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1.0 INTRODUCTION

Defense Depot Memphis, Tennessee (DDMT} is a wmajor fileld
installation.of the - Defense Logistics Agency (DLA), U.S. Department
of Defense (DOD). Due to the reguirements of its primary mission,
providing material to support all U.5. military services and some
civil agencies, DDMT has been engaged in a variety of operations
dealing with hazardous substance transportation, shipment and
disposal.

pOD davaloped the Installation Restoration Program (IRP) in 1981
to evaluate and remediate the effects of past hazardcus waste
management and disposal practices at its facilities and to comply
with provisions ¢f the <Comprehensive Environmental Response,
Compensation and Liability Act, as amended. All DOD facilities
will be examined under the IRP.

This Feasibility Study (FS) is based primarily con information
obtained in the Remedial Investigation (RI)} including the Risk
Acséssment. 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.

1.1 PURPOSE AND ORGAMIZATION OF REPORT

This Feasibility Study report presents a range of feasible remedial
action alternatives that, if implemented, will protect human health
and the environment as far as practical and reascnable 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.

8531.33 1-1
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The report organizaticn adheres to the report format suggested in

Chapter 6 of the EPA Document: G onducting Remedia
Investigations and Feasibility Studies Undex CERCLA, October, 1588.

Briefly, the report is presented in the following sequence:

1. Description of the environmental 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 applicakle technologies.

4. Assembly of applicable technoclegies into remedial acticn
alternatives.

S. Screening of remedial action alternatives.

6. Detailed analyses of the screened alternatives.

7. Recaommendations.

1.2 BACKGROUND INFPORMATION

1.2.1 Site Descriptio

Defense Depot Memphis, Tenneésee is situated on 642 acres of
federal land in the City of Memphis, Shelby County, Tennessee.
The Depot lies in the south central section of Memphis, four miles
southeast of the Central Business District and one mile nerth of
Memphis Internaticnal Airport. DDMT is set in a mixed residential,
commercial and industrial land use areas (Figure 1-1}. DDMT
consists of two sections: Dunn Field, an open storage area about
sixty acres in size, and the main installation, which is intensely
developed.

8531.823 1-2
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As a major field installation of the Defense Logistics aAgency, DDMT
warchouses 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,
foed, medical” supplie -electronic equipment, petroleum products
and industrial chemicals. Due to the nature of its mission and the
large supply volumes handled, some items were spilled, leaked or
disposed within installétion 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 enviranmental concern exist at the
facility. These include: waste disposal sites, spill locatioens
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 Dunn Field. Figure 1-2 and Table 1-1 show the Xknown
iocations in Dunn Field and types of material.

1.2.2 avious Investjigatiaons

Prior to Law Environmental's Remedial Investigation, numerous
technical studies were performed at DDMT to assist DLA in its

continuing mission requirements. The technical studies' reviewed

and utilized in support of the RI include the following general

categories:

1. Industrial Hygiene ..

2. Facility Planning

3. Regulatory Compliance Consultation
4. Surface Water Quality

5. Ground Water Quality

6. Waste Management Assessment

7. Hazardous Waste Remediation

84531.83 1-4
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FIGURE 1-2
. DUNN FIELD DISPOSAL & STORAGE SITES

NUMBERS CORRESPCND TO

HAZARDOUS MATERIAL STORAGE

OR DISPOSAL SITES USTED
ON TABLE 1-1.

_LEGEND

+ MONITORING WELLS
INSTALLED BY AEHA

SCALE: 17~350°

SCURCE:

US ARMY ENVIRONMENTAL HYGIENE AGENCY, 1882
GEOHYDROLCGIC STUDRY NO. 38-26—-0195-8J.
LAW ENVIRONMENTAL INC.

GOVERNWENT SERVICES DIVISION
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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 (USATHAMA). A few were
projects conducted by consultants or Architect - Engineering (AE}
firms under contract to DLA. The specific previcus invéstigations
utilized in support of the RI/FS are listed in Section 1 of the RI
report.

1.2.3 Remedial Investigation Agtivities

The Remedial Investigatien included the collection of regional and
study arsa infurﬁation. 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 con-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
installatien files, internal technical - studies ~and previous
consultations.

The geology, hydrogeology, ground-water and subsurface sall
contamination were investigated at the main installation and in
punn Field by installing and sampling thirty shallew menitoring
wells into the Fluvial deposits. The 1location of the wells
screened in the Fluvial aguifer, MW-8 through MW-35 and MW-38 and
MW-39, are shown on Figure 1-3. In addition to the wells installed
during the RI, monitering wells MW-2 through MW-7 (installed by
USAREHA) were sampled. The AEHA wells are shown on Figure 1-2.

4531.83 1-8




19 19

FIGURE 1-3
Rl MONITORING WELL AND
C SOIL TEST BORING LOCATIONS
DEFENSE CEPOT MEMPHIS, TENNESSEE
s 1
-
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Five soil borings were advanced into the Fluvial deposits to help
characterize the subsurface stratigraphy and to collect soll
samples for analysis. The locations of STB-1 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-Toot stratigraphic
test borings (STB-6, STB-7 and STB-8} and by installing twe deep
nonltoring wells (MW-36 and MW-37). 5Soil samples were collected
from each boring for analysis from within the confining unit and
at the top of the Memphis Sand aguifer. The water gquality 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 contamnination were
investigated by collecting surface soil samples. A total of fifty
soil samples were collected (SS-1 thraugh 55-50). The surface scil
investigation focused on probable or known "hot spots". The twelve
sampling areas are shown on Figure 1-4. 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 secticn and will be
'shown on Figures 1-6 through 1-11.

Installation surface waters were sampled at peints of discharge off
of DDMT property and, from Lake Danielson and the golf course pond.
Sediment samples were collected from Lake Danielson and the golf

course pond.

8531.83 1-10
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FIGURE 1—4
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1.3 SELECTION OF AREAS FOR DEVELOPMENT OF REMEDIAL ALTERNATIVES

Based on the information obtained during the RI, remedial acticn
alternatives were develcoped for three separate media at DDMT. The
. +hree media considerad in this F$ are: (1) ground water in the Dunn-
Field area; (2) surface water and sediments in Lake Danielsom and
the golf course pond and (3) surface seoils on the main
installation. A summary of each area 1is presented below,
including suspected contaminant scurce, physical conditicns, extent
of contamination, apparent risk te human health and/or the
environment and data gaps.

1.3.1 Dunn Field Ground=Water Investigation

The Fluvial agquifer's geologic and hydrogeologic characteristics
and the guality 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
saven wells installed by AEHA were'sampled. All monitoring wells
(except MW-34) screened in the Fluvial aquifer in Dunn Field are
shown on Fiqure 1-3.

To help characterize the Dunn Field subsurface environment (both
physically and chemically), two stratigraphic soil test borings
ware advanced inte the Fluvial deposits {5TB-1 and STB-2Z). Three
soil samples were ccllected from within the Fluvial deposits from
each boring. The location af each boring is shown in Figure 1-3.

The possibility feor vertical  migration of ground-water
contamination in Dunn Field was investigated during the RI by
collecting soil samples from within the cenfining unit and the top
of the Memphis Sand aguifer from STB-6 and STB-7. Water samples
were collected from the Memphis Sand aquifer from MwW=-36 and MW-
37,

8531.83 1
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1.3.1.1 Physical Conditions - Information obktained during
installation of the menitoring wells and soil test borings
demonstrated that the Fluvial aguifer, within Dunn Field, consists
of clayey sand, sand and gravelly sand. The saturated thickneas
of the Fluvial aquifer ranges from ‘eight .feet at MW-14 to
approximatel¥ 23 feet at MW-28. Recharge to this unit is primarily
from the infiltration of rainfall (Graham and Parks, 1986}. A
comparison of ground-wataer surface levels suggests that the Fluvial
aquifer does not discharge to local streams. Discharge from the
Fluvial aquifer is probably directed toward underlying units in
hydraulic communication with the aquifer.

Water level data collected in the Dunn Field area was utilized to
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 menitoring wells and 1s an
interpretaticn of natural conditiens on the date of measurement.
From this informaticen a westerly ground-water flow direction was
deternined.

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

Vv = Ki/p where: V = velocity
K = hydraulic conductivity

gradient

i

il

p effective porosity

An average hydraulic conductivity (K) was obtained using-slug-test
results from each monitoring well in Dunn Field (7.5 X 1072 ft/min
‘or 3.8 x 1077
various wells in the Dunn Field area and an average value of ¢.02

cm/sec). The gradient (i) was measured between

was used. The porosity was naot 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:
(7.5 x 10"~ f£t/min} (0.02} {60 min) (24 hr) {365 days)

; T o
Vv o=

0.26 hr day year

3

vV = 2303 feet/year.

T+ should be neoted that this velocity was calculated using
parameters measured over a Vvery limited range and may not be
indicative of areas not covered in this investigation. This value
should alsc be used cautiously in estimating the rate and extent .
of ground-water contamination since no values for attenuation,

retardation, dispersicn or degradation were obtained.

The Jackson/upper Claiborne confining unit was feund ts be
primarily a lean to fat lignitic mentmorillonite clay. This
formation is approximately ninety feet thick in the northwestern
Dunn Field area. Monitoring well MW-37, located appreximately 350
faat west of Dunn Field, was the most western location at which the
confining unit was investigated during the RI. The continuity af
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

ared.

The water levels measured in the Fluvial aquifer were approximately
ninety feet higher in elevation than thoese encountered in the
Memphis Sand aquifer (MW-36 and MW-37). The difference in the
hydraulic head between the two aguifers indicates that dewnward
vertical migration from the Fluvial aguifer to the Menphis Sand
agquifer 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
punn Field during the installation of MW-36, MW-37, S5TB-6 and
STB-7. Samples collected for physical properties analysis indicate
this formation is compased of gray, very fine grained, silty-sand.

The water levels encountered in the wells screened into the Mémphis- ..

Sand aguifer were approximately 19 feet above the top of the
aquifer. This rise in water level (hydraulic heaéi is indicative
of'artesian conditions. The top of the Memphis Sand aquifer
(bottom of the confining unit) was encountered at an elevaticn cf
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=-Watey 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 aguifer. The levels of contamination found
in the ground water wvaried within the sampled area. The levels
near the edge of the plume were near detection-limits. In the
central portion of the plume (around MW-12), the level of
contamination was found to exceed ARARs by several orders of
magnitude. Tahle 1-2 1lists the censtituents: -detected in the
Fluvial aqﬁifer ground water. This table alse includes the results
from Mw-16, which was used to determine background levels. ARARs
have been included for reference. A full description of project
ARARs is given 1In Secticn 6.0 of the RI report.

Figure 1-5 shows the known extent of chlorinated ground-water
contamination. The area of the plume shown on this figure covers
approximately 46 acres. Anh estimated 7% million gallons of
contaminated ground water has bheen calculated for this known area
using an average agquifer thickness of 14 feet. The western most

B531.83 1-15%
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NOTE:  THIS ILLUSTRATION REPRESENTS AN

FIGURE 1-5

WATER TABLE SURFACE OF FLUVIAL DEPOSITS
AT DUNN FIELD JANUARY, 1990
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location at which the ground-water contaminaticn was investigated
was at MW-31 and MW-32. These two wells contained appreciable
levels of contémination; therefore, 1t 1s expected that the
contamination has migrated further west than these lecations. The
western extent of the contaminant plume was not’ identified during
the RI.

Four stratigraphic soil test borings were advanced in Dunn Field.
Samples waere collected to provide information cencerning the amount
of contamination within the subsurface soil matrix. The analytical
results for these samples are given in Table 1-3.

STB-1 is located in the northern portion of Dunn Field in a
contaminated area of the Fluvial aguifer. However, no significant
contamination was detected in the soil samples collected from this
boring.

STB=-2 is located in the central pcrtion'of Dunn Field in an area
where only low levels of ground-water contamination were detected.
Analysis of so0il samples collected freom this boring indicated low

0

levels of Polynuclear Arcmatic Hydrocarbon (PAH) contanination.

As expected (due to the insclubility), PAH contamination was not
detected in any o©of the ground-water samples. However, it is
‘uncommon for these contaminants to be detected at these depths (68
feet) due to their immobility.

5TB-6 is located in the northwest corner of Dunn Field in an area
of significant ground-water contamination. Low levels of
chlorinated veolatile organic contamination was detected in the
samples collected from within the confining unit and from the top
of the Memphis Sand aquifer. This suggests 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 aguifer.

4531.83 1-20
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STB-7 is located along the western boundary of Dunn Field near the
scuthern extent of the known ground-water contaminant plume. No
significant contamination was detected in any of the samples
collected from this bering.

a b A

The guality of the Memphis Sand aquifer was investigated by
installing two monitoring wells into the aquifer (MW-26 and MW-
17}). MW-36 1s located upgradient 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-317. HNone of the contaminants that were
detected in the Fluvial aguifer were found in either of the wells.
This suggests that the contaminants detected in the Fluvial aguifer
have not migrated through the confining unit as of the time of
sampling.

1.3.1.3 Contamination Source - Based on the analytical results and
the ground-water flow direction, it appears that the source of the
punn Field ground-water contaminatien is the burial trenches
located within Dunn Field. Typically, landfilled sclid waste
materials, such as those reportedly located in Punn Field, are
puried in the dry state. Ligquid wastes were containerized and the
documented fluid spills, involving small quantities, were ‘local in
nature. Contamination, in the form of leachate, is produced by tha
water saturaticn 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
precipitaticon, a prime component of a site's water balance. A
caleulation 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 contaminaticn at DDMT.

8531.83 1-24




19 25

1.3.1.4 Risk Asgessment - The pctential environmental expasure

. pathways associated with any off-site ground-water contamination

include ingestion, inhalation and dermal absorption. A vital

mwmiue~ . pathway which is included in the exposure evaluation is_ the_ . |
possibility that the Fluvial aquifer is interconnected with the
Memphis Sand agquifer, 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 aguifer. MNone of the constituents listed on this takle
were detected in the wells screened in the Memphis Sand aquifer

(MW=36 and MW-237}.

An unacceptable health risk was not associated with the
contaminated Fluvial agquifer ground water because this water is not
used for drinking or irrigaticon. However, an unacceptably high
risk could be associated with drinking water from the Memphis Sand
agquifer in the vicinity of Dunn Field. This estimate is based on
the potehtial migration of contaminated ground water into the
. Memphls Sand aquifer and the conservative expnsure- scenarioc assumed
' for this estimate. This scenario assumes that contaminant levels
below standard sensitive detection limits are entering the Allen
Well Field and that the population ingests contaminated drinking
watar from this single.source for a lifespan of seventy years.
This scenario assuimes that wells will no longer be pumped after
contamination is detected by current sensitive gas chromatography
methods, As drinking water comes from multiple scurces in the
Memphis area, the excess cancer risk estimates are overestimated.
Thus, actual health risk assaciated 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 be considered.

8531.83 1-25




TABLE 1-4
CONSTITUENTS GF COMEERM
Defense Oepot Menphic Ternesses ]
Surface Votar
Groundwater S0l and Sediment

VOLATILE ORGANICS:
ACeTon

Carbon Tetrachloride

1, 1-pichloroethens
1,2-0ichlproethylene
1,1,2,2-Tetrachlorathens
Tetrachloroathens
Trichlorssthens
Rethyler chloride

WM M M M M M

BASE/NEUTRALFACID EWTRACTABLES:
Anthracens

genzof ayanthracene

Benzod a)pyreme
Bemzad b) fluoranthens
Bemzod k) fluoranthens

Chrysens=

Fluoranthene
[ndera(1,2,3-cd)pyrens

: Phenanthrene
Pyrens

) PESTICIDES & PCAS:
S &,47.000
4,4 -DDE
&,47-0DT
beta-AHE
Dieldrin X

o W M M 3 M M M M

= o m m w
M oML M ML MO

MEYALS:
Arsenic
Harium
Chrémium
Lead
Nercury

> ow o M .
o
»
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1.3.1.5 Data Gaps - 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 significant 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 pluma should alse 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 cther areas
also exist. Location of these areas, using a non-invasive methed,
such as surface geophysics, would be a cost-effective alternative
to remediation of large areas in Dunn Field.

1.3.2 Surface Sgils

surface soil contamination was investigated at twelve areas during
the RI. A limited number of samples were collected from each site.
The sampliﬁg locaticons were targeted to areas based on soil
discoloration andfor 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.

8531.832 1-27
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1.3.2.1 HNature of contamination - The contaminants detected have

been broken dowh into the following waste groups
Sereening Guide for Treatmpent of CERCLA Soils and

as specified in

the echnology

gludges (USEPA, 1988): -

1. Halogenated Voclatiles

2. Nonhalogenated Volatiles

3. Nonhalogenated semi-volatiles
4. PCBs

5. Pesticides

6. Volatile Metals

7. HNonvolatile Metals

The positive results detected during the RI are given for each

waste group in Tables 1-5 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

1-11:

1. DRMR Yard

2. Bulilding 629
3. Golf Course
4. Building 1088

5. Open Storage Area
Building 770
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TABLE 1-5 i 19
POSITIVE RESULTS IN SURFACE SOILS
ERAMR YARD
DEFENSE DEPOT MEMPHIS TENNESSEE
PHASE | PHASE Il
STATEOF | L
PARAMMETER TN 5351 552 | .. 583 554 S35 5541
HALOGENATED YOLATILES ugfkg
[Methyiana chioride [ ssoo | 7100B 9B 148 168 418 | 158 |
NOMHALOGENATED VOLATILES ug/kg
Acetons 5%0 - - a8J ol 4) 12
Toluena 14,400 -— B 17 -- 24 13
Tatal xylenes 150 = &) 11 _— - -
NONHALOGEMATED SEMIVOLATILES ug/kg
Benzoic acid na 8404 - -- - 230J ==
big(2-Elnylhexyl) phthalate 15,000 630 - - 420J 2600 26508
Bulyl benzyl phihalate na - -- -— - 4700 -
Dibenzafuran na -- -- - 290J -
Polynuclear Aromatic
Hyaracarbons (PAHS)
Acenaphiheng -- - -- -— eSO .-
Acenaphthylana -- - - - 3504 _
Anthracene 6100 - - - 2000 -
Banzo{a)anthracens -- -- -- - 8500 120
Ranzo{a)pyrans - - -- - = - 5200 -
Benzofb)tlusranthena -- - -- - 8200 21
Benzo{g.h.liperyleng -- - - .- 5000 .
Benzo(k)liuaranthane - - - - 7600 -
Chrysang 490 - —- -- T4 170d
Divanzofa.haninracens -- -- - — 2600 -
Fluoraniheng - - - 100J 15C00 37
Fluorane
Indenol 2,3-ca)pyrana
Fhananmthrang
Pyrana
TOTAL PAHS 0 i
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TABLE 1-5

POSITIVE RESULTS 'N SURFACE SOILS 1 9
DRAMRA YARD
DEFENSE DEPQT MEMPHIS TENNESSEE
PHASE ! - PHASE Il
STATE OF

PARAMETER ' ™ 551 532 553 S54.. 885 5541
PESTICIDES ug/kg
4.4'-DO0O na - - - - 250 P

na 22+ 130" 92.4".

80.7

2180

Shaded areds are values that ara equal 1o or exceed the Siate of Tannasses solt criteria guidelinas,

na = Not Available

Siate of TN values are ¢nly To Ba Gonsidared {TBC) guidalines. Thesa are not anforceabls claan up levels.

B (norganic) = Value lass than the Cantract Raquired Cetecticn Limit {CRDL}, but graater than
tha Instrument Detection Limit (0L},

B {Organic) = Found in method blank,

D = idantified In an anaiysis at a secondary dilution factor.

G = Malive analyte > 4 limas spike added, tharalora acceptance criteria de not apply.

J = E&timated valye less than the sampla quantitation limil, but graster than zero.

N = Splked sampia recavery Aol within control limits,

Z = Matrlx interfarence: compaund nol positively identiliable.

* = Duplicata analysis not within controd mits.

** u Mg distinction betwasn Chromium {1 and Chramium V).

-- = Nol gatected.

1-31
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TABLE 1-6
POSITIVE RESULTS IN SURFACE 30ILS
BUILDING 625 1 9
DEFENSE DEPOT MEMPHIS TENNESSEE

) PHASE| PHASE Il
- | srareor
PARAMETER" R R 1 §510 351 5542 5543
HALDGENATED VOLATILES ugfkg
1,1,2-Trichloraathane 1200 - - 11 -
Mathylena chlarida 8800 186 138 BB 78
Tglt_rachloruaiheﬂn 100 - - 3) -
Trichtaroalhans ; - - e --
NONHALOGENATED VOLATILES up/kg
Aceatona 590 &7 85 24 21
Cartion disulllde 14,400 2J . B -- -
Toluens o 14,400 6J 18 44 7
HALOGENATED SEMIVOLATILES ug/kg
|Pentachigrophenc! IEETEE -- -- | -- 7ol |
HOMHALOGENATED SEMIVOLATILES ug/kg
bis{2-Ethyinexyl) phthalate 15,000 anal -— - 13008.)
Cibanzofuran na 13004 S700 24000l 240J
NZNitrosociphenylsming S8 TIR0 ISR eIBE - --
Palyniciear Aromatic
Hydrocarans (PAHS)

*|2-Mathyinaphihalane 5004 2000 -- --
Acenaphthana 2300 20000 54000 1100J
Atgnaphthvlang se0) 1900 —_— —_
Anthracena 4400 26000 1300004 1800
Benzof{ajanthracans 9500 1 10000D S70000 5300
Banzo{alpyrana 2200 1000000 450000 S2040
Benzofb)luaranthans S500 1100000 540000 3300
Benzoig.h.Nperyiens 5300 50000 350000 2500
Benzo{k)flupranihens L0000 920000 450000 -
Chrysana 8500 12000400 620000 6800
Dibanzo{a,h)anthiagena 14004 5800 150080 1400
Fluoranthgna 23000 2800000 BEOOOD 9300
Flugrana
Indenod1,2,3-cd)pyrens
Maphihalang
Phenanthrena
Pyrane

1-33
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TABLE 1-§
POSITIVE RESULTS IN SURFACE SDILS
BUILDING 623
DEFENSE DEPQT MEMPHIS TENNESSEE

19

PHASE | PHASE Nl
_ ~i . STATE OF

PARAMETER LTIN S310 ‘8311 5542 5543

PESTICIDES ug/kg -

4 .4-0DD na 2100X 3600 14000% 3200,

4.4'-DDE

Hepiachlor epoxide

na 250 -- - -
Methoxychlor na o -- 1500 -

VOLATILE METALS mg/kg

R

NONVOLATILE METALS mg/kg

Antimony

16

1.0
63.4

10400 84.8

Shaded areas ara values that are aqual to of excesd (he S1ata of Tennassaes sail criterla guidalines.

na = N Availabla

S1ata of TN valuas are only To Ba Considerad (TBC) quidslings. Thesa are not enforceabla clean up levals.

B (lnorganic) = Valug less than the Contract Required Dataclian Limit (CROL), but greater than the Instryment
Oatection Limit {10L). B {Organic) = Found in mathad blank.

0 = identifisd in an analysis at a secondary dilution factor,

£ = Conceantration exceadad the calibration range of the GCMS instrumant.

J = Estimated valua lass than the sample quantitation Emit, but greaier than zero_

X = Estimaied value dus 10 a confirmad compaound which is off-scalg in both columns,

** = Mg distinction batwean Chromium (U1} and Chromium (VI).

-- = N detecied.

1-34
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FIGURE 1-8
SITE LOCATION MAP FOR SURFACE SOILS
. COLLECTED FROM THE GOLF COURSE
' WTH POSITIVE RESULTS EXCEEDING ARARSs
DEFENSE DEPOT MEMPHIS, TENNESSEE
" 55-37
TOTAL PAHa 2.5
B ’ e TOTAL PESTCIDES 6.5
- - Cd,Cr,As,Pd,Hyg

/

270
S5-50
TOTAL PAHs 11.27
TOTAL PESTICIDES  18.1 1273 || 5271
Cd,Cr,As,Pb,Hg |

T~ PUTTING GREEN

w L W
B w L
n - L L
K “w k.
5512
TOTAL PAHz 0.56
ToTaL PESTICIDES  3.63
Cr.AsPb
, W L r L -
‘ DRAMAGE ,.—--;‘j'l . +| TOTAL PAHs 32 [ e v « v
0ITeH — TOTAL PESTICIDES 146 . v e . -
v | - Bn.Cr,Aa,Pb,Sa T
P 3 b H -+ b h 4 -+ -+
™ - W W - - L W W - T -
. v v % ¥ H—o%ﬁg:qr- -
wyr o e e L + o L L - -
™ e - e w o Y w w » .
»> L - -~ - -L " w - " w
L J W w L L i - L L k w LY
H STREET
S5-14
TOTAL PAH= 13.01
TOTAL PESTICIDES 2.9
Ba.Cr.Aa.Pt EGEHD
@ SURFACE SOIL SAMPLING LOCATION
5 MONITORING WELL LOCATION
MOTES:
ALL NUMBERS GIVEN ARE IN mg/kg [~ ocRass

PAMHs = FOLYNUCIEAR AROMATIC HYCROCARBOMS

TCE = TRICHLOROETHENE

METALS LISTED ARE THOSE THAT EXCEED STATE

OF TN CRITERIA FOR SOILS

POSITIVE RESULTS FOR ALL CONSTITUENTS
DETECTED SN THE SURFACE SOILS NEAR

. THE GOLF COURSE ARE GIVEN IN TABLE 1-7
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TABLE 1-7

POSITIVE AESULTS IN SURFACE 5QILS 1 9 A G
GOLF COURSE ¢
- DEFENSE DEPOT MEMPHIS TENNESSEE :
' PHASE | PHASE N
. e - STATE OF -

PARAMETER ; ™ 5512 . 8513 5514 5337 $550

HALOGENATED VOLATILES ugikg

Chloroferm 70 - —_ al - _—
Melhylena chicrida BE00 14B al:] 158 138 168
Tetrachlorethane 100 -- -- - 29 -
Trichloroathaneg 70 -- - - a4 -

NONHALOGENATED VOLATILES vglky

ACElona 580 a a8 24 15 22
Taluana 14,4007 17 a9 BJ 3l -
Tatal xytenes 150 -- -— - B -
NONHALOGEMNATED SEMIVOLATILES ugikg
bis{2-Elhylhexyl) phihalata 15.000 17008
.—- N ENiTasaBloRany amne s . 124 - 32 17 -
Polynuclear Aromatic
Hydrocarbons (PAMS)
Acenaphihense . - - - - 2004
Anthracena . - -- 2804 -- 33ad
Benzo{a)anthracend . -- 7ol - 920 - 810J
Banzolajpyrana . -— 3400 930k - é10.
Bgnzo{b)flugranthana . - 4204 11004 520J 1100
Benzo{g,h.ijperylens . - - 780) - s
Benzolk)lluoranthena . - J40J 11004 - --
Chrysaene . - I 1200J - 90
Filuoranthene . 33 630J 2700 7EOJ 2200
Flugranea ' . - - - -- 1604
Indenaf1.2,3-cdipyrena . - -- 7004 - KrieN)
Pheanantirane B, - 0l 1600J 20 2000
Pyrang . 2300 5B 1700 3804 2500
Total PAHS 11270,

1-35




TABLE 1-7
POSITIVE RESULTS IN SURFACE S0ILS
GOLF COURSE
DEFENSE DEFOT MEMPHIS TENMNESSEE

19

47

FHASEI PHASE I
YR R " STATEGF
PARAMETER ™. 8512 5513 5514 5537 5550
- PESTICIDES ug/kq

4,4'-DDE

ide
beta-8HC

VOLATILE METALS mp/kg

Arsanie”

A
Marcury T

NONVOLATILE METALS ma/kg

Antimony

o =

Coppar .
Mickal 20 13* 12 12" 1 a8
Zing na 81.2G 84.3G 82.3G 80.4 290

Shaded areas ara values 1hat are equal to ar excead tha State of Tennesseo soil criteria guidetines.
na = Mot Available
State ol TN values are only Ta Be Considered (TBC) guidelines. Thasa ara not anforceable clean up (avels.
A {lnorgznic) = Value lass than the Cantract Required Detactlon Limll ({CROL}, but greater than
the Instrumant Delaction Limit [IDL).
B {Organic) = Found In mathed blank,
D = ktantifiad in an analysis at a sacondary dilutlon factor.
G = Malive analyta > 4 times spike adced, tharefora acceptance criteria do Nl apply.
4 = Egtimated valuae less than tha sample quantitation limit, but glaal.af ihan zaro.
N = Bpikad sampla recovary not within contral limits.
2 = Matrix interfarence; compound not pasitivaly idantitiable,
* = Duplicate analysis nat within ¢ontrol limits.
“* = Mo distinction tetween Chromium {IN} and Chromium {VI)
-= = Mot datecied.

1-37
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FIGURE 1=-9
SITE LOCATION MAP FOR SURFACE SOILS
COLLECTED NEAR BUILDING 1088
WITH POSITIVE RESULTS EXCEEDING ARARs
DEFENSE DEPOT MEMPHIS, TENNESSEE
55—-19
S5—45 | TOVAL PAM3 18.92
TOTAL PESTICIDES 1.06
TOTAL PAH= 2.05
TOTAL PESTICIDES  0.179 | Ba.Cd.NLPD.Se
Cr Ni,Pb |
|~ |
b |
|
- i E S5—16
iad TOTAL PAHz 27.67
5517 | E TOTAL PESTICIDES  9.36
TOTAL PAH3 8.04 k. g TOTAL PCDs 1.0
TOTAL PESTICIDES  0.463 E Ba,Cd,Cr.NI,Ph, Hg
TOTAL PCBs 0.890 0
Ba,Cr,Ni.Pb
- 55—-18
e N w TOTAL. PAHSs +77
" TOTAL PESTICIDES 1.5
B0.Cd,Cr, Aa,Pb
TOTAL PaHs .51
TOTAL PESTICIDES ~ 9.36
. Cr,NLRb
@ .
e L
] >
= b .
- o | -v’ g b e
v L.‘T'“‘)L_'—_‘T__"_—‘__""____“
/ “\_ DOMT PROPERTY HOUNDARY
S5~15
TOTAL PAHa 0.6+
TOTAL PESTICIDES  1.023
TOTAL PCBa 0.595
Bg,Co,Cr.Ni Az, Pb
NOTES: —LEGEND
ALL NUMBERS GIVEN ARE IN mg/kgq
PAHs = POLYNUCLEAR AROMATIC HYDROCARBONS @  SURFACE SOIL SAMFLING LOCATION
METALS UISTED ARE THOSE THAT EXCEED STATE
OF TN CAITERIA FOR SOILS | SO0, TEST BORING LOCATION
POSITIVE RESULTS FOR ALL CONSTITUENTS L, +] MONITORING WELL LOCATION
DETECTED IN THE SURFACE SOILS NEAR
BUILDING 108B ARE GIVEN IN TABLE 1-8 (=] ocRass
EE oraveL
. 0 ' 300
o : STALE IN FEET
[ = = LAW ENVIRONMENTAL INC. !

GOVERNMENT SERVICES OIVISION
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TABLE -8
"7 POSITIVE RESULTS IN'SURFACE SOILS
BUILDING 1088 19 49
DEFENSE DEROT MEMPHIS TENNESSEE

PHASE | PHASE N

. STATEQF ——r 1 e )
PARAMETER - | ™ | ssis 8815 - 8817 85187 §519 5545 5545

HALOGENATED VOLATILES ugfkg

[Methytane chiorida | 800 | 16B 298 18 9B g | 1. | |

NONHALOGENATED VOLATILES ugfkg

Acalong 530 15 17 126 &8J 1184 13 aJ
Taluana 14,400 S5J 4J -= 2) 6 2] -
NONHALOGENATED SEMIVOLATILES ug/fkg
2.4-Dimathylphenol na - -- -- -- 7200 -- -
2-Mathy!phanc! na - - -- -- 11004 - |
4-Meaihyiphenel na - -— -— — SO0 - -
Benzpic acid na - - - - 3204 - -
Benzyl alcohol na -- - - 10044 - - -
bls{2-Ethyihexyl) phihalate 15,000 1TO0E 43008 600BS  B1QUB - 12008 14308
Butyl benzyl ghihalate na =i 4| 370 - -— - - - :
. Dibenzoiuran na - -- -- - 2104 -— - |
. Dimathyl phihalate - - - 1804 =
Qi-n-butyl phthalate -- 2504 -- -- -
NZNHosodiphenylaming -- -- -- -- -~
- Phengi -- -- 5504 - -
Palynuclaar Arematic
Hydrocarbons (PAMS)
Acanaphihang - -- - -- -- 2504 - - '
Anthracena . - 674l 2004 -- 2604 - -
Benzo{a)anthiacena . - 25000 G20 -- 2200 160 S0J
Benzo{a)pyrena . - 17002 - 370d 15000 140) ga.}
Banzo(b)fluoranthena . 1200 24004 1308J AanJ 4600 160 160
Banzo(g,h,jperylena . - 1400, 840) - - - -
Benza{k)lluoramhane . 100 2200J - - -— . -
Chrysang . 110 250G 7504 1000 2500 220 1304
Flugranthena . 220) 5800 1800, 130CJ 3200 3400 2104
Fluarana . - -- -- -- 2104 - -—
Indang1,2,3-cd)pyrena . - 12004 630J - 1500J 120J -
Maphthalane . - - -— - 480J - -
Phananthrang . 130J 30004 760 180 2500 210 1204
Pyrana . 160 4700 1100 60 2600 440 2504
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TABLE 1-8
POSITIVE RESULTS IN SURFACE SCILS

BUILDING 1088 13 a0
OEFENSE DEPOT MEMPHIS TENNESSEE
PHASE | PHASE I

PARAMETER ™ 8815 SS16  S817  SS18  SS19 | 8845 S84
PESTICIDES ugkg
4.4'-DOD na 45D 250 520 - - - 13

J1OD 1300D 970 400D 1B0 33 "?? .

D ) AL R

25 -

dalta-BFTEJ na -- - - - -
Dialdrin na 102 4102 - - 220 - --
Endorsullan | 74 19§. - -a - - - -
gliliinze sy -- - - -- - -
RS S e o o - o -
Haptach|grapoxide i - - - - —_ -
PCBs ug/kg
Aroctar-1018 na 1002 -= 1407 - - - -
Arcclor-1221 na o952 - - - —-— - -
Arcclar-1232 na 2702 - 5502 - _— - -
Aroclar-1242 na 1307 - 2007 — - - -
Aroclor-1254 na -- 100000 - - - - -
Total PCBE 505 10,0003 BSO - _ - -

TOTAL YOLATILE METALS mgfkg

TOTAL NONVOLATILE METALS mgikg

Antimony

22100

4800




TABLE 1-B
POSITIVE RESULTS IN SURFACE SOILS 1 9 5 1
BUILDING 1088
DEFENSE DEPOT MEMPHIS TENNESSEE

Shadad areas ara values thal are equal 10 or excesd the State of Tennessae soil pritgria guidalines,
na = Hot Available
Siata of TM vatuas ara anly To Be Considered (TEC) uidslings. Thase are not antoreaabla.claan up levals.
B (Inorganic) = Value less than the Contract Required Detection Limit {CRDL), but greater than
tha Instrument Calaction Limit (OL).
B {Organic) = Found In method Blank,
D = 1dentiflad in an analysls at a secendary gliution factor.
G = Native analyte > 4 times spike added, therefore acceptanca criterla do not 2pply.
J = Estimated value lass than the sample quant/tation limit, bul greater than zero.
N = Splkad sampla racovary not within contral limts.
2 = Matrix Intarferenca; compound nol pasitively Idantitiable.
* w Dupllcate analysis ngl within contral [imils.
'+ No distinetion batwaen Chromium (1) and Chromium (V1)
-- = Mot datacted.
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FIGURE 1-10
' SITE LOCATION MAP FOR SURFACE SOILS
. COLLECTED FROM THE OPEN STORAGE AREA

WITH POSITIVE RESULTS EXCEEDING ARARs
DEFENSE DEFOT MEMPHIS, TENNESSEE

5521 L/
TOTAL PAH3 1.4
TOTAL PESTICIDES 078 |, T4f
cr.Fb
I L
| . _']‘
-1
I o
P
i RS
§5-22 1
. TOTAL PAHa
TOTAL PESTICIDES
£r.Ph
EREUILRY SRS 55-23
SRR AL ECRRR] SR TOTAL PAHs 6.05
AT - s | TOTAL PESTICIDES 0,84
L] l [ A Cr.Pb.AS
E ‘__.-.' LRI
> R B
1 i _I'.
SR P A 55-20
1 otal pane 1.37
I TOTAL PESTICIDES  2.29
Ba,Cr,.Cd NI A PY, Sa
_LEGEND
9 SURFACE SOIL SAMPLING LOCATION
HOTES:
ALL NUMBERS GIVEN ARE IN mg/kg 8 MOHITORING WELL LOCATION
PAHas = FOLYNUGLEAR AROMATIC HYDROCARBONS
TCE = TRICHLORDETHENE (-] GRAsS
METALS LISTEC ARE THOSE THAT EXCEED SVATE
OF TN CRITERIA FOR SOILS GRAVEL
POSIMVE RESULTS FOR ALL CONSTITUENTS
DETECTED IN THE SURFACE SQILS NEAR
. THE HARDSTAND AREA ARE CIVEM IN TABLE -9 0 300 £00

e —————

SCALE IN FEET

|
Al

LAW ENVIRONMENTAL INC.
GOVERNMENT SERWICES DIVISION

|
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FIGURE 1-11
SITE LOCATION MAP FOR SURFACE SOILS
COLLECTED NEAR BUILDING 770
@ WITH POSITIVE RESULTS EXCEEDING ARARs
DEFENSE DEPQT MEMPHIS, TENNESSEE
S5-3a
TOTAL XYLENES 0.53
TOTAL PAHs 45.03
S5-49 TOTAL PESTICIDES 0.4
TOTAL PAHa 0.24 Cd,Cr.As
TOTAL PESTICIDES 0.014
cr
)
=
55-48
55—19 TOTAL PAHa 0.57
1.1,1-TRICHLORDETHANE  0.11 TOTAL PESTICIDES 9.103
TOTAL PAHa 6.48 Gr.Pb
Cd,As,Se
NQTES:
ALL NUMBERS GIVEN ARE (N mg/kg
PAHs = POLYMUCLEAR AROMATIC HYDRGCARBONS
TCE = TRICHLOROETHENE -LECEND
METALS LISTED ARE THOSE THAT EXCEED STATE [ ] SURFACE SOIL SAMPUNG LOCATION
OF TN CRITERIA FOR SOILS
POSIIVE RESULTS FOR ALL CONSTITUENTS &  MONITORING WELL LOCATION
DETECTED IN THE SURFACE SOILS NEAR
BUILDING 770 ARE GIVEN IN TABLE 1-10 GRAVEL
. 9 300 500
e ——————
_ SCALE IN FEET :
_——= == LAW ENVIRONMENTAL INC.

GOVERNMENT SERWVICES QIVISION 1-47




TABLE 1-10 1 9
POSITIVE RESLILTS IN SURFACE SQILS
BUILDING 770
DEFENSE DEPOT MEMPHIS TENNESSEE
PHASE | _ PHASEN .-
- STATE OF
PARAMETER ' | TH 5538 5529 5548 5549
HALOGENATED VQLATILES ug/fkg
1,1,1=Trichlorgethana 30,000 10 -- -- -
Malhylana chlarida {600 J6B i 584 &8
Tatrachlorgihens 100 f | -- -- -
Trichlorosthens 70 -— - 1d 24
NONHALOGENATED VOLATILES ughky
4-Methyl-2-pentanone na - GJ - -
Acatona £80 a7l 200 1 22
Ethythenzens 154,000 aJ g -- -
Toluena 16 13 az
Tatat xylanas. DEma 53 H 2]
NOMHALOGENATED SEMIVOLATILES uglkg
. |2-Methyinaphtnalensa na 610J 4000 -~ -
bis{2-Ethylhexyi) phthalale 15,000 _ 4B00OB - e 14)E] 1608
Divenzpiuran na - 350 -- --
Bu!_yl benyl phihalata na A - 13004 --- - -
Di-n-butyl phthalate na - 480 - -
Polynuclear Aromatlc
Hydrozarbans (PAHS)

A-Nitroanilina - - - 16l
Banzo{a)anthracens 7800 - anJ --
Banzo{alpyrana 3500) - 624 -
Banzo()fuoraningne 2800J -- 154L) o0
Benzo{k}ilucranthena 4500 - - -
Chrysene 2200J - 114 -
Flugranthena 120040 - 1604 G8.J
Fluorena 6204 - - -
Indenof1,2,3-cdipyrena - - 53l -
Maphihaieng - 15000 - -—
Phenanthrens 18000 1100 85.J 37J
Pyrena 13000 AA0J 1704 1504

93

—




4,4'-DDE

gammazBHC {Lincane)

TABLE 1-10
POSITIVE RESULTS IN SURFACE SOILS
BUILDING 770
DEFENSE DEPOT MEMPHIS TENNESSEE
PHASE | PHASE e . -
STATE OF o
PARAMETER: ™ . 5338 5839 5548 5549
PESTICIDES ugikg
4.4'-000 ma - -— 10 -

YOLATILE METALS mgikg

NONVOLATILE METALS mgikg

Antimony

20.98

na
20

na

13
3
411

10 + 4

B 5
58.2 39.4

Shaded areas are values that ara aqual to or exceed tha Stata of Tennesses sail criteria guldallnes.

na = Not Available

Siate of TN valuas ars only To 8a Considerad {TBC) guldalinas. Thesa are not enforcesbla claan uvp lavals,

B (Inarganich = Yalue lass than the Conirac! Raquired Dataction Limit
(CRDLY), but grealar than the Instrument Detection Limit (DL).

B (Organic) = Found in mathod blank.

J = Estimated value less than the sample guantilalicn limit, but graater than zero.
X = Estimated valus dus ta a confirmed compound which is ofl-scale in both columns,

Z = Malrix Intarfarance; campound ned pasitively identifiable.
** = Mo disliinclion batwean Chramium (11} and Chramiom {1},

-- = Not detected.
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1.12.2.2 Source of Contaminatjon - The suspected source of
. contamination at each site is as focllows:

Suspected Saurce

Mt = —

Site of Contaminatjon
1. DRMR Yard Leaking drumns
2. Building 629 Spills swept or hosed out

of doors at Building €29

3. Building T-273 Cleaning of pesticide
at Golf Course application eguipment
4. Building 1088 General spillage from paint shop

and/cr 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-mentianed soufces, PAH contamination could
have occurred in the past from spraying oils onto the soils for
dust contrel.

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

concern in surface =oils. Pesticides and PAH compounds were

associated with most of the potential health risk estimated for

soil exposures. Nonhalogenated semi-volatiles or PAH contaminaticn

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 Bulilding 770.

B531.83 1-50




13 61

The detected levels of halogenated and nonhalogenated volatile
contaminants was found to be generally below health-based wvalues
and are not considered contaminants of concern. Both volatile and
nenvolatile metal contamination was detected at all sites.

1.3.2.3.1 Calc on of Target il Cleanu trations -
Health-based risk estimates for potential subchronic, chronic and
lifetime exposuras to soils at DDMT were c¢alculated in the Remedial
Investigation Report. Unacceptable levels of risk were asscciated
with subchronic and chronic scenarios via the incidental ingestion,
dermal absorption and dust inhalation pathways. Using this
scenario, racceptable" soil constituent levels were Dback
calculated. These "acceptable" levels are herein referred to as
"target" levels, and could cancei%ﬁbly be used as clean-up lavels.
However, thesa are not referred to as clean-up levels because this
determinaticn alse regquires regulatory interaction. Target levels
are calculated in the following sections for non-carcinogens and
carcinegens, and summarized in the succeeding section.

1.3.2.3.2 Target Levels Based on Exposure to Systematic Toxicants

(Non-Carcinogens] - Unacceptable levels of adverse health risk
associated with exposure to éystematic*togicants (nen-carcincgens)
is primarily attributed to the presence of pesticides and PAH
compounds in site surface soils. To derive target geoals based on
the subchronic and chronic exposure scenarics 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 absorked
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 Scil Concentration. Tables 1-11 and 1-12 show Target S50il
Concentrations based on the subchronic and chronic soil exposures

describaed in the RI report,

[
|

51
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TABLE 1-11

. Target Sail Concantrations

Based on Subchronic Seil Expasures

Subchronic - - & Subch.ronk': - Target Max!mym
% Target - 7 Accéptable: - Seil Surface Sail
Hazard ndex . . Dermal Dose ", . . Concentration Concentration
Constituenug of Concerm © Value - o e {ma/kg) (mgikg}
Acpioneg 1.4E-Q5 1.2BE-06 0.006 1.1
Trichloraathane - - - 21
Methylans Chicride - - -- 73
Anlhracene o 2 2E-03 1.82E-04, 0.71 130
Banzolajanthragcens 1.6E-02 1.13E-03 532 970
Banz&{alpyrans 7.5E-03 5 28E-04 2.47 450
Banzo{b)luoranihena 9.0E-D3 EJE-(4 2.98 540
Banza{k)flugranthene 7.5E-03 E.26E-04 2.47 450
- Chrysena 1.0E-02 . 7.24E-04 3.40 520
. Flugzanthane 1 4E-02 1.00E=03 4,72 860
Indano(1,2,3-cd)pyrang 5.2E-03 3.62E-C4 1.70 310
Phenanthrana AIE-0] 2E-Ca 1.10 200
Pyrens : 1.5E-02 1.02E-03 477 870
4.4-00T ' ' 1.7E-01 6.89E-05 0.32 59
4.4-000 - - - 1.6
4 4-D0E -- - - 39
beta-BHG 1.1E-Q3 2.92E-D& 0.094 i
Draldrin §.8E-01 .19E-06 Q.018 29
Arsamc 5.2E-02 4 91E-D5 0.230 4z
Chromium 7.EE-03 1.88E-02 83 16200
Lead . -- - - 17500

-~ Subchranic RID not availabla tor thass campounds.

1-52




TABLE 1-12 19 b2
Targat Soil Concentrations
Basad on Chronic Soll Exposures
Maximum
Target Chronic Targat Surfaca Soil
-Hazard Indicas Accepiabla Scll Concentrations Concenralion
Consitvents of Concern Darmal Abs. Carmal Dosa {mg/ka) (mg/kg)

Acelane 2.33E-06 2.21E-Q7 0.0010 1t
Trichlorogtheng - -- - 2.1 :
Mathylena Chiorida AHE-05 1.46E-06 0.0068 7 ‘l
Anthracena{a} G.6E-D4 4 G5E-D5 0.22 130

Benzo{ajanthracane 3.M4E-03 Z3E-04 1.10 970 f
Benzo{alpyrena 1.85E-0Q 1. 30E-04 0.B1 450 |
Banzo{b)iluoranthena 2.14E-03 1.50E-04 0.70 540 |
Benzo(k)luoranihana 1.50E-03 1.05E-04 0.49 450 |
Chrysane 2.42E-03 1.69E-04 C.EG 620 E
Flyaranthena 3.96E-03 278E-04 1.3 BEO E
Indeno{1.2.1-cd)pyrena 1,12E-03 7.93E-05 0.37 o
Phenanthrene 2.91E-03 2 04€-04 c.96 200 |
Pyrana 3.53E-09 247E-04 1.16 87¢
4,4-0DT 5.03E-02 201E-05 0.094 59 |
4.4-D00 -- — - -- 26 i
4.4-DDE - -- -- 39
beta-BHE 5.57E-03 1.52E-0F £.0071 2.5 I
Dialdsin 7.26E-01 A BIE-0B Q.017 2.5 i
Arsenig 1.65E-01 1.57E-04 0.74 42 5
Chromium 2.78E-02 §.86E-03 a3 16200 1
Lead - -- - 17500 |

{2) Minimum Risk Levet lor PAHs in lood (ATSDR, 1990) used for

QOral Relerence Dose of PAH compounds,

-- Chronig Aesigrenca Dosa Values wara no! availabia.
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1.3.2.3.3 at Levels Based on ExXpos carcinoge - 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 acceptable target
risk levels, the chemical-specific risk was divided by the total
excess cahcer risk to find the percentage of excess cancer risk
contributed by that constituent. The chemical-specific percentage
of risk contributed was multiplied by 1 x 10°% to find the
acceptable target risk level of each constituent of concern.

The chemical-specific target risk level was then divided by the
chemical-specific slope factor to give an acceptakle intake for the
constituent. The chemical-specific acceptabkle intake for each
pathway was then divided by the pathﬁay-specific intake factor 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
snils based on excess cancer risk.

1.3.2.3.4 Target Levels-Summary - Table 1-14 summarizes all the
target levels. The most stringent target requirements are based
on carcinogenic exposures. A reguired reduction efficiency for
remedial action was calculated by comparing health-kased clean-up
levels to the arithmetic mean scil concentrations for each
constituent. Based on the petentially highly toxic nature of the
carcinogens and the conservative scenario assumed in the risk
assessment, very low target levels have been astimated. These
levels may be impessible to _achieve. Hazardeous Substances
Guidelines for the State of Tennessee and proposed RCRA Action
Levels for seoils are alsa given. Clean up geals will have to
adjust to the Best Demonstrated Available Technelegy (EDAT) for
remediation of the constituents of concern.

8531.83 1
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1.3.2.4 Data Gaps - The lateral and vertical extent of
contamination has riot been determined at any of the sites. A field
screening methoed (such as thin layer chromatography conducted
on-site} would be an economical method for estimating contamination
extent, with confirmatidn.provided by selected samples submitted
for laboratory analysis.

1.3.3 Danielson a the Galf Course Pond

Two permanent 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, 489, 490, 689 and 690 are located. Lake
overflow 1is discharged through a drop inlet at the. dam to a
concrete-lined channel, te the culvert extending bheneath N Street
and Ball Road. Storm water flow is then directed to Nonconnah

Cresek via unnamed tributaries.

The smaller surface water is the gelf course pond. It receives
runoff from the surrounding geolf course, Buildings 249, 250, 251,
265, 270, 271 and the south parking lot. Pond overflow is dirécféd
to a culvert extending beneath N Streét and Ball Road.

1.3.3.1 Nature of Contamimation - Previous investigations.of the
surface waters and sediments from these two bodies of 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
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FIGLURE 1-12
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1986 investigation, fishing and recreational use was discontinued
at Lake Danielson. Recreational use of these two bodies of water
repmain under these restrictions.

The only significant contaminant detected in the Lake:Darielson
water column exceeding Ambient Water Quality Criteria (AWQC) was
copper. This constituent was not selected as a contaminant of
concern in performing the Fisk assessment (Takle 1-4}. 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 cellected
from the golf course pond had similar results to those ccllected
in the lake. Copper was the only constituent detected that
exceeded AWQC. No pesticides were detected in the pond's water
colunmn. However, samples collected from the pond's outflow
drainage ditches had levels of DDT, lead, copper and zinc exceeding
AWQC. Analytical results from 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 PAH 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 column, it would appear
that the sediments are acting as a contaminant "sink". Sampling
was done on a clear day, turbulence (storms) may cause disturbance
of the sediments, thus releasing contaminants back into the water.
The sediments analytical results frem the RI are given in Table
1-16.
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TABLE 1-15
PQSITIVE RESULTS 1K SURFACE WATER
LAKE DANIELSON & GOLF COURSE POND
DEFENSE DEPOT MEMPHIS TENMESSEE

19 70

B PHASE PHATF "PHASEIN
Amblent Waar
Qualily Criteria - . GOLF COURSE POND [LAKE DAN.
_Aquatic Lile  [GOLF COURSE POND LAKE DANIELSON DISCHARGE INLET
' {Iresh) '
FARAMETER Acyte  Chronic Swa SWsS SWe 5wr Swa SwWiQ Swi Swil
HALOGENATEC VOLATILES ug/)
[Marnytene chiorids 11.000 n3 - - |- 28 Bl | - - ] .-
NONHALOGEMATED VOLATILES ugft
Acetone na na 28l 285 -- 28J 2BJ 1BJ 4J -
Total xylenes na na - - an . - - 1) -

. *HALOGENATED SEMIVOLATILES ugh

Benzoic acid na
R T A S
b lhylhaxyl) phthala 8B40
bis2TEiny eyl ohihla
5 540
240
- 940 .
na
N-Hltrosodighenylamin: na
Pyrena na
PESTICICES ugfl
1080 Aa - - 2 - - 4 .SB_D --
VOLATILE METALS ug/l
Arsenic aed - - 48 M 3z -- - -
gad. . g2 -- -- -- -- -- - -

NONVOLATILE METALS ug/
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TABLE 1-15
POSITIVE RESULTS IN SURFACE WATER
. LAKE DANIELSON & GULF COURSE POND
DEFENSE DEFPOT MEMPHIS TENNESSEE

—————

Shaged 'areis ara valuas 1hal are equal to or exceed either the acuta or chronic Ambiant Water Quality Criteria guidelinas.
na = Not Available :
{4} Source: tragratad Risk information System (USEPA, 1920): Interim Final AF Guidance (USEPA, 1589}
B {Ingrganic) = Valua lass than the Contract Required Datection Limit (CAROL) bul graater than the Insirument
Datectlon Limit (IDL).
H {Organlc) = Faund in mathod blank.
O = Kentifizd in an analysis at a sscondary glution lacior.
J = Estimated valug less than the sample guantitation imil but graalaer than zarg,
-- = Not detected.
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1.3.3.2 Source of Contamination - The source of contamination in
Lake Danielson and the golf course pecnd 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 teo raduce this source
of contamination, past operations still may be contributing to the
problem.

1.3.3.3 Rigk Assessment - The potential routes of exposure
assaciated with contaminated surface water and sediments include

the following:

1. Off-site 1ngestion of fish and other aguatic 1life frem
contaminated lakes and creeks.

2. Dermal absorption of contaminants present in off-site surface
waters.

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 ar creeks.

1.3.3.4 Data Gaps - The source of the sediment contamination and
the cause of Ffish 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
fich kill or during a major rainfall period weould ke useful.

8531.81 1-65
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2.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES

2.1 INTRODUCTION

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 applicable remedial alternatives. Several
process options within each remedial technology type were evaluated
for each contaminated media. Potentially applicakle technologies
were identified on the basis of experience and using various
published references. These references included journals, standard
engineering text books and USEPA publications (References 1 through
10).

The following guidelines have been considered to develop the
remedial action objectives for each of the environmental settings:

1. compliance with ARARs

‘2. eliminate or reduce the need for long-term management
3. reduce toxicity, mobility or volume of waste

4. reduce potential risﬁ of exposure or direct contact with

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

The contaminants of interest and the preliminary ARARs for ground
water, surface soils and Lake Danielson were discussed in Section
1.0. Prior to actual cleanp up, the actual allowable exposure
limits (¢lean up levels] for all of the constituents of concern
nust be established.

8531.82 2-1
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General response actions were developed considering the following:

a .

. contaminants of interest

. Allowable exposure levels based on the Risk Assessment
and ARARs

. Compliance with regulations (RCRA and CERCLA}

* The USEPA Guidance for Cenducting RIfFS 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-gsite disposal
. treatment facilities, duration of haul time and distance
required for waste transportation

. Avalilakility of technologies, field demonstration
capabilities and |uncertainties for the  specific
technologies

. Effectiveness and implementability of technology

- Cost

. Probability of acceptance by the public

. Likeliheecd of acceptance by regulation agencies (USEPA,

Tennessee Division of Solid and Hazardous Waste and

Memphis/Shelby County Health Department).

. 4531.83 2-2
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During the screening process of each technelogy the following
¢criteria were evaluated per EFA guidance for:

A) Effectiveness: 1) Overall Protection of Human Health
and Environment T
2) Compliance with ARAR'S
3) Long-term Effectiveness and
Parfaormance
4) Reduction in Toxicity, Mobility
or Volume Through Treatment
. 5} Short-term Effectiveness
B) Implementability 6) Implementability

C) Cost 7} Cost
) Other 8) State Acceptance

2) Community Acceptance

The screening process is an ceongoeing precess and should be
reevaluated prior to design and construction of any remedial actian
technolegy. — During screening, Emphasis_ was placed on the
effectiveness and implementability of each technology. Cost was
considered to be the least important factor in develeoping 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"sEEEEning thbies
are relative values based on these unit costs.

The following sections describe applicable technologies for
renediation of ground water, so0il and Lake Danielscon at DDMT.
Included in the discussion is an evaluation of each technelegy.
Following the screening and evaluation of each technology, remedial
action alternatives will be 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.

8531.83 : 2=3




19 79
2.2 GROUND WATZR

2.2.1 emedial Action Objectives for G Wate

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 $and aguifer and to adequately mitigate the source

of contamination.

Ground water from the Fluvial aquifer is not currently {(or expected
te be in the future) used for drinking water, industry or
agriculture. This agquifer is separated from the Memphls Sand
aquifer (primary source of drinking water for Memphis, TN} by
approximately 90-feet of lean to fat clay within the Dunn Field
area. However, it has been reported that the two aquifers are
hydraulically connected in some areas. Although ne contamination
was detected in ground-water samples collected from the Memphis
Sand agquifer (MW-36 & MW-37), the potential exists for contaninants
to migrate from the Fluvial aquifer.

".Two areas must be examined in develéping the ground vater remedial -

alternatives. These two areas are: 1) the source areas where the
contamination is being generated and 2) the contaminated portion
of the Fluvial aguifer. The infermation obtained in performing the
RI indicates that the contaminant source area is located within
Dunn Field. Hawever, 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 24
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agquifer, 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 Lévéls (MCLs) ‘for.all ground water. However, the State
agrees that actual levels will be negotiated on a site by site
basis. : : -

2,2.2 General Response Actions

General response actions were developed to address the remedial
action objectives for the ground water and contaminant source(s)
in the Dunn Field area. $ix potentially applicable 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 Containment
. Pump and Treat Technologies

. In Situ Treatment
Since the lateral and vertical extent of ground water contaminaticn
was not fully determined, the volume of contaminated ground water
that must be treated can only be estimated. The areal extent cf
the known contaminant plume covers approximately 46 acres (Figure
1-5). BAn estimated 75 million gallons of contaminated ground water
is contained within the known extent of the plume area.

. 8531.83 2-5
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2.2.23 ant cat eeni o) achnologie

Potentially applicable technologies for ground'water remediatioq
at Dunn Field are listed on Table 2-1. A process option that
satisfies the remedial actién“obiécﬁive.was*salected from each
general response action. Each technology and the related procass
cptions were evaluated and screened based on their effectiveness,
implementability and costs. The technologies are discussed and
evaluated in the following sectlions. These options were then
evaluated and ranked to determine the appropriate remedial actian
alternatives.

2.2.3.1 Instituticnal Control

2.2.3.1.1 Description - The institutional control alternative 1s
not considered a technology but has been included in this section
as a possible alternative. In selecting this alternative for
consideration, the horizontal and vertical extent of groundfwater
contamination must be defined. This alternative consists of the
following components:

~1. Notification-. of -property .ewners .within .the zone of
contamination as to deed restrictions on present and
future use of ground water from the Fluvial acquifer.

2. Establishment of a periodic ground water monitering
program to determine changes in the levels of
contamination and plume migration intc more seﬁsitive
areas.,

a531.83 2-6
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2.2.3.1.2 Evaluation - The institutional contrel alternative does
little to reduce the risk to expeosure since the contamination is
not mitigated. Most of the chlorinated volatile organics detected
in the ground water at Dunp Field 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 hava
ranged from weeks to years (Howard, 1930). In additien to the
lengthy half-lives, the majority of the organic contaminants break-
down to form vinyl chloride. This constituent was not 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, tha future cost of liabilities associated with the
axposure risks may be unacceptable. This is because contamination
could pessibly, or already has (Section 1.0), penetrated the
confining unit and entered the drinking water supply for the
Memphis area.

Even though Institutional Control does not meet the remedial action
objectives it _has. been retained in the screening of technologies.
This is because as a first step towards effective grnundfwater
remediaticn, the plume definition and the further monitoring
porticn of this alternative must be incorporated.

2,2.3.2 Plume Containment

2.2.3.2.1 Description - Plume containment c<¢ould be used to
prevent further lateral off-site migration of the contamination.
However, as migration past the installation houndary has already
occurred, this action could only be partially effectiva. Plume
containment could be achieved by several technologies as discussed
below.

132

8531.82 2
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tion We - Plume containment could be achieved by using

injection wells to change both the direction and epead of the
plume's migration. By creating an area with a higher hydraulic
head, the plume can be forced to_change direction. This technigue
has been effective at some sites for short term diversiorns:. - This
technology does not mitigate contaminaticn 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 - Extraction Wells - A line of extraction wells
{Section 2.2.3.4 discusses the types of walls) 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 hava an effect down-gradient, capturing some of that
contaminaticon. This technology was retained during screening since
its incorporation into a pump and treat alternative (Sectian
2.2.3.4) is important.

Slurry Walls - Slurry walls are subsurface barriers used to reduce
iateral ground-water flow. The term slurry wall can ke 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 tranch to prevent collapse and at the same time forms
a Ffilter cake on the trench walls to prevent high £luid losses into
the surrounding 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.

8531.83 2-14
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=X Due to the sandy-gravelly soil conditions, depth to the Fluvial
. aquifer, and the possibility of disturbing the burial trenches in
Punn Field, slurry walls would be extremely difficult to construct.
Since this technology 1is ineffective, difficult to.implement, and
relatively expensive it was not retained during the screening

process.

2.2.3.2.2 PEvaluation - The three plume containment technoclogies
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 agqulfer.
However, axtraction wells forming a hydraulic Dbarrier and
associated treatment system eventually incorporated inte a full
pump and treat system may prove to be very effective.

6 2.2.3.3 Bource tain t

2.2.3.3.1 Description - Source containment is necessary to limit
continued contamination of the. Fluvial.aquifer.. . The burial sites
should be lecated 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
difficult 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 andfor a synthetic membrane. The
capping of these sites would prevent surface water from percolating
through the waste, thus slowing the leaching eof contaminants to the

ground wakter.

),

8531.83 2-15




p—

W ——

13 81

2.2.3.3.2 Evaluation - The two technologies (remcval 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, excavatigq;

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 opticn. 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 1leachate 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 u nd ea e oclogies - The most accepted ground

~ water remedial alternatives include four technologies: 1) the

extraction of grdund 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 groundfwater
remediation is being undertaken. The following gives a brief
description of the three types:

t
|
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Wellpoints - Wellpoint systems consist of a group of

closely spaced wells connected to a header pipe and
pumped by a sucticn pump. Wellpoints are best suited for

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.

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).

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
(punmping cycle, load) and total head.
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Additional information will be reguired before an economical design
of the extraction well system can he made. Design of an integrated
pumping system will involve calculating the well spacing, pumping
rate and drawzdown.- A conceptual level design can be performad
based on the data obtained to date.,™ The final design must be based
on more detailed pilot level studies.

2.2.3.4.2° ocund_ Wate eat ec og - Two appropriate
remedial technologies, physical and chemical treatment, were
evaluated for post-extraction treatment of ground water at DDHMT.
rThe wvariable 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 remediation. The following is a brief
description of the process options.

2.2.3.4.2.1 Physjcal Treatment - 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.

"Air ;trigping - Air stripping is a mass-transfer process in which
valatile 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 rule of thumb is that components with Henry's
[Law constants of greater than approximately the censtant for TCE
can be effectively removed by air stripping, Several of the
organic constituents detected in the ground water at DDMT are
gignificantly less than that criteria.

Air stripping is generally accomplished in a packed tower eguipped
with an air bklower. 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 agueous strean.

The feed stream must be low in suspended solids (i.e., some sort
of filtration device prior to air stripping) and may reguire pH
adjustment to reduce solubility and improve transfer to the gas
phase. Air stripping would oniy be partially effective and nust
be followed by another Pprocess such as carbon adsorption (see

balow) .

The ecquipment for air stripping is relatively simple, starc-up and
shut-down time can be accomplished gquickly, and the modular design
makes air stripping well suited for temporary applications.

Ancther factor in the consideration o©f whether to utilize air
stripping tachnolegy for the removal of wvolatile contaminants’ is
the air pollution implications. The gas stream generated during
treatment may Tregquire collaction and subsegquent 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.

activated Caxbon Treatment - The Pprocess of adsorption onte

activated carbon involves contacting a waste stream with the
carbon, usually by flow through a series of packed bed reactors.
The activated carban selectively adsorbs constituents by a surface
attraction phencmencn 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

araa.
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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 crder to remove a portion of the
volatile contaminants, thereby reducing the n;gggég_lng‘tolthe
column. Using the air stripping first would also minimize caroan

regeneration costs.

carbon treatment is well suited to mobile treatment systems as
space requirements are small. Start-up and shut-down are rapid.
The main consideration associated with activated carbon treatment
is the regeneration of spent carben. Regeneration must be
performed for each column at the conclusion of its bed-life, the
spent carbon may be restored to its original condition for reuse;
ctherwise, the carbon must be disposed. For the types {(and levels}
of contaminaticn 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 incorperate 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

other technologies, and an effective remedial action alternative

nay be developed.

Multi-Media Filtration - Multi-Media Filtration is a physical
process whereby suspended solids are removed from solution by

forcing the fluid through a porus medium. The filter wmedia
consists of a bed of granular particles (sand or sand with
anthracite or cocal). The bed is contained within a basin and is

supported by an underdrain system which allows the filtered ligquid
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
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the filter. In order to prevent plugging, the filter is
backflushed at a high velocity to dislodga the particles. The
backwash water contains high concentrations of solids and requires

further treatment. B ] L

Piltration equipment is relatively simple, readlly 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.

ipit on o ati - Precipitation is a physiochemical
process whereby some or all of a substance in solution is
transformed intoc a solid phase. It is based on alteration of the
chemical equilibrium relationships affecting the solubkllity of
inorganic Species. 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 *
floceulation chamber in which adequate mixing and retention time
is provided for agglomeration of precipitate particles.
Agglomerated particles are separated from the liguid phase by
gettling in a sedimentation chamber, and/or by other physical s

- processes such as filtration. .- : . - R

The processes require chemical pumps, metering devices and mixing
and settling tanks. The equipment is readily available and easy
te operate. Precipitation and flocculation can be easily
integrated intoc 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 contaminatien. It should be noted
that the high levels of metals detected during the RI {Table 1-2)
are total metals, not dissolved metals. Thus, Precipi-
tation/Flocculation may, or may not, be a necessary component of

a remedial action alternative.
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: Sedimentation - Sedimentation is a process that relies upon gravity
. to remove suspended solids in an agquecus waste strean. The

fundamentals of a sedimentation process include: 1) a basin er

eeipontainer 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.

caedimentation is typically used as a pretreatment for carbon
adscrpticn, air stripping, reverse osmosis and filtration.

Sedimentation employs readily available equipment and is relatively
easy toc aoperate. The process is versatile in that it can be
applied to almost any liguid 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 1s slower <than
6 filtration, it was not retained as the most effective technology

for the type of conditions at DDMT.

everse Osmosis - Osmosis is the spontaneous 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 te the concentrated soluticn to overceme the

osmotic pressure and force the net flow of water through the

nembrane toward the dilute phase. This allews the concentration

of solute to be bullt up in a circulating system cn 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 emic eatment chno - Chemical treatment
tachnologies invelve the chemical alteration of the ground water.
only one process option was evaluated and is discussed below.

iolet talvze idation Wit drogen Feroxide (UV{ﬂzgzl -
In the UV/H,0, process the ground water is treated in a batch or
continuous mode in which hydrogen peroxide is initially added.
The solutiecn is then exposed to UV 1igﬂt. The unit is operated
until analysis of the water shows that the contaminants have been
destroyed.

UV light catalyzes the chemical axidation of organic contaminants
in water by its combined effect upon the organic contaminant and
{ts reaction with hydrogen peroxide. Many organic contaminants
absorb UV light and may undergc a change in their c¢hemical
structure or simply become more reactive to chemical oxidants.

Ultraviolet light reacts with hydrogen peroxide rolecules to form
hydroxyl radicals. Thase very poweriful chemical oxidants then
react with the organic contaminants in the water. If carried to
completion, the end products of hydrocarban oxidation with the
UV/H,0, process are carbon dioxide, water and chlorine.

fhe UV/H,0, process provides one of the moast 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 intc a remedial action
alternative.

2.2.3.4.2.1 Evaluatjon - All ¢f the process options discussed in
the above sections are effective techneologies 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 tc remove the metals,
Filtration to remove the suspended solids, and Carbon Adsorption
Air Stripping to remove the nenswolatdle.organics. However, this
alternative does not completely eliminate the ceontamination. A
concentrated sludge is produced in the precipitation stage and the
organics removed by Air Stripping are merely transferred from the
water to the air. In addition, organic contaminants are
transferred from the water to the carben through adsorption. The
spent carbon has to be regenerated or dispesed of as a hazardous

waste.

A second, but very effective, remedial alternative would include
UV/H 02 to remove organlec constituents and Filtration to remove
solids "~ and possibly {if Qetermined necessary) Precipi-
tation/Flocculation to remave metals. This alternative may be more
expensive to operate than 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 Description of Disc e of Treated Water

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;
(1} reinjection (or bDeep Well Injectien), (2) discharge to surface
water through DDMTs NPDES 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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Reipnjection - 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 and_ingrease the veloclity
of the contaminated ground water. Injection permits are typically
very difficult to obtain. Therefore, this optien was not
_qnnsidered for incorporation into a remedial action alternative.

Deep Well Injection - The state of Tennessee has classified all
aguifers for aither drinking water or injection purposes. The only
agquifers currently 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 cperated
wells. Due to logistical problems and the high cost associated
with this method no further consideration was given.

Surface Water - 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).

Publj Owned gatme Works [POTW) ~- 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
Ccity of Memphis based on negotiated levels of effluent
concentrations. A copy of the systenm discharge agreement has been
included in Appendix € of this document.



19 104
Water Supply - 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.. For_these reascns this

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

Evaluation - Discharge of the treated water to the surface waters
or the POTW offers the mest reasonakle alternative. Both options
will reguire 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 ump  a eat - Based on the previous
discussion, an applicabla pump and treat syster would consist of
the following items:

a. An extractieon system consisting of deep wells. The wells
could initially be installed as a hydraulic barrier to
limit off-site migration, and later expanded te remediate
both on-site and off-site cecntamination. .

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 pump 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 falternating periods of pumping
and non-pumping) can be utilized to improve recovery. However,
achieving very low clean-up goals may still not be cbtainable.
— I e B

A pump and-‘treat system can be combined with other technologies.
For exampla, 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.

2.2.1.5 In Situ Treatment -~ An alternative to pump and treat
methods is to treat the contaminated ground water in situ.

2.2.3.5.1 Degcription - In situ treatment entails the use of
chemical or biological agents, or physical manipulations which
degrade, remove or immobilize contaminants. In situ technologies .
also include methods for delivering soluticns to the subsurface and
methods for controlling the spread of contaminants and treatment
reagents beyand the treatment zone. In situ biocdegradation or
bioreclamation, is based on the concept of stimulating microflora
to decompose the contaminants of concern. In situ chemical
treatment invelves the injection of a specific chemical or
chemicals into the subsurface in order to degrade, immokilize or
flush the contaminants.

Each of these methods have peen evaluated for feasible remedial
action at DDMT and are discussed EBelow.

In Situ Bielogical Treatment - In situ biological treatment, or
bicremediation, is a technology for treating zones of centamination

by microbial degradation. The basic concept involves altering
environmental conditions to enhance microbial wmetabolism or
cometabolism of organic contaminants, resulting in the breakdown

and detoxification of contaminants.
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. Microbial metabolic activity can be classified inte three main
. categories: aerobic respiration, in which oxygen is required as a
terminal electron acceptor; anaerchbic respiration, in which sulfate
. .. mesOCwe-nitrate serves as a terminal electron acceptor; and
fermentatian, 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 biodegraded compared te some other
classes of constituents. In addition, the intermediate breakdown
products can be more hazardous than the ariginal constituents
(e.g., under some biodegradation conditions TCE breaks down to
vinyl chlaride, a known carcinogen). - Hyércgeologic conditions
govern the delivery of nutrients to the system. Thus, these
- conditions must be evaluated in detail and the delivery system
6 properly engineered to achieve proper. results. Bicremediation
could potentially be applied to the ground-water contamination at
punn Field but would be difficult to implement and this technology
has not been proven to be as effective as punp and treat.

- e [ L . -—

- - e dd e e me et A

atio = Immobilization methods are

I itu  Chemi Immo
designed to render contaminants insoluble and prevent leaching of
the contaminants from the s0il matrix and their movement from the
area of contamination. Technelegies considered under this category
include: precipitation, chelation and polymerization. In situ
treatment of a leachate piume using any of the immeobilizaticn
technigues has limited application. The problems assocliated with
this technigue include the following:

. Need for numerous, c<losely-spaced injection wells

. Contaminants are not remaved from the aquifer

. B531.83 2-28
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. Injection of a potential ground water pollutant or the
formation of toxic byproducts.

Since this-owstmoPegy-does not meet tha remedial action objective
no further consideration was given.

tu € jea i ion - Organic and inorganic contaminants
can be washed from contaminated soils by means of an extraction
process termed "soil flushing”. Water or an aguaocus 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 alternatlve o the excavaticn
and treatment of the centaminant waste. Although removal of the
contaminant source from Dunn Field is not recommended (Section
2.2.3.3), soil flushing is not applicable to the conditions at
DDMT. If the contaminant scﬁrce 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

‘miqrate"tn*thewwater-table~and be racovered. by whatever remedial

technology is incorporated.

In Situ Chemi 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
spaecific chemical contaminants. The only contaminants detected in
the ground water at DDMT that are applicakle teo this type of
treatment are arsenic, chromium and selenium. The problems
asseciated with this technology are the same as those for in situ
chemical immobilization.

29
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2.2.3.5.2 Evaluatiopn - Bioremediation shows potential as an in
situ technique for ground water remediation at Dunn Field but has
noet been included for detailed evaluation for the reasons
previously diSCUSSEdr‘AEQWﬁU&F,Lthi%ﬁt&ﬂhﬂﬂlﬁgy 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 Development of plternatives

The screened technologies were combined to develop site-specific
remedial action alternatives to address human health and
environmental concerns associated with ground-water contaminaticn
at DDMT. The potential exposure pathways, receptors and risk of
exposufe were considered, on the basis of the RI repert. 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 Sectien 2.2.1 of this report. All of the
qlternagiygg_i;gpggngelqg“ﬁgxcgpp‘ﬂc action) will regquire further
assessment to determine the. full extent Sf ground-water
contamination. In additien to plume definition, each alternative
includes the location, definition and containment of the
contaminant source. The most reascnable alternative for
containment is capping the burial trenches in Dunn Field with an
impermeable membrane andfor clay seal. The alternatives range from
No Action to Pump and Treat as presented below:

1. No action

2. Instituticnal contrel

3. Containment of ground-water contamination - Hydraulic
Barriers

84531.81 a0
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4. Pump and Treat
4a. Filtration, Air Stripping and Precipitation/

Flocculation
4b. Filtration, cCarbon Adsorptlon and Precipitation/

- -"-"'Bl-

Flocculation .
4c. Filtration, UV/H,0, and Prec1pltatlonfPlocculation

5. Tn situ Biorestoraticn

2.2.5%5 Screening of Alternatives

The assessment of each alternative was based on the same evaluation
eriteria (Effectiveness and Implementability) as used for screening
the technologies described previously in Section 2.2.3. The
celected 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 Qublic health and

safety.

2.2.5.1 Eva tion Alternative o Actio - Remedial action
alternative number 1 was selected for a detailed analysis (Section
3.0) so that it may be used as a haseline for comparative analysis
of the risk and"cost'associated»withnnthe;ualternatives- 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 pAlternative 2 (Institutional Coptrel) -

Instituticnal contreols, such as further monitoring and deed
restrictions de¢ 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
cantamination within the Fluvial aquifer is adequately contalned
then nonitoring may prove to be a viable alternative to

remediation.

4531.83
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2.2.5.3 Evaluation eof Alternative 3 (Hydrauljc Barriers} - A
Hydraulic Barrier could be established along the wastern and
northern perimeters of Dunn Field by installing extraction wells.
However, since the contaminant plume has already migrated west and

ud Al o -

‘north of DDMT boundaries this would not be “an -effactive

alternative. Therefore, as a remedial action alternative, a
Hydraulic Barrier will not be considered in a detailed analysis
(Section 3.0}). However, a hydréulic harrier could be considered
as a subset of a pump-and-treat system.

2.2.5.4 Evaluation of Alternative 4 {Pump 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 akt DDMT. The treatment technologies include Air
stripping, Activated Carbon Adsorpticn and UV/H;0,.

Each treatmant technology requires the removal of suspended solids
pricr to treafment. Filtration of the ground water was selected
as the most effective technology since it will preoduce the least
amount of treatment waste (sludge). Analysis of ground water for
the dissolved metal component will determine if a Precipitation/
Flocculation pretreatment will be necessary.

Even though the selected treatment technologies will not fully
remediate the subsurface environment in Dunn Field, they provide

the most effective means available, Of the three technologies
selected, only the UV/H,0, method will destroy the organic
contaminants. Although &air Stripping and Carbon Adsorpticn

technocleogies are less expensive to install and operate than
UV/H,0,, and are as effective in reducing crganic contaminant
levels, they produce wastes that must be further treated. These
additional treatment costs can edqual cor exceed the operating costs
of UV/H,0, technology. Therefore, ALr Stripping and Carbon
Adsorption have not been selected for a detailed analysis.
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2.2.5.5 Evaluation of Alternatjive 5 (In Situ Biorestoration) - The
contaminants detected at DDMT (chlorinated volatile organics) are
hat currently well suited for this tachnology. However,

“elewdh o rESHskdering tha rapid advancements in the technalogy, it may need

to be reconsidered for use when site remediation goals have been

more thoroughly defined.

2.2.5.8 BSelection of Alterpatives

Based on the information presented in the screening and evaluation
of the remedial action alternatives, the feollowing have been
selected for detailed analysis (Section 3.0):

1) Ho Action

2) Institutional Control

3) Source Containment (Capping)

4} Pump and Treat
Filtration-Precipitation/Flocculation -
Uv/H,0,

2.3.1 Re ial Actiop Objectives for Surface Sof

The primary remedial action objective for surface seoils 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 lavels that were determined
in the risk assessment (Section 1.0). A secondary remedial action
objective is to limit the potential effect that surface soil
cocntamination might have on surface water run-cff. A third
remedial action objective is ta prevent migration of contaminants
from the surface soils to the ground water.
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z2.3.2 Gene es se Actio or_ Su ce Sai

General respconse acticns were developed to address the remedial
actlnn objectives for surface soils. The general response actions
WHieh ware cofgidered for evaluation fall within the following. nain

categories:
. No action )
’ Institutional controls )
. Excavation and on-site treatment
. In situ treatment
. Excavation and off-site treatment/disposal
. Excavation and off-site dispaosal

Excavation of contaminated soils at DDMT may require compliance

with RCRA's Land Disposal Restrictions (LDR} regulations. These

regulatlons apply to soils transported cff-site for dispesal, anhd

may apply to some forms of cn-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 dispesal.” In order to categorize the waste at DDMT
as "Listed Wastes", a thorough and time consuming ‘examination of
the records (waste manifests) would have to be pertformed by base
personnel. If the contaminants detected in the RI <can be
jdentified from any of these records the wastes will be considered
as "Listed".

contaminated sails 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, 19%0}. Seils which are
above the toxicity standards are defined as "Characteristic Waste®.

. These eoils would have to be treated to below their characteristic
level before land dispesal.
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The TCLP test applies to RCRA metals, pesticides and sowe organics.

. once defined as a "Characteristic Waste" the scil would alsc need
to comply with the California List Waste rule. This rule is
particularly significant for halogenated organic compounds (HOC's) .
These soils would HWe¥d Coibé=trrated to below the California List
for total HOC's (1,000 mg/kg) before lard disposal. Clean-up
levels should be negotiated between DDMT, the Regional and State
RCRA office, and the superfund Enforcement Personnel. As
previocusly discussed, health based target levels may be impossible
to reach. Moreover, reqgulatory based levels may be more applicable
at DDMT.

2.3.3 Ide icatio d Sc ng o nologies = Su 50

The technologies that are potentially applicable to so0il and

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

techneleqgy, and the related process options, were evaluated and
-~ screened using the criteria listed in Section 2.1.

2.3.3.1 Institutional) Controls

et m CEre— ormw

3.3.3.1.1 Dpescriptipn - Using institutional c¢ontrols as a remedial
tachnology at DDMT could involve the following actionsa:

1) Installation of fences around the areas of contamination
2) Posting of potential health hazards

e

3) controlling the access to each site through security
measures

4) Worker training on potential health hazards and safety

procedures

. B8531.83 2-125
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5) Seeding the contaminated areas with grass to prevent
. fugitive dust.
ﬁTinZBriﬁI*?Exﬂluﬁﬁian- Based on the health.risk determined for

each site the use of the actions listed above may prove to he an
effective 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
neeting the remedial action objective cf limiting worker contact
with contaminated soils.

2.3.3.2 Excavatiopn and ¢ff-Site Treatment apnd Disposal

. ‘ 2.3.3.2.1 cription - This technelegy 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

we. . .. _Xo disposal.

- = - - R

2.2.3.2.2 aluati - 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 reguired.
Due te final implementation of the RCRA Land Disposal Restrictions,
these costs are escalating. Thus, this technelegy is applicable
for small remediaticns, but could lead to prohibitive costs for
larger removals. This technology has been retained for
incorporation info a remedial action alternative since the volune

of contaminated sgil is unknown.

. 8531.83 2=49
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2.3.3.3 Op-Site o ity Therma eatmen hnolcgies

All of the on-site thermal technologies included on Table 2-2 would
provide Some: level of remediation for the contaminated soils at
DDMT. “However, the high -levels of metal contamination would not
be reduced by thermal treatment. In some cases the metals may
cause toxic emissiona to be generated during treatments. In
addition to the emission problems, permitting would be a problen
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-sita thermal technolegies will be retained for
further incerporation inte remedial action alternatives due to the
problems associated with each process optien and the types of
contamination detected in the soils at DDMT. A brief description
of mach cpticn has been included for reference. After further
characterization of soil contamination this technoleogy may need to

be investigated.

‘ 2.3.3.12.1 escription - Each of the readily available and
potentially applicable thermal treatment technologies are presented

in the following paragraphs.

Fluidized-ped Incineration - Thefe are twa types of fluidized-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 fluidizing 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 of combustion
required. As the unit operates, solids are added to the volume of
the bed then bled dewn to maintain a constant volume and
consistency. In a unit primarily handling liquid, additional bed
material would be reguired ¢tc maintain the proper bed

§531.83 2=41
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characteristics. During a treatability study air emissions would
have to be monitored since acidic exhaust is often assecciated with
this option. Limestona, added to the bed, has been shown to
effectively control acid.gas emissions.

operating temperatures are in the range of 840° F to 1800° F. To
achieve temperaturaes above 15509 F, the waste must have a minimum
heating value of 4500 Btu/lb or additional fuel must be
supplemanted.

Fluidized-bed technelogy 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 scome
cases, the bed can contain lime or other material to chemicaily
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.

Rotarv. Kiln_JIncineration ~ Rotary Kiln Incinerators can_ process
solids that have no heating value. Solids may be fed in compacted
or loose by either a bucket elevater or a conveyor system. . The
temperature of cperatien can range from approximately 1500° F teo
2000° F. The temperature -of operation is based upon the
characteristics of the wastes, and the time the material and its

cffgases 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.

8531.832 2=-42
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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 low oxygen mode if needed.  Ash and res;dua can be
discharged either directly from the drum of the kzln or after being
passed to the seccndary 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 pellution contrel system.
Inorganic hazardous constituents nust be further treated after
passing through the incinerator, since this system will noct
detoxify themn.

The advantages of rotary kiln incineration are its ability to
handle varieties of waste simultansously, to achieve a high
operating temperature, and to achieve a gentle and continuocus

mixing of wastes.

Infrared Treatment - 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

- radiatisn comes from silicon carbide elements positioned over a

conveyor. The waste is stirred by moving past stationary paddles

- and subjected to high. energy. radiation which causes breakdown 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.

Pyrolytic cinerati - Pyrolysis involves the destruction of
organic material in the-absence of oxXygen 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 materia}. The process conditions range from

8531.83 2-43
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pure heating (thermolysis) teo conditions in which only slightly
. less than the thecretical (stcichiometric) air quantity is
supplied. Gases and ashes are the principle products generated by

- e the pyrolytic reaction. opt—— e

The pyrolytic incineration process is a two-step process. In the
first step, waste material is decomposed at 1000° to 1400° F into
an organic gaseous fraction and an inorganic solid fracticen 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 hazardcus elements from the organic fraction are destroyed
and the clean, decontaminated gases are sent to an energy recovery
device.

Plant Vitrification - This process converts waste inte inert,
glass-like material. While primarily intended to dispose of

inorganic, non-combustible wastes, the vitrification process can
i . handle some wastes with organic constituents.

The process equipment system consists of a long enclosed chamber

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

heaters immersed in the glass. Inorganic and nan-combustible
— “ew--- - -galids enter-the -feed end. and fall into_the_-paol of _glass; the  _
waste then vitrifies and becomes part of the glass. As waste
material is fed in, vitrified 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 compositicn

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 liguid, 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 cembustion preoducts. These

. gases are treated using air pollution control equipment for acid
gas and particulates such as a bag house and secrubber.

B531.83 2-44
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Drawn off material can be molded into blocks or made into granular
form as it exits from the eguipment. The resultant glass-like
material is stable and practically inert.
":L"'EF"-"" T W

The advantages of plant vitrification are 1) waste toxicity and
mobility can be reduced significantly, specifically metals which
are not treated with other thermal methods are immobilized; and 2)
the residual waste might be disposed of as non-hazardous material
or recycled.

Vitrification - In situ vitrification is similar to the
plant vitrification technology discussed above, except that the
waste is not 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 hood is placed over 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 slightly outward during processing until the desired depth is
achieved. The end-product is a vitreous or glass-like material in
the”qround?"The—in'situ'vitrific&tion*process-typiéally offers
less control of the generated gases and final composition of the
glass. Also, while the plant vitrification is a continuous
pracess, 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
1) their ability to remediate heterogenous waste in a relatively
short time, and 2) their effectiveness at destroying volatiles,
semi=-volatiles and pesticides.

B531.R3 2=45
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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. pzion.te _dispesing of (landfilled) and toxic air
pollutants must be avoided. In additicn, the high set-up cost
involved with most operations requires a large volume of soil to
be ecenomical. 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 -5ite © n_Si sicalfcCh a echne

2.3.3.4.1 Descri on - This secticn describes the applications
and restrictions of physical/chemical treatment technologles for
the remediation of contaminated scoils at DDMT. Physical treatmant
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 wasté into a small veolume of
highly concentrated constituents rather than the original large
volume of low concentraticon material. cChemical treatment is often
used to aid the physical processes. The chemnical treatment
Précéssés mady alsd d1tef the chemical structure of the constituents
to produce a waste residue that is less hazardous than the criginal
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.

B531.83 2
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The following paragraphs contain information on individual process

optiens.

Chemical Extraction c@hemivat:extraction 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 olly 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 cencentration
up to 40%, but is not appropriate for materials containing heavy

metals.

In Situ Chemical Treatment - In situ chemical treatment allows:

treatment of ceontaminated scils 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 remediation agents to the desired depth.
These treatments can selectively treat metal and organic
contamination. However, the processes are difficult to control
and would be difficult to implement due to the variety of
‘gonstituents--present "at- "DDMT. — - 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.

Scil Washing - The soll washing process extracts contaminants from
the go0il matrix using a liquid medium such as water as the washing
selution. This process is used on excavated scils that are fed
into a washing unit. The washing fluid may be composed of water,
erganic 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

4331.33 2-47
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continuous basis, and is fed through a feeder, where ovarsized non-
s0il material and debris that cannot be treated are removed with
a coarse screen. The waste passas into a soil scrubber, wherae it

is sprayed with washing fluid. Soiluspaﬁg;glas_ggrqater than
approximately 2 mm in diameter are gorted and rinsed, leave the
scrubber, and are dewatered. The remaining secil enters a

countercurrent chemical extractor, where additional washing fluid
is passed countercurrent to the soil flow, removing the
contaminants. The treated solids are then dJdewatered. The
remajinder of the process is a multistep treatment for removal of
contaminants from the washing fluid prier to its recycling.
Treatment is generally.accomplished by conventional waste-water
treatment systems depending on the types of contamination.

The advantage of a scil 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
modarate volumes of soil. For larger volumes a continuous system
can be installed. Soil washing has been retained as a viable

option for on-site secil remediation at DDMT.

- In Situ Seil Flushing-= In-situ--seil flushing-is-a-process applied
to unexcavated soils using a ground water reinjection/extraction
system. In situ soil flushing consists of injection of a solvent
or surfactant solution (or water) to enhance the centaminant
selubility, which results in increased recovery of contaminants in
#he leachate or ground water. In EPA test studieg, the system has
not shown to he 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 Temperature The Stripping - The low temperature thermal

stripping system employs a process in which solids with organic

4531.83 2=-48
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contaminaticn are heated in the presence of water, driving off the
. water and organic contaminants and producing a dry solid containing
trace amounts of the organic residue, The contaminated solids are

~— .= fed 'by auger or pump intc the dryer and heated to 500- 800° P} ; N
inert nitrogen carrier gas transports the volatilized water and

*-.u'—._..

organics to the off-gas handling system, a three-staga 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 net an
.affective option.

Stapilization/Solidification - stabilization can be performed in
situ or in tanks. In situ stabilization allows direct applicatien

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 bklock of seoil or a

continuous stabilized mass is left behind.

The equipment used for tank stabilization is similar to that used
=~ - . for cement mixing-and handling. It.includes a.feed .system, mixing

vessels, and a curing area.

Whether in ground or in tanks, stabilization facilitates a chemical
and/or physical reduction of the mobility of hazardous
conetituents. Heavy metals, semi-volatiles, pesticides, PCBs and
nonvolatila crganics may be treated successfully. "Mebkility 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.
. 8531.83 2-49
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Critical parameters in stabilization treatment include selection

. of stabilizing agents and other additives, the waste-to-additive
ratio, mixing and curing coanditions. All of these parameters are
ﬂ&ﬁpﬁnﬁ?ﬂf on the chemical and physical characteristics of the

waste. Bench-scale treatability tests should be conducted to

selact the proper additives and their ratios and to determine the

curing time required to set the waste adequately. Leaching tests

(TCLP) and compressive strength tests should be conducted to

determine the integrity of the solid end product.
The advantage of a stabilization system, in addition to Iits
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 uptinﬁ: 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" ar "Characterized") prior to
landfilling.
2.3.3.4.2 Evaluation - An evaluation of each of the physi- _

cal/chemical options discussed above result in the selection of
solidification as the most applicable remedial technology. Boeth
in situ and tank solidification options have been proven to be
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 bhe easily implemented at DDMT.

. 84511.83 2
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2.3.3.5 jologqi eatment o ies

2,7.3.5.1 Description - Waste utilized by microorganisms as a food
source to M'W&h is the.~ basis of biodegradation  (or
bierestoration}. Biodegradation can be an effective way of
reducing toxic constituents to harmless basie elements.
Contaminated soils can be biologically treated in situ or excavated
and treated by solid-phase- and slurry-phase bicremediation

processes.

For in situ use, naturally occurring organisms are typically usead.
For above ground, contrelled application such as in a reactor,
acclimated genetically engineered microorganisms can be used.
Biorestoration is accomplished by adding a supply of nutrients to
the soil to promote microorganism growth. Each of the process
options are discussed below.

In Situ Biodegradation - In situ biodegradation uses indigenous,
introduced aerobic or anaerobic bacteria to biodegrade organic
compounds in soils. The technology involves enhancing the natural
biodegradation process by injecting nutrients (i.e., phosphorus,
nltrogen, etec.), oxygen andjor cultured bacterial strains. Inh some
c;;;s it may “be necessary to adjust environmental parameters such
as soil pH and temperature. A major limitation of an in situ
system is the difficulty in delivery of nutrients. The nutrient
carrying matrix (such as water or air) may preferentially travel
through more previous zones while the contamination may remain

locked in the less pervious zones.

In situ biodegradation is predominantly used for subsurface soil
remediation ih conjunction with ground water pumping and
reinjection systems to circulate nutrients and oxygen through a
contaminated aquifer and associated soils. This technology is not
suitable for remediation of surface soils and/or soils contaminated
with heavy metals. Heavy metal contamination will destroy the

microorganisms before biodegradation can take place.
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Composting - Composting involves the storage of highly
biodegradable and structurally firm material (e.g., chopped hay,
wood chips, etc.) with a small percentage (<10%) of biodegqradable
" waste. Adequate -adPEGIUIA-—optinum temperature, meoisture and
nutrient content and the presence of an appropriate microbial
population are necessary to enhance decomposition of organic
compounds.

There are three hasic types of composting: open windrow systems,
static windrow systems and in-vessel (reactor) systems. The open
windrow system consists of stacking the compost inte elongated
piles. Aeration is accomplished by tearing down 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
enclased reactar. BAeration is accomplished by tumbling, stirring
and forced aeration.

When treating wastes, it is necessary to collect and treat leachate
and runcff water from the composting beds. As mentioned previously
the heavy metal contamination will destroy the micreorganisms.
Piefréadtment "of "the soils ~(fixation of metals} can ‘be done to
inerease the effectiveness. In addition to the metals, pesticides
have not been successfully reduced in bicrestoration studies.

Slurry-Phase e - The slurry-phase technology involves the
treatment of contaminated scil in a large mobile bioreacter. This
system maintains intimate mixing and contact of microorganisms with
the hazardous compounds and creates the appropriate environmental
conditions for optimizing microbial bicdegradation 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 cbtain the appropriate slurry density. A typical soil
slurry contains about 50% solids by weight. The actual percentage
of solids is determined . .i:gestheslabgratory based on the
cancentration of contaminants, the rate of bicdegradation, 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 contreol may be added
to maintain optimum conditions. Microorganisms may be added
"initially to seed the bioreactor or added continucusly to maintain
the correct concentration of biomass. The residence time in the
bicreactor varies with the nature of soil and the contaminants
involved, Once biodegradation of the contaminants is completed,
the treated slurry is dewatered. The residual water may regquire
further treatment prior to disposal. _

An advantage of treatment in a contained process is that a
remediation system can be designed to pretreat waste contaminated
with heavy metals as well as biodegradable semi-veclatile and
wvolatile compounds. Soil washing and extracticn of metals using
weak acids and chelating agents can be combined with bielogical
- ‘treatment by coupling-two separate-slurry-phase-reacters in series.

Solid-Phase Treatment - Solid-phase soil bicremediation is a
process that treats soils in an above grade system using
conventional soil management practices to enhance the microbial
degradation 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 bioreactor for treatment. Treated leachate can then be used
as a source of microbial inocula and reapplied to the soil
treatment bed through an overhead irrigationmusysten, .after
adjusting for nutrients and other environmental parameters.

As in the slurry-phase treatment the soils must be pretreated to
stabilize or remove the heavy metals.

Lapndfarming - Landfarming as a biological treatment technelogy is
similar to the solid-phase treatment except that contaminated scils
or waste are placed on the ground instead of a lined surface..
Landfarming can be performed at different depths in order to cobtain
the maximum reduction of contaminants by the availabkle soil
microorganisms. Thé potential for soil and ground-water
contamination could be created by not using a liner.

2.3.3.5.2 Evaluation - Biorestoratien can be an effective
remediation method for contaminated soils if used in cenjunction
with other process options. Pretreatment of DDMT scils will be
regquired to remove or f£ix the heavy metals. This option could be
utilized if bench or pilot scale soil washing tests show it capable
of obtaining site clean-up goals.

2.3.4 Development of Alternatives

The screened technologies were combined to develop site-specific
remedial action alternatives that address the remedial action
pbjectives (protection of human health and environment and reduce
the potential transport of contaminants tc other media). The
exposure pathways (inhalation and dermal contact) and receptors
(employees working at ODMT and surrounding residents) were
considered in developing the remedial alternatiﬁes. 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 were developed that could potentially fulfill the
. remedial action abjects. All of the alternatives listed helow
(except No Action) will require further assessmant to determine the
full extent of surface soil contamination. RCRA Land Disposal
Regulations will become an ARAR if excavation of the s0i16 A% DDMT
cccurs (Section 2.3.2). If the contaminants cannot be traced to
a "Listed" waste they must be "Characterized" (TPCL) before clean-
up levels or disposal levels can be established. The following
alternatives have been assembled for screening:

1. No action
2. Institution control
3. Excavation / on-site treatment / off-site dispeosal

Ja. soil washing/slurry-phase biloreactor
ib. stabilization
i, Excavation / off-site treatment / off-site disposal

. 2.3.5 Screening of Alternatives

The assessment of each alternative was based on tha same evaluation . .
criteria (Effectiveness and Implementability) as was used for
screening the technologies described in Section 2.3.3. The
selected alternatives can be implemeritéd with™ the understanding
that comprehensive treatability and pilot scale studies will be
required to comply with ARARs and address public health and safety.

2.3.5.1 aluation o te ive 1 (8] tion) - 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 asscciated with other alternatives. Althouqﬁ there is na
capital cost involved with this alternative, the future costs of
liabilities associated with exposure risks are unknown.
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2.3.5.2 valuation © ternative 2 jtuticnal Contro -
. Institutional controls, such as limiting access and seeding areas
with grass, do not mitigate the cecntamination. This alternative
wocmeemn~ . _Was..selected for a detailed analysis since it could potentiallv ._
reduce health risk associated with so0il centamination. However,
this alternative will do little to reduce environmental risks or
hinder contaminant migration to surface water and ground water.

2.3.5.3 aluati lternative 3 (Exc i on-site

To fully 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: (1) Soil washing combined with a
bioreactor 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 secil washing. However, if the
stabilized material can be shown, through TCLP methods, not to
proeduce a leachate it can be disposed of in a sanitary landfill.
The soils washing residue must be disposed of at a Level C, RCRA
Facility (hazardous waste landfill}.

Soil washing, although potentially effective, would be difficult
to implement. This process will require the following steps:

1. 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 numercus
washing steps and variocus washing additives)

4. Mixing in bioreactor for a determined period of time
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5. Analyzing the product to determine if reduction in
contamination is sufficient
6. Treatment of waste sludge
- - 7 meDEEmsite  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 requires the following
steps:

1. Excavation of soil

2. crushing and mixing of soil

3. Mixing with stabilizers

4. analyzing 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 ceomplicated contaminants detected at DDMT may make this
alternative cost-prohibitive if large valumes of soils are
involved. However, the final decision as to the viability of this
alternative will depend on the amount of soil that must be treated.
For this reasaon this alternative has been selected for a detailed
analysis (Section 3.0}.
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2.3.5.5 Selection of Alterpatives .- Based on the infocrmation

provided in the screening and evaluation of alternatives the
following have been selected for detailed analysis (Section 3.0):
s
1. No Action
2. Institutional Control
3. Excavation/On-5ite Treatment/Qff-Site Disposal
4. Excavation/Off-Site Treatment/Off-5ite Disposal

2.4 LAKE DANTELSON

2.4.1 dial Action Obijectives for La

The remedial action okjective for Lake Danielson and. the golf
course pend is to protect the health of anyone who might be exposed
through the consumption of contaminated fish and to protect the
ecology {(particularly the fich) within the Lake. Lake Danielscn
is currently under rastricted 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 and pond 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 metal 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 Danielscn area. These
include: 1) surface water, 2} sediments and 1) the present storn

water drainage system that supplieswthesdake: and peond.

2.4.2 aera as ctions ake also

General response actibns were developed for the three areas in
developing remedial alternatives for the Lake Danielson area.
These actions include:

. No Action

. Institutional Control

. Storm Water Drainage Diversion or Treatment

. Establish Agquatic Vegetation for Sediment

. Lake Abandonment with Contaminated Sediment Removed -’
. 2.4.3 Applicable Technologies for Lake Papielson

The restrictions currently in force at the lake and pond censtitute
institutional control. These include fishing, swimming and boating
restrictions. An additional institutional ccntrnlhﬁeésure which
could be implemented is continued water quality monitoring,
particularly of storm water entering the lake. GSamples should be
collected at the inlet drain to ULake Danielson during and
jmmediately after a rain has occurred. Water samples should also
be collected within the lake itself at these times. If possible,
water samples collected immediately after 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 occcurred.
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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).

Howaver, 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.

Ancther alternative would be to plant appropriate aguatic
vegetation to stabilize the sediments in the lake, thus reducing
the potential for release of ccntamination from the sediments inte

the water ceolumn.

The lake and pond act as sedimentaticn ponds for a poertion of the
kase drainage system. As such, centaminaticn released from those
drainage areas may tend to accumulate in the lake and pond. Based
on this, another alternative is tc¢ 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 (noc backfilling). However, if
abandoned, all contaminated storm water run-off would be discharged
directly to Nonconnah Creek via cpen 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
dispasal treatment facllity. The effective utilization of this
alternative would rely on determining and wmitigating the
contaminant source. The 1lake/pond could then either be
reestablished (if storm water is determined to be free of
contamination), or backfilled with clean soil.

60
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2444, Selection of Remedial Alternatives - Three remedial

. alternatives have been selected for detailed evaluation. They are:
1. No Action

2. No Action with continued restrictions on fishing-and

additional monitering of storm water entering the lake
and pond

3. Dredge Sediments/Landfill

A detailed analysis of each alternative is given in Section 3.0.
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3.0 DETAILED ANALYSIS OF CORRECTIVE

ACTION ALTERNATIVES

1™ INTRODUCTION T

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 cn the main installation and the third
is the surface water and sediments of Lake Danielson 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
nGuidance for Conducting Remedial Investigations and Feasibility
Studies Under CERCLA" [OSWER 9355.3-01 USEPA, 1988). The criteria
are as follows. ‘

3.1.1 Short-Texrm Effectiveness

L

“‘This ~criterion examines the effectiveness- of- -alternatives -in .- -

protecting human health and the environment during the constructicon
and implementation period.

3.1.2 Long-Term Effectijveness

The assessment of alternatives against this critericn evaluates the
long-term effectiveness of alternatives in protecting human health
and the environment.
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3.1.3 i icit obi

This criterion evaluates the anticipated performance of the

specific treatment technologies.
A T TR 2

e e

3.1.4 Implementability

This assessment evaluates the technical and administrative
feasibility of alternatives and the avallability of reguired

resources.

3.1.5 Regqulatory Compliance

This criterion describes how the alternative complies with
Applicable, Relevant, and Appropriate Reguirements (ARARS).

3.1.6 gQverall 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
data and information. Costs are determined using estimated values
¢f 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, 1%88). Additional data will
ba necessary to further define remedial alternative characteristics

and cost.
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i 3.2 REMEDIAL ACTION ALTERNATIVES FOR DUNN FIELD

The Remedial Action Alternatives (RAAs) for Dunn Fleld focus on
the  grouwmd~watier--{GW} -contamination at the site. Results of
ground-water sampling at Dunn-Field have shown significant levels
of chlorinated compounds and concentrations of metals frem total
metals analyses above the MCL's. A total of four GW-RAA's are
evaluated for this area. Detailed cost analysls is for each of GW-
RAAs are glven in Appendix A. These alternatives include:

. GW=-RAA-1 No Action

. CW-RAA-2 Institutional Control

. GW-RAA-1 Capping of Burial Sites

. GW-RAA-4 Pumping and Treatment of Ground Water
.21 edial Actio ernative - CW-RAA-

The Ho 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—1) Technologies Incorporated - None.
3.2.1.2 GW-~ - Ke i Assumptions = None.

3.,2.1.3 {GW-RAA-1) Short-Term Effectiveness - Because no action
is taken, there is no short-term exposure to the community or

workers due to the remediation.

rO
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3.2.1.4 (GH-RAA-1) Long-Term Effectjveness - Because the scurce

of contamination would remain at the site, the potential risk of
exposure would continue to exist with this alternative.

R AT e

3.2.1.5 (GW-RAA-1) 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) Implementability - There are ne¢ implementation

concerns since no action would be taken.

3.2.1.7 GW~ -1 Requlator Complia - 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 Protection - 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 CW- - st - Implementation of the No Action
alternative incurs no cost.

3.2.2 Remedial Action Alternative - 2 (GW-RAA-2) - Institutional

Control

Implementation of GW-RAA-2, Institutional Control, would consist
of continued wmonitoring 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 aguifer in the
contaminated area would have to be implemented. Monitering of
existing wells would be periodical, as negotiated with the
appropriate regulatory aqenciesxgznastrictions of. _ground-water use
in the area would be regulated by Shelby County and the State of

Tennesseea.

'3;;.2.1 GW=RAM— ac i orpora - None.

3.2.2.2 W- -2) Ke esi Assumptiopgs - None.

3.2.2.3 J{GW-RAA-2) Short Term Effectivepess - Because there is no

actual remediation of the source, there would be no short term
exposure to the community. There is potential exposure to the
persons sampling ground-water wells at the site. This concern
could be adequately addressed by the use of the proper_protective
clothing, air monitoring equipment and decontanination procedures.

3.2.2.4 GW=- -2 ctiveness - Because the source

of groundfwater“ggnggming;;unlégq_tpe contaminated ground water
itself continues te exist at thérsite, future potentiai exposurﬁ
would also continue. Ground-water monitoring would ald 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 characterize 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 agquifer 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 (MLG&W) at the Allen Well Field, located
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approximately one mile west of DOMT. The Institutional Centrol
alternative must addraess the possibility of contamination from DDMT
reaching the drinking water supply for the City of Menphis.

il e, e T

1f- results of ground-water monitoring indicate any of the
following, additional remedial alternatives would have to be

implemented.
1. Rising contaminant levels in the Fluvial agquifer
2. contaminant plume migration into a more sensitive area; such

as in the Allen Well Fleld area

3. Detection of contaminants in the Memphis Sand aquifer

3.2.2.5 W-RAA- educt i o oxici obility and Veolume -
Neither the waste in the burial areas nher the contaminated ground

-water is treated te¢ reduce the toxicity, mobility or volume.

3.2.2.6 {GW-RAA-2]) Implepentakbility - This alternative would be

gasy to implement. By sampling ground water from the Fluvial

~-aguifer—and the ‘Memphis Sand aquifer-contaminant -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 - e ato 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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1.2.2.8 (GW-RAA-2) overall Protection - This alternative does not
. offer protection from potential exposure through monitoring of the

ground water. It deoes, however, offer a level of protection
mizeeshrough the regulation 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 Fluvial agquifer, the
potential for exposure is reduced. It does not offer protection
from contaminants potentially reaching the ﬁewphis Sand agquifer.

3.2.2.9 - - st - Cost of this alternative would he the
jnstallaticn of monitoring wells and the actual gampling and
analysis expenses incurred. Results could be evaluated in a brief
ground-water guality report and submitted to the appropriate
agency. Cests of this alternative have been summarized on Table
4-1. Detailed cost are provided in Appendix A-1l.

. 4.2.3 Remedial Action Alternative (CW=RAM=3]) = Multi-Layex Cap ang
uonitorigg

capping of the purial sites would help contain and isolate the

puried waste. The conditions in Dunn Field are very suitable for
T ‘capping to be an et fective “alternative for -contaminant - source
contrel, 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 mulci-layer cap over the burial sites
would reduce water percalaﬁing through the landfill, thus,
pinimizing the amount of coentamination contributed ta the ground

watar.

3.2.3.1 W= =31} Techng es Ipcorporated - The multi-layer cap
would censist of the following components, from top to bottom:

. Loam layer, two feet thick

. Gravel/Sand drainage layer, cone foot thick

B531.813 3=




TABLE 3-1

COST ESTIMATE SUMMARY
DUNN FIELD

ca ,19,

RAA-2 Instituticenal Control

a end cost

ual Operati
(1) Monitoring
Tatal Annual O & M Costs
' Total Present Worth

(310 years)

» See Appendix A-1 for Detailed Cost

8531.383

$200,000

5200,000

51,315,000

Analysis.
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10 mil synthetic membrane

clay, low permeability, compacted to two feet thick

e :_1!".._... — _

T . -

Fabric, geotextile

gand, drainage layer one foot thick

This cap meets the minimum RCRA requirements as set forth in EPA

document &625/4-8%-022.

3.2.3.2 {GW-RAA-3) Key Desiqgn Agsumptions - The following design

assumptions were made regarding the implementation

of this

alternative.

-

The estimated area of burial sites identified in Figures
3-1 and 1-2 was used for cost estimating purposes.
Actual areas required for capping should be evaluated by
further field studies. ‘

The desxgn lle of the cap lS estimated at 310 years.
After 30 vyears, the membrane and other cap elements may

need to be replaced.

A 30 mil reinforced polyvinyl chloride (PVC) liner would
pe used as the synthetic membkrane material. The PVC
liner was chosen due to its relative low cost and ease
of installation. The 130 mil membrane should have
adequate tear strength and chemical resistance for the

punn Field site.

A low maintenance shallow rooting grass cover would be

placed cver the loam to control erosion.

3-9
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) FIGURE 3—1 0
DUNN FIELD DISPOSAL & STORAGE SITES
APPROXIMATE AREAS FOR MULTI—LAYER CAP (SEE NDTE}
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FIGURE 3-2

DUNN FIELD DISPOSAL & STORAGE SITES

APPROXIMATE AREA FOR MULTI-LAYER CAP (SEE NOTE)

cemm——— el a e

AREAS SHOWN FOR CAPFING

ARE APPROYIMATE AND SHOULD BE

CONFIRMED WITH FIELD SURVEY

AND OTHER INFORMATION. SOME

AREAS SHOWN MAY NOT REQUIRE
ESTIMATED EXTENT OF CAPEING, WHILE OTHER AREAS

MULTI—LAYER CAP NOT SHOWH MAY REQUIRE CAPPING.

SCALE: 17 ~ 70

SOURCE: US ARMY ENVIRONMENTAL HYGIENE AGENCY, 1S82.
GEOHYDROLOGIC STUDY NO. 38—-26-0195-83.

A

LAW ENVIRONMENTAL INC.
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. This alternative would alse include the institutional
control measures (meonitoring and regulation) of GW-RAA-2
to monitor contaminant levels and pmovements and provide

protection from potential axposure.._. . .

1.2.2.3 - - ort-Te ecti e - 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 reqguire more time, allowing the source areas to dewater.

3.2.3.4 GW-RAA- Long=Te Effectiveness - Because the source
of contamination would remain at the site, the potential risk of
future exposure would continue to exist. The long-term risks would
be reduced with this alternative. The cap will require long-term
management and maintenance, ineluding inspection on a regular basis
for signs of erosicn, settlement, csubsidence or the presence of
burrowing animals. HMaintenance activities should include periodic
mowing and weed contrel to prevent jnvasion by deep-rooted
vaegetation. Any signs of settling or subsidence will reguire
immediate repair. In addition, the manitoring progtam as described”’
in GW-RAA-2 will remain for the 30 year life of the cap instead of
two Yyears, as required by RCRA. Tt was assumed for the cost
analysis in this report that the synthetic liner would have to be
replaced after 30 years. '

1.2.1.5 {GW-RAA-3} Reduction of Toxicity, Mobiljity and Volume -
Waste is not treated to reduce toxicity or volume with this

alternative. Mobility will be significantly reduced.
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1.2.3.6 W= -3 npleme bility - This alternative would be
relatively easy to implement using standard construction equipment.
Multi- layar caps similar to the one proposed for this alternative
have been proven reliahle in the field under similar conditions.

.The monitoring program will provide an added level TT-Uonfidénce.

concerning risks associate with leaving the centaminants on-site.
By sampling ground water from the Fluvial agquifer and the Memphis
Sand aquifer, the contaminant migration pathways at the site could
be monitored. All eguipment and materials nhecessary for this
alternative are readily available.

4.2.3.7 {(GW-RAR-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 cbjective of providing containment

af the contaminant source and thereby reducing surface water
infiltration. The alternative does not eliminate the source of

__contamination,.so the potential risk of exposure via contaminated

ground water still exists. However, the monifcring program would
provide information regarding contaminant levels and novements so
that if contaminant levels increase or become more mobile in the
subsurface, additional remedial alternatives could be employed.

3.2.3.9 J{GW-RAA-3) Cost - Ceost of this alternative would be the
capitol cost of installation and design plus the annual operaticn
and maintenance cost. These costs are summarized on Table 3-2.
The detailed cost calculaticn sheets are presented in Appendix A-2.
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TABLE 1-2

COST ESTIMATE SUMMARY
DUNN FIELD

RAA-3 Multl-Layer Cap and Honitoring

Compongnt i Cost

Capi Cos

(1) Multi-Layer Cap $ 490,471
d i t Capit Cost
(2) Englineering Design (&%) 29,429
- Total Capital Costs $ 519,899
-~— .- ----ppnual . ti and Mai nance Costs _ L

(1) Multi-Layer Cap © & M 5,000
(2) Monitering 99,808
Total Annual O & M Costs 5 104,808
Total Present Worth 51,508,000

* Detailed cost analysis are presented in Appendix A-2.

B531.83 1-14



19 i5y

.' 3.2.4 Remedial Action Alternative - 4 (CH=-RAA~-4) = Pump and Treat

The fourth remedial action alternative employs the extraction and
- _treatment-of contaminated 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 aff-site migration.
Additional study would be necessary to fully characterize the
heterogeneous nature of the Fluvial aquifer deposits, delineate the
aquiféer geometry and preferred flow routes and define the
contaminant plume. The data needed to effectively design a
workable pump and treat system could be gathered through
performance of an aquifer test, additional sail test borings,
geophysics and a small scale pilot study. In addition, this
alternative could be combined with GW-RAA-3 (Multi-Layexr Cap and
Monitoring) to provide for containment of the source areas.

. 3.2.4.1 GW- = olagies co ted - A pump and treat
system for ground water would incorporate the use of a series of
large diameter (approximataly 6=inch) extraction wells inte which
submersible or pneumatic pumps would be installed. A conceptual-

 level design for the extraction well system is shown on Figure 3-3.
It should be noted that the firal design of the system should be
based on site specific informaticon 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 sclids, the treatment
of crganic 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 EXTRACTION SYSTEM
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3.2.4.2 {GW-RAA- ey Design Assumpti - Implementation of this
alternative would require additional information and data as
discussed above. Design assumptions such as ground-water flow
characteristics, well spacing<aadoselumes 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 10 te 50 gallons per
minute (gpm} from a six-inch diameter extraction well,
90 feet deep, screened into the Fluvial aquifer.

e 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 treatment system will be built on-site.
A chemical oxidation treatment system consisting of a
hydrogen peroxide and ultraviclet light degradation
process---in- -serdies - with -filtration and precipi-
tation/flocculation system.

. Treated water can be disposed of to a surface water
feature or a local storm/sanitary sewer line (POTW).

. A minimum of ten years operaticn is estimated for this
alternative.

An overall permit would be required tc operate the system (such as
a RCRA Part B permit if the facility falls under RCRA cquidance).
Specific permits (NPDES and/or POTW) would also be required to
discharge the water.
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3.2.4.13 GH- - Short-Te ectivene ~ This alternative
would reduce the levels of ground-water contamination fairly
rapidly. The installation of an extraction system would prevent
further lateral contaminant nigratiop,...# potential for exposure
to workers implementing this alternative' could ke adequately
addressed with protective clothing, monitoring equiément and
decontamination procedures. There is little potential for exposure
to the immediate community.

3.2.4.4 = -4 = ectiveness - This alternative
should be effective in long-tern reduction of contaminated ground-
water levels and asscociated health risk. The pump and treat
technology will not treat all residual contamination, although
pulsed pumping could be effective in further teduction of
centaminant levels. An estimated duration of this alternative is
ten to twenty years. Additicﬁal characterization will refine this
figure tc an acceptable degree of confidence. The addition of an
extendad monitdring plan will be necessary to provide the necessary
information necessary to evaluate the leong-term effectiveness.

Thié treatment alternative will require long-term operation and
. malntenance. If used 1n conjunctlon with a multi-layer cap {(GW-
RAA-3), the éap Wwill requlre long-term maintenance and inspection
as well.

3.2.4.5 GW~- -4} Reduction of Toxici cbhility and Volu -
Treatment of the contaminated ground water will accomplish
reduction in toxicity, mobility and volume. Toxicity and voluma
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.

8531.83 |
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31.2.4.6 (GW-RAA-4) Implemepntabjlity - This alternative should be
relatively simple to implement. The technology and processes have

bean reliably demcnstrated. Eguipment and materials are readily
available. However, as stated previously,.. additional
characterization and a pilot study will be necessary prior to
successfully implementing this alternative.

3.2.4.7 = -4 e tory Com e - Successful treatment
of the contaminated ground water will meet regulatory requirements
and provide protection of human health and the envircnment.

3.2.4.18 - -4 Protection - Remedial alternative GW-
RAA-4 would provide the overall preotection te human health and the
environment by reducing the potential for exposure to contamination
either from the Fluvial agquifer or the Memphis Sand aquifer. The
source areas should be addressed in conjunction with the pump 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

ba performed following conmpletion of additional ~ site
characterization. Estimated costs are summarized on Table 3-3.
Detailed cost worksheets are presented in Appendix A-3.

3.3 EMEDIAL ACT ERNATIVES SURFACE SOILS

The detailed remedial alternative analysis for surface soils (SS)
focuses on surface soils around the main installation of ODDMT.
Soils were found tu be contaminated with significant levels of
polynuclear aromatic hydrocarbons (PAHs), pesticides and metals.
The purpose of this sampling was to confirm/deny the existence of

8531.81 i-19
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TABLE 3-3
. COST ESTIMATE SUMMARY
DUNN FIELD
GW-RAA~4d Pump & Treatment of
Ground Water with Quarterly Monitoring
Component Cost
-Cagitgl Cgosts
(1) Extraction Well Installation S 155,000
(10,6-inch wells)
(2) Initial Treatment Set-up (Chemical Oxidation} 15,000
(3} Treatment Set-up
(Precipitation/Flocculation} : 200,000
. direct Capital Cost
% {(4) Engineering Design (6%) 22,200
Total Capital Costs $ 392,200
Annual Operation and Maintenance Costs
(1) Quarterly Sampling 199,616
(2 Treatment (Chemical Oxidation} 2,365,200
(3} Treatment (Flocculation/Precipitatieon) 99,864
Total Annual O & M Costs 52,664,680
Total Present Worth 516,765,000
. * Detailed cost analysis are presented in Appendix A-3.
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contaminaticn at probable source areas. The limited number of the

. s0il samples are inadequate for determining velumes of the
centaminated areas. However, based on the surface soil
—sesGOhitanination. encountered at six separate areas of the
installation, four remedial action alternatives have been prepared

and are discussed in the following section. Due to the lack of
information c¢oncerning the volume of the contaminated media, a

detailed cost analysis has not been included. Thae alternatives

include:

» {55-RAA-1} No Action

» (S5-RAA-2) Site Restrictions

s+ (55-RAA-3) Excavation On Site/Solidification/Landfill
« {55-RAA-4) Excavate/0ff-Site Treatment/Landfill

1.3.1 edia io ternative - - ~ - ction
b The No Action Alternative assumes no further action at the site and
is used as a baseline to measure the other alternatives.
3.3.1.1 [=] ologqies Incorpor - None.
i
3.3.1.2 Key Desigpn Assumptions - None. ‘
3.3.1.3 {SS-RAA-1) Short-Term Effectiveness - Because no action |

is taken, there is no short-term exposure to the community or [

workers due to remediation.

of contamination would remain at the site, the risk of exposure

|
|
I
3.3.1.4 (SS-RAA-1) Long-Term Effectiveness - Becausa the source |
|
I

would continue to exist with this alternative,

. 8531.83 3=-21




19 1358

3.3.1.5. - - eductio icit obi Yolume -
The contaminated surface so0ils would not be treated to reduce
toxicity, mobility or wvolume under this alternative.

e —y | Tt

3,3.1.6 (SS=-RAA-1] Implemeptability - There are no implementation
concerns since no action would be taken.

3.3.1.7 - - egulat ca ~ The Nao Action
alternative would not comply with applicable standards due to
exceedances of ARARS.

3.3.1.8 58— - ve Protecti - 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 = - Cost = - Implementation of the No Action
alternative incurs no cost.

3.3.2 Remedial Actie ernative = - - - Site
Restrictions

Implementation of SS-RAA-2, 5ite Restricticns, would consist of:
setting up bkhoundaries around the contaminated areas to 1limit
access; personnel using protective clothing when working in a
contaminated area; posting warning signs; annual training for
personnel working in or arouné the contaminated areas; and seeding
the areas with grass to reduce fugitive dust. These preotective
measures could be implemented by DDMT environmental staff.

8531.83 3-22




19 159

3.3.2.1 (SS-RAA-2]} Technologies Ingerperated - None.

3.3.2.2 {SS-RAMA-2] Key Desian Assumptions - The only assumption
necessary with this alternative-is~Hgw much of-an area to label
"contaminated". Additional sampling will be necessary to

accurately delineate full extent of contamination.

3.3.2.3 {(SS-RAR-2) Short-Term Effectiveness - Because there is no

ramediation of contaminated soils, there is a continued risk of
exposure to personnel working in or around the contaminated areas.
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 contaminatien present in the
sails.

3.3.2.4 SS-RAA- -Te Effectiveness ~ This alternative
could potentially provide long-term effectiveness, provided that
the institutional contrels are in place.

1.3.2.5 SS- -2 jon of Toxicit Mobilit Valume -
There is no reduction of toxicity or volume of contaminants in
surface soils with this alternative. Mobility eof the contaminants
can be reduced by seeding the areas with grass.

1.3.2.6 (SS-RAA-2) Implementability = This alternative would place
limitations on the use of certain areas by the depot.

3.3.2.7 [(S§S-RAA-2) Requlatorv Gompliance - This alternative does
not remediate the surface contamination and would not comply with

ARARS .
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3.3.2.8 [(SS-RAA-2) Overall Protection - Site restrictions wculd
. effectively address exposure for workers at DDMT. This protection

would rely on the diligence of depcot perscnnal in enforcement of
institutional controls. The potential effact.on surface water run-
off and migration of contaminants to the grouﬁd-water is not
addressed.

3.3.2.9 SS-RAA- - There would be minimal cost incurred 1
with implementation of this alternative. Implementation of this H
alternative could be managed by DDMT.

3.3.3 Rene ction ternative - 5= -3} - cava- b
S0lidi andfill t

This alternative consists of excavating contaminated socils -and
binding-up the contaminates using a solidification process. The
0 solidified so0ll could then be disposed in a landfill. This
technology would be particularly effective if the solils are classed

rh

3

as a "Characteristic waste" based on their potential metals *ﬂ%
leaching toxicity. As explained previously a more complete {}
characterization of soils at DDMT is necessary prior_tn the design 2

and implementation of an extensive remedial action. Aﬂﬁitional
wark would: (1) delineate the horizontal and vertical extent of
contamination, (2) define the organic and chemical properties of
the scil and (3) determine the applicability of using a
solidification process. Given these limitations, the following
detailed analysis is presented.

3.3.3.1 SS5-RAA-3) Techneloqi corporated - This alternative
uges 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

. AH31.83 1-24
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potential has been reduced. Depending on its classification as a
. RCRA waste (i.e. either a "Listed" waste or a "Characteristic"
waste] it would be disposed in a Level C, RCRA Facility or Leval
D, RCRA landfill. The excavated area would then be backfilled qith

e il B e - o
- e B oo e

new gravel.

3.3.3.2 (55-RAA-3) Key Desiqp Assumptieons — Key design assunptions

must be made following further characterization in order to more
accurately design the remedial alternative assumptions.

3.3.3.3 S5=- - -Te ctiveness - This alternative
does involve potential for exposure during remediation. This
concerh can be adequately addressed by the use of site
restricticns, protective clothing, monitering egquipment and
decontamination procedures.

‘ 3.3.3.4 {SS5-RAA-3} Long-Term Effectiveness - Implementation of 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.

— - = . . LT s - e RERPRTIE

1.3.31.5 S5- -3) Reducti of Toxicit [#) ity and Vo e ~
This alternative effectively reduces the toxicity and mobility of
the waste, volume is significantly increased. Proper design and
remediation technigques would adequately address this criteria.

3.3.3.6 - =3 mplement ty - Depending on results from
additional characterization study, this alternative could be
readily implemented. Excavation could be acceomplished using
standard construction equipment and materials. The sclidification

treatment system would be designed specifically for the site

. 8531.43 3-25
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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 invelyes excavation of relatively shallow areas
cf soil.

3.3.3.7 (55-RAA-3) Requlatory Compliance - The acceptance of this
alternative by regulatory agencies will be based on analysis of the

solidification material. So0il above clean-up’ levels would be
removed and disposed in complianéa with Land Disposal Regulaticns.

3.3.3.8 S-RAA-3) Ove ction - Implementation of this
remedial action could provida overall protection te the depot
personnel and the immediate community. Moreover, the scurce of
contamination would be removed, thus effectively preventing

- o

additional migration of contaminants.

. 3.3.3.9 [S5-RAA-3) Cost - Given the uncertainties associated with

the desigﬁ and implementation of this alternative at the present,. .. ..
an accurate cost estimate is not feasible. vendor quotes have
indicated sclidification costs range from $50 to $100/ton of soil
_material. “Landfilling-costs could vary significantly based on the
classification of the scil and the type landfill reguired.

31.7.4 emne : ternative - S- -3} - Fxcavatio =
Site Di Sa

This remedial action consists of the excavation and cff-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 cast 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 be an additional cost which
cannot be addraessed at thls time. A detailed alternative analysis
has been prepared using avajilable data,

1.3.4.1 (SS5-RAA-4} Technologies Incorporated - Standard excavation

and disposal technologies would ba necessary for implementation of
this alternative., Treatment technologies may be necessary should
the contaminants to ba disposed of invoke Land Dispesal
Restrictions. The treatment methods that would be selected and
utilized by the dispesal facility are not discussed herein.

‘3.3.4.2 {S5-RAA-4) Fey Design Assumptions - Due to the nature of

the uncertainties associated with implementation of this
alternative, key design assumptions cannot be addressed at this
time.

3.3.4.3 [SS5-RAM-4) Short-Term Effectivenesgss - Short-term exposure
potential does exist for personnel perforning 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 (S5-RAA-4) Long-Term Effectiveness - This alternative

offers long-ternm effectiveness since contamination is removed from
the site, reducing exposure toc DDMT personnel.
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3.3.4.5 S- - educt oxici obilit Vo -
Fxcavation and off-site disposal effectively reduces toxicity,
mobility and volume of cocntamination at the site to acceptable

levels. e

1.31.4.6 (S5-RaA-4) Implemeptability - This alternative can be

readily implemented using standard excavation, waste handling and
waste transportation methods. '

3.3.4.7 [(SS-RAA-4) Begg;étgzx compliance - Regulatory acceptance

of thi= alternative could be received as it actively addresses the
contaminated soils reducing ©both exposure potential and
concentraticns of contaminants to acceptable levels. Howaver,
pricr to acceptance compliance with LDR will regquire either
- aListing" or "Characterizing" the wastes.

3.3.4.8 (SS-RAA-4) Overall Protection - Removal and off-site

disposal of contaminated scils would provide overall protection for
on and off-site personnel.

4.3.4.9 (SS-RAA-4) Cost - 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 REM ACTTON RNATIVES FO E DAN ON

The detailed remedial action alternative analysis for Lake
Danielson also includes the geolf 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 Danlelson also recelves
drainage from the warehouse district” portion of the depot.
Occurrence of the fish kxills in the lake has not been explained.

Based on the results at these surface water bodies, continued
restrictions may provide an adequate short-term alternative to
remediation. Prior to selecting a long-term, effective remedial
action alternatives, the contaminant scurce 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 in Appendix B. The alternatives discussed in the section

include:
. (SW-RAA-1) No Action
. {SW-RAAR-2) Site Analysis and Restrictions -
. (SW-RAA-3) Dredge and Landfill
7.4.1 Remedial Action Alterpative = 1 (SW=-RAA—-1) — 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.

3.4.1.1 [(SW-RAAR-1) Technologies Incorporated - None.

3.4.1.2 SW- — Key Desiqn Assumptiens - None.
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3.4.1.3 SW=- - Short~-Te ffectiveness - Because no action
. is taken, there is no short-term exposure to workers or thae

community from remedial action.

1.4.1.4 - - ong= iveness - 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 = - uction o Lcit t Volume -
There would be no reduction.of toxicity, mebility or volunme of R

S T

wastes under this alternative.

31.4.1.6 (SW-RAA-1) Implementabilitv - There are no implementation |

concerns under this alternative. -

. 3.4.1.7 (SW-RAA-1) Regqulatory Compliance - This alternative would S
not meet regulatory requirements due to exceedances of ARARs in the .
lake and pond sediments. T F

3.4.1.8 [(SW-RAA-1) Overall Protection = The No Action alternative

would provide no overall protection to human health or the

apvironment.

7.4.1.9 (SW-RAA-1) Cost - There would be no cost incurred under

this alternative.
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1.4.2 Bemedial pction Alternative - 2 {SW-RAMR-2) - Site Apalysis
apd Reskxictions

Remedial Action SW-RAA-2, Site Analysis, consist of a_ variety of
-ateps in an effort to control and study the pesticide cantaﬁination :
problem in Lake panielson and the small golf course pond. These
steps includa:

1) 5ite 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 determine the cause of fish kills at the
depot. Should the cause of the fish kills be determined,
additienal remedial alternatives could be implemented.

1.4.2.1 {SW-RAA-2) Technologies Tncorporated - The Site Analysis
alternative does not require specialized technologies tc perform

its objective.

3.4.2.12 {SW-RAA-2) Key Design Assumptjons = Because this
alternative is mostly a data gathering exercise, there are no key

design assumptions.

1.4.2.3 (SW-RAAR-2) Short-Term Effectiveness - Short-term exposure
potential would be most probable during sampling activities. This

exposure potential could be addressed by the use of protective
clothing, wmeoniteoring eguipment and decontamination procedures.
The current access restrictions fer depot employees and golfers

cshould remain in effect to reduce the exposure potential.
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3.4.2.4 {(SW-RAA-2) Long-Texm 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 offefﬂlngfterm

gxposure protection.

21.4.2.5 SH- - e ion_o ici obj e -
Because waste is not treated under this altarnative, there are no
reductions in toxicity or mobility. If contamination is determined
to be caused via storm water runoff into the lake and pond, DDMT
could innate practices to mitigate the source. Once the
contaninant source has been stopped this altaernative could provide
time for natural degradatien of the contaminants to occur.

3.4.2.6 (SW-RAA-2} Implémentability = The Site Analysis

alternative could be readily implemented . using available
information from the depat and standard sampling pratocol.

3.4.2.7 (SW-RAA-2) Regqulatery Compliance = This alternative in

itself would not meet regulatory requirements for the protection
of human health and the environment. Of particular concern are the
fish kills in Lake Danielson. The determination of the contaminant
source will be necessary prier .to the design and implementaticn of
additional remedial action alternatives.

3.4.2.8 (SW-RAA-2) Overall Protection - This alternative does not

offer any means of overall protecticn to human health or the

environment.

3.4.2.9 (SW-RAA=-2} Cgst - Cost of implementing this alternative
is minimal. DDMT has presently implemented site restrictien

measures. A review of available infeormation 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
revensne. characterization. A detailed cost analysis is included in appendix __ ...

B-1.

3.4.13 a (o] ative - SW= - - D a_ a

and

Thie 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. Fellowing collection, the material would
require cff-site‘disposal. Implementation of this alternative
could be used with SW-RAA-2, Site Analysis, to delineate sitae
6 geometry and volumes of contaminated media. Therefore, dus to the

uncertainties associated with this alternative, the following
detailed analysis 1s presented in a general discussion.

3.4.3.1 SW- -3)] Tech ogies corporat - 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 be sent to a landfill, where it may or may not reguire

treatment prior to disposal.

31.4.3.2 W= -3 Ke 8si ssumptlo - Gross volume
calculations give the following results for the volume of
contaminated sediment. Surface water does not require treatment.

8531.83
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Sediments:

Assume Lake Danielson is 6 acres and the Golf course Pond 1 acre:
_ 7 _acres X 43,560 ft’/acre = 304,920 ft

Assumeé 2 feet of contaminated sediments:
304,920 ££2 X 2 ft = 609,840 ft’ = 22,587 cubic yards of

sadiments

It is assumed that the water in the pond will not require treatment
and can be pumped or released to a drainage feature, sanitary sewer

or sterm drainage systen.

3.4.3.2 SW- -3} 8§ t- 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 equipmnent
.' and decontamination procedures. In addition, the site should have
rastricted access to depot employees and unauthorized personnel

during remedial activities.

1.4.3.4 (SW-RAA-3) Long-Term Effectiveness - The dredging and off-

site disposal alternative offers long-term effectiveness for depot
emplocyees and the immediate community. Mcrecver, since the
sediments are remediated to safe levels the site can be eliminated
from future environmental consideration. However, this should not
be implemented until the contaminant source has been identified and

eliminated.

3.4.3.5 W= - eduction of Teoxicit bility and Vo a -
gince wastes are only removed from the site to envircenmentally safe
levels, there is no reduction in toxicity, mobility or volume.

B531.83
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3.4.3.6 W-RAA— eme ility - This alternative can be
readily implemented using standard egquipment and materials.
Remediation can be accomplished using accepted waste handling and

treatment procedures.

*

3.4.3.7 W - Co a - Because the
contaminated sediments/water are disposed of at -anvircnmentally
safe facilities, regulatory acceptance could be cbtained for this

remediation alternative.

4.4.3.8 (SW-RAA-3) Overall) Protection = since wastes are remcved

from the site, there would be overall protection for human health
and the environment. Following remediation, the site could be

removed from further environmental consideration.

-

3.4.3.9 SW- =3 ost = The cost associated with the
implementation of this alternative are based on the estimated
volume calculations given in Section 3.4.3.2, Key Design
Assumptions. As stated previously, additional study is necessary
to fully define the volume of contaninated sediments and therefore
refine costing efforts. Costs have been estimated using available
data and should be used as a rcugh comparison value. These cost
do not include reclamation of areas in the form of a lake/pond, cor
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 SUMMARY
LAKE DANIELSON

SW-RAA-3 Dredge and Off-Site Dispesal
Conponent Cost
capit Cost

{1) Dewatering & Surface Water Diversion $52,140

(2) Dredging of Sedinments 61,175

{3) oOff-Site Disposal 4,291,530

(4) Trucking - _ 1,129,350

I Indirect Capital Costs

(1) Engineering & Design 332,051
Total Capital Costs - $5,866,401

. Ope on and Mainte ce Costs

NHone . o

Total Present Worth 55,866,401

* Detailed cost analysis are presented in Appendix B-2.

. 8531.83 3-16
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4.0 RECOMMENDATIONS

The purpese of this section is to present a recommended course of
action for each of the three areas under consideration. Each area

e — - b

is discussed separately in the folléwing'secticns.

4.1 E GRO H

The contaminated ground water at Dunn Field presents a potential
health risk. The risk is not 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 Dunn
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 will cause eventual downward- migration of the
contaminants. A serious concern that was not addressed in the RI
iz if the western extent of the contaminated plume (currently
undefined) extends to an area not underlain by a significant
confining unit thickness. Prior to any remedial action it is
recommended that the Full extent of the plume be defined. The
confining unit should be investigated in the area of the plume to
determine its continuity and consistency, _Finally, the contaminant
source should he identified and corractive. actions taken to

mitigate further ground-water ceontamination.

Final remedial action recnmméndations concerning the Dunn Field
ground water should be deferred until the extent of contamination
has been determined and treatability studies have been performed
to datermine the most effective technology. However, based on
jnformation to date, the following preliminary recommendations are

made:

#531.83
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A

Define the burial areas in Dunn Field which are the
probable source of ground-water contamination. This
process should include: interviews with pecple who were
actually invelved in the burials,.the use of surface
geophysical surveys to locate the burial sites; and the
comparison of results to define which areas need
remediation.

Install an impervicus cap over the burial areas to limit
ground-water infiltration and thus significantly reduce
the amount of leachate seeping from the burial trenches.

Parform analysis of representative ground-water sanples.

to determine dissolved metals concentrations, suspended
solids, hardness, Biological Oxygen Demand (BOD),

‘chemlecal Oxygen Demand (COD) and silica levels for use

in the design of treatment studies.

Perform treatability studies using the UV/H,0, 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
lavels obtained in the treatability study, dispose
treated water to POTW or to surface water in accordance
with DDMT's NPDES permit.

L :r-e T
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4.2 SURFACE SQ]LS

A total of twelve potantially contaminated surface soil areas were
investigated at DDMT. The sampling was targeted at the most likely
areas of contamination {obvious spills, etc. ) . Highly elevated
levels of contamination were detected in six areas. However, the
sampling was insufficient teo detarmine 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 the estimate of total cost. It also
affects the selection of a remedial technology because some

technologies are nore cost-effective when large quantities are

involvead.

Based on the current understanding of site cenditions and on the
health based clean-up levels calculated in the risk assessment the

following recommendations can be ‘made:

1. Additional investigation should be performed to determine
the extent of contamination both horizontally and with
depth. A field screening method should ke 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
Requlations require soil contaminants to either be
"l,isted" or "Characterized". DDMT reccrds will have to

be searched and compariscns made between the hazardous
material stored/spilled on-site and the contaminants in
the scils. If contaminants can not be tListed" then TCLP
analysis must be performed to nCcharacterize" the

contaminants.

8531.82 4-3
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3. If possible, all areas requiring clean-up should he
approached at one time so that a large gquantity of
contaminated soil is produced. This large gquantity would
allow an on-site technology to be utilized economlcally

4. Treatability studies should be performed to determine the
most affective technology (soil washing or stabili-

zation).
S. If it is necessary to treat localized areas, off-site
disposal and treatment could be considered. Land

Disposal Regulations will be considered an ARAR and these
requlations will have to be complied with. The cost of
this alternative shculd also bae thoroughly reviewed prior

to implementation.

4.3 E ELSO F COURSE POND

Low levels of contamination were detected within the surface waters
of both l.ake Danielson and the golf course pond. Pesticides and
metals were encauntered in the sediments of both bodies of water.
The RI results did nat provide information concerning the cause of
fish kills within Lake Danielson. The most likely hypothesis is
that large rainfalls bring additional contamination from the

drainage basins into both impoundments. This hypothesis is
supperted by the reports that fish kills occur after heavy
rainfalls. Based on these understandings, the following

recommendations are presented:

1. Perform additional surface water sampling of both Lake
Danielson and the golf course pond. The sampling should
be performed after a heavy rainfall, and 1deally after
a fish kill. The water entering the lake from the storm
water system, and the water within the 1lake and pond

B531.83 4=4
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should be sampled. The additional sampling results
. should be comblned with existing results to formulate a
course of action.

2. -If the contaminated water is observed to be entering the
lake, consider elther treatment or diversion of the

water.

3. After the above sgurface water questions have been

‘resolved, consider treatment af the sediment in both

surface water bodies. This could be done by dredging the

lake and disposing of the sediments cff-site. The actual

dredging could alsc be performed by draining the lakes

and excavating with a front-end loader. The introducticn

of agquatic plant life could be considered to reduce

turbidity in the water (l.e., prevent sediments from
-"intermittently mixing with the water).

. 8531.83 4=5
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L JOB No.: 11.8531-01 pace:_1 oF _4
=='T'- E_ LAW ENVIRONMENTAL, INC. JOB NAME: DDMT
@ TS remiemewed o o sns
= CHECKED BY: I_LL DATE__ 4-17-90

e =

BASIS OF CAPITAL COSTS ESTIMATE

COST ITEM RAA-2 COST COMPONENT INSTITUTIONAL CONTROL

Basis: _ MONITORING OF OFF AND ON-SITE WELLS AND REGULATION OF
FLUVIAL AQUIFER USE

(6 CALCULATION/SQURCE:
IN-HOUSE PROJECT FILES

®
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___ JOB No.: 11-8531-01 PAGE:_2 ofF_4
_5,". -é LAW ENVIRONMENTAL, INC. | 10B No.: DDMT
"'=_..j ‘;;'I‘Eﬂ‘;‘:l“"u’ff;":'ﬁﬁf;’ff ﬁan,::{ BY: GPM DATE:__4-12-90
= CHECKED BY: TLR DATE: 447-?& |

ANNUAL OPERATING COSTS ESTIMATE

INSTITUTIONAL CONTROL
SITE: DDMT - DUNN FIELD ALTERNATIVE: RAA-2
COST COMPONENT ESTIMATE ($) BASIS OF ESTIMATE FREQUENCY YEAR/PERIOD
O &M COSTS
1. OPERATING LABQR
a
b.
C.
2. MAINTENANCE
MATERIAL & LABOR ~
a
b.
[+
3. AUXILIARY
MATERIAL & LABOR PER MONITORIN -
« _MONITORING 199,616 COST G QUARTERLY 1-2
b. BREAKDOWN
. ESTIMATE x 4
“A Y PER MONITORII;IG
N 99,808 . COST ANNURL | 3-30
o ESTIMATE x 2
5. ADMINISTRATION
6. INSURANCE, TAXES,
LICENSES
i
b.
C.
7. MAINTENANCE RESERVE
& CONTINGENCY COST
8. OTHER
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JOB No.: 11-8531-01 PAGE:_3 oF_4
=5
= === |LAW ENVIRONMENTAL, INC. JOB NAME: DDMT
- =  aprofessional engineering and
v - X X . RTY
e carth sciences consulting firm BY: GPM DATE:__4-12-90
CHECKED BY: TLR DATE:__ 4-17-90
INSTITUTIONAL CONTROLS
SITE: DDMT - DUNN FIELD ALTERNATIVE: RAA-2
COST/YEAR COST OCCURS (THOUSANDS OF DOLLARS)
COST COMPONENT
ol1 2345|666l 789wl ulizliz]ia] s
1. CAPITAL COSTS /
2. O & MCOSTS 200 | 200 | 200 | 100 .
3. ANNUAL EXPENDITURES, X:
(SUMOF LINES 1 AND 2) 200| 200| 200 | 100
+ mﬂgguogmmﬂu 1.0 | .909] .826 ] .751] .683| .621| .564] .513 | .467 | .424| 386]| 35| 319] .29 | .263| .239
5 (mooucrw(g:kgmssmq 200} 182 165]| 75 | 68 | 62 | S6 )} s1 |47 42 |39 | 35| 32|29 ]| 26| 28
6] 1718 19| 20) 21|22 )23])24 |25 )26 27|28 |29 |30
1. CAPITAL COSTS
2. 0O& MCOSTS 100 w_
3. ANNUAL EXPENDITURES, Xt -L
(SUM OF LINES | AND 2) 100 TOTAL
e —— — e
ANNUAL DISCOUNT RATE= % 18] .198| .180 .164] .149} .135| .123] .112{ .101| .092] .084 | .076 | .069 | .063 | .057 (31000)
5. PRESENT WORTH
(PRODUCT OF LINES 3 AND 4) 221 20| 18] 6] 15| 1412|111} 10 9 8 8 7 6 6 1315

g
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JOB No.. ____11-8531-01 PAGE: 4 _or 4__
JOB NAME: DDMT

BY: GPM DATE: _ 4-11-90
CHECKED BY: TLR paTE:  4-17-90

GROUND-WATER MONITORING COST ESTIMATE

DUNN FIELD (ON AND OFF-SITE)

INSTITUTIONAL CONTROLS RAA-2

(1) TOTAL - 24 GW MONITORING WELLS

(2) WELLS SAMPLED FOR: YOC'S, SEMI-VOLATIES, PEST/PCB's-
DISSOLVED METALS COST EA. §1 5S00/WELL

{3} ANALYSIS 24 WELLS x $1,500/WELL

(4) LABOR - P4 LEVEL 4 PERSONS x 3 DAYS x 10 HRS/DAY x $68/HR

(5) TRAVEL - ROUND TRIP MEMPHIS $475 x 4 PERSONS

(6) AUTO -2 VEHICLES x $55/DAY x 2 DAYS

{7) PER DIEM 4 PERSONS x 3 DAYS x $77/DAY

" (8) MISC. OTHER DIRECT COST

(i.e. TAPE, ICE, BAGS, ACIDS, DECON EQUIPMENT)

REPORT PREPARATION
(9 LABOR P4 24 HRS x $68/HR

P6 (REVIEW) 4 HRS x $107/HR

SUBTOTAL

C3-4 (CLERICAL) 6 HRS x $30/HR

SUBTOTAL

SAMPLE EFFORT TOTAL
PER EVENT

$ 36,000
8,160
1,900 N

220
924

450

$ 47,654
1,632

428
190

$2,250

$49,904
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s

APPENDIX A-2

Detailed Cost Analysis
Ground Water
Remedial Action. Alternative 3
Source Containment
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JOB No.; 11-8531-01 PAGE: _I oOF_S__
JOB NAME: DDMT

BY: GPM DATE: _'%
CHECKED BY: TLR DATE:__ 4-17.90

BASIS OF CAPITAL COSTS ESTIMATE

COST ITEM RAA-}

BASIS:

COST COMPONENT

SOURCE CONTAINMENT

INSTALLATION OF MULTI-LAYER CAP ABOVE BURIAL STTES AND

SEMI-ANNUAL SAMPLING

CALCULATION/SOURCE:
(1) IN-HOUSE PROJECT FILES

(2) REMEDIAL ACTION AT WASTE DISPOSAL SITES

EPA/625/6-85/006
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JOB No.: 11-8531-01 PAGE: 2 OF_S

Z= = LAWENVIRONMENTAL, INC. |08 Nave: DDMT
'= 3 :m-uisdmm :ou.su[mg ﬁan:f BY: GFM DAaTE:  4-12-90

CHECKED BY: TLR DATE:__4-17-90

Cr— A e w—

i BT -

..... e A

SOURCE CONTADNMENT
SITE: DDMT - DUNN FIELD ALTERNATIVE: RAA-3

COST COMPONENT COST ESTIMATE BASIS OF ESTIMATE | YEAR INCURRED

DIRECT CAPITAL COST
1. CONSTRUCTION COSTS . 53,952 SOURCE #'S
« EQUIPMENT 11% 122,618 1&2 1

h LABOR 5% 313,901

c MATERIALS 615
SUBTOTAL 490,471

1 EQUIFMENT COSTS
— INSTALLED
PURCHASED

3. LAND & SITE DEVELOPMENT
v EQUIPMENT
h LABOR
& MATERIALS

SUBTOTAL

4. BUILDINGS & SERVICES
. EQUIPMENT
b LABCH
c MATERIALS

SUBTOTAL

5. RELOCATION COSTS

SUBTOTAL

6. DISPOSAL COSTS

SUBTOTAL

TOTAL DIRECT COST 490,471

INDIRECT CAPITAL COST 6% OF DIRECT
I. ENGINEERING & DESIGN 29,429 COST

1. CONTINGENCY ALLOWANCE

1, OTHER INDIRECT COSTS
v LEGAL FEES
b LICENSEFERMIT COSTS
& START-UP & SHAKE-DOWN

SUBTOTAL

TOTAL INDIRECT COST 19,429

TOTAL CAPITAL COSTS 519,899




191

JOB No.; 11-8531-01 PAGE: 3 _OF_S
£ = LAWENVIRONMENTAL, INC. | soBNo: DDMT
— = aprofessional engincering and .
?—-—? :m'tﬁscianm cansulting firm BY: GPM DATE:  4-12-90
- CHECKEDBY: ____TLR DATE:  4-17-90
T r—

ANNUAL OPERATING COSTS ESTIMATE

T

SOURCE CONTAINMENT
SITE: DDMT - DUNN FIELD ALTERNATIVE: RAA-3
COST COMPONENT - ESTIMATE ($) BASIS OF ESTIMATE FREQUENCY |YEAR/PERIOD
O & M COSTS
1. OPERATING LABOR
L
k.
[ =
2. MAINTENANCE
MATERIAL & LABOR
+ COPO&M 5,000
b-
[+ 5
3. AUXILIARY
MATERIAL & LABOR COST
« MONITORING 99,808 BREAKDOWN SEML 1-30
b. ESTIMATE ANNU

=

4. PURCHASED SERVICES -~
| N
h.

=9

5. ADMINISTRATION

6, INSURANCE. TAXES,
LICENSES

L

b.

&

7. MAINTENANCE RESERVE
& CONTINGENCY COST

8. OTHER
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JOR No.: 11-8531-01 PAGE: 4 OF 5
——
= == LAW ENVIRONMENTAL, INC. JOB NAME: DDMT
= = aprofesional enginesving and
—  ¢3TtH scitnces consulting firm BY: GPM DATE__4.12-90
CHECKED BY: TLR DATE:  4-17-90
SOURCE CONTAINMENT
SITE: DDMT - DUNN FIELD ALTERNATIVE: RAA-3
COST/YEAR COST OCCURS (TROUSANDS OF DOLLARS)
COST COMPONENT
cfjrlzl3alsalsteal7la|low|aufiz]i3|w]|is
|, CAPITAL COSTS 519 '
2 O & M OOSTS 104.8 -
3. ANNUAL EXPENDITURES, Xt '
(SUM OF LINES | AND 2) 519 11048 -
4. DISCOUNT FACTORS
ANNUAL DISCOUNT RATE « 104 | 10 | 9009|2261 .75¢| .683| 621} 564] 513} 467 | .a24| 386] 38 | 3157 29 | 263 209
$. PRESENT WORTH
(PRODUCT OF LINES 3 AND 4 519 | 953 855 | 757 7.6 | 851 [ 59.1 | 53.8 | 489 | 494 | 405 | 36.7| 33,4 | 30.4 | 27.6| 250
81 171 1B W22 2131|2512 |27 28|29 |w0
1. CAPITAL COSTS
2 0 & M COSTS
1. ANNUAL EXPENDITURES, Xt
{SUM OF LINES 1 AND 2) P';oul.
* E,‘;"Sﬂgg'&“mmm 218] .198| .180| .264| 149 ] 235 .113| 112| .101] .092| 084 | 076 | 069 063 | .057 T;‘::Tm“
$. PRESENT WORTH
(PRODUCT OF LINES 3 AND #)
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—_— JOB No.: 11-8531-01 PAGE: 5 _OF 5
5 :E‘_—, LAW ENVIRONMENTAL, INC. JOB NAME: DDMT
@ T e |w__aw o e
- CHECKED BY: TLR paTE: 4-22-90
prvm— — p B

MULTI-LAYER CAP COST ESTIMATE
SOURCE CONTAINMENT RAA-3

{A) CLEANING AND GRUBBING $1198/ACRE x 3.65 $42373

(B) SOIL IMPORT (3.65 ACRES x 435607 x 2ft) : 27" = 11,777 yd*

(1) CLAY $33%/yd’x 11,777 y& 39,306

(2) SAND/GRAVEL $11.44/yc’ x 5,889 yd* (1 FT LAYER) 19,903

(3) LOAM $338/yd’x 11,777 yd® ~ 39,806

| . (C) SOIL PLACEMENT $1.09/yd’ x (11,777 + 5,889 + 11,777) a0
(D) YEGETATION, MULCH & HYDROSEED $1198/ACRE x 3.65 ACRES 4,373

(E) 30 mil PVC LINER 6.331&’ x 158,800 60,344

(F) CAP INSTALLATION (INCL. EARTH WORK) 51.31/ft*x 158,8000¢ 208,028
SUBTOTAL $408,726

+20% LEVEL C 81,745

MULTI-LAYER CAP ESTIMATE $490,471
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APPENDIX A-3

Detailed Cost Analysis
Ground Water

Remedial Action Alternative 4
Pump and Treat
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e JOB No.: 11-8531-01 PAGE: _1 oOF_§ _ |
5 _T_=_. LAW ENVIRONMENTAL, INC. JOB NAME: DDMT
. ?_? ﬂﬂ m ﬁ;‘::( BY: GPM DATE: 4-12-90 :
e CHECKED BY: TLR DATE: 4-17-90) E

BASIS OF CAPITAL COSTS ESTIMATE

COST ITEM RAA-4 COST COMPONENT PUMP AND TREAT

Basis: (1) REMOVAL AND TREATMENT OF CONTAMINATED GROUND WATER BY.

(2) CHEMICAL OXIDATION i
(b) PRECIPITATION / FLOCCULATION "
(Z) QUARTERLY MONITORING

[

. CALCULATION/SOURCE:

(1} GROSS SUBSURFACE ASSUMPTIONS
(2) VENDOR COMMUNICATION




l JOB No.: 11-8531-01 PAGE: _ 2 QF_5
& = LAWENVIRONMENTAL, INC. | o8 NaME: DDMT
= =  aprofessional engineering and
. M cire sciences consulting firm BY: GPM DATE:__412-90
—
— CHECKED BY: TLR DATE:__ 4-17-90
e~y - -
PUMP AND TREAT
SITE: DDMT - DUNN FIELD ALTERNATIVE: RAA-4
COST COMPONENT COST ESTIMATE. BASIS OF ESTIMATE | YEAR INCURRED
DIRECT CAPITAL COST '
1. CONSTRUCTION COSTS 17,050 DETAILED COST
o EQUIPMENT 38,750 BREAKDOWN 1
b LABOR 99,200 $15,500 / WELL
< MATERIALS x 10 WELLS
SUBTOTAL 155,000
INITIAL SET-UFr &
A UIPMENT COSTS
iqi INSTALLED 15,000 5.DAY TRAINING 1
PURCHASED FOR CHEMICAL
OXIDATION SYSTEM
3. LAND & SITE DEVELOPMENT -
& EQUIFMENT =
bk LABOR '
c MATERIALS
. . SUBTOTAL
4. BUILDINGS & SERVICES SETUPFOR
a EQUIPMENT FLOCCULATION/
b Lﬁm PRECIPITATION 1
& MATERIALS SYSTEM FOR METAL
SUBTOTAL 200,000 TREATMENT
- 3. RELOCATION COSTS
) SUBTOTAL -
&, DISPOSAL COSTS
SUBTOTAL
TOTAL DIRECT COST 370,000
INDIRFCT CAPITAL COST 6% OF DIRECT
1. ENGINEERING & DESIGN 22,200 COST
1. CONTINGENCY ALLOWANCE
3. OTHER INDRELCT COSTS
o LEGAL FEES
b LICENSE/MFERMIT OOSTS
c. START-UP & SHAKE DOWN
SUBTOTAL
. TOTAL INDIRECT COST 22,200
TOTAL CAPITAL COSTS 92200
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JOB No.: 11-8531-01 PAGE: _3 OF_S
= = v ENVIRONMENTAL,INC. | 108 x: DDMT
e carthsciences consulting fim BY: GPM DATE__4:12-90
—
o cHECKED BY: ___ TLR DATE:_ 4-17-90
' ' PUMP AND TREAT
SITE: DDMT - DUNN FIELD ALTERNATIVE: RAA.4
COST COMPONENT ESTIMATE. (%} BASIS OF ESTIMATE FREQUENCY YEAR/FPERIOD

Q&EMCOSTS

1. OPERATING LABOR
b.

2. MAINTENANCE

MATERIAL & TABOR

b.

3. AUXILIARY

. MATERIAL & LABOR COST
« MONITORING 199,616 BREAKDOWN |QUARTERLY| 1-10
b. ESTIMATE ‘
.

4. PURCHASED SERVICES J65 DAYS/ YEAR
« CHEMICAL - OX 500 gpm -
b._TREATMENT 2365200  §9.00/1000 GALLONS 1-10
« _METALS FLOCL 99864  [0.38/1000 GALLONS

5. ADMINISTRATION

6. INSURANCE, TAXES,

LICENSES

L
b.
. -

7. MAINTENAMNCE RESERVE

& CONTINGENCY COST
8. OTHER

ANNUAL TOTAL $2,664,680.00
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— JOB No,; 11-8531-01 PAGE: 4 OF §
= 4—= LAWENVIRONMENTAL, INC. JOB NAME: DDMT
= o aprofessiona engincering end
. —  e0rth seiznces consulting firm BY: GPM DATE:_ 4-12-90
—
. CHECKED BY: TLR DATE:_ 4-17-90
PUMP AND TREAT
SITE: DDMT - DUNN FIELD ALTERNATIVE: RAA--
COSTAYEAR COST OCCURS DUSANDS OF DOLLARS
COST COMPONENT ™ )
o |1 bz |ale]ls|slzla{olwlulnlin]ialis
L. CAPITAL COSTS 37 -
1 O & M COSTS 0 {2,668 -
3. ANNUAL EXPENDITURES, Xt
(SUM CF LINES 1 AND Z) o 13,665 =
4. DISCOUNT FACTORS
. ANNUAL DISCOUNTRATE= 10% 1.0 | 209 | 826 |.751 | .683 [.621 | 564 | 513 [ 467 |424 2ss
: mﬁhuzrwt?: LT;'ES 3AND 4) 92 2,4112,101 2,001{1,820|1,655]1,503|1,367[1,245t, 130 2,029

617 w|ww|lao|lza|2|a|l2a]ls|s|zz{s]|»9 |30

1. CAPITAL COSTS

2. O & MODSTS
3. ANNUAL EXPENDITURES, X1
{SULM OF LINES 1 AND 2) TOTAL
PRESENT |
4. DISCOUNT FACTORS WORTH |
ANNDAL DISCOUNT RATE= & 31000
5. PRESENT WORTH
(PRODUCT QF LINES 3 ANT: 4) 16,765
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JOB No.: 11-8531-01 PAGE: 5 oFr §
—
&= == LAW ENVIRONMENTAL, INC. |ioBNAME: DDMT
= = a professional enginzering and
- - . . : GPM » dada
. ——  tdrth scicnces consulting firm .| BY: DATE:__4-4-90
—
CHECKED BY: TLR DATE:__4-17-90
T A E 1"
COST ESTIMATE - 90' RECOVERY WELL (6" DIA.)
PUMP AND TREAT RAA-4
1) MOBILIZATION $ 500
2} MUD-ROTARY DRILLING (10" DLA. BOREHOLFE) 990
SLUFT x 9OFT
1) STANDARD PENETRATION TEST
$ ZUSANPLYE x 1B SAMPLES s
4) TYPE II SCHEDULE 40 P¥C WATER WELL
0- 30FT - S43/FT x 3OFT 1,350
30 - LOOFT - S35/FT x S0FT 2,100
5) STEAM CLEANING
SLMYHR x 4HRS £10
6) WATER HAULING )
. SIMVHR x SHRS T8O
Ty EQUIPMENT CHARGES
. WATER TRUCK PER DAY $30 x 3 DAYS 140
- STEAM CLEANER PER DAY 350 x A DAYS . 150
B PROTECTIVE COVER " x 5' COVER WITH LOCK 180
9 CONCRETE WELL PADS'x 61 8™ 0
10) PER DIEM {3 - MAN CREW) $7UMAN/DAY 1 3 DAYS 648
11) GEOLOGIST - P4 - $60VHR x 24 HRS LA440
PER DIEM 3 DAYS $T2DAY 116
TRAVEL AND CAR — 5
SUBTOTAL $10,445 /PER WELL
SUBMERSIBLE PUMP
1) GROUND MOVER 5755 4% TO 95 gpm (STAINLESS SUBMERSIBLE
PUMP WITH LEADS, MOTOR, PUMP & CONTROL FOR EACH) 31,16
2) OTHER DIRECT COSTS (WIRE, TUBING FOR DISCHARGE, ETC) 500
LABOR GEOLOGIST P'$ S60/HR x 20 HRS (INCL- TRAVEL) 1,200
P1 $45/HR 1 20 HRS (INCL- TRAVEL) 900
PERDIEM 212 DAYS x $72DAY 158
TRAVEL 1 x $470 ROUND TRIP 940
CAR1x 2 DAYSx $55DAY 110 '
= . SUBTOTAL 55,101 /PER PUMP INSTALLATION :
TOTAL WELL INSTALLATION & $15,546 /PER WELL

PUMP INSTALLATION
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APPENDIX B-1

Detailed Cost Analysis
Lake Danielscn
Remedial Action Alternative 2
Site Analysis
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. JOB No.. ____ 11-8531-01 page: 1 oF 2
=-";"_- _TE‘-_ LAW ENVIRONMENTAL, INC. JOB NAME: DDMT
. :-:=E ﬂﬂmﬁ BY: GPM ‘ DATE: 4-16-90
T CHECKED BY: TLR DATE:__4-17-90

BASIS OF CAPITAL COSTS ESTIMATE

cosT COMPONENTOITE ANALYSIS - LAKE DANIELSON

COST [TEM RAA-2

Basis: _PROVIDE RECORD REVIEW OF PESTICTDE APPLICATION HISTORY,
DRAINAGE SYSTEMS, SPILL CONTROL HISTORY AND SITE

CHARACTERIZATION

. CALCULATION/SOURCE:
IN-HOUSE COST ESTIMATE 358,000 {(SEE ATTACHED)
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. JOB No.: ___ 11-8531-01 PAGE: 2__OF 2
;—‘;7- -é LAW ENVIRONMENTAL, INC. JOB NAME: DDMT
. =—._.—§ ﬂﬂm;: BY: GPM DATE:__4-16-90
- CHECKED BY: ___ TLR DATE: 4-130__# )

LAKE DANIELSON (RAA-2) - SITE ANALYSIS

RECORDS AND SYSTEM REVIEW

1) LABOR P4 GEOLOGIST S60/HR x 60 HRS $ 3,600
P6 GEOTECH ENG. $97/HR x 10 HRS 970
2) TRAYEL $475/ROUND TRIP x 2 PERSONS 950
3) PER DIEM ST/DAY x 2 DAYS x 2 PERSONS 308
4) CAR RENTAL £55/DAY x 2 DAYS 110
5) MISC. ODLC'S 180
. TOTAL 36038

LAKE AND POND SAMPLING
1) ANALYSIS $1500 PER SAMPLE x 25 SEDIMENT SAMPLES 537,500
. $1500 PER SAMPLE x 6 WATER SAMPLES 9,000
2) LABOR P3 CHEMIST S40/HR x 24 HRS x 2 PERSONS 1,920
3) REVIEW DATA & REPORT P3 $40/HR x 16 HRS 540
P6 597HR x I HRS 21
4) TRAVEL $475/ROUND TRIP x 2 PERSONS 950
$) PER DEMI $7/DAY x 3 DAYS x 2 PERSONS 462
6) CAR RENTAL $55DAY x 3 DAYS 165

7) MISC. ODC'S

{ACIDS, STRIPPERS, SAFETY EQUIP, GAS, ETC.} sH

TOTAL $51,428
. RAA-2TOTAL  $57,466
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APPENDIX B-2

Detailed Cost Analysis
Laka Danielscn
Remedial Action ﬁ;ternative 3
Dredga}Treétment
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. JOB No.: 11-8531-01 PAGE: 1 oF 6
_'.::,"_'. _é LAW ENVIRONMENTAL, INC, JOB NAME: DDMT
. ’-_j ﬂﬂm ﬁf-:f BY: GPM DATE:__ 4-16-90
— CHECKED BY: TLR DATE__4-17-9)
e S — —

BASIS OF CAPITAL COSTS ESTIMATE

' DREDGE TREATMENT-
COST I[TEM RAA-3 COST COMPONENT LAKE DANIELSON POND

BASIS: _ REMOVAL AND OFF-SITE DISPOSAL OF CONTAMINATED SEDIMENTS

. CALCULATION/SOURCE:

1) REMEDIAL ACTION AT WASTE DISPOSAL SITES EPA/625/6-85/006
2) LAW ENVIRONMENTAL IN-HOUSE FILES
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, JQB No.: 11-8531-01 PAGE: _2 _OF_6
= 2 LAWENVIRONMENTAL, INC. | iop NAME: DDMT
§F T = o profesiona engincering and
. e — ‘ﬂm consulting firm. BY: GPM DATE__ 4-16-90
- CHECKED BY: TLR DATE:__ 4-17-90

CAPITAL COSTS ESTIMATE

SITE: LAKE DANIELSON ALTERNATIVE: RAA-3
COST COMPONENT COST ESTIMATE BASIS OF ESTIMATE | YEAR INCURRED
DIRECT CAPITAL COST

1. CONSTRUCTION COSTS 6,729 DREDGING
¢ EQUIPMENT 15,294 OF 1
S A RIALS 39,152 SEDIMENTS

SUBTOTAL 61,175
1 EQUIPMENT QOS5T3
. INSTALLED
_____ PURCHASED

1. LAND & SITE DEVELOPMENT 5,735 TEMPORARY
s EQUIPMENT 13,035 DEWATERING
b LABOR 33.370 PONDS AND 1
& MATERIALS SURFACE WATER

. ' SUBTOTAL 52,140 DIVERSION

4. BULLDINGS & SERVICES
v EQUIPMENT
b LABOR
& MATERIALS

SUBTOTAL

5. TRUCKING COSTS

SUBTOTAL 1,129350
& DRTOSAL mspggﬂs Ewr %CRA 1
SUBTOTAL 4,291,530 "C" LANDFILL
TOTAL DIRECT COST 5,534,195
INDIRECT CAPITAL COST % OF DIRE
1. ENGINEERING & DESIGN - 334,051 6 lDCIDST cr

L CONTINGENCY ALLOWANCE

1. OTHER INDIRECT COS5TS
L LEGAIL FEES
b, LICENSE/PERMIT COSTS
e START-UP & SHAKE-DOWN

SURTOTAL
. TOTAL INDIRECT COST 332,051
TOTAL CAPITAL COSTS 5,866,246
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o I0B No.: 11-8531-01 PAGE: _3 oOF _6
==': ,-é_ LAW ENVIRONMENTAL, INC. | 0B No: DDMT
| . g ﬂﬁ:ﬁm ﬁ::r BY: GFM DATE:__ 41790
il CHECKED BY: TLR DATE:__4-17-90

ANNUAL OPERATING COSTS ESTIMATE

RAA-3
SITE: LAKE DANIELSON ALTERNATIVE: DREDGING & SOIL WASH
COST COMPONENT ESTIMATE ($) BASIS OF ESTIMATE FREQUENCY |YEAR/FERIOD
Q & M COSTS
1. OPERATING LAROR
L 0

b.

=

2. MAINTENANCE
MATERTAL & LABOR
LR

b,

® -
3. AUXILIARY

MATERIAL & LABOR
. .
b.
&,

4, PURCHASED SERVICES
L
b.

5. ADMINISTRATION

6. [NSURANCE, TAXES,
LICEMNSES

L

b.

c.

1. MAINTENANCE RESERVE
& CONTINGENCY COST

'. 8. OTHER
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- JOB No.: 11-8531-01 PAGE: 4 OF 6
= 2 LAW ElleHOﬂME_NTi&, INC. JOB NAME:
- . [ :m'l.ﬁ..idmczs consulting firm BY: GPM DATE__4-17-90
T CHECKED BY: TLR DATE._ 4-17-9%0
LAKE DANIELSON/ RAA-3
SITE: GOLF COURSE POND ALTERNATIVE: DREDGE AND LANDFILL
COST/YEAR COST OCCURS (THOUSANDS OF DOLLAR
COST COMPONENT (TH o
0 1 i 3 4 5 [ 7 B 9 14 11 12 13 14 15
1. CAPTTAL COSTS 5534
2. O & MOOSTS

3. ANNUAL EXPFENDITURES, X
(3LM OF LINES t AND B

4. DISCOUNT FACTORS 1.0
. ANNUAL DSCOUNT RATE = 10 % v

5. PFRESENT WORTH
(PRODUCT OF LINES 1 AND 4)

16| 17) 18| 19| 20|21 2|23 |24 |25 |26 |27 |28 |29 |30

1. CAPITAL COSTS

1. OAMCOSTS

3. ANNUAL EXPENDITURES, Xt
{3UM OFLINES 1 AND I} TOTAL

FRESENT
4. DISCOUNT FACTORS

WORTH
ANNUAL DISCOUNTRATE= % (SLD0)

5. PRESENT WORTH
(PRODUCT OF LINES 3 AND ¢) 5,534
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- JOB No.: 11-8531-01 PAGE: 3 oF. 0.
5 :E-, LAW ENVIRONMENTAL, INC., JOB NAME: DDMT ‘
. : mﬂmﬁ BY: GPM DATE: __4-17-90
- | CHECKED BY: ___TLR DATE:__4-17-90

[RFEETE——

RAA-3 DREDGE AND OFF-SITE DISPOSAL

DEWATER PONDS
1) PUMPS $1S0WEEK/PUMP x 2 WEEKS x 4 PUMPS $ 1200
2) LABOR $60/HR x 80 HRS x 2 PERSONS 9,600
3) TRAVEL $475/ROUND TRIP x 2 FERSONS 950
4) PER DIEM $77/DAY x 10 DAYS x 2 PERSONS 1,540
5) CAR RENTAL $55/DAY x 2DAYS 550
6) MISC. ODC'S {ie. HOSE, PLUMBING PARTS, TOOLS, PIPING) .. 1,000 '
.’ - SUB TOTAL $14,840
SURFACE WATER DIYERSION
1). GRADING: EXCAVATE, HAUL 2-MILES, SPREAD: $7.46 yd x 5000 yd
{(GRADER WITH FRONT END LOADER; LABOR, MATERIAL & EQUIP) $37300

DREDGING (NO DE-WATFRING/STABILIZATION REOUTREDN

1) DREDGING: CRAWLER - HYDRAULIC CRAWLER, 1 cy CAPACITY
DRY EXCAVATION $2.7/yd’ x 22,587 yd' 61,175

OFF-SIIE DISPOSAL

1) DISPOSAL IN RCRA SUBTITLE C FACILITY WITH NO
ADDITIONAL TMENT @ $190/yd’
$190/yd’ x 22,887

4,291,530

2) TRUCKING @ sso;;a’
$1,129.350

$Sﬂfyd] x 22587y

. RAA-3ITOTAL  $5.534,194
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. JOB No.: ___ 11-853101 PAGE: & oF 6
E’- -é LAW ENVIRONMENTAL, INC. OB NAME: DDMT
. '==-= ‘ﬂ‘f’.ﬁ“m ﬁf BY: GPM DATE:__4-17-90
— CHECKED 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. 1lc.y.=135TONS

. ADJUST TOTAL BY 1.35
DISPOSAL COST $140/TON (1.35) = $190/c.y.

TRUCKING COST $35/TON

X 1,35
$46/c.y.

SAY $50/c.y.
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System Discharge Agreement
City of Memphis
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City of Memphis
Division of Public Works
)
P ' System Discharge Agreement

made by and between the
City of Memphis

and

on
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SEWER USE AGREEMENT

INTENT AND PURPOSE

THE CITY OF MEMPHIS IN ENACTING THE REVISED SFWER USE ORDINARCE
DEEMED IT NECESSARY TO IDENTIFY CERTAIN SIGNIFICANT CONTRIBUTORS TO
THE MUNICIPAL SEWER SYSTEM AND AGREE WITH THESE SIGNIFICANT CONTRIB-

. UTORS ON THE DISCRARGE QUANTITY AND CRARACTERISTICS WHICH WOULD BE
PERMITTED IN THE MUNICIPAL SYSTEM. THE BASIS FOR THE VALUES SHOWN
AND MUTUALLY AGREED UPON IN THE FOLLOWING PAGES ARE PRIMARILY TO
COMPLY NITH THE STATE OF TENNESSEE AND ENVIRONMENTAL PROTECTION
AGENCY REGULATIONS AND TO PRESERVE THE INTEGRITY OF THE PUBLIC QWNED
TREATMENT WORKS.

THE AGREEMENT WEICH IS MUTUALLY REACHED BY THIS DOCUMENT SERVES AS

A FIRY UNDERSTANDING BETWEEN THE USER AND THE CITY FOR A SPECIFIED
PERTIOD OF TIME. THE PARAMETERS WHICH HAVE BEEN IDENTIFIED IN THI3
DOCUMENT REFLECT THE BEST ESTIMATE OF THE USER AS TO THE CHARACTER-
1STICS oF HIS DISCHARGE AND WILL REMAIN IN EFFECT UNTIL MODIFIED BY
AMENDMENTS TO THE DISCHARGE AGREEMENT. THE ALLOWABLE LEVELS FOR EACH
PARAMETER WHICH HAVE BEEN MUTUALLY AGREED UPON ARE DETERMINED BY OME
OF MORE FACTORS. PRIMARY IN THE DETERMINATION IS THE PROTECTION TO
THE INTEGRITY OF TEE FUBLIC OWNED TREATMENT WORKS, ACCORDINGLY, A
TABLE OF GUIDAKCE FOR CRITERIA INFLUENT LEVELS FOR SPECIFIC INCOM-

P o

PATIBLE WASTES HAS BEEN DEVELOPED AND IS PART OF THE 3EWER UlSE QRDI-
NAKCE. THE VALUES IN THIS TABLE WEHE DERIVED CONSIDERING THE WORSE
OF THREE CASES: TOXICITY OR INTERFERENCE TO THE UNIT PROCE3SES IN
THE TREATMENT PLANT, "DASS THROUSH" THE PLANT IN VIOLATION OF EFFLUENT
STANTARDS, OR SIGNIFICANT CONTAMINATION OF THE WASTE SLUDGE TO RENDER
A DROBLEWM. [N MOST CASES, THE PARAMETEAS WERE LIMITED BY THE ANTICI-
PATED "PASS THROUGH" THE PLANT IN VIOLATION CF EFFLUENT STANDARDS.
WHERE THE EFFLUENT STANDARDS DO NOT LIST THGSE INCOMPATIBLE WASTES,
THE MAXIMUM ALLOWABLE LEVEL ENTERING THE PLANT WAS BASED UPON ESTAB-
LISHED TOXICITY DATA FCR THE YARIOUS UNIT PROCESSES IN THE HEMPHI3
PLANTS.
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PERMIT NUMBER
WILLFULL FAILURE OF AN INDUSTRIAL USER TO REPORT SIGNIFICANT CHANGES

IN OPERATIONS WHICH AFFECT WASTEWATER CONSTITUENTS AND CHARACTERISTICS

CAN RESULT IM THE REVOKING CF HIS DISCHARCE AGREEMENT. IF A PUBLIC
_. SEWER BECOMES OBSTRUCTED OR DAMAGED BECAUSE OF ANY SUBSTANCES IMPROPERLY

DISCHARGED INTO IT, 1iF

RESPONSIBLE FOR SUCH DiSCHARGE-SHALL BE BILLEC AND SHALL PAY FOR THE
EXPENSES INCURRED BY THE CITY IN CLEANING QUT, REPAERING, OR REBUILD-
ING THE SEWER.

EACH INDUSTRIAL USER DISCHARGING INCOMPATIBLES IDENTIFIED BY THE
ENVIROKMENTAL PROTECTION AGENCY MUST ALSO PRETREAT TQ THE POINT AS
REQUIRED BY THE EPA. 1IN ADDITION TO THIS, THE STATE OF TENNESSEE

HAS IDENTIFIED CERTAIN ALLOWABLE LEVELS FOR LNCOMPATIBLES ENTERING A
PUBLICLY OWNED TREATMENT WORKS. THE PRETREATMENT VALUES SET BY THE
CITY ARE LISED IN TABLE I OF THE APPROVED SEWER USE ORDINANCE. USERS
WILL PRETREAT QR OTHERWISE MODIFY THEIR DISCHARGE TO THE MUNICIPAL
SYSTEM TO BE COMPATIBLE WITH THE VALUES IN TABLE I CGR THE LATEST EPA
RECULATIONS FOR PRETREATMENT, WHICHEVER IS MORE RIGID AND RESTRICTIVE.

WHEREAS, SECTION 35 1/2 OF THE CODE OF ORDINANCES OF THE CITY OF
‘ . MEMPHIS REQUIRES THAT "DISCHARGERS TO THE MUNICIPAL WASTEWATER TREAT-
WENT FACILITLES DESIGNATED BY THE APPROVING AUTHORITY AS REQUIRING
AGREEMENTS SHALL NOT DEISCRARGE TO THE SYSTEM WITHOUT SAID AGREEMENT™;
AID
WHEREAS, LOCATED AT
DESIRES TO DISCHARGE TC THE MEMPHIS SEWER SYSTEM; AND

WHEREAS, AGREES TO COMPLY WITH ALL REQUIRE-

MENTS SPECIFIED IN SECTION 35 1/2 OF THE CODE OF ORDINANCES AND ANY
REVISIONS THEERECF.
NOW THEREFORE. -

IS GRANTED THE RIGHT TO DISCHARGE THE WASTEWATER OF SUCH CHARACTERISTICS
AND VOLUME AS DESCRIBED IN APPENDIX A INTO THE CLTY OF MEMPHIS SEWER
SYSTEM FEOM TO

CITY OF MEMPHIS NAME OF LNDUSTRY
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PERMIT NUIBER

CITY OF MEMPHIS
APPENDIX "A"

INDUSTRIAL WASTE DISCHARGE AGAEEMENT

1. NAME OF INDUSTRY:
z. ADDRESS :
3. SIC #:
4. REPRESENTATIVE: TITLE: PHONE :
5. PBRIEF DESCRIPTION OF MANUFACTURING OR SERVICE-ACTIVITY QN PREMISES:
&. PRINCIPAL RAW MATERIALS USED:
7. CATALYSTS, INTERMEDIATES:
8. PRINCIPAL PRODUCTS OR SERVICE:
9. HOURS OF OPERATION/DAY: DAYS OF OPERATION/WEEK:
"10. PREBENT NUMBER OF EMPLOYEES:
“NORMAL" NUMBER OF EMPLOYEES:
11. TYFE OF PROCESS: CONTINUOUS: DATCH:
12. 1S THERE A SCHEDULED SKUTDOWN?
WHEN?
13. IS PRODUCTION SEASONAL?
IF YE3, EXPLAIN IKDICATING MONTE(S) OF PEAK PRODUCTION:
14. MLCEW BILLING ADDRESS (IF DIFFERENT FROM ITEM 2):
15. MLGEW ACCOUNT NUMBER (OR NUMBERS):
16, ESTIMATED ANNUAL WATER USAGE: HMILLION GALLONS
17. WATER USAGE BY SOURCE: KUNICIPAL: PRIVATE :
CITY OF MEMPHIS NAME OF INDUSTRY

—
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PEAMIT NUMBER

18, LIST WATER CONSUMPTION IN PLANT

COOLING WATER GALLONS PER DAY

‘{. " BOILER FEED GALLONS PER DAY
PROCESS WATER GALLONS PER DAY

SANITARY SYSTEM GALLONS PER DAY

- CONTAINED IN PRODUCT GALLONS PER DAY

OTHER GALLONS PER DAY

19. LIST AVERAGE VOLUME COF DISCHARGE OR WATER LOSS TO

CITY WASTEWATER 3JEWER GALLONS PER DAY
STONK SEWER GALLONS PER DAY
WASTE HAULER GALLCNS PER DAY
EYAPORATION GALLONS PER DAY
CONTA INED IN PRODUCT GALLONS PER DAY
20. PRETREATMENT? IF S0, DESCRIPFTION OF FACILITIES:
21. ANY BATCH DISCHARGE3Y TYPFE, TIME, VOLUME AND STRENGTH OF FLOW:

i

22. TYPE AND DESCRIPTION OQF METERING AND SAMPLING FACILITIES FQR
SEWAGE DISCHARGE:

23. AREA OF PLANT SITE IN ACRES:

24, LIST PLANT SEWER OUTLETS, SIZE, FLOW (ATTACH AND REFER TO MAR):

25. PERSON OR LABORATGRY AESPOMSIBLE FOR DISCHARGE 3AMPLING AND
ANALYZI3: |

CITY OF MEMPHIS NAME OF INDUSTRY




28,

27,

29.

13 22

PERMIT NMBER

VARIATIONS IN FLIM RATE TO SaNTTARY SEWER? EXFLAIN, IF AlY:

FUTURE FLANS FUR PLANT EXPANSION, WaTER HEASE, INCREASE OR DECREASE
TN DISCHARGE QUANTTTY OR STRENGTH, PRETREMDMENT FACTLITIES, CR
JTHERS: (USE EXTRA SHEETS AS WECESSARY)

IS THEFE A SPTLL PREVENTION CINTROL AND QOIRIER-MEASURE PLAN IN

EFFECT FOR THIS FLANT?
YES - .0

THE DALLY AVERAGE MAXDMM LEVEL IS A MAXIMM AVERAGE FOR A WEEK OF
OPFRATION FUR A YEAR'S DURATION, NEDUCED CPERATION TIMES, FOR EXAMPLE
WEEKEND FEDUCTION IN FRODUCTION, ARE NOT TD EE INCLIUDED,

THE INSTANTANEUUS MAXDMIM LEVEL FOR POLLUTANTS WE CLASSIFY AS
CCMPATTELE IS THE MAXTMUM DATLY AVERAGE CONCENTRATION FOR A YEAR'S
DURATION OF A 2¢ HOUR FERIOD OR DAILY CPERATING PERIOD FOR A FLOW
PROPORTIONATE  SAMPLE QR TF FLOW PROPORTICNATE SAMPLES ARE NOT
ATTATMABLE, THEM A TIME PROPORTIOMATE SAMPLE TURING HIRS OF
OPERATION,

THE INSTANTANECUS MASTMIEd LEVEL FOR POLLUTANTS WE CLASSIFY AS
INXMPATTELE LS THE MAXIMM LEVEL AT ANY POINT IN TIME AXD 1S
DETERMINED BY A GRAB SAMMPLE AT THE TIME OF MAXDMM DISCHARGE OF A
PARAMETER, ALL FRIORTTY POLLUTANTS ARE CONSIDERED AS INCOMPATIHLE,
THE FOLLOWING TARLE (TABLE A-1) SPECIFIES THE DESTRED METHDD OF
SAMPLING FOR [ETERMINING THE TNSTANTANEDUS HAXDMM CDNCENTRATTIN
FOR THE VARIOUS PARAMETERS AND DENDTES WICH PARAMETERS WE OOMSIDER
CCMPATTELE AND WHICH WE COMSITER INCOMPATTELE.

THE MIND4M LIMET FUR FH OF 3,5 AS SFECIFIED IN THE SEWER USE
ORDINAMCE IS AN INSTANIANEDUS MINTMIM OR A "AT NO TIME TO FALL
BELOW" LIMIT AMD IS NOT A DAILY AVERAGE DETERMINED FEOM A
COMPOSTTED SAMPLE.

CITY OF MEMPHIS HAME QF THDUSTRY




@

TABLE A-L

METHAD OF SAMPTE COLIECTION FOR DETERMINATION
OF DETANTANEQUS MAXDMIM LEVEL OCNCENTRATIONS

(1) 24, HOUR FLOW PROPORTIOMATE CTMPOSTIE SAMPLE, OR IF NECESSARY

TIME (OMPOSITE SAMPLE

(2) GRAD SAMPLE
PARAMETER

]

EQBy,

SUSPENDED SOLIDS
SETTLEAELE SOLIDS
TOTAL SOLITS

mgMM-}hYMEEm
150 ¥

311 -MAY NEVER EE EELOW

5.5 -
acn

OIL & GREASE (HYDROCAREGN CRIGIN)

OIL & GREASE { TOTAL)
CYANITES

FESTICIDES

VOLATILE COMPOUNDS
SULFTDES

SULFATES

CHLORITES

COLOR

ToC

RADIGACTIVE MATERIAL
CHLORINE DEMAND
ACIDITY

ALKALINITY

ARSENIC

PHOSPHATE

AMDNLA NTTEOGEN
MERCURY

CROMITM, HEXV,
CHROMIUM TOTAL
CADMIUM

[ R o

TYFE SAMPLE REXRTRED CLASSTFICATION

NNNI"JNNMMMMNMNNI"'MD—'HMNHHHI—'MHHM.—-Nl—"h'l

DPATIRLE
QXPATIRLE
CIMPATIELE
OIMPATIELE
CRPATIELE

INOCMPATTHELE ABOVE 1507 F

2

DICIEATIELE BELOMW 5.5

{OMPATIELE

2

DNCPATIELE ABOVE 100 PEM

COMPATTELE
DNMBATIELE
INCRMPATIELE
TNCOMPATTELE
INOOMPATIELE
OOMPATTELE

OOMEATIELE

OOMPATIELE

OMPATIELE

TNORMPATIELE
DNOMPATTELE,
COMPATTHLE

COMPATTHLE

TNCUMPATIBLE
COMPATTELE

INCOMPATTBLE
DNOMPATIELE
TNXHPATIBLE
INOQMPATTELE
INOCMPATIELE
INCOMPATTELE
TNCOMPATTELE
TNOOMPATTELE
TNXMPATIELE
INOOMPATIRLE
TNYMPATIELE
DOOPATTALE
INCOMPATIELE




29, {contimaed)
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ARE ANY OF THE PRIORITY POLLUTANTS LISTED IN THE FOLLOWLHG TAZLE

(TAHLE A-2) BEING USED AT THIS FACTLITY TN MANUFACTURING OF THE

PRODUCT OR TS A BY=-PRODUCT WHICH MAY BE DISCHARGED?

IF 50, INDICATE

‘BY A OHDCK MARK ~% TABLE A-2 ANY PRIORITY POLLMTANT PRESERT AND

WMOFMEWMPMEMDMNWE
WMMWWMYAWWMMWM

MAXTMM LEVEL TH OOUGCENTRATION ANMD POUND PER DAY DISCHARGED.

5. EENZIDDE

6. &mmﬂﬁﬂﬂﬂ?
{TETRACHLOBROMETHANE

7. CHLORDEENZENE

8. 1,2,4-TRICHLORDBENZENE
9. HEXAGHLOROBENZENE
10. 1,2-DICHLOROETHANE
1l. 1,1,1, TRICHLOROETHANE

13, 1,1,-DICHLOROETHANE
14, 1,1, 2-TRICHLOROETHANE
CTTY OF MEMPHIS

TABLE A-2
DATLY AVERAGE INSTANTANEDUS MAXTHIRS
MAXTMM LEVEL* LEVET,
ma/1 #/day mg/1

ERARRREEE RN

HMAME OF IMNDUSTRY

SRRRREREERRRNE-
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20, (Conclmued) TABLE A-2 (OOWNTIMUED)
@
PRIORTTY DAILY AVERAGE THSTANTANEOUS MaXTMLM
POLLUTANT MAXTMIM TEVEL> LEVEL
o/l #iday e/l #/day

15, 1.1,2,2-TETRACHLORCETHANE
16, CHLORIETHAME

17. BIS{OWORCHETHYL) ETHER
1B, BIS{2-CHLORDETHYL)ETHER

15, 2-CHLORCETHYL VMY
ETHER, {MIXED)

2-CHLORONAPHTHALENE

PARACT OROMETA CRESOL

A
L. 2,4,6-TRIGHLOROFHENC.
2
23

CHLORCFDRM { TRICHLORD-
METHANE)

24, 2=-CHLOROPHEMCL

25, L,2-DICHLORDBENZENE
(. 26, 1,3-DICHIDROBENZENE
P 27. 1,4=-DICHIORDEEMZENE
28. 3, DICILOROBENCIDINE

29. 1,1-DICHLORUETHYLENE

30. 1,2-TRANS-DICHLORDETHY -
LENE

31. 2, 4-DICHLOROPHEMIL
32. 1, 2-DICHLORCPRIPANE

33. 1, 3-DICHLOROPROPYLENE

346, 2, 4-DIMETHYILPHENOL

15. Z.4-DINTTROTOLUENE
o, 2, -DINITROTULIENE

37. 1, 2-DIFEENYLIYURAZINE

CITY OF MEMEYLS MAME OF INDUSTRY
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PERMIT NLIMRER
29, (emcimed) TARLE A-2 (COHTINUELD
‘@ | i BEATE, R oo
me/ L #/day me/l #/day
38. ETHYLBENZENE
39. FLUORANTHENE L
40, 4~CHLOROPHENYL
PHENYL ETHER L
41. &-BROMOPHENYL
PHENYL ETHER . -
42, 8I15(2-CHEOROTSOFROFYL)
ETHER — —
BIS (2-CHIOROETHY)
METHANE _ .
e OIOIORMETHAE) o
45, MEDMYL CHLORIDE
(CHLORCMETHANE ) - -
45, mzm-m;.
47. BROMOFORM (TRIEROMIMETHAE)
48, DICHLORDBRCMIMETHANE L L
. 49. TRICHLOROFLUNR(METHANE o _
$8. DICHLORODIFLUORCMETHANE . o
51. CHUORODIRROMMETHANE L _
$2. HEXACHLOROBUTADIEMNE
53, HEXACHLOROGYCTOPENTADIENE
" 54, ISOPHDROKE
55. HAPHTHALENE
56. NITROEENZENE
57, 2-NITROPHENOL
58. 4-NITRGPHENOL
58. 2,4-DINTTROPHENDL
60. 4,6-DINTTRO-0-CRESOL
6L. N-NTTROSODDMETHYLAMINE
62. N-NITROSCDIPHENYLAMINE
CITY OF MEMPMIS MAME OF INDUSTRY




29.  (contimed)

PRICRITY

POLIUTANT

63, N-NITROSODI-N-
PROPYLAMINE

64, FENTACHLOROPHENCL

653. PHEMOL (4AFF)

66. BIS(2-ETHYLHEXYL})
PHTHALATE

67 BUTYL BENZYL PHTHALATE

68. DI-N-BUTYL PHIHALATE

69, DI-N-CCTYL PHTHALATE

70. DIETHYL FHTMALATE

71. DIMETHYL PHTHALATE

72. BEED(A}ANIHRA%EE (1,2

1. EEEO(MFYR?IE (1.4

T4, 3,4 BENZOFLIORANTHENE.

75. Elsgl\znm)mmcll.

75, QHRYSENE

77. ACENAPHTHYLENE

78.  ANTHRACEME

79. BEENZO(GHT)PFRYLENE(L, 12~
BE:Z0PERYLEME)

B). FLUORENE

8l. PHENANTHRENE

B2. 1l.2,5.&-
DIBENZANTHRACENE
%(1.2.}@)

84. FPYRENE

85. TETRACHLORDETHYLENE

86. TOLUENE

87. TRICHLOROETHYLEMNE

83, VINYL CHLORIIE
{CHLOROETHYLENE)

89. ALDRIN

CTTY OF MEMPHIS

PERLCT M
14—

TABLE A-2 (CONTTHUED]

DATLY AVERAGE INSTANTANEQUS MAXTMM

MAXDHMM LEVEL* LEVEL
mg/1 {#/ day mgsL #/day

HAME OF INDUSTRY




FERMIT MBER ]9 8;“?
-

29, {continued) TABLE A-2 (CONTTMUED)
. PRIORITY DATLY AVERAGE THSTANTANEDUS MAXTMLM
POLLIITANT MAXTMLM LEVEL¥ LEVEL
cmgfl - fday g/l i day
90, DIELLRIN
9L CHLORDAME(TECH, MIXTURE
& METADOLITES)
92  4,4'0OT

91, 4,4'-DDE(P,P'DON)
94, 4'.,A'-TOD (P,.P'-TIE)

95, ALPHA-ENDCSULFAN

96, BETA-ENDOSULFAN

97. BEMDOSULTAN SULTATE

8. ETRI

99, ENDRIN ALDENYTE

100. HEPTACHLOR

101, HEFTACHLOR EPQXIDE
. 102, ALPHA-BHC

102, EETA-BHC

104, GAMMA-BHC (LINDANE)
105. [ELTA-BHC

106. PCB-1242(ARDCHLOR 1242)
107. PCB-1254 (ARDCHIOR 1254)
108, PCB=-1221 (ARDCHLOR 1221)
109. PCB-1232(AROCHLOR 1232)
114. PCB-1248{ARDCHIOR 1248)
111, PCB=-1260{aRDCLOR 1260)
132, PCB-1015 (AROCHLOR 1016)
113, TOXAPHENE

L14, ANTIMIEY (TUTAL)
115, ARSENIC (TOTAL)
116, ASEESTOS (FIRROUS)

. 117. BERYLLIUM (TOTAL)
CITY COF MEMPHIS NAME OF TNDUSTRY

NERRRRRRRRRRRRERNRERE RN




PETT WUEER l 9

29 . {rontinued}
TABLE A-3 (CONTINUED)

- PRIORITY DeILY AVERACE INSTANTAMNEOUS MANTMIM
POLLLUTANT MMM LEVELS LEVEL
el #/day mefl

. 118, CADMTIM (TUTAL,

119. oMM {TOTAL)

120, QOPPER {TOTAL)

121, CYAMIDE (TOTAL)
122. LEAD (TOTAL)
123, MERQIRY {TCTAL)

124, NICKEL (TOTAL)
125, SELENTIM (TOTAL)
126. SOVER (TCTAL)
127, THALLTWM (TOTAL)
128, ZINC (TUTAL)

129, 2.3, 7,B-TETRACHLORDOI-
BENZO-P=DIOKDE (TCOD)

NERRRRRRRRRE

30, CMEMICAL ARALYSIS: + QUANTIFY FOR BOTH DATLY AVERSGE MAXTMUM LEVEL
. AND INSTANTANEOUS MAXTMM LEVEL IN CONCENTRATIING AND POLRDS PER DAY
R THE PARAMETERS THAT ARE SIGNTFICANT IN YOUR WASTEWATER DISCHARGE.

DATLY AVERAGE® TNSTANTANEQUS MAXTMUM
MAXIMM LEVEL LEVFL.
mg/1 fH/ cay e/l Jday
BOD S
D,y —
SETTLEABLE SCLITS -
TOTAL SOLITS -
TEMPERATURE —_—
! —
CITY OF MEMPHIS NAME OF TNDUSTRY




.
PERMIT NUMBER I3 2239

10 continued DAILY AVERAGE=* INSTANTANEQUS HAXIMIR

w. ) WAXIMUM LEVEL LEVEL

g/l g/day

14

alday
cop

OIL & GREASE
{HYDRGCARBON ORIGIN)

OIL & GREASE(TOTAL)

CYANIDES
(OXIDIZABLE)

CYANIDES (TOTAL)
PESTICIDES**
SURFACTANTS
VOLATILE CQMPOLFNDS
SULFIDES

SULFATES

CHLORIDES

COLCR

TAC

. RADIOQACTIVE
; MATERIAL

CHLORINE DEMAND
ACIDITY
ALKALINITY
ARSENIC
PHOSPHATE
AMMONIA NITROGEN
MERCURY
CHROMIUM, HEXV,
CHROMIUM, TOTAL
CADMIUN

ZINC

AR ARA AR R AR A
ERRARRRRRR AR RN

NERRRRRRRRRREERERRRR A

RN RN

PHENOLS

. CITY OF MEMPHES NAME OF INDUSTRY




- OTHER. CARACTERISTICS

1
PERMIT NLMBER 9 3 0
0. conclrmed
DATLY AVERAGE* INSTANTANEOUS HMAXTDMM
"‘. MaXTMM LEVEL LEVEL
maf 1 #day mz/1 {1/ day
BT —_—
NICKEL
COPFER —_—
1RON .
SILVER
BARTUM —

OTHER MATTER

+ PARAMETFRS TO BE THDSE IDENTIFIED BY EPA {AS A MINDMIM) FOR
EACH SIC OOUE

* EASFD ON 24~-HOUR. FLOW PROPORTIONATE COMPOSITE SAMPLE
o IDENTTFY INOGIVIOUAL COMPOUNDS

CITY OF MEMPHIS NAME OF INDXISTRY
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PERMIT HUMBER

—_ . ADDENOUM 1

MONITORING SCHEDULE

CITY OF MEMPHIS NAME OF INDUSTRY
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PERMIT NUMBER

- . - ADDENDIM 11

COMPLIANCE SCHEDULE

CITY OF MEMPHIS " NAME OF TNDUSTRY




PERMIT NUMBER

. . ADDENDUM ITTI

PERMITTED STORMWATER AREAS

LCITY OF MEMPHIS HAME OF INDUSTRY
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