_90

COSTS ANALYSIS

PUMP AND TREAT

_lte_ DDMT - DUNN FLELD AL i _qATIVE: RAA-4--
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I JOBNo,: 11-8531-01 PAGE: 5 OF 5

_ LAW EHVIRONM EHTAL, INC, JoeN._ DDMT
-- apt

CHEC1Q_ BY: TLR DATE; 4-17-90

COST ESTUVI-ATI : 90' RECOVERY WELL (6" DIA.)
PUMP AND TREAT RAA-4

I) MOUlt tTATION $_4_

2) MUD-ROTARY oprl i F_G (10 _ OUt, BOREHOLE) 990
$l LIFF • 90FT

3) STA_ A PAl PENETRATION TEST
$ Z21s _MJP L E • 18 S A_M]PU_S J_l_

4) TYPE II SCI4E_U LE 40 PVC WATER WELL

0- 30PT.$4tt/Irr z 20fir 1,3so

30 - t(_lrr - $3S/FT • 60fir 7,,ff_

6) STEAM CLFJtNING

SL30;HR x 4HRS _20

6) WATER H AULD;G

$[20/HR • 6I_tS 780

7) EQ U_MENT CHARG B_

• WATER TRUCK pER DAY $g0 • 3 DAYS 240
• STEAM CLEANER PER DAY _ • 3 DAYS 150

8) PROTEt. 1 tv_ COVER r • S_ CO_R 'wE i tl LOCK 180

9) CONCP_TEWELL PAD6' x _z 6'* 300

16) PER DIeM { 3 - MAN _ STJ/MAN/DAy z 3 DAYS 648

1 I) GEOLOGLST. p4. $6011tR • 24 HRS L440
PER DI]_M 3 DAYS S/Z/DAy 216

TRAVE_ AND CAR i_

SUBTOTAL 5t0,445/PER WELL
SUBMIFR k'lR[ g PlIMp

|) GItOUND MOVER $7t_ 45 TO 95 _m (ST_ SUBMERSIBLE

PUMP WITH LEAI_ MOTOP w PUMP _k CONTROL goI_ EACH) $1,163

2) OTHER DI]_ECT C(2_TS (WlK_ TEBI_G FOR DISCILe_RGE, E'I'C) _00

LABOR GEOLOGIST P4 _ • 20 HRS ([NCL TRAVEL)
PI _45/H R • 20 HRS (UqCL TRAVEL) 900

PER DIEM 2 z 2 DAYS x ST/JDAy 288

TRAVEL 2 • $470 ROUND TRIP 940

CAR I x 2 DAYS x $_DAy i 10

SUBTOTAL _,]0l/PER PUMp INSTALLATION

TOTAL WELL INSTALLATION & _ I_48/PER WELL
PUMP _STALLATION
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APP_2_DIX B--I

Detailed Cost Analysis

Lake Danielson

Remedial Action Alternative 2

site Analysis



m
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lOB No.: 11-8_31-01 pAG_ 1 OF 2

JOB NA_: DD _1"]r

BY: GPM DATE: 4-16-90

BY: TLR DATE: 4-17-90

BASIS OF CAPITAL COSTS ESTIMATE

COST ITEM EAA-2 COST COM_N_TSITE ANALYSIS - LAKE DANIELSON

B._IS: PROVIDE RECORD REVIEW OF PESTICIDE APPLICATION HISTORY,

DRAINAGE SYSTEMS, SPILL CONTROL HISTORY AND SITE

CHARACTERIZATION

CALCULA_ON_OURC_

IN-HOUSE COST ESTIMATE _000 (SEE ATTACHED)
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_" LAW ENVIRONMENTAL, INC
m

w

19 2J5

JOBNo.: |[-&_3|-O[ PAG_ 2 OF 2

JOB NAM_ DDMT

BY: GPM DATI_ 4-16-90

CI_CK_D BY: TLR DATE: 4-1'7-90

LAKE DANIELSON RAA-2, - SITE ANALYSIS

I)LABOR P4GEOLOGI_I" $1_/HR z _IHRS
P6 GEOTECH ENG. 39"//HRx I0

2) TRAVEL $475/R OUND TR]_ • 2 p_.S lENS

3) PER DIEM $77.'DA y • 2 DAYS • 2 PERSONS

4) CAR RENTAL ._f$/DAY • 2 DAYS

5) MISC. ODC'S

TOTAL

s 3,60o
97O

95O

3O8

110

100

$6O38

LAKE AND POND _AMPI.IN(_

I) ANALYSIS $1S00 PER SAMPLE • 25 SEDIMENT SAMPLES $37,5O0

31300 PER SAMPLE x 6 WAI _.K SAMPLES 9,000

2) LABOR P3 CHEML_ 1 $40_FIR x 24 I_S x 2 PERSONS 1,920

3) RE'+ t_ DATA & REPORT P3 $40/HR • 16 HR3 640

P_ $gWHR x 3 HR5 291

4) TRAVEL $47_ROUND TRIP x 2 PERSONS 950

63 PER DF_a $77tDAY x 3 DAYS • 2 PERSONS 462

63 CAR RENTAL $_fdDAY x 3 DAYS 165

MISC. OI)C'S

(ACIDS, STR]gPPERS, SA_ P+t z_EQUIP, GAS, E'r C.) SO0

TOTAL $._1,428

RAA-2 TOTAL $$7_466
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APpenDIX B--2

Detailed Cost Analysis

Lake Danielson

Remedial Action Alternative 3

Dredgs/Treatment
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COST ITEM

BASIS:

DREDGE TREATMENT-

RAA-3 COST COMPON_rr LAKE DANIELSON POND

REMOVAL AND OFF.SITE DISPOSAL OF CONTAMINATED SEDIMENTS

CALCULATION/SOUR Cfi:

I)REMEDIAL At:lION AT WA_ I'E DISPOSAL STIES EPA/625/6-85/006

2) LAW ENVIRONMENTAL IN.HOUSE FILES



I

_ LAW ENVIRONMENTAL., INCm
m

19

JOB N_: 11-8531-01 PAG_ Z OF 6

JOB NA_ DDMT

BY: GPM DATE: 4-1690

CFIECKED BY: TLR DATE=. 4. L7-90

CAPITAL COSTS ESTIMATE

_l t c: LAKE DANIELSON ALI_ATI'V_ RAAo3

COSTCOMPONI_T I COSTESTIMA'IE I BAS_SOFF_['[MAT£ IYF_RINCURREDi

6,729
15,294
39,152

61,I75

5335
t3,035
33,37O

52,140

1,129,350

4,291,$30

5_34,195

332051

332,051

5,866,246

DREDGING
OF

SEDIMENTS

I I_MPORARY
DEWATER1NG

PONDS AND
SURFACE WATER

DIVERSION

OFFOSITE
DISPOSAL IN RCRA

"C" LANDFILL

6% OF DIRECT
COST
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IOB NO.: 11-8531-01 PAGE: 3 OF 6

J'Oe No.: DDMT

BY: GPM

TLR

DATE: 4-17-90

DATE: 4-17-90

ANNUAL OPERATING COSTS ESTIMATE
RAA-3

SITE: LAKE DANIELSON AL_r._ATIVE: DREDGING & SOIL WASH

| COST CO_/q_NT I F_TI_IATE ($) I IASIS OF F_TIMATE I FREQIIE_CI' yEAp.,/PERIOI]

O & M COS]_

I. Ut'_cATn_G I,._d30 R

b.

2. IVtS._'I_A//CE

1 3 A_Y I

_OIt

b,

I 4, PURCHASEDSERVICE.5 I

b,

I 5. AD_TION I

6. _qSURANC_ TAXES,

LICENSES

b.

0

7. _,_4CE RESERVE

& COiCYINGE/qCy COST

_. OTHER

[



I JoBNo.o3 1pA 94 I I
." _ lOB NAb_ DDMT

• _ - _. _ _ _-_-_

COSTS ANALYSIS

SIT_

LAE_ DANIELSON/
GOLF COURSE POND

RAA-3

ALTEP_ATIV_ DREDGE AND LANDFILL

COST COMPONENT

. cA_rAL t_PJ

!.O & M O_T_

_UM OF I.INE_ t/u_D 2)

L DIS_3Lrbrr F_
A_ff*_IJALDI-_COUWr IO_T_ ffi I0_

_P_ODUL_ OF L_I_S ] .t_D 4)

COST]YEAR COST OCCURS (THOUSANDS OF DOLLARS)

o i 2 3 4 5 6 ? _ 9 ioI ii 12 13 14 15
I

/

1,0

16 17 1_ I 19 20 21 22 23 24 25 26 27 i2g 29

i

I

i

i



_ LAW ENVIRONMENTAl.,INC_t

JOB No.: 11-8531-01 PAGE: $ OF.-6 ....

JOB NAM_ DDMT

BY: GPM DAT_ 4-17-90

CI_CK£D BY: TLR DATE= 4-17-90

RAA-3 DREDGE AND OFF-SITE DISPOSAL

DEWATER pONDS

1) PUMPS $L_0/WEEK/PUMP x 2 W_£KS • 4 PUMPS $1,256

2) LABOR $60/HR • 80 HRS • 2 PERSONS 9,_0

3) TRAVEL $475/ROUND TRIP • 2 PERSONS 950

4) PER DIEM STT/DAY • 10 DAYS x 2 PERSONS 1,540

5) CAR RENTAL f_5/DAY • 2 DAYS $$0

6) MISC+ ODC'S (Le. HOSE, PLUIVffiING PARTS, TOOLS, PWffqG) . l+_0

SUB TOTAL + $14,840

1) GRADING: EXCAVAI_ HAUL 2-MILES, SPREAD: $7A6 y_ x _0 y_

(GRADER WITH FRONT END LOADER; LABOR, MAt I_RIAL & EQU[PJ $37_356

DR_])[]I[]_ (NO 15_.WA i _:tclNC.I_TARI_ JZATION RFfIIffR RD)

l) DREDGING: C EAWLL'R. HYDRAULIC CRAWLER, 1 cy CAPACITY

DRY EXCAVATION $2.?1/y_ • _.58_ y_ $61,175

(1_ F.SITE DISPOSAl,

1) DISPO6AL I_ RCRA SUBTITLE C FACILITY wrI'H NO
ADDITIONAL Tm_ATMENT @ $190/ye a
Sm_ydJ x z2,.c._yd

SfO/ya J • 22,._y_

$4,Z9 t ,._30

$1,1292_0

RAA-3 TOTAL $5_34,194



m i

_ LAW ENVIRONMENTAL,INC

JOB No,:

JOB NAMe:

19 2!3

DDMT

BY:. GPM DATE: 4-17-90

C'r_C_r_ BY:. TLR DATE: 4-17-90

LANDFILL QUOTE FOR DISPOSAL IN
RCRA SUBTITLE "C" LANDFILL

TAX $10-20/TON

TIPPING COST $110-120/TON

SAY TOTAL $140/TON

@ 100#SOIL/c.y. 1 c.y. = 1.35 TONS

ADJUST TOTAL BY 1.35

DISPOSAL COST $140/TON (1.35) = $190/c.y.

TRUCKING COST $35/TON

xl.35
$46/c.y.

SAY $50/c.y.

I
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APP_IX C

System Discharge Aqreement

City of Memphis



City of Memphis
Division of Public Works

®
System Discharge Agreement

made by and between the

City of Memphis

and

on t



10

SEIER U_E AGKEE_F

E_I"ENT A_D pURPOSE

2!?

TKE CI_ OF MEMPHIS IN F2_ACTI_G T_ F_YISED SET_R USE ORDINANCe_

DEEI_ED _T _T_CE_SARy TO IDENTIFY CERTAIN SIGNIFICANT COffTRIBI_RS _/_

THE M_CI_AL _WER $_TEM AND AGREE WITH THESE SIONIFICA_CT CONTRIB-

, _R_ ON THE DISCHA_E QUANTITY A_D C_L_CTERISTICS WHIC_ WOULD BE

FERMIT'i'ED IN T_ MUniCIpAL SYSTEM* T_ BASIS FOR T_E V_LUES SB_N

A_D MU_ALLY AGREED UlaON IN TI_ FOLLOWING _AGES _RE pRI_RILY TO

CO_¥Ly _'IT_ TI_ STAT_ 07 TE_S_EE AND F2_IRON_E_AL pROTeCTION

AGEnCy REGLr_TIQ_ A_TD "CO pRESER_ TE_ INTEGRITY O_ TI_ PUBLI_ OVrRED

TREA_IENT _ORK_.

T_ AGn_4"_ _rH1C_ IS g_'_AZ.Ly [_AC_D By T_IS D_I_ SERVF_ AS

A FI_ _E_TA_I_G BEt_N _ _Eg AND TI_ _ITY FO_ A S_ECIF_E_

PERIOD OF TIEI_. TFIE pAI_KET_P_ _ICH _ BEE_ I_NTIF_ED I_ THIS

DOC_ENT _I.E_T THE BE_T _ST_L_'CE _p T_ U3ER AS TO T_ CHA_CTER-

1_TICS OF HIS D_SC_I_E A_D _ILL _IN _N EFFECT UI_TIL MODIpI_D BY

pARA_E_ W_ICK _VE B_ _u.l_u_LL¥ _GR_D UFON ARE DETEP_I_D BY ONE

O_ _0_ FACTOB_. PRIEL_Y I_ TI_ D_TEr_INATION IS T_ pRO_TION TO

T_ I_GR|_ OF tu_ I_IC OW_CED TREA_T_ _0_* ACCO_I_GLY_ A

TABLE OF GUIDANCE FOR CRITERIA I_LU_ I_VEI_ FOR _PEC_FI_ INCO_- • _.

PATIBLE WA_TE_ [IAS _ D_I_O_ED AND IS PA_T OF T_ _._ US_ O_d_I1

RARC_. T_E VALES ZN THIS TABLE _q_ DERIVE_ CO_IDERI_G _._ _O_E

O_ T_E C_E$: TOXI_I_ O_ I_F_P_ TO THE _IT pRO_S_ES I_

THE _T PI_RT, '1PASS T_U_' _m _LANT IN y_OLATION OF E_L_NT

STAI_AI_$, OR SIGNIFICANT CONTA_NATIOH OF _ W&STE _LUDGE TO P_ND_._

A _BLE_. r_ _O_T CA_S, T_ pARA_ WERE LI_I_ BY Tt_ A_F_ICI-

pATED ,,pAS._ T[_O_W, THE pLANT I_ V_OLATION OF EFFL_ _TA_q_AF_.

_I_R_ T_ E_L_ STA_D_P_ _¢) NOT LIST _E INCOMPATI_L_ WAS_,

TI_ _.AXI_'_ ALLOWABLE LEVEL E_TE_I_ T_ pLA_T _A$ _ASED UI_H ESTAB-

LIS_D TOXICITY DATA FOR T_ VARIOUS U_IT FROC_E_ I_ T_E _EMPHIS
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WILLEULL FAILURE OF AN INDUSTRIAL USER TO _EPORT SIGNIFIC_RT CHANGES

IN OPEP.ATIONS _ICE A_U'_ WASTEWATER CONSTITUENTS AND CHARACTERISTICS

CAN RESULT IN THE RZVOKING OF HIS DISC_L_GE AGEEE_T. IF A PUBLIC

SEWER BECOMES OBSTKUCIED OR DAMAGED BECAUSE OF ANY SUBSTA_ICES I_ROPERLy

DISCHARGED INTO IT, _F

RESpONSI_LE F0R SUCH DISCIt_RGE'_SEA_L BE BILLED AND SHALL PAY F0K THE

EXPENSES INCURRED By TRE CITY IN CL_N_NG OUT, REPAIRING" 0R P.EBUILD-

ING THE SEWER.

EACH INDUSTRIAL UBEK DISCHARGING INCOMPATIBLES IDENTIFIED BY THE

ENVIRO_NT_L pROTECTION AGENCY M_ST ALSO pRETREAT TO THE pOINT AS

REQUIRED BY THE EPA. IN ADDITION TO THIS, THE STATE OF TENNESSEE

HAS IDENTIFIED CERTAIN ALLOWABLE LE_LS FOR INCOMPATIBLES ENTERING A

PUILICLY OWNED TREATMENT WORKS. I_ pEZT_T_NT VALUES SET BY THE

CITY APE LISED IN TABLE I OF THE APPROVED SEWER USE 0RDINA_CE. USERS

WILL FRETEEAT OR OTHERWISE MODIFY THEIR DISCIL%EGE TO T_ MUNICIPAL

SYSTEM TO BE COM_ATIBLE WITH THE VALUES IN TABLE I OR T_ LATEST EPA

PECULATIONS FOR pR_TP.£AT_TT, WHICHEVER IS MOPE RIGID _D RESTRICTI_.

WHEREAS, SECTION 3_ 1/I OF T_LE CODE OF 0RDINANCES OF _"6E CITY QF

_I_IS RERUIBES T_AT "DISC_L_GER$ T0 THE MUNICIPAL WASTEWATER T_T-

_NT FACILITIES DESIGNATED BY THE A_PROVING AUI_ORITY AS REQUIRING

AGREE_NTS S_L_LL NOT DISCHARGE TO THE SYSTEM _T_OUT SAID AGPEEI_NT";

I/_E REA$, LOCATED AT

DESIRES TO DISCHARGE TO T_E _MPHIS SEWER SYSTEM_ AND

WtLEREAS, AGREES TO COMPLY WZT_ ALL _*EQUI_,_-

_NT$ SPECIFIED IN SECT%0_ 35 _/2 OF TEE CODE OF ORDINANCES AND ANY

REVIS IONS TBEP.EOF.

NOW THEREFORE.

IS GRA_TED TI_ RIGHT TO DISCIt_GE _ WASTEWATEK OF SUCH CIIAKACTE_ISTICS

AND VOttr_ AS DESCRIBED IN APPENDIX A INTO THE CITY OF fMPHIS SEWER

SYSTEM FEOM TO

CITY OF MEMPHIS NA_ OF iNDUSTRY
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pEI_IT ,_[_ E 8

CITY OF _MPHIS

ApPENDIK "A"

IHDUSTRIAL WASTE DISCHARGE AGP_EEMENT

1. N_LE OF r_NDUSTRY:

2. ADDRESS :

3. SIC #:

4. P_pRESE_TA TIVE : TITLE: pHONE:

5. BRIEF _ESCRIPTION OF MA_ACT_RING OR SERVICE_ACTIV1TY ON pP_MISES:

6. PRINCIPAL RAW 5L_T_RIAI.S WED:

7. CATALYST_ f I }Ft'E_fl_D IA TE$ :

8. FEINCIPAL PRODUCTS QR SERVICE:

9. HOURS OF CPERATION/DAY:

10, pP_SENT _q_,_B_R OF EMPLOYEES:

"NORg_L" _ER OF E_LPLOYEE3:

ll. TYPE OF pKOCE_S:

12. IS T_RE A SC_DULED _h_TDOWN?

W_N?

13. ZS pROD_TION S_SONAL?

DAYS OF OpERATION/WEEK:

CONTINUOUS : BATCH :

IF YES, EXP_IN I_DICATING _ONTH(S) OF PEAK pRODUCTIOn:

14. _LG_W BILLING ADDP_ESS (IF DIFFERENT FROM ITEM 2):

ts. _LG_W ACCOUNT K_ER (O_ _rgBSRS):

16. ESTIMATED ANN_AL WATE8 U_A_E:

17. WATER USAGE nY SOURCE: _UNICIPAL:

CITY OF _PHI_

MILLION GA LDON$

PRIVATE:

_A_ OF INDUSTRY



18, LIST WA*/ER CON_F_ION IN pLANT

C(_L I NG WATER

BOILER FEED

pp.Q_F_S WATER

SANITARY $ys'IEM

CONTAI]f_D IN pKODUCT

OT_R

, 19. LI3T AVERAGE YOLt_AE CF DISCHARGE OR WATER LOSS

C_TY WASTEWATER SEWER

STORM _ c_. _l_

WASTE _ I/LER

EVAPORATION

CONTAINED IN PRODUCT

20. PR_TIL_A _NT? IF SO, DESCRIPTION OF

19 220
_St_BE_

OALLONS PER DAY

GALLONS PER DAY

GALLONS pER DAY

GALLONS pER DAY

GALLON_ pE_ DAY

GALLONS PER DAY

GALI_NS PEK DAY

_ALI_N_ PER OAY

GAI.I_ PER DAY

OALIA_N_ PER DAY

OALI_N3 PER DAY

FACILITIES:

21. ANY _t_TgH DISCKAP_ES? TYPE, TIME, VOLtfl_E AND STRENGTH OF FLOW:

22_ TYPE AND DESCRIPTION OF _LETERING AND SAMpLI_ FACILITIZS FOR

_E_AGS DI3CKA_:

23. AREA Ol_ pL_T SITE IN AC_ES:

24. LIST pLANT SEWER OUTLE'PS SIZE, FI_W (A_rACH AND REFER TO _p):

25. pER.5ON 08 LA_RATORy RESI_N_IBLE FOR DISCHARGE 3AMPLING AND

ANALySI3 :

CITY OF _II_BI_ NA_ OF I_IUS'igI1y
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VK_IAT_ I_ FI_W R_IE _D 5A_T._Y SE_? EXPVJ_. I_ ANY:

27. FLA_S _R PLA_T E<P._5_, _ i_E, IN(_F._K OR I_:I_EAh'E



TA_.E A-L

Su_dtIF_ S_-ZC6 L

_3_AL SCE._6

5.5- 2

_D L

0II _ G_-_ ("_'rAL) 1

C_,rrrf_ 2

N_etr_ 2

_AAvE _ 2

A_2DIrg 1

gI_¢ 2

_.D_IXUH 2

_ 2

_ 2

_ 2

SI_V_. 2

_ 2

19 222

_._ LeLCAI_O_

C_P.L Im _

_A_i_ _OVE i_ pPM

_AY_ F

_imF

C_A_ F
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pEIO_T t,X_ER

29.(c=nti_)

ARE _Ny OF _f_ pR_ONITy p_PPS LIS'rF_I1q_ }X_-LD_ T_

(TA_ A-2) BE_ u,b_uAT q_IS FAC'_ I_ M_AcruP_ OF "f_

PROI_J_ OR IS A By-PRO_CT _l_(_dHAY _ _IEC}I_E_? I_ SO. _NDICAIE

_y A Ci_ M_ ON.EA_.E A-2 ANY PRIOILrr_P_ l_ _

QUA_.__ _ ANY OF _ POLL_ PR_ LN YO_ DI_ I_ F_RE

_A_N ,f_ AMDUNrS _y _ DAVy AVER_ _ LE_ AND I_'r@_N_U_

M_ i_ ii_C_ON _ BDOND PER I_AYDISC_.

1'RI_

3. AC_ fna._./l.K

6. CARBON L_.L_

s.

10. i.2-DI(I_E_

12. b_r_

CZ_ OF _i_

'rJo_ILEA-2

I_y AVER_ _bh_EOb_ _
M_ LE_ _ I_

NAt_ OF _q_J_i_



16,

17, SL5(C_0FO.Enl"_)

18, BL9 ( 2. C_0ROEY//L_ Eq'i_

20. 2-_

21. 2.4.6-T_T_J_Pt_CL

25, 1, 3-DI_BZl'¢_

27. 1.6- DIQO_FO_tZ_

28. 3.3-DT_0_3_E_I_

29, 1, I- _QK,Ot_L_tYL_I_

30. 1,2-TR_S- DT_OF, O_I_ -

3l. 2, _- 0 II_K_10L

32. 1, 2- D_EROPRDPA_

33. i,3-OI_

35. 2.z,-DI_t _

36. 2, E-Dr._a._G_lJ_;_

37. 1,2-D_

CIT_ 0F _ _OF INUJ5_
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FPdoRIrY D_U_y AVE_ _ST_ANEOL_

39.

42. f;7_ ( 2- (2_t.ORO_OF_Ip_}

(DI_)

_)

49. _ -

55.

225



29. (¢_.lt:L_ed)

DAILy AVER_ l_'_S M_
_ LEVEl**

_tl #leVy ri_/L #/day



90, D_ mll_

92 4,4'_

g3, 4,4'-_C_,P'_)

95. _-_C_'UT_

96. _A- _CX_X_

97, _E_'_I_ SL_X_

102. kI_/_ _

103, _- 8_X_

_.06. PC_-1242_ L_42

Ill, P_-I.260(R_C_,OR 126_

1]1. _C3-1DI6(Ar_O_K _I_

117. _ ('IOIAL)

_'_ 19 _"

_U.y AVER_ _



29 (_ntL-_ed)

FRIOKIF_

_It _/eay _Z #/_

119. _ (_DIAL)

120. CC_PEE CI_)

12L, CyANICE (_O£_L)

122. LEAD CLuu_L)

123. _ (Luu_L)

124. NI(=<_L_LuL_L)

L26, 5_VE% {.uL_L)

127. _;u_LIttl CCOIAL)

129. 2,3,7,8-La±_ e_l_O_OOI -

30. (_CAL A_V_T.y_Ls:+ C_;_L_ FO_ S(]_ II,L_I.YA'v'I_R_(;EF_J_ I_

I_Y AV_ _ HA,X_UI
MAX_ I.ZV_ L_

B_D5

bL_U/A_ F _C_T.TT'_

"_DIALS(X/DS

p_

(.Lt_ OF t'_ N_ OF II_Y



_0. COrtt lnued

COD

OIL _ GREASE

( HYDROCARBON ORIG IN)

CIL _ GREASE(TOTAL)

CYANIDES

(OX I D IT.ABLE )

CYANIDES (TCTA6)

pESTICIDES *°

5URFACTA NTS

VCLAT I LE CC_I:GU_D5

SULFIDES

SULFATES

CHI_RIDE$

COLOR

TOC

RADIOACTIVE
MATERIAL

CHg_OR INE DEI1AND

ACIDITY

AIJ_ALINITY

AR.SEN IC

pH08pKATE

AMMONIA NITROGEN

_ERCURY

CHROMIUM, _EXV.

CHROMIUM, _1;1j_L

CADMII/U

ZINC

pI_NOI_

DAILy AVERAGE"
_AXIM_I LEVEL

• 19 329
p E_HIT _IJ_IB ER

[NSTA_TA]¢ECUS MAX _ITf_I

_VEL



30. ¢_n_=a_d

LEAD

SU._

OT_ MatL_

19 230

DAIIy AVEI_ACL_* INST._tIA_01_

_/1 #/day ag/1 #/day

+ pA_ TO _E yNDS'EIT_A _ z_._By EPA (_S A H_TL'_I_)_R



HON_'_0RIN_ SC I_DULE

A DOE_DUM I

19 231
pEP_ IT NI_ER



COM_AN_ SC_DU_

ADDEND_II

19 232
pE_IT H_BER

(I _ _L_



A_D_NDU_ _I_

pERMITTED STOBI_YAT_-R AREAS

.CITY OF _HIS 14_ OF I_DUSTRY
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FINAL PAGE

ADMINISTRATIVE RECORD

FINAL PAGE
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FINAL PAGE

ADMINISTRATIVE RECORD

FINAL PAGE


