279 0

File: 541.460.000n
C.H.

THE MEMPHIS DEPOT
TENNESSEE

ADMINISTRATIVE RECORD
COVER SHEET

AR File Number 579




579 i File:

C.H. SL ! |i¢;-."'_i f__'l"-}-'.r.i A
i 519
Memphis Depot
Dunn Field

Feasibility Study

Defense Distribution Center (Memphis)
February 2003 — Rev. 1

U.S. Army Engineering
! b and Support Center, Huntsville

LS. Army Engineering and Support Canter, Huntsville
LAY AT Contract Mo. DACAST-54-D-0009
Task Order No, 10




Acronyms and Abbreviations

ARAR
BaP

BCT
BRA
BRAC
BTEX
CERCLA

CFR
COC
COPC
cvocC
DCA
DCE
DCE
DDD
DDE
DDMT
DDT
DLA
DNAPL
EE/CA
ELCR
EPA
°F

FFA
FR

ES

ft

FU
gpm
GRA
HHRA
HI
HRS
HTTD
IC-LTM
w
LDR
LF
ng/kg
ng/L

Applicable or relevant and appropriate requirement
Benzo(a)pyrene

BRAC Cleanup Team

Baseline risk assessment

Base Realignment and Closure

Benzene, toluene, ethyl benzene, and xylenes
Comprehensive Environmental Response, Compensation, and Liability
Act

Code of Federal Regulations

Chemical of concern

Chemical of potential concern

Chlorinated volatile organic compound
Dichloroethane

Dichloroethene

Dichloroethene
Dichlorodiphenyldichloroethane
1,1,1-Dichloro-2,2-bis(4-chlorophenyl)ethylene
Defense Depot Memphis, Tennessee
Dichlorediphenyltrichloroethane

Defense Logistics Agency

Dense non-aqueous phase liquid
Engineering Evaluation/Cost Analysis
Excess lifetime cancer risk

U.S. Environmental Protection Agency
Degrees Fahrenheit

Federal Facilities Agreement

Federal Register

Feasibility Study

Feet

Functional unit

Gallons per minute

General Response Action

Human Health Risk Assessment

Hazard index

Hazard Ranking System

High temperature thermal desorption
Institutional Controls with Long-term Monitoring
Inside worker

Land disposal restriction

Linear feet

Micrograms per kilogram

Micrograms per liter



579 3

MEMPHIS DEPOT DUNN FIELD F5 —~ REV 0 0802

MCL Maximum contaminant level

MCLG Maximum contaminant level goal

MDL Maximum detection limit

mg/kg Milligrams per kilogram

mg/L Milligrams per liter

MNA Monitored natural attenuation

msl y Mean sea level

MW Monitoring well

NaOH Sodium Hydroxide

NAPL Non-aqueous phase liquid

NCP National O1l and Hazardous Substances Pollution Contingency Plan
NPDES National Pollutant Discharge Elimination System
NPL National Priorities List

Oo&M Operation and maintenance

OSHA Occupational Safety and Health Administration
ou Operable unit

ow Outside worker

PAH Polycyclic aromatic hydrocarbon

PRB Permeable Reactive Barrier

PCA Tetrachloroethane

PCB Polychlorinated biphenyl

PCE Tetrachloroethylene

PCP Pentachlorophenol

ppm Parts per million

RAO Remedial action objective

RBC Risk-based concentration

RBCA Risk-based Corrective Action

RCRA Resource Conservation and Recovery Act
RD Remedial design

RE Resident

RGO Remedial goal option

RI/FS Remedial investigation/feasibility study
ROD Record of Decision

SDWA Safe Drinking Water Act

S5 Surface soil

S5VOC Semivolatile organic compound
1,1,2,2-PCA 1,1,2,2-Tetrachloroethane

1,1,2-TCA 1,1,2-Tetracholorethane

TCDD Tetrachlorodibenzo-p-dioxin

TCDF Tetrachlorodibenzofuran

TCE Trichloroethene

TCLP Toxicity characteristic leaching procedure
TDEC Tennessee Department of Environment and Conservation
TDS Total dissolved solids

™ Technical memorandum

TMV Toxicity, mobility, or volume

TSCA Toxic Substances Control Act



379 .

’

MEMPHIS DEPOT DUNN FIELD FS - REV ( 03/02

UIC
usC
vC
vOC
VAY!

Underground injection control
United States Code

Vinyl chloride

Volatile organic compound
Zero-Valent Iron

4

i



579

1.0 Introduction

The Memphis Depot (formerly known as the Defense Distribution Depot Memphis,
Tennessee and referred to in this report as the Depot) is in southeastern Memphis,
Tennessee (Figure 1-1). The Depot originated as a military facility in the early 1940s. Its
initial mission and function was to provide stock control, materiel storage, and maintenance
services for the U.S. Army (Memphis Depot Caretaker, 1998). The Depot was placed in 1995
on the list of Department of Defense (DoD) facilities to be closed under Base Realignment
and Closure (BRAC). Storage and distribution of materiel for all U.S. military services and
some civil agencies continued until the Depot closed in September 1997.

On October 14, 1992, the Depot was placed on the National Priorities List (NPL) by the

U.S. Environmental Protection Agency (EPA), bringing the facility within the Superfund
program. As a result of its status as an NPL site, the Depot entered into a Federal Facilities
Agreement (FFA) on March 6, 1995. The signatories to that agreement, the Defense Logistics
Agency (DLA), EPA, and the Tennessee Department of Environment and Conservation
(TDEC), agreed that investhigating and remediating all applicable sites at the Depot would
proceed under the Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA), i.e., Remedial Investigation/Feasibility Study (RI/ FS), proposed plan,
Record of Decision (ROD), Remedial Design (RD), and Remedial Action (RA).

As part of the Depot’s envirorunental cleanup program, an RI/FS is being conducted at
Dunn Field. Surface and subsurface soil, sediment, intermittent surface water, and
groundwater were investigated at Dunn Field, which is located adjacent to and north of the
Depot's Marn Installation (MI). The RI/FS process at Dunn Field will provide sufficient
information regarding the environmental impacts from former hazardous materials disposal
activities to identify appropriate cleanup alternatives.

1.1 Purpose of This Feasibility Study

This FS represents an important step in the evaluation of a CERCLA site and selection of a
remedial action. To put this report in context, the following describes the CERCLA process
used to evaluate the Depot and to select a remedy to resolve environmental contamination.

» Since 1995, a series of investigations have been conducted at Dunn Field to obtain
samples of surface and subsurface soil, sediment, groundwater, and intermittent surface
water to assess the nature of contamination that exists at Dunn Field, and to define the
horizontal and vertical extent of contamination in each medium. The Remedial
Investigation (RI) report (CH2M HILL, July 2002) summarizes and interprets the results
of the investigations at Dunn Field.

¢ As part of the RI, a Baseline Risk Assessment (BRA) was prepared to assess the
potential risks to human health and the environment represented by contaminants at the
site. The BRA incorporates conservative assumptions regarding exposure of affected
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individuals under various land use scenarios. The findings of the BRA are included in
the RI report.

» This Feasibility Study (FS) develops and presents a range of remedial alternatives to
address the contaminants identified in the RI and evaluates the probable performance of
each alternative in comparison to a set of criteria established by the EPA. This FS is
intended to present an unbiased and non-judgmental evaluation of the candidate
remedial alternatives. In some cases, additional environmental data are collected or
reassessed during the preparation of the FS in order to understand the applicability of a
particular remedial technology, or to identify a better way to remediate a particular area
of contamination.

* Following publication of the FS, the cognizant regulatory (EPA and TDEC) and lead
agencies for the Depot (DLA) will evaluate the remedies presented in the FS. A
Proposed Plan will then be prepared documenting the remedy(ies) proposed by those
agencies and the rationale for the selection of the proposed remedy(ies). The Proposed
Plan may “pick and choose” among the evaluated alternatives for various locations and
media at Dunn Field. The Proposed Plan will be presented to the City of Memphis
community and the public, who will be offered the opportunity to comment on the
proposed remedy(ies).

e After public comments on the proposed remedy(ies) from the Proposed Plan are
received, regulatory and lead agencies will take all comments into consideration, re-
evaluate their selection of the proposed remedy(ies) for Dunn Field, and publish a
Record of Decision (ROD) documenting the final remedy(ies) selected for Dunn Field.
The Responsiveness Summary of the ROD includes all the public comments, as well as
responses to each. The remedy(ies) documented in the ROD will then be implemented at
Dunn Field through the RD and RA phases.

To facilitate the investigation of this relatively large and complex site, the Depot was
divided into two areas: the Main Installation (MI) and Dunn Field. The MI RI/FS has been
conducted and the final reports are part of the Administrative Record. The results are
discussed in the Memphis Depot Main Installation Remedial Investigation Report (CH2M HILL,
January 2000), Memphis Depot Main Installation Groundwater Feasibility Study Report

(CH2M HILL, July 2000), and Memphis Depot Main [nstallation Soil Feasibility Study Report
(CH2M HILL, July 2000). The Memphis Depot Main Installation Proposed Plan (CH2M HILL,

" July 2000) was presented to the public in August 2000 and the Memphis Depot Main
Installation Record of Decision (CH2M HILL, September 2001) was completed and signed by
DLA and TDEC in February 2001, EPA signed the MI ROD in September 2001. The Memphis
Depot Main Installation Remedial Design Workplan (CH2M HILL, July 2002) has been
approved by EPA and TDEC, and the RD is currently underway at the ML

Dunn Field is a 64-acre rectangular area that joins the MI on the north, across Dunn Avenue,
and has been designated Operable Unit (OU) 1. This Dunn Field Feasibility Study presents a
range of remedial alternatives to address the nature and extent of contamination, and the
risk present by the identified contaminants in the RI, This FS focuses on the Dunn Field area
of the Depot. The report was prepared in accordance with published guidance for
conducting an FS under CERCLA (EPA, 1988).
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1.2 Report Organization

The FS report develops and evaluates a list of remedial action alternatives that could be
implemented for soil and groundwater beneath the Dunn Field portion of the Depot.

This report contains eight sections and appendices. Since this FS addresses two matrices
(soil and groundwater} under complex conditions, the detailed analysis was divided into
three sections. The report is organized as follows:

*

Section 1 provides the purpose and scope of the document, background information
about the Dunn Field, a summary of the nature and extent of contamination, fate and
transport, the baseline risk assessment, and justification for use of a presumptive
remedy at the site.

Section 2 presents the remedial action objectives (RAOs) for soil and groundwater,
defines general response actions (GRAs), and describes the technologies that may be
apphcable to remediate soil and groundwater.

Section 3 combines applicable technologies into alternatives, and then evaluates and
screens the alternatives according to the criteria of effechveness, implementability, and
cost.

Section 4 presents the approach for the detailed analysis process for alternatives that
passed the screening steps in Section 3.

Section 5 presents a detailed analysis of the merits of the disposal sites alternatives that
passed the screening steps in Section 3.

Section 6 presents a detailed analysis of the merits of the presumptive remedy for VOC-
contaminated soil.

Section 7 presents a detailed analysis of the merits of the groundwater alternatives that
passed the screening steps in Section 3.

Section 8 provides the references cited.

Appendix A presents technical information from the Dunn Field RI Report (CH2M
HILL, July 2002).

Appendix B presents the EPA report documenting the results of an FS analysis for
subsurface soils contaminated with VOCs. This report justifies the use of SVE as the
presumptive remedy.

Appendix C presents the Soil Vapor Extraction (SVE) Treatability Study Technical
Memorandum.

Appendix D presents cost estimates for remedial actions.
Appendix E presents contaminant mass calculations for VOCs in soils.

Appendix F presents piping and instrumentation diagram (P&ID) drawings for the SVE
treatment system.

SECTION 1 (REV 1) DOC 13
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1.3 Site Background and History
1.31 Facility Description

The Depot, located in Memphis, Tennessee (Figure 1-1), consists of approximately 642 acres
and includes the MI, which includes open storage areas, warehouses, military family
housing, and outdoor recreational areas, and Dunn Field, which includes former mineral
storage and former waste disposal areas. The major features of the Depot are shown in
Figure 1-2. The Depot lies approximately 5 miles east of the Mississippi River and just
northeast of the Interstate 240-Interstate 55 junction in the south-central portion of
Memphis, approximately 4 miles southeast of the central business district and one mile
northwest of Memphis International Airport (Figure 1-1). Airways Boulevard borders the
MI portion of the Depot on the east and provides primary access to the MI. Dunn Avenue,
Ball Road, and Perry Road serve as the northern, southern, and western boundaries of the
MI, respectively.

Dunn Field, comprising 64 acres of undeveloped land, is immediately adjacent, across Dunn
Avenue, to the north-northwest portion of the MIL. Dunn Field is bounded by the Illinois
Central Gulf Railroad and Person Avenue to the north, Hays Road to the east, and Dunn
Avenue to the south. Dunn Field is partially bounded to the west by: (1} Kyle Street; (2)
Memphis Light Gas and Water (MLGW) powerline corridor (which bisects Dunn Field); (3)
undeveloped property; and (4) a commercial trucking facility (Figure 1-2).

For purposes of the completing the RI and BRA, Dunn Field was divided into three separate
areas: Northeast Open Area, Disposal Area, and Stockpile Area (Figure 1-3). The original
field sampling plans (FSPs) for the Dunn Field RI outlined the investigation of each specific
site but, after review of geophysical survey and soil gas survey data, delineation of each site
for a focussed investigation was deemed not practicable from the perspective of cost
effective project management (Final Field Sampling Plan for OU 1 Addendum [I], CH2M HILL,
March 1999). The geophysical investigation and passive soil gas survey indicated that soil
contamination and disposed items within Dunn Field did not, in all cases, correspond to
boundaries of known or suspected burial sites. Over much of Dunn Field, the Final FSP
Addendum for OU1 shifted the field investigation from the site-specific basis of the original
FSPs to an approach that consolidated individual sites into areas of similar contamination.
These areas are defined below and summarized in Table 1-1.

¢ Northeast Open Area - The Northeast Open Area (approximately 20 acres) consists of
the grassy area with a number of interspersed mature trees in the northeast quadrant of
Dunn Field containing Areas G and H identified in the OU 1 FSP Addendum [I] (see
Figure 1-5). Table 1-2 describes the seven sites located within the Northeast Open Area.
The Memphis Depot Redevelopment Plan (The Pathfinders, et al., 1997) 1dentified this area
as future public open space for recreational purposes.

¢ Disposal Area - The Disposal Area (approximately 14 acres) consists of the pits and
trenches in the northwestern quadrant of Dunn Field, and corresponds to Areas A
through F identified in the QU 1 FSP Addendum [I] (see Figure 1-6). This area
encompasses 25 sites, described in Table 1-2. Historical information concerning the
location of the disposal sites is included in Dunn Field RI Report (CH2M, July 2002).
The anticipated land use within this area is light industrial (The Pathfinders, et al., 1997).
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» Stockpile Area - The Stockpile Area (approximately 30 acres) encompasses the former
bauxite and fluorspar storage and burial areas in the eastern and southwestern portions
of Dunn Field (see Figure 1-7). Table 1-2 describes sites located in this area. The
anticipated land use within this area is also light industrial (The Pathfinders, et al., 1997).

Most of the Dunn Field surface is unpaved. Specifically, about two-thirds of the area is
grassed, and the remaining area is covered with crushed rock and paved surfaces. Dunn
Field was used for bulk mineral storage (bauxite and fluorspar) and waste disposal. Based
on information obtained from Depot records and interviews with former Depot military
personnel, ordnance and explosives (OE) and chemical warfare materiel (CWM) disposal
occurred at Dunn Field, in addition to the hazardous and nonhazardous material disposal.
OE and CWM disposal generally consisted of detonating or burning of such waste
materials. A CWM removal action was conducted in 2000 and 2001.

1.3.2 Site History

The Depot originated in the early 1940s, Its initial mission was to provide stock control,
storage, and maintenance services for the Army Engineer, Chemical, and Quartermaster
Corps (Memphis Depot Caretaker, 1998). During World War II, the facility served as an
internment center for 800 prisoners of war and performed supply missions for the Signal
and Ordnance Corps. From 1963 until closure in September 1997, the facility served as a
major field installation for the DLA for shipping and receiving a variety of materials {U.S.
Army Toxic and Hazardous Materials Agency [USATHAMA), 1982).

The Depot received, warehoused, and distributed supplies common to all U.S. military
services and some civil agencies located primarily in the southeastern United States, Puerto
Rico, and Panama. Stocked items included food, clothing, electronic equipment, petroleum
products, construction materials, and industrial, medical, and general supplies.
Approximately 4 million line items were received and shipped by the Depot annually; total
shipments amounted to about 107,000 tons of goods per year. In-stock inventory at the
facility was worth more than $1 billion. The Depot employed approximately 1,486 civilians
and 9 military personnel; its annual payroll was $41 million (Law Environmental, 1990a).
The Depot was officially activated on January 26, 1942, as the Memphis General Depot.
Since that time, the Depot mission and function has been related to the receipt, storage, and
distribution of various commodities to the Armed Forces and civilian agencies, when
required (USATHAMA, 1982).

Disposal activities at Dunn Field began in July 1946 when 29 mustard-filled German bomb
casings were destroyed and buried (Sites 24-A and 24-B). Three railcars were identified as
containing leaking munitions and were transferred to the Memphis General Depot for
proper handhng. A total of twenty-four 500-kilogram (kg) and five 250-kg bombs were
destroyed (USACE, 1995). After draining and destruction operations were completed, all
mustard-contaminated items (wood, clothing, etc.) were placed into the slurry pit and
burned.

During the early to mid-1950s, Chemical Agent Identification Sets (CAIS) were allegedly
disposed of and buried at Dunn Field at Site 1 in the Disposal Area portion of Dunn Field.
The CAIS allegedly contained small glass ampoules of diluted mustard, lewisite (a vesicant
chemical agent), chloropicrin, and phosgene, which were stored in sealed cylindrical metal
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containers (PIGS). CAIS stocks found to be leaking or broken during periodic inspection
were reportedly buried at Dunn Field (USATHAMA, 1982). The damaged CAIS may have
been broken up and neutralized with chlorinated lime; however, reports indicate that on at
least five or six occasions the sets were placed into the pits intact (USACE, 1995).

The CWM disposal pits were located in the Disposal Area section of Dunn Field and the
Stockpile Area portions of Dunn Field (Sites 24-A, and 24-B). According to information
provided by USATHAMA (1982) and USACE (1995b), the remains of destroyed (burned or
detonated) explosive ordnance (OE) were also buried in pits in the Disposal and Stockpile
Areas . Reports indicate that the OE consisted of a 3.2-inch mortar round, smoke pots,
chloroacetophenone (CN} canisters, and hand grenades (smoke) and "souvenir ordnance".
A summary of the potential OE at Dunn Field is included as Appendix A-1. Section 1.3.4
presents additional information on the CWM removal action at Dunn Field.

In addition to that described above, other chemicals associated with the use of chemical
agents such as Decontaminating Agent Non-Corrosive (DANC) were buried in Dunn Field.
The decontaminant DANC disposed of at Dunn Field is an organic N-chloroamide
compound 1n solution with 1,1,2,2-tetrachloroethane (1,1,2,2-PCA). DANC typically
contained 90 percent to 95 percent 1,1,2,2-PCA (also known as acetylene tetrachloride}. The
Archives Search Report (USACE, 1995) indicates the “1947 burial of 32,636 lbs [pounds] of
acetylene tetrachloride” at Dunn Field. A mixture similar to DANC formulations (5-210
suspension formulation) contained tetrachloroethene (or perchloroethylene, PCE). Use and
disposal of unknown quantities of chlorinated lime, super tropical bleach {STB) and calcium
hypochlorite (HTH) is documented at Dunn Field. Food stocks, paints/thinners,
petroleum/oil/lubricants (POL), acids, herbicides, mixed chemicals, and medical waste
were also reportedly destroyed or buried in pits and trenches at Dunn Field {(USACE, 1995).
These are the sources for the chlorinated volatile organic compounds (CVOCs) (solvents and
their degradation products) found in the soil and groundwater in and beneath Dunn Field.
The most frequently detected CVOCs include 1,1,2,2-PCA, trichloroethane (TCA), PCE,
trichloroethene (TCE), several dichlorothenes (DCE), vinyl chloride, carbon tetrachloride
and chloroform. Table 1-2 lists the sites at Dunn Field (OU-1), including the disposal sites.

133 Regulatory History

The Depot was issued a Resource Conservation and Recovery Act (RCRA) Part B permit
{(No. TN4 210-020-570) by EPA Region 4 and the TDEC on September 28, 1990.
Subsequently, 1n accordance with Section 120(d)(2) of CERCLA, Title 42, Section 9620(d)(2)
of CERCLA, and Title 42, Section 9620(d) (2) of the United States Code (USC), EPA prepared
a final Hazard Ranking System (HRS) Scoring Package for the facility. Based on the final
HRS score of 58.06, EPA added the Depot to the NPL by publication in the Federal Register
(FR), 57 FR 47180 No. 199, on October 14, 1992.

As noted above, the Depot entered into a FFA on March 6, 1995. The signatories to that
agreement, DLA, EPA, and TDEC, agreed that investigating all applicable sites would
proceed under the CERCLA process for remediation.

In July 1995, the Depot was also placed on the BRAC list, indicating that the facility was to
be closed and converted to potentially different ownership and uses. The BRAC Cleanup
Team (BCT) was developed to implement BRAC requirements, which include identifying
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methods for expeditious property transfer and reuse. The BCT is comprised of a
representative from EPA, TDEC and DLA (referred to as the BRAC Environmental
Coordinator [BEC]). Therefore, in addition to meeting CERCLA requirements,
environmental restoration at the facility must also comply with specific requirements for
property transfer in accordance with Public Law 501-510 under Title XXIX, enacted in 1990.

1.34 Completed or Planned Remedial Actions

1.3.4.1 Interim Groundwater Remediat Action

In August 1995, an Interim Remedial Action (IRA) ROD was submitted for a groundwater
removal action at Dunn Field (CH2M HILL, January 1996). The interim ROD provided the
basis of design for the components associated with the IRA for Dunn Field. The interim
ROD was finalized in January 1996 and was signed in April 1996. As presented in the
document, the Dunn Field interim ROD remedial action objectives are “to incrementally
remove contamination from the Fluvial Aquifer, to decrease risk by mitigating the spread of
contamination towards the Allen Well field, and to create a hydraulic barner to prevent
contamination in the Fluvial Aquifer at Dunn Field from reaching the Allen Well Field.”
Contaminants identified as those of potential concern include VOCs and metals. The IRA
was not intended as a permanent solution; however, it was intended to be compatible with
the final remedy.

The final design for this IRA was completed by CH2M HILL in August 1997, and included
the installation of seven groundwater extraction wells (RW-3 through RW-9), one pre-cast
concrete building, an underground conveyance system, flow measurement and control
systems, and associated civil, electrical, and instrumentation/controls work. The extraction
system was constructed by OHM/ International Technology (IT), under contract with
USACE-Mobile District, from January 1998 through October 1998. The interim groundwater
extraction system began operation in November 1998 and continues to operate as of the date
of this report.

An updated final design of the groundwater interim remedial action was completed in
January 2000 (CH2M HILL, January 2000), which included the addition of four extraction
wells and associated electrical, mechanical, and instrumentation/controls components.

Four new recovery wells (RW-1, RW-1A, RW-1B, and RW-2) were installed south of
recovery well RW-03 by OHM/IT in late 1999 and early 2000. These wells were added due
to the groundwater contamination detected in the southern portion of the Disposal Area
and the northwest portion of the Stockpile Area. The expanded groundwater extraction
system was constructed by Jacobs Engineering Group (Jacobs), under contract with USACE-
Mobile District, from September 2000 through February 2001. The new extraction wells were
brought on-line in the first quarter of 2001 and were fully functioning in June 2001.

Operation and maintenance (O&M) activities have been conducted since the system went
online. The original O&M Plan (CH2M HILL, May 1998) for the groundwater extraction
system outlined activities that would allow evaluation of the groundwater extraction system
performance. The plan was amended in 1999, again in 2000, and a third time in August 2001.
The performance activities that are conducted now (2002) include semi-annual sampling of
groundwater at 26 specific monitoring wells and 11 recovery wells. Other activities are also
included as part of the O&M of the system. For example, water levels are routinely
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measured on a biweekly basis from 53 monitoring wells on and surrounding Dunn Field
and in another 17 wells on a monthly basis. In addition, total system effluent samples are
collected (monthly from startup through 2000, and quarterly for 2001 and 2002) from the
conveyance system for analyses prior to discharge to the City of Memphis POTW, per the
Industrial Discharge Agreement between the Memphis Depot and the City of Memphis.

From system startup in 1998 through June 30, 2002, the system has pumped approximately
121,573,000 gallons of groundwater from the fluvial aquifer beneath Dunn Field and
discharged to the POTW. Through June 30, 2002, an estimated total of 365 pounds of VOCs
have been removed (Jacobs, July 2002).

As discussed in Section 14.5.3 of the Dunn Field RI Report (CH2M HILL, July 2002), the
potentiometric surface of the fluvial aquifer in the area of the recovery wells suggest that
groundwater is captured in the immediate vicinity of each recovery well. Recovery wells
were installed at intervals, which would create a hydraulic barrier against contaminant
migration offsite. Capture zones are not completely connected between RW-01 to RW-1A,
RW-02 to RW-03, RW-03 to RW-04, RW-04 to RW-05, and RW-06 to RW-07; therefore, areas
between these recovery wells could allow contaminates to pass through the recovery
system.

According to the 1996 Interim ROD document, the principal goals of the IRA are to
incrementally remove contaminants from the fluvial aquifer, to decrease risk by mitigating
the spread of constituents toward the Allen Well Field, and to create a hydraulic barrier to
prevent contamination in the fluvial aquifer at Dunn Field from reaching the Allen Well
Field (approximately one-half mile west of Dunn Field). The document added that:
"Although the IRA is not anticipated to achieve compliance with MCLs, it 1s consistent with
the objective to protect the Memphis Sand Aquifer. Long-term operation of a groundwater
removal system will help to achieve MCLs by incrementally removing contaminants.,”

The Five Year Review for Dunn Field (CH2M HILL, January 2003), which was triggered by
the actual start of construction of the IRA in January 1998, concludes that while over 300
pounds of VOCs have been removed from groundwater by the IRA from 1998 to 2002, the
extraction system does not provide complete control over groundwater flow and the spread
of contaminant constituents in the fluvial aquifer from the western perimeter of Dunn Field.
As a result contaminant levels have been increasing in a few monitoring wells
downgradient and offsite of Dunn Field. Since the extraction system has not completely
contained the spread of contaminants toward the Allen Well Field, the remedy does not
fully satisfy the principal IRA goals. The only goal that is being met by the remedy is
incremental removal of contaminants. However, because there is no current use of, nor plan
to uge, the shallow groundwater as a drinking water supply, and because local ordinances
restrict installation of private wells, the IRA is considered protective 1n the short term.

It should be noted that Phase I and II of the interim groundwater remedy were implemented
at Dunn Field from 1998 through 2001. The remedial investigation was completed in 2001
and the RI report was finalized in July 2002. Delineation of the western extent of the
groundwater contamination in the fluvial aquifer was completed in 2001. Phase III of the
interim remedy (offsite recovery wells) was not implemented. Based on new information
developed subsequent to the 1996 ROD, both from the RI and from implementation of the
1996 Interim ROD, DLA, EPA, and TDEC agree that the offsite groundwater plume in the
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fluvial aquifer will be addressed in the final Proposed Plan and Record of Decision for Dunn
Field in 2003. An explanation of significant differences to explain how the 1996 ROD was
implemented in phases, and why it was not fully implemented, will be integrated into the
final ROD. A fully protective remedy for all media will be selected in the final ROD for
Dunn Field, which is expected to be completed and executed before the end of 2003.

1.34.2 CWM Removal Action

An Engineering Evaluation/Cost Analysis (EE/CA) was performed by Parsons Engineering
Science (Parsons), under contract with USAESCH, in June 1999 to: (1) assess whether CWM
contamination was migrating from the CWM disposal pits at Dunn Field; (2) analyze risk
management alternatives; and (3) recommend feasible CWM remedial alternatives for
contaminants found to be present.

A non-intrusive geophysical investigation was performed on the western half of Dunn Field
between February and July 1998. The objective of the geophysical investigation was to
delineate the former disposal pits/trenches so that they may be avoided during intrusive
activities. Samples of soil and groundwater were then collected. No CWM-related
compounds were detected in the background samples. Forty-three (43) soil samples and six
groundwater samples were collected for CWM site characterization purposes. Most of the
soil samples were obtained in the 0- to 15-foot depth interval of each boring. Three OE
related compounds (2,4,6-trinitrotoluene, HMX and RDX) were detected or estimated in site
surface soil samples. Two OE related compounds (2,4,6-trinitrotoluene and RDX) were
detected or estimated in subsurface so1l samples. Several metals were detected in both
surface and subsurface samples. Based on the analytical results from the samples, no
migration of CWM or breakdown products from the pits or trenches has occurred.

As part of the EE/CA document, a streamlined risk evaluation was conducted for the areas
directly adjacent to suspected CWM burial pits, and included a human health risk
assessment (HHRA) and an ecological preliminary risk evaluation. Potential exposure of
both current and future human receptors to groundwater and soil at Dunn Field was
evaluated in the HHRA. Chemicals of concern {(COCs) identified from the HHRA included
lead in surface soil; lead, chromium, and iron in mixed surface and subsurface soil (0 to 11
feet); and nitrobenzene, aluminum, iron, and manganese in groundwater. Based on the risk
analysis and the fact that these COCs are not CWM-related, none were identified as COCs to
be remediated at Dunn Field. Therefore, adverse effects to current and future human
receptors resulting from exposure to site media are not expected to occur in the areas
directly adjacent to the suspected CWM burial pits at the Dunn Field.

An ecological site characterization and soil screening were conducted at Dunn Freld.
Constituents in surface soil and mixed surface and subsurface soil exceeded existing
regulatory criteria in some cases. According to the ecological site characterization, it is
highly unlikely that wildlife populations would be sustained at Dunn Field or in the
surrounding area. No significant impacts to ecological populations are expected from CWM
or CWM breakdown products in the areas surrounding the trenches and pits associated
with CWM at Dunn Field.

Although samples were not collected directly beneath or within the suspected CWM burial
trenches/ pits, the assumption was made that CWM may be present in these areas and, if so,
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would be toxic to human and ecological receptors. Based on current and anticipated future
uses at the site, further assumptions were made that the wastes will result in an
unacceptable risk if left in place and that removal actions are necessary to reduce or
eliminate the potential CWM risk. Four alternatives were evaluated:

1. Noaction
2. Institutional controls

3. Capping

4. Excavation and removal of CWM

The selected alternative for the three 1dentified areas of concern at Dunn Field was
Alternative 4, excavation and removal of CWM.

UXB International, under contract with USAESCH, conducted remedial measures from mid-
2000 to mid-2001 at Sites 1, 24-A, and 24-B to reduce or eliminate the potential CWM risk
posed by these wastes. The CWM remedial actions at these sites are documented in the Final
Chemical Warfare Materiel Investigation/Removal Action Report, dated December 2001, prepared
by UXB International, Inc. The conclusions from this report are as follows:

o Site 1 - This site was suspected of containing CAIS containing small quantities of
diluted agent and is located in the Disposal Area of Dunn Field. Historical documents
suggested the CAIS might have been placed in PIGS (metal containment vessels
exclusively used for CWM). Beginning in May 2000, the entire target area was
excavated, but neither CAIS nor PIGS were recovered. However, 24 jars labeled as “HS”
(sulfur mustard) were recovered, but they were tested to be free of CWM. No CWM or
CWM contaminated soil was found within the investigation area of Site 1. In August
2000, the removal action was complete at Site 1.

o Site 24-A -This site is the confirmed burial location for 29 bomb casings that were used
to transport mustard agent from Germany to the U.S. after World War Il and is located
in the Disposal Area of Dunn Field. The bomb casings were buried at this location after
being drained into a neutralization pit. Beginning in August 2000, all 29 bomb casings
were recovered at this site. No mustard or other CWM was discovered at this site;
however, 900 cubic yards of soil contaminated with mustard degradation by-products
were transported and disposed offsite. In November 2000, the removal action was
complete at this site.

e Site 24-B -This site is the confirmed location of the neutralization pit for the contents of
the 29 bomb casings and is located in the Stockpile Area of Dunn Field. Beginning in
November 2000, 19 cubic yards of mustard contaminated soil and 14 cubic yards of soil
contaminated with mustard degradation by-products were transported and disposed
offsite. In March 2001, the removal action was complete at this site.

1343 EE/CA for Site 60, Former Pistol Range

An EE/CA was performed by CH2M HILL in July 2002 to evaluate the recommended
removal action for removing lead contaminated surface soil from the Site 60 - former Pistol
Range in the Northeast Open Area on Dunn Field (Figure 1-4). This non-time critical early
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removal action will make the majority of the Northeast Open Area available for unrestricted
future land use. Lead contamination in surface soil is the only chemical of concern (COC)
identified for protection of human health under unrestricted land use at Site 60.

The aerial photograph review indicated that the range was constructed between 1953 and
1958. The time period that Site 60 was used for target practice is unknown, but the
Installation Assessment Report (USATHMA, 1982) states that the “area was abandoned in
the late 1970s and the building [Building 1184, Site 85] is currently being used for pesticide
storage.”

The maximum recorded lead concentration in surface soil at the Northeast Open Area is
2,100 mg/kg, with an estimated arithmetic mean of 196 mg/kg. The maximum
concentration was detected in sample Location 6085D from Site 60. All concentrations for
Site 60 and the entire Northeast Open Area except the maximum are below a residential
exposure-based screening level of 400 mg/kg and an industrial worker exposure-based
target concentration of 1,536 mg/kg (CH2M HILL, July 2002). The lead is likely associated
with spent bullets in the firing range, as the elevated concentrations were limited to this
area. The maximum observed lead levels in localized areas at the site could potentially pose
health hazards for potentially exposed receptors because both screening levels have been
exceeded.

Limited biased uncertainty for lead at the bullet stop area may exist due to the limited
sampling of this area and random distribution of source, lead bullets. The single sample
from this area may underestimate the importance of this area’s contribution to lead
exposure at this site. In addition, lead may be highest in surface soils in front (west) of the
firing stand due to the spray from the pistols containing lead fragments abraded from the
bullets as they are projected through the gun barrel. Lead would therefore be more widely
dispersed in surface soil in this area.

On the basis of the screening evaluation, and consideration of future land use and
accessibility, the following actions were deemed appropriate by the BCT:

e Removal of surface soil within the perimeter of Site 60.
* Demolition of the former pistol stand and associated building at Site 85.

Based on previous surface soil removal actions completed for Parcels 35 and 28 on the Main
Installation (MI) of the Memphis Depot, as well as Building 949 on the M1, as stated in the
September 2001 MI Record of Decision (ROD), the recommended removal action for Site 60
is excavation and offsite disposal. After reviewing these previous removal actions, this
method was selected by the BCT as the most cost efficient and expeditious.

Prior to selection of excavation and offsite disposal as the method for removal at Site 60, it
was evaluated in terms of effectiveness, implemeritability, and cost. The evaluation results
revealed that the excavation and removal method was capable of meeting and exceeding
these goals and objectives. The method has been used successfully during several previous
surface soil removal actions with similar chemicals of concern at the Memphis Depot. An
estimated 890 cubic yards or 1290 tons of surface soil would be excavated, transported and
disposed offsite at an approved, permitted landfill as part of the non-time critical removal
action at Site 60. The order of magnitude cost estimate for this removal action 1s $300,000.
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The 30-day public comment period for the non-time critical removal action has been
completed and the Action Memorandum for Site 60, including the Responsiveness
Summary for all public comments received to date, was submitted as final on October 11,
2002. The removal action documented in the Action Memorandum is scheduled for
implementation at Site 60 in early 2003.

1.3.5 Geology and Hydrology

The Dunn Field RI Report (CH2M HILL, July 2002) provides details regarding local geology
and the occurrence of surface water and groundwater at the Depot. The following is a brief
summary of these features.

1.3.5.1 Dunn Field Stratigraphy
The four uppermost stratigraphic units underlying Dunn Field are (in descending order):

» loess, including surface soi};

¢ fluvial deposits;

» Jackson Formation/Upper Claiborne Group (the Jackson [if present], Cockfield, and
Cook Mountain Formations); and

¢ Memphis Sand.

Soil borings drilled at and near Dunn Field penetrate all formations down to and including
the top of the Memphis Sand. The lithology for these units are described in Table 1-3.
Appendix A-2 includes the hithologic cross-sections from the Dunn Field RI Report (CH2M

HILL, July 2002) that depict the presence and subsurface thickness of the stratigraphic units
across the area of Dunn Field. )

Loess. Based on lithologic data from the drilling of soil borings and monitoring wells, the
loess is continuous throughout the entire Dunn Field area. The Quaternary-aged loess
consists of brown to reddish brown low-plasticity clayey silt (ML) or low-plasticity silty clay
(CL). The loess deposits range from 10 feet thick at MW-55 (southwest of Dunn Field) to 36

feet thick at MW-74 (western boundary of Dunn Field) and are on average about 20 to 30
feet thick.

Fluvial Deposits. Fluvial deposits, which underlie the loess, were encountered at all drilling
locations on and around Dunn Field. They are commonly underlain by a thick clay unit of
the Jackson Formation/Upper Claiborne Group. The Quaternary- and possibly Pliocene-
aged fluvial deposits are composed of two generalized layers that can be identified
throughout the subsurface of the Dunn Field area. The upper layer is a silty, sandy clay that
transitions to a clayey sand deposit. Within the Dunn Field boundaries, this layer ranges
from about 3 feet thick at MW-56 (southwest corner of Dunn Field) to 20 feet thick at MW-58
(southwest corner of Dunn Field). The second unit, composed of layers of sand, sandy
gravel, and gravelly sand, has an average thickness of approximately 40 feet underneath
Dunn Field and along the eastern and western boundaries.

Jackson Formation/Upper Claiborne Group. The Late Eocene-aged Jackson Formation/Upper
Claiborne Group consists primarily of clays, silts and sands. The upper clay unit of the
Jackson Formation/Upper Claiborne Group is, based on boring log data, continuous
underneath the Dunn Field boundary except for a gap that appears between monitoring

SECTION 1 (REV 1)DOGC 112

16



579

17

MEMPHIS DEPOT DUNN FIELD F§- REV 1 0203

wells MW-56 and MW-34 (and extends to the south, into the MI) at the southwestern
boundary of Dunn Field. Offsite there are gaps in the clay the west (at MW-43) and
northwest (at MW-40) of Dunn Field. These gaps are windows down to the upper part
Jackson Formation/Upper Claiborne Group or the intermediate aquifer underlying the
fluvial deposits. Where present, the maximum known thickness of this confining unit was
92 feet in MW-36.

Memphis Sand. According to Kingsbury and Parks (1993), the Early to Middle Eocene-aged
Memphis Sand is composed primarily of thick-bedded, white to brown or gray, very fine-
grained to gravelly, partly argillaceous and micaceous sand. Lignitic clay beds constitute
only a small percentage of total thickness. The Memphis aquifer comprises the Memphis
Sand. The Memphis Sand ranges from 500 to 890 feet in thickness, and the depth to the top
of the Memphis aquifer in the area ranges from approximately 120 feet to 300 feet bgs. The
City of Memphis obtains its drinking water from this aquifer. Local stratigraphic data from
the Allen Well Field, located approximately 1 to 2 miles west of Dunn Field, were evaluated
to characterize the stratigraphy of the Memphis Sand (Kingsbury and Parks, 1993). At well
Sh:J-104, the top of the Memphis Sand is at an elevation 46 feet msl. MW-67 is the only
monitoring well completed in the Memphis Sand associated with Dunn Field. Soil boring
logs indicate approximately 80 feet of alternating silt and clay layers from 21 to 101 feet msl.
Below the alternating silt and clay layers, a fine to medium grained, gray, sand occurs to the
borehole termination depth of 0.5 feet msi.

1.3.5.2 Hydrology

There are no perennial flowing streams or creeks within the boundary of Dunn Field.
Typically, surface drainage of Dunn Field occurs by overland flow via swales, ditches,
concrete-lined channels, and a storm drainage system. Based on a generalized
hydrogeologic cross section, groundwater elevations fall well below local stream base
elevations in the vicinity of the Depot; therefore, the fluvial deposits do not appear to
contribute to the stream base at this location.

There are three aquifers underlying Dunn Field and the local area, which correspond to the
geologic units described previously. These aquifers are identified in descending order from
ground surface to the Memphis Sand:

¢ Fluvial aquifer
¢ Intermediate aquifer
¢ Memphis aquifer

Fluvial Aquifer. The uppermost aquifer at Dunn Field is the unconfined fluvial aquifer,
consisting of saturated sands and gravelly sands in the lower portion of the fluvial deposits.
Recharge to this unit is primarily from the infiltration of rainfall (Graham and Parks, 1986).
Discharge from the fluvial aquifer is generally directed toward underlying units in
hydraulic communication with the fluvial deposits, or laterally into adjacent stream
channels. The fluvial aquifer provides water for domestic and farm wells in rural areas
(Kingsbury and Parks, 1993), but is not used as a drinking water source within the City of
Memphis, including the area surrounding the Depot.

The low-permeability uppermost clay of the Jackson Formation/Upper Claiborne Group
serves as the base of the fluvial aquifer at most locations. During the field work for the RI,
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six Shelby tube samples were collected from the top of the uppermost clay confining urut
and were analyzed for triaxial permeability. These samples indicated the clay has very low
permeability, with maximum, minimum, and average hydraulic conductivities of 2.5x107,
1.2x108, and 6.4x10 cm/ sec, respectively. Therefore, the uppermost clay in the Jackson
Formation/Upper Claiborne Group, where present, constitutes a hydraulic barrier to
downward migration of groundwater in the overlying fluvial aquifer.

Continuous core obtained from wells drilled using the rotasonic method indicate perched
groundwater also exists in the vadose zone of the fluvial aquifer deposits usually above
small clay lenses or laminae. However, these perched water zones are isolated, are probably
ephemeral , and are not considered part of the regional water table of the fluvial aquifer.

Saturated thickness of the fluvial aquifer is variable across Dunn Field and is controlled by
the configuration of the uppermost clay in the Jackson Formation/Upper Claiborne Group.
Maximum saturated thickness ranges between 10 and 20 feet above the clay surface in Dunn
Field. Groundwater flow directions within the unconfined fluvial aquifer are depicted on
Figure 1-8, based on measurements taken in November 2001. In general, the fluvial aquifer
flows in a western direction, which follows the contours of the uppermost clay confining
unit in the Jackson Formation/Upper Claiborne Group.

A potentiometric map displaying the water table surface of the fluvial aquifer (Figure 1-8)
was developed for the Dunn Field RI Report (CH2M HILL, July 2002}, based on January
2001 water levels. In general, the fluvial aquifer flows in a western direction, which follows
the contours of the uppermost clay confining unit in the Jackson Formation/Upper
Claiborne Group. However, cross-sections (see Appendix A-2} suggest the clay confining
unit, in vicinity of MW-43 to STB-14 to MW-55, ending around MW-34 (west to east), creates
a groundwater limited-flow boundary or area of “no significant saturated thickness” (NSST)
(Figure 1-8). An area of NSST is defined as an area where the surface of the upper clay
confining unit intersects and exceeds the surface of the fluvial aquifer. These conditions
"pinch out" the fluvial aquifer and create unsaturated conditions above the clay confining
unit. Monitoring wells 41, 55 and 56 are located on the northern side of the NSST boundary
and have fluvial aquifer thickness’ of 1.39, 2.12, and 2.62 feet, respectively, as measured on
January 10, 2001. In areas where the fluvial aquifer is thin (<1 feet), the hydraulic head
cannot sustain a measurable water table if a steep top-of-clay gradient occurs. Like the NSST
zones, fluvial deposits in the vicinity of MW-34, MW-40, and MW-43 are not saturated. In
these areas, soil borings have confirmed the absence of a clay unit directly below the fluvial
deposits; this absence allows recharge water to vertically percolate into the lower aquifer(s).
Where the fluvial aquifer is present, the potentiometric surface surrounding MW-34, MW-40
and MW-43 indicates groundwater flow directed toward these areas. However, localized
NSST zones around these areas where the upper confining clay is present likely impedes
groundwater flow into lower aquifers.

Aquifer tests conducted during August 1997 indicate the average hydraulic conductivities
for the fluvial aquifer near Dunn Field is 6.1x10? (arithmetic mean) and 3.0x10- (geometric
mean) cm/ sec. Within the fluvial aquifer, groundwater flow velocities were calculated
based upon data gathered from slug tests and aquifer pump tests. The range for
groundwater velocity was estimated at 0.12 foot/ day (4.2 x 10 cm/sec) to 1.69 feet/ day (6.0
x 104 cm/ sec) assuming the following parameters:
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¢ Hydraulic gradient = ranges from 0.0017 foot/foot to 0.023 foot/foot along the western
boundary of Dunn Field;

* Hydraulic conductivity = 22.11 feet/day (7.8 x 10 cm/ sec) [(based on the average
hydraulic conductivity for the fluvial aquifer reported in the Final Groundwater
Characterization Data Report (CH2M HILL, 1997a)}; and

» Effective porosity = 0.3.

In 1992, a pump test was performed by Environmental Science and Engineering (ESE)(1994)
in the northwestern portion of Dunn Field (MW-3) to measure hydrogeologic parameters
needed for design of the Dunn Field groundwater extraction system. The average hydraulic
conductivity value obtained via pump testing of the fluvial aquifer, 3.5x 10-2cm/ sec, is
about an order of magnitude higher than the values obtained by slug testing.

As discussed in Appendix C, two samples collected from the fluvial deposits on Dunn Field
in 2001 were analyzed for horizontal hydraulic conductivity. The results of one sample
collected from 59 to 61 feet below land surface (bls) indicated a hydraulic conductivity of 2.8
x 104 cm/sec . The results of a second sample collected from 65 to 67 feet bls indicated a
hydraulic conductivity of 7.1 x 10Hcm/sec .

Intermediate Aquifer. The intermediate aquifer underlies the Memphis Depot and, based on
soil borings installed during the RI investigation, this aquifer is separated from the fluvial
aquifer by the clay confining unit; limited contact between the two aquifers occurs in areas
near MW-34, -40, and -43 where the clay confining unit is absent. Based on the lithologic
log of MW-67, the intermediate aquifer is composed of interbedded sand, silt, and clay.

Adquifer tests conducted during August 1997 indicate the hydraulic conductivity for the
intermediate aquifer is similar to the fluvial aquifer with conductivities of 1.3x10- (MW-34)
and 5.4x10+ (MW-40) cm/sec. Away from the influence of recharge from the fluvial aquifer
through areas where the clay directly underlying the fluvial deposits is absent, water level
elevations in the intermediate aquifer are approximately 150 feet msl with a general
westward flow toward the Allen Well Field.

Memphis Aquifer. The Memphis aquifer contains groundwater under strong artesian
{confined) conditions and is a regionally significant source of potable water in the Memphis
area. This hydrogeologic unit underlies Dunn Field at a depth of approximately 180 feet bgs,
beneath the intermediate aquifer, and receives most of its recharge from an outcrop area,
several miles east of Memphis. Some recharge is derived from overlying or hydraulically
communicating units. Locally, extensive pumping has lowered water levels considerably.
The top of the Memphis aquifer potentiometric surface at MW-67, the only well at the Depot
that intersects the Memphis aquifer, is 151.6 feet msl. Flow in the unit is generally
westward, toward the Allen Well Field, a major local pumping zone. VOC contamination
within the fluvial aquifer at Dunn Field has not been detected within the Memphis aquifer
at the Allen Well Field.

Groundwater Use, There are no public water supply wells within Dunn Field. A well survey
conducted within a 2-mile radius of the Depot through the Environmental Data Resources,
Inc. (EDR®) GeoCheck® Report (dated March 2002 and included as Appendix A-3 of the
Dunn Field RI Report) determined that there are no private residential water wells within a
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2-mile radius of Dunn Field. However there are several industrial production wells within
0.5 to 2 miles northwest, northeast and east of Dunn Field. In addition, groundwater from
both the fluvial and intermediate aquifers meet the requirements of General Use Ground
Water as defined by TDEC (1200-4-3-.07). This means that these aquifers could be used for
water supply when the Depot is converted for reuse.

Approximately 1 mile west of the Dunn Field is the Allen Well Field, where 13 water-supply
wells pump from the Memphis aquifer. This aquifer is the water source for the City of
Memphis and most of Shelby County. Therefore, a factor in evaluating effectiveness of a
remedial alternative is controlling migration of contaminants that might affect the quality of
water produced by these public supply wells.

1.3.6 Nature and Extent of Contamination

The nature and extent of contamination was assessed for surface soils, subsurface soils,
surface water, sediments, and groundwater across Dunn Field (CH2M HILL, July 2002).
Nature and extent findings are summarized below by Area, with groundwater discussed
independently.

1.3.6.1 Northeast Open Area

To facilitate the investigation of the Northeast Open Area, several historic Dunn Field sites
were consolidated into “Locations” (Figure 1-5), as described in Table 1-4, taken from the
Final Field Sampling Plan for OU-1 Addendum (CH2M HILL, 1999) and investigated as
possible sources of contaminant releases to the environment.

To characterize the nature and extent of contamination within the Northeast Open Area,
surface and subsurface soil samples were collected and analyzed for analyte groups that
included volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs),
metals, and the Target Compound List/ Target Analyte List (TCL/TAL) parameters
(including organochlorine pesticides, herbicides, polychlorinated biphenyls [PCBs], and
prionity pollutant metals). Surface water and sediment samples were collected and
analyzed for parameters included in the TCL/TAL. Appendix A-3 includes the figures from
the Dunn Field RI Report (CH2M HILL, July 2002), which summarize the analytical results
of surface and subsurface soil, sediment and surface water samples from the Northeast
Open Area. Key findings and conclusions from the RI are as foliows:

e VOCs were found 1n both surface and subsurface soil samples. In particular, PCE and
TCE were detected at 3 to 5 feet bgs and/or 8 to 10 feet bgs at multiple locations. These
VOC concentrations do not appear to be high enough to indicate a release from a
definable source area. However, the VOC results confirm the PCE soil gas plume
indicated by the passive soil gas survey and suggest that incidental surface waste
disposal of chlorinated solvents may have occurred in the Northeast Open Area during
the long period of operations at Dunn Field. VOCs detected along the western boundary
of the Northeast Open Area may be associated with waste disposal operations in the
adjacent Disposal Area.

+ There 15 no indication that zinc or SVOCs have migrated from the XXCC-3 disposal area
at Site 21.
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» Lead was elevated at Site 60, the former pistol range.

* The distribution of pesticides across the Northeast Open Area is similar to that at the
Main Installation, indicating widespread surficial pesticide application rather than
releases from the temporary pesticide storage area, Site 85.

* Contaminant concentrations in sarnples of surface water and sediment coming onto
Dunn Field at Site 50 are equivalent to or greater than concentrations in surface water
and sediment leaving Dunn Field. Thus there is no evidence that Site 50 is contributing
to offsite contamination.

1.3.6.2 Disposal Area

The Disposal Area contains 25 Dunn Field historical sites, identified in Table 1-2. To
facilitate the RI, many of the above sites were combined into “Locations” (Figure 1-6) as
described in Table 1-5, which was taken from the Final Field Sampling Plan for OU-1
Addendum [I] (CH2ZM HILL, March 1999). These locations were investigated as possible
sources of contaminant releases to the environment.

To characterize the nature and extent of contaminants within the Disposal Area, surface and
subsurface soil samples were collected and analyzed for VOCs, SVOCs, metals, and the
TCL/TAL parameters. Surface water and sediment samples were collected and analyzed
for parameters included in the TCL/TAL. Appendix A-4 includes the figures from the Dunn
Field RI Report (CH2M HILL, July 2002), that summarize the analytical results of surface
and subsurface soil, sediment and surface water samples from the Disposal Area. Key
findings and conclusions from the RI are as follows:

* VOCs in soils at Dunn Field as represented by the 1999 and 2000 sampling results
correlate well with the extent of VOCs in the subsurface suggested by the passive soil
gas survey results. The apparent clustering of the higher VOC detections correlates well
with the historical information indicating that the disposal pits and trenches were
relatively small and separate. In addition, the TCE, PCE, and carbon tetrachloride
plume centroid depths reflect the Disposal Area source areas as defined by the soil
analytical results. The Site 10 disposal pit (Solid Waste Burial Site) in Location E appears
to be the largest single, potential chlorinated VOC source of contamination to
groundwater. In addition, as evidenced by soil samples collected in Location C, VOCs
have been transported from near the base of the disposal trenches (8 to 10 feet bgs) to
depths (83 feet bgs) immediately above the water table.

* Significant levels of the following chlorinated VOCs were detected in subsurface soils
within the Disposal Area: 1,1,2,2-PCA, 1,1,2-TCA, 1,2-DCA, CCl4, chloroform,
methylene chloride, PCE, TCE, 1,2-DCE and vinyl chloride. The contaminant mass
calculations for the primary VOCs, TCE and 1,1,2,2-PCA (see Appendix E), indicate that
there is approximately 456 pounds of TCE and 368 pounds of 1,1,2,2-PCA that needs to
be treated and removed from the Disposal Area. This equates to approximately 713,400
cubic yards of soil in the Disposal Area.

¢ Based on comparison of soil sample analytical results to contaminants in groundwater
underlying Dunn Field, there appears to be a complete migration pathway from surface
soil/disposal area to subsurface soil and then to groundwater for CVOCs.
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s Chromium and lead consistently exceed background concentrations in surface and
subsurface soil and likely result from waste management operations at the Disposal
Area. Arsenic, aluminum, copper, and zinc also exceed background concentrations in
soil. Metals in both surface and subsurface soil are widely distributed or sporadic and
mostly do not correlate with specific locations or sites.

e Pesticides were detected in surface and subsurface (8- to 10-foot bgs) samples across the
Disposal Area. The distribution of concentrations is indicative of broadcast application
to the surface rather than disposal operations.

¢ Concentrations of metals, pesticides, and PAHSs in ephemeral surface water flow
exceeded background. These chemicals also exceeded background in sediments in the
northwest portion of the Disposal Area at Site 61. PAHSs in sediment at Site 61 likely
result from active offsite railroad tracks. Chemical concentrations in sediment from
Location A-the Asphalt Pad-are almost all below background.

1.3.6.3 Stockpile Area

This section addresses the nature and extent of contamination within the Stockpile Area of
Dunn Field (Figure 1-7). The Stockpile Area includes several historic Dunn Field sites
(mineral stockpiles) identified in the OU 1 Field Sampling Plan (CH2M HILL, September
1995) and the Screening Sites Field Sampling Plan (CH2M HILL, September 1995), which were
investigated as possible sources of contaminant releases to the environment. Appendix A-5
includes the figures from the Dunn Field RI Report (CH2M HILL, July 2002), that
summarize the analytical results of surface and subsurface soil samples from the Stockpile
Area. Key findings and conclusions from the Rl are as follows:

» There is no indication that VOCs or SVOCs were disposed of at the Stockpile Area. The
elevated concentrations of PAHs detected in surface soil samples appear to be related to
former/existing railroad tracks and also asphalt roadways on this portion of Dunn Field.

* Elevated metals are primarily associated with ore storage and in general are close to
background levels, including arsenic.

» The distribution of pesticides across the Stockpile Area is similar to that at the Main
Installation, indicating widespread surficial pesticide application rather than releases.

e The alleged CC-2 burial trench is suspected as being located adjacent/near to Site 24-B
in the west-south portion of the Stockpile Area, This area was not directly investigated
during the RI field activities due to the CWM removal action, which was completed in
2001.

1.3.64 Disposal Sites

Based on information generated by the Archives Search Report, approximately 15 disposal
sites are known to exist in the Disposal Area and one (a CC-2 disposal area) disposal site is
known to exist in the Stockpile Area. These sites are described in Table 1-6. Information
concerning the materials buried in each disposal site is based on historical information and
the exact position of each site is unclear. Not all of these sites were directly investigated
during the RI because of the potential for CWM, which was removed in 2000 and 2001. In
1993, the U. S. Army Engineer Waterways Experiment Station conducted a geophysical
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investigation of the Disposal Area and the western portion of Stockpile Area. Six areas were
investigated to determine the location of buried trenches, pits, drums, and other sources that
may be contributing to the contamination of the upper aquifer. The final technical report
(GL-94-8) was published in March 1994. The report concluded that there are potential burial
sites in five of the six areas surveyed.

Based on this data, CH2M HILL conducted field observations on August 18, 1995. The
observations indicated many surface irregularities and depressions, suggesting possible
burial sites in the northwest quadrant of Dunn Field (the Disposal Area). Many of the
irregularities and depressions appeared to correspond with the mapped waste areas while
others did not. Engineers from CH2M HILL revisited Dunn Field in October 1995, and
mapped the irregularities and depressions noted during the visits. The results of the
mapping confirm that many of the field-identified depressions and irregularities correspond
well with previously mapped burial sites on Dunn Field, and there were some that did not.
Three (3) figures generated from the mapping of the irregularities and depressions on the
western portion of Dunn Field are included in Appendix A-6. In addition, Memphis
General Depot Drawing No. 16.4D, Location of Materials Buried in Dunn Field, dated
January 19, 1956 (last revised September 17, 1984), is also provided in Appendix A-5as a
historical source of information pertaining to the location of the disposal sites on the
western portion of Dunn Field.

These 16 sites have been given priority level rankings by the Memphis Depot BCT and will
be prioritized for removal during remedial activities at Dunn Field (see Table 1-2). This will
likely involve a pre-design investigation, inclusive of intrusive activities, to determine the
location and environmental condition of these 16 disposal sites, and the need for remedial
action at each site. As discussed in Sectiont 1.3.2 and presented in Appendix A-1, Dunn Field
has been used in the past as a disposal area for OE. Procedures described in Engineer
Pamphlet EP 75-1-2, Unexploded Ordnance (UXQ) Support During Hazardous, Toxic, and
Radicactive Waste (HTRW) and Construction Activities, (USACE, November 2000) will need to
be followed during any activity involving intrusive measures. Based on a review of the
available information there is a “low probabulity” that UXO will be encountered.

1.3.6.5 Groundwater

The nature and extent of contamination in groundwater underlying Dunn Field and areas to
the west were assessed based on an evaluation of chemical data obtained from groundwater
samples collected during 16 sampling events from January 1996 through February 2001.
Groundwater samples were collected and analyzed during this time period for seven major
types of contaminant parameters, including explosives, herbicides, metals (total), pesticides,
PCBs, SVOCs, and VOCs. Groundwater samples were also analyzed for CWM breakdown
products, including thiodiglycol, 1,4-oxathiane, and 1,4-dithiane. In addition, groundwater
samples were collected and analyzed for various geochemical and geotechnical parameters,
including tritium and gases, such as oxygen and hydrogen. Of all these parameters, VOCs,
SVOCs, and total metals were the most frequently detected analytical constituents in
groundwater samples. Appendix A-6 includes the figures from the Dunn Field RI Report
(CH2M HILL, July 2002), which summarize the analytical results of groundwater samples
for PCE, TCE, 1,2-DCE, 1,1-DCE, 1,1,2,2-PCA, 1,1,2-TCA, carbon tetrachloride and
chloroform from 1996 through the beginning of 2001.
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There appears to be three major VOC plumes in the groundwater underlying Dunn Field, a
northern, a west-northwest plume, and west-southwest plume, with much mixing and
intermingling of the plumes, as expected from influence by the active groundwater
extraction system, natural groundwater flow, and degradation processes. All of the plumes
have on- and offsite components.

Nine persistent VOCs have been detected in groundwater during sampling events,
including, 1,1,1,2-PCA, CCl4, 1,1,2-TCA, chloroform, PCE, cis- and trans-1,2-DCE, total 1,2-
DCE, and TCE. The plume along the northern boundary of the site appears to be composed
of PCE, TCE, and 1,1-DCE. Since TCE and 1,1-DCE are both potential reductive
dechlorination products of PCE, the contaminant plumes may be a result of the breakdown
of PCE in the aquifer. However, since the TCE, and 1,1-DCE both appear in monitoring well
MW-51 and piezometer PZ-02, which are upgradient to Dunn Field, there appears to be
another source of these contaminants north to northeast of Dunn Field (see Section 1.3.6.6).

The west-northwest plume appears to be a mixture of PCE, TCE, 1,2-DCE, 1,1-DCE, 1,1,2,2-
PCA, 1,1,2-TCA, CCl4, and chloroform. Portions of this plume underlying Dunn Field
appear to have a source within the Disposal Area or possibly offsite as well. Offsite portions
of this plume trend to the west and northwest. The west-southwest plume that underlies
Dunn Field is a mixture of several different contaminants and the source of these plumes
appears to be located at the southern end of the Disposal Area of Dunn Field. The west-
southwest plume is principally composed of 1,1,2,2-PCA, CCl4, 1,1,2-TCA, and chloroform,
but there are also portions of the plume made up of TCE, PCE, and 1,2-DCE.

The nature and extent of VOCs in groundwater have been impacted by the groundwater
extraction system at Dunn Field to some extent. PCE, TCE, and 1,1,2,2-PCA concentrations
in offsite monitoring wells near the northwest corner of the extraction system have dropped
by factors of 7 to 10 from pre-extraction concentrations. This demonstrates significant
reductions in offsite flux of VOCs in the northwest portion of Dunn Field. Although
concentrations have decreased in the northwest portion, relatively high concentrations of
TCE and 1,1,2,2-PCA were discovered in new wells installed near the west-central part of
Dunn Field. These higher concentrations in downgradient monitoring wells indicate a
significant portion of the west-central plumes are beyond the influence of the capture zone
from the extraction system. Groundwater VOC monitoring data from April 2002 are
included in this FS report for the first time. As previously stated, the Dunn Field RI Report
summarized the analytical results of groundwater samples collected from 1996 through the
beginning of 2001. Figures 1-9a through 1-9h summarize the results of the April 2002
groundwater samples for PCE, TCE, 1,2-DCE, 1,1-DCE, 1,1,2,2-PCA, 1,1,2-TCA, carbon
tetrachloride and chloroform.

During the five RI sampling events (1996 through 1998), arsenic was detected in
groundwater samples at concentrations above the laboratory method detection limits
{MDLs) in 3, 15, 4, 1, and 2 samples, respectively. The second quarter 1997 sampling event
was anomalously high since in the preceding first quarter 1996 (February) sampling event,
arsenic was detected in only 3 samples. During the 1998 quarterly sampling events,
exceedances were reported in samples collected from only three wells, MW-2 (perched),
MW-3 and MW-13. Samples were collected from the onsite recovery wells in November
1999 and 2000, and arsenic was not detected above the MDL of 0.003 mg/L in 17 of 18
samples. Arsenic was detected at a concentration of 0.003 mg/L in the sample from RW-01
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in November 2000. In addition, arsenic was analyzed in 33 samples collected from the
groundwater extraction system effluent between October 1998 and April 2002. Of the 33
samples analyzed, none had arsenic concentrations that exceeded the MDL of 0.003 mg/L.
Therefore, arsenic does not appear to be a groundwater contaminant in the fluvial aquifer at
Dunn Field.

The SVOCs and pesticides detected in groundwater samples were attributed to sampling
and analytical artifacts such as the introduction of plasticizers (e.g., bis-ethylhexyl
phthalate) via the sampling and analysis process rather than to waste management practices
at Dunn Field. In addition, their mobility through the soil column to groundwater is limited.
Seven pesticides were detected in groundwater samples collected during the Rl activities
through 1998. These include alpha-chlordane, DDD, DDT, dieldrin, endrin ketone,
gammachlordane, heptachlor epoxide. The most frequently detected pesticides were
heptachlor epoxide and dieldrin. Among the 37 samples, the compound heptachlor epoxide
was detected in 4 samples at concentrations ranging from 0.0000086 mg/L to 0.000014
mg/L. Dieldrin was also detected in 4 samples, ranging from 0.000036 to 0.000086 mg/L.
The other five pesticides were detected not more than twice and never exceeded an
estimated value of 0.00001 mg/L. All seven pesticides are associated with monitoring wells
installed in 1998: MW-56, MW-57, MW-58, and MW-59. These wells were installed using
hollow-stem auger methods rather than the rotosonic method used for many of the other
wells installed at Dunn Field since 1997. Use of the auger method in unconsolidated
materials may have introduced surface soils containing pesticides to the well completion
interval. Since pesticides are ubiquitous in surface soil at Dunn Field and were not detected
in other wells sampled during the RI, the pesticides detected in these wells most likely result
from waste management operations or surficial application.

Thus the metals and other non-VOC organic chemicals such as pesticides and SVOCs are
not considered COCs. The reason for this is: due to low frequency of their detection, low
concentrations of detection near detection limits and their detection is possibly associated
with turbidity in samples which may have been introduced as a sampling. Also based on
the innate nature of these chemicals, they have low solubility, and subsurface soils above the
aquifer do not have significant (above leachability based levels) levels of these chemicals.
Thus metals and non-VOC chemicals are not selected as COCs and will not be addressed
further in this FS.

1.3.6.6 Potential Sources of Offsite Groundwater Contamination

From 1996 to 2002, 1,1-DCE has been detected in groundwater samples above the MCL of 7
pg/ L in monitoring wells and piezometers along the northern perimeter of Dunn Field and
offsite to the north, northwest and northeast of Dunn Field. 1,1-DCE was found in northern
perimeter wells MW-03, MW-07, MW-08, MW-10, and MW-29 at concentrations as high as
25 pg/L in October 1998. In particular, this compound was detected in offsite well MW-51
(which is located 200-feet side-gradient to the northern boundary of Dunn Field) and
piezometer PZ-02 (which is located 700-feet upgradient from the northern boundary of
Dunn Field), with the highest offsite concentration being recorded in a sample from PZ-02 at
170 ug/L in October 1998. TCE has also been detected in these wells at concentrations that
exceed the MCL of 5 ng/L with the highest value of 24.4 pg/L detected in PZ-02 in April
2002. MW-65 was also sampled in April 2002 and no VOCs were detected. This well is
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located approximately 1,100 feet north-northeast of PZ-02. The offsite plume that enters
Dunn Field along the northern boundary of the site primarily contains TCE and 1,1-DCE.

PCE and TCE are frequently detected contaminants of concern found in the soils on the
Dunn Field; however, 1,1-DCE is not. Since the TCE and 1,1-DCE both appear in offsite
monitoring well MW-51 and piezometer PZ-02, which are sidegradient and upgradient to
Dunn Field, respectively, there appears to be an offsite source of these contaminants north
to northeast of Dunn Field, unrelated to the source areas on Dunn Field. This apparent
source is creating an offsite plume which migrating onsite and is further contributing to the
VOC contamination in groundwater underlying Dunn Field. Consequently, any proposed
remedial action for the groundwater underlying Dunn Field would likely need to consider
this offsite plume as it enters the site unless otherwise addressed. This information is
documented in the Technical Memorandum entitled Potential Offsite Source of Groundwater
Contamination, Northeast of Dunn Field (CH2M HILL, June 2002).

13.7 Contaminant Fate and Transport
1.3.71 Physical and Chemical Properties of COPCs

Chemicals that are observed to occur frequently in the environmental media at Dunn Field
are addressed below by their chemical group (VOCs, metals, etc.). The fate and transport of
each of these groups are briefly summarized from Section 6 of the Rl report (CH2M HILL,
July 2002).

Volatile Organic Compounds

VOCs are characterized by relatively high vapor pressures, Henry's Law constants, and
generally high solubility in water. They have a tendency to partition to the vapor phase (air)
from either the sorbed (soil) or dissolved (aqueous) phases. Therefore, these chemicals could
be released through volatilization from either VOC-contaminated soil or surface water. The
range of Ko, high solubility, and low Kow values indicates that the CVOCs are mobile
through soils and tend not to partition significantly from water to soil. These solvents may
move through groundwater as dense nonaqueous phase liquids (DNAPLs) because CVOCs
are denser than water. The most consistently detected VOC group of chemicals at
concentrations above comparison criteria in the site media are CVOCs, such as TCE, PCE,
1,1,2,2-PCA, carbon tetrachloride and chloroform.

Release and transport mechanisms include vertical migration through unsaturated soils
toward the water table. The presence of VOC plumes emanating from Dunn Field supports
the conclusion that VOCs are being transported through the soil column to the fluvial
aquifer. As CVOCs migrate vertically through soil, some mass are retained in the pore
spaces and some may spread across layers of lower permeability. Specific lateral migration
may occur if a zone of very low permeability is reached, in which case the nonaqueous
phase liquid (NAPL) migrates laterally, depending in part on the contours of the surface of
the layer.

If CVOCs are present as NAPL in soil, they can be continuing potential sources of CVOCs to
groundwater. As a general rule, the potential presence of NAPL is indicated if
concentrations in groundwater exceed 1 percent of the chemical’s solubility limuts. Based on
the highest observed concentration of the detected solvents TCE and 1,1,2,2-PCA in
groundwater, free-phase solvents may be present in Dunn Field groundwater; however,
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NAPL was not been detected during the RI and subsequent O&M groundwater sampling
events.

Aerobic and anaerobic biodegradation are important transformation processes for
chlorinated aliphatic compounds in natural water systems and soil. TCE would generally be
expected to persist under aerobic or denitrifying conditions. Denitrifying conditions are
indicated when nitrates are present in groundwater but no oxygen is detected. Smaller
chlorinated compounds, such as DCE, are harder to degrade anaerobically but can be
degraded more easily aerobically than the more highly chlorinated solvents such as TCE.
The rate depends only on temperature and the residence time in groundwater can be
estimated: half-lives ranging from less than one year (25 degrees Celsius [ °C]}) to over 5
years at cooler temperatures (Wiedemeier et al., 1995).

Semivolatile Organic Compounds

PAHs are common components of fuel oils and tar mixtures. PAHs have been detected
extensively at the railroad operations across the Depot. Fuel use, vehicular and historical
railroad traffic, asphalt roads, and pavement have contributed to non-point source releases
of PAHs at the Depot. PAHs are relatively persistent and represent a broad class of
compounds, ranging from low-molecular-weight components, such as naphthalene, to high-
molecular-weight compounds such as dibenz(a,h)anthracene. Solubility, volatility,
biodegradability, and toxicity vary widely across this class of compounds.

High-molecular-weight PAHs are more likely to be transported via particulate emissions,

while low-molecular-weight PAHs have a greater tendency to volatilize. When PAHs are

present in tar and oil waste mixtures, their behavior is determined largely by the mobility

and behavior of the waste itself. Low-molecular-weight PAHs can migrate from spills and
continuous releases of tars and oils, but as weathering occurs, the rate of release decreases.
Higher-molecular-weight PAHs would persist in the vicinity of the original release.

Low-molecular-weight PAHs have higher water solubility and are more likely to be released
into groundwater than higher-weight PAH compounds, which have an increased tendency
for adsorption to soil or other organic matter. A primary fate and transport mechanism is
migration of adsorbed PAHs with surface soils and sediment. Erosion of soil and movement
of suspended sediments may result in migration of PAHs to surface water. However, because
of the low solubility of adsorbed PAHs, they would not partition significantly to water.

Photolysis and biodegradation are two common attenuation mecharusms for PAH
compounds. Although all PAHs transform in the presence of light, their rates are highly
variable. Photolysis may reduce concentrations of these chemicals in surface soils, but is not
relevant for subsurface soils. Biodegradation rates of PAHs in soils are also extremely
variable across the chemical class.

Animals and microorganisms can metabolize PAHs to products that ultimately reach
complete degradation. PAHs in soil may be assimilated by plants, degraded by soil
microorganisms, or accumulated to relatively high levels in soils.

Metals

The potential release and migration of metals in the subsurface environment is a complex
process. The migration of metals depends on factors such as the overall groundwater
composition, pH, presence of dissolved organic matter that may complex with the metals,
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the valence state of the metal, and the cation-ion exchange capacity. Metals may be removed
from the water phase through mechanisms such as precipitation and irreversible sorption
(USEPA, December 1979). Because metals are not volatile, any emissions to ambient air
would be in the form of particulate emissions.

Chemical distributions in both soil and water are more difficult to predict for metals than
for organic compounds. A direct relationship between the measured total metal
concentration in soil and the extractable aqueous concentration cannot be assumed.

The metal may be fixed in the interior of the soil and unavailable for exchange or release to
water, or exchangeable metal may be present at the surface of the particles. Published K4
values generally represent the potential relationship between water and exchangeable metal
at the surface of the soil {USEPA, 1996c).

Metals detected well above background at Dunn Field include aluminum, arsenic,
cadmium, chromium, and lead. Metals that typically have very low solubilities or are highly
absorbed in soils include lead and trivalent chromium. For example, lead has a tendency to
form low-solubility compounds with the major anions of natural water. Hydroxide,
carbonate, sulfide, and sulfate may act as solubility controls to precipitate lead from water.
Another important factor is lead’s strong tendency to sorb to soils. A significant fraction of
lead is insoluble lead, which may be associated with colloidal particles.

Arsenic is generally more mobile in groundwater than many other metals, but its behavior
is complex. It can exist in multiple oxidation states that differ in solubility. The reduced
form of arsenic {As*3) is more mobile than the oxidized form (As*5). The effect of solubility
controls on arsenic concentrations cannot be evaluated with the information that currently
exists (ATSDR, 1992). Adsorption of iron oxides or combination with sulfide may maintain
low-level concentrations of arsenic. The adsorption of arsenic onto clays, iron oxides, and
organic (humic) material is also an important transport pathway.

Pesticides

Dieldrin is the pesticide most present at Dunn Field, with relatively infrequent detection of
DDT, DDE, and DDD in soil and sediment. These pesticides are no longer used at the
facility.

In general, these chlorinated pesticides have low Henry’s Law constants and are not
expected to volatilize significantly. All of the detected organo-chlorine pesticides have lower
solubility and higher K. values, indicating that these pesticides are more likely to sorb to
soil and are less mobile in aqueous phases. The most likely migration pathways for

pesticides are transport in particulate emissions and transport of sorbed materials in surface
runoff.

Dieldrin is extremely nonpolar and, therefore, has a strong affinity for organic matter, such
as animal fat, and sorbs tightly to soil particulates. It has low mobility through the soil
column and moves at extremely low rates even under saturated soil conditions {greater than
270 years to move through 3 meters, [ATSDR, 1992]}. Thus surface runoff and air-borne
particulate emissions are the potential migration pathways for the chlorinated pesticides.
Based on available BCFs, organo-chlorine compounds could bioconcentrate significantly.
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1.3.7.2 Groundwater Conceptual Model

The conceptual site model (CSM) for groundwater at Dunn Field has a hydrogeological
framework of three water-bearing units: the fluvial aquifer, the intermediate aquifer, and
the Memphis aquifer. Logs of multiple test borings (see Appendix A-2) indicate that the
vadose zone consists of about 30 feet of loess (silt), 10 feet of sandy clay/clayey sand, and
up to 45 feet of sand, gravelly sand, and sandy gravel. The fluvial aquifer is locally 10 to 12
feet thick and occurs within gravelly sand lithologies below the vadose zone. Beneath the
fluvial aquifer is a confining clay (approximately 70 to 95 feet thick) followed by the
intermediate aquifer comprised of up to 50 feet of alternating sand and clay layers (each
layer up to 20 feet thick). Approximately 75 to 100 feet of alternating sand, silt, and clay
layers (each layer averages 5 feet thick) separate this aquifer from the underlying Memphis
aquifer.

Movement of COCs begins with infiltration of rain through contaminated soil. The
rainwater dissolves the chemicals and carries them vertically through the vadose zone into
the fluvial aquifer (Figure 1-9). Within the fluvial aquifer, the dissolved COCs migrate in
the direction of groundwater flow. Although there is a pervasive downward gradient, the
clay layer that separates the fluvial aquifer from the underlying intermediate aquifer greatly
slows the downward migration of the COCs. Wherever the clay is absent (i.e., areas near
MW-34, 40 and -43), COCs may migrate downward through the “window” into the
intermediate aquifer, and may ultimately reach the Memphis aquifer (Figure 1-8). Within
the fluvial aquifer, the groundwater flows predominantly to the west/northwest shifting
more north/northwest near MW-54 and MW-76 (Figure 1-8).

Below the intermediate aquifer is the Memphis aquifer. The log of MW-67 (total depth: 275
feet bgs) shows 80 feet of alternating clay/silt layers separating the intermediate aquifer
from the Memphis aquifer. A “continuous” clay/silt unt in the area between Dunn Field
and the Allen Well Field would be a substantial barrier to potential migration of dissolved
COCs into the Memphis aquifer. However, if the unit is discontinuous, there is a possibility
that dissolved COCs within the intermediate aquifer could migrate into the Memphis
aquifer and then into municipal wells at the Allen Well Field. There is currently no evidence
that COCs in the fluvial aquifer at Dunn Field have entered the Memphis aquifer. A
“reasonable worst case scenario” assumes that COCs will migrate from the fluvial aquifer
through the intermediate aquifer into the Memphis aquifer. Section 16 of the Dunn Field RI
Report (CH2M HILL, July 2002) presents calculations of the potential transport of
contaminants in the fluvial aquifer into the Memphis aquifer. .

1.3.7.3 Natural Attenuation

Biological and chemuical processes can degrade plumes of chlorinated solvents. MNA studies
completed for the Depot 1n 1998 and 2000 concluded that although CVOCs at Dunn Field
are undergoing reductive dechlorination, the process is limited and localized. As a result,
TCE comprises the majority of the CVOC contamination throughout most of the plume.

The 2000 MNA dataset was also used to estimate the first-order biological rate constants.
Two approaches ~ the normalization method and the Buscheck and Alcantar (1995) method
- were used to calculate the first-order biological rate constant for a steady-state plume. A
half life for TCE was calculated as 3.5 to 7.5 years using the normalization method and 3.4
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years with the Buscheck and Alcantar method. Results for other parameters are presented in
the RI report.

13.74 Potential Plume Migration

As described above in the CSM, downward leakage from the fluvial aquifer into the
underlying intermediate aquifer may allow the offsite CVOC plumes to reach the Memphis
aquifer; once within the Memphis aquifer, the CVOCs are expected to migrate toward the
Allen Well Field. The Allen Well Field consists of 33 wells in the Memphis aquifer, each
pumping approximately 1,000,000 gallons per day (MLGW, 1999).

To estimate the movement of COCs from the source area at Dunn Field to the Allen Well
Field, calculations were performed using the BIOSCREEN (Air Force Center for
Environmental Excellence [AFCEE], 1997) and BIOCHLOR (AFCEE, 2000) transport models.
Assumptions used in model calculations were presented in the Rl Report (CH2M HILL, July
2002). Two scenarios were used to model this pathway: (1) transport from source area to a
breach in the confining clay below the fluvial aquifer near MW-40 and (2) transport from the
breach to the Allen Well Field assuming the fluvial aquifer is connected directly to the
Memphis aquifer. Using conservative estimates of natural attenuation rates, only PCE and
1,1-DCE reached the closest Allen Well Field pumping well above detection limits; however,
concentrations were stil below the EPA maximum contaminant levels (MCLs) of 5 and 7
ug/ L, respectively. The models also estimated that maximum concentrations would not
occur at the pumping well for at least 57 years for PCE and 82 years for 1,1-DCE after VOCs
entered the Memphis aquifer. The model results strongly suggest the VOC contamination at
Dunn Field will not affect the wells at Allen Well Field.

1.3.8  Summary of Baseline Risk Assessment

A baseline risk assessment (BRA), including an ecological risk assessment and human health
risk assessment (HHRA), was conducted for each of the three areas of concern within Dunn
Field and groundwater. Details of the BRA are presented in the Dunn Field Rl Report
(CH2M HILL, July 2002).

The BRA determined that the overall ecological risks are negligible for Dunn Field based on
the weight of evidence indicating no contaminant-related toxicity, as well as poor quality
habitat. The HHRA compared site- and contaminant-specific risk estimates with the
acceptable health risks and hazard index (HI) levels. Acceptable risk levels (risks) for NPL
sites range from 1 to 100 in 1 million excess lifetime cancer risks (ELCRs). The acceptable
target HlI is 1.0 for non-carcinogenic chemicals. Table 1-7 presents a summary of the risks
and HiIs for soil, based upon the three areas of concern, and groundwater at Dunn Field.
This table also summarizes COPCs identified in the RIL.

The following subsections summarize the BRA prepared for each Area and groundwater at
Dunn Field.
1.3.81 Northeast Open Area

The potential risks to human health and ecological receptors from exposures to
contaminants in impacted media in the Northeast Open Area were evaluated. The key
findings from the risk analysis are as follows:
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» Many COPCs for the Northeast Open Area, such as PAHs and metals, were also
detected in background soils. Dieldrin was not used in the pistol range operations;
however, it was applied as part of routine maintenance of the grassy areas, which are
not directly related to the site operations within Dunn Field. Likewise, site-wide data
statistical evaluations indicate that contaminants were similarly distributed in the
background samples;

¢ The surface water COPCs were dieldrin and phenanthrene, both of which have low
solubility, indicating they may be associated with suspended particulates;

¢ The risk evaluations under future land use conditions included potential exposures of
maintenance, industrial, and utility workers within the Northeast Open Area based on
activities observed to be applicable to the site. Offsite residential exposures to volatiles
and dust from the site were also evaluated. None of these exposure scenarios resulted in
risks above acceptable levels. Therefore, site-specific risk-based RGOs were not
calculated for the site;

¢ The carcinogenic risks for industrial worker exposures to Sites 60/85 surface soil
resulted in an estimated risk of 9 x 10¢ and a noncarcinogenic HI of 0.03. The
carcinogenic risks are from dieldrin. The resulting risks are well within the acceptable
limits for cancer risks of 1 to 100 in one million and an HI of 1.0. Thus, the overall Sites
60/ 85 surface soils do not pose a health threat to future industrial workers;

» The estimated cancer risk to future hypothetical onsite adult and child residents at Sites
60/85 was estimated at 7 x 105, which is within the acceptable range of 10%to 10+, The
estimated risk is due to dieldrin at EPC concentration of 2.54 mg/kg. The total
noncarcinogenic health hazard was estimated to be an HI of 0.07 for an adult and an HI
of 0.7 for a child, from dieldrin. Overall risks and HIs to future residents are well within
acceptable limits for the Surrogate Site 60/85;

» Lead detected at sample Location 60/85 is reported at 2,100 mg/kg. This particular
sample concentration is well above a residential screening concentration of 400 mg/kg,
and is also above the Memphis Depot industrial worker target value of 1,536 mg/kg.
However, the area average does not appear to be above these target levels. Lead-
contaminated soil at Site 60 will be removed as part of a removal action at the site,
allowing for recreational land use.

+ Dieldrin and chromium were the only surface soil COPCs identified in the ecological
risk assessment for the Northeast Open Area. Based on further refinement of the risk
assumptions of dieldrin and chromium on the American robin as target receptor, along
with the other site-specific characteristics and uncertainties, dieldrin and chromium will
not be considered further as a COPCs at this site; and

* No further assessment of ecological risk associated with contaminants at the Northeast
Open Area was found to be warranted.

1.3.8.2 The Disposal Area

The potential risks to human health and ecological receptors from exposures to
contaminants in impacted media at the Disposal Area were evaluated. The key findings
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from the risk analysis are as follows (see the Disposal Area risks to human health
summarized in Tables 1-8a and 1-8b):

All of the chemicals were analyzed for their potential toxicity contribution to represent
the combined effect of all site-related chemicals. Twenty-one (21) carcinogenic and 10
noncarcinogenic inorganic and organic chemicals were identified as COPCs at the
Disposal Area;

Combined risks from soil, sediment, and surface water exposure pathways for the
maintenance worker resulted in a total ELCR of 4 x 104 and a total HI of 0.008. The
cumulative surface media exposure is within acceptable limits;

Exposures to ambient air VOCs from subsurface soils to future industrial workers in the
area are estimated to be 2x 105, and the Hl is at 0.3;

The potential risks to a future industrial worker from potable use of site groundwater
from the North plume is estimated to include an ELCR of 1 x 10+ and an HI of 0.9
(mostly from inorganic chemicals). Contribution to indoor air presents negligible risks;

Combined risks from soil, sediment, and surface water exposure pathways for the
industrial worker resulted in a total ELCR of 4 x 105 and a total HI of 0.4. The
cumulative surface media exposure is within acceptable limits, as stated above;

The indoor air risk estimates for an industrial worker assumed to spend the workday
indoors at Site E exceeded the acceptable HI of 1.0. This slight exceedance of the
acceptable HI at Site E is predominantly due to total-1,2-dichloroethene;

The risk estimates for inhalation of air originating from the Disposal Area subsurface
groundwater to an onsite worker are well within acceptable limits (<1 in a million);

The risk assessment for the Disposal Area included potential residential scenarios for a
residential adult and child. The risks were found to be greater than an HI of 1.0 for
surface soil and indoor air (soil to indoor air). Therefore, remediation efforts would be
necessary to remove the risk prior to the Disposal Area being permitted for residential
occupation.

Results from the Site 61 surrogate study suggest that site arsenic, antimony, PAH, and
CVOC levels render Site 61 unusable as a residential site under current contamination
conditions. Both cancer risks and non-cancer hazards are unacceptable for indoor air
exposures to a future onsite resident (adult/child). Thus, the landfilled areas are not
suitable for housing under current conditions. In addition, the disposal sites are not
suited for utility workers because of possible disturbance of buried wastes;

RGOs were estimated for the subsurface soil in order to reduce indoor air VOC levels for
future unlimited land use. These are presented in Table 1-9; and

Given the poor quality of onsite habitat at the Disposal Area and the lack of surface soil
COPCs, ecological impacts are expected to be negligible and are not expected to change
in the foreseeable future.
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1.3.83 The Stockpile Area

The potential risks to human health and ecological receptors from exposures to
contaminants in impacted media at the Stockpile Area were also evaluated. The key
findings from the risk analysis are as follows:

* The COPCs identified for the Stockpile Area included some inorganic chemicals,
dieldrin, and PAHs. The inorganic chemicals could be from the minerals stored, or
naturally occurring in soils. The PAHs and dieldrin were detected at concentrations
similar to those detected elsewhere across the Depot and are not specific to the Stockpile
Area. Dieldrin is likely from historical maintenance applications across the Depot. PAHs
are thought to be associated with vehicle exhausts, asphalt pavements, and the railroad
tracks. Inorganic chemicals are COPCs for subsurface soils, and no organic chemucals
were identified as COPCs;

* Nosignificant risks of adverse health impacts exist at the Stockpile Area for
maintenance workers from exposure to surface soil;

* Nosignificant risks of adverse health impacts exist at the Stockpile Area for future
industrial/ commercial workers from exposure to soil;

¢ The COPC selection for the surrogate site SSLFF indicated that surface soils at the site
had aluminum and arsenic exceeding background levels and comparison criteria;

e SSLFF soils do not pose a health threat to future industrial workers outdoors;

e Analysis of SSLFF risk scenario results suggest that site arsenic levels are unacceptable
to future hypothetical onsite adult and child residents; however, arsenic levels within
this sample location are similar to those detected elsewhere within Shelby County;

* Based on a Weight of Evidence, as well as the poor quality of ecological habitat, current
and future ecological impacts are probably negligible.

1.3.84 Disposal Sites

Sixteen burial sites were identified at the Disposal Area and 1n the Stockpile Area and given
priority status (Tables 1-2 and 1-6), as described previously. These sites were not
investigated during the RI because of unknown hazards and the potential for CWM at Dunn
Field. However, they were given qualitative risk evaluations and remedial action objectives
to accomplish any future investigation or removal activities.

The Baseline Risk Assessment included a qualitative evaluation of the risks associated with
these sites:

* Buried containers of hazardous liquids could leak and discharge to the environment and
impact groundwater and any selected groundwater remedy(s}

» Buried containerized hazardous liquids could be accessed through future intrusive
activities and cause immediate injury to human health and release to the environment

¢ Buried hazardous solids/residuals that could leach contaminants to groundwater
and/or cause immediate injury to human health if accessed through intrusive activities
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1.3.85 Groundwater

Potential risks from future groundwater use within Dunn Field were estimated for two
separate areas representing organic chermnicals that occur as plumes: one plume underlying
the Northeast Open Area (Northern Plume) and a second plume underlying the Disposal
Area and portions of the Stockpile Area (Western Plume). This plume is further divided into
two portions: the Northwest Plume and Southwest plume.

» Groundwater under the site, and offsite near the property boundary in downgradient
locations, is contaminated in the shallow aquifer and is unfit for potable use.

» Overall, risks to a future industrial worker or hypothetical resident from exposure to
maximum concentrations of onsite groundwater are above the acceptable range of 1 to
100 in a million (10 to 10+4). Although there is no intent to use groundwater as potable
water in the future, any plans for future use would have to be carefully evaluated.

¢ There are no unacceptable risks or hazards to future onsite workers or residents due to
exposure of VOCs volatilizing from subsurface groundwater to indoor air.

¢ Since contamination has been detected in selected offsite wells, indoor air exposures are
the most pertinent exposure pathway. Risks through this pathway to the offsite
residents are well within the acceptable limits, presenting negligible risks and HI.

» Although there is no intent to use offsite groundwater as a potable water source, any
plans for future use would have to be carefully evaluated. The groundwater
contaminant plume, which has crossed the property boundary to the west of Dunn
Field, could diminish in concentration with distance and time as a result of the
extraction system currently in operation.

1.3.8.6 Summary of Conclusions from Baseline Risk Assessment

The baseline risk assessment conclusions for human health and ecological protection for
Dunn Field are as follows:

e Ecological receptors are limited at this urban site. Any receptors present are not being
threatened based on site contamination conditions and thus do not require protection.

¢ Current exposures from all media are limited to workers in the leased properties. The
health risks are negligible to workers doing routine maintenance work such as mowing
grass and moving stored materials across the site.

e Future exposures from all media to workers spending prolonged periods of time in
indoors also do not present significant risks (“significant” is defined as risks in excess of
1in 10,000 or a HI>1.0 for a worker), with the exception of Site E in the Disposal Area
due to indoor air exceedances from VOC contaminated soils.

¢ Future exposures from sixteen disposal pits to workers presents a health risk due to
possible disturbance of buried wastes.

¢ Future exposures from surface soils to residents presents a health risk in the Disposal
Area, primarily from arsenic, antimony, PAHs, and CVOCs and 1n the Stockpile Area,
due to arsenic. PAHs in sediment at Site 61 likely result from active offsite railroad
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tracks. Arsenic is widely distributed and does not correlate with specific locations or
sites. Arsenic levels within the SSLFF sample are similar to those detected elsewhere
within Shelby County.

¢ Future exposure to the CVOCs in subsurface soil, if buildings were constructed for
industrial or residential purposes, would present excessive risks. The highest levels of
chlorinated VOCs were detected in soils at about 15-foot depths. These soils also
present a threat by functioning as potential sources of continued leaching to
groundwater and their impact on indoor air VOC levels.

e The groundwater in the fluvial aquifer under Dunn Field is not fit for use as drinking
water. The contamination plume under the site extends beyond the site property
boundary. The groundwater concentrations are above industrial and residential potable
levels, as well as MCLs. There are no groundwater users within the site and none have
been identified in the offsite areas.

1.3.9 Chemicals of Concern (COCs)

The COPCs identified in the RI were evaluated in the HHRA for exceedances above target
risk criteria. The chemicals that exceeded those criteria (cumulative ELCRs greater than 1 x
10+ and/ or Hls greater than 1.0) and require remedial action for the protection of human
health are identified as chemicals of concern (COCs) and are further evaluated in this FS. A
summary of COCs for Dunn Field is presented in Table 1-10.

» No COCs were identified at the Northeast Open Area in surface media. Lead-
contaminated surface soils at Site 60 will be remediated as a non-time critical and
documented 1n a Source Removal Plan, making a majority of the land acceptable for
unrestricted use.

e VOCs were identified as COCs in subsurface soil in the Disposal Area for industrial land
use during the RL

» No COCs were identified in the Stockpile Area for industrial land use.

e VOCs, dieldrin, arsenic, iron, and manganese were identified as COCs in onsite and
offsite groundwater during the RI. Several rounds of additional monitoring data have
been collected since the RI fieldwork. Most of the non-VOC organic and inorganic COCs
previously identified were not detected at significant levels or do not have a high
frequency of detection. Therefore, the dieldrin, arsenic, iron, and manganese are no
longer identified as chemicals requiring further actions. Thus the current COCs are the
CVOCs detected in multiple wells at relatively high frequency of detection (>5% FOD)
and their degradation products.

1.3.10  Target Levels for Soil and Groundwater

1.3.101 Surface Soil

Site 60 had lead as COC from past use as pistol range. The lead has been removed as
previously discussed in this section. There are no other COCs identified in surface soil
therefore no target levels were developed for surface soil.
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1.3.10.2 Subsurface Soil

The subsurface soils, primarily within Disposal Area of Dunn Field, have residual CVOC
levels well above the soil-to-groundwater migration based screening levels, and potential
vapor intrusion to indoor air under altered land use conditions. The extent of the
subsurface soil contamination, that extends vertically to the groundwater in the underlying
fluvial aquifer due to leaching over time from the burial pit wastes, affords very little
dilution attenuation to the soil CVOCs.

The Exposure Model for Soil-Organic Fate and Transport (EMSOFT) (EPA, 1997) was used
to calculate site-specific values of soil concentration that would be protective of
groundwater at Dunn Field. The 1-dimensional screening model is based on the work
described by Jury et al (1983, 1990) and incorporates volatilization, advective and diffusive
transport, sorption, and decay. The model theory, verification, and validation are included
in the EMSOFT User’s Guide (EPA, 1997). Site-specific values were calculated for the Loess
and fluvial deposits and are summarized in Table 1-11 (see Appendix C for the full
discussion of the calculation of the site-specific soil cleanup values that would be protective
of groundwater at Dunn Field).

1.3.10.3  Groundwater Target Levels

The groundwater in the fluvial aquifer underneath Dunn Field and to the west of Dunn
Field has CVOCs above MCLs. In order to reduce the concentrations to levels that are
protective of human health, both now and in the future, interim remedial actions have been
implemented to date and additional remedial actions are planned for site groundwater. The
planned actions aim to reduce the chlorinated solvent levels with time.

The groundwater at Dunn Field has been monitored for over 10 years and based on the data
collected to date, most frequently detected chemicals are chlorinated solvents and their
degradation products. The contamination plumes are observed to have 4 to 5 parent
solvents, likely from past use and subsurface disposal during the former operations at Dunn
Field. One posstble offsite source, not related Depot operations, has also been previously
identified during RI and subsequent investigations. The findings of the HHRA for the
chlorinated solvents detected in the groundwater in the fluvial aquifer indicate that
concentrations are high enough to make the water unfit for drinking either by industrial
workers or residential receptors. The chemicals responsible for this predicted excess risk are
mostly CVOCs. Though some organo-chlorine pesticides and metals were initially
identified as COCs due to the relatively high toxicity, subsequent monitoring indicated a
low frequency of detection of these chemicals in groundwater. Inorganic chemicals are
likely associated with the turbidity in groundwater as discussed above. Thus the target
groundwater levels are developed only for CVOCs which are the primary COCs, as these
are the most frequently detected in widespread areas at relatively higher concentrations
above MCLs.

Currently there is no exposure to the contaminated groundwater in the fluvial aquifer at
Dunn Field. Thus the focus of this FS is to protect human health from potential future
exposures as well as meeting the NCP guidance for protection against maximum beneficial
uses of a potable aquifer.
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For this FS and remedial action planning, the groundwater MCLs are ARARs for
groundwater at Dunn Field, and where there is no MCL, a PRG/RBC can be used as the
target level. Since multiple chlorinated solvents were detected in groundwater at the site
and in the immediate downgradient area, targeting to meet the MCLs may not be
adequately protective of a potentially exposed receptor due to the possibility of camulative
toxicity exceeding the upper-bound limit of the acceptable risk or HI. However, the
cumulative risks are dependent on the total number of chemicals present and their
individual concentration levels in the groundwater. Depending on the location of the
contaminated groundwater underneath Dunn Field, the number of COCs and their levels
differ significantly, thus developing a concentration value as a target is difficult and
impractical. Therefore, following the EPA guidance for Superfund sites (EPA, 1991 Full
reference: Role of the Baseline Risk Assessment in Superfund Remedy Selection Decaisions, OSWER
Directive 9355.0-30, April 1991) an upper-bound limit on target cumulative risk level of 1 in
10,000 (1 X104) and an HI of 1.0 are selected as the target remedial goals for the individual
plumes within and immediately downgradient of Dunn Field. Thus upon implementation
of the remedial actions the residual risks will not exceed these target levels at the receptor
points. The individual concentration of each COC within these plumes will be different
from contaminated area to area; however, they will be within MCL levels and combined
concentration levels will not exceed a cumulative upper-bound target risk of 1in 10,000 (1
X104) and HI of 1.0 in any given plume

A preliminary list of quantitative target risk based concentration levels were developed
using the COCs, which are the CVOCs most frequently (>10% in 70+ samples) detected in
all the rounds of sampling, including the latest data (see Table 1-12a). These calculated
target concentrations assume that all the chemicals are present in each of the plumes, thus
represents a conservative assumption for setting a target level. However, these levels will
be revisited during the evaluation of remedial action groundwater monitoring to ensure
target risk levels are met. Some of the individual chemical concentrations can be higher or
lower depending on proportion of the cumulative risk each COC presents in that particular
plume at that that time, while meeting target risk level.

Tables 1-12a and 1-12b present the COCs in groundwater and their respective target
concentration levels based on cumulative target risk level of 1in a million (10¢) and 1 in
10,000 (10+). The proposed concentration levels in this target level table are likely to change,
although target risk levels will remain the primary goal during ground water remediation.
Any newer chemicals not identified as a COC in these tables will be added to the list if they
are detected at a future time. These target levels (see Table 1-12b) are calculated by dividing
the MCL with the concentration at a desired cumulative target risk level (similar to an
RBC/PRG) from multiple chemical remains within the acceptable levels, while the target
concentration remain below an MCL.

Target Concentration Level = MCL X Target Risk /Risk at MCL

Target risk = Target MCL* 10-6 (TG for PRG)/PRG

Risks from individual target concentrations are added to obtain cumulative risk as included
in Table 1-12b. As stated earlier, these individual chemical concentration levels will likely
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change with the number of chemicals present in a plume, while target risk level (e.g. 1 X 10-
4) will remain fixed.

1.4 Presumptive Remedy for Subsurface Soils

1.4.1 Introduction to the Presumptive Remedy Approach

Presumptive remedies are “preferred technologies for common categories of sites, based on
historical patterns of remedy selection and EPA’s scientific and engineering evaluation of
performance data on technology implementation” (EPA, 1993). These technologies have
been selected as the preferred remedy based on data analyses of similar types of sites
conducted by EPA. Through this evaluation, it has been determined that certain remedies
have been consistently selected as the appropriate remedy and other alternatives are
typically screened out based on effectiveness, implementability, excessive costs, and the
nine detailed criteria. The use of presumptive remedies are recommended by EPA because
they allow the FS process to be streamlined by bypassing the technology identification and
screening steps, potentially saving time and money.

The presumptive remedies for VOC-contaminated soils at CERCLA sites are soil vapor
extraction (SVE), thermal desorption, and incineration, SVE is the preferred presumptive
remedy. This selection is based on ROD and FS analyses conducted by the EPA. In the ROD
analysis, 88 RODs were identified where VOCs were the driving force in the remedy
selection to determine the frequency of technology selection. Of these, the three
presumptive remedies were selected over 90 percent of the time. Further, SVE was chosen
in over two-thirds of the RODs. The FS analysis was conducted on 21 VOC-contaminated
soil/sludge sites in order to document the technology-screening step and identify the
principal reasons for elimination of other technologies. The three presumptive remedies
were selected the majority of the time.

The following reports document the FS and ROD analyses, and use of presumptive
remedies for VOC-contaminated soils by EPA. They will be included as part of the

administrative record as support for the selection of the presumptive remedy approach at
Dunn Field.

¢ EPA. November 1991. A Guide to Principal Threat and Low Level Threat Wastes. Superfund
Publication 9380.0-06FS.

o EPA. September 1993 Presumptive Remedies: Policies and Procedures. EPA Publication
540/F-93/047.

e EPA. September 1993. Presumptive Remedies: Site Characterization and Technology Selection
for CERCLA Sites with VOCs in Soils. EPA Publication 540/ F-93/048.

o EPA. August 1994. Feasibility Study Analysis for CERCLA Sites with Volatile Organic
Compounds in Soil. EPA Publication 540/ F-94/080.

o EPA. July 1996. User’s Gude to the VOCs 1n Soils Presumptive Remedy. EPA Publication
540/F-96/008.
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1.4.2 Determination to Use the Presumptive Remedy Approach for VOC-
Contaminated Subsurface Soils

The following steps were taken in order to determine the feasibility of applying the
presumptive remedy to subsurface soils at Dunn Field. Following these steps is not
mandatory by the EPA but will hasten the clean-up process. They are presented to justify
the selection of SVE as the proposed remedy for VOC-contaminated subsurface soils at
Dunn Field. The SVE alternative will be described and analyzed in detail in Section 6.

1) Are VOCs present in the Soil?
Yes. VOCs present within Dunn Field that are COCs include 1,1,2,2-PCA, 1,1,2-TCA, 1,2-
DCA, carbon tetrachloride, chloroform, methylene chloride, PCE, total 1,2-DCE, TCE
and vinyl chloride.

2) Arenon-VOC contammnants present that preclude the use of presumptive remedies?
No. However, select remedial actions will need to be conducted at the disposal sites
prior to implementation of SVE.

3) Initiate early community, state, and lead agency involvement.
TDEC, EPA and DLA have been involved since project initiation. The community has
been informed of the SVE presumptive remedy approach. A presentation was made to
the Restoration Advisory Board (RAB) in August 2001.

4) Review advantages/limitations of the presumptive remedies.
Advantages and limitations for SVE, as presented in Table 3 of Appendix B, have been
reviewed. In addition, the technology limiting factors are discussed in Appendix C.

5) Conduct site characterization
The fieldwork for the Dunn Field RI was completed in 2001. The Dunn Field RI report
was finalized in July 2002. In addition, a soil vapor extraction (SVE) pilot test was
conducted in late 2001 and early 2002,

6) Identify potential ARARs.
ARARs have been identified and presented in Section 2.

7) Conduct time-critical removal action.
No time-critical removal actions are required.

8) Is there a threat posed by the site?
Yes. Contaminated soil in the vadose zone poses a threat to human health and/or
environment and acts as a source term for future groundwater contamination. A risk
assessment for Dunn Field was conducted in the Dunn Field RI Report (CH2M HILL,
July 2002).

9) Proceed unth technology assessment and review “Practical Considerations” section.
The “Practical Considerations” section was reviewed to ensure a comprehensive
evaluation of alternatives.

10) Does the Pilot/Treatability Study indicate that SVE is Feasible?
SVE is a process, which physically removes contaminants from vadose zone soils by
inducing air flow through the soil. A pilot/treatability study was conducted during
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January 2002 in a suspected source area on Dunn Field and provided information

suggesting in-situ SVE as a presumptive remedy is acceptable. This information is
provided in Appendix C.

11) Is thermal desorption feasible?
The vadose zone within Dunn Field extends to a depth of approximately 75 to 80 feet
below ground surface and is contaminated throughout the entire soil column within
each suspected source area. Thermal desorption is an ex-situ process that uses direct or
indirect heat exchange to vaporize organic contaminants from the soil and thus requires
soil excavation (EPA 1993). The quantities of soil for excavation and depth of

contamination within the soil column would cause the process of thermal desorption to
be infeasible.

12) Is incineration feasible?
Incineration like thermal desorption is also an ex-situ process and requires soil
excavation. Therefore, incineration is also not feasible.

13) Select remedy for remedial/removal action.
Based on the selection criteria established by the EPA (1993), SVE is a feasible process for

vadose zone so1l remediation and is to be considered the presumptive remedy for Dunn
Field subsurface soils with VOCs.
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TABLE 1-2
Ust of Bunn Field (OU 1) Sitas
Rov 1 Momphs Depol Duno Fiekd FS

INSTALLATION
RESTORATION Dﬁﬁi::;'f T_:‘;’Em SITE TYPE SITE DESCRIPTION
SITES NUMBER
Northeast Cpen Area
19 19 c ss Former Tear Gas Camster Bum Site
20 20 G 85 Probable Asphait Bunal Site
21 21 [+ SS XXCC-3 Impregrute Burial Site (300,000 Pounds)
50 50 c S5 Duann Field Northeastern Quadrant Drainage Ditch
£0 60 RA Planned’ 55 Pistol Range Impact Area/Bullet Stop
62 62 c 58 Bauxrta Storage
85 85 RA Planned’ R Old Pistol Range Building 1184/Temporary Pestiade Storage
Drsposal Area
1 1 Remediated? CWM Mustard and Lewisita Training Sets Bunal Site (1955}
2 2 c Ri Amimonia Hydroxide (7 Pounds) and Acetic Acid (1-Gallon) Bunal Site (1955)
3 3 B Rl Mixad Chermical Buriat Site (Orthotoudine Dihydrochionde) (1955)
4 4 A Ri POL Bunal Site (13, 55-Gallon Drums of Oil, Greasa and Paint)
41 90 A RI POL Bunat Site (32, 55-Gallon Drums of Qil, Grease and Thinner)
5 5 c Rl Methyl Bromide Bunal Site A (3 Cubsc Feet) (1955)
6 -] c RI 40,037 Units of Eye Qintment Bunal Site (1955)
7 7 A Ri Nitric Acad Bunal Site (1,700 Guart Bottles) (1854)
] 8 A RI Methyl Bromide Bunal Site B (3,768 1-gallon cans) (1954)
9 9 c RI Ashes and Metal Bunal Site {Buring Pit Refuse) (1955)
10 10 B RI Sold Waste Bunal Site (Near MW-10) (Metal, Glass, Trash, elc)
11 " B8 RI Trnchloroacets Acd Burial Site (1,433, 1-ounce Bottles) {1965)
128121 12 8 RI Sulfunc Atd and Hydrochlonc Acid Bunal (1967)
13 13 A Rl Mixed Chemical Bunal {Aad, 900 Pounds, Unnamed Solids, 8,100 Pounds)
14 14 c RI Municipat Waste Burial Site B (Near MW-12) (Food, Paper Products)
15 15 B R Sodnm Bunal Sites (1968)
151 91 B RI Sodium Phosphate Burial {1968)
152 92 B RI 14 Burial Pits Na2PO4, Sodium, Acd, Medical Supplies, and Chionnated Lime
16 16 B RI Unknown Acxd Buriat Site (1969)
161 93 B Rl Acxd Bunat Site
17 17 B Rl Mixed Chemical Burial Site C (1969)
18 18 o] Propased NFA  |Plane Crash Residua
22 22 Cc Proposed NFA  |Hardware Burial Site (Nuts and Boits)
23 23 C Proposed NFA  |Construction Debns and Food Bunal Sita
24-A 24 Remediated” CWM Bomb Casing Bunal Site (29 Bomb Casings used o Transport Mustard Agent)
61 61 c ss Buried Drain Pipe
63 63 c Proposed NFA  |Aboveground Fluorspar Storage
64 64 C Proposed NFA | Aboveground Bauxite Storage (1942 to 1972)
86 86 o] Ri Food Supplies
Stockpe Arsa @
24-B 24 Remediatad® CWM Meutralization Pit for the Contents of the 29 Bomb Casaig ised to Transport Mustard Agent
52 62 C 85 Aboveground Bawdta Storage
83 63 c Proposed NFA | Abaveground Fluorspar Storage
64 84 c S8 Aboveground Bauxite Storage (1948 1o 1972)
— - B - CC-2 Impregnite Bunal Site (86,100 Pounds in 1847)
Notes
' See EE/CA and Action fot Sia BO/BS planned for sarty 2003
2 WM remedial actons al sites are documentad i the Final Chemical Wartare Matene! investigation/Removal Acton Report, dated Dacembar 2001
88 Scresning Sis
RI Ramadial mvesbgation
RA. Remedial Action
NFA. He Further Action
cwM Chamcal Wartars hialenes
MNa2PO4 Sodium Phosphate
POL Petrolaum, O, and Lubncants
WIEC-VCC-F iiizedA Impregreta for mpregrating Clottung Lisad 1o Protect Personnel aganal the Achan of Vesicant-Typs Chemical Agants

) pefense Site Environmental Restoration Trackung System (Dol Databass)

ummylwelsm for Sites fDSERT Sita Numbear Areas where remedial achon will be req with some igatary effort lo wxtont of area Levels are s follows A -
Highesi Prionty B - Madium Prarty, © « Lowast Prionty {na RA bkety) D in bagad on o bed quantty of matenal poterbal hazaed to haman heatth and the smvironmant, and form of malenal (sokd or liqud)

@ According to the availabie information, burming in this srea dated back to the 1940z and included enons (CN) fuses, and smokes i addion to sanilary wastes Operabons were conducied in pits and
Incorporatad the weskly deanup of masidus and garbage in adihon to matensl The ash was than allagedly butied in ths north end of Dunn Field

1)

According o avalable mformahior, USATHAMA (1882 Installaton Assessment Site 21 is locatad i the southwest portion of Dunn Fisld  Tres sie was used for burning of smoke pots, CN (tear gas)
and d wihnch included & 3.2 mortar round  This area was coverad by tha bauxie siorage pile (Site 64) Instellabon Site 31 was nol designated &3 &1 IRP sie of gven # DSERTS site number
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TABLE 1-3

Dunn Field Study Area Geologic Strata
Rev_1 Memphus Depot Dunn Field FS

979

System

Series

Group

Stratigraphic
Unit

Thickness
(feet)®

Lithology and Hydrologic
Significance

Quatemnary

Holocene
and
Pleistocene

Pleistocene

Alluvium®

Loess

010175

01065

Sand, gravel, silt, and clay. Underlies
the Mississippi Alluvial Plain and
alluvial plains of streams in the Gulf
Coastal Plain. Thickest beneath the
alluvial plain, where commonly
between 100 and 150 ft thick:
generally less than 50 ft thick
elsewhere. Provides water to
domestic, farm, industrial, and
imigation wells in the Mississippi
Alluvial Plain.

Silt, silty clay, and minor sand.
Principal unit at the surface in upland
areas of the Gulf Coastal Plarmn.
Thickest on the bluffs that border the
Mississippi Alluvial Plain; thinner
eastward from the bluffs. Tends to
retard downward movement of water,
thus providing recharge to the fluvial
deposits.

Quatemary
And
Tertiary (?)

Pleistocena
and
Pliocene (7}

Fluwial Deposits

({terrace
deposits)

0 to 100

Sand, gravel, minor clay, and
ferruginous sandstone. Generally
underlie the loess in upland areas,
but are locally absent. Thickness
varies greatly because of erosional
surfaces at top and base. Provide
water to many domestic and farm
wells in rural areas

Tertiary

Eocene

Claiborne

Jackson
Formation and
upper part of
Claibome
Group; includes
Cockfield and
Cook Mountain
Formaticns
(Capping Clay)

Memphis Sand

("500-Foot”
sand)

0 to 360

500 1o 890

Clay, silt, sand, and ignite. Becausa
of similanties in ithology, the
Jackson Formation and upper part of
the Claiborne Group cannot be
reliably subdivided based on
available information. Most of the
preserved sequence 1s the Cockfield
and Cook Mountain formations
undivided, but locally the Cockfield
may be overlain by the Jackson
Formation. Serves as the upper
cenfining bed for the Memphis Sand.

Sand, clay, and minor lignite. Thick
body of sand with lenses of clay at
various stratigraphic honzons and
minor lignite Thickest in the
southwestern part of the Memphis
area, thinnest in the Northeastern
part. Pnncipal aquifer providing water
for municipal and industnal supplies
east of the Mississippi River; sole
source of water for the City of
Memphis.

PAGE10F2
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TABLE 1-3

Ounn Field Study Area Geologic Strata
Rev 1 Memphis Depot Dunn Field FS

System Series Group | Stratigraphic | Thickness Lithology and Hydrologic
Unit (feet)” Significance

Flour Island 16010 310 Clay, silt, sand, and hgnite. Consists

Formation primanly of silty clays and sandy silts
with lenses and interbeds of fine
sand and hgnites. Serves as the
lower confining bed for the Memphis
Sand and the upper confining bed for
the Fort Pillow sand.

Paleocens Wilcox Fort Pillow 125 to0 305 Sand with minor clay and hignite.
Formation Sand is fine to medium. Thickest in
. . the southwestern part of the

(*1,400-Fool Memphis Area; thinnest in the

Sand) northern and northeastemn parts.
Once the second principal aquifer
supplying the City of Memphus; still
used by an industry. Principal aquifer
providing water for municipal and
industnal supplies west of the
Mississippi River.

Oid 180 to 350 Clay, silt, sand, and ligrute. Consists

Breastworks primanly of silty clays and clayey siits

Formation with lenses and interbeds of fine

sand and lignite. Serves as the lower
confining bed for the Fort Pillow
Sand, along with the underying
Porters Creek Clay and Clanton
Formation of the Midway Group.

"Alluvium 15 shown here in the conventional positon as the youngest stratigraphic unit Actually, it almost nowhere overhes the
loess but may overlie any of the older stratigraphic units
°Note. this 1s the thickness of the unit-not the depth below grade

Source. Modified from Graham and Parks, 1986

? = Age not venfied
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TABLE 14

Site Consolidation and Rationale in Northeast Open Area
Rev 0 Memphis Depot Dunn Field FS

Consolidated

Historical Site

Rationale for Consolidation

Location ID Designation
Location G- 19, 20 PCE soil gas plume encompasses these sites and the
Asphalt Burial Site incinerator disposal area identified by TEC aerial
and Tear Gas photographs. Low-level soil gas imphes surface soil
Canister Bumn contamination. PCE contamination is west of Site 50 and
Area may not be associated with the drainage ditch.
Location H- 50 TCE and PCE soall gas plume encompasses the end of the
Perimeter TCE drainage ditch. Low-level soll gas implies possible surface
soll contamination.

Sites not 21, 60, 62, 85 | Sites are 1solated and not associated with soil gas VOC

consolidated detections or geophysical anomalies,




TABLE 1.5

Site Consolidation within the Disposal Area
Rev. 0 Memphis Depot Dunn Field FS

Consolidated
Location ID

Historical Site
Designation

Rationale for Consolidation and Sampling

Location A- Asphailt
Pad

Location B- Debns
Site

Location C- South
Burial Site

Location D- North
Burial Site

Location E- Site 10
Area

Location F- POL
Waste Sites

Site 61- Stormwater
Culvert

23, 24-A (CWM),
63

22,23

12, 12.1, 14

13, 15, 151, 156.2,
16,16 1, 17

7.8, 10

1{CWM), 2, 3, 4,
4.1,5,6, 8 11,
18, 86

61

TCE, CCL4, 1,2-DCE, and PCE soil gas plume encompasses
these sites. Soil gas survey implies VOCs in the disposal pits and
trenches

TCE, CCL4, 1,2-DCE, and PCE soil gas plume encompasses
these sites. Soil gas survey implies VOCs in the disposal pits and
trenches.

TCE, CCL4, 1,2-DCE, and PCE soil gas plume encompasses
these sites. Soll gas survey implies VOCs in the disposal pits and
trenches.

TCE, CCL4, 1,2-DCE, and PCE soil gas plume encompasses
these sites. Soil gas survey mplies VOCs in the disposal pits and
trenches.

TCE, CCL4, 1,2-DCE, and PCE soill gas plume encompasses
these sites. Soil gas survey mplies VOCs in the disposal pits and
trenches.

TCE, CCL4, 1,2-DCE, and PCE soil gas plume encompasses
these sites. Soil gas survey implies VOCs in the disposal pits and
trenches.

Discharge area evaluated for the presence of contammnates
associated with Dunn Field histoncal activities.




TABLE 1-6

979

Burial Pit Descriptions and History
Rev. 0 Memphis Depot Dunn Field FS

IRP Site
Number

Site Description and History

Disposal Area

3

4.1

10

1

12121

13

15/15.1/
15.2

This site 1s estimated to be approximately 30 feet long and 10 feet wide. It reportediy contains
about 3,000 quarts of vanous chemicals, plus 5 cubic faet of orthotoludine dihydrochloride buned in
1955. As a result, toxicity potential 1s unknown based on the description of “various chemicals”.

This site is a trench containing approximately 13 drums of oll, grease, and paint thinner that were
disposed of in the mid-1950's These matenals are considered to be both potentially toxic and
highly mobile. Since the drums were placed 50 years ago, they may have corroded and may no
longer be intact.

This site is similar to Site 4, except that it contains approximately 32 drums of oll, grease, or thinners
that were disposed of in the mid-1950's. These matenals are considered to be both potentially toxic
and highly mobile. Since the drums were placed 50 years ago, they may have corroded and may no
longer be intact.

This site 15 a trench containing approximately 1,700 quart bottles of nitne acid from 1954, Nitnic acid
is considered to have low toxicity, but could cause a low pH in the area, or mobilize metals, or both.

This site is an excavation containing approximately 3,768 cans of methyl bromide (bromomethane)
from 1954. The hazard is similar to that of Site 5, but the quantity is significantly greater and that
makes this a higher priority site. The disposal excavation I1s estmated to be approximately 45 feet
by 45 feel at the surface and the reported bunal depth is 7 feet. {It should noted, that no
bromomethane was detected in the surface soil or subsurface soi on Dunn Field whers tested
during the RI [>250 samples]. Bromomethane was detected in 5 monitoning wells {MW-13, -69, -70,
-76 & -77] in 2001 at low estimated concentrations ranging from 0.2J ug/L to 0.6J ug/L. No
bromomethane was detected in the recovery wells. Bromomethane was not detected in
groundwater samples prior to 2001 [a total of >500 groundwater samples]. There is no federal or
state dnnking water standard for bromomethane in groundwater.)

This a solid waste bunal site approximately 100 feet long and 50 feet wide containing metal, cans,
ash, broken glass, and other similar material last used in 1955 Information indicates the waste was
located 1n a zone from 3.5 to 10 feet below the ground surface Materials descriptions suggest that
the burial site contains httle organic matter. The site is not expected to contain hazardous matenals,
but the actual contents of the buned material is unknown,

This site 15 an excavation containing 11 gallons of the herbicide tnchlororacetic acid in 1,433 1-
ounce bottles buried in 1965 This 1S a reportedly unstable chemical, with a transient influence on
pH and with low toxicity.

These sites consists of 3 trenches containing a total of 30 pallets of sulfunc and hydrochlone acid
buried in 1967. These below-grade matenals ara not expected to be axtremely toxic, but could
affect the pH in the locat area and cause metals to become more mobile.

This site contains approximately 32 cubic yards of mixed chemicals, acid and detergents, plus
approximately 8,100 pounds of solids. The area 1s estimated at approximately 35 feet wide by 50
feet long, approximately 8 fest deep.

These sites comprise an area approximately 100 feet long and 20 feet wide containing 14 discrete
trenches with sodium salt, sodium phosphate, chlonnated me, acid wastes, and vanous medical
supplies buned in 1968. The disposal area 1s estimated at approximately 8 feet deep. Sodium salts
and ime matenals are typically not considered to be hazardous materials, howaver, the contents
are not clearly identified.

48
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TABLE 1-6
Burial Pit Descriptions and History
Rev. 0 Memphis Depot Dunn Field FS

IRP Site
Number Site Description and History

16/16.1  These site are disposal areas containing unknown acid materials. Records indicate disposal of just
one pallet of an unknown acid. Depending upon the quantity, this acid could adversely affect the
local pH and groundwater.

17 This site is a 20-foot by 30-foot area containing an unknown quantity of herbicides, medical
supplies, and cleaning compounds buried in . The depth of the disposal trench 1s estmated at 8
feet.

Stockpile Area

- This site 1s documented as containing 86,100 pounds of CC-2 {impregnite) buried in a 6- to 8-foot -
deep, 8-foot wide, and 40-foot long trench in the west-southwest portion of the Stockpile Area.

IRP Installation Restoration Site



TABLE 1-7
Risk Assessment Summary for Dunn Field
Rav 1 Memphis Depot Dunn Field FS

979 990

Above Target
ELCR 1x10™ or

Exposure Receptors Total ELCR  Total HI HI 1 COPGCs"
Northeast Open Area
Maintenance Worker 6E-07 0004 No N/A

As, dieldrin, 1,1,2,2-PCA, 1,1-DCE, 1,2-DCA, chloroform, CCI4,
Industnal Worker® 5€-05 0.04 No PCE, TCE
Utility Worker 7E-07 0005 No N/A
Recreational Adult 2E-06 00t No dieldrin
Recreationat Child 2E-08 0.1 No dieldrin
Recreational Youth 1E-06 002 No N/A
Offsite Residential 3E-08 000002 No N/A
Northeast Open Area - Sites 60/85
Industrial Worker® 3E-03 5 Yes As, dieldrin, 1,1,2,2-PCA, 1,1-DCE, chloroform, CCl4, PCE, TCE

As, dieldnn, heptachlor epoxide, 1,1,2,2-PCA, 1,1-DCE, 1,2-
Residential Adutt® 1E-02 15 Yes DCA, chloroform, CCl4, PCE, TCE

As, dieldnn, 1,1,2,2-PCA, 1,1-DCE, 1.2-DCA, chloroform, CCl4,
Resdential Chiid® N/A 351 Yeos PCE, TCE
Disposal Area
Maintenance Worker 4E-06 0008 No PAHs
Industrial Worker 6E-05 03 No As, PAHs, dieldrin, 1,1,2,2-Tetrachloroethane, VCI, TCE
Utilty Worker 8E-07 0 002 No N/A
Offsite Residential 4E-06 002 No 1,1,2,2-Tetrachloroethane
Disposal Area - Site 61LE
Industnal Worker 8E-05 03 No As, BaP, TCE, 1,1,2,2-Tetrachloroethane,VCI
Utility Worker 6E-08 o0 No TCE, 1,1,2,2-Tetrachlorocathane, VCI
Rasidential Adult 3E-04 2 Yes PAHSs, As, Sb, TCE, 1,1,2,2-Tetrachloroethane,VCl
Residential Child N/A 14 Yes PAHS, Antimony, Arsenic
Offsite Residential 9E-07 0005 No N/A
Stockplle Area
Maintenance Worker 1E-06 0009 No Arsenic’, benzo(a)pyrene*
Industnal Worker 7E-06 005 No Arsenic, benzo{a)pyrene
Utility Worker 4E-07 0005 Ne N/A
Stockpile Area - SSLFF Soil
Industnal Worker 8 E-06 006 No Arsenic
Residential Adult 6 E-05 0.2 No Arsenic
Residential Child NIA 2 Yeos Arsenic
Groundwater - Onsite Plumes
North Plume

As, dieldnn, PCA1122, DCA12, DCE11, CCH4, PCE, Chloroform,
Industrial Worker 1 E-04 088 No TCE

Ag, dieldnn, PCA1122, TCA112, DCE11, DCA12,
Resldential Adult 5 E-04 25 Yos Bromodichloromethane, CCH4, Chloroform, PCE, TCE
Residentat Child N/A 57 Yes TCE, Manganese
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TABLE 1-7

Risk Assessment Summary for Dunn Field
Rev. 1 Memphis Depot Dunn Field FS

Above Target
ELCR 1x10%or
Exposure Receptors Total ELCR  Total Hl Hi 1 COPCs"
Northwest Plume
As, PCA1122, TCA112, DCE11, DCA12, DCP12, Benzene,
Industnal Worker 3E-03 53 Yes CCM, Chloroform, PCE, TCE, VC
As, PCA1122, TCA112, DCE11, DCA12, DCP12, Benzens,
Residential Adult 1E-02 15 Yes CCHM, Chloroform, PCE, TCE, VC
Residential Child N/A 34 Yes TCE
Sol h
Industnal Worker 3E04 16 Yes As, PCA1122, TCA112, CCW, Chioroform, PCE, TCE
As, PCA1122, TCA112, Bromedichioromethane, CCH4,
Residential Adult 1E-03 46 Yos Chioroform, PCE, TCE
Residential Child N/A 11 Yes CCM, Chloroform, TCE
Groundwater - Offsite Plumes
MW30
Residential Adult 5 E-05 0 a1 No As
Residential Child N/A 1.9 Yes As
MW31
Residential Adult 8 E-04 3.1 Yes Chlonnated solvents
Residential Child NIA 72 Yes Chlorinated solvents
Mwaz
Residential Adult 2.E-03 5 Yes Chlonnated solvents
Restdentiat Child N/A 12 Yes Chlonnated solvents
MW33
Residential Adult 2.E-04 14 Yes Chlonnated solvents
Residentiat Child N/A 3z Yes Chlonnated solvents
Mw4o
Residential Adult 3 E-05 035 No 1.1-Dichloroethena
Residential Child N/A 083 No
Mwa4
Residential Adult 2.E-04 22 Yes As, Chionnated solvents
Residential Child N/A 52 Yes As, Fa, Chlonnated solvents
MW54
Residential Adult 1.E-04 12 Yes Chlonnated solvents
Residential Child N/A 28 Yes Chlonnated solvents
MWS{
Residential Adult 2.E-04 042 Yes Chlonnated solvents
Residential Child N/A 097 No As, Chlonnated solvents
MW71
Residential Adult 2E-03 5 Yes Chlorinated solvents
Residential Child N/A 12 Yes Chionnated solvents
MW76/77
Residential Adult 1 E-02 93 Yes Chlonnated solvents
Residenttal Child N/A 22 Yeos Chlornnated solvents
MW72
Residential Adult S5E-04 036 Yes Chlonnated solvents
Residental Child NIA 083 No Chlonnated solvents




TABLE1-7
Risk Assessment Summary for Dunn Field
Rev 1 Memphis Depot Dunn Freld FS

Above Target

ELCR 1x10™or
Exposure Receptors Total ELCR  Total HI Hi1 COPCs"

* COPCs are the chemicals contributing to nsks at or above 110 a milhen, and/or to HI at or above 1.0,
® Risk calculations include risk from groundwater media through ingestion, dermal, and inhalation exposure routes.

ELCR = Estimated Lifetime Cancer Risk
HI = Hazard Indices

COPCs= Chemicals of Potential Concemn
As = Arsenic

CCl4 = Carbon Tetrachioride

PAHs = Polyaromatic hydrocarbons
PCE = Tetrachloroethane

TCE = Trichloroethene

1,1-DCE = 1,1-Dichlorosthene

1,2-DCE = 1,2-Dichloroethane
1,1,.2,2-PCA = 1,1,2,2-Tetrachloroethane
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2.0 Identification and Screening of Technologies

This section describes the initial steps in development of potential remedial alternatives at
Dunn Field by developing a list of applicable or relevant and appropriate requirements
{ARARs) and defining remedial action objectives (RAOs). From this, technologies are identified
and screened to meet the objectives. The screening process involves identifying general
response actions, remedial technologies, and processes for implementing the technologies. This
section concludes with a summary table of remedial technologies that are evaluated in more
detail in Sections 3 through 7.

21 ARARs

Section 121(d)(2) of CERCLA, as amended by the 1986 Superfund Amendments and
Reauthorization Act {SARA), requires that remedial actions attain (or waive) the levels or
standards of control for hazardous substances, pollutants, and contaminants specified by the
ARAR:s of Federal and more stringent state environmental laws. The identification of ARARs
for remedial actions typically begins after the site characterization (during the RI) and may
continue through the remedial design phase. The processes for preliminary identification of
ARARSs, as well as the definition of the types of ARARs, are discussed in the following
subsections.

2.1.1 Definition of ARARs

A requirement under environmental laws may be either “applicable” or “relevant and
appropriate” to a remedial action, but not both. ARARs must be identified on a site-specific
basis in a two-part analysis: (1) determine whether a given requirement 1s applicable; and (2) if
the requirement is not applicable, determine whether it is nevertheless relevant and
appropriate.

Applicable requirements are those cleanup standards, standards of control, or other substantive
environmental protection requirements, criteria, or limitations promulgated under Federal or
state environmental or facility siting laws that “specifically address a hazardous substance,
pollutant, contaminant, remedial action, location, other circumstance found at a CERCLA site”
(see 40 CFR 300.5 and 55 FR 8814). In other words, applicable requirements are legal and

jurisdictional requirements that would apply directly to the action, even if the action were not
taken pursuant to CERCLA.

Relevant and appropriate requirements are those cleanup standards that “...address problems
or situations sufficiently similar to those encountered at the CERCLA site that their use is well
suited to the particular site” (see 40 CFR 300.5 and 55 FR 8817). Determining whether a
requirement is relevant and appropriate requires the use of discretion and judgement, unlike
determining whether a requirement 1s applicable. A requirement may be “relevant” because it
addresses situations similar to those at the site, but may not be “appropriate” because it is not
well suited to the specific site conditions. Once a requirement is determined to both relevant
and appropriate, the requirement must be addressed as though it was applicable.

SECTION 2 (REV. 1) DOC 24
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If no ARAR exists for a CERCLA site or existing ARARs are inadequate to protect human health
and the environment, other non-promulgated criteria, advisories, guidance, or proposed
standards issued by Federal or state governments may need to be considered (TBC). 40 CFR
300.400(g)(3) states that TBC standards are not potential ARARs because they are neither
promulgated nor enforceable and their identification is not mandatory. However, TBC
standards may be used in conjunction with ARARs to achieve an acceptable level of risk.
Human health-based cleanup levels or RGOs, as discussed below, are below examples of TBC
standards.

Section 121 of CERCLA and 40 CFR 300.430(f)(1)(ui){c) allows for ARARs to be waived under
the following circumstances:

* The remedial action selected is an interim measure and will become a part of a total
remedial action that will attain the ARAR upon completion of all activities

* Compliance with the ARAR will result in greater risk to human health and the environment
than the alternative option chosen

¢ Compliance with the ARAR is technically impracticable from an engineering perspective

¢ The remedial action selected will attain a standard performance that is equivalent to that
required under the ARAR through the use of another method or approach

¢ The ARAR 15 a state requirement that has not been consistently applied in similar
circumstances for other remedial actions

s Compliance with the ARAR would not provide a balance between the need for protection of
public health and the environment and the availability of funds to respond to other sites
presenting a threat to the public or environment (for fund-financed cleanups only)

2.1.2 Types of ARARs
The following are the three primary types of ARARs:

¢ Chemical-specific - health- or risk-based restrictions that result in the establishment of
numerical values that would meet the National Contingency Plan (NCP) threshold criterion
of overall protection of human health and the environment

* Action-specific - technology- or activity-based requirements or limitations on actions taken
with respect to a hazardous substance that are triggered by a particular remedial activity

* Location-specific - requirements that must be addressed during remedial activities because
the activities occur in “special” locations. Location-specific ARARs include activities on and
near wetlands and floodplains, archeological and natural resources, historical landmarks,
critical habitats of endangered or threatened species, existing land use controls, etc.

2.1.3 Chemical-specific ARARs
The chemical-specific ARARs for Dunn Field are as follows:

¢ There are no chemical-specific ARARs for the soils. Therefore, chemucal-specific RGOs
developed in the risk analysis are used for the remedjial alternatives analysis.

SECTION 2 {REV 1) DOC 22
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Maximum contaminant levels (MCLs) and non-zero maximum contaminant level goals
(MCLGs) are relevant and appropriate as cleanup levels for groundwater that is a current or
potential source of drinking water. The fluvial aquifer beneath Dunn Field is not used as a
source of potable water at the Depot and the surrounding; however, the underlying
Memphis aquifer is a source of potable water for the City of Memphis. 40 CFR 300.430 of the
NCP states that MCLGs (estabhished under the Safe Drinking Water Act [SDWA] at 40 CFR
141) above zero, shall be attained if relevant and appropriate to the circumstances of the
release. Where the MCLG for a contaminant has been set at zero, the MCL for that
contaminant shall be attained. TDEC's MCLGs and MCLs are listed at Tennessee Rule 1200-
5-1.06 and are identical to the federal MCLGs and MCLs.

Federal secondary MCLs are non-enforceable goals for drinking water established by EPA
under the SDWA. Secondary MCLs pertain to contaminants that affect such qualities as
taste, color, odor, and corrosivity. Secondary MCLs are listed in 40 CFR 143 and Tennessee
Rule 1200-5-1.12. These secondary MCLs are to be considered (TBC) in the evaluation of
technologies. This means that technologies that meet MCLs or MCLGs but cause an
exceedance of secondary MCLs would not score (rank) as high as equally-effective
technologies that do not cause an exceedance of secondary MCLs.

There are no natural surface water bodies within the Depot or in the vicinity. Therefore, the
surface water ARARs were included in the risk assessment for comparison purposes, but
were not included as ARARs for screening of alternatives due to the lack of risks indicated
during the risk assessment.

Sediments do not have ARARs.

2.1.4 Action-specific ARARs
The action-specific ARARs at the Depot are as follows:

On-site remedial actions that involve land-disturbing activities are required to comply only
with the substantive requirements of the NPDES stormwater permit program (e.g., BMPs to
minimize the discharge of pollutants from the site) and not the administrative requirements
(e.g., submittal of a Notice of Intent, a Storm Water Pollution Prevention Plan, and Notice of
Termination). The Phase II rule was published on December 8, 1999, and addresses
construction activities disturbing greater than 1 acre and less than 5 acres of land. The
effective date of the rule is February 7, 2000; however, operators of small construction
activities (less than 5 acres) are not required to obtain permit coverage until March 10, 2003.
Remedial actions at Dunn Field may disturb 5 acres or more of land and may need to
comply with the substantive requirements of the NPDES Phase I stormwater permit
program as implemented by TDEC under 1ts General Permit (Stormwater Discharge from
Construction Activities, No. TNR10-0000).

The capping of hazardous materials that may be left in place in sufficient concentrations
would require compliance with relevant RCRA Subtitle C landfill closure requirements at 40
CFR 264.310(a). Subtitle C landfill closures require post-closure care and maintenance for at
least 30 years. Also, RCRA landfill post-closure requirements at 40 CFR 264.116 and 264.119
(TDEC Rule 1200-1-11.06(7)(g) and (j), respectively requires preparation of a survey plat
"indicating the locations and dimensions of landfill cells or other hazardous waste units
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with respect to permanently surveyed benchmarks" and should be submitted to the local
zoning authority and EPA. Under 40 CFR 264.119, one must include a notation on the deed
of the facility property (or some other instrument which is normally examined during a title
search) that will notify potential purchaser that land has been used to manage hazardous
waste and its use is restricted. Only the substantive aspects that are deemed both "relevant
and appropriate" (R&A) would apply.

The excavation, on-site ex situ solidification, or placement of soil that contains RCRA-
restricted waste may trigger the RCRA land disposal restrictions (LDRs). Generators of
contaminated soil that is subject to the LDR regulations may elect to meet either the generic
treatment standards for hazardous wastes in 40 CFR 268.40, or the alternative treatment
standards for contaminated soil in 40 CFR 268.49. The alternative LDR soil standards
require treatment to reduce concentrations of hazardous constituents in the soil either by 90
percent or by enough so that the hazardous constituent concentrations are less than or equal
to 10 times the Universal Treatment Standards (UTS) (identified in 40 CFR 268.48),
whichever is greater. To determine if the soils are to be disposed of in a hazardous or solid
waste landfill, a toxicity characternistic leaching procedure (TCLP) test 1s conducted on
representative soil samples. This will determine if a waste is characterized as hazardous per
(40 CFR 261 C). The excavation and off-site disposal of soi1l and debris that contain RCRA
hazardous waste must comply with transporter regulations under 40 CFR 263. A transporter
under Subtitle C is defined as any person engaged in off-site transportation of hazardous
waste within the United States. Such transportation requires a manifest under 40 CFR 262.

Emissions to air during on-site treatment may require compliance with the substantive
requirements of the Tennessee Air Quality Act and the federal Clean Air Act as the City of
Memphis 1s in a non-attainment zone. This includes requirements for monitoring and
control of the release of volatile organics to the atmosphere, the control of fugitive dust
emissions, and compliance with ambient air quality standards. These requirements are
outlined in Tennessee Rule 1200-3.

Discharge of groundwater to the POTW must meet City of Memphis industrial discharge
standards that limit contaminant levels in liquids accepted at the POTW. Wastewater
generated by pumping groundwater or other remedial processes must meet the limits or be
pre-treated prior to discharge.

The Ground Water Quality Control Board for Shelby County, Tennessee, has promulgated
Rules and Regulations of Wells in Shelby County. These regulations govern the location, design,
installation, use, modification, repair, and abandonment of all types of wells; for example,
monitoring, injection, recovery, and vapor extraction wells. These requirements are more
stringent than corresponding federal and state rules. The substantive requirements of these
regulations may be considered ARARs.

For well installations at a CERCLA site, the substantive requirements of a well construction
permits must be adhered to, even though no permit is required. Information on permit
applications for monitoring and injection wells are obtained from the Memphis and Shelby
County Health Department and TDEC Division of Water Supply. According to Tennessee
Rule 1200-4-6, monitoring and injection wells at Dunn Field would be classified as Class V
{shallow, non-hazardous) wells. Substantive requirements of an underground injection

SECTION 2 (REV 1} DOC 24



079

+

MEMPHIS DEPOT DUNN FIELD FS - REV 102103

control (UIC) Class V permit application for injection wells must also be adhered to,
although no permit is required.

2.1.5 Location-specific ARARs

A search for possible location-specific ARARs applicable to the Depot was conducted by Law
Environmental (1990). No federal, state, or local natural resources were found to be near the site
{less than % mile).

Currently, Dunn Field is zoned as Light Industrial (I-L). The principal uses permitted are
manufacturing, wholesaling, or warehousing. According to Section 24 of the Memphis and
Shelby County zoning regulation, single family or multi-family residential uses are
prohibited.

Institutional controls are required Tennessee Rule 1200-1-13.08(10) whenever the remedial
action does not fully address the hazardous substances which pose a risk to human health
or the environment. This includes requirements for deed restrictions and future transfer of
property. Transfers of contaminated federal property are subject to CERCLA Section
120(h)(3) requirements. The property disposal agent shall incorporate a “Notice of Land Use
Restrictions” to ensure that the above land use restrictions are incorporated into the deeds
transferring the property. This Notice of Land Use Restrictions shall be prepared and
recorded in accordance with T.C.A. Section 68-212-225. It must: (1) include a legal
description of the site that would be sufficient as a description of the property in an
instrument of conveyance; (2) identify the location and dimensions of the areas of potential
environmental concern with respect to surveyed, permanent benchmarks. Where a site
encompasses more than one parcel or tract of land, a composite map or plat showing all
parcels or tracts may be recorded; (3) identify generally the type, location, and quantity of
regulated hazardous substances and regulated substances known to exist on the site; and (4)
identify specific restrictions on the current or future use of the site.

Under the Rules and Regulations of Wells in Shelby County, described above, water wells are
defined as wells developed for the primary purpose of producing a supply of water
regardless of the intended use of the water supply. The rules prohibit water wells within a
half-mile of the designated boundaries of a listed federal or state CERCLA site or RCRA
corrective action site, unless the owner can demonstrate that movement of contaminated
groundwater or materials into adjoining aquifers will not be enhanced by the well. Similar
location restrictions are not specified for any other type of well (e.g., monitoring, injection,
and recovery). In addition, these rules allow the Memphis and Shelby County Health
Departments to reject a permit application for a proposed well if the well will be harmful or
potentially harmful to the water resources of Shelby County. Specific criteria for the
determination of harm or potential harm are not identified in the rules.

2.2 Remedial Action Objectives (RAOs)

RAOs are medium-specific goals that the remedial actions are expected to accomplish to protect
human health and the environment; they are used to help identify the feasible alternatives.
RAOs express both a contaminant level and exposure route.
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The Dunn Field BRA (CH2M HILL, July 2002) identified contaminants in surface and
subsurface soils (also referred to as buried waste), disposal sites, and soil-to-indoor air that pose
unacceptable risks to industrial workers and potential on-site residents (if Dunn Field is re-
developed). These risks are identified as RGOs, chemical specific criteria based on calculated

risk (see Table 1-7).

RAQOs guide formulation and evaluation of remedial alternatives. The development of RAOs
takes into consideration RGOs (permissible exposures), COCs, and clean-up concentrations
associated with the RGOs.

The following RAOs have been developed for surface soil at Dunn Field:

* For the residential scenario in the Northeast Open Area, removal of surface soils
contaminated with lead to residential levels;

¢ For the residential scenario in the Disposal Area, enact institutional controls, excavate, or
contain to prevent exposure to COCs.

The lead contaminated surface soils in the Northeast Open Area, specifically those within Site
60 (Former Pistol Range) that are above residential risk-based levels, are to be removed as part
of a non-time-critical removal action in early 2003 (as documented in the Site 60 EE/CA [CH2M
HILL, July 2002]) and will no Ionger be considered in the FS.

The following RAOs have been developed for subsurface soil (buried waste) at Dunn Field:
¢ Prevent subsurface disturbance of buried wastes by workers.

¢ Prevent exposure through direct contact with the top 10 feet of the s0il columnn where COCs
exceed health-protective concentrations.

The following RAOs have been developed for the disposal sites at Dunn Field:

» Eliminate potential for groundwater impacts from a release of buried containerized
hazardous liquids and the leaching of contaminants from buried hazardous solids;

¢ Eliminate future unacceptable risk of direct contact with buried hazardous liquid and/or
solids due to intrusive activities during future land use or site development.

The following RAOs have been developed for soil-to-indoor air contaminated with chlorinated
VOCs at Dunn Field:

e Prevent direct inhalation of indoor air vapors from subsurface soils in excess of industrial
worker and residential risk-based criteria.

The BRA also identified contaminants in groundwater that could pose unacceptable risk to
possible receptors (CH2M HILL, July 2002). Contaminants in the fluvial aquifer may migrate
further offsite or into deeper aquifers, posing a threat to water supplies. Based on analysis of the
contaminants present, both onsite and offsite potential receptors, and permissible exposure
levels, the following RAOs have been developed for groundwater at Dunn Field:

¢ Prevent use of impacted groundwater as a potable source;

¢ Prevent further offsite migration of VOCs in groundwater in excess of MCLs; and
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* Remediate fluvial aquifer groundwater to drinking water standards (MCLs) to be protective
of the deeper Memphis aquifer.

Table 2-1 summarizes RAQOs for surface and subsurface soils, disposal sites, soil-to-indoor air,
and groundwater,

2.3 General Response Actions

General Response Actions (GRAs) describe remedial activities that potentially satisfy the RAOs
and goals, either independently or in combination with other GRAs. GRAs to be considered for
surface and subsurface soils and the disposal sites at Dunn Field include the following:

No action
Institutional controls
Containment
Treatment

Removal

Disposal (Off-site)

GRAs to be considered for groundwater located onsite and offsite of Dunn Field include the
following:

No action
Institutional controls
Containment
Treatment

Removal

Disposal (Offsite)
Monitoring

Table 2-2 summarizes the GRAs and their approach to meeting remedial goals. Often there are
several technologies that may be applied to each GRA. These technologies are discussed and
screened for potential effectiveness in the following sections.

2.4 Identification and Screening of Technology Types and
Process Options

The proposed treatment technology for subsurface soil remediation of VOCs is the presumptive
remedy, soil vapor extraction (SVE). This is an in-situ physical treatment technology in which a
vacuum is applied through extraction wells to create a pressure or concentration gradient. Gas
phase volatiles are induced to diffuse through soils to the extraction wells. Additional
enhancements of the technology may include a temporary soil cap or seal and thermal heating
of soil. In addition, a system to handle and treat system off-gasses will likely be required. By
definition of a presumptive remedy, this technology has already been screened against other
alternatives for these contaminants and matrix, and selected as the preferred remedy. This
technology screening process is documented in the Feasibility Study Analysis for CERCLA Sites
with Volatile Organic Compounds in Soil, (EPA, 1994) and provided as Appendix B. Therefore, the
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no action and SVE treatment options for VOCs contained in soil and soil-to-indoor air will be
carried forward into Sections 3 and 6 of this FS.

Potentially applicable technologies and process options for remediation of surface and
subsurface soil associated with disposal sites are identified and described in Table 2-3.
Potentially applicable technologies and process options for groundwater remediation are
identified and described in Table 2-4. As part of the initial screening process, certain
technologies and/or process options are identified as clearly inappropriate for the physical
features of the site and/ or the chemical characteristics of the contaminant matrix. These
inappropriate technologies are shaded in Tables 2-3 and 2-4 and are not evaluated further.

2.4.1 Evaluation and Selection of Representative Technologies

Technologies and process options retained after preliminary screening are further evaluated on
the basis of their relative effectiveness, difficulty to implement, and cost. These factors are
evaluated as follows:

¢ The relative effectiveness of a technology is judged on the basis of its estimated capability to
meet one or more of the RAQs, its estimated protectiveness of human health and the
environment during operation, and its estimated reliability to function considering the
contaminants and site conditions;

e The difficulty in implementing a technology considers both the technical and administrative
aspects of construction and operation; and

e The cost evaluation focuses on relative capital (initial) and operation and maintenance
{O&M) costs. Detailed cost analyses are not performed at this level of screening.

Table 2-5 presents the secondary screening of technologies and process options for surface and
subsurface soil and disposal sites. Table 2-6 presents the secondary screening of technologies
and process options for groundwater. Technologies and/or process options that were rejected
on the basis of effectiveness, implementability, or cost are shaded in the table and were not
evaluated further.

2.4.2 Selection of Representative Process Options

Technologies and process options that were retained after the secondary screening were further
evaluated, relative to other process options within the technology type, to identify one
representative option for use in the developing alternatives. Effectiveness was the primary
consideration for the process option assessment. Process options considered to be similarly
effective were further evaluated on the basis of relative implementability and relative cost,
resulting in the selection of the best process option for the technology.

Similarly, effective process options within various technologies were also evaluated to select the
best representative process option. Identifying a representative process option for each
technology was not intended to limit the process options that could be used in remedial design,
but to provide a basis for evaluating a manageable number of remedial alternatives.

In some cases, multiple process options were retained because of their ability to complement
other technologies. For example, institutional control process options were retained because
they would most likely be used during the implementation of potential remedial alternatives.
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Table 2-7 presents the selection of representative process options for surface and subsurface

soils and disposal sites. Table 2-8 presents the selection of representative process options for
groundwater.

2.5 Summary

Table 2-9 summarizes the GRAs and associated process options for surface and subsurface soil
and disposal site contamination and groundwater retained after the screening process. These
process options are used to develop remedial alternatives in Section 3.

SECTION 2 (REV 1) DOC 24



579 87

Tables



Table 2-1

Remedial Action Objectives - Disposal Area
Rav 0 Mamphis Depot Dunn Fleid FS

uzers

hazardous materials that pose an unacceptable
nsk to groundwater and land occupants
{Location of the disposal sites and potential
{chemmucal constituants are unknown and will be
confirmed In the fietd through a pre-design
invastigation

Medla Land Use Remedial Action Objectives (from RI) Ganera! Rasponsa Actions
Surface Sol Maintenance Risks within acceptable range of 1in 10,000 to  |No Action
Worker one milllon, and hazard index (H1) Is lass than
1 0, for Ingestion, dermal and inhalatlon
exposures combined
Industrial Worker  |Risks within acceptable range of 1 in 10,000 to  |No Action
(Outdocr) ona million, and hazard index (HI) is less than
19, for ingestion, dermal and inhalation
axposures combined
Residential Adult* |Risks exceed acceptable range of 1 In 10,000 to [Institutonal Controls
ona million, and hazard index (HI) is greater Excavation
than 1 0, for ingestion, dermal and inhalation ContainmentIn-gitu Treatment
exposures combined
Residential Child* [Hazard index {H)) is greater than 1 0, for Institutionat Controls
ingestion, demnal and inhalation exposures Excavation
combined Contalnment/in-situ Treatment
Scil Column (Ambient  |Utlity Warker Risks within acceptable range of 1 in 10,000 to  |No Action
A ona million, and hazard index {HI) is less than
1 0, for ingestion, dermal and inhalation
exposures combined
Industrial Worker  [Risks within acceptable range of 1 in 10,000 to  |No Action
one milllon, and hazard index (HI) Is less than
1 0, for ingestion, dermal and inhatation
axposuras combined
Residential Adult* |RIsks within acceptable range of 1 In 10,000 to  |No Action
ong million, and hazard index (HI) is less than
10, for ingestion, dermal and Inhalation
exposures combined
Offeits Resident  [Risks within acceptable range of 1 in 10,000 to  |No Action
ono million, and hazard index (HI) Is less than
1 0, for Ingestion, dermat and inhalation
exposures comblned
Subsurface Soll Utity Worker Buried wastes may present a physical or Institutional Controls to prevent subsurfaca
chemical hazard to workers during Intrusive disturbance of burled wastes  Excavation
activities which would disturb subsurface scil Containment/In-situ Treatment
such as excavation, trenching, diliing, at¢
Indoor Air Industrial worker |Risks exceed acceptable range of 1 in 10,000 to | Institutional Controls for locallzed
{Soil-to-Indoor Air) one million, and hazard index (HI1) s greater contaminants
than 1 0, for inhalabion exposures due to Excavation
chicrinatad VOCs in some localized locations  |Contalnment/in-situ Treatment
across the Disposal Area
Utiity Worker Risks within acoepiable range of 1 In 10,000 to  |No Action
one million, and hazard index (HI) is less than
10, for ingestion, dermal and inhalation
exposures combined
Residential Adult® [Risks exceed acceptable range of 1in 10,000 to |Institutional Controls for locaiized
ona méllion, and hazard index (Hl} is greater contaminants
than 1 0, for inhalation exposures due to Excavation
chlorinated VOCs in some localized locations  [Containment/in-situ Treatment
across the Disposal Area
Sediment & Surface Maintenance Risks within acceptable range of 11n 10,000 to  |No Action
Waler |YWorker one million, and hazard index (HI) ia less than
1 0, for ingeston, dermal and inhalation
exposures comkined
Industrial Worker  [Risks within acceptable range of 1 in 10,000 to  |No Action
one million, and hazard index (HI) is less than
10, for ingestion, dermal and Inhalation
axposures combined
Dtsposal Sites All potential ongite |Unknown buried waste that could contain Elirmunata potential for groundwater impacts

from a releasa of butied containerized
hazardous liquids and the leaching of
cantarminants from buriad hazardous solids;
and, eliminate future unacceptable risk of
direct contact with buried hazardous liquid

and/or solids due to intrusive activities during
future {and use or site development

5079

88



79

89

Table 21

Remedial Action Objectives for the Northeast Open Area
Rev 0 Memphis Depot Dunn Field FS

Media

Land Use

Remedial Action Objectives (from RI)

General Response Actions

Surface Soll

Maintenance Worker

Rusks are below 11n a million, and hazard index
(B 1s less than 1.0, for Ingestion, dermal and
inhalation exposures combined

No Action*

Industnal Worker

Risks within acceptable range of 1 1n 10,000 to
one milion, and hazard index (HI) 1s lass than
1.0, for tngestion, dermatl and inhalation
axposures combined

No Acton*

Recreational Adult

Risks within acceptable range of 110 10,000 to
one million, and hazard index (HI} is less than
1 0, for ingestion, dermal and inhalation
exposures combined

No Achon*

Recreational Youth

Risks within acceptable range of 1 in 10,000 to
one milion, and hazard index (HI) 1s less than
1 0, for ingestion, dermal and inhalation
exposures combined

No Action”

Recreational Child

Risks within acceptable range of 1:n 10,000 to
one rullion, and hazard index (Hl) 1s lass than
1 0, for ingestion, dermal and inhalation
exposures combined

No Action®

Residential Adult**

Risks within accaptable range of 110 10,000 to
one milion, and hazard index (Hl) 1s less than
10, for ingestion, dermal and inhalation
exposures combined. Lead concentrations are
elavated in localized areas

Removal of contaminated soils to
rasidential levels

Residental Chid™

Hazard index {HI) 1s less than 1 0, for ingestion,
dermmal and inhalation exposures combined. Lead
concentrations are elevated in localized areas

Removal of contaminated sails to
residential levels

Soll Column
(Soil-to-Indoor Air)

Industnal worker

Risks are below 1 1n a million, and hazard index
(H1} 15 less than 1.0, for ingestion, dermal and
inhalation exposures combined

No Action

Utiity worker

Risks are below 1 in 2 million, and hazard idex
{HI) 15 less than 1 0, for ingestion, dermal and
inhalation exposures combined

No Action

Offsite Resident

Risks are below 1 1n a milhon, and hazard index
(H1) 15 less than 1 0, for ingeston, dermal and
inhalation exposures combined

No Action

Sediment & Surface
Water

Mamtenance Worker

Rusks are below 11 a million, and hazard index
(HI}1s less than 1 0, for ingestion, dermal and
inhalation exposures combined

No Acton

Industral Worker

Risks are below 10 a milhon, and hazard index
{(Hl) 15 less than 1 0, far ingesticn, dermal and
inhalation exposures combined

No Action

Recreational Adult

Risks are below 1in a mulion, and hazard index
(HI)1s less than 1 0, for ingestion, dermal and
inhalation exposures combined

No Action

Recreational Child

Risks are below 1n a million, and hazard index
(HI)1s less than 1.0, for ingestion, dermal and
inhalation exposures combined

No Action

Recreational Youth

Risks are below 1.1 a million, and hazard index
(B 15 less than 1.0, for iIngeston, dermal and
inhalation exposures combined

No Action

*The maximum lead concentration detected at 2,100 mg/kg will be removed per the EE/CA (CH2M HILL, July 2002)
**Risks and hazards evaluated for the Surrogate Site




Table 21

Remadial Action Objectives - Stockpile Area

Rev O Memphis Depol Dunn Field FS
Madla Land Uss ’ Remedial Actlon Objectives (from RI) Ganersl Responsas Actions
Risks within accaptable renge of 1 in 10,000 o one midon and hazend index
Surface Sol Maintanance Worker |11 oo twsa than 1 0, for ingeabon demal and " No Action
Riska within accepiable range of 1 s 10,000 lo one milllen, and hazand Index
Industrial WOrke! |1 s leas than 1 0, for | dermal and © Na Action
Risks within scceptable range of 1 In 10 00 10 ona million, snd hazard index
Rusidential Adurt [HI) Is eas then 1 0 for ingestion dermal and inhalation expasures. combined No Action
Hazard Index (HI} is greater than 1 0, for ingestion, darmat and iInhatation
Residentisl Child* exposuras. ined M1 ls primarty iatnd with Arsenic in sods which ia No Action
wimitar b background concantrations (max = 28 mg/kg)
Risks are balow acceptabie range of 1 In 10 0GG to one milien and hazard
Btk Colurmn Utility Worker index (H) lu less than 1 D, for ingastion, darmal and inhalation exposures No Action
Rinks are bekrw scoeplable range of 1 in 10,000 to ona million, and hazard
Industrial Worker inctex: (H1) is leas than 10 for ingestion devmal snd inhatation sxposures No Action
jcombined
Dispcasl Site {CC-2 Sita) AN potontial onsite users lelhlmdcozmmmnmmmmmmmdbum Fieid [Eliminate potenhal for groundwater impacts from & relesss of

|Location of the dapossl site und -

buried containerized hazardous Nquids snd i leaching of

and will be confirmed in the feid through a pre-design

from buried hazardous wolidy, snd, sliminats future,
unaccaptable risk of drect cantact with burled harardous Hauid
and/or soidy diss ko intrusive activities during future land use o
site development.

“Risks end hazards svakaated for the

Surmogate Site
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Table 2-1
Remedial Action Objectives for Groundwater
Rev. 0 Memphis Depot Dunn Field FS

Media Land Use

Remedial Action Objectives (from RI)

General Response Actions

Groundwater {Onsite) (All|Industrial worker
areas)

Risks exceed acceptable range of 1 1n 10,000 to
one milion and H! exceeds 1 0 pnmanly due to
presence of chionnated VOCs

Prevent use of groundwater for
potabie use/pravent offsite
migrationfremediate groundwater to

VOCs migrating to indoor arr

drinking water standards
Residential Adult Risks exceed acceptable range of 1 n 10,000 to | Prevent use of groundwater for
one milion and Hl exceeds 1 0 primanly due to [potable use/prevent offsite
presence of chlonnated VOCs migration/remediate groundwater to
dnnking water standards
Residenttal Child HI exceeds 1.0 due to presence of chlonnated  |Prevent use of groundwater for
VOCs potable use/prevent offsite
migration/remediate groundwater to
dnnking water standards
Indoor Air (Onsite) Industnal worker Risks are below 1 1n a million, and hazard index |No Action
{Grourdwater-to-indoar {H!) is less than 1.0, for inhalabon exposures
Air) from VOCs migrating to indoor air
Residential Adult Risks are below 1in a mihion, and hazard index |No Action
(HI) 15 less than 1.0, for inhalation exposures
from VOCs migrating to indoor air
Residential Child Hl s less than 1.0, for inhalation exposures from |No Action
VOCs migrating to indoor arr
Groundwater (Offsite) Industrial worker Risks exceed acceptable range of 1 1n 10,000 to jPrevent use of groundwater for
one million and Hi exceeds 1 0 due to presence |potable use/prevent offsite
of chlorinated VOCs migration/remediate groundwater to
drinking water standards
Residential Adult Risks exceed acceptable range of 1 in 10,000 to |Prevent use of groundwater for
ane million and Hi exceeds 1.0 due to presence |potable use/prevent offsite
of chlonnated VOCs migration/remediate groundwater to
dnnking water standards
Residential Child HI exceeds 1.0 due to presence of chionnated {Prevent use of groundwater for
VOCs potable usefprevent offsite
migrationfremediate groundwater to
dnnking water standards
Indoor Air (Offsite) Industnal worker Risks are below 11n a million, and hazard index |No Action
(Groundwater-to-Indoor (HI) 1s less than 1 0, for inhalation exposures
Ar} from VOCs mugrating to indoor air
Residential Adult Risks are below 1 in a million, and hazard index |No Acton
{H!} is less than 1 0, for inhalation exposures
fraom VOCs migrating to indoor air
Residential Child Hls tess than 1.0, for inhalation exposures from [No Action




TABLE 2-2

General Response Actions and Typical Goals Met

Rev. 0 Memphis Depot Dunn Field FS

279 92

Medium General Response Action Remedial Goals Met
Disposal Sites  No Action Relies on natural attenuation to reduce contaminant
and concentrations without performing any other measures.
Associated o . .
Subsurface Institutional Contrels Reduces the likelihood of direct contact with or ingestion or
Solls inhalation of contaminated soil.

Containment Minimizes the exposure to contaminated soil. Confines
contamination for possible removal or treatment and reduces
mobility of contamination.

Removal Prevents direct contact with or ingestion or inhalation of
contaminated soil or sediment, Eliminates chance of release of
contaminants 1o groundwater.

Treatment Reducas mobility, toxicity, or volume of contaminated media.

Disposal Minimizes the likehhood of exposure to contaminants by placing
them in a controlled environment.

Groundwater  No Action Relies on natural attenuation to reduce contaminant

{nstitutional Controls

Monitonng

Containment

Removal

Treatment

Disposal

concentrations without performing any other measures.

Relies on natural attenuation to reduce contaminant
concentrations but reduces the likelihood of direct contact with
or ingestion of contaminated groundwater,

Relies on natural attenuation to reduce contaminant
concentrations but reduces the iikelihood of undetected
contamination or unanticipated migration In addition, the
monitoring data can be used to assess the effectivenass of
natural attenuation processes.

Actively reduces or prevents release of contarninants from soul
to groundwater. Minimizes the migration of contarminants in the
groundwater.

Minimizes or pravents the migration of contaminants in the
groundwater to receptors and removes contaminants from the
saturated zone.

Reduces the mobility, toxicity, or volume of contarminated
groundwater,

Minimizes the likelihood of exposure to contaminants by
extracting them from groundwater and piacing them in a
controlled environment,
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Final Remedial Technologies and Process Options for Disposal Sites (Various Compounds) and Associated Subsurface

Soils

Rev. 1 Memphis Depot Dunn Field FS

General Response
Actions

Remadial Technology
Types

Process Options

Descriptions

No Action

None

Nona

Retained per CERCLA No further actions to
address contaminated soils.

linstitutional Controls

Accass and Use
Restrictions

Deed Restnctions

Deed rastnctions issued for property within
potentally contaminated areas to restrict

property use

Signage

|Dehneate rastricted areas around potentially
hazardous areas.

Fences

Security fances installed around potentally
contaminated areas to imit access

Containment

Capping

Clay Cap

Compacted clay placed over contaminated area,
Clay should be coversd by at least a foot of silty
sand or sandy soll to maintain the integrity of the
clay cap.

Synthetic Membranes

Synthetic membrane ptaced over prepared soll or]
gectextile surface that is over a contaminated
area The membrane ts seamed by a vanety of
methods The membrane must be compatble
with the wastes present.

Asphalt or Concreta Cap

Paving grade asphalt or concrete placed over
prepared contaminated area, Fill settlemeant must
be avaluated in cons:denng a concrete cap
design

Multilayered Cap

Cap may be composed of natural soils, soil
ladmixtures, clay, synthetic membranes, spray-on
asphalts, asphalt concrete, or Portland cement
concrete and placed over contaminated areas If
properly designed, will meat RCRA
reguirements.

Surface Controls

Grading

IReshapmg of topography to manage surface
water infiltration and runcff to control erosion

Revegetatation

A systematic revegetation plan includes selection
of a suitable plant species, seedbed preparation,
seeding/planting, mulching and/or chemical
stabilization, ferthzation, and maintenance

Erosion Control

Natural or man-made matanals used to prevent
erosion and subsequent exposure fo
contaminated soils

Diverston and Collection
Systems

Diversion and collection structures installed
upslope or at penmeter of the site to control
drainage of stormwater runoff System can also
be implemented to collect contaminated surface
water from excavations for remediation.

Dust and Vapor
Supprassion

Water

Water sprayed over area of concem to prevent
dust generation

Organic Agents/ Polymers/
Foams

Organic agents/polymers/foams sprayed over
area of concam to prevent dust/vapor
generation
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TABLE 2-7

Final Remedial Technologies and Process Options for Disposal Sites (Various Compounds) and Associated Subsurface

Soils

Rev. 1 Memphis Depot Dunn Field FS

Genaral Response
Actions

Remedial Technology
Types

Process Options

Descriptions

IRemoval

JExcavation

Excavation

Excavation of contaminated solids/containers
can use ordinary constructon equipment
excavators, and front-end loaders(s).

Treatrnent

In-situ Physical-Chemical
Treatment

Sohdficatron/Stabilization

Soldification agents physically bind
contaminants within a stabilized mass

Stabilizing agents react with contaminants to
reduce their mobdity. Auger/caisson systems and
imjector head systems are used to apply S/S
agents to in-situ soils

Ex-situ Physical/Chemical
Treatment

Solidification/Stabilization

Contaminants are physically bound or enclosed
within a stabiized mass {solidification) , or
chemical reactions are induced between the
stabilizing agent and contaminants to reduce
|their mobility {(stabilzation)

Disposal

Landfill

Hazardous Waste Landfill

Sold hazardous wastes are permanently
disposed of in a RCRA-permitted landfill

Non-Hazardous Waste
Landfill

Sold nonhazardous wastes are permanently

disposed of in a non-hazardous RCRA-permitted
Ilandfill
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Final Remedial Technologles and Process Options for Groundwater
Rev. 1 Memphis Depot Dunn Freld FS
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Geaneral Response
Actions

Remedlal Technology
Types

f
Process Options

Descriptions

No Action

None

None

Retained per CERCLA. No further actions to
address contaminated groundwater. Natural
attenuation occurs,

Institutional Controls

Access and Use
Restrictions

Daed Resfrictions

Deed restrictions issued for property within
potentially contaminated areas to prohibit well
installation. Relies on natural attenuation to
reduce VOC plume

Pemits

Regulations promulgated to require a permit for
wells to extract groundwater. Religs on natural
attenuation to reduce VOC plume.

Removal

Groundwater Extraction

Conventional Pump/Treat

Conventional groundwater extraction nvolves
pumping in vertical wells, Other extraction
devices include vacuum enhanced recovery, jet-
pumping systems, etc. Extracted groundwater
may be discharged to a sanitary sewer, or
treated as required and then discharged.

Treatment

In-stu Biological Treatment

Enhanced Bioremediation

Subsurface defivery of electron donors within the
target zone to stimulate anaerobic
biodegradation of chlonnated compounds by
reductive dechionnaton,

In-situ Physical/Chemical
Treatment

Air Sparging

Aur s injected into saturated matnces to remove
contaminants through volatihzation.

Treatment Walls

Permeable treatment walls are installed across
the flow path of a contaminant plume. As
groundwater moves through the treatment wali,
contaminants are removed in the treatment
zonas by physical, chemical, and/or biological
processes.

In-Situ Chemical Reduction

Aqueocus injection of reducing agents (zero-
valent iron) to promote in-situ reduction of
chlorinated organic compounds.

In-Situ Chemical Oxidation

Aqueous injecton of oxidizing agents
({peroxidefiron, pemmanganate, of ozone) to
promote abiotic In-situ oxidation of chlorinated
organic compounds

Ex-situ Biological
Treatment

Anaerobic Bioremediation

Bioreactor containing contaminants and electron
donors to stimulate anaerobic biodegradation of
chiorinated compounds by reductive
dechlorination.

Treatment Continued

Ex-situ Physical/Chemical
Treatment

Air Stnpping

Volatile organics are partitioned from
groundwater by increasing the surface area of
the contaminated water exposed to air Aeration
methods include packed towers, diffused
aeration, tray aeration, and spray aeration.
Emissions from the air stripping system need to
be monitored and may need to be treated to
conform wath federal (Clean Air Act) and local air
emission monitoring requirements.

Liquid-Phase Carben
Adsorption

Groundwater is pumped through a senes of
canisters or columns containing activated carbon

to which dissolved organic contaminants adsorb
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TABLE 2-8

Final Remedial Technologies and Process Options for Groundwater
Rev. 1 Memphis Dapot Dunn Field FS

General Response
Actions

Remedial Technology
Types

Process Optlons

Descriptions

Penodic replacement or regeneration of
saturated carbon is required. Wastes produced
from the saturated carbon need to be properly
managed

(Disposal

Wastewater Discharge

POTW

Wastewater 1s discharged to a POTW for
treatmant. Must comply with City of Memphis
effluent standards. A permit with the City of
Memphis is required.

[IMonitoring

Monitoring

Monitoring

Short-and/or long-term monitoring s
mplamented to record site conditions and
contarmination levels,




TABLE 23

Screening Summary of GRAs and Process Options Retained for Alternative Development

Rev. 1 Memphis Depot Dunn Field FS

General Remedial
Medium Response Action Technology Type Process Option

Disposal No Action None None

Sites and o . .

Assocated  Institutional Controls  Access and Use Restrictions Deed Restrictions

Subsurface Signage

Soll
Fences

Containment Capping Clay Cap
Synthetic Membranes
Asphalt or Concrete Cap
Multilayered Cap
Surface Controls Grading

Revegetatation
Erosion Control

Removal
Treatment

Disposal

Dust and Vapor Suppression

Excavation

In-situ Physical/Chemical Treatment
Ex-situ PhysicaliChemical Treatment
Landfill

Diversion and Collection Systems
Water

Organic Agents/Polymers/Foams
Excavation
Solidification/Stabilization
Soldification/Stabiization
Hazardous Waste Landfill
Non-Hazardous Waste Landfiil

Groundwater No Action None None
Institutional Controls  Access and Use Restrictions Deed Restrictions
Permits
Removal Groundwater Extraction Conventional Pump/Treat/Discharge
Treatment In-situ Biological Treatment Enhanced Bioremediation
In-situ Physical/Chemical Treatment  Air Sparging
Pneumatic Fracturing
Hydraulie Fracturing
Treatment Walls
In-Situ Chemical Reduction
In-Situ Chemical Oxidation
Ex-situ Biological Treatment Anaerobic Bicremediation
Ex-situ Physical/lChemical Treatment  Air Stnpping
Liquid-Phase Carbon Adsorption
Disposal Wastewater Discharge POTW
Monitonng Monitoring Monitoring

110
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3.0 Development and Screening of Alternatives

This section develops preliminary and potential remedial alternatives for surface and
subsurface soils, disposal sites and groundwater at Dunn Field. The primary objective of
alternative development and screening is to produce an appropriate range of contaminant
management options that will be analyzed more fully in the detailed analysis phase of this FS
{Sections 4 through 7).

As described in Section 2, the proposed treatment technology for subsurface soil remediation of
VOCs at Dunn Field is the presumptive remedy, soil vapor extraction (SVE). However, there
may be other contaminants in the subsurface that require remediation. For example, the 16
disposal sites identified in the Disposal Area at Dunn Field may contain hazardous materials,
including potentially containerized hazardous materials. Some of the soil associated with these
sites may have become contaminated through rupture or leakage through incompetence of
containers and/or contact with buried waste. Since potential contaminants in the disposal sites
and surrounding soil may not be able to be remediated using SVE, they will be addressed
separately from the VOC-contaminated subsurface soils.

VOCs have been detected in groundwater monitoring wells located within the site boundaries
of Dunn Field, as well as offsite to the west and northeast of Dunn Field. Remedial alternatives
presented as acceptable for treatment of onsite groundwater contamination, however, are not
necessarily feasible for treatment of offsite groundwater contamination with respect to land
accessibility and public acceptance. Therefore, groundwater remedial alternatives are addressed
in the FS in terms of onsite and offsite, allowing for selection of different remedial strategies for
onsite versus offsite groundwater contaminants, within the same remedial alternative.

Remedial alternatives are developed and screened on their ability to achieve RAOs. Initial
screening is based on relative effectiveness, implementability, and cost. The three steps of the
process include:

1. Create an initial list of preliminary alternatives and define them using applicable
technologies (Section 3.1);

2. Screen the preliminary alternatives for redundancy to develop a smaller list of potential
alternatives (Section 3.2); and

3. Screen the potential alternatives for effectiveness, implementability, and cost to develop a
smaller list of final alternatives that are carried forward for detailed evaluation in Sections 4
through 7.

3.1 Development of Preliminary Alternatives
For CERCLA actions, the range of alternatives should include the following:
* A no action alternative;

¢ One or more alternatives that involve containment with Little or no treatment; and

SECTION 3 (REV 1) DOC 31
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o A range of alternatives in which treatment addresses the principal threat and eliminates or
minimizes the need for long-term management (EPA, 1988).

Section 121(b) of CERCLA identifies the following statutory preferences when developing and
evaluating remedial alternatives:

o Remedial actions involving treatment that permanently and significantly reduce the toxicity,
mobility, or volume of the COCs are preferred;

o Offsite transport and disposal of COCs without treatment is considered the least favorable
remedial action when practical treatment technologies are available; and

o Remedial actions that use permanent solutions, alternative treatment technologies, or
resource recovery technologies are to be assessed.

The evaluation in Section 2 generated a list of preliminary remedial technologies for further
consideration. The technologies passing the preliminary screening were then assembled into the
remedial action alternatives shown in Tables 3-1 and 3-2. Since the presumptive remedy was
selected for VOC-contaminated subsurface soils and soil-to-indoor air, preliminary screening is
not required; the no action and SVE alternatives are carried forward.

For this FS, only a limited number of alternatives representing reasonable and practical
remedial approaches were listed. These preliminary remedial alternatives are not intended to
preclude consideration of other remedial alternatives that may be suitable. Rather, the listed
alternatives are proposed as those most applicable, based on site conditions and recent
remediation experience. During the process of remedy selection and implementation, new
information may indicate other technologies are better than those evaluated below.

Descriptions of alternatives for disposal sites and associated subsurface soil, VOC-contaminated
subsurface soil and soil-to-indoor air, and groundwater are presented in the following
subsections.

3.4.1 Description of Remedial Alternatives — Disposal Sites and Associated
Subsurface Soil

3114 Alternative 1 - No Action

A no action alternative is required under CERCLA for comparison to active remedies.

31.12  Alternative 2 - Institutional Controls

Alternative 2 will leave residual waste and associated contaminated soil in place, but will
involve deed restrictions limiting the use of the property or portions of the property. This
alternative includes signage to document the areas and potential hazards within, regulation of
intrusive activities during which potential receptors could encounter COCs, maintenance of
access barriers to limit entry into contaminated areas, and periodic inspection for soil
disturbance or migration of COCs. Some biodegradation and chemical reactions with
subsurface materials will be expected to occur naturally over time.

SECTION 3 (REV 1) DOC ¥2
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3143  Alternative 3 - Soil Containment with Institutional Controls

Alternative 3 involves the placement of a protective cover or cap over contaminated soil and
residual waste to act as a physical barrier against direct contact to workers or residents and
water percolation. Natural clean soil consisting of low-permeability (clay) and hugh-
permeability (sand) soil, asphalt, concrete or other material such as flexible geomembrane liner
from offsite will be placed over contaminated areas. Surface controls such as stormwater
control and vegetative cover will be necessary to prevent erosion damage to a soil cover. This
alternative will require deed restrictions limiting the use of the property or portions of the
property, regulation of intrusive activities during which potential receptors can encounter
COCs, maintenance of access barriers to limit entry into contaminated areas, signage to warn
visitors to the site that these areas exist, and periodic inspection for cover disturbance.

3114  Alternative 4 - In-situ Soil Treatment with Institutional Controls

Alternative 4 includes in-situ treatment for subsurface wastes/soils by solidification.
Solidification treatment physically binds constituents within a stabilized mass. These treatments
typically utilize auger/caisson and injector head systems to apply stabilizing agents to in-situ
contaminated soil and vapor controls. Some form of institutional controls will be necessary to
limit site use during implementation. )

3.1.1.5  Alternative 5 - Ex-situ Soil Treatment with Institutional Controls

Alternative 5 includes ex-situ treatment for subsurface wastes/ soils by solidification.
Solidification treatment physically binds constituents within a stabilized mass. Ex-situ
treatment assumes removal of residual waste and contaminated soil by excavation and then
utilizes processes such as emulsified asphalt, pozzolan/Portland cement, or

vitrification/ molten glass to immobilize or contain the harmful constituents. Some form of
institutional controls will be necessary to limit site use during implementation. Under CERCLA,
material can be replaced on site.

3.1.1.6  Alternative 6 - Excavation, Transportation, and Offsite Disposal

Alternative 6 includes excavation of buried waste and/or contaminated soil, and transportation
and permanent offsite disposal in a RCRA-permitted landfill as an industrial waste or
hazardous waste, depending on levels of contamination and landfill requirements. Some offsite
pretreatment processes might be required to meet land disposal restrictions. Excavated areas
will be filled with clean imported soil.

3.1.2  Description of Remedial Alternatives — VOC-Contaminated Subsurface Soil
and Soil-to-Indoor Air

3.1.21  Alternative 1 - No Action
A no action alternative is required under CERCLA for comparison to active remedies.

3.1.22  Alternative 2 - Presumptive Remedy (Soil Vapor Extraction System)

Alternative 2 combines institutional controls with SVE as the presumptive remedy for Dunn
Field. A discussion of presumptive remedy approach and justification for its use at Dunn Field
is presented in Section 1.

SECTION 3 (REV 1) DOC a3
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For this alternative, air flow will be induced through contaminated soil by applying vacuum
through vapor extraction wells and thus, creating a pressure gradient in the vapor phase within
the vadose zone (unsaturated soil zone above the water table) of the targeted soil. As the soil
vapor migrates through the soil pores toward the extraction vents, VOCs will be volatilized and
transported out of subsurface. The extracted soil vapor may or may not need treatment before
release to the atmosphere depending on the COC, its concentration, and the system flow rate.
SVE may be implemented without any enhancements or in conjunction with technologies that
enhance permeability or vapor transport.

Site controls will be in place to limit access during implementation. Further, process controls
will be implemented to minimize fugitive emissions and releases of contaminants above the
acceptable levels.

3143 Description of Remedial Alternatives ~ Groundwater
3.1.3.4  Alternative 1 - No Action

A no action alternative is required under CERCLA for comparison to active remedies.

3.1.3.2  Alternative 2 - Zero-Valent Iron (ZVl) Injection, Enhanced Bioremediation and Enhanced
Extraction, and MNA with Institutional Controls

Alternative 2 combines ZVI injection, enhanced bioremediation whule enhancing the existing
groundwater extraction system positioned along the western boundary of Dunn Field. MNA
and institutional controls are also included as part of the remedy.

ZVl injection is intended to remove chlorinated organic contaminants by chemical reduction
uhlizing zero-valent iron injected into the source areas on Dunn Field to promote abiotic
reduction. A reactive slurry containing colloidal-sized ZV1 is delivered to the saturated
subsurface zone. The colloidal iron particles become imbedded throughout the subsurface
matrix within the radius of influence of the injection point, where the iron particles react with
dissolved-phase CVOCs in the saturated environment. The ZVI will be delivered into the
fluvial aquifer source areas by various mixing or injecting methods. The ZVl is the bulk
reducing agent in these systems. However, corrosion of iron metal yields ferrous iron and
hydrogen, both of which are possible reducing agents relative to contaminants such as
chlorinated solvents. A bench-scale treatability test and field pilot study will assist design of the
total number of ZVI injection points and the ZVI admixture required for the site.

The existing extraction system reduces further offsite plume migration by creating a
hydrological barrier along the western side of Dunn Field. For this alternative, additional
extraction wells will be added to the existing system to decrease the possibility of contaminated
groundwater traveling offsite and placing recovery wells offsite in the areas of highest VOC
concentrations. If system effluent concentrations fail to comply with effluent discharge
standards established via a permit with the City of Memphis, onsite treatment will be required
(as a contingency).

Enhanced bioremediation will reduce contaminant levels in those parts of the plumes outside
the influence of the enhanced extraction system. This remediation method involves adding
nutrients, microbes, and/or chemicals that accelerate in-situ anaerobic biodegradation
processes. The injection of microorganisms into the subsurface is considered an experimental

SECTION 3 (REV 1) DOG H
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technology, while the injection of nutrients has been shown to be effective. This alternative will
consider only injection of nutrients, such as vegetable oil and sodium lactate, to enhance
bioremediation. Long-term groundwater monitoring will be needed to record site conditions
and contamination levels and to monitor the progress of the enhanced bioremediation.
Additional injections may be necessary as part of the enhanced bioremediation process.

Institutional controls, such as deed restrictions to prohibit installation of production or
consumptive use wells within Dunn Field, will protect future workers and residents from
contact with the contaminants in groundwater. The Memphis-Shelby County ordinance that
controls wells near CERCLA sites will prohibit new wells near Dunn Field. Prohibitions on
groundwater development on and near Dunn Field will be necessary to protect potential
receptors. MINA will be used as a final polishing step in low concentration areas of the plumes
where more active treatment is not cost-effective. Groundwater monitoring will be needed to
check for potential migration of plumes and degradation of contaminants. If plume degradation
appears to be limited, contingencies for more active remedial measures will be evaluated.

3.1.3.3  Altemnative 3 - Zero-Valent Iron (ZVl) Injection, Permeable Reactive Barrier, and MNA with
Institutional Controls

Alternative 3 combines ZVI source area injection as a more aggressive method of remediating
the most contaminated portions of the groundwater plume with a more passive remedial
method, an offsite permeable reactive barrier (PRB). The alternative also includes MNA and
institutional controls. ZVI, MNA, and institutional controls are the same as those indicated in
Alternative 2.

A permeable reactive barrier (PRB) is a passive in situ treatment zone of reactive material,
usually granular zero-valent iron, that degrades or immobilizes contaminants as ground water
flows through it. A permeable treatment wall will be installed offsite as a permanent unit across
the flow path of the contaminant plumes. Natural gradients transport contaminants through
strategically placed treatment media. The permeable treatment wall consists of zero-valent iron
granules or other iron bearing minerals for the treatment of CVOCs. As the iron is oxidized, a
chlorine atom is removed from the CVOC by one or more reductive dechlorination
mechanisms, using electrons supplied by the oxidation of iron. The iron granules are dissolved
by the process, but the metal disappears so slowly that the remediation barriers can be expected
to remain effective for many years, possibly even decades. These degradation barriers will
facilitate reactions that break down contaminants in the plume into harmless byproducts. Based
on the depth to water in the fluvial aquifer, potential installation methods include jetting and
vertical hydrofracturing. The applicability of PRBs to the site will be demonstrated with the use
of bench-scale testing of zero-valent iron with site groundwater and site COCs.

3.1.34  Alternative 4 - Air Sparging with SVE, PRB, and MNA with Institutional Controls

Alternative 4 combines a method that volatilizes the VOCs in groundwater (air sparging) and
removes the vapors (soil vapor extraction, or SVE). In addition, an offsite PRB will be used to
remediate downgradient portions of the plume. MNA and institutional controls will also be
used to monitor groundwater contaminant levels and prevent groundwater use. PRB, MNA,
and institutional controls are the same as those indicated in Alternative 3.

Alternative 4 involves injecting air via wells into the contamination source areas of the fluvial
aquifer. This technology removes contaminants from the groundwater through volatilization

SECTION 3(REV 1) DOC 35
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into the injected air stream. VOCs removed from the groundwater will move upwards into the
vadose zone (unsaturated soil zone) and ultimately towards the SVE system. Lines of sparge
wells will be located within each source area and corresponding contaminant plume. The
treatrnent will immediately effect concentrations within the zone of influence of the sparge
wells and ultimately reduce levels of VOCs downgradient of the sparge wells. VOC
concentrations downgradient of the sparge wells will also be reduced by the PRB.

The number and placement of sparge wells will have to be determined from pilot testing at the
site. Results of the pilot test will also indicate the release rate of VOCs into the soil and further
aid 1n the development of the presumptive remedy for subsurface soil. The discharge of VOCs
from the aquifer will be captured by an extension of the SVE system outside of the Dunn Field
perimeter. The SVE lines will be set within the vadose zone above the fluvial aquifer to
immediately pull the vapors from the air sparging system.

3.1.3.5  Alternative 5 - In-situ Chemical Oxidation, PRB, and MNA with Institutional Controls

Alternative 5 combines in-situ chemical oxidation (ISCO} as a source area groundwater
treatment on and offsite (along the west boundary of Dunn Field), with a PRB for the offsite
contamination. In addition, MNA and institutional controls will also be used to monitor
groundwater contaminant levels and groundwater use. PRB, MNA, and institutional controls
are the same as those indicated in Alternatives 3 and 4.

ISCO involves the aqueous injection of oxidizing agents (hydrogen peroxide/iron,
permanganate, or ozone) to promote abiotic in-situ oxidation of chlorinated organic compounds
into harmless end products. The oxidizing agents are injected into the fluvial aquifer through
boreholes using an injector process. Chemical oxidation is driven by the formation of a free
hydroxyl radical (OH), which is extremely powerful oxidizer. A bench-scale treatability study
and field pilot study will assist design of the total number of ISCO boreholes/injectors required
for the site, and the type of oxidizing agent.

31.36  Summary of Active Groundwater Remedial Alternatives

The table below summarizes the effectiveness of the active groundwater remediation
technologies, described as Alternatives 2 through 5 above, on the CVOCs in the groundwater on
Dunn Field. As indicated in the table, not every active remedial technology is 100% effective in

treating all of the CVOCs.
Enhanced
Contaminant Spaﬁ-ging PR:"or Bi an:éggﬁon g:iedr:::?r:
Tetrachloroethene (PCE) e 4 e vy
Trichloroethene (TCE) e S e S
Cis 1,2-Dichloroethene (DCE) e S g3 e
Trans 1,2-Dichloroethene (DCE) S S 32 e
1,1-Dichloroethene (DCE) v S g3 S
Vinyl Chloride v Ve 74 s
1,1,2,2-Tetrachloroethane (PCA) 1 4 S -2
1,1,2-Trichloroethane (TCA) S1 v S -2

SECTION 3 (REV 1)DCC 34
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Contaminant Air PRB or Enhanced Chemical
Sparging ZVi Anaerobic Oxidation
Bioremediation
Carbon Tetrachloride o v v -2
Chloroform v 4 v W 2

PRB = Pgrmeable Reactive Bamner (granular iron)

2ZV1 = Zero-Valent lron

= These VOCs have a relatively low Henry's Law constant and therefore will be more difficult to strip/sparga from the groundwater

2 = Chemical oxidation (wia peroxidefiron, permanganate, or czone) 18 effective in the chemical destruction of unsaturated aliphatic
compounds or alkenes Saturated aliphatic compounds or alkanes are resistant to chemical oxidation

3= Reductive dechlorination of the Dichloroethenes is stower and requires sulfate-reducing and methanogenic conditions.

* = Reductive dechlonination of Vinyl Chlonde 1s slower and requires sulfate-reducing and methanogenic conditions, degrades more
rapwdly under aercbic conditions.

= Chloroform may degrade slowly under anaerobic conditions or may degrade through cometabolism
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3.2 Screening of Preliminary Alternatives

In this section, the initial list of preliminary alternatives, presented in Tables 3-1 and 3-2, is
screened for redundancy and elimination of similar technologies. The following table and
discussion documents this initial screening process and presents the list of potential alternatives
for more detailed screening.

Retained for
Further Eliminated from
Alternative Evaluation Consideration Key Screening Comments

Disposal Sites and Associated Subsurface Soil

1 \ Keep per CERCLA

2 ‘ 4 Controls are viable

3 v Cover/capping is viable

4 v . Not viable for the heterogeneous wastes
and potential unknowns

5 v Viable and includes treatment

6 v Permanent Removal

VOC-Contaminated Subsurface Soil and Soil-to-Indoor Air

1 4 Keep per CERCLA

2 v Presumptive remedy, includes treatment
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Alternative Relt:rt?\zrf o Egﬂ:ﬂ:&:{:{? Key Screening Comments
Evaluation
Groundwatsr*
1 S Keep per CERCLA
2 4 Viable and includes treatment
3 4 Viable and includes treatment
4 < Viable and includes treatment
5 4 Does not treat pnmary chlonnated volatile
alkanes {such as 1,1,2,2-PCA}
3.2.4 Preliminary Alternatives for Disposal Sites and Associated Soil

Five of the six preliminary alternatives for disposal pits and associated soil are retained for
further screening as potential alternatives.

Alternative 1, No Action, is retained per CERCLA requirements.

Alternative 2, Institutional Controls, and Alternative 3, Soil Containment, are both viable and are
therefore retained.

Alternative 4, In-situ Treatment, satisfies the CERCLA preference for treatment; however, it not
viable for disposal sites where there are heterogeneous wastes and potential unknowns, such as
those reported in the disposal pits. Therefore, this alternative is not retained.

Alternative 5, Ex-situ Treatment, satisfies the CERCLA preference for treatment and is retained.

Alternative 6, Excavation, Transport, and Offsite Disposal, is retained as the alternative that
permanently removes the waste from the site by transferring it to an approved offsite disposal
facility.

3.2.2 Preliminary Alternatives for VOC-Contaminated Subsurface Soil and
Soil-to-Indoor Air

Since a presumptive remedy has been selected for subsurface soils, both alternatives will be
carried through to Sections 4 and 6. Alternative 1, No Action, is retained per CERCLA

requirements, Alternative 2, SVE, is the presumptive remedy and satisfies the CERCLA
preference for treatment.

3.23 Preliminary Alternatives for Groundwater

Four of the five preliminary alternatives for groundwater are retained for further screening as
potential alternatives.
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Alternative 1, No Action, is retained per CERCLA requirements.

Alternatives 2 through 4 are retained. All alternatives are in-situ technologies that satisfy the
CERCLA preference for treatment. Institutional controls will be implemented during all
alternatives. Alternative 5 is not retained due to fact that the chlorinated alkanes (such as 1,1,2,2-
PCA) are resistant to chemical oxidation.

3.3 Screening of Potential Alternatives

3.31 Screening Criteria

This section defines each of the screening criteria used for this phase of the screening process —
relative effectiveness, implementability, and cost. Potential alternatives with the most favorable
composite appraisal of effectiveness, implementability, and cost are carried forward as final
alternatives for detailed analysis in Sections 4 through 7. Alternatives that are considered
effective and implementable are not eliminated on the basis of cost alone.

33141 Effectiveness

Effectiveness is the degree to which an alternative safeguards human health by reducing
potential human exposure to contaminated media, and protects the environment by preventing
further transport of the constituents. Alternatives that meet this criterion are considered
effective; alternatives that are relatively less effective or not effective are eliminated from further
consideration.

3.3.1.2  Implementability
Implementability refers to the technical and administrative feasibility of implementing the option.

Technical feasibility refers to the ability of process options to be constructed and reliably
operated, and to meet technology-specific regulations until a remedial action is complete; the
term also includes operations and maintenance (O&M), replacement, and monitoring of
technical components after the remedial action is complete, if such monitoring is required.

Admnistrative feasibility refers to the ability to obtain approvals from other offices and agencies;
the availability of treatment, storage, and disposal services and capacity; and the requirements
for, and availability of, specific equipment and technical specialists. Options that are techrucally
or administratively difficult may be eliminated from further consideration.

3.3.1.3 Cost

Cost refers to the present worth of construction and long-term O&M costs. At this stage of
analysis, costs are discussed qualitatively. Detailed cost analyses for the final alternatives
remaining after screening appear in Sections 4 through 7.
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3.3.2 Screening of Remedial Alternatives — All Media Associated with Dunn
Field

3.3.21  Alternative 1 — No Action

Description

Alternative 1 will leave buried receptacles, contaminated soil and groundwater in place.
Receptacles containing contaminant compounds buried in subsurface soils will be expected to
remain competent. Natural processes, such as neutralization and attenuation, are expected to
occur with the potential to reduce contaminant concentrations over time. However, the
concentrations will not be monitored and the degree to which natural processes are occurring

will be unknown. No deed restrictions on future use within Dunn Field takes place under this
alternative.

Evaluation

No action does not guarantee any reduction in the TMV of any contamination at the site. Under
Alternative 1, the potential pathways continue to exist, and the COCs in soil and groundwater
may migrate. Since there is no action to limit potential exposure, the no action alternative is not
considered viable. However, 1t will be retained as an alternative, as required by CERCLA.

Effectiveness

The no action alternative relies entirely on natural attenuation processes to remediate associated
soil and groundwater, contaminant receptacles to remain competent, and on existing land use
controls to prevent residential land use. Contamination in associated soil and groundwater will
not likely be remediated under these conditions. Contaminant receptacles may not remain
intact, leaching into surrounding soils and underlying groundwater. The effectiveness of this
alternative is unpredictable.

Implementability
Implementability is not a consideration since nothing is implemented.

Cost
Alternative 1 has no associated costs.

3.33 Screening of Remedial Alternatives — Disposal Sites and Associated
Subsurface Soil

3.3.3.1  Alternative 2 - Institutional Controls

Description

Alternative 2 will leave buried receptacles and contaminated soil in place, but will involve deed
restrictions limiting the use/sale of the property or portions of the property; regulation of
intrusive activities and signage to indicate hazards potential receptors could encounter;
maintenance of access barriers to limit entry into contaminated areas; and periodic inspection
for soil disturbance or migration of COCs. Receptacles containing contaminant compounds
buried in subsurface soils will be expected to remain competent. Some biodegradation and
chemical reactions with subsurface materials may occur naturally over time.
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Evaluation

Institutional controls do not guarantee any reduction in the TMV of any contamination at the
site. Under Alternative 2, the potential pathways continue to exist, and the COCs in soil could
migrate and further impact groundwater in the fluvial aquifer. However, institutional controls
will be used to prevent access to these pathways.

Effectiveness

Alternative 2 relies entirely on natural attenuation processes to remediate associated subsurface
soil and on contaminant receptacles to remain competent. Contamination in associated soil and
buried materials may not be remediated under these conditions. Contaminant receptacles may
not remain intact, leaching into surrounding soils and the underlying groundwater.
Protectiveness depends on preventing access to the site constituents. Long-term protectiveness
is uncertain.

Implementability

Institutional controls involve legal documents such as deed restrictions, and long term custodial
care. These services are not difficult to obtain but long-term care is not always reliable.
Community acceptance may be difficult to obtain compared to remedies that are more active.

Cost

Costs for the institutional controls alternative are relatively low. Some ongoing maintenance
costs are associated with periodic site inspections and remedy evaluations to verify access
limitations and continued remedy effectiveness.

3.3.3.2  Alternative 3 - Soil Containment

Description

The containment alternative involves the placement of a protective cover or cap over
contaminated soil and residual waste to act as a physical barrier against direct contact to
workers or residents and water percolation. Natural clean soil consisting of low-permeability
(clay) and high-permeability (sand) soil, asphalt, concrete or other material such as flexible
geomembrane liner from offsite will be placed over contaminated areas. Surface controls such
as stormwater control and vegetative cover will be necessary to prevent erosion damage to a
soil cover. This alternative will require deed restrictions limiting the use of the property or
portions of the property, regulation of intrusive activities during which potential receptors can
encounter COCs, maintenance of access barriers to limit entry into contaminated areas, signage
to warn visitors to the site that these areas exist, and periodic inspection for cover disturbance.

Evaluation

With Alternative 3, associated subsurface contamination at the site is expected to attenuate over
time. However, the materials buried in the disposal sites will persist and will not attenuate. The
soil cover or pavement provides a barrier, preventing direct exposure to contamination. It does
not guarantee any reduction in the toxicity or volume of contamination, but would reduce its
mobility somewhat. Reports of containerized liquid waste in the disposal sites suggest that
over time, even if a containment/cap were installed, the containers may become compromised
and release liquids to the environment regardless of any infiltration protection from the
containment. Also, some of the disposal sites may contain waste that would be amenable to a
containment alternative.
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Effectiveness

The containment alternative protects human health by preventing direct contact with the
disposal site. Soil containment relies primarily on a physical barrier preventing exposure to
disposal material and any associated contaminated soil. Natural attenuation processes may
remediate some associated contamination at the site, but the time required for constituents to
attenuate below target levels is difficult to predict. Buried wastes could still pose a risk to the
underlying groundwater.

Implementability

Institutional controls involve legal instruments such as deed restrictions and long-term
custodial care. These services are not difficult to obtain, but long-term care is not always
reliable.

Material from off-site is used for the soil cover or pavement. Dust control would be considered,
and surface controls are necessary to prevent erosion damage to a soil cover. Routine O&M is
required to maintain integrity of the cover, as well as periodic site inspections and cover
evaluations to verify access limitations and continued remedy effectiveness.

Cost

Costs for 50il containment are moderately low. They include excavation, hauling, and
placement of soil or paving on top of contaminated soil. Costs may range from $5 to $50 per ton
of cover material. Some ongoing maintenance costs are associated with site inspection and
maintenance of cover material.

3.3.3.3  Alternative 5 - Ex-situ Soil Treatment with Institutional Controls

Description

Alternative 5 includes institutional controls, as described in Section 3.3.2.2, and provides ex-situ
treatment of contaminated subsurface soils associated with buried receptacles, after the
excavation of soil and receptacles. Like alternative 3, the contaminated soil is physically treated
to bind constituents within a solidified mass. Once contaminated soil is excavated, it is treated
in a pug mill, rotating drum mixer, or other slurry mixing apparatus with emulsified asphalt,
pozzolan/Portland cement, or vitrification/ molten glass to immobilize or contain the harmful
constituents. Under CERCLA, material can be replaced on site; however, the locations available
for placement of soil may be limited due to treatment. Therefore, ex-situ soil treatment may also
be used to comply with disposal requirements for offsite disposal facilities. Excavated sites,
containing contaminant compounds, will be disposed of at an appropriate offsite disposal
facility. Institutional controls will be used to limit site access during implementation of the
technology.

Evaluation

Ex-situ soil treatment reduces the mobility of contaminated subsurface soils due to treatment.
There will be no guarantee of any reduction in the toxicity or volume of contamination at the
site. Excavated soil from all burial pits could be placed in one location, decreasing area exposed
to potential pathways. Receptacles will be disposed of, removing any potential future source.

Effectiveness

This alternative effectively safeguards human health through treatment of contaminated soil.
This alternative relies on the physical/chemical treatment process of solidification to
immobilize site contaminants. This alternative may take several months to become effective.
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Implementability
All contaminated soil and buried receptacles are excavated. Implementation requires the use of

onsite heavy equipment, an offsite landfill facility that can be used for disposal of receptacles,
and transportation to the facility. The treatment process can result in solidified materal that
may affect future use of the site. Some processes within this treatment may result in significant
increase in volume. All soil could be re-located to one central area, reducing the number of
areas on site requiring institutional controls; however, more trucks will be required for
transport of soil. Site supervision will be required during treatment and institutional controls
will need to be obtained.

Substantive requirements of the NPDES permit must be addressed with this alternative. These
include control of sediment runoff in stormwater during the removal/remedial actions, and
may include collecting stormwater samples to verify if any contamination is migrating offsite
during these actions. In addition, dust control may be warranted if the material in the sites
adheres to soil. Additionally, the site must be reasonably returned to its pre-action status by
replacing sod and performing other landscaping as necessary. Offsite soil will need to be
brought onsite to re-grade excavated soil. Dust or vapor control may be required.

Cost

Costs for Alternative 5 are moderate to moderately high and depend on initial and target
concentrations, quantity of soil treated, depth of contamination, soil characteristics, amount of
debris, characteristics of any residual, site preparation, equipment needs, methods for
excavation and transportation. Excavation and hauling costs may range from $5 to $50 per ton,
with the lower end of that range corresponding to a large amount of soil that does not have to
be transported a long distance. Typical costs for ex-situ solidification on excavated soil are
generally the same as Alternative 3, with a mobilization cost of $10,000 to $20,000 and an
operating cost of $90 to $290 per cubic yard.

Costs for preventing sediment runoff, monitoring stormwater runoff, and post-action
landscaping vary with the size of the site, and the type of action. Stormwater runoff costs are
assumed to be minimal, by using passive controls such as hay bales and silt screens. Costs for
post-action landscaping also vary with pre-vegetation and the size of the site, but are assumed
to average $5,000 per acre.

3.3.34  Alternative 6 — Excavation, Transportation, and Offsite Disposal

Description

Alternative 6 includes excavation of contaminated soil and buried receptacles, transportation
and, permanent offsite disposal in a RCRA-permitted landfill as an industrial waste or
hazardous waste, depending on levels of contamination and landfill requirements. Some
pretreatment processes might be required to meet land disposal restrictions. Excavated areas
will be graded with clean soil brought from offsite.

Evaluation
Excavation, transport, and offsite removal removes contaminated soil, reducing the possibility

for COC migration or exposure.

Effectiveness
This alternative effectively safeguards human health through removal, and controlled disposal
of contaminated soil and buried receptacles. This alternative relies on excavation to remove
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contamination at the site. The duration of this alternative depends on the quantity of soil, the
number of loaders and trucks operating, and the availability of adequate containers to transport
contaminated soil to a disposal facility. This alternative may take several months to implement.

Implementability

Implementation requires the use of onsite heavy equipment, an offsite landfill facility that can
be used for soil disposal, transportation to the facility, and containers for contaminated soil.
Confirmation sampling is required after excavation.

Substantive requirements of the NPDES permit must be addressed with this aiternative. These
include control of sediment runoff in stormwater during the removal/remedial actions, and
may include collecting stormwater samples to verify if any contamination is migrating offsite
during these actions. Additionally, the site must be reasonably returned to its pre-action status
by replacing sod and performing other landscaping as necessary. Offsite soil will need to be
brought onsite to re-grade excavated soil. Dust or vapor control may be required.

Cost

Costs for alternative 6 can be moderate to high, and are dependent on the nature of the
hazardous materials, methods used for excavation, transportation costs, and costs for disposal
at the particular type of RCRA-permitted facility. Typically costs for hazardous waste landfill
transportation and disposal range from $270 to $800 per ton. The costs for non-hazardous waste
landfill transportation and disposal range from $25 to $150 per ton. The lower end of the range
corresponds to soil contaminated with less hazardous materials, an effective method of
excavation, and a nearby disposal facility.

Costs for preventing dust control, sediment runoff, monitoring stormwater runoff, and post-

action landscaping vary with the size of the site, and the type of action. Stormwater runoff costs

are assumed to be minimal, by using passive controls such as hay bales and silt screens. Costs .
for post-action landscaping also vary with pre-vegetation and the size of the site, but are

assumed to average $5,000 per acre.

3.34 Screening of Remedial Alternatives - YVOC-Contaminated Subsurface
Soil and Soil-to-Indoor Air

As described in Section 1.6, Dunn Field VOC-contaminated subsurface soils and, therefore, soil-
to-indoor air meet the criteria required to apply the presumptive remedy, SVE. This alternative
has already been screened against several other alternatives for these contaminants and matrix
(EPA, 1994) and recommended as the preferred remedy. This screemung of technologies 1s
presented in Appendix B. As stated in the document, Presumptive Remedies: Site Characterization
and Technology Selection for CERCLA Sites with VOCs n Soils (EPA, 1993), no additional
preliminary screening is required in this FS.

3.35 Screening of Remedial Alternatives - Groundwater
33.51  Alternative 2 - ZVI Injection, Enhanced Bioremediation and Enhanced Extraction and
MNA with Institutional Controls

Description
Alternative 2 combines ZVI injection and enhanced bioremediation while enhancing the
existing groundwater extraction systern positioned along the western boundary of Dunn Field.
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In addition, MNA with institutional controls will be implemented. In this alternative, ZVI is
used to aggressively remediate the more contaminated portions of the fluvial aquifer while the
existing groundwater extraction system is retained and enhanced to further remove the
contaminants. Also, nutrients are injected into the fluvial aquifer to enhance biodegradation of
the contaminants in a down-gradient position.

The potential for groundwater contact and use is restricted by institutional controls until active
treatment reduces contaminant concentrations to acceptable levels. Groundwater monitoring is
conducted until after MCLs are achieved. Monutoring is also required to measure plume
reduction and/or migration. Contingency plans will be evaluated if site contaminants migrate
towards deeper aquifers (see Figure 7-2 for the location of the potential contingency areas).
Additional extraction wells will be added to the existing system to enhance the ability of the
systern to control offsite migration. Treatment of contaminated groundwater will occur at the
POTW. If system effluent concentrations fail to comply with effluent discharge standards, onsite
treatment, such as an air stripper and/or activated carbon or bioreactor, may be implemented
(as a contingency).

Evaluation

Alternative 2 reduces contamination in groundwater by physical and in-situ bioclogical
treatment and extraction. This alternative includes institutional controls to restrict use of
groundwater in the fluvial aquifer during remediation. Long-term groundwater monitoring
measures the rate of biodegradation, system effectiveness, and defines migration of
contaminant plumes, if any.

Effectiveness

This alternative effectively safeguards human health through treatment of contaminated
groundwater. ZVI injection will act to speed up the treatment of the contamination.Enhanced
bioremediation has been implemented at many hazardous waste sites and is considered an
effective technology. However, multiple injections of biclogical amendments may be required
to reach remedial goals. In addition, treatment may not work as effectively at sites with very
high VOC concentrations, where a continuing source is indicated. However, the ZVI injection
should alleviate this problem. Since the time required to degrade the contaminants below MCLs
is difficult to predict, protectiveness relies on long-term monitoring and on institutional controls
to prevent access to the groundwater until remediation is complete.

Implementability

Bench-scale and pilot testing is required to confirm well spacing and injection rates of the ZVI.
Surface and subsurface heterogeneity may increase the difficulty of injecting amendments into
contaminated areas and adequate injection equipment is required to reach appropriate
treatment depth. Additional extraction wells and the enhanced bioremediation injection wells
will be installed using the rotosonic drilling method and the substantive requirements of
permits will be complied with. The alternative generates relatively little waste and requires
minimal surface structures during operation; however, access to areas off of the Memphis Depot
facility (west of Dunn Field) will be required. The extraction system effluent concentrations
need to comply with discharge standards, as established by the City of Memphis. Institutional
controls will need to be implemented.
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Cost

Costs for Alternative 3 are likely to be high to very high, due primarily to injection of materials
and maintenance of the existing extraction system. Costs include injection of biological
amendments, installation of injection wells or boreholes, equipment, mobilization, and long-
term groundwater monitoring, installation of additional extraction wells, and operation and
maintenance of the current extraction system. Typically, the costs for enhanced in-situ
bioremediation can cost between $1 and $25 per pound of contaminant removed, depending on
the depth to injection and lateral extent of the plume. If discharge from the extraction system
needs to be treated, costs will also include onsite treatment.

3.3.52  Alternative 3 - ZVI Injection, PRB with MNA and Institutional Controls

Description

Alternative 3 combines ZVI injection as described in Alternative 2 with installation of a PRB. In
addition, MNA with institutional controls will be implemented. In this alternative, an oxidizing
agent (ZVI) is injected into the fluvial aquifer to promote anaerobic degradation of chlorinated
organic compounds. The current groundwater extraction system is not retained as part of this
alternative and will be decommissioned.

A permeable reactive barrier (PRB) will be installed west of Dunn Field (down gradient) to treat
contaminated groundwater that has migrated offsite. A PRB is a passive in situ treatment zone
of reactive material, usually granular zero-valent iron that degrades or immobilizes
contamninants as ground water flows through it. A permeable treatment wall will be installed
offsite as a permanent unit across the flow path of the contaminant plumes. Natural gradients
transport contaminants through strategically placed treatment media. The permeable treatment
wall consists of zero-valent iron granules or other iron bearing minerals for the treatment of
CVOCs. The applicability of PRBs to the site will be demonstrated with the use of bench-scale
testing of zero-valent iron with site groundwater and site COCs.

Evaluation

Alternative 3 reduces contamination in groundwater by in-situ chemical treatment. Institutional
controls will restrict use of groundwater in the fluvial aquifer during remediation. Long-term
groundwater monitoring measures the rate of contaminant reduction, and also indicates if site
contaminants are migrating towards deeper aquifers. Contingency plans will be evaluated if site

contaminants migrate towards deeper aquifers (see Figure 7-3 for the location of the potential
contingency areas).

Effectiveness

This alternative effectively safeguards human health through treatment of contaminated
groundwater.ZVI source area treatment of groundwater is an emerging technology and has
been implemented at several sites. The effectiveness of treatment may be impeded by site
porosity and the radius of influence of the injected colloidal ZV1. PRBs are also a recent
treatment method but have been used successfully at many locations. Until remediation is
complete, protectiveness relies on institutional controls to prevent access to groundwater.
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Implementability

Pilot or bench-scale testing is required to determine applicability of treatment to site conditions,
confirm injection point spacing, and quantities. Additional requirements to define
implementability will be developed during testing.

Due to the depth of the groundwater, the ZVI source area treatment and reactive barrier wall
will be installed as a series of injection points. Access to areas off of the Memphis Depot facility
(west of Dunn Field) will be required. The alternative generates relatively little waste and
requires minimal surface structures during operation.

Cost

Costs for Alternative 3 can be moderately high, depending on the amount of iron to inject and
injection points required. However, due to its relatively rapid effectiveness, it may be more
cost-effective than other alternatives requiring a longer remediation time. Costs include
injection point installation, colloidal iron (ZVI), mobilization of equipment and personnel, and
long-term monitoring,.

3.3.53  Alternative 4 - Air Sparging with SVE, PRB with MNA and Institutional Controls;

Description

Alternative 4 combines MNA and institutional controls and air sparging and SVE along the
western boundary of Dunn Field. In addition, a PRB will be installed along the western offsite
boundary of Dunn Field. Air sparging is a proven in-situ technology that injects air into the
groundwater aquifer. This technology removes contaminants from the groundwater through
volatilization into the injected air stream. Volatilized contaminants removed from the
groundwater move into the vadose zone and are recovered by a SVE system (which will be
installed as part of the presumptive remedy for subsurface soils). The current groundwater
extraction system is not retained as part of this alternative and will be decommissioned.
Contingency plans will be evaluated if site contaminants migrate towards deeper aquifers (see
Figure 7-4 for the location of the potential contingency areas). The installation of the PRB is the
same as described in Section 3.3.5.2.

Evaluation

Alternative 4 reduces contamination in groundwater by in-situ physical treatment. Air
sparging is expected to remove VOCs from groundwater in the treatment zone at a high rate.
Calculations using Henry’s Law (assuming chemical equilibrium) indicate that sparging 200
parts per billion (ppb) of PCE produces a vapor concentration of about 31 parts per million by
volume (ppmV), or about 215 mg/L, in the soil zone. Similar calculations suggest that sparging
85 ppb of TCE produces a vapor concentration of about 6 ppmV, or about 32 mg/L, in the soil
zone. Vapors will be removed from the soil by the SVE system.

This alternative includes institutional controls to restrict use of groundwater in the fluvial
aquifer during remediation. Long-term groundwater monitoring measures the rate of
biodegradation, system effectiveness, and also warns if site contaminants are migrating into
deeper aquifers.
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Effectiveness

This alternative effectively safeguards human health through treatment of contaminated
groundwater. Air sparging has been shown to be effective at removing VOCs from
groundwater in relatively homogeneous aquifers. However, air channeling can be a significant
concern. This occurs because the air bubbles form preferential pathways in the aquifer as they
migrate to the surface. The effects of channeling can be minimized by pulsing the airflow into
the well. Air sparging can take years to be effective. Because the time required to degrade the
contaminants below MCLs is difficult to predict, protectiveness relies on monitoring and on
institutional controls to prevent access to the groundwater until remediation is complete.
Additional remedial measures, including the installation of a PRB should reduce the number of
years to remediate groundwater.

Implementability

Pilot testing is needed to determine the configuration of sparge wells, release rates of VOCs,
and airflow rates. Wells and blowers {air pumps) are relatively easy to install and operate.
Bench-scale testing is also necessary for installation of PRBs to determine spacing of injection
points. Access to areas off of the Memphis Depot facility (west of Dunn Field) will be
required.Aboveground equipment and piping are required to implement this technology and
some equipment maintenance is required. The depth to groundwater and the relatively thin
saturated thickness of the fluvial aquifer could cause a limited radius of influence and increase
the number of injection wells.

Injection borings for the PRBs will be installed using the rotosonic drilling method and the
required permits will be obtained. The alternative generates relatively little waste and requires
minimal surface structures during operation.

Cost

Costs for Alternative 4 are moderately hugh to high, depending on the period of operation.
Costs for air sparging may range from $150,000 to $350,000 per acre and are dependent on
number of sparge points, installation of blowers and piping, short-term monitoring, and O&M
labor. The cost efficiency of the treatment decreases as contaminant concentrations in the plume
decrease over time. If discharge from extraction system needs to be treated, costs will also
include onsite treatment.

3.4 Summary of Alternatives Screening

The relative merits of the potential alternatives were compared and screened on the basis of
effectiveness, implementability, and cost. This screening produced a final list of alternatives for
detailed analysis in Sections 4 through 7.

The “No Action” alternative (Alternative 1) is retained for all media on Dunn Field as required
per CERCLA.

The final alternatives retained for disposal sites and associated subsurface soils are as follows:

o Alternative 3: Soil Containment with Institutional Controls;
o Alternative 5: Ex-situ Soil Treatment with Institutional Controls; and
o Alternative 6: Excavation, Transportation, and Offsite Disposal with Institutional Controls.
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The final alternatives retained for VOC-contaminated subsurface soils and soil-to-indoor air are
as follows:

s Alternative 2: SVE (presumptive remedy).
The final alternatives retained for groundwater are as follows:

¢ Alternative 2: ZVI Injection, Enhanced Bioremediation and Enhanced Extraction and MNA
with Institutional Controls;

» Alternative 3: ZVI Injection, PRB with MNA and Institutional Controls;

» Alternative 4: Air Sparging with SVE, PRB with MNA and Institutional Controls.
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4.0 Approach to the Detailed Analysis Process

41 Approach

The information presented in Sections 5 through 7 is designed to aid stakeholders in the
evaluation and, ultimately, in the selection of remedial actions for soils and groundwater at
Dunn Field. The detailed analysis follows the development and screening of alternatives
presented in the previous section, and precedes the actual selection of alternatives with the
Proposed Plan. The alternatives selected in the Proposed Plan will be open for public comment
prior to selection of a remedy in the ROD.

The alternatives retained for detailed analysis from Section 3 are described and evaluated in
Section 5 through 7. The components of this evaluation include the following;:

o Further definition of each alternative, including site-specific application and associated
performance requirements;

* A summary evaluation of each alternative comparing its performance to the nine criteria
prescribed by EPA pursuant to CERCLA (42 of the U.S. Code [U.S.C.] Sections 9601 through
9675); and

¢ A summary analysis of the alternatives with respect to each other.

The evaluation criteria and a detailed description of each alternative are provided followed by a
detailed evaluation of the alternatives. Finally, alternatives are compared to each other.

4.2 Evaluation Criteria

Pursuant to CERCLA and the NCP (40 CFR 300), a range of remedial action alternatives was
developed and included in Section 3. Remedial actions must meet the following statutory
requirements:

» Protect human health and the environment;
o Comply with ARARs or define criteria for invoking a waiver;
e Be cost-effective;

¢ Use permanent solutions and alternative treatment technologies or resource recovery
technologies to the maximum extent practicable; and

» Satisfy the preference for treatment that reduces toxicity, mobility, or velume as a principal
element or explain why this is not attainable.

Since these requirements must be specifically addressed in the ROD, the alternatives are
evaluated to show how remedial actions support these requirements. An alternative will not
necessarily fulfill all requirements.

Sachon 4 {Rev 1) doc 41
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There are also statutory (CERCLA 121(b)(1)(A)) considerations that address long-term
effectiveness of an action, including;:

o Long-term uncertainties associated with land disposal;
o Goals, objectives, and requirements of the Solid Waste Disposal Act;

o Persistence, toxicity, and mobility of hazardous substances and their constituents, and their
propensity to bioaccumulate;

o Short- and long-term potential for adverse health effects from human exposure;
o Long-term maintenance costs;
o Potential for future remedial action costs if the alternative were to fail; and

o Potential threat to human health and the environment associated with excavation,
transportation, and re-disposal, or containment.

EPA has developed nine evaluation criteria that address these statutory requirements and
additional technical and policy considerations that are important for a CERCLA remedial
action. The nine criteria are grouped into three categories: threshold, balancing, and modifying.

421  Threshold Criteria
Threshold criteria must be met or complied with by the selected remedial action. These criteria

include the following.

4.2.1.1 Overall Protectiveness (Criterion 1)

Under this criterion, each alternative is evaluated to determine its ability to reduce risk to
human health and the environment. The evaluation is also used to assess whether the
alternative poses unacceptable short-term or cross-media impacts. For each alternative, the
evaluation includes the following determinations:

o How is the source of contamination to be reduced or controlled;
o How are the site-related risks to human health and the environment to be reduced; and
o How are target levels attained.

4.1.1.2 Compliance with ARARs (Criterion 2)

Remedial actions must comply with the requirements, criteria, standards, and limitations under
federal or more stringent state and local environmental laws that are legally applicable, or
relevant and appropriate, to the hazardous substances or circumstances at a site. Regulations
considered during this FS include the following:

o RCRA - Applicable to the generation, transportation, storage, treatment, and disposal of
hazardous waste during remedial action;

o SDWA - Applicable to the concentration of contaminants present in groundwater used for
potable water supply, and local groundwater and wellhead protection requirements;

Section 4 {Rev 1) dac a2
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¢ Drinking Water Standards (MCLs) applicable to the concentration of contaminants present
in groundwater used for potable use;

¢ Clean Water Act - Applicable to NPDES permitting and discharge monitoring requirements;
¢ Clean Air Act - Applicable to local air quality requirements;

*  Rules and Regulations of Wells in Memphis-Shelby County established by the Ground Water
Quality Control Board for Memphis-Shelby County, Tennessee - Applicable to the location,
design, installation, use, modification, repair, and abandonment of all types of wells;

* Rules and Regulations of Wells in Shelby County, described above, prohibit water wells within
a half-mile of the designated boundaries of a listed federal or state CERCLA site or RCRA
corrective action site;

e State of Tennessee Rule 1200-4-6 - Applicable to underground injection control (UIC) permit
with the Division of Water Supply, and injection well permits;

* State of Tennessee Rule 1200-3 - Applicable to emissions to air during on-site treatment and
the substantive requirements of the Tennessee Air Quality Act, as the City of Memphis is in
a non-attainment zone;

e State of Tennessee Rule 1200-1-13.08(10) - Applicable to recording Notice of Land Use
Restrictions in deeds transferring property whenever the remedial action does not fully
address the hazardous substances which pose a risk to human health or the environment;

e State of Tennessee Rule 1200-1-11.06(7)(g) and (j) - Applicable to the preparation of a survey
plat "indicating the locations and dimensions of landfill cells or other hazardous waste units
with respect to permanently surveyed benchmarks" and should be submitted to the local
zoning authority and EPA.

s Stormwater Discharge from Construction Activities, No. TNR10-0000 - Applicable to
remedial actions that disturb 5 acres or more of land and need to comply with the
substantive requirements of the NPDES Phase I stormwater permit program as
implemented by TDEC under its General Permit;

¢ City of Memphis, Public Works - Permits applicable to industrial effluent discharging to a
POTW.

* Existing land use controls — Currently, Dunn Field is zoned as Light Industrial (I-L). The
principal uses permitted are manufacturing, wholesaling, or warehousing,

4.2.2 Balancing Criteria

Balancing criteria are the five criteria used to determine the acceptability of a remedial action.
These criteria provide a way to assess which alternative best achieves the remedial objectives
while balancing technical and cost considerations. The balancing criteria are included in the
following paragraphs.

4.2.21 Long-term Effectiveness and Permanence (Criterion 3)

Long-term effectiveness and permanence are measured by how much risk remains after the
remedy is completed. Alternatives providing the highest degree of long-term effectiveness and
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permanence are those that leave little or no waste at the site, make long-term maintenance and
monitoring unnecessary, and minimize the need for institutional controls. The evaluation of
long-term effectiveness includes consideration of the following factors:

o The magnitude of the risk to human and environmental receptors posed by untreated waste
or treatment residues after active remedial activities;

o The type, degree, and adequacy of long-term management required for untreated waste or
treatment residues after active remedial activities;

o The long-term reliability of engineering and/ or institutional actions to provide continued
protection from untreated waste or treatment residues; and

o The potential need for replacement of the action and the continuing need for repairs to
maintain the performance of the remedy.

4.2.2.2 Reduction of Toxicity, Mobility, or Volume through Treatment (Criterion 4)

The statutory preference is a remedial action that employs treatment to reduce the toxicity,
mobility, or volume (TMV) of hazardous substances. Criterion 4 addresses the anticipated
performance of technologies to reduce TMV of hazardous substances, Alternatives that do not
include treatment technologies are not considered to reduce TMV. Thus criterion considers the
following:

o The treatment process(es);
o The amount of hazardous substances that will be treated or destroyed;

o The degree of expected reduction in TMV through treatment, including how the treatment
addresses the principal risk(s);

e The degree to which the treatment will be irreversible; and

o The type and quantity of residuals that will remain following treatment.

4.2.2.3 Short-term Effectiveness (Criterion 5)

This criterion considers the short-term effects of an alternative on human health and the
environment. Short-term effectiveness is measured by:

o Short-term risks that might be posed to the community during implementation of an
alternative;

o Potential adverse impacts on workers during implementation, and the effectiveness and
reliability of protective measures;

o Potential for adverse environmental impacts during implementation, and the effectiveness
and reliability of mitigation measures; and

o Estimated duration of implementation needed to achieve the remedial objectives.
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4.2.2.4 implementability (Criterion 6)

Implementability deals with the difficulties of constructing and operating an aiternative, and
the availability of materials and services required. The following factors are considered:

« Ability to construct and operate;

¢ Ease of doing more action, if needed;

o Ability to monitor effectiveness;

¢ Ability to obtain approvals and coordinate with other agencies;

e Availability of services and capacities;

e Availability of necessary equipment, specialists, and materials; and

e Availability of technologies.

4,2.2.5 Cost (Criterion 7)

Preliminary cost estimates were developed for each remedial alternative. These cost estimates
are used to compare the alternatives, not to bid the work. These estimates were made from
available information, i.e., they have an expected accuracy of -30 percent to +50 percent for the
scope of action described for each alternative. The estimates are divided into capital costs and
O&M costs, and are based on information provided by vendors, regulators, and experience on
similar projects. The present worth of the capital cost and 30 years of O&M are included. Details
of these cost estimates are included in Appendix D. Significant uncertainties that may affect cost
are discussed with each alternative.

4.2.3 Modifying Criteria

State and community acceptance of a proposed remedial action is an important element in the
decision to select and to implement. Concerns of state regulators and the local community must
be addressed during the selection process and are generally termed “modifying criteria.”

4.2.3.1 State Acceptance (Criterion 8}

The State of Tennessee (TDEC) will have the opportunity to review and comment on all stages
of the Dunn Field cleanup process. TDEC comments become part of the Administrative Record
and are considered in selection of the preferred remedy.

4.2.3.2 Community Acceptance {Criterion 9)

Potential community concerns are used to evaluate each remedy in this FS. Consistent with the
NCP, public comments will be solicited on the preferred alternative presented in the Proposed
Plan. These public comments are factored into the decision to select a final remedy.
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5.0 Detailed Analysis of Disposal Sites and
Associated Soil Alternatives

5.1 Definition of Disposal Sites and Associated Soil Alternatives

The EPA guidance for conducting an RI/FS (EPA, 1988) recommends that each alternative be
defined in sufficient detail to apply the evaluation criteria and to determine order-of-magnitude
costs. The definition may include preliminary design calculations and drawings, as well as
address the limitations, assumptions, and uncertainties about each alternative. However, the
definition step is not a remedial design. Complete details of how an alternative will be
implemented are not necessary (or required by CERCLA) for the comparative analyses
performed. The quantitative data given as part of the description of an alternative are estimates
based on conceptual design and professional experience. They are for the purpose of estimating
costs to an accuracy of +50% to -30%, per EPA guidance on FS cost estimates.

In the detailed analyses presented in this section, alternatives were defined with respect to
future land use and respective disposal sites. Based on information generated by the Archives
Search Report, approximately 15 disposal sites are known to exist in the Disposal Area and one
{(a CC-2 disposal area) disposal site is known to exist in the Stockpile Area (Table 1-6). These 16
sites have been identified by the BCT as having a priority ranking for remedial action. The
anticipated land use for these areas is industnal. The various COCs associated with the disposal
sites are surnmarized 1n Table 5-1. While the alternatives discussed in this section may be
effective at remediating contaminants contained within the disposal sites and associated
subsurface soils to industrial use standards, remedial action for subsurface soils contaminated
with VOCs (Section 6) will be required prior to the Disposal Area being acceptable for industrial
use and to be protective of groundwater. The disposal sites and associated soil alternatives
retained from Section 3 are defined in the following sections.

The following RAOs that have been developed for the disposal sites at Dunn Field are as
follows:

o Eliminate potential for groundwater impacts from a release of buried containerized
hazardous liquids and the leaching of contaminants from buried hazardous solids;

o Eliminate future unacceptable risk of direct contact with buried hazardous liquid and/or
solids due to intrusive activities during future land use or site development.

541 Alternative 1 - No Action

This alternative includes no active remedial activities, but is required by CERCLA to be retained
as a baseline for comparison.
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5.1.2 Alternative 3 - Soil Containment with Institutional Controls

The soil containment alternative involves the placement of a protective cover or cap over
contaminated soil and residual waste to act as a physical barrier against direct contact to
workers or residents and water percolation. Natural clean soil consisting of low-permeability
(clay) and high-permeability (sand) soil, asphalt, concrete or other material such as flexible
geomembrane liner from offsite will be placed over contaminated areas. Surface controls such
as stormwater control and vegetative cover will be necessary to prevent erosion damage to a
soil cover. This alternative will require deed restrictions limiting the use of the property or
portions of the property, regulation of intrusive activities during which potential receptors can
encounter COCs, maintenance of access barriers to limit entry into contaminated areas, signage
to warn visitors to the site that these areas exist, and periodic inspection for cover disturbance.

This alternative includes constructing a protective cover or containment of soil or pavement
over contaminated disposal sites with deed restrictions preventing disturbance of the cover and
preventing residential landuse. Disposal sites and any associated contaminated subsurface soils
would be left in place, and a 2-ft thick cover would be installed over them. In addition, deed
restrictions preventing future disturbance of the cover would be provided. These restrictions
would be coordinated with the Depot reuse implementation plans, and would be included in all
deeds and leases. Location of the disposal sites would be required in the deed language. Figure
5-1 depicts the various disposal areas that this alternative would address the disposal sites.

Containment will be applied to individual soil areas within the Disposal Area that require
remedial action to obtain the RAOs. Table 5-1 summarizes the characteristics of these disposal
sites. For purposes of the costing in this FS, it has been assumed that only 12 of the sites (or
10,215 square feet) presented in Table 5-1 will require future remedial efforts.

Preliminary design components will include the following;:

e Deed restrictions will prevent future residential land use and intrusive activities within the
covered/contained areas. These restrictions will be coordinated with the Depot reuse
implementation plans, and will be included in all deeds and leases. A fence with signage
will be required.

¢ Annual inspections and reports by the DoD will document the site status to ensure that uses
incompatible with the deed restrictions do not take place, with reporting for regulatory
concurrence,

The assumptions used in developing the cost estmate for this alternative were as follows:
» The remedy will require less than 1 year to achieve remedial goals.

» Areas identified with buried receptacles and subsurface soils contaminated with
concentrations exceeding the RGOs will be treated. The extent of the disposal sites and
associated subsurface soils as well as the contaminant concentration will be refined prior to
the Dunn Field Remedial Design. The following information was developed within the
Dunn Field RI (CH2M HILL, July 2002) regarding the areas of the pits:

“In 1993, the U. S. Army Engineer Waterways Experiment Station conducted a
geophysical investigation of the western portion of Dunn Field. Six areas were
investigated to determune the location of buried trenches, pits, drums, and other sources
that may be contributing to the contamination of the upper aquifer. The final technical
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report (GL-94-8) was published in March 1994. The report concluded that there are
potential burial sites in five of the six areas surveyed. Based on this data, CH2M HILL
conducted field observations on August 18, 1995. The observations indicated many
surface irregularities and depressions, suggesting possible burial sites in the northwest
quadrant of Dunn Field (the Disposal Area). Many of the irregularities and depressions
appeared to correspond with the mapped waste areas while others did not. Engineers
from CH2M HILL revisited Dunn Field in October 1995, and mapped the irregularities
and depressions noted during the visits. The results of the mapping confirm that many
of the field-identified depressions and irregularities correspond well with previously
mapped burial sites on Dunn Field, and there were some that did not. Three (3) figures
generated from the mapping of the irregularities and depressions on the western portion
of Dunn Field are included in Appendix A-6."

o Fugitive dust or vapor emissions and stormwater runoff controls will be required during
remedial activities.

o Periodic 5-year reviews performed by the DoD, with concurrence by the regulators, will also
be required.

51.3 Alternative 5 - Ex-situ Soil Treatment with Institutional Controls

This alternative includes excavation of each disposal site and associated contaminated
subsurface soils, treatment of contaminated subsurface soils through solidification, and
institutional controls prohibiting future residential use. This alternative will immobilize
contaminants in associated subsurface soils and remove any potential source in the buried
receptacles. The excavated receptacles will be disposed of in an appropriate disposal facility.
Implementation of this alternative will be fully protective for industrial use by elminating risk
of exposure to subsurface soil areas with contaminants exceeding levels acceptable for
industrial workers. Deed restrictions will be required to prevent industrial use during
implementation of the remedy.

Treatment will be applied to individual soil areas within the Disposal Area that exceed levels
acceptable for industrial land use. Table 5-1 summarizes the characteristics of these disposal
sites. For purposes of the costing in this FS, it has been assumed that only 12 of the sites
presented in Table 5-1 will require future remedial efforts.

Preliminary design components will include the following:

o Buried receptacles and associated contaminated soil will be excavated in areas where
contaminated subsurface soils exceed industrial RGOs (Figure 5-1) to depth of disposal sites.
This varies with each disposal sites but is 10 feet below land surface on average.
Confirmation sampling will be required to verify contaminant areas have been removed.

o Contaminated soil will be treated with a mixture that will solidify the soil, immobilizing
contaminants. Treated soil will be left onsite to the greatest extent possible. Some
hazardous debris (assume 50 tons) will be removed for offsite treatment and disposal.

o Temporary restrictions are afforded by CERCLA to restrict site access during
implementation of the technology. Permanent deed restrictions will prevent future
residential land use. These permanent restrictions will be coordinated with the Depot reuse
implementation plans, and will be included in all deeds and leases.
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Annual inspections and reports by the DoD will document the site status to ensure that uses
incompatible with the deed restrictions do not take place, with reporting for regulatory
concurrence.

The assumptions used in developing the cost estimate for this alternative were as follows:

The remedy will require less than 1 year to achieve remedial goals.
Deed restrictions will be enforced to prevent residential land use.

Areas identified with buried receptacles and subsurface soils contaminated with
concentrations exceeding the RGOs will be excavated and treated. As described in Section
5.1.2, the extent of the disposal sites and associated subsurface soils as well as the
contaminant concentration will be refined prior to the Dunn Field Remedial Design.

Contaminated soils will be excavated to depth of each disposal site, on average 10 feet, and
replaced with compacted clean (as determined by analytical testing) backfill, obtained from
offsite.

Approximately 3,900 cubic yards of contaminated subsurface soil will be treated with
chemical process (emulsified asphalt, pozzolan/Portland cement, or vitrification/ molten
glass) to solidify soils. Treated soils will be left on site to greatest extent possible.

Excavated containers and compounds could require special handling, treatment and
disposal at a RCRA hazardous waste facility (assume 50 tons); however, disposal
characterization samples will be analyzed prior to disposal.

Trucks will be required to transport clean backfill onsite and transport excavated receptacles
offsite.

Fugitive dust emissions and stormwater runoff controls will be required during remedial
activities.

Excavation confirmation sampling and analyses will be required to confirm that RGOs were
met,

Site restoration will be required following treatment to restore the site to acceptable
conditions.

Periodic 5-year reviews performed by the DoD, with concurrence by the regulators, will also
be required.

5.1.4 Alternative 6 — Excavation, Transportation, and Offsite Disposal

This alternative includes the excavation, transportation, and offsite disposal of contaminated
buried receptacles and associated contaminated subsurface soil. Implementation of this
alternative will be fully protective for industrial use by eliminating risk of exposure to areas
with concentrations exceeding industrial levels.

Excavation and offsite disposal will be applied to individual soil areas within the Disposal Area
that exceed levels acceptable for industrial land use. Table 5-1 summarizes characteristics of the
disposal sites. For purposes of the costing in this FS, it has been assumed that only 12 of the
sites presented in Table 5-1 will require future remedial efforts.
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Preliminary design components will include the following;:

o Buried receptacies and associated contaminated soil will be excavated in areas where
contaminated subsurface soils exceed industrial RGOs (Figure 5-1) to 1 foot below the depth
of each disposal site. This varies with each disposal site but is 10 feet below land surface on
average. Confirmation sampling will be required to verify contaminant areas have been
removed.

o Excavation, transportation, and off-site disposal will require temporary controls that will
limit the use of the Depot during implementation. These restrictions will be coordinated
with the Depot reuse implementation plans.

o Annual inspections and reports by the DOD will document the site status to ensure that
uses incompatible with the deed restrictions do not take place, with reporting for regulatory
concurrence.

The assumptions used in developing the cost estimate for this alternative were as follows:
o The remedy will require less than 1 year to achieve remedial goals.
o Deed restrictions will be enforced to prevent residential land use.

o Areas identified with buried receptacles and subsurface soils contaminated with
concentrations exceeding the RGOs will be treated. As described in Section 5.1.2, the extent
of the disposal sites and associated subsurface soils as well as the contaminant concentration
will be refined within the Dunn Field Remedial Design.

o Approximately 3,900 cubic yards of contaminated subsurface soil and debris will require
treatment.

o Contaminated soils will be excavated to 1 foot below depth of each disposal site, on average
10 feet, and replaced with compacted, clean (as determined by analytical testing) backiill,
obtained from offsite.

o Excavated subsurface soil and containers holding chemicals could require special handling,
pretreatment and disposal at a RCRA Subtitle C hazardous waste landfill or other
acceptable disposal facility; however, disposal characterization samples will be analyzed
prior to disposal. If the compounds were determined to be non-hazardous, they could be
disposed of at a local Subtitle D landfill.

o Trucks will be required to transport clean backfill onsite and transport excavated receptacles
offsite. Some excavated material may have to be overpacked.

o Fugitive dust emissions or vapors and stormwater runoff controls will be required during
remedial activities.

o Excavation confirmation sampling and analyses will be required to confirm that RGOs were
met.

o Site restoration will be required following treatment to restore the site to acceptable
conditions.

-SECTION 5 {REV. 1) 0OC 55



579 143

MEMPHIS DEPOT DUNN FIELD FS - REV 1 02103

» Periodic 5-year reviews performed by the DoD, with concurrence by the regulators, will also
be required.

5.2 Detailed Analysis of Disposal Sites and Associated Soil
Alternatives

The following detailed analyses compare the alternatives to the nine EPA criteria. The analyses
are presented in the following narrative and in a summary table (Table 5-2) following this
section. '

5.21 Alternative 1 - No Action

The no action alternative will not be protective of human health for disposal sites and
associated contaminated subsurface soil under industrial land use. The alternative provides no
control of exposure to the contaminated soil for industrial workers or controls to prevent
industrial use. Further, although existing land use restrictions (see Section 4.2.1) currently
prohibit residential development at the Depot, the existing restrictions could be removed or
altered at some time in the future. The no action alternative does not add any protective layer of
institutional controls prohibiting residential development.

There are no ARARs that apply to the no action alternative for subsurface soils. Long-term
effectiveness will not be acceptable for this alternative. It includes no controls for exposure and
no long-term management measures. All current and future potential risks will remain under
this alternative to industrial workers. This alternative provides no reduction in toxicity,
mobility, or volume of the contaminated soil through treatment. Short-term effectiveness will
not apply since nothing is being implemented; there will be no additional risks posed to the
community, remediation workers, or the environment. Further, there are no implementability
concerns or costs posed by this remedy since no action will be taken. This alternative is not
likely to be accepted by the regulatory agencies or the community. However, it is retained and
presented for detailed evaluation as required by CERCLA.

5.2.2 Alternative 3 — Soil Containment with Institutional Controls

The containment alternative is protective of human health and the environment by
preventing residential and industrial worker exposure to contaminated soil/ waste.

ARARs do not apply to cover installation since actions would not involve the disposal of
waste. Controls that would be required include deed restrictions and fencing. These

controls would complement the existing zoning and land use controls prohibiting residential
use in the Disposal Area.

For this alternative to remain effective over the long term, the cover would require careful
maintenance of landscaping and controls that would help prevent industrial worker or
residential intrusion below the cover. Because contamination remains on-site, a review
would be conducted at least every 5 years to ensure that the remedy continues to provide
adequate protection of human health and the environment in accordance with CERCLA
121(c). This alternative leaves all wastes in place and unknown waste receptacles/containers
could leak and create a threat to groundwater.
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This alternative provides no reduction in toxicity, mobility, or volume of the contaminated
soil through treatment. The cover reduces the mobility of contaminants by physical
containment.

Site engineering controls would be required to minimize fugitive dust and stormwater
releases during site preparation and installation of the cover. The cover and controls
would be completed in less than 1 year.

The containment alternative is easily implemented and monitored. No special techniques,
materials, equipment, or skills are required. Soils are available locally for cover, The
containment action could be enhanced by enlarging the cover if more contamination were
discovered.

In the short-term, there is no increase in risk to the community or to workers due to
implementation of this alternative because there are no site activities that will affect exposure.
Controls and restrictions will take an estimated 6 months to implement. Institutional controls
are easy to implement and require no special equipment or materials. The action could be
enhanced by extending the areas of control and adding fencing.

The 30-year present worth cost is estimated to be $616,000, with a capital cost of $304,000, with
an annual O&M cost of $20,000 to control areas exceeding industrial RGOs. This alternative is
not like to be accepted by the state regulators and the community since long-term effectiveness
is marginal, the alternative is not protective of groundwater, and ongoing monitoring and
maintenance of the soil containment is required.

5.2.3 Alternative 5 — Ex-situ Soil Treatment with Institutional Controls

Ex-situ soil remediation is protective of human health and the environment by treating
contaminated subsurface soil and removing buried receptacles that can not be treated onsite.
Treatment and removal reduce exposures to levels that are acceptable to industrial land use.
This remedy will comply with ARARSs, in particular fugitive dust and stormwater controls, and
RCRA land disposal restrictions. Deed restrictions will prohibit future residential use.

Alternative 5 will be effective and permanent because the treatment immobilizes contaminants
in subsurface soils and excavation and offsite disposal of buried receptacles (that can not be
treated onsite) removes any potential future source. No monitoring or management beyond the
completion period will be required. Solidification is irreversible by fixing contaminants in the
soil matrix so it will not be ingested or inhaled. This alternative meets the statutory preference
for using treatment as a principal element.

For the short-term, site engineering controls will be required to minimize fugitive dust and
stormwater releases during site preparation, treatment activities, and transport of soil and
containers, Site workers might be required to wear dermal and respiratory protection to
minimize the likelihood of exposure during intrusive activities. Temporary controls will be
required to prevent exposure or disturbance to contaminated soil during the treatment period.
Excavation and ex-situ soil treatment are reasonably easy to implement and proven
technologies. The treatment actions could be enhanced by enlarging the treatment areas 1f more
contamination were discovered. Compliance with RCRA land disposal restrictions could result
in additional treatment, resulting in an increase in difficulty in implementing this remedy.
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The 30-year present worth cost is estimated to be $2,129,000, with a capital cost of $2,069,000,
and an annual O&M cost of $4,000. The capital cost is primarily excavations and onsite
treatment of subsurface soil/ wastes, and excavation, transport, and disposal costs for buried
receptacles that can not be treated onsite. The annual O&M cost is primarily for continued
monitoring of compliance with institutional controls. Since contarnination remains on-site, a
review will be conducted at least every 5 years. This alternative is likely to be accepted by the
state and the community because it affords protection after a moderate time for cleanup and
removes buried receptacles from the site.

5.24 Alternative 6 — Excavation, Transportation, and Offsite Disposal with
Institutional Controls

Excavation, transportation, and off-site disposal is protective of human health and the
environment by removing contaminated soil and buried receptacles. Removing contaminants
reduces industrial worker exposure to levels that are acceptable.

This remedy will comply with ARARSs, in particular fugitive dust, vapor, and stormwater
controls and RCRA land dispesal restrictions. Sites 3, 7, 10, 11, 15, and 15.1 do not likely contain
compounds that are listed hazardous wastes and are not likely to exceed TCLP criteria;
therefore, they are not considered RCRA hazardous wastes at this time. Sites 4.1, 8, 12, 12.1, and
15.2 likely contain compounds that are listed as hazardous wastes. Sites 4, 13, 16, 16.1, and 17
contain a mixture of compounds, whose characteristics are not completely defined and testing is
required prior to disposal. Site descriptions and COCs are described in Table 5.1

Contaminated subsurface soil will be disposed of at the appropriate land disposal facility. They
will be tested prior to disposal and if they exceed TCLP critena, they will be disposed of as a
hazardous waste. Upon excavation, compounds still contained in receptacles will either be
saved for recovery and recycling or disposed of in an appropriate and approved waste disposal
facility. Hazardous compounds will go to an approved RCRA treatment and/or disposal
facility.

This alternative remains effective after completion because contaminated soil is removed.
Removal is reliable and permanent. No monitoring or management beyond the implementation
period will be required. A 5-year review will be required, as some waste will remain onsite.
This alternative provides no reduction in TMV of the contaminated soil through treatment.
Disposal in an offsite landfill reduces the mobility of contaminants by physical containment.

For the short-term, site engineering controls will be required to minimize fugitive dust and
stormwater releases during site preparation, treatment activities, and transport of soil and
containers. Site workers might be required to wear dermal and respiratory protection to
minimize the likelihood of exposure during intrusive activities. Temporary controls will be
required to prevent exposure to contaminated soil during the excavation period. This
alternative is easily implemented and monitored. No special techniques, materials, equipment,
or skills are required. Native soil is available locally for backfill. Offsite transportation may
require special controls on trucking operations. The removal action could be enhanced by
enlarging the excavated area if more contamination were discovered.

The 30-year present worth cost is estimated to be $1,772,000, with a capital cost of $1,715,000,
and an annual O&M cost of $3800 to cover areas exceeding industrial RGOs. The annual O&M
cost is primarily for continued monitoring of compliance with institutional controls. This
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alternative is likely to be accepted by the state and the community because it affords protection
after a moderate time for cleanup and removes contaminated subsurface soil and buried
receptacles from the site,

5.3 Comparative Analysis of Disposal sites and Associated Soil
Alternatives

The alternatives are compared to each other using the nine EPA criteria. A description of this
comparison is included in the following paragraphs. This section concludes with a summary of
the comparative analysis.

5.3.1 Overall Protection of Human Health and the Environment

All alternatives are considered protective of human health and the environment. The no action
alternative is not protective of human health and the environment, which is a threshold criteria;
therefore, it will not be carried forward for discussion under the remaining criteria.

5.3.2 Compliance with ARARs

All alternatives are expected to meet ARARs at the completion of implementation.

53.3 Long-term Effectiveness and Permanence

Alternatives 5 and 6 are expected to be effective and permanent at the completion of
implementation through treatment or removal for offsite disposal. Alternative 3 (Soil
Containment) is effective and permanent through the covering of the disposal sites and
associated subsurface soil with a low permeability cap which will prevent rainwater percolation
and intrusive access. However, unknown receptacles/containers could leak and create threat to
groundwater.

5.3.4 Reduction of Toxicity, Mobility, or Volume through Treatment

Alternative 5 (Ex-situ Soil Treatment) is the only action that satisfies the statutory preference for
treatment as a principal element. Ex-situ sohdification of subsurface soils/ waste are used to
reduce the mobility of contaminants to residual levels acceptable to industrial land use.
Although Alternatives 3 (Soil Containment) and 6 (Excavation, Transportation and Offsite
Disposal) reduces the mobility of chemicals, the reduction is not achieved through treatment.
Treatment may be required at the disposal facility prior to the final disposition of the waste
materials.

5.3.5 Short-term Effectiveness

Alternative 3 (Soil Containment) has the greatest short-term effectiveness because it presents
the least risk to workers, community, and the environment, and is the quickest way to short-
term protection (6 months). This alternative does require some engineering controls during
placement of the cap material. Alternatives 5 (Ex-situ Soil Treatment) and 6 (Excavation,
Transportation and Off-site Disposal) require significant engineering controls during remedial
activities to minimize impacts from fugitive dust and vapor emissions, and stormwater runoff.
These alternatives pose greater risk to workers and the community through the excavation of
buried waste materials. All alternatives should take less than 1 year to implement. Alternatives
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5 (to a lesser degree) and 6 may also cause traffic impacts due to offsite hauling of excavated
material and the hauling of backfill material onsite.

9.3.6 Implementability

All alternatives are considered technically feasible and can be implemented with available
labor, materials, and equipment. Additional remedial actions can be readily implemented if
more effectiveness becomes necessary with all three alternatives. Alternative 3 (Soil
Containment) is considered the simplest to implement; however, long-term monitoring and
maintenance will be required for the capped areas. Alternative 5 (Ex-site Soil Treatment) is most
difficult to implement because of the treatment processes and time required. Care will need to
be taken to avoid damage/release from excavated buried containers during implementation of
Alternatives 5 (Ex-site Soil Treatment) and 6 (Excavation, Transportation and Off-site Disposal).

5.3.7 Cost
Present worth costs are summarized in the following list.

Alternative Capital Cost O&M Cost Present Worth
1-No Action 50 $0 $o
3-Soil Containment | $304,000 $312,000 $616,000
5-Ex-situ Treatment $2,069,000 $60,000 $2,129,000
6-Excavation, Transport, $1,715,000 $57,000 $1,772,000

and Offsite Disposal

There are no costs associated with Alternative 1 (No Action). With present worth cost of
$616,000, Alternative 3 (Soil Containment), is the least expensive of the active alternatives.
Alternative 6 (Excavation, Transportation, and Offsite Disposal) with a present worth cost of
$1,772,000 is more expensive than Alternative 3, but less expensive that Alternative 5 (Ex-situ
Treatment) at $2,129,000.

5.3.8 State Acceptance

State acceptance is likely for all alternatives except soil containment since waste materials are
left in-place and there is a potential long-term threat to groundwater quality.

5.3.9 Community Acceptance

The community is not likely to accept the soil containment with institutional controls alternative
because the contaminants and contents of the disposal sites are left in place and untreated. The
community is likely to accept the ex-situ treatment and excavation, transportation, and offsite
disposal alternatives. Ongoing community involvement activities will be an important element
of remedy implementation.
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5.3.10 Summary

The comparative analysis of alternatives is summarized as follows.

6
5
3 Excavation,
1 Ex-situ Transport, and
Soil Containment  Treatment with Offsite Disposal
Evaluation Criteria No Action with ICs ICs with ICs
Protective of Human Health No Yes Yes Yes
and Environ.
Complies with ARARs N/A Yes Yes Yes
Effective and Permanent N/A Yes Yes Yes
Reduces TMV N/A No Yes No
Short-term Effectiveness N/A Acceptable Acceptable Acceptable
Implementable N/A Yes Yes Yes
Cost 50 $0.62 million $2.13 million $1.77 million
State Acceptance Unlikely Unlhkely Likely Likely
Community Acceptance Unlikely Unlikely Likely Likely
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TABLE 5-1
Assumptions for the Disposat Sites and Subsurface Soil Areas Requiring Remediation
Rev. 1 Memphis Depot Dunn Field FS

RCRA Area of
IRP Slte Hazardous Remediation
NMumber Site Description COCs Waste (ftz)
3 Mixed Chemical Buriat Site Orthotouidine Dihydrochlonde No 300
4 POL Burial Site Oll, grease, pani ND® 200
4.1 POL Bunal Site O, grease, thinner Yes 400
7 Nitric Acid Burial Site Nitnc acid No® 150
8 Methyl Bromide Bunal Site 8 Mathyl bromide Yes 2025
10 Solid Waste Burial Site (Near  Metal, glass, trash No 5000
MW-10}
11 Trichloroacetic Acid Bunal Trchloroacetic acid No® <50
Site
12112.1 Sulfuric Acid and Sulfuric Acid, Hydrochloric Yes 475
Hydrochloric Acid Bunal Acd
13 Mixed Chemical Bunal Acid, unnamed solids ND? 1750
15 Sodium Burial Sites Sodium No®
15.1 Sodium Phosphate Burial Sodium phosphate No 2000
15.2 14 Bunal Pits Sodum phosphate, sodium, Yes
acid, medical supplies,
chlorinated lime
16 Unknown Acid Burial Site Acd ND* 250
16.1 Acid Bunal Site Acd ND* 100
17 Mixed Chemical Bunal Site C  Mixed chemical ND? 600
- CC-2 Impregnite Site CC-2 Impregnite ND" 320
Total Area 13,620
IRP Installation Restoration Site

® Exact consttuents undetermined. TCLP testing will need to be performed to determine appropnate land

disposal facility.

t'Althcu.tgh not a isted RCRA hazardous waste, this matenal may exhibit one or more charactenstics of a

hazardous waste and require appropnate analysis to determine specific disposal requirements.
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6.0 Detailed Analysis of VOC-Contaminated Soils
and Soil-to-Indoor Air

6.1 Definition of Onsite Remedial Alternatives - VOCs in Soil and
Soil-to-Indoor Air

The EPA guidance for conducting an RI/FS (EPA, 1988) recommends that each alternative be
defined in sufficient detail to apply the evaluation criteria and to determine order-of-magnitude
costs. The definition may include preliminary design calculations and drawings, as well as
address the limitations, assumptions, and uncertainties about each alternative. However, the
definition step is not a remedial design. The quantitative data given as part of the description of
an alternative are estimates based on conceptual design and professional experience. They are
for the purpose of estimating costs to an accuracy of +50% to -30%, per EPA guidance on FS cost
estimates. Complete details of how an alternative will be implemented are not necessary (or
required by CERCLA) for the comparative analyses performed. In the detailed analyses
presented in this section, alternatives were defined with respect to future land use and
respective COCs. VOC-contaminated soils and soil-to-indoor air are located within the Disposal
Area of Dunn Field. The intended land use for this area is industrial. While the alternatives
discussed in this section may be effective at remediating VOC-contaminated soils and soil-to-
indoor air to industrial use standards, remedial action for disposal sites and associated soils
(Section 5) and groundwater (Sectron 7) contaminated with VOCs will be required for the
Disposal Area to be acceptable for industrial land use. '

The proposed alternative for soils contaminated with VOCs and soil-to-indoor air is the
presumptive remedy, SVE. This alternative has been retained, along with the no action from
Section 3. These alternatives are defined below.

6.1.1 Alternative 1 - No Action

A no action alternative is required under CERCLA for comparison to active remedies.

6.1.2 Alternative 2 — Soil Vapor Extraction

In this alternative, air flow will be induced through contaminated soil by applying a vacuum,
using vapor extraction wells, to create a pressure gradient in the vapor phase within the
unsaturated zone of the targeted soil. As the soil vapor migrates though the soil pores toward
the extraction vents, VOCs will be volatilized, transported out of subsurface soil, and collected
aboveground. Two preliminary SVE remediation systems for Dunn Field have been designed
for cost estimation: Alternative 2a refers to a vertical SVE system and Alternative 2breferstoa
horizontal and vertical SVE system. Both designs are based on contaminant mass calculations
from soil analytical data and the December 2001/ January 2002 Dunn Field SVE pilot test data
(Appendix C).

This alternative also includes institutional controls, which included deed (including lease)
restrictions, in addition to the existing land use controls, limiting the future use by the Depot.

SECTION @ (REV 1) DOC 81
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Deed restrictions will prevent residential land use where surface and subsurface soils pose an
unacceptable risk. Restrictions and controls will be coordinated with the Depot reuse
implementation plans, and will be included in all deeds and leases. Under this alternative,
controls will have to be inspected periodically for effectiveness.

Preliminary design components for a vertical or horizontal SVE system at Dunn Field are
described below:

-]

The vertical SVE system will include 57 vertical, 4-inch diameter wells installed in the loess
to a depth of approximately 25 ft bls and 24 vertical, 4-inch diameter wells installed in the
fluvial deposits to a depth of approximately 70 ft bls. Piping will connect the SVE wells and
be placed horizontally in 3-ft deep trenches. Figures 6-1 and 6-2 depict the proposed layout
of the vertical SVE system in the loess and fluvial deposits, respectively.

The horizontal SVE system includes 3 horizontal, 6-inch diameter wells with a total length
of 2,325 ft (each well ranging in length from 705 to 840 ft) at a depth of 15-20 ft bls installed
in the loess and 2 horizontal, 6-inch diameter wells with a total length of 1,550 ft (each well
ranging in length from 705 to 840 ft) at a depth of 50-55 ft bls installed in the fluvial deposits.
In addition, 34 vertical, 4-inch diameter wells will be installed in the loess and fluvial
deposits to a depth as described in Alternative 2a to cover treatment areas outside the
horizontal zone of influence. Piping will connect the SVE wells and be placed horizontally
in 3-ft deep trenches. Figures 6-3 and 6-4 depict the proposed layout of the horizontal and
vertical SVE system in the loess and fluvial deposits, respectively.

A soil vacuum and vapor monitoring system will be installed within the network of SVE
wells to monitor full-scale soil vapor extraction. Each soil monitoring point cluster will be
constructed with 4, 1-inch diameter monitoring points. Two soil monitoring points will be
installed to depths in the upper and lower portion of the loess (above the fluvial deposits)
and two soil monitoring points will be installed to depths in the upper and lower portion of
the fluvial deposits (below the loess and above the fiuvial aquifer).

A temporary cap measuring approximately 360,000 ft2 will be placed over the SVE treatment
area consisting of a 20-mm liner and gravel cover. The site will be cleared and graded prior
to its placement.

An equipment storage building will be set up with all electrical controls, vacuum pumps,
and off-gas collection and treatment units. Off-gasses (extracted volatile organic
compounds} and hydrechloric acid (HCL) (produced through the oxidation of chlorinated
hydrocarbons} emissions released to the atmosphere will be treated by a chlorinated
catalytic oxidizer and a scrubber, with sodium hydroxide (NaOH). Piping and
instrumentation diagram (P&ID) drawings for the off-gas or vapor treatment system are
presented as Appendix F. Electricity will be hooked up to the building prior to startup.

Permanent deed restrictions will prohibit residential use of the Disposal Area.

SVE treatment system operation and maintenance will be performed regularly. The remedy
assumes full-time, onsite oversight during the operational life of the remedy.

Annual summaries of monitoring data will be produced to document the site conditions and
progress of the remedy. EPA and TDEC reviews of the remedy are required at 5-year
intervals for Dunn Field (QU-1).

SECTION 6 (REV. 1) DOC 62
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The assumptions used in developing the cost estimate for this alternative were as follows:

*

SECTION 5 {REV 1) DOC

For a vertical SVE system, 81 SVE wells will be installed using rotosonic-drilling methods.
Ten thousand feet of 4-inch, SDR 11, HDPE piping will be used. Three 25-horsepower (HP)
multiphase extraction (MPE) systems for wells constructed in the loess and one 15-HP
regenerative system for wells constructed in the fluvial deposits will be utilized.

For a horizontal SVE system, 5 SVE wells will be installed using a horizontal drilling
methods and 34 SVE wells will be installed using rotosonic-drilling methods. Four thousand
five hundred (4,500} feet of 4-inch, SDR 11, HDPE piping will be used. One 75-HP MPE
system for wells constructed in the loess and one 15-HP regenerative system for wells
constructed in the fluvial deposits will be utilized.

One chlorinated catalytic oxidizer, one scrubber, and 66,600 gallons of sodium hydroxide
will be used to treat-off gasses and hydrochloric acid emissions released to the atmosphere
from the SVE system.

The remedy will require 3 to 4 years to achieve remedial target goals. This estimated
cleanup time is based on the results of the SVE pilot test (see Appendix C) and the average
mass removal rate for the individual CVOCs that was obtained from the pilot test for the
loess and fluvial deposits. Total contaminant mass calculations for VOCs (PCE, TCE and
1,1,2,2-PCA) in soils are presented in Appendix E. The development of measures to signal
completion of the SVE remedy, which should be implemented as part of the design process,
are presented in the Evaluation of Soil Vapor Extraction Treatability Study, included in
Appendix C. This includes calculated soil screening level (SSL) protective of groundwater in
the fluvial aquifer for contamination in the loess and the fluvial deposits. In addition, soil
vapor concentrations in equilibrium with both SSLs (loess and fluvial) were developed for
each COC. The measures also include use of the SVE Termination or Optimization Process
(STOP) developed by the Air Force Center for Environmental Excellence {AFCEE) in the
June 2001 Final Guidance on Soil Vapor Extractton Optimization. The STOP process is part of an
SVE closure plan in the case where the system has been fully optimized yet continuing
operations requires tradeoff between monetary expenditures and uncertain environmental
benefits. The decision to continue with SVE will be based on scientific, economic, and
engineering judgement included in the STOP process. Part of the decision to discontinue
operation of the SVE system includes a determination that contaminant removal rates have
stabilized and approached asymptotic levels, following one or more temporary shutdown
period. A STOP decision tree that will be implemented into the design of the SVE
presumptive remedy for Dunn Field is also included in Appendix C. At this time, EPA
believes that ultimate cleanup for purposes of determining that the remedy is complete
must be demonstrated by direct measurements of subsurface soil. Soil vapor may be used
as a surrogate for the purpose of optimizing the system operations and indicating when
confirmation sampling should be initiated.

Areas identified with subsurface soils with VOC concentrations exceeding the RGOs will be
treated. Eighty (80) additional scil samples will be collected during soil monitoring point
installation {4 samples from 20 borings) to confirm the extent of vadose VOCs identified in
the RI, or allow adjustments to be made as necessary.

The pilot test has already been performed, which has adequately defined design parameters
for the treatment system.
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* A network of soil monitoring points will be installed to various depths as part of the SVE
monitoring system.

* The SVE treatment areas will be covered by a 360,000-ft2 cap of 20-mm liner covered with
gravel. The cap will be keyed into the existing wells at the site and will be turned-down and
keyed into trenches along the edge of the treatment zones. The site will be graded to direct
stormwater runoff to the existing stormwater system on the western half of Dunn Field.

¢ System startup will last for 14 days.

 Off-gas monitoring, SVE performance air monitoring, and system O&M will be performed
regularly. Air samples, collected from the scrubber, for VOCs and HCl will be collected
daily for three days and then weekly for 4 weeks during the system startup. Afterwards,
samples will be collected monthly till completion of treatment. O&M of the SVE system and
air monitoring will be conducted during air sampling events.

* Wastewater effluent from the remediation system will be collected and analyzed monthly in
accordance with the industrial discharge agreement between the City of Memphis and the
Depot in order to monitor industrial discharge levels and system performance.

*» Soil vapor confirmation sampling will be conducted to determine the end of treatment.
Actual soil confirmation samples should be collected when the treatment endpoint has been
reached. The Jury et al. (1983) model was used to evaluate the potential migration of
contaminants of concern in the subsurface at Dunn Field (see Appendix C). The model takes
into consideration aqueous and vapor phase conditions at the site. CH2M HILL used a
version of the Jury model to develop so1l vapor screening values that are protective of
groundwater quality at Dunn Field for both the loess and fluvial deposits. To perform the
screening level calculations, the leachate concentration, or dissolved contaminant water
concentration, at the water table depth was set at the applicable groundwater criteria level
(MCL, RBC, or the minimum laboratory reporting limit). Since the model only reads data in
the form of sorbed soil concentrations, the leachate concentration was converted to an
equilibrium target soil concentration. The model was then run using a trial and error
method for each COC to determine the maximum soil concentration at the source that
would be required to achieve the target soil and leachate concentrations at the water table.
Once the maximum sorbed soil concentration at the source was determined, the equilibrium
soil vapor concentration was calculated. This soil vapor concentration corresponds to the
maximum concentrations of COCs that could remain in the vadose zone without posing a
threat to groundwater quality, assuming no dilution. If dilution is to be incorporated, a DAF
factor is also calculated. A summary of the results 1s presented in Appendix C. These vapor-
phase concentrations represent screening level indicators that will serve as a benchmark of
site-specific cleanup criteria for COCs in soil at Dunn Field, and for initiating a phased
approach of remedy optimization and determination of the point in which the SVE system
at the site could be: (1) temporarily shut down to perform equilibrium/rebound tests; or (2)
permanently shutdown. Final cleanup confirmation will be determined through direct
measurement of the soils through standard soil sample collection and analyses.

¢ Anannual evaluation of treatment applicability and effectiveness will be performed until
treatment is complete. Annual monitoring reports will document the site status,

SECTION 8 (REV, 1) DOC 64
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¢ Upon completion of the remedy, the system will be decommissioned and all wells will be
abandoned. Site restoration will be required to restore the site to acceptable conditions.

e Periodic 5-year reviews by regulators will be required for Dunn Field (OU-1).

6.2 Detailed and Comparative Analysis of Onsite Remedial
Alternatives — Subsurface Soil and Soil-to-Indoor Air

A detailed analyses of the SVE alternative to the EPA criteria is presented in Appendix B of
Appendix B. It should be noted the no action alternative is not protective of human health or
the environment for VOC soil contamination. The following site-specific analysis of the costs,
and state and community acceptance is presented below.

6.2.1 Cost
Present worth costs are summarized in the following list (details of the cost estimates are
provided in Appendix D).

Present Worth Total
Alternative Capital Cost O&M Cost Present Worth
1 - No Action $0 $0 $0
2 -SVE System $3.183,000 $1.228.000 $4.410.000
6.2.2 State Acceptance

State acceptance is unlikely for no action because it will not reduce the risks to groundwater
and industrial workers. State acceptance of the presumptive remedy, SVE, is likely.

6.2.3 Community Acceptance

Community acceptance is unlikely for no action because it will leave contaminated soils in place
without treatment, and because it will not reduce the risks to groundwater and human health.
Community acceptance of SVE is likely because the life of the remedy is shorter and involves
treatment.
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6.24 Summary

The comparative analysis of alternatives is summarized as follows.

Remedial Alternative

Evajuation Criteria No ;ctlon SVE Szystam

Protective of Human Heaith and Environment No Yes
Complies with ARARs N/A Yes
Effective and Permanent N/A Yes
Reduces TMV N/A Yes
Short-term Effectiveness N/A Acceptable
Implementable N/A Yes
Cost 50 $4,410,000
State Acceptance Unlikely Likely
Community Acceptance Unlikely Likely
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7.0 Detailed Analysis of Groundwater
Alternatives

7.1 Definition of Remedial Alternatives - Groundwater

The EPA guidance for conducting an RI/FS (EPA, 1988) recommends that each alternative be
defined in sufficient detail to apply the evaluation criteria and to determine order-of-magnitude
costs. The definition may include preliminary design calculations and drawings, as well as
address the limitations, assumptions, and uncertainties about each alternative. However, the
definition step is not a remedial design. Complete details of how an alternative will be
implemented are not necessary (or required by CERCLA) for the comparative analyses
performed. The quantitative data given as part of the description of an alternative are estimates
based on conceptual design and professional experience. They are for the purpose of estimating
costs to an accuracy of +50% to -30%, per EPA guidance on FS cost estimates.

As presented in Section 3, the groundwater alternatives retained for further development are
defined in the following sections. A composite map of the groundwater VOC plumes is
presented as Figure 7-1.

The BRA identified contaminants in groundwater that could pose unacceptable risk to possible
receptors (CH2M HILL, July 2002). Contaminants in the fluvial aquifer may migrate further
offsite or into deeper aquifers, posing a threat to water supplies. Based on analysis of the
contaminants present, both onsite and offsite potential receptors, and permissible exposure
levels, the following RAQOs have been developed for groundwater at Dunn Field:

¢ Prevent use of impacted groundwater as a potable source;
e Prevent further offsite migration of VOCs in groundwater in excess of MCLs; and

¢ Remediate fluvial aquifer groundwater to drinking water standards (MCLs) to be protective
of the deeper Memphis aquifer. This RAO means that the site shall be cleaned up until the
sampling program indicates with reasonable confidence that the concentrations of the
contaminants at the entire site are less than the cleanup standard.

744 Alternative 1 - No Action

This alternative includes no active remedial activities, but is required by CERCLA to be retained
as a baseline for comparison.

71.2 Alternative 2 - Zero-Valent Iron Injection for Source Areas, Groundwater
Extraction Enhancement, and Enhanced Bioremediation (with MNA and
Institutional Controls)

The principle active groundwater treatment methods within this alternative include onsite ZVI
injection, enhancement of the existing groundwater extraction system, and enhancement of
bioremediation processes within the fluvial aquifer downgradient of Dunn Field. The ZVI
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injection will be used to treat source areas in the aquifer underlying Dunn Field only. The
existing groundwater extraction system will be used to control further migration of
contaminant plumes offsite (Figure 7-2), but will be supplemented with additional extraction
wells. Since the extraction system will be introducing additional contaminant levels into the
current system, the water may exceed current permit City of Mempbhis limits. For this reason, an
air stripping system or activated carbon canisters may need to be introduced into the system
near the edge of Dunn Field prior to release into the municipal lines. This is considered a
contingency cost.

Enhanced bioremediation will be used to treat portions of the plume away from the perimeter
of the other methods in this alternative. Monitored natural attenuation will be implemented as a
polishing step to the active groundwater treatment methods. Groundwater monitoring will
occur throughout this alternative and will take place to document changes in plume
concentrations, and to detect any potential plume migration into deeper aquifers, and until the
sampling program indicates with reasonable confidence that the concentrations of the
contaminants at the entire site are less than the cleanup standard.

With active groundwater source area remediation within Dunn Field (injection of ZVI in the
source areas) and along the west side of Dunn Field {(groundwater extraction), and a
downgradient enhancement of bioremediation with MNA as a polishing step, a conservative
assumption was made that the alternatives will greatly increase the contaminant
reduction/degradation rate within the fluvial aquifer, and the duration of the remedial action
was assumed to be 15 years. This also takes into account that subsurface soil remediation is
occurring concurrently and the mass transfer from soil to groundwater has been abated on
Dunn Field.

The principal uncertainty of this alternahive is the potential movement of the plume. More
active remedial measures may be needed to control the plume during the life of the action. The
scope and cost of more active measures cannot be predicted.

Preliminary components of this alternative include the following;:

» Institutional controls (deed restrictions) will prohibit installation and use of production and
consumptive use wells during the operational life of the remedy. The deed restrictions will
also guarantee access to all monitoring wells for the life of the remedy. These restrictions
might be removed at the completion of the remedy.

o Zero-valent iron (ZVI) will be injected into the fluvial aquifer underlying Dunn Field
suspected of acting as a source for continued downgradient groundwater contamination. In
this alternative, the ZVI source area treatment will be used on Dunn Field only.

o The existing groundwater extraction system will be supplemented with 10 additional
extraction wells along the current line and will have two additonal lines added to the
current piping. The current system is described in Section 1. The new lines will serve five
new extraction wells (Figure 7-2). An air stripping system could be placed into the distal end
of the discharge line prior to emptying into the municipal lines as a contingency action to
the alternative. The air stripping system would be used to bring the effluent contaminant
levels down to within limits set by the current City of Memphus discharge permit.

¢ Enhanced bioremediation via nutrient injection into the fluvial aquifer will be conducted via
approximately 100 borings or injection wells. A treatment zone will be established in a
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downgradient position across the plume to capture and reduce contaminants at those
portions not effected by the other treatment methods in this alternative(Figure 7-2). Nutrient
re-injection will occur at intervals determined by monitoring results.

Monitoring of approximately 43 groundwater wells for definition of the effectiveness of the
groundwater remedies and natural attentuation processes will take place quarterly for 1
year and semiannually for the next 9 years. Thereafter, monitoring will be conducted
annually for five years or until the sampling program indicates with reasonable confidence
that the concentrations of the contaminants at the entire site are less than the cleanup
standard.

- Wells inside the most contaminated parts of the plumes to measure the effectiveness of
the active treatment measures.

- Boundary wells to detect potential migration of the plume further offsite to the west-
northwest, upgradient or downgradient. Water samples will be analyzed for VOCs.

— Sentinel wells to detect potential migration of the plume into the deeper intermediate
aquifer or the Memphis aquifer.

Field parameters, such as water level, pH, specific conductance, temperature, oxidation-
reduction potential, and dissolved oxygen, will be measured during sample collection.

Monitoring of groundwater extraction system effluent, will take place quarterly.

Annual summaries of monitoring data will be produced to document site conditions and
progress of the remedy.

Annual inspections and reports by the DoD will document the site status to ensure that uses
incompatible with the deed restrictions do not take place, with reporting for regulatory
concurrence. Periodic 5-year reviews performed by the DoD, with concurrence by the
regulators, will also be required.

Groundwater monitoring will continue until data indicates with reasonable confidence that
the concentrations of the contaminants at the entire site are less than the cleanup standard.
The sampling schedule will therefore be subject to change due to observed trends and
variability.

Contingency provisions will ensure that if groundwater contamunation exceeds MCLs at the
sentinel wells, more active measures for plume control will be implemented. Potential
remedial contingency areas are shown on Figure 7-2.

The assumptions used in developing the cost estimate for this alternative were as follows:

The active treatment portion of the remedy will occur over the first 15 years.

ZVl1 injection will occur in source areas present in the fluvial aquifer underlying Dunn Field
only. Each injection zone will include injection points to the bottom of the fluvial aquifer.

A bench-scale test and a 3-month pilot study will be completed to determine design
parameters of the ZVI injection, such as injection amounts, depth, and zone of influence.
The pilot study will include installation of 4 injection borings and 4 new monitoring wells.
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+ Ten new extraction wells will be installed, for a total of 21 wells included in the extraction
system.

e The effluent from the additional extraction wells is expected to result in exceedance of
permit requirements, therefore, groundwater pumped by the extraction system will be
treated using air stripping or activated carbon canisters before discharge to POTW.

¢ Four samples (discharge effluent and QC samples} will be collected quarterly each year to
monitor the groundwater extraction system. Water samples will be analyzed for VOCs.

¢ A fee will be paid to the local POTW for groundwater discharged into the sewer line; annual
discharge volume will be approximately 53 million gallons per year.

* O&M activities for the groundwater extraction system will be performed monthly for the
life of the alternative. Monitoring well maintenance {cleaning, wellhead repairs) will be
performed as needed during groundwater sampling events. O&M activities for the
enhanced bioremediation system will be performed bi-monthly.

¢ 100 injection points will be installed by conventional drilling techniques at 40-foot spacing,
Approximately 3,171,000 pounds of nutrients will be re-injected into the aquifer twice.

¢ C(learing and grubbing of the areas surrounding the additional groundwater extraction
system lines will be necessary. Property access, lease or purchase will be required for offsite
remedial actions.

¢ Deed restrictions are the only institutional controls to be imposed to prevent the installation
of wells for production or consumptive groundwater use.

¢ Fifteen new monitoring wells will be installed and a total of 43 wells will be included in the
monitoring program.

* Groundwater monitoring will occur quarterly for the first year, semiannually for 9 years
and once every year for 5 years. Water samples will be analyzed for VOCs and degradation
parameters. Field parameters will be measured during sample collection. Monitoring may
be discontinued once the cleanup levels have been achieved and maintained for three
consecutive sampling periods.

¢ Al monitoring and extraction wells will be plugged and abandoned per Memphis-Shelby
County requirements at the completion of the remedy.

» Annual monitoring reports will document the site status. These reports will include a
potentiometric surface map, a plume map, summary tables of detected parameters,
interpretative text, and an appendix that contains the laboratory data and field forms.

713 Alternative 3 - Zero-Valent Iron (ZVi) Injection for Source Areas, Installation
of a Permeable Reactive Barrier (PRB) with MNA and Institutional Controls

The principle, active groundwater treatment methods within this alternative include onsite ZVI

injection, installation of an offsite PRB containing ZVI. The ZVI injection will be used to treat

source areas in the aquifer underlying Dunn Field and the area west of Dunn Field (Figure 7-3).
The PRB will treat and prevent further migration of contaminants in the relatively higher level
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zones of the plume, specifically offsite portions of the plume. Untreated parts of the plume will
degrade under natural attenuation processes (as described in Alternative 2).

The rate of groundwater moving from monitoring well MW-71 (the western edge of the ZV]
source are treatment) to MW-54 (near the planned location of the PRB) {a distance of 850 linear
feet) was estimated by the average seepage velocity. The average seepage velocity between
these wells was 0.4 feet/day, or 154.6 feet/year. The travel was calculated to be 5.5 years.

With active groundwater source area remediation within Dunn Field (injection of ZVI in the
source areas both on and off of Dunn Field) and the installation of a PRB with MNA as a
polishing step, a conservative assumption was made that the alternatives will greatly increase
the contaminant reduction/degradation rate within the fluvial aquifer, and the duration of the
remedial action was assumed to be 15 years. This also takes into account that subsurface soil
remediation is occurring concurrently and the mass transfer from soil to groundwater has been
abated on Dunn Field.

The principal uncertainties of this alternative are the rate of degradation achieved using the
PRB and bioenhancement materials and the treatment zone of influence. More bioenhancement
injection points or more frequent application of the electron donors may be needed to treat the
plume during the life of the action. The scope and cost of the actual application cannot be
predicted without pilot test data.

Preliminary components of this alternative include the following:

s Institutional controls (deed restrictions) will prohibit installation and use of production and
consumptive use wells during the operational life of the remedy. The deed restrictions will
also guarantee access to all monitoring wells for the life of the remedy. These restrictions
might be removed at the completion of the remedy.

e ZVIwill be injected into areas of the fluvial aquifer underlying Dunn Field suspected of

acting as a source for continued downgradient groundwater contamination. The ZVI will be
used on Dunn Field and along the western boundary of Dunn Field.

e A PRB will be placed offsite, across the flowpath of the groundwater plumes to prevent
further migration of relatively high groundwater contaminant concentration (Figure 7-3).
The PRB will consist of three lines of a number of injection points designed to ensure
complete coverage across the plume and adequate residence time within the wall for the
chemical reduction of the CVOCs.

¢ Monitoring of approximately 43 groundwater wells for definition of the effectiveness of the
groundwater remedies and natural attenuation processes will take place quarterly for 1 year
and semiannually for the next 9 years. Thereafter, monitoring will be conducted annually
for five years or until the sampling program indicates with reasonable confidence that the
concentrations of the contaminants at the entire site are less than the cleanup standard.

- Wells inside the most contaminated parts of the plumes to measure the effectiveness of
the active treatment measures.

- Boundary wells to detect potential migration of the plume further offsite to the west-
northwest, upgradient or downgradient. Water samples will be analyzed for VOCs.
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- Sentinel wells to detect potential migration of the plume into the deeper intermediate
aquifer or the Memphis aquifer.

Field parameters, such as water level, pH, specific conductance, temperature, oxidation-
reduction potential, and dissolved oxygen, will be measured during sample collection.

Annual summaries of monitoring data will be produced to document site conditions and
progress of the remedy. Annual inspections and reports by the DoD will document the site
status to ensure that uses incompatible with the deed restrictions do not take place, with
reporting for regulatory concurrence. Periodic 5-year reviews performed by the DoD, with
concurrence by the regulators, will also be required.

Groundwater monitoring will continue until data indicates with reasonable confidence that
the concentrations of the contaminants at the entire site are less than the cleanup standard.
The sampling schedule will therefore be subject to change due to observed trends and
variability.

Contingency provisions will ensure that if groundwater contamination exceeds MCLs at the
sentinel wells, more active measures for plume control will be implemented. Potential
remedial contingency areas are shown on Figure 7-3.

The assumptions used in developing the cost estimate for this alternative were as follows:

-SECTIONT (REV 1)_DOC

The active treatment portion of the remedy will occur over the first 15 years.

ZVI injection will occur in source areas present in the fluvial aquifer underlying Dunn Field
only. Each injection zone will include injection points to the bottom of the fluvial aquifer.

A 3-month pilot study will be completed to determine design parameters of the ZVI
injection, such as injection amounts, depth, and zone of influence. The pilot study will
include installation of 4 injection borings and 4 new monitoring wells.

Approximately 1050 feet of injection points will be installed as part of the PRB construction.
The locations will be set within three lines per each treatment area.

A bench-scale study will be completed to determine design parameters of the PRB injection
lines, such as amount of ZVI needed, depth, and zone of influence.

Deed restrictions are the only institutional controls to be imposed to prevent the installation
of wells for production or consumptive groundwater use.

Clearing and grubbing of the areas surrounding the areas of the planned PRB and offsite
ZV1 injections will be necessary. Property lease or purchase may also be required.

Fifteen new monitoring wells will be installed and a total of 43 wells will be included in the
groundwater monitoring program.

Groundwater monitoring will occur quarterly for the first year, semiannually for 9 years
and once every year for 5 years. Water samples will be analyzed for VOCs and degradation
parameters. Field parameters will be measured during sample collection. Monitoring may
be discontinued once the cleanup levels have been achieved and maintained for three
consecutive sampling periods.
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¢ The existing groundwater extraction system will be “moth-balled” during the life of the
remedies in this alternative and will be dismantled at the end of the remedy. The system
will not be dismantled immediately because of potential use in the future to assist with the
aquifer remediation.

¢ All monitoring and extraction wells and injection borings will be plugged and abandoned
per Memphis-Shelby County requirements at the completion of the remedy.

* Annual monitoring reports will document the site status. These reports will include a
potentiometric surface map, a plume map, summary tables of detected parameters,
interpretative text, and an appendix that contains the laboratory data and field forms.

714 Alternative 4 - Air Sparging with SVE for Source Areas Installation of a
Permeable Reactive Barrier (PRB) with MNA and Institutional Controls

This alternative treats groundwater through volatilization in the most contaminated parts of the
plume both on- and offsite by injecting air (Figure 7-4). Volatilized contaminants will be
recovered by the SVE system, installed as part of the presumptive remedy for subsurface soils.
Additional lines for the SVE will be installed in the offsite portions of the plume. The remedy is
expected to remove contaminants from the most contaminated parts of the plume. In addition
to the air sparging activities, a PRB will be constructed downgradient of Dunn Field, across the
flow path of the contaminant plumes.

Untreated parts of the plume will degrade under natural attenuation processes. Therefore, this
alternative must also include institutional controls and groundwater monitoring similar to
Alternative 3.

With active groundwater source area remediation within and west of Dunn Field (via air
sparging with SVE) and the installation of a PRB with MNA as a polishing step, a conservative
assumption was made that the alternatives will greatly increase the contaminant
reduction/degradation rate within the fluvial aquifer, and the duration of the remedial action
was assumed to be 15 years. This also takes into account that subsurface soil remediation is

occurring concurrently and the mass transfer from soil to groundwater has been abated on
Dunn Field.

The principal uncertainties of this alternative is the effective zone of influence of the air
sparging array and the areas that are capable of being bio-remediated. More sparge points and
higher capacity blowers may be needed to treat the plume during the life of the action. More
bioenhancement injection points or more frequent application of the electron donors may be
needed to treat the plume during the life of the action. The scope and cost of the actual
applications cannot be predicted without pilot test data.

Preliminary design components will include the following;:

» Air sparging of the fluvial aquifer will be conducted via approximately 364 sparge wells.
Treatment zones will be established in the most contaminated parts of the plume on- and
offsite of Dunn Field (Figure 7-4). Approximately six 20-psi and 300-SCFM positive
displacement (PD) type blowers or compressors will be required. A 1-week pilot test will be
required to determine injection rates, spacing, and zone of influence.
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A remediation compound/ trailer will be set up with all electrical equipment, generators,
and off-gas collection and treatment units. The compound will be set up adjacent to an
available power source.

Start up and testing of air sparging system will take approximately 2 months.

Deed restrictions will prohibit the installation and use of production and consumptive use
wells during the operational life of the remedy. The deed restrictions will also guarantee
access to all monitoring wells for the life of the remedy. These restrictions might be removed
at the completion of the remedy.

A PRB will be placed offsite, across the flowpath of the groundwater plumes to prevent
further migration of relatively high groundwater contaminant concentration (Figure 7-4).
The PRB will consist of three lines of a number of injection points designed to ensure
complete coverage across the plume and adequate residence time within the wall for the
chemical reduction of the CVOCs.

Monitoring of approximately 43 groundwater wells for definition of the effectiveness of the
groundwater remedies and natural attenuation processes will take place quarterly for 1 year
and semiannually for the next 9 years. Thereafter, monitoring will be conducted annually
for five years or until the sampling program indicates with reasonable confidence that the
concentrations of the contaminants at the entire site are less than the cleanup standard.

- Wells inside the most contaminated parts of the plumes to measure the effectiveness of
the active treatment measures.

~ Boundary wells to detect potential migration of the plume further offsite to the west-
northwest, upgradient or downgradient. Water samples will be analyzed for VOCs.

- Sentinel wells to detect potential migration of the plume into the deeper intermediate
aquifer or the Memphis aquifer.

- Field parameters, such as water level, pH, specific conductance, temperature, oxidation-
reduction potential, and dissolved oxygen, will be measured during sample collection.

Annual inspections and reports by the DoD will document the site status to ensure that uses
incompatible with the deed restrictions do not take place, with reporting for regulatory
concurrence. Periodic 5-year reviews performed by the DoD, with concurrence by the
regulators, will also be required.

Groundwater monitoring will occur quarterly for the first year, semiannually for 9 years and
once every year for 5 years. Water samples will be analyzed for VOCs and degradation
parameters. Field parameters will be measured during sample collection. Monitoring may be
discontinued once the cleanup levels have been achieved and maintained for three
consecutive sampling periods.

Contingency provisions will ensure that if groundwater contamination exceeds MCLs at the
sentinel wells, more active measures for plume control will be implemented. Potential
remedial contingency areas are shown on Figure 7-4.

If levels exceeded permit requirements, groundwater pumped by extraction system will be
treated using air stripping or activated carbon canisters before discharge to POTW,
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The assumptions used in developing the cost estimate for this alternative were as follows:
¢ The remedy will require 15 years to achieve remedial goals.

¢ Fifteen new monitoring wells will be installed, and a total of 43 wells will be included in the
monitoring program.

¢ A l-week pilot study will be completed to determine design parameters, such as injection
rates, sparge cycle times, and zone of influence. During this test, five air sparge wells and
one air sparging system will be installed. All pilot test wells will be 2-inch diameter PVC
wells installed into the fluvial aquifer. Groundwater samples will be collected prior and post
to pilot test startup from 8 monitoring wells.

* An additional 364 air sparge wells will be installed at 30-foot spacing by rotosonic drilling
for the full-scale system. Eight claw-type blowers or compressors, instrument controls, and
in-ground piping will deliver air.

¢ Groundwater monitoring will occur quarterly for the first year, semiannually for 9 years
and once every year for 5 years. Water samples will be analyzed for VOCs and degradation
parameters. Field parameters will be measured during sample collection. Monitoring may
be discontinued once the cleanup levels have been achieved and maintained for three
consecutive sampling periods.

* Deed restrictions are the only institutional controls to be imposed to prevent the installation
of wells for production or consumptive groundwater use.

e The existing groundwater extraction system will be “moth-balled” during the life of the
remedies in this alternative and will be dismantled at the end of the remedy. The system

will not be dismantled immediately because of potential use in the future to assist with the
aquifer remediation.

e Air sparge wells, monitoring wells, and extraction wells will be plugged and abandoned per
TDEC requirements at the completion of the remedy.

* Annual monitoring reports will document the site status. These reports will include a
potentiometric surface map, a plume map, summary tables of detected parameters,
interpretative text, and an appendix that contains the laboratory data and field forms.

7.2 Analysis of Remedial Alternatives — Groundwater

The following detailed analyses compare the alternatives to the nine EPA criteria. The analyses

are presented in the following narrative and in a summary table (Table 7-1) following this
section.

1.2.2 Alternative 1 - No Action

The no action alternative will not be protective of human health and will be not be evaluated
further.
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1.23 Alternative 2 - Zero-Valent Iron Injection for Source Areas, Groundwater
Extraction Enhancement, and Enhanced Bioremediation (with MNA and
Institutional Controls)

Alternative 3 is considered protective of human health and the environment because
groundwater will be aggressively treated to MCLs in the areas of highest contaminant
concentration, thereby reducing the risk to human health and the environment in a short time
period. Contaminated groundwater migrating offsite will be removed and treated by an
enhanced groundwater extraction system. In addition, contaminated groundwater on- and
offsite not effected by the ZVI source are injection or the groundwater extraction system will be
treated with enhanced bioremediation methods to reduce contaminant levels. In addition, MNA
will be employed to ensure that outer areas of the plume are degrading as a result of treatment
of groundwater or via natural processes. Groundwater monitoring conducted during the
remedy will indicate if contaminant plumes are degrading as expected and to define if the
plumes are migrating into deeper aquifers, and until the sampling program indicates with
reasonable confidence that the concentrations of the contaminants at the entire site are less than
the cleanup standard. A contingency plan for more aggressive plume control will be developed
if an unacceptable risk is indicated. This alternative also includes institutional controls to
prohibit use of groundwater until MCLs are met. This remedy will comply with ARARs, and is
considered effective and permanent. A review of the alternative will be conducted every 5
years.

This alternative employs aggressive methods to accelerate the degradation of the most
contaminated, on-and offsite parts of the plume. In addition, methods will be used to stimulate
and monitor natural biodegradation processes to remediate other portions of the plume. Use of
these methods will reduce the plume to acceptable levels. The expected duration of this
alternative, 10 years, is also acceptable, with no risk to workers, the community, or the
environment during the remedy lifetime. This alternative is technically feasible and could be
implemented with commercially available labor, materials, and equipment, however, pilot tests
are needed to determine specifications and, ultimately, applicability.

The present worth cost is estimated to be $14,828,000, with a capital cost of $10,506,000, and an
annual O&M cost of $4,322,000. The capital cost is primarily for additional extraction wells,
purchase and injection of ZVI, purchase and injection of nutrients, injection wells for the
enhanced bioremediation remedy, monitoring well installation, and establishing controls. The
annual O&M cost is primarily for extraction system maintenance, groundwater monitoring, and
nutrient re-injection. This alternative is likely to be accepted by the state and the community
because it affords protection after a moderate time for cleanup.

7.24 Alternative 3 — Zero-Valent Iron Injection for Source Areas, Installation of a
Passive Reactive Barrier (PRB) with MNA and Institutional Controls

Alternative 3 reduces the risk to human health and the environment because groundwater will
be aggressively treated to MCLs using ZVI injections. Contaminated groundwater migrating
offsite will be treated by the PRB. In addition, portions of the contaminant plume outside of the
influence of the ZVI injection and the PRB will be treated with enhanced bioremediation. This
alternative also includes institutional controls to prohibit development of groundwater until
MCLs are met, as well as groundwater monitoring for providing information on the plume
degradation via mechanical and natural means, and until the sampling program indicates with
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reasonable confidence that the concentrations of the contaminants at the entire site are less than
the cleanup standard. The groundwater data will also indicate plume configuration. This
remedy will comply with ARARs, and is considered effective and permanent. A review of the
alternative will be conducted every 5 years.

The alternative employs ZVI injection as a treatment technology of the most contaminated parts
of the plume, and treatment of the remaining areas of contaminated groundwater through
installation a PRB and enhanced bioremediation. Reduction in the total mass and concentration
of the plume will be acceptable through this alternative. The expected duration of this
alternative, 10 years, is also acceptable, with no risk to workers, the community, or the
environment during the remedy lifetime. The alternative is technically feasible although pilot
tests are needed to determine specifications and, ultimately, applicability. The alternative can be
implemented with commercially available labor, materials, and equipment.

The present worth cost is estimated to be $8,807,000, with a capital cost of $7,827,000, and an
annual O&M cost of $981,000. The capital cost is primarily for purchase and injection of ZVI,
installation of a PRB, establishing controls, installation of monitoring wells, and site
supervision. The annual O&M cost is primarily for groundwater monitoring for 15 years. This
alternative is likely to be accepted by the state and the community because it affords protection
after a short time for cleanup.

7.25 Alternative 4 - Air Sparging with SVE for Source Areas and Installation of a
Passive Reactive Barrier (PRB) (with MNA and Institutional Controls)

This alternative employs air sparging techniques combined with the presumptive remedy SVE
to treat and remove contaminants from the groundwater. The air sparging methods will be
employed for the most contaminated, on-and offsite areas of the plume. The SVE system
designed for onsite soil contamination will be extended to offsite areas to assist the air sparging
of the groundwater. Contaminated groundwater that has migrated offsite will be treated by a
PRB (using ZVI). This alternative also includes groundwater monitoring to define natural
bioremediation processes occurring at outer areas of the plume and institutional controls to
prohibit use of groundwater until the sampling program indicates with reasonable confidence
that the concentrations of the contaminants at the entire site are less than the cleanup standard.
This remedy will comply with ARARs, and is considered effective and permanent. A review of
the alternative will be conducted every 5 years.

The alternative employs techniques to aggressively treat contaminated groundwater, thus
reduction in TMV of the plume through treatment is acceptable, This alternative is considered
effective in the short-term because adequate controls can be employed to protect workers and
the community from vapors during implementation. The expected duration of this remedy, 15
years, is also acceptable. The alternative is technically feasible although a pilot test is needed to
determine its effectiveness. The alternative can be implemented with available labor, materials,
and equipment.

The present worth cost is estimated to be $8,753,00, with a capital cost of $7,195,00, and an
annual O&M cost of $1,949,000. The capital cost is primarily for construction of the air sparging
system and well installation, PRB installation, establishing controls, monitoring well
installation, and site supervision. The cost of this remedy could increase significantly if pilot
tests indicate a more extensive network of sparge wells 1s needed to achieve treatment or that
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additional ZVI is needed within the PRB. This alternative is likely to be accepted by the state
and the community because it affords protection after a moderate time for cleanup.

7.3 Comparative Analysis of Remedial Alternatives — Groundwater

The alternatives are compared to each other using the nine EPA criteria. A description of this
comparison is included in the following paragraphs. This section concludes with a summary of
the comparative analysis.

7.3.1 Overall Protection of Human Health and the Environment

All alternatives, except no action, are considered protective of human health and the
environment. Alternatives 2, 3 and 4 provide protection through active remediation of the
groundwater in the fluvial aquifer, both on and off Dunn Field, and provide protection for the
deeper, underlying Memphis aquifer. All three alternatives also include institutional controls to
prevent the use of the groundwater in the fluvial aquifer during remediation.

7.3.2 Compliance with ARARs

All alternatives except no action are expected to meet ARARs at the completion of
implementation. Each of the three active alternatives employ active remediation of the source
areas on and off of Dunn Field, and provide treatment of the offsite plume through installation
of PRB (using ZVI) (Alternatives 3 and 4) or through enhanced bioremediation (Alternative 2).
MNA is used in all three active alternatives as a ‘polishing’ step for the diffuse contaminants
beyond the areas of active in-situ remediation. Based on know groundwater flow velocities and
attenuation data, all three active alternatives are expected to be in compliance with ARARs with
15 years.

7.3.3 Long-term Effectiveness and Permanence

All alternatives except no action are expected to be effective and permanent at the completion of
implementation. The enhanced bioremediation portion of Alternative 2 may require additional
injection of chemicals/nutrients, as they are consumed in the biodegradation process. The ZVI
injected into the source areas or as part of the PRB has been shown to last for up to two decades
without replacement.

734 Reduction of Toxicity, Mobility, or Volume (TMV) through Treatment

All alternatives except no action are expected to reduce the toxicity, mobility and volume for the
CVOCs through treatment at the completion of implementation. Alternative 2 relies on in-situ
chemical reduction {using ZVI) and enhanced bioremediation for treatment. The groundwater
extraction component of the remedy does not use treatment, but does reduce volume of
contaminants. Alternative 3 relies primarily on in-situ chemical reduction (using ZVI injection
for the source area and a PRB for the downgradient, offsite plumes) for treatment. Alternative 4
uses volatilization (through air sparging) and in-situ chemical reduction (using a PRB for the
downgradient, offsite plumes) for treatment. Vapors generated from air sparge system and
collected through the SVE system are treated aboveground prior to release to the atmosphere.
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735 Short-term Effectiveness

Alternatives 2 through 4 require some engineering controls during installation of treatment to
protect the environment and safety controls to protect workers. Air sparging will require
engineering controls (an associated SVE system) for fugitive VOC emissions during treatment.
Alternative 1 has no short-term impacts because nothing is implemented.

736 Implementability

All alternatives are considered technically feasible and can be implemented with available
labor, materials, and equipment. All of the active remedies require offsite access for remedial
actions, which can pose implementability concerns. The depth to groundwater creates delivery
obstacles for installation of a PRB and for ZVI source area injection. Depth to water and limited
saturated thickness presents technical implementability issues concerning radius of influence
for air sparging and groundwater extraction. With respect to the use of ZVI source area
treatment and ZVI in a PRB, the degree to which complete dechlorination can be achieved is
important for understanding, the viability and implementability of the alternatives which rely
on in-situ chemical reduction. In-situ delivery of the ZVI to the subsurface and the resultant
contact time between the CVOC and the ZVI are important implementability issues.
Alternatives 2 through 4 will all require pilot testing to determine an effective design for
implementation.

1.3.7 Cost

Present worth costs are summarized in the following list.

Present Worth Total
Alternative Capital Cost 0O&M Cost Present Worth
1 - No Action $0 $0 $0
2 - ZVli/Enhanced GE / Enhanced Bio/MNA/IC $10,506,00 $4,322,000 $14,828,000
3 -ZVI/PRB/MNAJIC $7,827,000 $981,000 $8,807,000
4 — Air Sparging/PRB/MNA/IC $7,195,000 $1,949,000 $8,753,000
Ic Institutional controls
raYl Zero-Valent Iron (as a source area treatment)

GE Groundwater extraction

PRB Pameable reactive bamer (using ZVI [granular iron))
MNA  Monitored Natural Attenuation

There are no costs associated with Alternative 1 (No Action). Alternatives 3 and 4 are the least
expensive of the treatment alternatives at approximately $8.8 mullion each. Alternative 2 is the
most expensive at $14.8 million. Details of the cost estimates are provided in Appendix D.

7.3.8 State Acceptance

State acceptance is likely for all active alternatives.

-SECTION 7 {REV., 1)_DOC 713



579 181

MEMPHIS DEPOT MAIN DUNN FIELD FS REV 102/03

7.39 Community Acceptance

Community acceptance of all, faster-acting alternatives, such as the alternatives presented
herein, is likely. Ongoing community involvement activities will be an important element of

remedy implementation.

7.4 Summary

The comparative analysis of alternatives is summarized as follows.

vl i Enhanceg Groundwater 3 Air Sp:rging 1
1 Extraction / Enhanced ZVIIPRB/ PRB /MNA/
Evaluation Criteria No Action Bioremediation/ MNA/IC NMNA/IC Ic

Protective of Human Health No Yes Yes Yes
and Environ.
Comphes wmith ARARs N/A Yes Yes Yes
Effective and Permanent N/A Yes Yes Yes
Reduces TMV N/A Yes Yes Yes
Short-term Effectiveness N/A Acceptable Acceptable Acceptable
Implementable N/A Yes Yes Yes
Cost $0 $14.8 million $8.8 mullion $8 8 milien
State Acceptance Unilikely Likety Likely Likely
Community Acceptance Unlikely Likely Ltkely Likely
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TECHNICAL MEMORANDUM (Rev. 0) CH2MHILL

Review of the Potential Presence of Ordnance and
Explosives (OE) as Defined by References for the
Dunn Field Area, Defense Distribution Center
(Memphis), Memphis, Tennessee

PREPARED FOR: US Army Corps of Engineers, Huntsville Center
Memphis Depot BRAC Cleanup Team (BCT)

PREPARED BY: CH?M HILL

DATE: February 3, 2003

During BCT review of the Rev. 0 Dunn Field Five-Year Review document (CH2M HILL,
September 2002), comments were received on the second sentence of the fifth paragraph
from Section 1.3.1 - Operational History. That paragraph of the document with the sentence
highlighted is repeated below:

The Chemical Warfare Materiel (CWM) disposal pits were located in the Disposal Area section
of Dunn Field and the Stockpile Area portions of Dunn Field (Sites 24-A and 24-B). The
remains of destroyed or partially destroyed explosive ordnance (OE) were also buried
in pits in the Disposal Area. Reports indicate that a 3.2-inch mortar rounds, smoke pots,
hand grenades (smoke), and other unspecified OE were buried in these pits (USATHAMA, 1982
and USACE, 1995b). Section 1.3.4 of the Dunn Field RI presents additional information on the
CWM at Dunn Field.

The comment specifically addresses the origin of the statement regarding OE, and questions
if there is any supporting material that states that OE or materials similar in nature, other
than that described in Table 1-1 of the Dunn Field Five-Year Review document, are present in
Dunn Field.

This memorandum seeks to clarify the understanding of the potential presence of OE within
the Dunn Field area of the Defense Distribution Center (Memphis) beyond that listed and
described in Table 1-1 of the Dunn Field Five-Year Review document. The discovery process
was completed by reviewing documents that made mention of OE at Dunn Field or
presented specific descriptions of disposal of OE at Dunn Field. If the documents included
references for the description of OE, an attempt was made to find and review the source of
that information.

As noted in the Dunn Field Five-Year Review document as well as the Dunn Field Remedial
Investigation (RI) Report (CH2M HILL, July 2002), CWM material (principally remnants of
World War II vintage German mustard gas bombs and associated materiel) was removed by
UXB International, under contract with the US Army Corps of Engineers - Huntsville
Center. The remedial measures were conducted from mid-2000 to March 2001 at Defense

ATLF HUNTSVILLE ALABAMA COEV175430_5 YEAR REVIEWIREV 15 YR REVIEW TEXTVOE_TECH MEMO\REY. 0_OE TECH MEMO DOC 1 175430
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REVIEW OF THE POTENTIAL PRESENCE OF ORDNANCE AND EXPLOSIVES (OE) AS DEFINED BY REFERENCES FOR THE DUNN FTELD AREA, DEFENSE
DISTRIBUTION CENTER (MEMPHIS), MEMPHIS, TENNESSEE

Sites Environmental Tracking System {DSERTS) Sites 1, 24-A, and 24-B, to reduce or
eliminate the potential CWM risk posed by these wastes.

1982 Installation Assessment

During the review, the earliest document to note the presence of OE at Dunn Field was the
1982, Installation Assessment of Defense Depot Memphis, Memplus, Tenn., Report No. 191. The
assessment was conducted by the Chemical Systems Laboratory, Environmental Technology
Division, Installation Restoration Branch for the Assessment Division of the US Army Toxic
and Hazardous Materials Agency at the Aberdeen Proving Ground, Aberdeen, Maryland.

Section 2.1.4 of the Installation Assessment refers to the use and testing of standard
flamethrowers, high pressure air compressor flamethrowers, ignition cartridges utilizing
No. 2 diesel fuel, standard M2 mechanical smoke generators utilizing SGF1 and 2 fog oil,
and smoke pots at the Dunn Field. However, the description of these items does not include
the location of the testing and if disposal occurred at Dunn Field. In Appendix D -
Interviews of the Installation Assessment, an interview with Mr. Paul ]. Traut revealed that
the flamethrowers were tested against the middle of the northwest side of the curved
loading dock on Dunn Field. According to Mr. Traut, diesel fuel was always used in these
tests. After the test, the flamethrowers were recharged and placed back into stockage.

Mr. Traut also revealed that after World War II, Military Police personnel would bring
ordnance confiscated from returning service members. One confiscated item was a 3.2-inch
mortar round. Mr. Traut stated that he would destroy the materials in pits at Dunn Field
either by demolition (explosive) or by chemical reaction. The pits were later covered up with
bauxite storage. In addition, Mr. Traut discussed the history of approximately 200 bombs
that were stored in NC1 Section 1 (most likely a location on the Main Installation portion of
the Memphis Depot). After disassembling one of the bombs on Dunn Field, the bomb was
found to contain incendiary components. This effort resulted in shipment of the bombs to
“another location”.

The Contaminated Waste section of Section 2.2.2 - Solid Waste Treatment presents Figures
10 and 11 and Table 7. Figure 11 shows the disposal and storage sites used at Dunn Field
from the date of the assessment. Table 7 presents a description of materials at various burial,
burn, storage, and other sites. Site 21 is described as a burn site for sanitary waste, smoke
pots, and CN (acronym for chloroacetophenone) canisters. See attached Table 7 and Figure
11 from the Installation Assessment report.

On page 2-22 of the Installation Assessment, Section 2.2.3 - Demolition and Burning Ground
Areas, states that a trash-burning operation area was located just north of the Tennessee
Valley Authority (TVA) line in Dunn Field. The assessment further stated that “burning in
this area dates back to the 1940s and included CN canisters, fuses, and smokes, in addition
to sanitary wastes. Operations were conducted in pits and incorporated the weekly cleanup
of residue and garbage in addition to material. The ash was then buried in the north end of
Dunn Field.” Review of Table 7 indicates that this trash-buming area is most likely Site 21.
Installation Assessment Site 21 correlates to the DSERTS Site 19 (Former Tear Gas Canister
Burn Site), as presented in Table 1-1 of the Dunn Field RI report.
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Also on page 2-22 of the Installation Assessment, Section 2.2.3, the document states: “ Ancther
area in the southwest end of Dunn Field was used for burning smoke-pots, CN grenades,
and souvenir ordnances. The areas was covered by the bauxite storage pile in early 1949.”
Review of Table 7 indicates that this burn area is most likely Site 31, which, according to the
map presented as Figure 11 in the Installation Assessment, is located approximately 150 feet
east to southeast of DSERTS Site 24-B. This is most likely the area referenced by Mr. Traut as
the location used to destroy confiscated ordnance.

Page 2-23 of the Installation Assessment, Section 2.2.4 - Demilitarization, states: “Limited
quantities of souvenir ordnances were turned into DDMT after WW II for disposal. These
items were destroyed at Dunn Field.” There is no discussion as to whether this is the same
material mentioned within Sites 21 and 31.

1995 Archives Search Repeort - Findings

The January 1995 Archives Search Report (ASR) - Findings, which contains the Installation
Assessment document, was produced as part of a review of burial and disposal practices of
CWM and OE performed by the Chemical Warfare Service (CWS) in association with the
Memphis Defense Depot. The document was developed by the US Army Corps of
Engineers Mandatory Center of Expertise and Design Center for Ordnance and Explosive
Waste, under authority from the Comprehensive Environmental Response, Compensation
and Liability Act (CERCLA) and the Superfund Amendments and Reauthorization Act
(SARA). The purpose of the ASR was to compile information obtained through historical
research at various archives and records holding facilities, interview with persons
associated with the site or its operations, and personal visits to the site. All efforts were
directed towards determining possible use or disposal of CWM on the site.

Section 5.1 - Historical Summary of OEW Operations, on page 5-1 of the ASR does not
mention the presence of OE at Dunn Field beyond the description of a Pistol Range in the
northeast area of Dunn Field. The range (known as DSERT Site 60 - Former Pistol Range)
and associated soils surrounding the range are reportedly scheduled to be removed in
January 2003. An Engineering Evaluation/Cost Assessment (EE/CA) and Action
Memorandum have been submitted as final for this site. This range is also mentioned in the
1982 Installation Assessment document.

Section 5.1 also states that incendiary bombs were stored in Building 229 of the Main
Installation part of the Memphis Depot. These bombs, which are most likely the same as
those described by Mr. Traut, were shipped out of the Memphis Depot after World War II.

Appendix A of the ASR contains interviews of former employees associated with the former
CWES at the Memphis Depot. An interview of Mr. Charles E. Anderson, who worked with
the Chemical Supply Section in 1955 and 1956, revealed that CN capsules were burned in
pits at Dunn Field from approximately 1950 to 1953. These pits may be the same as Site 21
referenced above. Importantly, Mr. Anderson did note that no live munitions were buried.
The interview summary did not state if this was directly applicable to Dunn Field.
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1995 Archives Search Report — Conclusions and Recommendations

The ASR - Findings document is accompanied with the Archives Search Report — Conclusions
and Recommendations. This report generally reviews and summarizes the information
presented in the Findings document, but also includes maps and drawings of the Memphis
Depot area along with RAC worksheets used to define the risk of OE at the Memphis Depot.

Section 2.1 - Conclusions, Dunn Field Area, describes the CWM and other materiel that was
buried or destroyed at Dunn Field. In addition, this section states that conventional
ordnance was also destroyed in the Dunn Avenue Area following World War IL.

Section 2.2 - Recommendations, Dunn Avenue Area, states in the first paragraph: “There is
a risk that unexploded Conventional Ordnance may not have been properly disposed of in
the Dunn Avenue Area (Map 3, Area A [attached]). The possibility exists, that others may
have disposed of conventional ordnance in the pits used by Mr. Traut of the Chemical
Supply Section. Mr. Traut used the area to dispose of Conventional Ordnance, which was
confiscated from returning service members and brought to the Depot by the local Military
Police.” Area A in Map 3 corresponds to the southern end of the Disposal Area and the
southwest area of the Stockpile Area, as defined the Dunn Field RI report (CH2MHILL, July
2002). Section 2.2 goes on to note that: “Any sub-surface activities in the Dunn Avenue Area,
should consider both the Conventional Ordnance and CWM reported above.”

Section 3.0 of the ASR ~ Conclusions and Recommendations document evaluates the ordnance
and CWM contamination at the Memphis Depot. Section 3.2 discusses the Dunn Avenue
Area, The first paragraph of this section states: “There are many areas in the Dunn Avenue
Area which contain known burials and destructions. There may be more

burials/ destruction areas which were not captured by the [ASR] process. Extreme caution
should be used in any intrusive type operations in Areas A, B, & C identified on Map 3 of
this report. Known and probable disposals are discussed in later paragraphs.” The second
paragraph of Section 3.2 also notes that: “The remains of conventional ordnance which was
destroyed or partially destroyed is in pits located in Area A. This includes at least one
mortar round, smoke pots &hand grenades (smoke) and other conventional ordnance not
specified in interviews.” The reader should note that the document did not mention the
burning and destruction of smoke pots and CN canisters in Site 21.

Page 3-2 of the ASR - Conclusions and Recommendahions document also notes that “...the area
identified as being used to test Flamethrowers does not present an ordnance hazard.”

1999 Engineering Evaluation/Cost Analysis for the Removal of Chemical Warfare Materiel

In 1998, Parsons Engineering Science, Inc. (Parsons) conducted an EE/CA as part of an
investigation into the CWM at Dunn Field. The work only addressed OE related to
disposal/burial of German mustard bombs that contained CWM. As part of this EE/CA,
Parsons utilized aerial and electromagnetic surveys of the western half of Dunn Field to
define the potential CWM areas. Figures 2.8 through 2.18 present the results of the
electromagnetic surveys and review of these figures indicates that the area known as Site 31
on Figure 11 of the Installation Assessment, which, based on available maps in the ASR, is
approximately 150 feet east to southeast of DSERTS Site 24, is shown as an area with more
disturbance and higher metallic content than surrounding areas. The surveys did not cover
the former Site 21 area.
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Mot

Conclusions

The documents that have been reviewed for this memorandum have revealed that OE other
than that listed and described in Table 1-1 of the Dunn Field Five-Year Review document has
been brought on to the Dunn Field area and burned, detonated, and chemically destroyed
prior to disposal on Dunn Field. The OE in this case reportedly includes “souvenir
ordnance,” smoke pots, CN canisters, fuses, and smokes, grenades (smoke), and one mortar
round and possibly other conventional ordnance not specified in interviews. The pits that
were used for the destruction process were located in Sites 21 and 31. Site 21 is now referred
to as DSERTS Site 19, whereas Site 31 does not appear to have a DSERTS site designation.
The later covering of this site by bauxite storage most likely contributed to the lack of follow
up on this location. As stated by the by the US Army Corps of Engineers in the ASR, there
may be more burials/destruction areas which were not captured by the ASR process.

Since Dunn Field has been used in the past as a disposal area for OE, procedures described
in Engineer Pamphlet EP 75-1-2, Unexploded Ordnance (UXO) Support During Hazardous,
Toxic, and Radioactive Waste (HTRW) and Construction Activities, (USACE, November 2000)
need to be followed during any activity involving intrusive measures. Based on a review of
the information provided in this memorandum and qualifications for UXO support during
construction activities described in EP 75-1-2, there is a low probability that UXO will be
encountered. However, health and safety plans or field sampling plans, etc., describing
future activities at Dunn Field will need to include procedures for notifying, obtaining

support, and acheiving approval for activities from the USACE - Huntsville OE Center of
Expertise.
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= _simeme =~

Fig. 11 Dunmn Field Disposal and Storage Sites
(See Table 7 for Descriptions of Sites)
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THAMA-G.1/VTB2-7.1
5/5/82

Table 7. Description of Dunn Field Disposal and Storage Sites
(Locations of Sites are Showm on Fig. 11)

Location

Burial Sites

1
2

3

14
15
16
17
18
19
22
29
30

33

Burn Sites
21
31

Training sets, nine each, mustard and Lewisite, 1955

7 pounds (1lbs) ammonium hydroxide, 1 gal glacial
acetic acid, 1953 .

3,000 quarts (qt) chemicals, 5 cubic feet (£e3)
ortho~tolidine dihydrochloride, 1935

Thirteen 55-gal drums oil, grease, and paint, date
unknowm

Thirty-two 55-gal drums oil, grease, and thinmer,
1955 .

3 £t pethyl bromide, 1955

40,037 units ointment {(eye', 1955

1,700 bottlc. luming nitric acid, 1954

3,768 l-gal cans methyl bromide, 1954

Ashes and metal refuse from burming pit, 1955

1,433 l-ounce (oz) bottles trichloroacetic acid, 1965

Sulphuric/hydrochloric acids, 1967

32 cubic yards mixed chemicals and acid, 900 lbs
detergent, 7,000 1bs aluminum sulphate, 200 1lbs
sodium

Sodium, 1968

Sodium phosphate, 1968

Acid, 1969

Herbicide, cleaning compound, medical supplies, 1969

Acid, date unknown

Hardware (nuts and bolts)

XXCC] impregnite

Food supplies

Burial site prior to bauxite storage; foods,
construction debris burmed; 1948

14 burial pits containing sodium phosphate, sodium,
acid, medical supplies, chlorinated lime; 1970

Sanitary waste, smoke pots, CN canisters
01d burn area, 1946

2-20
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THAMA~G.1/VTB2-7.2

5/5/82
Table 7. Description of Dunn Field Disposal and Storage Sites
(Locations of Sites are Shown on Fig. 11)
{Continued, Page 2 of 2)
Location
Storage Sites
25 Pesticide storage
27 Bauxite
28 Fluorspar
32 Bauxite, 1942-72
Other Sites
20 Asphalt dump )
23 Open drain ditches
24 Pistol range
26 Buried drainpipe

2-21
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APPENDIX A-2

Lithologic Cross Sections from the Dunn Field RI Report
(July 2002)
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APPENDIX A-3

Summary of the Analytical Results of Surface and
Subsurface Soil, Sediment and Surface Water Samples from
the Northeast Open Area, Dunn Field RI Report (July 2002)
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APPENDIX A-4

Summary of the Analytical Results of Surface and
Subsurface Soil, Sediment and Surface Water Samples from
the Disposal Area, Dunn Field RI Report (July 2002)
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APPENDIX A-5

Summary of the Analytical Results of Surface and
Subsurface Soil Samples from the Stockpile Area, Dunn
Field RI Report (July 2002)
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APPENDIX A-6
Figures for the Disposal Sites
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APPENDIX A-7

Groundwater Plume Maps from the Dunn Field RI Report
(July 2002)



979 254

— b

VBT |#1-LONPLIOR  LOGE-LO0rLL  LOOZ N OTIN.

¢ THHINIZHD
]

K 0314 NG LOG3Q SHIWE 0 A

9661 Jenugeyienuer
suogenueod (30d) L

BUIIBAIORPIBAS L JSHEMPUNSID
b-Pl 3d4NDI4

”t

e et

T e st o,

QUVANY.LS HI1VM ONDININO ANVIMTEd
19W) 1FATT INVNINYLEOD WORNCYH Wong

ANTVA a2LWLST r
0ALDAL30 10N m 4.;. .
En Ml SNOLLYHLNIINGD m
TIIM NOLLIVHLXD HIULVMONNOND MY B

HLIMOY MATH i
NI OINITHIS HITAOZHd W24 @ ;
HISNOV ONYS TINIINGD T
M QINIIUDS T DNIHOLINON MY H - i
HIANOY TIAITH : H . bnrs Y
Wi O3NZIUDS TIAA DHINOLINON MY+ A £ ¢ .y U
. M GG _
, e ———

(10N N1} YLV UM NO¥S
INITNOLLVEINIONOIOS OFUHIIN — — QL
(100 M) 3N HOLLYHLNTONODOS! o
SaMUVIAISVE —— !

i

AMYONNOA 10430

;
ey — e e o

8




979 255

WISl LOMPIIOR  LOOT-LDORZE  LOOY TY OTENANNNGANAD L0 IELISM0uIOYDILY

— TIHINECHD
Y O34 NNNA 'LOJ3 SHANET ¢ AT
F661 J6GIY - SUOjERUBITAY)
{3Dd)eusI80Io| DR JEEMPUNOIS)
-kl 3uN9I

ONYANYLS HILYM ONDINIHG ALY
(10W) 13T LNVMIWVLNOD IIMiXv  18n S

HAUN Y34 SHYHOOENN Ve
INTYA OLYWILLSS r

03103130108 A
W4 N SNOUVHINGONDD (O

H3JINoY ™MANTS
N1 OINIFHIS HILINOZH de

T3 NG IVHAYE HALWMAONNOYD Muam

HIANDY ONVS J3MINDD
NI OINIFTHIS TTIM ENTHOLINON  MNY

HANNOY ™MANTS
NI O3NIIYDS TN DNTHOLINO Miy e

(00 Nt) vLvd Q3LINM MO
ANN NOILYHINIINGIOS) QIBHIINI = = 0L

{109 NI) INFI NOILYHLNIONODOSI — Ol
STHNLYIS ISV ———
ABVANNOD 4O --=--=

1334 M 3TV2S
008 [ o

B — a4

e e e L

— “Liamm e et
I Bt