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1 Introduction

1.1 Purpose and Organization of the Report

This Focused Feasibility Study (FFS) Report for the Main Installation (Ml) of the former Defense
Depot Memphis, Tennessee (DDMT) has been prepared to identify an appropriate alternative to
the remedy selected in Memphis Depot Main Installation Record of Decision (M| ROD; CH2M Hill,
2001). The site is on the National Priorities List and the Department of the Army (Army) is
operating as the lead agency for environmental remediation. This FFS was prepared under United
States Army Corps of Engineers (USACE), Mobile District Contract W91278-16-D-0061, Task
Order W9127819F0535. The environmental restoration program at DDMT is directed by the Army,
Office of the Deputy Chief of Staff, G9, Installation Services Environmental Division, Base
Realignment and Closure (BRAC) Branch. The regulatory oversight agencies are United States
Environmental Protection Agency (USEPA), Region 4, and Tennessee Department of
Environment and Conservation (TDEC). The USEPA Identification Number for DDMT is
TN4210020570.

1.1.1 Purpose

This FFS is being submitted to update the Main Installation Groundwater Feasibility Study Report
(MI Groundwater FS) (CH2MHILL 2000b). Specifically, the FFS has been prepared to:

e Review source areas, groundwater flow and contaminant extent based on site
investigations, groundwater monitoring and remedial action over the past 20 years;

¢ Review remedial action objectives (RAOs) and evaluate remedial alternatives to address
contamination from volatile organic compounds (VOCs) with impacts to subsurface soil
vapor and groundwater; and

e Identify and perform an engineering and cost analysis of technologies and process
operations to support a modification to the implemented remedy.

The FFS was prepared using data from the 2020 Supplemental Remedial Investigation (2020
SRI; HDR, 2021), Human Health and Ecological Risk Assessment (HHERA; HDR 2020b), Main
Installation Source Areas Investigation (SAl; e2M 2009) and DDMT long term monitoring and five-
year review reports. Historical Ml documents were also reviewed, including the Main Installation
Remedial Investigation Report (2000 MI RI; CH2MHILL, 2000a), the Ml Groundwater FS and the
Main Installation Remedial Design (Ml RD; CH2MHILL, 2004b).

This FFS has been conducted in accordance with Office of Solid Waste and Emergency
Response Directive 9355.3-01, Guidance for Conducting Remedial Investigation/Feasibility
Studies under the Comprehensive Environmental Response, Compensation, and Liability Act
(USEPA, 1988) and Department of Defense (DoD) Manual Number 4715.20, Defense
Environmental Restoration Program [DERP] Guidance (DoD, 2012).
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1.1.2 Organization of the Report

This FFS report is comprised of four sections as described below.

e Section 1 — Introduction: Provides a brief summary of the supplemental investigation and
risk assessment activities completed since the 2000 FS including a site description, site
history, risk assessment update, nature and extent of contamination, and contaminant fate
and transport.

e Section 2 — |dentification and Screening of Technologies: Presents applicable or relevant
and appropriate requirements (ARARSs), preliminary remediation goals (PRGs) and RAOs
for addressing human health posed by contaminants in soil vapor and groundwater, and
general response actions (GRAs) for soil and groundwater; identifies areas in which GRAs
might be applied; identifies and screens remedial technologies and process options; and
identifies and evaluates technology process options to select a representative process for
each technology type retained for further analysis.

e Section 3 — Development and Screening of Alternatives: Presents a range of remedial
alternatives developed by combining the feasible technologies and process options. The
alternatives are then refined and screened to reduce the number of alternatives that will
be analyzed in further detail. This screening aids in streamlining the FS process while
ensuring that the most promising alternatives are considered.

e Section 4 — Detailed Analysis of Alternatives: Provides the detailed analysis of each
alternative with respect to the following seven National Contingency Plan (NCP; USEPA,
1994b) criteria: (1) overall protection of human health and the environment; (2) compliance
with ARARs; (3) long-term effectiveness and permanence; (4) reduction of toxicity,
mobility, or volume through treatment; (5) short-term effectiveness; (6) implementability;
and (7) cost. A comparative analysis of alternatives is developed following the detailed
analysis.

1.2 Background Information

1.2.1 Site Location

DDMT is located in southeastern Memphis, Shelby County, Tennessee, approximately 5 miles
east of the Mississippi River and 2 miles north of Memphis International Airport (Figure 1). DDMT
originated as a military facility in the early 1940s; supplies were received, warehoused, and
distributed to all United States (US) military services and some civil agencies located primarily in
the southeastern US, Puerto Rico, and Panama. Stocked items included food; clothing; petroleum
products; construction materials; and industrial, medical, and general supplies. In 1995, DDMT
was placed on the list of the Department of Defense facilities to be closed under BRAC. Storage
and distribution of materiel continued until the facility closed in September 1997.

DDMT includes approximately 634 acres and consists of the Ml and Dunn Field; an aerial
photograph is shown on Figure 2. The MI covers approximately 567 acres and had open storage
areas, warehouses, military family housing, and outdoor recreational areas. Dunn Field, which is
located across Dunn Avenue from the north-northwest portion of the MI, covers approximately 67
acres and had mineral storage and waste disposal areas.
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1.2.2 Land Use

All property on the MI has been transferred by the Army through public benefit or economic
development conveyances. Transfer deeds for the Ml restrict the property to industrial use, except
for the former Administrative and Residential Areas along the eastern boundary, which are
designated for unrestricted use.

The Ml is primarily used for warehousing and logistics in the Memphis Depot Industrial Park and
for operations at Barnhart Crane and Rigging (Barnhart). The former administrative area is used
for Barnhart offices and parking and for the Memphis Police Department Airways Police Station.
The former MI housing area is used by Alpha Omega Veterans Services (Alpha Omega) for
veterans housing and support activities. Viethnam Veterans Association Chapter 1113 operates
the golf course under a lease from the City of Memphis. MI property ownership and land use are
shown on Figure 3. The Ml is located in an area of mixed residential, commercial and industrial
land use; the area zoning is shown on Figure 4.

1.2.3 Geology and Hydrogeology

1.2.3.1 Physiographic Setting

The Memphis area is located within two major subdivisions of the Coastal Plain physiographic
province, the Gulf Coastal Plain in the east and the Mississippi Alluvial Plain in the west. The
principal river in the area is the Mississippi River; the major tributaries are the Wolf River, the
Loosahatchie River, and Nonconnah Creek. The Ml is located approximately 3 miles east of the
bluffs at the edge of the Mississippi Alluvial Plain. Ground surface at the Ml is nearly level, with
elevations generally from 290 to 305 ft; the highest point is at 312 ft along Dunn Avenue near the
northwest M| and the lowest point is at 267 ft below the earthen dam for Lake Danielson on the
golf course in the southeast MI.

There are no naturally flowing streams or creeks on DDMT. Site drainage occurs by overland flow
via swales, ditches, concrete-lined channels, and a storm drainage system, which directs storm
water into a series of storm drains for transport to discharge points around the perimeter (Figure
5). DDMT is generally level with or above surrounding terrain, so it receives little runoff from
adjacent areas. Two surface water features are located on the MI, Lake Danielson and the Golf
Course Pond; they serve primarily as drainage reservoirs.

Groundwater is at a depth of approximately 54 to 95 ft below ground surface (bgs) in the water-
table aquifer on the MI and does not discharge to surface water in the immediate area of DDMT.
There is no apparent effect on groundwater elevations from surface water features on the MI.

1.2.3.2 Geology

The geologic units of interest at DDMT are (from youngest to oldest): loess, including surface soil;
fluvial deposits; Jackson Formation/upper Claiborne Group (Jackson/upper Claiborne); and
Memphis Sand.
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1.2.3.2.1 Loess

The loess consists of wind-blown and deposited brown to reddish-brown clayey silt to silty clay.
The loess deposits, including surface soil, are continuous at about 20 to 30 ft thick throughout
the DDMT area.

1.2.3.2.2 Fluvial Deposits

The fluvial deposits are present in two general layers. The upper layer is silty, sandy clay to
clayey sand and ranges from about 0 to 30 ft thick. The lower layer is composed primarily of
sand and gravel with minor lenses of clay and thin layers of iron-oxide cemented sandstone or
conglomerate, and ranges from 30 to 100 ft thick; the sand and gravel generally have some
reddish to yellow coloring.

1.2.3.2.3 Upper Claiborne Group

The Jackson Formation and the Cockfield and Cook Mountain Formations are in the upper part
of the Claiborne Group, separating the Fluvial Deposits Aquifer (FDAQ) from the Memphis Sand
aquifer. These formations consist of inter-fingering fine sand, silt, clay, and local lenses of lignite
and are referred to as the Upper Confining Unit; its thickness is highly variable, ranging from 0 to
360 ft. A dark gray clay layer of the Upper Confining Unit is generally found immediately below
the fluvial deposits at DDMT and forms the base of the FDAQ. Hydraulic conductivity in this clay
ranges from 2.5x107 to 1.2x10® centimeters per second (cm/s), which indicates very low
permeability typical of fat clay (CH2MHILL, 2000a).

1.2.3.2.4 Memphis Sand

The Memphis Sand, which occurs throughout the Memphis area, consists of a thick body of
sand with subordinate lenses of clay and silt at various horizons and ranges from about 500 to
900 ft in thickness. Three long-term monitoring (LTM) wells (MW-67, MW-254 and MW-255)
were installed in the Memphis Sand at DDMT. The top of the Memphis Sand was identified at
254.5 to 283 ft bgs (21.0 to 10.2 ft North American Vertical Datum of 1988 [NAVD]); the borings
were advanced approximately 30 ft into the Memphis Sand for well installation. The depths to
the Memphis Sand are similar to depths at the Allen Well Field production wells, which are
located 1 to 2 miles west of the MI.

1.2.3.3 Hydrogeology
1.2.3.3.1 Fluvial Deposits Aquifer

The unconfined FDAQ consists of the saturated portion of the lower fluvial deposits. The
saturated thickness ranges from 0 ft (dry) to approximately 70 ft and is controlled by the surface
of the uppermost clay in the upper Claiborne. The average hydraulic conductivity in the FDAQ
from slug tests averaged 2.2x10 cm/s, which is moderate permeability typical for a clean to
silty sand (CH2MHILL, 2000a). Hydraulic conductivity from a 1992 pump test was 3.5 x 102
cm/s, about an order of magnitude higher than the slug test average (Engineering Science,
1994). The FDAQ groundwater elevations and contours from the April 2021 LTM event are
shown on Figure 6. Groundwater elevations in the FDAQ at the MI range from a high of
approximately 246 ft NAVD in the northeast to a low of approximately 209 ft NAVD in the central
area.
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The groundwater in the FDAQ and IAQ are not a drinking water source for area residents.
Although not currently in use, this groundwater is a potential drinking water sources and is
classified as General Use (TDEC Chapter 1200-04-03).

1.2.3.3.2 Intermediate Aquifer

The groundwater in sand lenses within the upper Claiborne forms the Intermediate Aquifer (IAQ).
The uppermost clay of the upper Claiborne is absent over a large section of the central MI. In this
area, the sand layers of the fluvial deposits and the upper Claiborne form a single water table
aquifer in that area; a lower clay layer in the upper Claiborne forms a base for the combined
aquifer and limits connection to the Memphis Aquifer (MAQ). IAQ groundwater elevations and
contours from the April 2021 LTM event are shown on Figure 7; groundwater elevations in IAQ
wells were approximately 224 to 180 ft NAVD. In the northwestern M| away from areas of FDAQ
recharge, the groundwater elevations were approximately 182 to 180 ft NAVD.

1.2.3.3.3 Memphis Aquifer

The Memphis Sand (and its equivalents) is a regional aquifer in Tennessee, Missouri, Kentucky,
and northeastern Arkansas (Parks, 1990). The average hydraulic conductivity is approximately
66 ft per day (ft/d), which is typical for a sand aquifer (2020 SRI; HDR, 2021). The MAQ
groundwater elevations and contours from the April 2021 LTM event are shown on Figure 8.
Water level measurements are from the three wells installed in the Memphis Sand (MW-67,
MW-254 and MW-255) and from three wells installed in the lower section of the upper Claiborne
with consistent groundwater elevations (MW-140, MW-229 and MW-290). Groundwater
elevations measured at MW-254 and MW-255 were approximately 179 to 178 ft NAVD. The
elevations are only 2 to 3 ft lower than the range for IAQ wells located away from areas of
FDAQ recharge.

The MAQ currently provides about 95% of the water used for municipal and industrial water
supplies in the Memphis area. Groundwater withdrawals, which have increased at an irregular
rate since 1886, are responsible for an almost continuous decline of water levels in wells
throughout the Memphis area. Water-level data show a broad, regional cone of depression in
the potentiometric surface of the Memphis Sand, which includes individual cones at the eight
municipal well fields (HDR, 2021).

1.2.3.3.4 Hydraulic Connections and Groundwater Flow

Historically, the MAQ was thought of as an ideal aquifer overlain by a thick, impermeable clay
layer that served as a confining unit and protected the aquifer from contamination from near-
surface sources. Studies have shown that the upper confining unit is thin or absent in places
and contains ‘sand windows’ that allow contaminants to reach the MAQ. Downward leakage
from the water-table aquifers (alluvium and fluvial deposits) to the MAQ has been identified at
several locations in the Memphis area.

An erosional window in the northwestern Ml has been identified through soil borings and water
level measurements. The FDAQ and IAQ groundwater elevation maps (Figures 6 and 7) show
decreasing groundwater elevations within the window. Another hydraulic connection between
the FDAQ and the IAQ is indicated by the extended depression (sink) in FDAQ groundwater
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elevations with low points at MW-39 in the central Ml to MW-259 in the south-central MI (Figure
6).

Groundwater elevation contours for the FDAQ (Figure 6) show groundwater flow is onto the MI
from all sides and migrates vertically to the IAQ through the erosional window in the northwestern
MI and the extended sink in the central MI. Groundwater flow direction vectors for the October
2021 LTM event (Figure 9) show that FDAQ flow into the erosional window is limited to only a
portion of the northeastern quadrant of the MI.

The groundwater flow direction for the upper Claiborne/IAQ wells (Figure 7) in the northwestern
MI, including those within the window, is to the northwest. The flow direction in upper
Claiborne/IAQ wells to the southeast (MW-215A, MW-268, MW-311, and MW-302) is to the south.
The groundwater flow direction for the MAQ wells (Figure 8) is to the southwest, which is
consistent with the location of the closest extraction wells in the Allen Well Field.

Historical groundwater flow direction was evaluated through review of groundwater extraction
rates and water level changes from two United Sates Geological Survey (USGS) reports (USGS
WRI-76-67 and USGS S| Map 3415). Groundwater extraction from the MAQ began in 1886 and
reached 70 million gallons per day (MGD) in 1940, 100 MGD in 1950, 130 MGD in 1960 and
170 MGD in 1970. As groundwater extraction from the MAQ increased and additional well fields
began operation, the regional cone of depression increased in area and depth, with localized
cones of depression at the individual well fields. Groundwater extraction at the Allen Well Field
began in 1953. Approximate groundwater elevations in the MAQ from potentiometric surface
maps in the referenced USGS reports and in the FDAQ from the 2015 LTM report (HDR, 2016)
are listed in the following table.

Year Allen Well Field | DDMT MAQ | DDMT-FDAQ
1886 245 250 -
1960 <130 140-150 -
1970 <110 140-150 -
2015 <160 160-170 199-244

Groundwater elevations in the FDAQ on the Ml is controlled by the surface of the uppermost
clay in the upper Claiborne and would not be expected to decrease significantly. The elevations
clearly show the vertical gradient between the FDAQ to the MAQ was present in 1960, and
FDAQ groundwater flow directions would have been onto the Ml from all sides since at least
1960 and possibly well before.

The cross-section on Figure 10 illustrates the variation in stratigraphic units on the MI and
differences in groundwater elevations for the three aquifers. The section extends from MW-43
beyond the northwest boundary of the MI through the erosional window in the northwest M| and
the sink in the south-central MI to MW-275 beyond the southeast boundary of the M.
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1.2.4 Site History

Activities at the MI from the 1940s to closure in September 1997 included repackaging hazardous
substances for storage or shipment, pesticide application, painting and sandblasting, vehicle
maintenance, and hazardous material handling/storage. Other historical activities in open and
enclosed storage areas included storing transformers with polychlorinated biphenyls (PCBs),
storing and using pesticides/herbicides, and treating wood products with pentachlorophenol
(PCP). These activities resulted in the presence of metals, pesticides, and other less frequently
detected chemicals in surface soil, surface water, and sediment, and chlorinated volatile organic
compounds (CVOCs) in groundwater at the MI.

In October 1992, USEPA added DDMT to the National Priorities List (NPL) (57 Federal Register
47180 No. 199). In March 1995, USEPA, TDEC, and the Defense Logistics Agency entered into
a Federal Facility Agreement (FFA) under the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA, 42 United States Code §9601 et. seq.), Section
120.The FFA outlines the process for investigation and cleanup of environmental sites at DDMT
under CERCLA and the National Oil and Hazardous Substances Pollution Contingency Plan (40
Code of Federal Regulations [CFR] Part 300).

1.2.4.1 2001 Record of Decision

The MI ROD (CH2MHILL, 2001) received final approval in September 2001. The MI ROD
specified the following RAOs:

Surface Soil RAO for Protection of Industrial Workers

e Prevent direct contact/ingestion of surface soils contaminated with lead in excess of
industrial worker risk-based criteria (1,536 milligrams/kilogram).

Surface Soil RAOs for Protection of Future On-Site Residents

¢ Prevent direct contact/ingestion of surface soils contaminated with dieldrin and arsenic in
excess of human health risk assessment (HHRA) criteria for residents; and

e Prevent direct contact/ingestion of surface soils contaminated with lead in excess of risk-
based criteria for protection of residential children.

Groundwater RAOs

e Prevent ingestion of water contaminated with VOCs in excess of Maximum Contaminant
Levels (MCLs) from potential future on-site wells;

e Restore groundwater to levels at or less than MCLs; and

e Prevent migration horizontally and vertically off-site of groundwater contaminants in
excess of MCLs.
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The selected remedy presented in the MI ROD contained the following components:

e Excavation, transport and off-site disposal (ET&D) of lead-contaminated surface soil
near Building 949.

¢ Deed restrictions and land use controls (LUCs) to prevent residential land use on the MI,
except at the existing housing area; to implement daycare restrictions; to prevent
production/consumptive use of groundwater in the FDAQ and drilling into deeper
aquifers on the MI; and to eliminate casual access through maintenance of a boundary
fence around the golf course.

e Enhanced bioremediation treatment (EBT) of CVOCs in the most contaminated part of
the groundwater plume.

e Long-term groundwater monitoring to document changes in plume concentrations and to
detect potential plume migration to off-site areas or into deeper aquifers.

1.2.4.2 Remedy Implementation
1.2.4.2.1 Soil Excavation

ET&D for lead contamination adjacent to Building 949 was completed prior to final execution and
approval of the MI ROD and was noted as a significant change in the MI ROD; the early
completion effectively eliminated it as part of the selected remedy.

1.2.4.2.2 Land Use Controls

In accordance with the Ml ROD, restrictions in transfer deeds for property on the M| prevent
residential use, including children’s daycare; production/consumptive use of groundwater in the
FDAQ and drilling into deeper aquifers on the MI; and casual access to the golf course. These
restrictions apply to all of the Ml except the former administrative and housing areas, which are
currently occupied by the Barnhart Crane offices and parking, the Memphis Police Department
Airways Precinct and the Alpha Omega Veteran’s Housing (Figure 3).

These deed restrictions provide an additional layer of protection above the existing city/county
land use controls, which include zoning restrictions and restrictions on installation of groundwater
wells. The Shelby County Zoning Atlas identifies only the former housing area for residential use
(Figure 4). Shelby County Health Department (SCHD), Water Quality Branch is responsible for
administering and enforcing the Rules and Regulations of Wells established and adopted by the
Shelby County Groundwater Quality Control Board; the regulations do not allow installation of
water wells within a half-mile of the designated boundary of a mandated or voluntary remediation
site involving groundwater contamination, or at property where public water is available. Together
the deed restrictions and city/county requirements limit residential use to the existing housing
area and prevent construction of water wells on the Ml or surrounding area within 0.5 miles.

The Notice of Land Use Restrictions (NLUR) was recorded at the City of Memphis/Shelby County
Register of Deeds Office in January 2005. The Land Use Control Implementation Plan (LUCIP)
in Appendix C of the Ml RD (CH2MHILL, 2004b) requires annual inspections to document
compliance with the deed restrictions and the city/county requirements; changes to the zoning
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and groundwater use restrictions are also identified. Annual inspections have been performed
since 2005, with no significant deficiencies or violations of the LUCs identified.

1.2.4.2.3 Long-Term Monitoring

LTM on the MI has been conducted since 2004 to document changes in plume concentrations, to
detect potential plume migration from or to off-site areas or into deeper aquifers, and to track
progress toward RAOs. There are currently 188 LTM wells with 146 wells in the FDAQ, 37 wells
in the 1AQ/upper Claiborne and 5 wells in the MAQ. The well locations and plume designations
are shown on Figure 11.

1.2.4.2.4 Enhanced Bioremediation Treatment

The MI RD, approved by USEPA in August 2004, used groundwater concentrations equal to or
greater than 100 micrograms per liter (ug/L) for tetrachloroethene (PCE) and trichloroethene
(TCE) to delineate the EBT treatment areas. The initial remedy implementation (EBT-1) included
sodium lactate injections into the FDAQ within the two target treatment areas (TTA-1 and TTA-2)
from September 2006 through February 2009 and performance monitoring from October 2006
through March 2009. CVOC concentrations for parent compounds PCE, TCE, and carbon
tetrachloride (CT) were reduced over 90% in injection wells (IWs) and over 80% in monitoring
wells at locations with baseline concentrations above 100 pg/L. The Interim Remedial Action
Completion Report, Main Installation, Revision 1 (Ml IRACR) (HDR|e2M, 2010), including an
operating properly and successfully determination, was approved by USEPA in March 2010.

Following rebound in CYOC concentrations in 2010 LTM samples, EBT-2 was conducted in areas
where individual CVOC concentrations of parent compounds PCE, TCE and CT exceeded 100
Ma/L: TTA-1, TTA-2, the West-Central plume and the Building 835 plume. Quarterly injections
were made from November 2012 to August 2014 and performance monitoring was conducted
from February 2013 to November 2014. The final report for EBT-2, Main Installation Year Four
Enhanced Bioremediation Treatment Report (HDR, 2015), was approved by USEPA and TDEC
in May 2015. The CVOC concentrations in the final samples (November 2014) decreased from
the baseline samples (December 2011) by an average of 80% for IWs and 28% for performance
monitoring wells (PMWSs); the total number of EBT wells exceeding MCLs decreased from 55
wells to 17 wells over the same period. While EBT-2 reduced CVOC concentrations, it was not
sufficient to meet the groundwater RAOs for the MI.

After completion of EBT-2, the Fourth Five-Year Review (HDR, 2018) determined that the remedy
was protective in the short term. Although no exposures to constituents of concern (COCs) were
occurring, it was recommended that the Army improve the selected remedy to reduce COC
concentrations below MCLs throughout the Ml in a reasonable period of time with long-term
protectiveness to be verified by LTM and compliance monitoring.

1.2.4.3 Supplemental Investigations

Supplemental site investigations were conducted after each implementation of EBT to better
understand the nature and extent of contamination.
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1.2.4.3.1 2009 Source Area Investigation and Groundwater Model Update

The Main Installation Source Area Investigation (MI SAl) (e2M 2009) was performed to identify
potential source areas for CVOCs at the MI. The magnitude and extent of CVOCs in soil were
characterized by a membrane interface probe (MIP) survey in the upgradient area of plumes with
soil samples to confirm MIP results. Several areas of possible soil contamination were identified.
Soil sample analytical results were compared to site-specific soil screening levels for protection
of groundwater from the Memphis Depot Dunn Field Record of Decision (Dunn Field ROD)
(CH2MHILL, 2004a). Only 5 of 70 soil samples had CVOC concentrations above the screening
levels, and 3 of those samples only slightly exceeded levels for a single CVOC.

The groundwater model in the Ml Groundwater FS (CH2MHILL, 2000b), Appendix B Conservative
VOC Transport Calculations in the Memphis Sand Aquifer was updated to incorporate the
expanded monitoring well network and improved knowledge of site hydrogeology and plume
delineation since 2000. The updated model, included in the MI SAIl as Appendix F Groundwater
Modeling Report, estimated CVOC concentrations resulting from vertical contaminant migration
from the FDAQ to the MAQ on the MI and then migration in the MAQ from the Ml to the Allen Well
Field. The model used BIOSCREEN for the vertical migration component and MODFLOW/MT3D
for migration through the MAQ. The BIOSCREEN model predicted that concentrations reaching
the MAQ at DDMT would decrease over time from 34 to 16 ug/L for PCE and from 13 to 10 ug/L
for TCE, which exceeds the concentrations reaching the MAQ based on LTM sample results. The
MODFLOW/MT3D model predicted PCE and TCE concentrations would be below 1 pg/L within
approximately 2,000 ft of the source area on the MI.

1.2.4.3.2 Supplemental Remedial Investigation

The SRI was performed in four phases from 2015 through 2019 to improve plume delineation and
understanding of groundwater flow in the FDAQ and IAQ/upper Claiborne. The SRI included
installation of 55 new monitoring wells (MW-262 to MW-316): 46 wells in the FDAQ, 8 wells in the
upper Claiborne/IAQ, and 1 well in the MAQ. In addition, two nested wells (MW-317-NW and MW-
318-NW) were installed, each with two wells screened in the FDAQ and two wells screened in the
upper Claiborne. The SRI wells have been incorporated in LTM, which now includes 188
monitoring wells on and adjacent to the MI. The well locations are shown on Figure 11; the well
symbols are color-coded for the different plumes and background locations.

The 2020 SRI (HDR, 2021), with agency comments and responses appended, was submitted in
July 2021. The report was approved by TDEC; USEPA provided a conditional approval letter in
August 2021 stating neither approval nor agreement on SRI completion.

1.2.4.3.3 Natural Attenuation Evaluation

The initial evaluation of biodegradation of CVOCs in the FDAQ for the 2000 MI RI was
inconclusive with regard to the significance of natural attenuation at DDMT. Additional evaluation
was conducted for the Ml Groundwater FS (CH2MHILL, 2000b) in Appendix A, Evaluation of
Biodegradation of VOCs in Groundwater at the Memphis Depot. This second evaluation stated
the aquifer exhibits ‘Type 3’ conditions (low carbon content and high dissolved oxygen) where
reductive dechlorination should not occur; however, the evaluation also stated limited
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biodegradation was occurring and biodegradation rates were provided for use in evaluation of
remedial alternatives.

The effectiveness of natural attenuation as a component of the selected remedy was reviewed in
Section 2.2.4 of the 2020 SRI. The review found naturally occurring biodegradation of CVOCs
was not a significant contributor to natural attenuation in the FDAQ at the MI based on the
absence of cis-1,2-dichlorethene (cDCE) and vinyl chloride (VC), which are reductive
dechlorination products for PCE and TCE, outside of the EBT areas. However, 1st order decay
rates calculated for the 2009 groundwater model had good agreement with PCE and TCE
concentrations at wells along the flow paths, which indicates attenuation by physical processes
(dispersion, dilution, sorption, and volatilization) is occurring. Therefore, physical components of
natural attenuation (dispersion, dilution, sorption, and volatilization) are still applicable and are
considered in developing remedial alternatives in this FFS. The 2009 groundwater model in
Appendix F of the MI SAI (e2M, 2009) showed agreement between April 2008 concentrations in
LTM wells along the flow paths and estimated concentrations from the Bioscreen groundwater
model; the first order attenuation decay rates were 0.5/year for PCE and 0.8/year for TCE. The
model input parameter and figures showing concentrations from the LTM well and the model
estimates are included in Appendix B-1, 2009 Groundwater Model Input and Attenuation
Calibration Plots.

Determining 1st order decay rates for most plumes on the Ml is no longer possible due to EBT,
contaminant migration onto the M| and the SVE pilot test in TTA-2; the South-Central plume is
the only ‘undisturbed’ location. BIOCHLOR Natural Attenuation Decision Support System
(USEPA, 2002) was used to evaluate the fate and transport of TCE in the FDAQ South-Central
plume (Appendix B-2, Attenuation of TCE Technical Memorandum). The first order decay rate
was estimated at 0.05 /year, which is reflective of the geochemical conditions that limit anerobic
biodegradation at DDMT; this rate is an order of magnitude lower than used in the 2009 model
for the Building 835 plume migration into the window. The model was used to approximate the
length of time for TCE to meet its MCL through natural attenuation alone, and through a
combination of source remediation and natural attenuation. The evaluation concluded that under
the geochemical conditions present in the FDAQ at the MI, TCE concentrations in the plume
would not meet its MCL in a reasonable time (> 100 years) through natural attenuation alone.
However, with a combination of active source remediation and natural attenuation, TCE
concentrations would meet the MCL in a reasonable period of time, estimated to range from 21
to 34 years.

1.2.4.3.4 Vertical Profiling

Concurrent with Phase 4 of the SRI, two vertical profile borings were to evaluate changes in
lithology, subsurface VOC concentrations and hydraulic conductivity with depth in the fluvial
deposits and the upper Claiborne sediments. Site conditions, including compacted and cemented
sands and gravel/cobbles, limited the depth reached by the vertical profile borings to 120 ft bgs.
The profile sections within the saturated zone, which was the area of interest, were limited to 25
ft. Intervals with high estimated hydraulic conductivity values (100 ft/d) observed on the profiles
were selected for upper nested well screen placement in the adjacent wells, 102 ft bgs in MW-
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317-NW and 117 ft bgs in MW-318-NW. The high conductivity values are similar to the FDAQ
aquifer test result (Section 1.2.3.3.1).

Geotechnical test borings and the SRI nested wells (MW-317 and MW-318) were installed
adjacent to the vertical profile borings. Soil samples were collected for geotechnical testing from
the test borings and the nested well borings. Samples were collected from the loess, the upper
fluvial deposits (fine-grained), the lower fluvial deposits (coarse-grained) and an upper Claiborne
sand. The loess and upper fluvial deposits samples had low hydraulic conductivity values at
1.6x107 to 4.5x10® cm/s. These values are similar to the test results for the upper Claiborne clay
(Section 1.2.3.2.3). The deeper samples of primarily sand had higher hydraulic conductivity
values. The lower fluvial deposits samples had hydraulic conductivity results at 7.0x10- to 2.1x10
4 cm/s, which are similar to the FDAQ slug test results (Section 1.2.3.3.1), and the upper Claiborne
samples with fine-grained sand had lower results at 9.5x10* to 1.3x10° cm/s.

1.2.4.4 Soil Vapor Extraction Pilot Test

Successful source removal was demonstrated using soil vapor extraction (SVE) at Dunn Field,
Operable Unit 1. In 2018, soil vapor samples were collected on the MI at three suspected
subsurface soil source areas (TTA-1, TTA-2, and Building 720) based on elevated groundwater
concentrations of PCE, TCE and/or CT; results were compared against the protective soil vapor
concentrations from the Dunn Field ROD (CH2MHILL, 2004a). TTA-2 was selected for the SVE
pilot study based on significantly higher soil vapor concentrations.

The Final SVE Pilot Test Report (HDR, 2020c), included as Appendix I-3 of the 2020 SRI (HDR,
2021), stated approximately 200 pounds of CVOCs were removed from August 2019 to May 2020.
The estimated mass removed indicated a significant source in the TTA-2 area near Buildings
261/265. Groundwater concentrations decreased 5 to 91% at 11 of 14 LTM wells in proximity to
the SVE well; the other three wells in the area had increased concentrations. The pilot test showed
that SVE could be an effective remedial technology on the MI where high concentrations of
CVOCs are observed in soil vapor.

1.2.5 Risk Assessment Summary

The HHERA (HDR, 2020b) was prepared to evaluate potential baseline health risks for current
and future human receptor exposure to constituents of potential concern (COPCs) in the FDAQ,
IAQ and MAQ. The HHERA included an update to the groundwater HHRA and reviews of the soil
HHRA and the screening level ecological risk assessment in the 2000 MI Rl. COPC screening in
the groundwater HHRA update identified 30 COPCs from sampling events conducted from 2012
to 2017. The potential exposure scenarios considered were drinking water ingestion, dermal
contact and inhalation as well as inhalation of indoor air via vapor intrusion from groundwater
vapors for a current/future on-site worker and future on-site resident adult and child.

The groundwater HHRA update indicated that there are several COPCs, now identified as COCs,
whose concentrations in groundwater are the primary contributors to the cumulative risks and
hazards, and exposure to these COCs may result in potential adverse health effects.
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e The evaluation of potential cancer risks and non-cancer hazards to on-site current/future
workers indicates that CT, chloroform (CF), methylene chloride, TCE, 1,2,3-
trichloropropane and VC are COCs in the FDAQ; VC and TCE are COCs for the IAQ, and
there are no COCs in the MAQ. Potential for vapor intrusion (VI) of CT, CF, PCE, TCE
and VC into buildings from groundwater is also a potential health risk to workers.

¢ The evaluation of potential cancer risks and non-cancer hazards to future on-site residents
indicates that CT, CF, methylene chloride, TCE, 1,2,3-trichloropropane and VC are COCs
in the FDAQ; VC, TCE and PCE are COCs in the IAQ, and TCE is the only COC in the
MAQ. The VI pathway was not evaluated for a resident.

As long as the existing land use restrictions are maintained, the exposure pathways to the
contaminated groundwater are not complete, with the possible exception of VI.

An evaluation of the VI pathway was not conducted for the HHERA. A separate VI study for the
MI was begun at approximately the same time as the HHERA. Only limited soil vapor data has
been collected to date. The VI Conceptual Site Model, Revision 1 was submitted to USEPA and
TDEC in June 2022 and the 2022 VI Sampling and Analysis Plan, Revision 1 (VI SAP) was
submitted to USEPA and TDEC on 3 May 2022. The 2022 VI SAP presents a phased approach
for vapor sampling, risk assessment and reporting. Vapor sampling phases are: an initial phase

of passive soil vapor screening, a second phase for installation of vapor monitoring points (VMPs)
and active vapor sampling, and a final phase of sub-slab and indoor air samples at buildings with
greater potential for VI. The passive vapor screening phase was completed in September 2023

and VMP installation began in October 2023. The final VI study report is scheduled for completion
in March 2025.

1.2.6 Nature and Extent of Contamination

Remedial actions, long term groundwater monitoring, supplemental investigations and the SVE
pilot test have identified groundwater contamination and suspected source areas on the MI.
Sampling results have indicated that significant groundwater contamination is generally limited to
the FDAQ. The risk assessment summary identified several COCs in groundwater: PCE, TCE
and VC are detected above MCLs in FDAQ wells across the MI; CT is detected above the MCL
in only TTA-2 wells; CF is detected at low concentrations (<15 ug/L) at wells in the eastern M,
1,2,3-trichloropropane is detected at low concentrations (<10 ug/L) at a few TTA-2 wells; and
methylene chloride is rarely detected and a potential laboratory contaminant.

CVOC plumes on the MI are believed to be the result of multiple small-volume releases and
migration of off-site contaminants onto the MI (Figure 11). Monitoring wells installed for the SRI
identified groundwater plumes migrating on to the Ml from the northeast and the southwest. Land
use (Figure 4) is industrial northeast of the M| and residential west of the MI. Residential use to
the west does not preclude the use and release of chlorinated solvents. An environmental
database search report of environmental sites with potential contaminant sources within a 2-mile
radius of the Memphis Depot was obtained in 2017. Numerous sites with potential
contaminant sources around DDMT, including sites to the west, were identified (Appendix B-3,
EDR Report Overview Map). The FDAQ groundwater analytical results for PCE, TCE, CT and
VC for the most recent samples as of April 2021 are listed on Table 1 and shown on Figures 12,
13, 14, and 15, respectively.
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Groundwater contamination in the IAQ and MAQ is limited and the result of FDAQ plume migration
in the areas where the limited thickness or absence of clay layer(s) facilitates downward
contaminant migration.

1.2.6.1 Subsurface Soil Vapor Source Areas

Soil sampling in suspected source areas for the Ml RI (CH2MHILL, 2000a) did not identify areas
with VOC concentrations above soil screening levels. However, since the 2000 FS was
completed, source area investigations and remediation activities in the adjacent OU-1, Dunn
Field, determined that soil and soil vapor data together provide a more complete representation
of source areas and impacts to FDAQ groundwater and potential indoor air impacts for industrial
workers. Site-specific soil screening levels and protective soil vapor levels were established in the
Dunn Field ROD. These screening levels were applied at potential Ml source areas (TTA-1 North
[TTA-1N], TTA-2, and Building 720) to select the location for the SVE pilot test. Consistent with
previous Ml sampling results, soil concentrations did not exceed Dunn Field soil screening levels.
However, soil vapor sampling results exceeded Dunn Field soil vapor screening levels in each of
these areas. The results for each area are summarized below:

TTA-1N: CVOCs reported above the soil vapor remedial goals from the Dunn Field ROD
(CH2MHILL, 2004a) were PCE, TCE and CF. TCE concentrations ranged from 550 micrograms
per cubic meter (ug/m3) to 30,100 pug/m3.

TTA-2: CVOCs reported above the Dunn Field soil vapor remedial goals were TCE, PCE CF, CT,
cDCE and methylene chloride. Maximum concentrations included PCE at 95,000 ug/m3, CT at
94,500 pug/m3, CF at 3,300 ug/m3 and cDCE at 1,000 ug/m3.

Building 720: CVOCs reported above the Dunn Field soil vapor remedial goals were PCE, TCE
and cDCE. TCE and PCE were reported above remedial goals in all samples but were generally
lower as compared to TTA-1N and TTA-2.

The Dunn Field soil vapor remedial goals, which were developed for protection of groundwater,
are 6.7 ug/m3 for PCE, 11.1 pg/m3 for TCE, 157 ug/m3 for cDCE, 89.5 ug/m3 for CT and 159
pMg/m3 for CF. The vapor intrusion screening level (VISL) for a commercial scenario at a target
risk (TR) of 1x10* and target hazard quotient (THQ) of 1 (USEPA, 2022b) are 5,840 ug/m3 for
PCE, 292 ug/m3 for TCE, 117,000 ug/m3 for cDCE, 6,810 ug/m3 for CT and 1,780 pg/m3 for CF.

Based on these results, it was determined that subsurface soil source areas are present at the Ml
with soil vapor concentrations exceeding the protective soil vapor concentrations established for
Dunn Field.

1.2.6.2 Groundwater

The FDAQ is the primary location of groundwater contamination on the MIl. Contamination in the
IAQ and MAQ is the result of migration of FDAQ groundwater where clay layers are thin in the
sink and absent in the erosional window. The FDAQ was the focus for implementation of EBT-1
and EBT-2 (Section 1.2.4.2.4) and although concentrations have been reduced, multiple areas of
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elevated concentrations still remain and are discussed below. CVOC concentration trends at
selected wells in each plume are provided in Appendix B-4, Trend Plots.

1.2.6.21 TTA-1

TTA-1, located in the southwest area of the MI (Figure 11), has been differentiated into two
subareas: North (TTA-1N) and South (TTA-1S). Both areas were included in EBT-1 and EBT-2
and historical CVOC concentrations were reduced. Elevated concentrations of CVOCs remain
and are higher at TTA-1N where an apparent off-site source is observed. The groundwater flow
direction is to the east-northeast toward the sink in the central Ml near MW-39.

In the TTA-1N area, maximum concentrations in the April 2021 LTM event were 280 ug/L PCE at
MW-219 (Figure 12) and 55.8 pg/L TCE at PMW21-04 (Figure 13); PMW21-04 is located in a
suspected historical source area between Buildings 1089 and 972 and MW-219 is located in the
power line corridor west of Building 1089. In the off-site, upgradient portion of the TTA-1N plume,
the highest PCE and TCE concentrations are located in an apparent off-site source area: 268
pg/L PCE and 21.9 pg/L TCE in MW-269. When compared to historic concentrations in this area,
PCE and TCE concentrations are stable to increasing over time. This is due to off-site sources,
at least in part.

In the TTA-1S area, the April 2021 LTM event identified maximum concentrations of 35.9 ug/L
PCE at PMW101-06A (Figure 12) and 61.9 ug/L TCE at PWM101-07B (Figure 13); both wells are
in a suspected historical source area between Buildings 970 and 972. Overall, the PCE and TCE
concentrations within the TTA-1S plume are stable to decreasing over time.

1.2.6.22 TTA-2

TTA-2 is located in the southeast section of the MI (Figure 11). The groundwater flow direction is
to the west-southwest towards the sink near MW-259. Historical CVOC concentrations in the area
were reduced by EBT-1 and EBT-2. Maximum concentrations in the April 2021 LTM event were
40.3 pg/L PCE in MW-294, located downgradient of a suspected PCE source area near Building
249 (Figure 12); 24.6 pg/L TCE in MW-218, located to the north of Building 360 (Figure 13); and
73.4 ug/L CT in MW-217, located south of Building 360 (Figure 14). CVOC concentrations at wells
in the vicinity of Buildings 260/261 and 265 were significantly reduced following the SVE pilot test
from August 2019 to May 2020. The natural trend of PCE, TCE, and CT concentrations at TTA-2
is not clear due to the recent SVE pilot test.

1.2.6.2.3 North-Central Area

The North-Central (N-C) Area extends from MW-310, located north of the property boundary, to
downgradient well MW-318, south of Building 650 (Figure 11). The groundwater flow direction is
to the southwest toward the erosional window and the sink in the south-central MI. EBT was not
implemented in the N-C Area.

Maximum concentrations in the April 2021 LTM event were 50 ug/L PCE at MW-207B, southwest
of Building 649 (Figure 12), and 42.9 ug/L TCE at MW-258 near the center of the N-C Area plume
(Figure 13). The TCE concentration at upgradient, off-site well MW-310 was 41.5 ug/L. The TCE
plume extends over the entire N-C area while the PCE plume is limited to the downgradient area,
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possibly due to a separate on-site source. Overall, the predominantly TCE concentrations within
the N-C Area plume are stable and/or decreasing overtime. Concentrations of TCE in upgradient
wells MW-310 and MW-263 indicate off-site TCE impacts to the N-C Area plume.

1.2.6.2.4 West-Central Area

The West-Central (W-C) Area is a generally undeveloped area bounded to the west by Building
970 and to the east by Building 770 (Figure 11). The groundwater flow direction is to the east-
northeast toward the two low points at MW-39 and MW-259 in the extended sink. EBT-2 was
implemented in the W-C Area.

Maximum concentrations in the April 2021 LTM event were 22 ug/L PCE and 19.6 ug/L TCE at
MW-204B (Figures 12 and 13). Recent PCE and TCE concentrations within the W-C Area plume
are relatively low and stable to decreasing over time. The CVOCs plume in the W-C Area is
considered primarily due to contaminant migration from TTA-1.

1.2.6.2.5 Building 835

The Building 835 Area is an elongated TCE plume in the northwestern portion of the MI, which is
oriented along the southern edge of the clay forming the southwest side of the erosional window.
At the downgradient/southern end, the plume merges with the W-C and N-C Area plumes near
Building 650 (Figure 11). The groundwater flow direction is to the southeast toward the sink near
MW-39. EBT-2 was implemented in the Building 835 and TCE concentrations were reduced.

The maximum TCE concentration in the April 2021 LTM event was 51.4 pg/L at MW-212
downgradient of Building 835 (Figure 13). TCE concentrations within the Building 835 plume are
stable to decreasing over time.

1.2.6.2.6 South-Central Area

The South-Central (S-C) Area is an elongated TCE plume extending from the undeveloped area
between Buildings 970 and 689 toward Building 470 (Figure 11). The groundwater flow direction
is to the east/northeast toward the sink near MW-259. EBT was not implemented in the S-C Area.

The maximum TCE concentration in June 2021 was 60.6 pg/L TCE at MW-330 (Figure 13). The
TCE plume is believed to result from a spill or release during operations at Building 873, since
demolished. The maximum PCE concentration,19.8 ug/L PCE at MW-296 (Figure 12), is
considered to result from migration of the W-C and N-C plume.

1.2.6.2.7 Southeast Area

The Southeast Area is bounded by MW-52 and MW-270 located southeast of Building 490 (Figure
11). The groundwater flow direction is westerly toward the sink near MW-259. EBT was not
implemented in the Southeast Area. CVOCs detected in these LTM wells are different and the
extent is limited, based on surrounding wells; the area is not considered a plume.

Maximum concentrations in the April 2021 LTM event, were 14.2 ug/L PCE at MW-52 (Figure 12)
and 32.7 ug/L TCE at MW-270 (Figure 13). The extent of PCE and TCE concentrations above
the MCL are presently limited to small areas with one or two wells.
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1.2.6.2.8 Hydraulic Connections — IAQ and MAQ

Hydraulic connections between the FDAQ and the IAQ are indicated by the depression (sink) in
FDAQ groundwater elevation contours extending from monitoring well (MW)-39 in the central Mi
to MW-259 in the south-central Ml (Figure 6) and by FDAQ and IAQ contours in the erosional
window (Figures 6 and 7).

The surface elevation of the lower clay layer in the window decreases from MW-107 to MW-202
and is not observed at MW-140 and MW-255 (Figure 10) allowing a hydraulic connection to the
MAQ. Maximum concentrations in FDAQ wells within the window for the April 2021 LTM event
were PCE at 35.1 pg/L in MW-305 (Figure 12), while TCE was below the MCL (Figure 13);
maximum concentrations in IAQ wells were PCE at 45.6 pg/L in MW-202B (Figure 16) and TCE
at 7.7 pg/L in MW-34 (Figure 17). Off-site contaminant migration in the IAQ is shown at MW-309,
across Dunn Avenue from the northwest boundary of the MI, where PCE was detected at 11.3
pg/L and TCE at 3.84 ugl/L.

Maximum CVOC concentrations in MAQ wells within the window for the April 2021 LTM event
(Figure 18) were PCE at 11.2 pg/L in MW-140 and TCE at 3.97 pg/L in MW-254, which is located
near the MI boundary. These exceedances are isolated but indicate a potential undefined plume
in the MAQ due to contaminant migration from upgradient IAQ wells. Due to the relatively low
concentrations in MW-254 and MW-140, a monitoring well has not been installed downgradient
(southwest) of MW-254.

1.2.7 Contaminant Fate and Transport

The Final Conceptual Site Model Update Memorandum (HDR, 2020a) in Appendix I-2 of the 2020
SRI (HDR, 2021) describes the fate and transport of contaminants. The conceptual site model
was updated based on evaluation of preferential pathways and of CVOC migration and extent
from different source areas. The major conclusions are:

o The plumes identified at the MI originate as PCE or TCE from multiple small sources
based on molar fraction distributions.

e Molar fraction signatures in IAQ and MAQ wells are similar to signatures in FDAQ wells
and are consistent with the coalescing of two or more plumes.

e Reductive dechlorination is occurring primarily where active EBT was performed. Parent
material has degraded to cDCE or VC in EBT treatment areas but the impacts do not
appear to extend to distal portions of the plumes.

e The presence of thin, discontinuous clay beds in the FDAQ may have local impact on
groundwater levels and constituent concentrations measured by monitoring wells
depending on their screen intervals but should not impede overall plume migration.
Preferential pathways for contaminant migration within the FDAQ were not identified.

e The clay bed that rises above the water table around the erosional window in
northwestern MI creates a no-flow boundary within the FDAQ. Groundwater entering the
MI from the north must flow around this boundary.
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¢ Alarge sand body comprises much of the IAQ at the MI. The orientation within the
erosional window and the prevailing hydraulic gradient results in a preferential pathway
for groundwater movement from the FDAQ to the MAQ.

e The extended sink in the central Ml with low points at MW-259 and MW-39 appears to
be indirectly connected to the sand body in the window and to be pathways for
contaminant migration into the 1AQ.
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2 ldentification and Screening of Technologies

This section presents the development of RAOs and selection of technologies to address
contamination. The selected technology and process options are combined into remedial
alternatives in Section 3.

2.1 Site-specific ARARs and TBCs

Section 121(d) of CERCLA specifies that remedial actions for cleanup of hazardous substances
or pollutants and contaminants must comply with Federal or more stringent State environmental
regulations and laws that either specifically address a substance or particular circumstance at a
site, and are therefore directly applicable, or while not directly applicable, address situations that
are sufficiently similar (relevant) and are well suited (appropriate) for use at the site. An
environmental regulation or law that is not applicable, must be both relevant and appropriate to
be considered an ARAR.

Section 121(d) of CERCLA mandates that selected remedies achieve or legally waive ARARs.
This section provides a preliminary discussion of the regulations that are applicable or relevant
and appropriate to the remediation of the contaminated media at the MI. Both Federal and State
of Tennessee environmental regulations and public health requirements are evaluated. In
addition, this section identifies Federal and State criteria, advisories, and guidance as sources of
information that are to be considered (TBC).

2.1.1 Definitions and Types of ARARs

The NCP (40 CFR 300.5) defines “Applicable requirements” as “those cleanup standards,
standards of control, and other substantive requirements, criteria, or limitations promulgated
under Federal environmental or State environmental or facility siting laws that specifically address
a hazardous substance, pollutant, contaminant, remedial action, location, or other circumstance
found at a CERCLA site.” Applicable requirements must directly and fully address or regulate the
hazardous substance, pollutant, contaminant, action being taken, or other circumstances at the
site.

The NCP (40 CFR 300.5) defines “Relevant and Appropriate Requirements” as “while not
‘applicable’ to a hazardous substance, pollutant, contaminant, remedial action, location, or other
circumstance at a CERCLA site, address problems or situations sufficiently similar to those
encountered at the CERCLA site that their use is well suited to the particular site. Only those
State standards that are identified in a timely manner and are more stringent than Federal
requirements may be relevant and appropriate.”

ARARs are not currently available for every chemical, location, medium or action that may be
encountered. When ARARs are not available, PRGs may be based upon site-specific risk-based
concentrations that are developed based on acceptable human and/or ecological risk or other
Federal or State criteria, guidance, or local ordinances. While various Federal and State
environmental and public health programs’ criteria, advisories, guidance, and proposed standards
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are not legally binding, these TBC items may provide useful information or recommended
procedures to determine the necessary level of protection for certain remedial alternatives and
are generally used when ARARs do not exist or are not protective. USEPA guidance does not
recommend the use of generic screening levels or default Regional Screening Levels (RSLs) as
cleanup levels for Superfund sites but rather site-specific risks and ARARs.

The remedial alternatives developed in this FFS were analyzed for compliance with potential
ARARs and TBC guidance or criteria. The analysis involves the initial identification of potential
requirements for the alternative, the detailed evaluation of the potential requirements for
applicability or relevance and appropriateness, and a determination of the ability of the remedial
alternatives to achieve the ARARs. ARARs and TBC items generally fall into three broad
categories, based on the manner in which they are applied at a site. These categories are as
follows.

2.1.1.1 Chemical-Specific Requirements

Chemical-specific requirements set risk-based concentration limits or discharge limitations in
various environmental media for specific hazardous substances, pollutants, or contaminants.
Chemical-specific ARARs aim to meet the NCP threshold criterion of overall protection of human
health and the environment.

Potential chemical-specific ARARs identified at the Ml (Table 2) are the USEPA National Primary
Drinking Water Regulations MCLs (USEPA, 2009) and TDEC General Water Quality Criteria,
which are relevant and appropriate to evaluate groundwater, and standards and emission limits
for process vents used in treatment of VOC wastes and groundwater, which are relevant and
appropriate to SVE operations. No potential chemical-specific TBC items were identified for the
MI.

2.1.1.2 Action-Specific Requirements:

Action-specific requirements generally set performance, design, technology, or other similar
controls or restrictions on specific activities related to management of hazardous substances or
pollutants.

Potential action-specific ARARs identified at the MI (Table 3) are requirements for the design,
construction, operation, and closure of a SVE treatment system and requirements for
characterization of solid waste, which are applicable, and requirements for activities causing
fugitive dust emissions or storm water runoff, which are relevant and appropriate for remedial
action construction activities. Potential action-specific TBCs identified at the MI are state
requirements for emissions from an SVE treatment system.

2.1.1.3 Location-Specific Requirements

Location-specific requirements are design requirements or activity restrictions based on the
geographical or physical position of the site and its surrounding area. Location-specific ARARs
include activities on and near wetlands and floodplains, archeological and natural resources,
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historical landmarks, critical habitats of endangered or threatened species, etc. No location-
specific ARARs or TBC items were identified for the MI.

2.2 Preliminary Remediation Goals

PRGs are selected based on Federal- or State-promulgated ARARs and risk-based levels with
consideration also given to other requirements, such as analytical detection limits and guidance
values, which are identified in Section 2.1.1.1 above.

2.2.1 Subsurface Soil Vapor Source Areas

Options for the soil vapor PRGs based on the VI exposure pathway are presented on Table 4 and
a list of chosen PRGs is provided at the end of the table. The list of soil vapor COCs on the table
(PCE, TCE, VC, CT, CF, and cDCE) is based on the primary CVOCs that were identified under
the commercial worker scenario in the HHERA Revision 1 (HDR, 2020b). Existing ICs allow no
residential land use or other child-occupied facilities, including daycare, on the MI, except at the
existing Housing Area; therefore, options for the PRGs consist of values that address both
commercial and residential exposure scenarios. For all COCs except chloroform, the chosen soil
vapor PRGs are the USEPA VISLs for a commercial scenario (TR of 1x10* and THQ of 1).
However, the USEPA VISLs for a residential scenario at a TR of 1x10* and THQ of 1 can be
applied to the former housing area. Chloroform has been determined by USEPA to be a threshold
carcinogen for all routes of exposure; therefore, in consultation with USEPA Region 4, the soil
vapor PRGs were calculated considering only the noncancer endpoint.

2.2.2 Groundwater

Options for the groundwater PRGs based on the drinking water and VI exposure pathways are
presented on Table 5 and a list of chosen PRGs is provided at the end of the table. In addition,
the groundwater remedial goals from the Dunn Field ROD (CH2MHILL, 2004a) are included in
Table 5 for comparison. The list of groundwater COCs on the table (PCE, TCE, VC, CT, CF,
cDCE, trans-1,2-dichloroethene [tDCE], methylene chloride, and 1,2,3-trichloroproane) is based
on the primary CVOCs that were identified under industrial and residential scenarios in the
HHERA Revision 1 (HDR, 2020b) and with consideration of their breakdown products. The
chosen groundwater PRGs are the USEPA MCLs (USEPA, 2009); COCs without an MCL (i.e.,
1,2,3-trichloropropane) were supplemented with the USEPA Tapwater RSLs at a TR of 1x10*
and THQ of 1 (USEPA, 2022a). Chloroform’s groundwater PRG, in consultation with USEPA
Region 4, was determined to be the MCL Goal of 70 ug/L, which was derived based on the
noncancer endpoint.

2.3 Remedial Action Objectives

COC concentrations are to be reduced to levels that present an acceptable risk to human health
and the environment. RAOs have been identified to mitigate the potential present and/or future
risks associated with the site.
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2.3.1 Subsurface Soil Vapor Source Areas
The following RAOs will be added to the MI ROD:
¢ Prevent human exposure via inhalation of the following COCs in indoor air due to vapor

intrusion by reducing soil vapor concentrations in micrograms per cubic meter (ug/m3)
below the following remedial goals (i.e., cleanup levels):

Residential (ug/m?)

COoC Commercial (ug/m?®) (former housing area only)
PCE 5,840 1,390

TCE 292 69.5

VC 9,290 559

CT 6,810 1,560

CF 14,000 3,300

cDCE 117,000 27,800

2.3.2 Groundwater
The following RAOs will replace the existing groundwater RAOs in the MI ROD:

o Reduce COC concentrations in groundwater to 1) prevent human exposure via direct
contact (ingestion and dermal) and inhalation pathways; 2) prevent impacts to
groundwater from migration of COCs in soil vapor through the vadose zone; 3) restore
groundwater quality in the FDAQ and IAQ for designated use(s) and for the protection of
the MAQ, and 4) prevent impacts to MAQ groundwater from vertical migration of
groundwater COCs from the FDAQ and |IAQ. Groundwater concentrations are to be
reduced below the following remedial goals (i.e., cleanup levels):

COC Remedial Goal (ug/L)
PCE 5

TCE 5

VC 2

CT 5

CF 70

cDCE 70

tDCE 100
Methylene chloride 5
1,2,3-Trichloropropane 0.075
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2.4 Areas of Contamination

2.4.1 Subsurface Soil Vapor Source Areas

Suspected sources of potential indoor air impacts have been identified in subsurface soils at TTA-
1N, TTA-2, and Building 720. An SVE pilot test at TTA-2 has successfully removed 200 pounds
of VOCs and reduced groundwater contamination in that area. These suspected source areas
and other presumed small release areas on the MI will be further characterized during the
preliminary design investigation (PDI) to target areas for subsurface soil vapor remediation efforts.

2.4.2 Groundwater

Groundwater plumes have been identified in the FDAQ and IAQ aquifers. These plumes are the
focus of groundwater remediation and are discussed below.

2.4.2.1 FDAQ

The FDAQ has historically been and continues to be the primary location of groundwater
contamination at the MI. Multiple, distinct plumes of PCE and TCE are present (Figures 12 and
13). The CT plume is limited to TTA-2 (Figure 14), and VC concentrations above the MCL are
present in isolated areas where EBT was implemented (Figure 15). The highest concentrations
of PCE are present in TTA-1N (280 pg/L), North-Central (50.0 pg/L), TTA-2 (40.3 pg/L) and
Window (35.1 pg/L) areas. The TTA-1N area has PCE impacts from off-site sources as is
demonstrated by off-site wells MW-269 (268 ug/l) and MW-278 (121 pg/l). The highest
concentrations of TCE are present in the TTA-1S (61.9 pg/L), South-Central (60.6 pg/L), TTA-1N
(55.8 pg/L), Building 835 (51.4 pg/L) and North-Central (42.9 ug/L) areas.

24.2.2 1AQ

IAQ groundwater contamination is limited to PCE and TCE plumes. These plumes are the result
of migration from the FDAQ at the sinks and erosional window (Figures 16 and 17). The highest
concentrations of PCE are present in the Window (45.6 pg/L) and North-Central (33.8 pg/L) areas.
The highest concentration of TCE is present in the North-Central area (25.5 ug/L).

2.5 General Response Actions

General Response Actions (GRAs) are broad types of activities that will potentially satisfy the
RAOs. Following the development of GRAs, one or more remedial technologies and process
options are identified for each GRA category. The technologies and process options remaining
after screening in Section 3 have been assembled into alternatives that are evaluated in Section
4. The alternatives primarily focus on remediating groundwater on the MI; however, presumptive
remedies of institutional controls (ICs) and SVE have been included to address impacted
subsurface VOC source areas on the MI.

The GRAs for groundwater are:

July 2024 | 2-5



Final Main Installation Focused Feasibility Study Report
Defense Depot Memphis, Tennessee

¢ No Action: The no action option is included as a basis for comparison and is required by
the NCP (40 CFR 300.430(e)). If no action is taken, the contaminants will remain in
place and the RAOs will not be met.

¢ Institutional Controls: Restricting property or resource use to prevent or limit direct
contact of contaminants by potential receptors.

e Monitored Natural Attenuation (MNA): MNA makes use of naturally occurring processes
such as dilution, volatilization, biodegradation, adsorption, and/or chemical reactions
with subsurface materials reduce contaminant concentrations to acceptable levels over
time.

e Containment: Containment options are often implemented to prevent or significantly
reduce the migration of contaminants in groundwater. They include hydraulic control
activities which may include physical barriers or extraction.

o Treatment: Treatment of contaminants can be achieved either in situ or ex situ and
includes several types of technologies that encompass biological, thermal, and
physical/chemical treatment approaches.

2.6 ldentification and Screening of Technology Types and
Process Options

The initial screening considered effectiveness of the technologies for treating the contaminants
present on the MI, implementability of the technology given site-specific conditions, and costs.
Remedial technologies that were deemed to be impracticable or cost-prohibitive were removed
from further analysis, in accordance with guidance (USEPA, 1988).

Site-specific conditions, including site geology and hydrogeology, contamination type,
concentration, location (aerial extent and depth), findings/observations from the EBT RA
implemented from 2006 to 2014 and the SVE pilot test were incorporated into the analyses
performed during the initial screening process.

The technology identification and process option screening process for VOCs impacting
subsurface soil and groundwater at the site, organized by GRA (i.e., ICs, containment and
treatment), is summarized on Table 6. The most promising technologies, combined into remedial
alternatives, are described in Section 3.

2.6.1 Technologies and Process Options for Subsurface Soil Vapor Source
Areas

As discussed in Section 1.2.6.1, VOCs were detected in soil vapor at concentrations greater than
the soil vapor screening levels. A presumptive remedy, SVE, has been identified to actively
remediate contaminants in subsurface soil source areas: SVE, in combination with ICs requiring
notification of the property owner of the potential for VI, are described below and included in
remedial alternatives described in Section 3.
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2.6.1.1 Soil Vapor Extraction

SVE is a vadose zone soil remediation technology in which a vacuum is applied to induce the
controlled flow of air through the soil and allow removal of volatile contaminants from the soil. The
gas leaving the soil may be treated to recover or destroy the contaminants, depending on local
and State air discharge regulations. Geomembrane covers may be placed over the ground
surface to prevent short circuiting and increase the radius of influence of the wells. SVE removed
approximately 4,000 Ibs of VOCs at Dunn Field and over 200 Ibs of VOCs in the pilot test at TTA-
2. It can be implemented at potential subsurface soil source areas on the Ml to effectively remove
VOCs.

2.6.1.2 Vapor Intrusion Institutional Controls

The presumptive includes the use of ICs to notify landowners of the potential for VI and to
recommend assessment and vapor mitigation, based on sampling results.

ICs in the form of property and government controls are part of the selected remedy for the Mi
and have been implemented in accordance with the MI LUCIP. The NLUR was recorded at the
City of Memphis/Shelby County Register of Deeds Office in 2005, and deed restrictions have
been included in property transfers. The existing ICs do not allow residential land use or other
child-occupied facilities, including daycare, on the MI (except at the existing Housing Area), and
no production/consumptive use of groundwater or drilling groundwater wells on the MI.

No ICs exist to address potential VI for overlying structures of existing or future construction.
Additional notification ICs will be included in the Ml LUCIP and NLUR to notify landowners of
potential VI issue and recommend monitoring and vapor mitigation, if necessary, in accordance
with applicable guidance (USEPA, 2015).

2.6.2 Technologies and Process Options for VOCs in Groundwater

As discussed in Section 1.2.6.2, the FDAQ is the primary location of groundwater contamination
at the Ml (primarily PCE, TCE and CT) and vertical migration of VOC contaminants from the
FDAQ impacts the IAQ and MAQ. The technology identification and process option screening
process for groundwater contamination at the site, organized by GRA, is presented in the
following subsections and summarized on Table 6. Process options associated with each GRA
for groundwater contaminants are discussed below.

2.6.2.1 No Action

This option would discontinue LTM for groundwater and annual inspections for ICs and activities
to contain or remediate contaminants. It provides no legal or administrative mechanisms for
protection of human health or the environment beyond establishing cleanup criteria and
recognizing those mechanisms that are in place (e.qg., restrictions on zoning and well installation)
under other State and Federal environmental regulatory program (non-Superfund) authority. This
option would not be effective in achieving the RAOs. This option is retained for further analysis,
as required by the NCP.
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2.6.2.2 Institutional Controls

Land use controls are part of the selected remedy for the Ml and have been implemented in
accordance with the Ml LUCIP. The NLUR was recorded at the City of Memphis/Shelby County
Register of Deeds Office on January 26, 2005, and deed restrictions have been included in
property transfers. The current ICs being implemented through LUCs at the MI pertaining to
groundwater use prevent production/consumptive use and drilling into aquifers on the MI.

ICs are low cost and easy to implement. Operation and maintenance (O&M) costs are low. The
current MI ICs have been retained for further analysis. These ICs will be used in conjunction with
engineering measures such as containment or treatment during all stages of the cleanup process
to accomplish RAOs.

2.6.2.3 Monitored Natural Attenuation

MNA relies on naturally occurring attenuation processes to achieve restoration RAOs within a
reasonable time frame. Natural attenuation processes (including dilution, dispersion,
volatilization, biodegradation, adsorption, and chemical reactions with subsurface materials) are
allowed to reduce contaminant concentrations to acceptable levels over time.

MNA was considered as a component of EBT for plume control in the current selected remedy.
The 2020 SRI (HDR, 2021) stated naturally occurring biodegradation of CVOCs is not a significant
contributor to MNA in the FDAQ at the MI due to site-specific conditions (low carbon content and
high dissolved oxygen) and demonstrated by the absence of reductive dechlorination products
(cDCE and VC) outside of the EBT areas. Although MNA by naturally occurring biodegradation is
not a significant contributor, the SRI groundwater model review indicated that natural attenuation
by physical processes (dispersion, dilution, sorption, and volatilization) is occurring.

MNA is a low-cost remedy with O&M costs impacted by the number of wells sampled and
analyzed. However, sites conditions of aerobic aquifer conditions and the low concentrations of
naturally-occurring organic carbon and analytical results from LTM are not consistent with
guidance (USEPA, 1999). Therefore, MNA has not been retained for further analysis.

2.6.2.4 Containment

Containment options include structures to reduce contaminant mobility. These barriers may
support groundwater restoration activities but do not directly impact contaminant toxicity or
volume. Containment options considered in this evaluation are physical barriers and hydraulic
barriers.

2.6.2.4.1 Physical Barriers

Physical barriers (e.g., slurry walls, grout curtains, funnel & gate, block displacement, sheet pile
walls) are used to slow groundwater flow, minimize migration of contaminated groundwater, divert
contaminated groundwater from a drinking water intake, and/or provide a hydrodynamic barrier
to enhance the efficacy of an extraction and treatment system. Physical barriers often are used
where the waste mass is too large for treatment and where soluble and mobile constituents pose
an imminent threat to a sensitive receptor (USEPA, 1998).
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The cost and difficulty of implementing physical barriers increases significantly with depth.
Physical barriers beyond 60 ft deep are generally cost prohibitive and technically impracticable.
Depth to groundwater is greater than 60 ft bgs at most Ml LTM wells. Furthermore, the clay unit
between the FDAQ and the IAQ is absent in the central MI, which creates a hydraulic connection
between the FDAQ and IAQ and greatly extends the required depth of a barrier.

For these reasons, the containment technology using physical barriers has not been retained for
further analysis.

2.6.2.4.2 Hydraulic Barriers

Hydraulic barriers remove dissolved phase contaminants and/or achieve hydraulic containment
of contaminated groundwater to prevent migration by pumping from an aquifer and treating the
groundwater. The treatment train is typically a series of physical, chemical, or biological
processes, with ultimate discharge or disposal of the treated water (FRTR, 2020a; USEPA,
1994a).

Hydraulic barriers, with treatment and monitoring of extracted groundwater, is an established
technology with known design standards and performance. System design is straightforward, as
extraction well positions and flow rates can be determined using groundwater models. Water
treatment requirements are also well-established. Discharge of treated water may include surface
water discharge, groundwater recharge, or discharge to a publicly owned treatment works
(POTW). Discharge to surface water consists of discharging treated groundwater to surface or
stormwater drainage; this approach can be an effective and implementable discharge method
where surface water standards can be met. Groundwater recharge requires Federal and State
permits with stringent requirements and is not a viable option at the site. Discharge to an off-site
POTW is also not a viable option as the City of Memphis is not currently authorized to receive
CERCLA-generated waste.

Since this technology is being used for containment, extraction and treatment will be required for
a long period of time or until the groundwater is restored. While this option can help prevent plume
migration and support restoration, costs for remediation of extensive plumes as found on the Ml
can be prohibitive.

Extraction, treatment, and surface water discharge has been retained for further analysis due to
its potential to provide a hydraulic barrier, as well as remediate the contaminated groundwater at
the MI, based on site hydrogeology, hydraulic conductivity of the aquifer, and contaminant
properties.

2.6.2.5 Treatment

Available groundwater treatment technologies include biological, thermal, and physical/chemical
treatments. In situ and ex situ treatment options are also available for these groundwater remedial
technologies.
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2.6.2.5.1 In-situ Biological Treatment

Biological process options considered include enhanced bioremediation and phytoremediation.
These technologies will be implemented for treatment of contaminated groundwater in an effort
to support restoration, an RAO for groundwater.

2.6.2.5.1.1 Enhanced Bioremediation

Generally, in situ bioremediation technologies employ engineered systems to heighten the effects
of naturally occurring degradation mechanisms. The engineered systems are designed to
enhance bioremediation and accelerate the natural biodegradation process by introducing
nutrients, electron acceptors, and/or contaminant-degrading microorganisms to the subsurface.
Various bioremediation technologies can be used in situ to treat soils and groundwater without
removing it from the ground. Ex situ processes require removal of contaminated soil or
groundwater to be treated (USEPA, 2000a).

Depending on the COC and the media, bioremediation may work through aerobic or anaerobic
metabolism. In selecting a bioremediation technology, the COC, media, biological pathways of
degradation, and site conditions must all be considered.

The components of in situ bioremediation technologies can be implemented in different general
configurations, including direct injection, groundwater recirculation, permeable reactive barriers
(PRBs), and bioventing. The configurations include vertical/horizontal wells and trenches for both
injection and extraction of groundwater or injection of amendments to support the biodegradation
processes. Any of these systems is used to enhance degradation through the addition of
microbes, nutrients, oxidants, or reductants into the aquifer or soil.

The selected remedy in the Ml ROD included EBT in the most contaminated areas and was
implemented from 2006 to 2009 and from 2012 to 2014 to address rebound and to improve
progress toward RAOs. Although EBT was successful in reducing CVOC concentrations, the RA
was not sufficient to meet the RAOs for the MI within the timeframe estimated in the 2000 FS.
Factors that limited the applicability and effectiveness of EBT processes at the site included
difficulty of maintaining anaerobic conditions in the aerobic FDAQ, the time needed to remediate
the plume, and the potential incomplete degradation of CVOCs to toxic by-products (e.g., VC).

Therefore, while implementable on a technical basis, in-situ bioremediation (or referenced herein
as EBT) has not been retained for further analysis due to limited effectiveness in the treatment of
site contaminants.

2.6.2.5.1.2 Phytoremediation

Phytoremediation uses plants to remove, transfer, stabilize, and destroy organic/inorganic
contamination in groundwater. Plants are selected based on their ability to extract or degrade the
COCs, local growing conditions, biomass, root depth and structure, growth rate, water uptake,
and other factors.

Generally, the use of phytoremediation is limited to shallow groundwater with lower contaminant
concentrations and requires a large surface area of land for remediation (ITRC, 2009). Due to the
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depth to groundwater, phytoremediation technology for groundwater remediation has not been
retained for further analysis.

2.6.2.5.2 In-situ Physical/Chemical Treatment

In-situ physical treatment options use various processes to oxygenate, agitate or flush
contamination through the subsurface for removal. Physical process options considered for this
evaluation include air sparging and in-situ well stripping. In-situ chemical treatment options use
various chemical processes to degrade contaminants.

In-situ physical and chemical treatment included for the groundwater treatment option are
discussed below.

2.6.2.5.2.1 Air Sparging

Air sparging (AS) is a physical treatment that involves injecting air directly into the aquifer to
volatilize contaminants from groundwater to the vadose zone for treatment or removal, and to
enhance biodegradation of contaminants via the introduction of oxygen. It is effective in treating
volatile organic compounds. AS uses commercially available equipment and is a relatively simple,
lower cost technology. The equipment can be readily installed and may require minimal oversight,
as no waste streams are generated and the technology is compatible with other technologies
(e.g., SVE).

Sites treated with AS technology have sometimes shown significant rebound of contaminants
after treatment, possibly due to untreated residuals or the influence of preferential pathways in
the subsurface. These complications can result in the incorrect conclusion that contamination
levels are truly trending downward when that may not be the case. It is recommended that sites
continue to be sampled for at least one year after AS is stopped.

AS increases the rate of contaminant volatilization, and therefore results in potential migration of
VOC-impacted vapor. SVE (Section 2.6.1.1) is used to address this problem. AS has been proven
to be effective in remediating CVOCs from high permeability aquifers such as FDAQ and has
been successfully implemented in the off-site area west of Dunn Field at DDMT. Based on these
reasons, AS has been retained for further evaluation and will be coupled with SVE to assemble
alternatives.

2.6.2.5.2.2 Bioslurping

Bioslurping is another physical treatment option that combines the two remedial approaches of
bioventing and vacuum-enhanced free-product recovery to address light non-aqueous phase
liquids (LNAPL) contamination. Bioventing stimulates the aerobic bioremediation of hydrocarbon-
contaminated groundwater. Vacuum-enhanced free-product recovery extracts LNAPL from the
capillary fringe and the water table without extracting large quantities of groundwater.

Conditions that may limit the applicability of this technology include that it can be less effective in
tight (low-permeability) soils; aerobic biodegradation of chlorinated compounds may not be
effective; and collected vapor and/or groundwater generally requires treatment.
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Separate-phase non-aqueous phase liquid (NAPL) was not observed at the MI and aerobic
bioremediation is not effective for the CVOCs present at the MI. Therefore, bioslurping has not
been retained for further consideration.

2.6.2.5.2.3 In-situ Chemical Oxidation/In-situ Chemical Reduction

Chemical process options considered for this evaluation include in situ chemical oxidation (ISCO)
and in situ chemical reduction (ISCR). These technologies will be implemented for treatment of
contaminated groundwater in order to support restoration, an RAO for this media. Some of these
technologies, based on implementation strategy, can also provide plume management, another
RAO for the site. These process options are discussed below.

ISCO chemically converts contaminants to less toxic compounds that are more stable, less
mobile, and/or inert. It involves injecting a solution of oxidizing agent into the subsurface via an
injection well to treat dissolved-phased contaminants. The oxidizing agents most commonly used
are ozone, hydrogen peroxide, potassium permanganate, hypochlorites, zerovalent iron (ZVI),
chlorine, and chlorine dioxide. Newer reagents (i.e., alkaline activated persulfate and nanoscale
Z\V/1) may also be considered.

ISCR refers to the transferring of electrons to contaminants from reduced metals or reduced
minerals. ISCR can utilize either ZVI or dual-valent iron (DVI) to facilitate the chemical reduction
of these contaminants through the creation of low redox potential and production of hydrogen.

ISCO and ISCR technologies can be viable remediation technologies as they are effective for
mass reduction of organic compounds in groundwater, have a relatively rapid treatment time, and
are implementable with commercially available equipment. There are safety requirements for
handling and administering large quantities of hazardous chemicals and a need to monitor the
fate and transport of the chemicals in the aquifer.

Delivery methods for ISCO and ISCR can range from: injections throughout the contaminated
plume footprint; injection of chemicals in a barrier wall configuration; or impregnation of a funnel
and gate or continuous trench barrier wall, referred to as a permeable reactive barrier, or PRB,
with oxidant or reductant. Matching the chemical treatment approach and delivery system to the
COCs and the site conditions is a key factor in successful implementation and achieving
performance goals. Groundwater at the Ml is approximately 60 to 100 ft bgs, which is deeper than
can practicably be reached by a PRB; only an injection approach would reasonably be used for
chemical injection.

ISCO/ISCR are not efficient at treating low-concentration contaminant plumes but are widely used
to treat the contaminant source. Although these technologies can be effective in reducing CVOC
contaminant mass rapidly in groundwater, they would require multiple injection events, handling
large quantities of potentially hazardous chemicals, and a large number of injection points
considering the nature and extent of the existing low-concentration groundwater plume. While
implementable on a technical basis, ISCO/ISCR have not been retained for further analysis based
on the low concentrations of the PCE/TCE plumes and the potential difficulties with
implementation and safety concerns
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2.6.2.5.2.4 Dual Phase Extraction

Dual-phase extraction (DPE), also known as multi-phase extraction or vacuum-enhanced
extraction, utilizes a vacuum system to physically remove various combinations of contaminated
groundwater, separate-phase product (LNAPL), and soil vapor from the subsurface. Extracted
liquids and vapor are treated and collected for disposal or discharge, under applicable State
regulations.

Based on plume extent and low CVOC concentrations, and the fact CVOCs do not form LNAPL,
DPE has not been retained for further consideration.

2.6.2.5.2.5 In-situ Thermal Treatment

Thermal process options can be used to separate contaminants from groundwater. They are
typically performed in-situ and employ steam, hot air or hot water injection, or electrical resistance
or radio frequency heating that volatize contaminants. Volatized contaminants are extracted from
the subsurface. Thermal treatment techniques are most effective to remove soil contamination in
“tight soil matrices” or mobilizing and removing high concentration, dense non-aqueous phase
liquids. Although extremely effective and a proven technology, thermal technologies can also
have a high capital cost for implementation.

Based on plume extent and low concentrations of VOCs in groundwater and high costs associated
with implementation, thermal treatment has not been retained for further consideration.

2.6.2.5.2.6 In-Well Air Stripping

In-well air stripping is a physical treatment technology, in which air is injected into a vertical well
screened at two depths. The lower screen is set in the groundwater saturated zone, and the upper
screen is set in the unsaturated zone. Pressurized air is injected into the well below the water
table, aerating the water. The aerated water rises in the well and flows out of the system at the
upper screen, inducing localized movement of groundwater into (and up) the well as contaminated
groundwater is drawn into the system at the lower screen. VOCs vaporize within the well at the
top of the water table, where the air bubbles out of the water. The air injection removes volatiles
and establishes a circulation pattern of oxygen-saturated water in the aquifer that may also
enhance the biodegradation rate.

The contaminated vapors accumulating in the wells are collected via vapor extraction contained
within the well. Vapor phase treatment typically occurs above grade. For effective in-well
treatment, the contaminants must be adequately soluble and mobile so they can be transported
by the circulating groundwater. In general, in-well air strippers are more effective at sites
containing high concentrations of dissolved contaminants with high Henry's Law constants. The
radius of influence (ROI) and groundwater flow regime around the well requires careful
consideration in design and operation of the system (FRTR, 2002b).

The complex hydrogeology and the large areal footprints of the low-concentration CVOC plumes
in the highly permeable FDAQ make air-stripping ineffective/cost prohibitive to implement at the
MI. The limited number of vendors available to design/construct the remedy also makes obtaining
competitive bids difficult. Based on these reasons, in-well air stripping has not been retained for
further evaluation.
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2.6.2.5.2.7 Passive/Reactive Treatment Barrier

A permeable reactive barrier (PRB) is a passive in-situ treatment zone that removes contaminants
as groundwater flows through it. Hydrogeology must be conductive (relatively shallow depth to
groundwater and to an underlying hydraulic barrier) and a relatively shallow confining layer is
needed to “key” into and thereby contain the system. Most PRBs are installed as either a funnel-
and-gate or continuous trench.

Groundwater contamination at the Ml is approximately 60 to 100 ft bgs, which is deeper than can
practicably be reached by passive/reactive treatment barriers. The effectiveness of barriers is
limited by the thin, inconsistent and/or absence of a low permeability confining clay unit into which
the barrier could be keyed. Therefore, a PRB has not been retained for further evaluation.

2.6.2.5.3 Extraction with Biological/Chemical/Physical Treatment

For this process option, groundwater is extracted by pumping groundwater from an aquifer to
remove dissolved phase contaminants to support groundwater restoration. Processes typically
evaluated or used in extraction and treatment systems include ex-situ physical, chemical, and
biological treatments. Generally, treatment and monitoring of extracted groundwater is required.
A multiple treatment train may be required for groundwater with multiple types of contaminants.
A groundwater monitoring program is a component of any extraction system to verify its
effectiveness. As discussed in regard to hydraulic barriers (Section 2.6.2.4.2), discharge to
surface water is the only viable discharge option for treated groundwater at the site. Potentially
long time periods are required for extraction to achieve remediation goals. Operation and
maintenance considerations associated with treatment may be more expensive than other
treatment technologies. The following ex-situ treatment technologies are considered in
conjunction with the extraction technology, as that technology requires impacted groundwater be
pumped to the surface prior to treatment.

2.6.2.5.3.1 Bioreactors

Contaminants in extracted groundwater are put into contact with microorganisms in attached or
suspended growth biological reactors. Contaminated groundwater is circulated in suspended
media, such as activated sludge, within an aeration basin. In attached systems, such as rotating
biological contractors and trickling filters, microorganisms are established on an inert support
matrix.

Given the dilute nature of the contamination and low biochemical oxidant demand in the
groundwater, this technology will not readily support a microbial population density adequate for
remedial purposes. Therefore, bioreactors have not been retained for further consideration.

2.6.2.5.3.2 Constructed Wetlands

The constructed wetlands-based treatment technology uses natural geochemical and biological
processes inherent in a wetland ecosystem to accumulate and fixate/remove metals and other
contaminants from influent waters. The wetland technology can utilize filtration or the degradation
process for CVOCs, although removal of high concentrations of CVOCs has not been well-
established with these systems.
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The land area required to establish adequate treatment wetlands is not readily available at DDMT,
and the wetland components would need to be monitored and maintained (FRTR, 2002c).
Therefore, constructed wetlands technology has not been retained for further consideration.

2.6.2.5.3.3 Adsorption

The adsorption process consists of passing contaminated groundwater through a sorbent media.
Contaminants are adsorbed onto the media, reducing their concentration in the bulk liquid phase.
The most common adsorbent is granular activated carbon (GAC) which is also a presumptive
remedy.

Adsorption is a viable technology for VOC treatment of extracted groundwater and vapors.
Therefore, adsorption via GAC has been retained for further evaluation.

2.6.2.5.3.4 Advanced Oxidation Processes

Advanced oxidation processes, including UV radiation, ozone, and/or hydrogen peroxide, are
used to destroy organic contaminants as impacted water is pumped into a treatment vessel. If
ozone is used as the oxidizer, an ozone destruction unit(s) may be required to treat off-gases
from the treatment tank and where ozone gas may accumulate or escape.

Advanced oxidation technology is associated with high energy requirements and requires
considerable cost to operate. Therefore, advanced oxidation process technology has not been
retained for further consideration.

2.6.2.5.3.5 Ex-Situ Air Stripping

Air stripping is a presumptive remedy that involves the mass transfer of volatile contaminants from
water to air. VOCs are separated from extracted groundwater by exposing the contaminated water
to a flow of air. Air stripping configurations include packed towers, diffused aeration, tray aeration,
and spray aeration. Given the large size of the plume, flow rates of an extraction and treatment
system are likely to be in a range where air stripping would be relatively cost-effective. Treatment
of the air stripper effluent air stream with vapor-phase GAC would be required with this process
option.

This well-established technology can be effective in reducing contaminant toxicity, mobility, and
concentration through the use of readily available treatment equipment, but it has relatively high
capital and operational costs. Air stripping has been retained for further consideration.

2.7 Evaluation of Process Options

A total of 6 GRAs and 22 groundwater remedial process options (Table 6) were screened for
potential applicability, effectiveness, reduction in toxicity, mobility, or volume of contaminants, and
implementation at the MI. GRAs and remedial technologies/process options retained for more
detailed analysis are:

e No action
e |[Cs

e Containment
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o Groundwater Extraction
e Treatment
o AS/SVE
e Extraction, Treatment and Surface Water Discharge
o Adsorption
o Air Stripping

These technologies, as well as presumptive remedial technology, SVE, for subsurface soil source
areas have been incorporated in the remedial alternatives and will be further evaluated based on
their applicability to site conditions and potential effectiveness in meeting the RAOs.

The retained remedial technologies were assembled into process options and an evaluation of
those process options completed. Process options were evaluated based on effectiveness,
reduction of toxicity, mobility, or volume of contamination through treatment, implementability, and
cost. Process options that cannot be effectively implemented within the site area due to site
characteristics or other restrictions were eliminated from further consideration.

2.8 Groundwater Process Options

Groundwater remedial options retained for detailed analyses include AS/SVE, and extraction,
treatment, and discharge to surface water.

The no action and IC options were also included for evaluation. ICs are a critical component of
any remedy option, as the results of the HHERA (HDR, 2020b) indicate that risks from
groundwater (via ingestion, dermal contact, and inhalation exposure routes) exceed acceptable
levels for carcinogenic and non-carcinogenic effects in a future scenario that assumes exposure
to impacted groundwater (i.e., that the engineering and ICs are no longer in-place).

Any remedy proposed will incorporate the protection of public health and the environment and
ICs already in place, as these have achieved significant risk reduction and contribute to keeping
human exposure under control. These existing controls are enforceable under local, State, and
Federal regulatory authority. The existing ICs being implemented through LUCs are:

e Prevention of residential land use on the MI (except at the existing Housing Area);

e Daycare restrictions;

e Production/consumptive use groundwater controls for the FDAQ and for drilling into
aquifers below the FDAQ on the MI; and,

¢ Elimination of casual access by adjacent off-site residents through maintenance of a
boundary fence for the Southeast Golf Course.

The remedial technologies were assembled into process options and evaluated based on site-
specific and contaminant characteristics. A summary of secondary screening and the
groundwater process option evaluation is summarized in Table 7 and discussed in greater detail
below.
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2.8.1 No Action

The no action option will not meet the RAOs for the site and will not be acceptable to the local
community or the state. There is no cost associated with this option as the existing LTM program
and maintenance of ICs are assumed to be discontinued under the no action option. The no action
option has been retained only to provide a basis for comparison with other active remedial process
options as required under CERCLA.

2.8.2 AS/SVE

AS is a physical treatment that involves injecting air directly into the subsurface to volatilize
contaminants from the liquid phase to the vapor phase for treatment. It is effective in treating
chlorinated solvent contamination. AS is very effective for high permeability aquifers such as the
FDAQ found at the site, and CVOCs are effectively remediated via AS.

While AS increases the rate of contaminant volatilization, it results in the potential for migration of
VOC-impacted vapor. The contaminants move upward into the unsaturated zone where an SVE
system will be implemented to remove the vapor-phase contamination. Contaminants captured in
the extracted soil vapor will be treated ex-situ, via adsorption by GAC. AS/SVE will be an
applicable remediation technology for the site because of its effectiveness in removing VOCs in
groundwater. The SVE component will also remove VOCs from residual soil contamination in the
vadose zone within the treatment area.

Based on site-specific geology/hydrogeology (such as highly permeable aquifer with surficial fine-
grained low permeability soils assisting in SVE process), as well as its effectiveness for CVOCs,
AS/SVE has been retained for further evaluation.

2.8.3 Extraction, Treatment and Discharge/Disposal

Extraction, treatment and discharge/disposal can be effective in contaminant mass removal,
depending on site conditions and implementation over a long timeframe. Groundwater extraction
can establish hydraulic control of the aquifer limiting migration of contaminants into deeper
aquifers, thereby limiting the amount of clean water inflow needed for cost-effective remediation
of the plume. However, implementation of an extraction and treatment system as an interim
remedial action at nearby Dunn Field was determined to be ineffective in providing hydraulic
control for the FDAQ.

The treatment system could use air stripping or vapor-phase GAC and discharge to surface water.
Extraction and treatment will likely be relatively less effective than other alternatives and have a
higher expense due to extent of the plumes and the number of extraction wells, collection
infrastructure and required discharge to surface water. Extraction and treatment systems are
typically required to operate for long periods of time and over the lifetime of the remedy, the yearly
O&M costs would be significantly greater than the other in-situ technologies.

Given the extent of the low-concentration CVOCs plume and hydrogeologic conditions, a
relatively large treatment plant would be required for extraction and treatment. The MI area is
highly developed and locating a suitable property for the treatment system would be challenging.
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The discharge of the treated effluent would also require creating new recharge ponds and
installation of a transmission pipe to the nearest surface water streams. For these reasons,
extraction and treatment has been screened out and not carried forward for developing site
alternatives.
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3 Development and Screening of Remedial

Alternatives

Preliminary remedial alternatives for the site have been developed by combining the remedial
technologies and process options that have successfully passed the screening stage into a range
of alternatives. The areas being considered for active remediation are shown on Figure 19 and
described below:

Subsurface VOC Source Areas: VOCs in soil vapor exceeding the Dunn Field protective

soil vapor screening levels were used to identify suspected source areas at TTA-1N, TTA-
2 and Building 720. The SVE pilot test conducted at TTA-2 confirmed a source based on
the CVOC mass removed (Section 1.2.4.4). The source areas are each estimated to be
approximately 100-ft by 100-ft; the vadose zone in the coarse-grained, lower fluvial
deposits at the three locations ranges from 40 to 60 ft.

Groundwater: Active groundwater remediation will be conducted in the FDAQ and I1AQ.

O

FDAQ: Two boundary areas and eight on-site areas are potential locations for remedial
action.

CVOC concentrations in groundwater exceed cleanup levels at the Ml property
boundary at TTA-1N and the N-C area due to impacts from off-site sources; these
areas are continuing sources of groundwater contamination migrating onto the MI.
The PCE/TCE plumes migrating into TTA-1N and the N-C area are estimated to
be 250 ft in width with a saturated thickness of 25 to 30 ft; the vadose zone
thickness in the upper fluvial deposits above the plumes is 25 to 50 ft.

Multiple, distinct plumes of PCE, TCE or CT have been identified on the MI. Eight
on-site areas, each approximately 100-ft by 100-ft, have concentrations greater
than 40 pg/L. Saturated thickness ranges from 11 ftin TTA-2 to 61 in TTA-1S, with
an average thickness of about 30 ft; the vadose zone thickness in the upper fluvial
deposits above the plumes is 35 to 60 ft.

IAQ: PCE/TCE plumes in the FDAQ have migrated to the IAQ through the erosional
window. The TCE plume is limited to the downgradient area near MW-34 and
concentrations are less than 10 ug/L The PCE plume extends through the erosional
window and has higher concentrations (>40 pg/L). The PCE plume’s estimated width
is 250 with saturated thickness of about 65 ft; the vadose zone thickness in the upper
fluvial deposits above the plume is approximately 55 ft.

CVOC plumes outside the selected areas have low concentrations, which are
expected to decrease following remedial action in the selected areas.

The criterion in the FFS used to identify areas requiring active treatment (source control) is
individual concentrations of parent CVOCs (PCE, TCE or CT) at or above 40 ug/L. The RAOs in
Section 2.3 list the Contaminants of Concern and cleanup levels used to determine if remedial
objectives are met; cleanup levels for groundwater are MCLs, where established.
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Selection of 40 pg/L as the target concentration for treatment (remedial action) is based on
concentrations previously selected for treatment on the Ml and Dunn Field. The MI ROD selected
“the most contaminated part of the groundwater plume” for EBT and the MI RD used 100 pg/L to
identify “contaminated portions of the Ml plumes” as the basis for treatment. The Dunn Field ROD
Amendment stated “The AS-SVE system will be installed to intercept the majority of the Off-Depot
CVOC plume and reduce individual CVOC concentrations to below 50 ug/L.”

The original selection of 100 ug/L for treatment on the MI is not considered sufficient and
eliminates most on-site plumes from treatment. Since the selected alternatives and site conditions
are similar to Dunn Field, 50 ug/L was considered appropriate and was lowered to 40 pg/L to
allow for variability in groundwater concentrations.

The RAOs in Section 2.3 list the Contaminants of Concern and cleanup levels that will be used to
determine if remedial objectives are met; cleanup levels for groundwater are MCLs, where
established.

Remedial alternatives for the MI were developed based on the retained technologies and site-
specific conditions as described above. The technologies retained for further analysis include:

e Groundwater:
o No action
o AS/SVE
e Subsurface Soil Vapor Source Areas
o SVE
o Vapor Intrusion ICs

LTM and ICs, updated to include VI notification, will continue to be implemented in conjunction
with, or as enhancements, to the remedial treatment. The alternatives focus active measures on
FDAQ and IAQ areas of higher contaminant concentrations and/or provide treatment to mitigate
further migration of off-site groundwater contamination onto the MI and migration of on-site
groundwater contamination to the IAQ and MAQ.

The alternatives expected to meet the RAOs based on the screening are summarized in Table 8.
The alternatives and any assumptions used in the screening process are discussed in detail
below. The remedial alternatives evaluated further within this FFS included:

e Alternative 1 — No Action
e Alternative 2 — AS/SVE and SVE
e Alternative 3 — Expanded AS/SVE and SVE

3.1 Alternatives 2 and 3 — Common Components

Alternatives 2 and 3 include the use of existing Ml ICs, updated to include VI notifications, and
an ongoing groundwater LTM program as common components.
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3.1.1 Institutional Controls

ICs on the MI have been implemented through a LUCIP since 2005 as part of the selected remedy
for the MI. These controls do not reduce the subsurface contamination or promote groundwater
restoration but instead provide notice to future residents of current conditions and restrict activities
to limit exposure to levels protective of human health. The purposes of the ICs for the VI remedy
are to (1) provide information to property owners of VI potential for existing or new structures; (2)
notify building owners and occupants regarding any VI remedy implemented at a property; and
(3) provide recommendations for assessment and mitigation, should monitoring identify the need.

VI assessment will be conducted to evaluate potential indoor air impacts from subsurface VOC
contamination for current structures and construction of future structures and evaluate whether
more active measures are needed to address the VI pathway. The potential for VI to occur at a
particular building is dependent upon a number of factors, or multiple lines of evidence, including
extent of residual VOC contamination in soil, VOC concentrations in groundwater, subsurface
geology and hydrogeology and the existing or planned structural characteristics of each building.
Each assessment will be tailored to the property/building and will include a sampling plan, data
collection, analysis, and development of recommendations. All property within the MI has been
transferred to the city of Memphis or to private landowners. The Army is implementing a VI
sampling plan (Section 1.2.5) to evaluate VOC concentrations in soil vapor throughout the Ml and
the potential for VI at existing buildings. VI assessment for new buildings are the responsibility of
the property owner. The need for vapor mitigation at existing buildings or for new construction will
be determined in accordance with current guidance (USEPA 2015).

3.1.2 Long Term Monitoring

The existing LTM program will continue to be implemented to confirm progress in contaminant
reduction to achieve RAOs. It is anticipated that, as the remedy progresses, there will be a
reduction in the number of wells and sample frequency. LTM will continue until RAOs have been
met.

Groundwater performance monitoring will utilize the existing monitoring well network and new
wells that may be installed during the PDI. The selection of performance monitoring wells will be
made during the remedial design phase and modified as necessary during implementation based
on review of remedy effectiveness.

The effectiveness of both ICs and LTM will be assessed over the course of the remedial action.
The need for changes to the ICs and LTM will be reviewed in the annual monitoring reports.

3.2 Alternative 1 — No Action

The NCP requires that a “No Action” alternative be evaluated to establish a baseline for
comparison with other groundwater remedial alternatives. The existing LTM program and
maintenance of ICs are assumed to be discontinued under the no action alternative. If no active
remedial action is taken, contaminants already present in the groundwater will remain and RAOs
for the MI will take the longest to achieve. It is assumed that land and groundwater resource use
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will not change over time; however, potential for human health and environmental risks identified
in the HHERA (HDR, 2020b) would be increased due to halting implementation of ICs and LTM.

3.3 Alternative 2 — AS/SVE and SVE

3.3.1 Overview

Alternative 2 includes AS/SVE in the FDAQ along the property boundary at TTA-1N and N-C
plumes to prevent migration of off-site contamination onto the MI, AS/SVE within the window to
reduce migration to the IAQ and MAQ, and SVE in TTA-2 to remove residual subsurface soil
vapor contamination and reduce groundwater impacts. The SVE component of AS/SVE systems
at TTA-1N and Building 720 will also remove residual contamination in subsurface soil vapor in
those areas. AS/SVE is expected to reduce the overall time to achieve the groundwater RAOs.
ICs and LTM (Section 3.1) will be implemented as part of this Alternative.

AS/SVE is an in-situ physical/chemical treatment alternative that utilizes two remedial
technologies for remediation of contaminated groundwater. The AS system uses an air
compressor to deliver compressed air under pressure into the target aquifer via sparge wells. The
SVE system uses a blower(s) to create a vacuum in the unsaturated (vadose) zone above the
aquifer to remove VOC-contaminated vapor via vacuum extraction wells. The aboveground
AS/SVE system components include a process control system to monitor and adjust both air
delivery and vapor extraction to optimize contaminant removal. A typical AS/SVE Process
Schematic is shown on Figure 20.

Under this alternative, AS/SVE configured in a single line (transect) of offset AS wells and SVE
wells would treat groundwater through the injection of air into the groundwater to sparge volatile
contaminants and the collection of the contaminated vapor via vacuum extraction. Separate
AS/SVE systems would be installed across the TTA-1N and N-C plumes to intercept the plumes
migrating onto the Ml and in the window area to intercept the low concentration CVOC plume
migrating from the FDAQ into the IAQ. Each AS/SVE system would have injection and vapor
extraction wells in a single transect configuration. The AS/SVE systems at TTA-1N and in the
window area near Building 720 will address the soil sources in those areas; separate SVE
systems are not necessary.

As groundwater passes through each treatment zone created by the AS/SVE transect,
contaminants will be physically removed from the groundwater via sparging, reducing CVOC
concentrations to levels less than MCLs. CVOCs volatized from groundwater by sparging will be
collected and permanently removed from the vadose zone via SVE wells. Soil vapor will be treated
ex-situ using GAC adsorption, if necessary to meet SCHD discharge limits. Groundwater
immediately downgradient of each transect, with CVOC concentrations less than MCLs, will flow
downgradient mixing with the existing plume resulting in a general decrease in CVOC
concentrations.

SVE is an in-situ physical treatment alternative that uses a blower(s) connected to one or more
extraction wells in order to create a partial vacuum in the vadose zone, which increases
volatilization of CVOCs from source area soil and removes VOC-contaminated vapor from the
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vadose zone. The existing SVE system in TTA-2 consists of extraction well SVE-1, the blower,
and a moisture separator prior to discharge to the atmosphere; instruments and sample ports
allow measurements of flow, temperature, and pressure and vapor sampling. A dilution valve
upstream from the moisture separator allows addition of ambient air to reduce flow from the SVE
well and decrease the VOC concentration in the discharge. A typical SVE Process Schematic is
shown on Figure 20.

3.3.2 Goals

The AS/SVE active remediation goals are to reduce concentrations immediately downgradient of
the transects below MCLs soon after implementation and to maintain that treatment objective until
system operations cease. The goal for the downgradient portion of the TTA-1N and N-C plumes
is for concentrations to be reduced below 20 ug/L through prevention of further contaminant
migration and facilitate attenuation by dilution in FDAQ and IAQ plumes. CVOC contaminants in
the upgradient, off-site portion of the plumes will resume migration onto the Ml after operations
cease unless the source areas are remediated. In that case, system shutdown will need to be
based on a determination that further migration onto the MI will not impact human health and the
environment.

The AS/SVE active remediation goals in the window area are to reduce CVOC concentrations
immediately downgradient of the transect below MCLs during the first year of operation and to
maintain that treatment objective until system operations cease. Individual CVOC concentrations
in groundwater at upgradient FDAQ wells and downgradient FDAQ and IAQ wells are to be
reduced below 10 ug/L, a concentration that will prevent further contaminant migration and
facilitate attenuation by dilution in the IAQ plume. The reduced concentration in IAQ wells should
prevent future impacts to the MAQ.

The SVE active remediation goals are to reduce CVOC concentrations in the vapor effluent
asymptotically and concentrations in groundwater below MCLs in wells within the ROI (100 ft).
The criteria for the plume downgradient of the SVE system is for concentrations to be reduced
below 20 pg/L. Successful implementation of SVE will reduce groundwater impacts and enhance
attenuation by dilution to reduce VOC concentrations and limit downward migration of the plume
to the IAQ and MAQ.

3.3.3 Description

The AS/SVE system transects will span the central portion of each plume with individual CYVOC
concentrations greater than 10 to 20 ug/L; each transect is estimated to have a required length
of 250 ft. Individual transects are proposed at three locations (Figure 23):

e TTA-1N — Along the service road west of Building 1089 near monitoring wells MW-21
and PMW21-01.

e N-C — South of the boundary fence along Dunn Avenue near MW-263.

e Window Area — Northeast of the intersection of Amido and Heyde Avenues near MW-
305.
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The areas are relatively undeveloped and have sufficient open space for AS and SVE well
installation and placement of treatment system trailers.

A preliminary assessment of the AS/SVE system configuration, ROI, and air flow rates has been
made based on a typical application and on site-specific geologic and hydrogeologic information.
Site conditions in the treatment areas for the three AS/SVE transects and SVE at TTA-2 based
on existing wells in each area are shown on Table 9. The approximate depth to groundwater and
thickness of the FDAQ is different at the three AS/SVE locations: TTA-1N has groundwater depth
at 79 ft btoc and saturated thickness at 32 ft; the N-C area has groundwater depth at 54 ft btoc
and saturated thickness at 25 ft; and the window area has groundwater depth at 91 ft btoc and
saturated thickness at 67 ft. A PDI will be conducted to include installation of additional monitoring
wells to confirm the length and position of the transects and depths to the top of sand and the clay
layer at the base of the FDAQ.

Although the depth to water differs for the TTA-1N and N-C areas, the similar saturated thickness
allows a similar design. The preliminary design of each system has a total of 8 AS wells with an
assumed ROI of 20 ft and 5 ft of overlap. AS wells would have 2-ft screens with average total
depth of approximately 110 ft for TTA-1N and 80 ft for N-C. The air compressor unit is expected
to produce a total AS flow rate of approximately 80 scfm at 15 psi (approximately 10 scfm per AS
well).

The SVE system at each transect would have a combined flow rate at least 2.5 times the
combined AS flow rate. With an assumed ROI of 50 ft and 10 ft of overlap, a total of 4 SVE wells
will remove CVOCs from the unsaturated zone. The SVE wells would have screens extending
from approximately 5 ft below the top of sand to approximately 10 ft above groundwater; the SVE
wells would average screen length of 35 ft and total depth of 70 ft bgs at TTA-1N and average
screen length of 20 ft and total depth of 45 ft bgs at N-C. The blower is expected to produce a
total SVE flow rate of approximately 200 scfm at 40 in WC (approximately 50 scfm per well).

For the Window area, the system design would be the same as the other two areas except for
greater pressure required for the AS compressor because of the greater aquifer thickness and
depth. The preliminary design would have a total of 8 AS wells with an assumed ROI of 20 ft and
5 ft of overlap. AS wells would have 2-ft screens with average depth of approximately 150 ft. The
air compressor unit is expected to produce a total AS flow rate of approximately 80 scfm at 30 psi
(approximately 10 scfm per AS well). A total of 4 SVE wells are required based on an assumed
ROI of 50 ft and 10 ft of overlap. The SVE wells would have average screen length of 40 ft and
total depth of 80 ft bgs. The blower is expected to produce a total SVE flow rate of approximately
200 scfm at 40 in WC (approximately 50 scfm per well).

A field test will be required to confirm requirements for the AS compressor and SVE blower and
the radii of influence for AS wells and SVE wells at each transect. The test will require installation
of two AS wells and one SVE well in each of the three transect locations and operation with a
compressor and blower for one week. Effluent sampling during the field test will be used to
evaluate the need for GAC treatment. The field test results will be used in the remedial design to
determine the number, placement, and depth of AS and SVE wells, the AS compressor and SVE
blower requirements and other system components.
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The existing SVE well and blower for the pilot test at TTA-2 will be used to remove CVOCs from
the vadose zone. The blower produces a total SVE flow rate of approximately 120 standard cubic
feet per minute (scfm) at 90 inches of water (in WC). An ROI of 100 feet for each SVE well is
assumed, as seen in the pilot test. The existing vapor monitoring points (VMPs) will be used to
confirm the radius of influence.

The remedial design to be completed prior to implementation will consider estimated combined
emissions from the three AS/SVE systems, the SVE system at TTA-2 and the Dunn Field Off
Depot AS/SVE system with regard to the SCHD permit limit of 5.71 Ib/hr and the de minimus
criterion of 0.1 Ib/hr below which a permit is not required. Based on the evaluation, a permit should
be requested from SCHD, or GAC treatment included in the design, if it appears the combined
emissions will exceed the de minimus level. Adjusting system operations to reduce CVOC
removal from groundwater in order to meet the de minimus criterion will increase the time required
for remedial action.

Vapor extraction piping will be sloped to allow moisture and condensate to drain into the SVE
wells. Condensate will be collected in a knockout tank and periodically disposed at an off-site
facility approved for receipt of CERCLA waste. Condensate volume is conservatively estimated
at 20 gallons per month. The SVE blower selection will include consideration of the heat imparted
to the vapor stream and maintenance of relative humidity within satisfactory limits.

System operations will be adjusted during startup to optimize removal of CVOCs in accordance
with regulatory requirements. Effluent vapor samples (pre- and post-treatment) will be collected
to evaluate VOC mass removal relative to the SCHD criteria and evaluate whether vapor
treatment with GAC is needed. The cost-estimate includes GAC usage for the systems.

Effluent vapor samples will also be collected during system operations to evaluate VOC removal
and compliance with SCHD requirements. Groundwater samples will be collected during
performance monitoring for each transect location and TTA-2, and during LTM for the entire MI.
Analytical results will be used to determine whether expected progress toward RAOs is being
achieved and whether changes to system operations are required.

The time required for system operations at the AS/SVE transects is based on the groundwater
seepage velocity and the travel time from the treatment area to the downgradient extent of
individual CVOC concentrations equal to 20 ug/L, one-half the treatment target of 40 pg/L. The
seepage velocity is hydraulic conductivity multiplied by the gradient and divided by the soil
porosity. The hydraulic conductivity in the FDAQ is estimated at 100 ft/d based on the past aquifer
test results and vertical profiling (Section 1.2.4.3.4); the hydraulic conductivity in the IAQ is
estimated at 40 ft/d, the value used in the 2009 groundwater model (e2m, 2009). The porosity is
estimated at 20% and the gradient is based on April 2021 groundwater elevations for one or more
segments of the approximate flow path. The estimated travel time for the three AS/SVE transects
are shown on Table 10 with the gradient calculation for each segment of the flow path.

e The TTA-1N groundwater flow path from MW-219 near the western M| boundary to DR1-
7 has total length of 1,048 ft and two segments with hydraulic gradients of 0.004 and
0.002; the travel time is estimated at 890 days or 2.4 years.
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¢ The N-C groundwater flow path from MW-263 near the northern Ml boundary to MW-318
has total length of 3,059 ft and three segments with hydraulic gradients of 0.005 to
0.0131; the travel time is estimated at 865 days or 2.4 years.

e The window area groundwater flow path from MW-305 to IAQ well MW-256 has total
length of 1,749 ft and one segment with a hydraulic gradient of 0.0183; the travel time is
estimated at 478 days or 1.3 years.

e The time required for groundwater treated by the AS/SVE transect to flow through the
plume four times is estimated to be sufficient to meet the treatment goal of 20 pg/L,
absent on-site sources within the plume. The estimated treatment period is 10 years for
TTA-1N and the NC area and 5 years for the window area.

Travel time calculations were not made for SVE at TTA-2 as the treatment goal of 20 pg/L has
been met in the source area near SVE-1 and downgradient. SVE operations are planned to
further reduce source concentrations and prevent significant increase of CVOC concentrations
in groundwater after operations cease. CVOC concentrations in vapor effluent and mass
emission rates were reduced approximately 94% over 14 months of operation. Two years of
operations are expected to reduce the current concentrations by 90% and reach 99% reduction
from initial concentrations.

3.3.4 Cost Estimate Assumptions

The time required to meet the active remediation goals is estimated as 10 years for the TTA-1N
and N-C AS/SVE systems, 5 years for the window area AS/SVE system and 2 years for the TTA-
2 SVE system. System O&M and monitoring of effluent and groundwater will be performed
regularly throughout active remediation with annual comprehensive reports; systems operations,
contamination migration trends, and source area soil and groundwater analytical results will be
evaluated to determine whether progress is sufficient to meet the Ml RAOs in the estimated
timeframe. Upon completion of operations, the AS/SVE and SVE systems will be maintained for
additional use, if necessary.

An additional 10 years of LTM, for a total of 20 years for implementation of ICs and LTM, are
estimated to be necessary to meet the RAOs. LTM is assumed to be conducted semiannually for
Years 1 through 5 using the existing extensive well network, followed by annual monitoring at 50
wells for Years 6 to 10 and at 30 monitoring wells for Years 11 through 20.

Once the RAOs are met, the AS/SVE and SVE systems will be removed and wells plugged and
abandoned in accordance with TDEC and Shelby County regulations. ICs will continue to be
implemented in accordance with the revised LUCIP until conditions for UU/UE are met.

Primary components of Alternative 2 include:

e Pre-Design Investigation
o Work Plan

o Field Work — Installation and development of 9 monitoring wells between the three
AS/SVE areas with groundwater sampling and analysis.
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Data validation and reporting

Pilot Tests

o

o

o

o

Work Plan
Installation of 2 AS wells and 1 SVE well in each AS/SVE area
Field tests with AS compressor and SVE blower for one week in each area

Reporting

Remedial Design

AS/SVE

o

Construction

m Install 6 AS wells,3 SVE wells and 3 VMPs in each area
m Build equipment pad with power connection

m Install piping from wells to equipment pad

m Install trailer-mounted AS and SVE systems at equipment pad and connect
piping and power

Startup

m Baseline sampling of performance monitoring wells (9 wells in each area) and
VMPs

m Start-up testing of AS/SVE systems with GAC vapor treatment if needed per
design

m Effluent vapor sampling to confirm treatment requirements
m Remedial Action Construction Report

System Operations

m Year1

- Operation, monitoring, and optimization of the AS/SVE systems

- Quarterly groundwater monitoring at performance well network and
PID/pressure at VMPs

- Interim Remedial Action Completion Report
m Years2to 10
- Operation, monitoring, and optimization of the AS/SVE systems

- Semiannual groundwater monitoring at performance well network and
PID/pressure at VMPs

- Annual Report
System Shutdown
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e SVE
o TTA-2 System
m Years 1and?2
- Operation, monitoring, and optimization as in pilot test

- Semiannual groundwater monitoring at performance well network and
PID/pressure at VMPs

- Annual Report
e Monitoring
o ICs implemented per LUCIP Years 1 to 20
o LTM
m Semi-annual monitoring of existing LTM well network in Years 1to 5
= Annual monitoring of reduced LTM network (50 wells) in Years 6 to 10
m  Annual monitoring of reduced LTM network (30 wells) in Years 11 to 20
¢ Remedial Action Completion Report

e Abandonment of LTM, AS and SVE wells

3.4 Alternative 3 — Expanded AS/SVE and SVE

3.4.1 Overview

Alternative 3 consists of the remedial system components from Alternative 2 with the addition of
portable in-situ remedial systems for implementation of SVE and AS/SVE in additional, on-site
areas with PCE, TCE, or CT groundwater concentrations greater than 40 yg/L. The additional
remedial action is expected to reduce the time required to operate the AS/SVE transects and the
overall time to achieve RAOs. ICs and LTM (Section 3.1) will be implemented as part of this
Alternative.

As described in Section 3.3, AS/SVE transects at two locations on the boundary and one location
within the window would treat groundwater through the injection of air into the groundwater to
sparge volatile contaminants and collection of the contaminated vapor via vacuum extraction. As
groundwater passes through each AS/SVE treatment zone, contaminants will be physically
removed reducing CVOC concentrations to levels less than MCLs. Groundwater immediately
downgradient of each transect will flow downgradient mixing with the existing plume and resulting
in a general decrease in CVOC concentrations. SVE at TTA-2 will volatilize CVOCs in source
area soil and remove VOC-contaminated vapor from the vadose zone reducing the contaminant
source and limiting further impacts to groundwater.

The addition of portable remedial systems would be used to remove CVOCs in subsurface soil
source areas by SVE and in groundwater by AS/SVE. Locations would be selected based on
parent contaminant concentrations in groundwater above the target concentration (40 pg/L).
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This alternative assumes operation of separate trailer-mounted portable systems for AS/SVE and
SVE. Each treatment system would be operated for up to 12 months at a location and then moved
to another area. The SVE system, with one SVE well and one VMP, would be used at locations
with CVOC concentrations indicative of source area soils. The AS/SVE system, with three AS
wells, one SVE well and one VMP, would be used at locations with elevated CVOC concentrations
in groundwater with or without source area soils indicated.

3.4.2 Goals

The goals for the AS/SVE at the transects and SVE at TTA-2 were described in Section 3.3. The
goals for the portable remedial systems are similar.

The AS/SVE active remediation goals are to reduce concentrations immediately downgradient of
the additional transects below MCLs soon after implementation and to maintain that treatment
objective until system operations cease. The goal for the plumes downgradient of the portable
AS/SVE system is for concentrations to be reduced below 20 pg/L through prevention of further
contaminant migration and attenuation by dilution .

The SVE active remediation goals are for CVOC concentrations in the vapor effluent to be
reduced asymptotically and for CVOC concentrations in groundwater to be below the MCL in wells
within the ROI (100 ft). The goal for the plumes downgradient of the portable SVE system is for
concentrations to be reduced below 20 ug/L through the downgradient flow of groundwater from
the treatment area and attenuation by dilution.

3.4.3 Description

The AS/SVE systems on the boundary and in the window area and the SVE system in TTA-2
were described in Section 3.3. The portable AS/SVE system transects will span the central portion
of smaller plumes with individual CVOC concentrations at the ends less than 20 pg/L. Transects
are estimated to have a length of 100 ft.

Eight areas have been identified for potential use of the portable remedial systems (Figure 23):

e TTA-1N at PMW21-03 ¢ N-C Area at MW-258

e TTA-1S at PMW101-07B e N-C Area at MW-207B
e TTA-2 at MW-217 e S-C Area at MW-330

e TTA-2 at MW-294 e Building 835 at MW-212

All areas, except the S-C Area at MW-330, are in developed areas and will require additional
review for siting, especially for AS/SVE which has multiple AS wells with piping connected to the
compressor. Siting for SVE is not expected to be an issue due to limited drilling and a smaller
equipment footprint.

The preliminary assessment of the AS/SVE system configuration, ROI, and air flow rates made
for Alternative 2 will also be used for the portable AS/SVE and SVE systems. Site conditions in
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the treatment areas for the portable systems based on existing wells in each area are shown on
Table 11. The depth to the top of sand in the lower fluvial deposits ranges from 25 to 51 ft bgs,
the depth to groundwater ranges from 71 to 92 ft bgs and the depth to the top of clay ranges from
82 to 167 ft bgs. The thickness of the sand and gravel vadose zone for implementation of SVE
ranges from 35 to 58 ft and the saturated thickness ranges for sparging ranges from 11 to 75 ft.

The PDI described in Section 3.3 will be expanded to include installation of a few additional
monitoring wells to confirm the length of the transects; VMPs will also be installed to evaluate
CVOC concentrations in the vadose zone for selection of SVE or AS/SVE.

The portable remedial AS/SVE system would have similar design requirements as in Alternative
2. The preliminary design of the portable system has a total of 3 AS wells with an assumed ROI
of 20 ft and 5 ft of overlap. AS wells would have 2-ft screens with average total depth of 110 ft.
The air compressor unit is expected to produce a total AS flow rate of approximately 40 scfm at
30 psi, (approximately 13 scfm per AS well). The SVE system would have a combined flow rate
at least 2.5 times the combined AS flow rate. The single SVE well would have an assumed ROI
of 50 ft to remove CVOCs from the unsaturated zone and would have a screen extending from
approximately 5 ft below the top of sand to approximately 10 ft above groundwater. SVE well
screen lengths would average 30 ft with average total depths of 70 ft. The blower is expected to
produce a total SVE flow rate of approximately 120 scfm at 90 in WC.

The field test required for Alternative 2 is expected to be sufficient to confirm requirements for the
AS compressor and SVE blower and the radii of influence for AS wells and SVE wells for the
smaller treatment areas to be created by the portable systems.

The remedial design to be completed prior to implementation will consider estimated combined
emissions from portable SVE and AS/SVE systems operating at the same time. As noted in
Section 3.3, a permit should be requested from SCHD, or GAC treatment included in the design,
if it appears the combined emissions will exceed the SCHD de minimus level. Adjusting system
operations to reduce CVOC removal from groundwater in order to meet the de minimus criterion
will increase the time required for remedial action.

Vapor extraction piping will be sloped to allow moisture and condensate to drain into the SVE
wells. Condensate will be collected in a knockout tank and periodically disposed at an off-site
facility approved for receipt of CERCLA waste. Condensate volume for the smaller systems is
conservatively estimated at 10 gallons per month.

AS/SVE and SVE system operations and monitoring will be conducted as described in Section
3.3. Effluent vapor samples will be collected during operations to evaluate VOC removal and
compliance with SCHD requirements. Groundwater samples will be collected during performance
monitoring for each remedial system location and during LTM for the entire MI. Analytical results
will be used to determine whether expected progress toward RAOs is being achieved and whether
changes to system operations are required.

The time required for system operations at the AS/SVE transects and the portable SVE and
AS/SVE systems is based on the groundwater seepage velocity and the travel time from the
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treatment area to the downgradient extent of individual CVOC concentrations equal to 20 pg/L,
one-half the treatment target of 40 pg/L. The seepage velocity calculation and the hydraulic
conductivity and porosity values are as stated in Section 3.3.3. The estimated flow path for TTA-
1N and the N-C area are reduced due to use of portable systems in the downgradient areas of
those plumes; the estimated flow path for the window area does not change. The estimated travel
times for each treatment area are shown on Table 12 with the gradient calculation for each
segment of the flow path.

e AS/SVE Transects

o

The TTA-1N (transect) groundwater flow path from MW-219 near the western Ml
boundary to PMW21-03 has total length of 316 ft and one segment with a hydraulic
gradient of 0.004; the travel time is estimated at 158 days or 0.4 years.

The N-C (transect) groundwater flow path from MW-263 near the northern Ml
boundary to MW-291 has total length of 1,028 ft and one segment with a hydraulic
gradient of 0.005; the travel time is estimated at 411 days or 1.1 years.

The window area groundwater flow path from MW-305 to IAQ well MW-256 has total
length of 1,749 ft and one segment with a hydraulic gradient of 0.005; the travel time
is estimated at 478 days or 1.3 years.

e Portable SVE and AS/SVE

o

The TTA-1N (portable) groundwater flow path from PMW21-03 to DR1-7 has total
length of 732 ft and one segment with a hydraulic gradient of 0.002; the travel time is
estimated at 732 days or 2.0 years.

The TTA-1S (portable) groundwater flow path from PMW101-07 to DR1-3 has total
length of 453 ft and one segment with a hydraulic gradient of 0.0017; the travel time
is estimated at 519 days or 1.4 years.

The TTA-2-NW (portable) groundwater flow path from MW-217 to MW-259 has total
length of 857 ft and one segment with a hydraulic gradient of 0.0033; the travel time
is estimated at 533 days or 1.5 years.

The TTA-2-NW (portable) groundwater flow path from MW-294 to MW-259 has total
length of 1,883 ft and two segments with hydraulic gradients of 0.0341 and 0.0046;
the travel time is estimated at 618 days or 1.7 years.

The N-C (portable) groundwater flow path from MW-258 to MW-288 has total length
of 567 ft and one segment with a hydraulic gradient of 0.0125; the travel time is
estimated at 91 days or 0.2 years.

The N-C (portable) groundwater flow path from MW-207B to MW-318A has total
length of 323 ft and one segment with a hydraulic gradient of 0.0009; the travel time
is estimated at 718 days or 2.0 years.

The S-C (portable) groundwater flow path from MW-330 to MW-297 has total length
of 777 ft and one segment with a hydraulic gradient of 0.0034; the travel time is
estimated at 457 days or 1.3 years.
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o The Building 835 (portable) groundwater flow path from MW-62 to MW-199B has
total length of 897 ft and one segment with a hydraulic gradient of 0.0023; the travel
time is estimated at 780 days or 2.1 years.

The shorter flow paths for the TTA-1N and N-C area AS/SVE transects decrease the estimated
time to meet the treatment goal of 20 ug/L to 1.6 and 4.4 years, respectively. The estimated time
to meet the same treatment goal for the portable systems ranges from 0.8 to 8.4 years; this will
be re-evaluated after the PDI. The estimated treatment period is 5 years for the three AS/SVE
transects and 5 years for operation of the portable SVE and AS/SVE systems at the on-site source
areas.

3.4.4 Cost Estimate Assumptions

The time required to meet the active remediation goals is estimated at 5 years for the TTA-1N, N-
C and Window Area AS/SVE systems, 2 years for the TTA-2 SVE system, and 4 years for the
portable SVE and AS/SVE systems. System O&M and monitoring of effluent and groundwater
will be performed regularly throughout active remediation with semiannual summary and annual
comprehensive reports; systems operations, contamination migration trends, and source area soil
and groundwater analytical results will be evaluated to determine whether progress is sufficient
to meet the Ml RAOs in the estimated timeframe. Upon completion of operations, the AS/SVE
and SVE systems will be maintained for additional use, if necessary.

An additional 10 years of LTM, for a total of 15 years for implementation of ICs and LTM, are
estimated to be necessary to meet the RAOs. LTM is assumed to be conducted semiannually for
Years 1 through 5 using the existing extensive well network, followed by annual monitoring at 50
wells for Years 6 to 10 and at 30 monitoring wells for Years 11 through 15.

Once the RAOs are met, the AS/SVE and SVE systems will be removed and wells will be plugged
and abandoned in accordance with TDEC and Shelby County regulations. ICs will continue to be
implemented in accordance with the revised LUCIP until conditions for UU/UE are met.

Primary components of Alternative 3 include:

e Pre-Design Investigation
o Work Plan
o Field Work

m Installation and development of 9 monitoring wells with groundwater sampling
and analysis as described for Alternative 2.

m Installation and development of 8 monitoring wells between the eight on-site
areas with groundwater sampling and analysis.

m Installation of 12 vapor monitoring points between the eight on-site areas with
vapor sampling and analysis

o Data validation and reporting

e Pilot Tests as described for Alternative 2
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Remedial Design — As described for Alternative 2, with addition of portable AS/SVE
systems design, selection of areas for implementation of AS/SVE and the sequence.

AS/SVE

o Construction

m As described for Alternative 2

m Implement portable AS/SVE system at one location per year

o Startup

Install 3 AS wells,1 SVE well and 1 VMP
Build equipment pad with power connection

Install piping from AS wells to equipment pad; SVE well to be located
adjacent to equipment pad

Move trailer-mounted AS/SVE system to equipment pad; connect piping and
power

m Baseline sampling of performance monitoring wells and VMPs at the three
transects, TTA-2 and the initial portable AS/SVE area

m Start-up testing of AS/SVE systems with GAC vapor treatment per design

m Effluent vapor sampling to confirm treatment requirements

m Remedial Action Construction Report

o System Operations

m Year1

Operation, monitoring, and optimization of the AS/SVE systems

Quarterly groundwater monitoring at performance well network and
PID/pressure at VMPs

Interim Remedial Action Completion Report

m Years2to4

Install additional portable AS/SVE system with startup testing and effluent
monitoring

Operation, monitoring, and optimization of the AS/SVE systems

Semiannual groundwater monitoring at performance well network and
PID/pressure at VMPs for the boundary and window transects; quarterly
monitoring for the portable AS/SVE system

Annual Report

m Year5

Use of portable AS/SVE system completed; move trailer to storage bay

Operation, monitoring, and optimization of the AS/SVE systems at the
boundary and window transects

Semiannual groundwater monitoring at performance well network and
PID/pressure at VMPs
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- Annual Report
o System Shutdown
e SVE
o TTA-2 System
m Years1and?2
- Operation, monitoring, and optimization as in pilot test

- Semiannual groundwater monitoring at performance well network and
PID/pressure at VMPs

- Annual Report
o Portable SVE System
m Operate system at one location per year

- Install 1 SVE well and 1 VMP at one location per year
- Build equipment pad with power connection

- Move trailer-mounted SVE system to equipment pad; connect piping and
power

- Conduct start-up testing and effluent monitoring
- Operation, monitoring, and optimization as in TTA-2

- Quarterly groundwater monitoring at performance well network and
PID/pressure at VMPs

- Annual Report
m System Shutdown after Year 4
e Monitoring
o ICs implemented per LUCIP Years 1 to 15
o LTM
m Semi-annual monitoring of existing LTM well network in Years 1to 5
m  Annual monitoring of reduced LTM network (50 wells) in Years 6 to 10
m  Annual monitoring of reduced LTM network (30 wells) in Years 11 to 15
¢ Remedial Action Completion Report
e Abandonment of LTM, AS and SVE wells
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4 Detailed Analysis of Alternatives

This section presents the detailed evaluation of the remedial alternatives developed within Section
3. The purpose of the evaluation is to identify the advantages and disadvantages of each
alternative as well as key trade-offs among the alternatives. The detailed evaluation of alternatives
consists of an individual analysis of each alternative against the NCP evaluation criteria and a
comparative analysis among the alternatives to assess the relative performance of each
alternative with respect to these criteria. Additional alternative details are provided as necessary,
with respect to the volumes or areas to be addressed, primary technologies, and potential
enhancements to improve efficacy, or any performance requirements associated with the
technologies.

4.1 Evaluation Criteria

The nine NCP evaluation criteria have been developed to address CERCLA statutory
requirements and additional technical and policy considerations that have proven to be important
for selecting among remedial alternatives (40 CFR 300.430(e)(9)(iii)(A)-(I)). The evaluation
criteria are as follows:

4.1.1 Overall Protection of Human Health and the Environment

This criterion is an evaluation of the alternative’s ability to protect public health and the
environment, assessing how risks for each existing or potential pathway of exposure identified in
the human health risk assessment are eliminated, reduced, or controlled through removal,
treatment, engineering controls, or ICs. The alternative’s ability to achieve each of the RAOs is
evaluated.

4.1.2 Compliance with ARARs

This criterion evaluates how the alternative complies with the ARARs, or if an ARAR waiver is
required and the justification for a waiver, if needed.

4.1.3 Long-Term Effectiveness and Permanence

Each alternative is evaluated for its long-term effectiveness after implementation. If contamination
or treated residuals remain after the selected remedy has been implemented, the following items
are evaluated:

e The magnitude of the remaining risks (i.e., any significant threats, exposure pathways, or
risks to the community and environment remaining);

e The adequacy of the engineering and institutional controls intended to mitigate the risk;
e The reliability of these controls; and

e The ability of the remedy to continue to meet RAOs in the future.
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Should the results of this evaluation indicate concerns with the risks or reliability of the remedy,
the utilization of technological enhancement, contingency, and/or alternative remedies may need
to be considered.

4.1.4 Reduction of Toxicity, Mobility, or Volume of Contamination through
Treatment

The alternative’s ability to reduce the toxicity, mobility, and/or volume of site contamination is
evaluated. Preference should be given to remedies that permanently and significantly reduce the
toxicity, mobility, or volume of the contamination at the site.

4.1.5 Short-Term Impacts and Effectiveness

The potential short-term adverse impacts and risks of the remedy upon the community, workers,
and the environment during the construction and/or implementation are evaluated. Discussion of
how identified potential adverse impacts to the community or workers at the site will be controlled
and the effectiveness of the controls is presented. Engineering controls that could be used to
mitigate short-term impacts (e.g., dust control measures) are also provided. The length of time
needed to achieve the remedial objectives is also estimated.

4.1.6 Implementability

The technical and administrative feasibility of implementing each alternative is evaluated for this
criterion. Technical feasibility includes such things as the difficulties associated with construction
and the ability to monitor the effectiveness of the remedy. For administrative feasibility, the
availability of the necessary personnel and material is evaluated along with potential difficulties
in, for example, obtaining specific operating approvals or access for construction and
implementation of the remedy.

4.1.7 Relative Cost

This criterion evaluates the estimated capital, operations, maintenance, and monitoring costs for
each alternative. Relative costs are estimated and presented on a present worth basis.

4.1.8 State Acceptance

TDEC’s comments, concerns, and overall perception of the remedy are evaluated in a
responsiveness summary that responds to all questions raised.

4.1.9 Community Acceptance
The public’'s comments, concerns, and overall perception of the remedy are also evaluated in a
responsiveness summary.

The eighth and ninth criteria, state and community acceptance, will be evaluated following
comments on this FFS report and the proposed plan and will be addressed in preparing the
decision document.
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Individual analyses of the remedial alternatives in regard to NCP threshold and primary balancing
evaluation criteria are presented in Sections 4.2.1, 4.2.2 and 4.2.3 and summarized on Table 13.

Tables showing individual alternative costs with net present value calculations are provided in
Appendix A. A total cost comparison of the remedial alternatives is provided in Section 4.3.7.

4.2 Individual Analysis of Alternatives
4.2.1 Alternative 1 — No Action

The No Action alternative provides a baseline for comparison with other remedial alternatives.
The existing LTM program and maintenance of ICs are assumed to be discontinued under the no
action alternative. Because no remedial activities would be implemented under the No Action
alternative, long-term human health and environmental risks for the site identified in the HHERA
(HDR, 2020b) would be increased due to halting implementation of ICs and LTM.

4.2.1.1 Overall Protection of Human Health and the Environment

Alternative 1 provides no control of exposure to contaminated groundwater and no reduction in
risk to human health or the environment. No monitoring will occur to warn groundwater users if
plumes migrate off-site or into deeper aquifers. The No Action alternative does not attain the
groundwater RAOs (e.g., prevention of contaminant migration and restoration of the resource)
and does not enhance the protection of human health. The alternative allows for the continued
migration of contaminated groundwater onto the MI and migration to deeper aquifers.

4.2.1.2 Compliance with ARARs

This alternative will not meet ARARs (e.g., Federal and State MCLs). Under the No Action
alternative, chemical-specific ARARs would continue to be exceeded in the areas being
considered for active groundwater remediation.

4.2.1.3 Long-Term Effectiveness and Permanence

This alternative does not provide a degree of long-term effectiveness and permanence. Existing
groundwater contamination at the site poses potential unacceptable human health risks under
current and likely future groundwater use scenarios as presented in the human health risk
assessment. Under the No Action alternative, these risks would remain unchanged over the long-
term for expected groundwater uses. SCHD restrictions on well drilling and use of private wells
serve as an effective institutional control to assure protection of human health over the long-term.
Potable water is supplied by a regulated water purveyor and is treated to remove contaminants
prior to its distribution and use, in accordance with the Safe Drinking Water Act. However, it would
take more than 30 years before the plumes are reduced to the MCLs.

4.2.1.4 Reduction of Toxicity, Mobility, or Volume of Contamination through Treatment

This alternative provides no reduction of toxicity, mobility or volume contamination in groundwater.
Natural attenuation would continue at the current level.
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4.2.1.5 Short-Term Impacts and Effectiveness

This alternative results in potentially higher short-term risks to the community, workers and the
environment, as no monitoring will occur and ICs will not be enforced. No additional short-term
impacts would occur as there would be no remedial construction and no immediate environmental
impacts of this remedy.

4.2.1.6 Implementability

This alternative has no implementability concerns, as no RA will occur.

4.2.1.7 Relative Cost

The capital, operations and maintenance, and net present value costs incurred by this alternative
are estimated to be $0.

4.2.2 Alternative 2 — AS/SVE and SVE

Alternative 2 includes active treatment through use of AS/SVE to limit contaminated groundwater
migration onto the MI and into deeper aquifers, attenuation by dilution to restore groundwater in
the FDAQ and IDAQ aquifers and SVE to remove residual soil contamination, improve
groundwater quality with further attenuation by dilution in the downgradient plume. ICs, modified
to include notification for VI, will continue for protection of human health. LTM will continue to
document changes in plume concentrations, to detect potential plume migration to off-site areas
or into deeper aquifers and to track progress toward RAOs.

4.2.2.1 Overall Protection of Human Health and the Environment

This alternative would protect the environment by limiting further migration of off-site contaminants
onto the MI and from the FDAQ into deeper aquifers and by removing residual soil contamination
in TTA-2 to limit impact to the FDAQ and improve groundwater quality. There will be significant
reduction in contaminant concentrations within the on-site portion of the FDAQ as well as
decreasing trend in contaminant concentrations as contaminant migration onto the MI is
prevented.

The existing ICs prevent installation of water wells on the MI and within 0.5 mile of the designated
boundaries of this site. Additionally, active treatment in the Window Area under this alternative
would limit further migration into deeper aquifers. There is no evidence of off-site plume migration
in the FDAQ. Because there are no complete pathways to direct contact either through inhalation
or ingestion, this alternative will be protective of human health. The existing 20 to 30 ft thick low-
permeable loess deposits that are continuous throughout the DDMT area limits exposure to
contamination at the surface; SVE flow rates in excess of AS (injection) flow rates would further
reduce vapor migration from the vadose zone. LTM will document changes in plume
concentrations, plume migration, and progress toward RAOs. Modification of ICs to include
notification of VI potential and to inform assessment and mitigation will enhance protection of
human health.
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4.2.2.2 Compliance with ARARs

This alternative will comply with MCLs at the southwest and north site boundaries as well as in
the Window Area where active treatment zones are proposed and will prevent or minimize
migration of off-site contaminants onto the Ml and from the FDAQ into deeper aquifers. Progress
toward MCLs will occur on-site as contaminant migration from off-site is prevented through active
remediation and natural attenuation. Chemical-specific ARARs for groundwater use (MCLSs)
would be met at completion of the remedial action.

This alternative will comply with (1) TDEC rules for the installation of AS/SVE and additional
monitoring wells to be installed for PDI, (2) Clean Air Act and Tennessee Rule 1200-3-1 for VOCs
emissions to the air when discharging either the treated or untreated soil vapor before the AS/SVE
system startup and during the RA, (3) RCRA for disposal of the waste generated during well
installation and groundwater monitoring, and (4) OSHA for worker protection during well
installation, AS/SVE operations, and groundwater monitoring.

4.2.2.3 Long-Term Effectiveness and Permanence

AS/SVE has been demonstrated to be effective and reliable at numerous sites for groundwater
treatment of VOCs, including the Dunn Field Off Depot Area at this site. An AS/SVE system will
significantly and permanently remove VOCs from the environment as contaminated groundwater
passes through the treatment zones. Off-gas treatment using GAC has not been required for the
existing AS/SVE system at the Dunn Field or SVE in TTA-2 as the operations are in compliance
with the SCHD de minimus emission criterion of 0.1 Ib/hr. However, GAC will be used to adsorb
VOCs in soil vapor, if required based on start-up testing. If GAC is required, the contamination
will be permanently destroyed when the GAC is re-activated and will not pose a risk to human
health or the environment.

This alternative reduces the migration on to the Ml in the FDAQ and off-site through deeper
aquifers as VOC concentrations in the groundwater plume passes through the treatment zones.
However, remediation of large areas of the plume will be limited to attenuation by dilution.

ICs prevent exposure to contaminants and will continue to be in-place until the site meets
requirements for UU/UE. LTM will document changes in CVOC concentrations and plume extent
and will indicate whether further on-site active remediation is required. Five-Year Reviews will be
conducted to determine whether ICs are being enforced, plumes are reduced, and migration is
prevented.

4.2.2.4 Reduction of Toxicity, Mobility, or Volume of Contamination through Treatment

AS/SVE will reduce the volume of contamination through treatment by injecting air into sparging
wells, volatilizing CVOCs from the groundwater to the unsaturated zone, and extracting the
volatilized contaminants for discharge. The SVE system will reduce the volume of contamination
in the unsaturated zone. Vapor-phase GAC treatment prior to discharge will be implemented, if
needed. Both systems use physical processes to remove contaminants from the groundwater and
permanently reduce toxicity. The volume of plume contamination will continue to decrease
through attenuation by dilution downgradient of the AS/SVE transects and SVE well.
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4.2.2.5 Short-Term Impacts and Effectiveness

Short term impacts will result from the installation of AS/SVE wells along the proposed transects,
which are located in easily accessible areas on the MI along the northeast and southwest
boundaries and an undeveloped area near the intersection of Amido and Heyde Avenues. The
locations of these transects were determined with consideration of utilities and open space
available within the targeted active treatment areas. Installation of monitoring, AS and SVE wells
and placement of trailers is expected to result in minimal, if any, short-term impacts other than
noise impacts during drilling. Water and drill cuttings generated well installation and will be
properly handled to prevent risks to workers. Risk to community is not increased by the AS/SVE
operations. A pilot study will be conducted to determine treatment and monitoring requirements
for air emissions from SVE operations.

4.2.2.6 Implementability

Given the available open space on the M, this alternative can easily be implemented along the
planned AS/SVE transects with the equipment compound in the active remediation zones.
AS/SVE is a well-established technology, and the equipment and services to install and operate
the SVE system and to sample groundwater monitoring wells are commercially available. The
PDI and pilot testing will be help in determining the appropriate design of AS/SVE wells and
equipment, including the appropriate depths and radii of influence for air sparge and vapor
extraction wells, appropriate air injection rates and pressures, vacuum and discharge vapor flow
rates, anticipated equipment sizing, and vapor treatment. AS/SVE wells, VMPs, monitoring wells,
and the systems equipment can also be easily maintained over the operational period.

ICs have been implemented since 2005; TDEC and USEPA monitor the implementation of the
ICs through annual site inspection reports prepared by Army and Five-Year Reviews. LTM has
been implemented since 2004 with a semiannual summary report and a more detailed annual
report submitted to TDEC and USEPA.

4.2.2.7 Relative Cost

Capital costs for Alternative 2 include the PDI, pilot tests, remedial design, remedial action work
plan, installation and start-up of the three AS/SVE transects, and Year 1 operation of the AS/SVE
systems and SVE in TTA-2, LTM and implementation of ICs. O&M costs for this alternative include
operations and performance monitoring at AS/SVE transects in Years 2 to 10, SVE at TTA-2 in
Year 2, LTM and ICs in Years 2 to 20. Periodic costs include routine repairs and maintenance of
LTM wells, decommissioning the TTA-2 and AS/SVE systems with abandonment of SVE and AS
wells and VMPs, and site close-out with abandonment of LTM wells and the Ml RA Completion
Report. A discount rate of 7% was assumed when calculating O&M present worth costs. The
costs associated with this alternative are presented in Appendix A, Table A-1; the total present
worth costs are $5,941,000.

4.2.3 Alternative 3 — Expanded AS/SVE and SVE

The approach to site remediation under Alternative 3 includes Alternative 2 components (active
treatment to limit contaminated groundwater migration onto the Ml and into deeper aquifers, to
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remove source area contamination in TTA-2) and actions to reduce contaminant concentrations
in isolated CVOC groundwater plumes. ICs, modified to address VI, and LTM are included for
protection of human health and the environment as stated in Section 4.2.2.

4.2.3.1 Overall Protection of Human Health and the Environment

Alternative 3 would protect the environment by preventing further contaminant migration of off-
site onto the Ml and from FDAQ into the deeper aquifers as well as actively reducing contaminants
in groundwater in on-site treatment zones and source areas. The alternative would also
permanently and irreversibly remove contamination in the aquifer as groundwater passes through
the active treatment zones. There will be significant reduction in contaminant concentrations
within the on-site portion isolated plume areas with concentrations greater than 40 pg/L in the
FDAQ. SVE treatment will help remove soil contamination from suspected small releases in the
unsaturated zone within the MI. Additionally, on-site contaminant concentrations will decrease
over time as off-site contaminant migration onto the Ml is limited at the site boundary and on-site
contamination is reduced.

There are no users of groundwater from the FDAQ beneath the MI. Existing ICs prevent the
installation of water wells within 0.5 mile of the designated boundaries of this site. Active treatment
proposed in the window area in this alternative would prevent further migration into deeper
aquifers. There is no evidence of off-site plume migration in the FDAQ. Because there are no
complete pathways to direct contact either through inhalation or ingestion, this alternative will also
be protective of human health. The existing 20 to 30 ft thick low-permeable loess deposits that
are continuous throughout the DDMT area would prevent exposure to contamination at the
surface mitigating the risk of exposure due to movement of extracted soil vapor. The LTM program
would monitor and ensure contamination does not result in additional risks to human health and
the environment.

Existing ICs will be modified to include VI ICs which will focus on property owner VI awareness
and inform assessment and mitigation, if deemed necessary, for current and future buildings
overlying contaminated areas. LTM will document changes in plume concentrations, plume
migration, and progress toward RAOs.

4.2.3.2 Compliance with ARARs

Alternative 3 will prevent or minimize contaminant migration of off-site onto the MI and from FDAQ
into deeper aquifers, remove residual soil contamination in subsurface VOC source areas and
reduce on-site groundwater contamination in areas with concentrations greater than 40 ug/L.
There will be no significant reduction in low-level contaminant (5 to 40 ug/L) plumes within the on-
site area through active remediation, but there will be a rapid decreasing trend in contaminant
concentrations over time as the contaminant’s migration from the off-site source onto Ml is
prevented and elevated concentrations are reduced through active remediation. The overall
plume area is expected to decrease as contaminant concentrations decrease via attenuation by
dilution. Chemical-specific ARARSs for groundwater use (MCLs) would be met at completion of the
remedial action.
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This alternative will comply with (1) SCHD rules for the installation of AS/SVE and additional
monitoring wells to be installed for PDI and performance monitoring, (2) Clean Air Act and
Tennessee Rule 1200- 3-1 for VOCs emissions to the air when discharging either the treated or
untreated soil vapor before the permanent and portable AS/SVE system startup and during the
RA, (3) RCRA for the disposal of the waste generated during well installation and groundwater
monitoring, and (4) OSHA for worker protection during well installation, AS/SVE operations, and
groundwater monitoring.

4.2.3.3 Long-Term Effectiveness and Permanence

AS/SVE has been demonstrated to be effective and reliable at numerous sites for removal of
VOCs in groundwater and is expected to be effective at this site. SVE will remove VOCs from
source areas and prevent contaminant migration to groundwater in the treatment area. VOC
contaminants will be converted to the vapor phase. Off-gas treatment using GAC has not been
required for the existing AS/SVE system at the Dunn Field or SVE in TTA-2 as the operations are
in compliance with the SCHD emission criterion of 0.1 Ib/hr. However, GAC will be used to adsorb
the soil vapor if required based on the pilot test. When GAC is re-activated, the contamination will
be permanently destroyed and no longer pose a risk to human health or the environment. This
alternative also maximizes mass removal within a reasonable time through multiple treatment
areas. This alternative also assists in reducing contaminant migration on to the and off-site
through deeper aquifers.

ICs prevent exposure to contaminants and will continue to be in-place until the site meets
requirements for UU/UE. Monitoring will assess the reduction of the CVOCs plumes, if MCLs are
met and will warn if further on-site active remediation is required. Five-Year Review will confirm
that ICs are being enforced and that plume reduction is occurring, and migration is prevented.
Review will also ensure that adequate plume controls are working, and no unacceptable risks
were identified during monitoring.

4.2.3.4 Reduction of Toxicity, Mobility, or Volume of Contamination through Treatment

The AS/SVE system would reduce the volume of contamination through treatment by injecting air
into sparging wells, volatilizing CVOCs from the groundwater to the unsaturated zone, and
extracting the volatilized contaminants for vapor-phase GAC treatment. The SVE system would
reduce the volume of contamination by extracting the volatilized contaminants from unsaturated
zones of potential source areas, hence eliminating minor on-site sources of groundwater
contamination. The system uses physical processes to remove contaminants from the
groundwater and permanently reduces toxicity when the GAC is re-activated. The volume of
remaining plume contamination will continue to decrease through natural attenuation processes,
although slowly.

4.2.3.5 Short-Term Impacts and Effectiveness

Short term impacts will result from the installation of the AS/SVE wells along the transects located
in easily accessible areas on the MI along the northeast and southwest boundaries and an
undeveloped area at the intersection of Amido and Heyde Avenues. The locations of these
transects were determined with consideration of the overhead utilities and open space available
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within the targeted active treatment areas on the M. Installation of monitoring, AS and SVE wells
and placement of trailers is expected to result in minimal, if any, short-term impacts other than
noise impacts during drilling. Water and drill cuttings generated during well installation will be
properly handled to prevent risks to workers. Risk to community is not increased by the AS/SVE
operations. A pilot study will be conducted to determine treatment and monitoring requirements
for air emissions from SVE operations.

Installation of monitoring, AS and SVE wells for the portable systems will require access between
the existing on-site buildings and underground utilities clearance. Installation of the monitoring
wells and placement of trailers systems is expected to result in minimal, if any, short-term impacts
other than some noise impacts from the drill rig. Contaminated water and drill cuttings will be
generated from well installation and will pose some risk to workers; however, these risks can be
mitigated with proper material handling and personal protective equipment (PPE).

4.2.3.6 Implementability

Given the available open space where the AS/SVE can be implemented within the MI, Alternative
3 can easily be implemented in the transect configuration, as well as can accommodate the
treatment trailers in the proposed active remediations zones. The portable SVE and AS/SVE
systems will require access between the buildings and utilities clearance. To provide power
supply, both systems will require either an installation of electrical infrastructure for the permanent
systems or generators to run the portable systems. An AS/SVE system is a well-established
technology, and the equipment and services to install and operate the SVE system and to sample
the groundwater monitoring wells are commercially available. The pilot testing will be help in
determining the appropriate design of AS/SVE wells and equipment, including: the appropriate
depths and radii of influence for air sparge and vapor extraction wells, appropriate air injection
rates and pressures, vacuum and discharge vapor flow rates, anticipated equipment sizing, and
vapor treatment. AS/SVE wells, monitoring wells, and the systems equipment can also be easily
maintained over the operational period.

ICs have been implemented since 2005. TDEC and USEPA monitor the implementation of
through annual site inspection reports prepared by Army and through Five-Year Reviews. The
addition of ICs to address VI will not significantly alter implementation of ICs. LTM will be easily
implemented since permanent monitoring wells are being used for ongoing LTM.

4.2.3.7 Relative Cost

Capital costs for Alternative 3 include the PDI; pilot tests; remedial design; remedial action work
plan; installation and start-up of the AS/SVE systems and initial locations for the portable SVE
and AS/SVE systems; Year 1 operations of the AS/SVE system, SVE in TTA-2 and portable SVE
and AS/SVE systems, LTM and implementation of ICs. O&M costs for this alternative include
operations and performance monitoring at AS/SVE transects in Years 2 to 5 and SVE at TTA-2
in Year 2; installation, start-up and operations at the portable SVE and AS/SVE systems at new
locations in Years 2 to 4; and for LTM and ICs in Years 2 to 20. Periodic costs include routine
repairs and maintenance of LTM wells; decommissioning the TTA-2 SVE, AS/SVE and portable
systems with abandonment of SVE and AS wells and VMPs; and site close-out with abandonment
of LTM wells and the Ml RA Completion Report. A discount rate of 7% was assumed when
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calculating O&M present worth costs. The costs associated with this alternative are presented in
Appendix A, Table A-2; the total present worth costs are $6,778,000.

4.3 Comparative Analysis of Alternatives
A comparative analysis was completed with the alternatives evaluated in relation to each other
using the NCP evaluation criteria. The purpose of this analysis is to identify the relative
advantages and disadvantages of the alternatives subject to detailed analysis in Section 4.2.

e Alternative 1 — No Action

e Alternative 2 — AS/SVE and SVE

e Alternative 3 — Expanded AS/SVE and SVE
For comparison, the individual evaluations from Section 4.2 are summarized in Table 13. During
the comparative analysis, the alternatives are compared to identify key differences in the following
evaluation criteria:

e Overall protection of human health and the environment

o Compliance with ARARs

e Long-term effectiveness

¢ Reduction of Toxicity, Mobility, or Volume

e Short-term effectiveness

e Implementability

e Cost

The comparative analysis of the alternatives is presented in the following subsections.

4.3.1 Overall Protection of Human Health and the Environment

Alternative 1 provides no protection of human health and the environment. Alternative 2 provides
protectiveness of the environment by limiting further contaminant migration onto the Ml and into
the window and reduces contaminant mass in the soil source area at TTA-2. Alternative 3 provides
additional protectiveness of the environment by adding reduction of contaminant mass within the
on-site source areas of groundwater plumes to Alternative 2. Alternative 3 will reach RAOs faster
than Alternative 2 due to the additional active, on-site groundwater remedial action and would be
more protective.

There are no complete pathways to direct contact with contaminated groundwater either through
inhalation or ingestion within the MI due to existing LUCs. Alternative 1 would increase long-term
human health and environmental risks identified in the HHERA (HDR, 2020b) due to halting
implementation of ICs and LTM.

Alternatives 2 and 3 will be protective of human health due to continued implementation of ICs
and LTM. The LTM program proposed will monitor and ensure contamination does not result in a
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risk to human health and the environment. The alternatives are effective in treating CVOCs in the
FDAQ with surficial fine-grained low permeability soils present at the MI enhancing SVE.
Alternatives 2, and 3 involve removing contaminants from the unsaturated portion of the
subsurface via a vacuum extraction system and adding ICs to address VI to the LUCIP. Therefore,
Alternatives 2 and 3 should be considered protective of human health.

4.3.2 Compliance with ARARs

Alternative 1 will not achieve compliance with ARARSs. Alternatives 2 and 3 will comply with the
ARARs immediately downgradient from the active remediation zones including the Window Area.
These treatment efforts will reduce timeframes to comply with groundwater MCLs in through
attenuation by dilution. As groundwater flows across the treatment zones, groundwater
contaminants will be reduced to less than the MCLs. The flow of treated groundwater and natural
processes of attenuation will reduce contaminant concentrations in the downgradient plume over
time. After a period of time, the groundwater contaminant concentrations will achieve the RAOs.
Due to treatment of on-site source areas and expanded footprint for AS/SVE, Alternative 3 will
achieve RAOs faster than Alternative 2.

4.3.3 Long-Term Effectiveness and Permanence

Alternative 1 provides no active reduction in contaminant levels or risk and therefore does not
provide long-term effectiveness or permanence. Alternatives 2 and 3 will provide significant
reduction in contaminant concentrations migrating onto the M| leading to decreasing trends in
contaminant concentrations within the MI; they will also significantly reduce subsurface soll
contaminant concentrations migration of residual soil contamination to groundwater. AS/SVE in
Alternatives 2 and 3 is an effective technology for removing volatile contaminants from
groundwater. Contamination will be stripped from the aquifer and permanently removed via
vacuum extraction. If off-gas treatment using GAC is necessary, the contaminants will be
adsorbed on the vapor phase GAC and destroyed during re-activation.

Under Alternative 3, active remediation in the on-site portion of the plume is expected to achieve
the RAOs in a relatively shorter time period compared to Alternative 2. Alternatives 2 and 3 will
rely on LTM to monitor groundwater contaminants until RAOs are met.

4.3.4 Reduction of Toxicity, Mobility, Volume of Contamination through
Treatment

Alternative 1 will not reduce toxicity, mobility, or volume of soil and groundwater contamination.

Alternatives 2 and 3 will both reduce the volume of VOC contaminants in groundwater and soil.

With an expanded groundwater treatment footprint, Alternative 3 will provide greater reduction of
VOC contaminants in groundwater.

4.3.5 Short-Term Impacts and Effectiveness

Alternative 1 creates no short-term impacts to human health or the environment, because no
action is conducted. Alternatives 2 and 3 will have minor short-term impacts to remediation
workers, the public, and the environment during implementation. Most of the short-term impacts
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are nuisance-related (i.e., noise, vehicle traffic, road closures, etc.). Alternative 3 will have a
higher degree of short-term impacts compared to Alternative 2 due to the number of
injection/sparging/extraction wells needed for the isolated treatment zones, requirements for
multiple power sources, and access between the buildings. The technologies to be employed
(AS/SVE and SVE) will begin removal of contaminants from groundwater and soil upon
implementation, providing short-term effectiveness.

4.3.6 Implementability

Alternative 1, which has no action, is the easiest to implement. Alternatives 2 and 3 utilize
technologies with proven implementability. The treatment areas for Alternative 2 are relatively
open and should not interfere with existing site infrastructure. Alternative 3 includes installation of
injection/sparging wells in the on-site portion of the plumes MI between buildings and/or access
roadways; however, the treatment areas are relatively small and sufficient space for
implementation is considered to be available without interfering with existing site infrastructure.

4.3.7 Relative Cost

There are no costs associated with Alternative 1.

An explanation of costs for Alternatives 2, and 3 is presented in Section 4.2 and the costs are
itemized in Appendix A. Total present worth costs for these alternatives are summarized below:

Description

Alternative 1

No Action

‘ Alternative 2 F

AS/SVE and SVE

Alternative 3

Expanded
AS/SVE and SVE

Estimated Project
Duration (Years)

21
(10 years active
remediation)

16
(5 years active
remediation)

Alternatives

Capital Cost $0 $2,293,000 $2,955,000
Total O&M Cost $0 $3,427,000 $3,481,000
Total Periodic Cost $0 $221,000 $304,000

Total Present Value of $0 $5,941,000 $6,740,000

4.3.8 State Acceptance

To be addressed in the decision document.

4.3.9 Community Acceptance

To be addressed in the decision document.
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Main Installation, Defense Depot Memphis, Tennessee

TABLE 1
PCE, TCE, AND CT CONCENTRATIONS IN GROUNDWATER, APRIL 2021
FOCUSED FEASIBILITY STUDY REPORT

PCE TCE CT
MCL 5 5 5
Well ID | Aquifer [ Area Date pg/L ug/L pg/L
DR1-2 Fluvial TTA-1N 10/14/2020 1.12 - -
DR1-7 Fluvial TTA-1N 4/21/2021 34.5 3.24 -
DR1-8 Fluvial TTA-1N 10/14/2020| 0.398J |0.741J -
MW-21 Fluvial TTA-1N 4/20/2021 6.42 10.6 -
MW-66A Fluvial TTA-1N 10/11/2020 - - -
MW-100B Fluvial TTA-1N 4/20/2021 3.18 2.8 -
MW-219 Fluvial TTA-1N 4/19/2021 280 32.9 -
MW-269 Fluvial TTA-1N 4/19/2021 268 21.9 -
MW-278 Fluvial TTA-1N 4/19/2021| 121 J 8.36 -
MW-315 Fluvial TTA-1N 4/20/2021 5.23 - -
MW-315-RE  |Fluvial TTA-1N 4/20/2021 15.3 7.04 -
MW-316 Fluvial TTA-1N 4/19/2021( 0.384J - -
PMW21-01 Fluvial TTA-1N 4/20/2021 5 4.66 -
PMW21-02 Fluvial TTA-1N 4/20/2021 48.9 24.4 -
PMW21-03 Fluvial TTA-1N 4/20/2021 45.5 21.9 -
PMW21-04 Fluvial TTA-1N 4/20/2021 68.9 55.8 -
PMW21-05 Fluvial TTA-1N 4/20/2021 24.8 13.1 -
DR1-1 Fluvial TTA-1S 10/14/2020| 0.261 J - -
DR1-1A Fluvial TTA-1S 10/14/2020 - - -
DR1-3 Fluvial TTA-1S 4/21/2021 12.7 2.49 -
DR1-4 Fluvial TTA-1S 4/21/2021 349 [0.274J -
DR1-5 Fluvial TTA-1S 10/14/2020| 2.69 ]0.668J -
DR1-5A Fluvial TTA-1S 10/14/2020 - - -
DR1-6 Fluvial TTA-1S 10/13/2020 1.76 0.27 J -
DR1-6A Fluvial TTA-1S 4/21/2021 - - -
MW-22 Fluvial TTA-1S 10/14/2020 - - -
MW-101B Fluvial TTA-1S 4/21/2021 5.25 - -
MW-101T Fluvial TTA-1S 4/21/2021 5.18 - -
MW-279 Fluvial TTA-1S 4/20/2021 14.9 - -
MW-314 Fluvial TTA-1S 4/19/2021 3.87 - -
MW-314-RE  |Fluvial TTA-1S 4/19/2021| 4.83 - -
PMW101-02A [Fluvial TTA-1S 10/14/2020 1.23 1 -
PMW101-02B |Fluvial TTA-1S 10/14/2020| 2.44 - -
PMW101-03A |Fluvial TTA-1S 4/21/2021 4.08 1.44 -
PMW101-03B |Fluvial TTA-1S 4/21/2021 6.41 0.568 J -
PMW101-04A |Fluvial TTA-1S 4/20/2021 5.47 1.36 -
PMW101-04B |Fluvial TTA-1S 4/20/2021 11.1 0.470 J -
PMW101-06A |Fluvial TTA-1S 4/21/2021 359 [0.460J -
PMW101-06B |Fluvial TTA-1S 4/21/2021 14.5 5.75 -
PMW101-07A [Fluvial TTA-1S 4/21/2021 16.5 1.1 -
PMW101-07B |Fluvial TTA-1S 4/21/2021 29.9 61.9 -
DR2-1 Fluvial TTA-2 4/19/2021 4.1 0.652J| 1.68
DR2-2 Fluvial TTA-2 10/11/2020 1.32 0.32J -
DR2-3 Fluvial TTA-2 10/15/2020 3.2 0.515J| 1.09
DR2-4 Fluvial TTA-2 10/11/2020 6.3 0264 J 2.1
DR2-5 Fluvial TTA-2 10/14/2020| 2.24J | 1.98J -
DR2-6 Fluvial TTA-2 4/20/2021| 0.950J [0.570J -
MW-25A Fluvial TTA-2 10/12/2020 - 1.07 -
MW-26 Fluvial TTA-2 4/20/2021 10.3 |0.510Jf 1.5
MW-50 Fluvial TTA-2 10/15/2020| 2.22 1.13 -
MW-64 Fluvial TTA-2 4/20/2021 15.8 21.4 1.47
MW-85 Fluvial TTA-2 4/19/2021 21.2 4.83 17.6
MW-88 Fluvial TTA-2 4/19/2021 4.3 0.791J] 1.43
MW-92 Fluvial TTA-2 4/19/2021 17.3  10.891J -
MW-96 Fluvial TTA-2 10/12/2020| 8.11 0.617 J{0.281 J
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Main Installation, Defense Depot Memphis, Tennessee

TABLE 1
PCE, TCE, AND CT CONCENTRATIONS IN GROUNDWATER, APRIL 2021
FOCUSED FEASIBILITY STUDY REPORT

PCE TCE CT
MCL 5 5 5
Well ID Aquifer Area Date pg/L ug/L pg/L
MW-113 Fluvial TTA-2 4/19/2021| 4.52 |0.336J -
MW-217 Fluvial TTA-2 4/20/2021 26.1J 18.7 73.4
MW-218 Fluvial TTA-2 4/20/2021 16.5 24.6 3.92
MW-259 Fluvial TTA-2 4/20/2021 13.6 2.68 2.55
MW-266 Fluvial TTA-2 10/15/2020| 0.284J |0.271J -
MW-267 Fluvial TTA-2 4/20/2021 23.4 11.4 1.72
MW-280 Fluvial TTA-2 10/13/2020 6.5 1.11 -
MW-292 Fluvial TTA-2 4/21/2021 9.82 2.48 6.75
MW-294 Fluvial TTA-2 4/21/2021| 40.3 21.9 1.83
MW-295 Fluvial TTA-2 10/14/2020| 2.62 4.79 1.67
MW-303 Fluvial TTA-2 4/20/2021 549 10.447J -
PMW85-01 Fluvial TTA-2 4/19/2021 20.7 5.38 25.7
PMW85-05 Fluvial TTA-2 4/19/2021 7.38 2.35 [0.752J
PMW92-02 Fluvial TTA-2 4/19/2021 5.79 10.250J -
PMW92-03 Fluvial TTA-2 4/19/2021| 0.320J [0.250J -
MW-39 Fluvial W-C 10/14/2020| 5.17 5.27 -
MW-94A Fluvial W-C 4/20/2021 10.5 6 -
MW-98 Fluvial W-C 4/20/2021 - 1.48 -
MW-197B Fluvial W-C 4/20/2021 7.29 13 -
MW-200 Fluvial W-C 10/13/2020( 4.11 5.68 -
MW-203B Fluvial W-C 4/20/2021| 0.422 J 11.9 -
MW-204A Fluvial W-C 4/20/2021 11.8 ]0.860J -
MW-204B Fluvial W-C 4/20/2021 22 19.6 -
MW-205B Fluvial W-C 10/14/2020| 12.4 7.64 -
MW-206A Fluvial W-C 10/14/2020| 6.07 13.4 -
MW-206B Fluvial W-C 10/14/2020| 8.31 6.55 -
MW-208B Fluvial W-C 10/14/2020| 2.43 5.79 -
MW-210B Fluvial W-C 10/15/2020 1.88 17.8 -
MW-62 Fluvial B-835 4/21/2021 - 6.52 -
MW-142 Fluvial B-835 10/13/2020( 0.311J [ 4.44 -
MW-143 Fluvial B-835 10/13/2020| 0.694 J 3.35 -
MW-198 Fluvial B-835 10/13/2020 - 2.49 -
MW-199B Fluvial B-835 4/21/2021 2.65 1.67 -
MW-209B Fluvial B-835 4/21/2021 2.67 8.31 -
MW-212 Fluvial B-835 4/21/2021 1.12 51.4 -
MW-213 Fluvial B-835 4/20/2021 0.290J | 7.45 -
MW-299 Fluvial B-835 10/13/2020| 0.417J 3.18 -
MW-300 Fluvial B-835 10/13/2020| 0.388 J 3.62 -
MW-63A Fluvial N-C 10/12/2020 1.75 1.72 -
MW-63B Fluvial N-C 10/12/2020 1.23 5.22 -
MW-103 Fluvial N-C 10/12/2020| 0.379J 3.03 -
MW-104 Fluvial N-C 4/20/2021| 0.346 J 18.6 -
MW-207B Fluvial N-C 4/20/2021 50 3.58 10.490J
MW-215B Fluvial N-C 10/15/2020| 3.89 1.33 [0.943J
MW-258 Fluvial N-C 4/20/2021 13.1 42.9 -
MW-260 Fluvial N-C 10/11/2020| 0.957 J 1.39 -
MW-263 Fluvial N-C 4/20/2021( 0.650 J 14.8 -
MW-265 Fluvial N-C 10/12/2020| 9.64 12.6 -
MW-281 Fluvial N-C 4/20/2021 3.53 33.3 -
MW-284 Fluvial N-C 4/20/2021 12.6 5.82 |0.806J
MW-287 Fluvial N-C 10/13/2020| 0.25J 4.27 -
MW-288 Fluvial N-C 4/20/2021 8.22 13.5 -
MW-289 Fluvial N-C 10/13/2020 3.7 1.77 -
MW-291 Fluvial N-C 4/20/2021 1.73 15.5 -
MW-304 Fluvial N-C 4/20/2021 25.5 4.27 10.970J
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Main Installation, Defense Depot Memphis, Tennessee

TABLE 1
PCE, TCE, AND CT CONCENTRATIONS IN GROUNDWATER, APRIL 2021
FOCUSED FEASIBILITY STUDY REPORT

PCE TCE CT
MCL 5 5 5

Well ID Aquifer Area Date pg/L ug/L pg/L
MW-306 Fluvial N-C 4/20/2021 10.9 9.9 -

MW-307 Fluvial N-C 4/20/2021 1.83 [0.330J| 1.12
MW-310 Fluvial N-C 4/20/2021 7.55 41.5J -

MW-318A Fluvial N-C 4/20/2021 25.1 18 1.6

MW-318B Fluvial N-C 4/20/2021 20.4 16.2 1.61
MW-216 Fluvial S-C 10/13/2020 - - -
MW-261 Fluvial S-C 4/20/2021 - 7.75 -
MW-271 Fluvial S-C 10/13/2020 - 7.36 -
MW-296 Fluvial S-C 4/20/2021 19.8 5.24 -
MW-297 Fluvial S-C 4/20/2021 2.99 15.6 -
MW-298 Fluvial S-C 10/13/2020 - 0.531J -
MW-330 Fluvial S-C 6/13/2021 - 60.6 -
MW-52 Fluvial SE 4/19/2021 14.2 2.17 -
MW-270 Fluvial SE 4/20/2021| 0.362 J 32.7 -
MW-301 Fluvial SE 4/19/2021 9.63 1.26 -
MW-313 Fluvial SE 4/19/2021 254 [0.456J -
MW-313-RE  |Fluvial SE 4/19/2021 13.4 2.95 -
MW-285 Fluvial Window 10/12/2020| 5.44J | 3.91J -
MW-286 Fluvial Window 4/20/2021 4.45 - -

MW-305 Fluvial Window 4/20/2021 35.1J [0.610J{0.600J
MW-308 Fluvial Window 4/20/2021 - - -
MW-317A Fluvial Window 4/20/2021 3.09 - -
MW-317B Fluvial Window 4/20/2021 - - -
MW-16 Fluvial Background | 10/15/2020 - - -
MW-19 Fluvial Background | 10/12/2020 - 1.6 -
MW-23 Fluvial Background | 10/13/2020 - - -
MW-24 Fluvial Background [ 10/13/2020 - - -
MW-53 Fluvial Background | 10/12/2020 1.31 - -
MW-55 Fluvial Background | 10/13/2020 - 0.504 J -
MW-93 Fluvial Background | 10/13/2020 - - -
MW-99 Fluvial Background [ 10/13/2020 - - -
MW-102B Fluvial Background | 10/14/2020 - - -
MW-272 Fluvial Background [ 10/13/2020 - - -
MW-274 Fluvial Background | 10/12/2020 3.23 1.89 -
MW-275 Fluvial Background | 10/12/2020 - - -
MW-276 Fluvial Background | 10/13/2020 - - -
MW-277 Fluvial Background | 10/13/2020 - - -
MW-282 Fluvial Background | 10/11/2020 - - -
MW-283 Fluvial Background | 10/11/2020 - - -
MW-312 Fluvial Background | 4/19/2021 - - -
MW-268 Upper Claiborne |TTA-2 10/13/2020 - - -
MW-302 Intermediate TTA-2 10/13/2020| 5.61 254J | 254 J

MW-39A Upper Claiborne |W-C 10/14/2020 1.43 3.67J -
MW-108 Upper Claiborne |W-C 10/12/2020 1.45 1.6 -
MW-197A Upper Claiborne |W-C 4/20/2021 8.64 0.590 J -
MW-203A Upper Claiborne |W-C 10/15/2020 - - -
MW-205A Upper Claiborne |W-C 10/14/2020| 6.78 4.74 -
MW-208A Upper Claiborne |W-C 10/14/2020 4.05 9.45 -
MW-210A Intermediate W-C 10/15/2020| 3.08 3.23 -
MW-199A Intermediate B-835 10/13/2020 - 4.04 -
MW-209A Intermediate B-835 10/13/2020| 0.414 J 6.16 -
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TABLE 1

PCE, TCE, AND CT CONCENTRATIONS IN GROUNDWATER, APRIL 2021
FOCUSED FEASIBILITY STUDY REPORT

Main Installation, Defense Depot Memphis, Tennessee

PCE TCE CT
MCL 5 5 5
Well ID | Aquifer [ Area Date pg/L ug/L pg/L
MW-207A Upper Claiborne |[N-C 10/15/2020 4.36 7.73 -
MW-214A Upper Claiborne |N-C 10/13/2020 9.78 7.86 | 0.43J
MW-214B Upper Claiborne |N-C 10/13/2020 8.46 6.14 [0.392J
MW-215A Upper Claiborne |N-C 10/14/2020 6.86 4.7 -
MW-264 Upper Claiborne |N-C 10/11/2020 - - -
MW-311 Upper Claiborne |N-C 4/20/2021 14.6 20.1 10.860J
MW-318C Upper Claiborne |N-C 4/20/2021 27.5 19.5 1.69
MW-318D Upper Claiborne |N-C 4/20/2021 33.8 25.5 1.2
MW-34 Intermediate Window 4/19/2021 1.23 7.7 10.321J
MW-38 Intermediate Window 10/15/2020 - - -
MW-89 Intermediate Window 10/13/2020| 0.538 J [0.323 J -
MW-90 Intermediate Window 4/21/2021 14.1 2.1 -
MW-107B Upper Claiborne |Window 4/20/2021| 0.364 J - -
MW-107T Upper Claiborne |Window 4/20/2021| 0.327 J - -
MW-141 Intermediate Window 4/21/2021 10.4 2.68 -
MW-202A Intermediate Window 10/13/2020 - - -
MW-202B Intermediate Window 4/21/2021 45.6 167 [0.279J
MW-211 Intermediate Window 10/12/2020| 0.323J |0.268 J -
MW-252 Intermediate Window 10/12/2020 - - -
MW-253 Intermediate Window 10/13/2020 - - -
MW-256 Intermediate Window 4/21/2021 15.2 3.86 |0.253J
MW-262 Intermediate Window 10/12/2020 - - -
MW-273 Intermediate Window 10/15/2020 - - -
MW-293 Upper Claiborne |Window 10/12/2020 1.35 0.836 J -
MW-309 Intermediate Window 4/20/2021 11.3 3.84 -
MW-317C Upper Claiborne |Window 4/20/2021| 0.545J - -
MW-317D Upper Claiborne |Window 4/20/2021 - - -
MW-140 Memphis Window 4/20/2021 11.2 0.442 J -
MW-229 Memphis Window 10/12/2020 - - -
MW-254 Memphis Window 4/21/2021 7.2 3.97 10.691J
MW-255 Memphis Window 4/21/2021 3.4 1.33 -
MW-290 [Memphis [Background | 10/14/2020 | - - -

Notes:

1) Results equal to or above MCL shown in bold font.
MCL: Maximum Contaminant Level

Mg/L: micrograms per liter

-: Analyte not detected

DQE Flags
J: Estimated
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TABLE 2

POTENTIAL CHEMICAL-SPECIFIC ARARS AND TBCS

FOCUSED FEASIBILITY STUDY

Main Installation, Defense Depot Memphis Tennessee

Applicable or relevant and appropriate requirement (ARAR):

Title Medium

Requirement

Prerequisite

Citation

Remedial
Alternative

USEPA National Primary Drinking
Water Regulations

Restoration of groundwater
to its designated uses(s)

Constituents shall not exceed the federal primary standards that
were established as MCLs under the Safe Drinking Water Act for
the protection of human health via drinking water exposure.

FEDERAL:

Applies to public water systems or water
associated with sources of drinking water.
Relevant and Appropriate.

40 CFR Part 141.61(a)

and (c)

Alternatives 2
and 3

TDEC General Water Quality
Criteria - Criteria

Restoration of groundwater to
its designated uses(s)

Except for naturally occurring levels, General Use Groundwater
shall not contain constituents that exceed those levels specified
in TDEC 0400-40-03-.03 subparagraphs (1)(j) and (k), and shall
contain no other constituents at levels and conditions which pose
an unreasonable risk to the public health or the environment.

VOCs shall not exceed the MCLs listed in TDEC 0400-45-1-.25

STATE:

Applies to General Use Groundwater with
constituents exceeding standards listed in
TDEC 0400-40-03-.03 and TDEC 0400-45-1-
.25.

TDEC 0400-40-03-.08(2)

TDEC 0400-45-01-.25

Alternatives 2
and 3

General standards for process
vents used in treatment of VOC
wastes and groundwater

National Emission Standards for
Hazardous Air Pollutants

in community water systems and non-transient non-community Applicable.
water systems.

Select and meet one of the options below:

(1) Control HAP emissions from the affected process vents FEDERAL:

according to the standards specified in 40 CFR 63.7890 through
63.7893.

(2) Determine for the remediation material treated or managed
by the process vented through the affected process vents that
the average total VOHAP concentration, as defined in 40 CFR
63.7957, of this material is less than 10 ppmw. Determination of
the VOHAP concentration is made using the procedures
specified in 40 CFR 63.7943.

(3) Control HAP emissions from affected process vents subject
to another subpart under 40 CFR 61 or 40 CFR 63 in compliance
with the standards specified in the applicable subpart.

Process vents as defined in 40 CFR 63.7957
used in site remediation of media that could emit
HAP listed in Table 1 of Subpart GGGGG of
Part 63 and vent stream flow exceeds the rate in
40 CFR 63.7885(c)(1) of 0.005 m3/min at
standard conditions or 6.0 m3/min and the total
concentration of HAP listed in Table 1 is less
than 20 ppmv.

Relevant and Appropriate.

40 CFR 63.7885(b)

Alternatives 2
and 3

Emission limits for process
vents used in treatment of VOC
wastes and groundwater

National Emission Standards for
Hazardous Air Pollutants

Control HAP emissions from each new and existing process vent
subject to 40 CFR 63.7885(b)(1) according to emissions
limitations and work practice standards in this section that apply
to your affected process vents.

Meet one of the facility-wide emission limit options specified
below. For multiple affected process

vent streams, comply with this paragraph using a combination of
controlled and uncontrolled process vent streams that achieve
the facility-wide emission limit that applies.

(1) Reduce from all affected process vents the total HAP
emissions to a level less than 1.4 kg/hr and 2.8 Mg/yr (3.0 Ib/h)
and 3.1 tpy); or

(2) Reduce from all affected process vents the emissions of total
organic compounds (minus methane and ethane) to a level
below 1.4 kg/hr and 2.8 Mg/yr (3.0 Ib/hr and 3.1 tpy); or

(3) Reduce from all affected process vents the total emissions of
the HAP listed in Table 1 of this subpart by 95 percent by weight
or more; or

(4) Reduce from all affected process vents the emissions of total
organic compounds (minus methane and ethane) by 95 percent
by weight or more.

Demonstrate initial compliance by meeting the requirements in
40 CFR 63.7890(b) and 63.7950.

Demonstrate continuous compliance by meeting the
requirements in 40 CFR 63.7890 and 63.7952.

FEDERAL:

Process vents as defined in 40 CFR 63.7957
used in site remediation of media that could emit
HAP listed in Table 1 of Subpart GGGGG of
Part 63 and vent stream flow exceeds the rate in
40 CFR 63.7885(c)(1) of 0.005 m®/min at
standard conditions or 6.0 m*/min and the total
concentration of HAP listed in Table 1 is less
than 20 ppmv.

Relevant and Appropriate.

40 CFR 63.7890(a) and

(b)

40 CFR 63.7891(a),(b),

and (d)

40 CFR 63.7893(a),(b),

and (d)

Alternatives 2
and 3
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TABLE 2

POTENTIAL CHEMICAL-SPECIFIC ARARS AND TBCS

FOCUSED FEASIBILITY STUDY

Main Installation, Defense Depot Memphis Tennessee

Title

Medium

Requirement

Prerequisite

Citation

Remedial
Alternative

National Emission Standards for
Hazardous Air Pollutants

Monitoring and inspection of
process vents used in treatment
of VOC wastes and
groundwater

Must monitor and inspect the closed vent system and control
device according to the requirements in 40 CFR 63.7927 that
apply to the affected source.

FEDERAL:

Process vents as defined in 40 CFR 63.7957
used in site remediation of media that could emit
HAP listed in Table 1 of Subpart GGGGG of
Part 63 and vent stream flow exceeds the rate in
40 CFR 63.7885(c)(1) of 0.005 m3/min at
standard conditions or 6.0 m3/min and the total
concentration of HAP listed in Table 1 is less
than 20 ppmv.

Relevant and Appropriate.

40 CFR 63.7892
40 CFR 63.7927

Alternatives 2
and 3

Notes:

1) The MI groundwater in the Fluvial and Intermediate aquifers is not used as a drinking water source. The LUCs prohibits production or consumptive use of groundwater and drilling of groundwater supply wells are not allowed on

the MI or within 0.5 miles of the MI.

2) No potential TBC guidance was identified.
3) Although the description for the requirement for the monitoring of process vents applies the term "closed vent", the regulation is categorized under the Process Vents section of 40 CFR 63.

Abbreviations:

ARAR = Applicable or relevant and appropriate requirement

CFR = Code of Federal Regulations
HAP = hazardous air pollutant
kg/hr = kilogram per hour

Ib/hr = pound per hour

LUC = Land use control

m®/min = cubic meters per minute
MCL = Maximum Contaminant Level
Mg/yr = megagram per year

MI = Main Installation

ppmv = part per million by volume
ppmw = part per million by weight

TBC = To be considered

TDEC = Tennessee Department of Environment and Conservation

tpy = ton per year

USEPA = United States Environmental Protection Agency

VOC = volatile organic compound

VOHAP = volatile organic hazardous air pollutant
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TABLE 3

POTENTIAL ACTION-SPECIFIC ARARS AND TBCS
FOCUSED FEASIBILITY STUDY
Main Installation, Defense Depot Memphis Tennessee

Action

Requirement

Prerequisite

Citation

Website

Remedial Alternative

Treatment System - Emissions

Design, construction,
operation, and closure of
treatment system.

Unit must be located, designed, constructed, operated and maintained, and closed in a manner that
will ensure protection of human health and the environment. Protection of human health and the
environment includes, but is not limited to prevention of any release that may have adverse effects
on human health or the environment due to migration of waste constituents in the air, considering
the factors listed in 40 CFR 264.601(c)(1) to (7).

FEDERAL:

Treatment, storage, and disposal of
hazardous waste in miscellaneous units,
except as provided in 40 CFR 264.1.
Applicable.

40 CFR 264.601

https://www.ecfr.gov/current/title-
40/chapter-l/subchapter-l/part-
264/subpart-X

Alternatives 2 and 3

Solid Waste Characterization

Characterization of solid
waste

- Must determine if solid waste is hazardous waste or if waste is excluded under 40 CFR 261.4; and

- Must determine if waste is listed as a hazardous waste in Subpart D of 40 CFR 261; or

- Must characterize waste by using prescribed testing methods or applying generator knowledge
based on information regarding material or processes used in Subpart C of 40 CFR 261.

- Must refer to 40 CFR 261, 264, 265, 266, 267, 268, and 273 for possible exclusions or restrictions
pertaining to management of the specific waste.

FEDERAL:

Generation of solid waste as defined in 40
CFR 261.2, which is not excluded under 40
CFR 261.4 and is subject to regulation as
hazardous waste.

Applicable.

40 CFR 262.11(a) to (e)

https://www.ecfr.gov/current/title-
40/chapter-l/subchapter-l/part-
262/subpart-A/section-262.11

Alternatives 2 and 3

Soil Vapor Extraction (SVE) Treatment System - Emissions

Emissions from treatment
system

Operating permit exemptions:

Single stack of an air contaminant source that emits no hazardous air contaminants or pollutants,
and which does not have the potential for emitting more than 0.50 pounds per hour of nonhazardous
particulates and 0.5 pounds per hour of any regulated nonhazardous gas (particulates and gases nof
defined as hazardous air contaminants or pollutants), provided that the total potential particulate
emissions from the air contaminant source amounts to less than two pounds per hour, and the total
regulated gaseous emissions from the air contaminant source amounts to less than two pounds per
hour. For the purpose of this part, an air contaminant source includes all sources located within a
contiguous area, and under common control.

Any process emission source emitting less than 0.1 pounds per hour of a pollutant.

STATE / COUNTY:

Emissions of air pollutants from air
contaminant sources.

TBC.

No regulatory citation

https://publications.tnsosfiles.com/rules/1
200/1200-03/1200-03.htm

https://law.justia.com/codes/tennessee/20
10/title-68/chapter-201/part-1/68-201-115

Alternatives 2 and 3

Fugitive Dust Emissions

Activities causing fugitive
dust emissions

Shall take reasonable precautions to prevent particulate matter from becoming airborne; reasonable
precautions shall include, but are not limited to, the following:

- Use, where possible, of water or chemicals for control of dust in demolition of existing buildings or
structures, construction operations, grading of roads, or the clearing of land;

- Application of asphalt, water, or suitable chemicals on dirt roads, materials stock piles, and other
surfaces, which can create airborne dusts.

Shall not cause or allow fugitive dust to be emitted in such a manner as to exceed 5 minutes per
hour or 20 minutes per day beyond property boundary lines on which emission originates.

STATE:

Use, construction, alteration, repair or
demolition of a building, or appurtenances
or a road or the handling, transport, or
storage of material.

Relevant and Appropriate.

TDEC 1200-3-8-.01

https://publications.tnsosfiles.com/rules/1
200/1200-03/1200-03.htm

Alternatives 2 and 3

Storm Water Runoff

Activities causing storm
water runoff

Implement good construction management techniques (including sediment and erosion controls,
vegetative controls, and structural controls) in accordance with the substantive requirements of
General Permit No. TNR10-0000 ("General Permit for Stormwater Discharges Associated with
Construction Activities") to ensure that storm water discharge:

- Does not violate water quality criteria as stated in TDEC 0400-40-03-.03, including, but not limited
to, prevention of discharges that cause a condition in which visible solids, bottom deposits, or
turbidity impairs the usefulness of waters of the State for any of the designated uses for that water
body by TDEC 0400-40-04;

- Does not contain distinctly visible floating scum, oil, or other mater;

- Does not cause an objectionable color contrast in the receiving stream; and

- Results in no materials in concentrations sufficient to be hazardous or otherwise deterimental to

humans, livestock, wildlife, plant life, or fish and aquatic life in the receiving stream.

STATE:

Dewatering or storm water runoff
discharges from land disturbed by
construction activity for disturbance of >=
one acre total.

Relevant and Appropriate.

TCA 69-3-108(1)
TDEC 0400-40-10-.03(2)(a)

General Permit No. TNR10-
0000

https://publications.tnsosfiles.com/rules/0
400/0400-40/0400-40.htm

https://www.tn.gov/environment/permit-
permits/water-permits1/npdes-
permits1/npdes-stormwater-permitting-
program/npdes-stormwater-construction-
permit.html

Alternatives 2 and 3

Abbreviations:

ARAR = Applicable or relevant and appropriate requirement

CERCLA = Comprehensive Environmental Response, Compensation and Liability Act
CFR = Code of Federal Regulations

RCRA = Resource Conservation and Recovery Act

TBC = To be considered

TCA = Tennessee Code Annotated

TDEC = Tennessee Department of Environment and Conservation

ug/L = Micrograms per liter

USEPA = United States Environmental Protection Agency




TABLE 4
PRELIMINARY REMEDIAL GOALS FOR SOIL VAPOR
FOCUSED FEASIBILITY STUDY
Main Installation - Defense Depot Memphis, Tennessee

Federal Criteria .
TBC TBC TBC TBC TBC TBC Soil Vapor PRG
CAS USEPA VISL USEPA VISL USEPA VISL USEPA VISL USEPA VISL USEPA VISL
cocC Number Commercial Commercial Commercial Resident Resident Resident
Target Soil Gas|Target Soil Gas|Target Soil Gas | Target Soil Gas | Target Soil Gas | Target Soil Gas Value Basis
(TR = 1E-06, (TR = 1E-05, (TR = 1E-04, (TR = 1E-06, (TR = 1E-05, (TR = 1E-04,
THQ =1) THQ =1) THQ =1) THQ =1) THQ =1) THQ =1)
1,2-Dichloroethene, cis- 156-59-2 117,000 117,000 117,000 27,800 27,800 27,800 117,000[VISL Commercial (TR = 1E-04, THQ = 1)
Carbon tetrachloride 56-23-5 68.1 681 6,810 15.6 156 1,560 6,810|VISL Commercial (TR = 1E-04, THQ = 1)
Chloroform 67-66-3 See footnote 6. 14,000]Industrial Noncancer (THQ = 1)
Tetrachloroethene 127-18-4 1,570 5,840 5,840 360 1,390 1,390 5,840|VISL Commercial (TR = 1E-04, THQ = 1)
Trichloroethene 79-01-6 99.7 292 292 15.9 69.5 69.5 292|VISL Commercial (TR = 1E-04, THQ = 1)
Vinyl chloride 75-01-4 92.9 929 9,290 5.59 55.9 559 9,290(VISL Commercial (TR = 1E-04, THQ = 1)

Notes:

1) All values are presented in units of pg/m>.
2) The COC list is based on the soil vapor COCs for the worker scenario identified in the Human Health and Ecological Risk Assessment, Revision 1 (HDR, 2020).

3) USEPA Target Sub-Slab and Near-source Soil Gas VISLs were calculated using default parameters. Since cis-1,2-dichloroethene does not have established inhalation toxicity values, its VISLs were calculated by using

the trans-1,2-dichloroethene inhalation MRL of 0.2 ppm (converted to 0.8 mg/m > using a standard temperature of 25 degrees Celsius and standard pressure of 1 atmosphere [STP] in the USEPA's Indoor Air Unit
Conversion calculator [USEPA, 2021]) as the noncancer chronic reference concentration. This methodology was requested by USEPA for the Dunn Field Post -ROD Supplemental Investigation Report (HDR, 2022).
4) For all COCs, except chloroform (see note below), the PRGs for soil vapor via the vapor intrusion pathway are the USEPA VISLs for a commercial scenario at a TR = 1E-04 and THQ = 1.

5) Land use controls prevent the construction of residential development or child daycare facilities, except in the UU/UE area in Functional Unit 6 in the eastern portion of the MI. Currently, residential use occurs in the

6) Chloroform has been identified by USEPA as a threshold carcinogen for all routes of exposures; therefore, the soil vapor PRGs were calculated using the noncancer endpoint. The noncancer Indoor Air Screening Levels
(THQ = 1) of 100 pg/m3 for resident and 430 ug/m3 for industrial were converted to soil vapor levels using an attenuation factor of 0.03. The soil vapor PRGs are 3,300 pg/m ® for resident and 14,000 ug/m3 for industrial.

Abbreviations:

CAS - Chemical Abstracts Service ppm = Parts per million TR = Target risk

COC = Constituent of concern PRG = Preliminary Remediation Goal ug/m® = Micrograms per cubic meter

mg/m3 = Milligrams per cubic meter RG = Remedial Goal USEPA = United States Environmental Protection Agency
MI = Main Installation TBC = To Be Considered UU/UE = Unlimited use and unrestricted exposure

NC = No criterion THQ = Target hazard quotient VISL = Vapor intrusion screening level

References:

CH2M HILL 2001. Memphis Depot Main Installation Record of Decision, Revision 2. Prepared for the U.S. Army Engineering and Support Center, Huntsville. February.
HDR 2020. Human Health and Ecological Risk Assessment, Revision 1. Former Defense Depot Memphis, Tennessee. Prepared for U.S. Army Corps of Engineers, Mobile District. February.
HDR. 2022. Dunn Field West Post-ROD Supplemental Investigation Report, Revision 0. Former Defense Depot Memphis, Tennessee. Prepared for U.S. Army Corps of Engineers, Mobile District. March.

USEPA 2021. Indoor Air Unit Conversion, EPA On-line Tools for Site Assessment Calculation. Last Updated August 31. Available online: https://www3.epa.gov/ceampubl/learn2model/part-two/onsite/ia_unit_conversion.html
USEPA 2022. Vapor Intrusion Screening Levels (VISL) Calculator. May. Available online: https://www.epa.gov/vaporintrusion/vapor-intrusion-screening-level-calculator




TABLE 5
PRELIMINARY REMEDIAL GOALS FOR GROUNDWATER
FOCUSED FEASIBILITY STUDY
Main Installation - Defense Depot Memphis, Tennessee

Federal Criteria Dunn Field
ARAR TBC TBC TBC TBC TBC TBC TBC TBC TBC TBC TBC RG/TBC Groundwater PRG
Site-Specific Site-Specific
USEPA RSL USEPA RSL USEPA RSL USEPA VI_SL USEPA VI_SL USEPA VI_SL USEPA VISL USEP_A VisL USEP.A VISL USEP_A VisL USEPA VISL Groundw?ter
cvoc CAS Tapwater Tapwater Tapwater ¢ ¢ ¢ Commercial Resident Cumulative
Number USEPA MCL or (TR = 1E-06, THQ| (TR = 1E-05, (TR = 1E-04, Target Target Target Target Target Target Target Target Target _ Value Basis
meLe =1) THQ=1) THQ=1) e Groundwater el Groundwater Concentration
(TR = 1E-06, (TR=1E-05, | (TR=1E-04, (TR = 1E-04 (TR = 1E-06, (TR=1E-05, | (TR=1E-04, (TR = 1E-04 (TR =1E-04,
THQ = 1) THQ =1) THQ = 1) THQ=1) ' THQ = 1) THQ =1) THQ = 1) THQ=1) ' THI = 1)
Value | Basis | Value | Basis | Value | Basis
1,2,3-Trichloropropane 96-18-4 NC| 0.00075 c 0.0075 [ 0.075] c 93.7 93.7, 93.7 246 22.3) 223 22.3) 58.5 NC 0.075|RSL (TR = 1E-04, THQ = 1)
1,2-Dichloroethene, cis- 156-59-2 70| 36 n 36! n 36 n NC NC NC NC NC NC NC NC 35 70[MCL
1,2-Dichloroethene, trans- 156-60-5 100 68 n 68 n 68! n 457 457 457 1,090, 109; 109 109; 260 50! 100{MCL
Carbon tetrachloride 56-23-5 5 0.46 c 4.6 c 46 c 1.81 18.1 181 440 0.415] 4.15 41.5 101 3 §|-MCL
Chloroform 67-66-3 70 0.22 c 2£| [ 22 C 3.55] 35.5 355 856 0.814/ 8.14 81.4/ 196 12 70[MCLG
Methylene chloride 75-09-2 5 11 c 107 n 107 n 9,230] 19,800 19,800 47,000 763 4,710 4,710 11,200 NC 5|MCL
Tetrachloroethene 127-18-4 5 11 c 41 n Ll n 65.2 242 242 615 14.9 57.6 57.6 147 25 5|MCL
Trichloroethene 79-01-6 5 0.49 c 2.8 n 2.3 n 7.43 21.8] 218 54 1.19 5.18] 5.18 12.8 5 5[MCL
Vinyl chloride 75-01-4 2 0.019] c 0.19 [ 1.9 C 2.45 24.5 245 547 0.147, 1.47 14.7 32.9 NC 2[MCL
Notes:

1) All values are presented in units of pg/L.

2) The COC list is based on the groundwater COCs identified in the Human Health and Ecological Risk Assessment, Revision 1 (HDR, 2020) and with consideration of their breakdown products (cis- and trans-1,2-dichloroethene). While PCE was not a significant contributor to the risks and hazards in the aquifer, it was included here
as it was identified as a COC in the Record of Decision (CH2M HILL, 2001).

3) The MCLG for chloroform of 70 pg/L was chosen because it was derived based on the noncancer endpoint and this is consistent with USEPA's identification of chloroform as a threshold carcinogen. The MCL of 80 pg/L for trihalomethanes was derived based on both noncancer and cancer endpoints.

4) USEPA Tapwater RSLs and Target Groundwater VISLs were calculated using default parameters. RSL Basis: ¢ = cancer, n = noncancer.

5) Site-specific USEPA VISLs for Commercial and Residential Scenarios (TR = 1E-04, THQ = 1) were calculated by using an average groundwater temperature of 20.3 degrees Celsius, which is based on the 2020 and 2021 longterm monitoring sampling events, and a "semi-site-specific" groundwater to indoor air attenuation fac
0.0005 to account for the extensive low permeability fine-grained soil encountered on the MI (USEPA, 2015).

6) The Dunn Field RGs were previously developed to evaluate the combined concentration levels of COCs so as to not exceed a cumulative upper bound target risk of 1E-04 and hazard index of 1 within the plumes. Refer to Section 2.7.3 of the Dunn Field ROD (CH2M HILL, 2004).

7) The Groundwater PRGs are primarily the USEPA MCLs or MCLGs and supplemented by the USEPA Tapwater RSLs at a TR = 1E-04 and THQ = 1.

Abbreviations:

ARAR = Applicable or Appropriate and Relevant RG = Remedial Goal TR = Target risk

CAS - Chemical Abstracts Service ROD = Record of Decision Hg/L = Micrograms per liter

COC = Constituent of concern RSL = Regional screening level USEPA = United States Environmental Protection Agency
MCL = Maximum contaminant level TBC = To Be Considered VISL = Vapor intrusion screening level

MCLG = Maximum contaminant level goal TDEC = Tennessee Department of Environment and Conservation

NC = No criterion THQ = Target hazard quotient

PRG = Preliminary Remediation Goal THI = Target hazard index

References:

CH2M HILL 2001. Memphis Depot Main Installation Record of Decision, Revision 2. Prepared for the U.S. Army Engineering and Support Center, Huntsville. February.

CH2M HILL 2004. Memphis Depot Dunn Field Record of Decision. Prepared for the U.S. Army Engineering and Support Center, Huntsville. March.

HDR 2020. Human Health and Ecological Risk Assessment, Revision 1. Former Defense Depot Memphis, Tennessee. Prepared for U.S. Army Corps of Engineers, Mobile District. February.

USEPA 2009. National Primary Drinking Water Regulations. Last Updated January 26, 2022. Available online: https://www.epa.gov/ground-water-and-drinking: 1ational-primary-drinking-water-regulations
USEPA 2015. OSWER Technical Guide for Assessing and Mitigating the Vapor Intrusion Pathway from Subsurface Vapor Sources to Indoor Air. June. Available online: https://www.epa.gov/vaporintrusion
USEPA 2022a. Regional Screening Levels Calculator. May. Available online: https://www.epa.gov/risk/regional-screening-levels-rsis

USEPA 2022b. Vapor Intrusion Screening Levels (VISL) Calculator. May. Available online: https://www.epa.gov/vaporintrusion/vapor-intrusion-screening-level-calculator




General Response Action

Remedial Technology

TABLE 6

SCREENING OF REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS
FOCUSED FEASIBILITY STUDY REPORT
Main Installation - Defense Depot Memphis, Tennessee

Process Option

Description

Screening Comments

No Action

None

None

Institutional Controls %I

Access and Use Restrictions

Deed Restrictions & Permits

None

None

Monitored Natural
Attenuation with Long Term
Monitoring

Containment I—%I

Physical Barriers

Hydraulic Barrier

Groundwater Extraction

Legend/Notes

GeologicSequestration | -

No remedial action.

Continuation of existing institutional controls with active
remedial alternative(s). Deed restrictions issued for site
to within potentially contaminated areas to restrict site
use and well installation. Relies on natual attenuation
to reduce VOC plume.

Regulation promulgated to require permit for
groundwater removal activities.

Natural subsurface processes (e.g., dilution,
volatilization, adsorption, and chemical reactions) with
subsurface materials reduce contaminant
concentrations to acceptable levels. Long-Term
Monitoring to assess performance and risk mitigation.

Trench around areas of contamination is filled with a
soil (or cement) bentonite slurry.

Groundwater is pumped from aquifer and treated ex-
situ with discharge to surface water or POTW.

Process options that are screened out from further evaluation are grayed and struck-through.

Required for consideration by NCP.

Considered in conjunction with all active remedial alternatives; Ml is
currently zoned Light Industrial. Shelby County imposes permit restrictions
on wells near Superfund Sites.

Considered in conjunction with active remedial alternatives as contingency
remedy.

Not practicable, as the effectiveness is limited by the thin, inconsitent
and/or absence of a low-permeability confining clay unit into which the
physical barrier could be keyed. In addition, groundwater contamination at
the Ml is deeper than 60 feet bgs making it impractical be reached by
physical barriers.

Groundwater extraction has a potential to provide a hydraulic barrier, as
well as remediate the contaminated groundwater at the MI, given the
hydrogeology, hydraulic conductivity of the aquifer, and contaminant
properties.
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TABLE 6
SCREENING OF REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS
FOCUSED FEASIBILITY STUDY REPORT
Main Installation - Defense Depot Memphis, Tennessee

General Response Action Remedial Technology Process Option Description Screening Comments
- - - Process to accelerate the natural biodegradation Although EBT implementations were successful in reducing CVOC
Treatment I In-Situ Biological Treatment | process by introducing nutrients, electron acceptors, concentrations, the previous RA was not sufficient to meet the RAOs for

and/or competent contaminant-degrading
microorganisms to the subsurface.

Set of processes that use plants to remove, transfer,

In Situ Physical/Chemical
Treatment

I ot | stabilize, and/or destroy contamination in groundwater.

Injected air traverses horizontally and vertically in
Air Sparging channels through the soil column, creating a
subsurface “air stripper” that removes contaminants by

volatilization. AS is usually combined with soil vapor
extraction which is an in-situ unsaturated (vadose)
zone soil remediation technology where a vacuum is
applied to the subsurface soil to induce air flow through
the soil medium and remove VOCs.

Bioslurping | Combines the two remedial approaches of bioventing

and vacuum-enhanced free-product recovery.

>{ 15co/iser | Chemically converts contaminants to less tpxic
compounds that are more stable, less mobile, and/or
inert.
el e | Technology that utilizes a high vacuum system to

remove various combinations of contaminated
groundwater, separate-phase product (NAPL), and soil
vapor from the subsurface.

the MI within the timeframe estimated in the 2000 FS. Factors that limited
the applicability and effectiveness of biodegradation processes include
difficulty of maintaining anaerobic conditions in an aerobic FDAQ, the time
needed to remediate the plume, which require years, and the potential
incomplete degradation of CVOCs to toxic by-products (e.g., VC). While
implementable on a technical basis, in-situ bioremediation (or referenced
as EBT) has been screened out.

Not practicable, as it requires a large area of land for remediation and
would also not prevent the migration of contaminants off-site.

Effective in treating the organic contaminants of concern, especially
aromatic and chlorinated VOCs. Can be implemented at Site.

Not practicable, as separate phase-product (NAPL) not observed in
groundwater at the site.

Not practicable, as ISCO is not efficient at treating low-concentration
contaminant plumes but widely used to treat the contaminant source.
Although this technology can be effective in reducing CVOC contaminant
mass rapidly in groundwater, it would require multiple injection events,
handling large quantities of potentially hazardous chemicals, and a large
number of injection points considering the nature and extent of the existing
low-concentration groundwater plume.

Not practicable, as separate phase-product (NAPL) not observed in
groundwater at the site.

Legend/Notes

DualPhase Extraction

Process options that are screened out from further evaluation are grayed and struck-through.
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General Response Action

Remedial Technology

TABLE 6
SCREENING OF REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS
FOCUSED FEASIBILITY STUDY REPORT
Main Installation - Defense Depot Memphis, Tennessee

Process Option Description

Screening Comments

Treatment (Cont'd)

In Situ Physical/Chemical
Treatment (Cont'd)

In-situ Thermal Treatment | Steam is forced into an aquifer through injection wells

to vaporize volatile and semi-volatile contaminants.

t-Well Air Stripping | Air is injected into a vertical well that has been

screened at two depths.

%I

Ex Situ Biological Treatment

I_

PRBs (consisting of iron with a bulking agent) are used
to treat groundwater contaminated with chlorinated
solvents. A PRB is installed across the flow path of a
contaminant plume, allowing the water portion of the
plume to passively move through the wall. Use of
horizontal wells could also deliver reagents to
contaminated areas.

Bioreactors | Contaminants in extracted groundwater are put into

contact with microorganisms in attached- or
suspended-growth biological reactors.

| Constructed wetlands-based treatment technology

uses natural geochemical and biological processes
inherent in an artificial wetland ecosystem to
accumulate and fixate/remove metals and other
contaminants from influent waters.

Not practicable based on the large size of the treatment area and low
concentration of contaminants, as well as the fact that DNAPL has not
been observed at the site.

Not practicable, due to limited number of vendors that are available to
design and construct the remedy, making it difficult to obtain competitive
bids and evaluate it against other technologies for cost effectiveness.

Not practicable; groundwater contamination at the Ml is approximately 60
to 100 feet bgs which is deeper than can practicably be reached by
permeable reactive barriers.The effectiveness of barriers is limited by the
thin, inconsistent and/or absence of a low permeability confining clay unit
into which the barrier could be keyed.

Not practicable, due to low contaminant concentrations and insufficient
biochemical oxygen demand (BOD) in on-site groundwater to support an
adequate microbial population density.

Not practicable, as it requires a large area of land for remediation.

Legend/Notes

Bioreactors

Process options that are screened out from further evaluation are grayed and struck-through.
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General Response Action

Remedial Technology

TABLE 6

SCREENING OF REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS
FOCUSED FEASIBILITY STUDY REPORT
Main Installation - Defense Depot Memphis, Tennessee

Process Option

Description

Screening Comments

Treatment (Cont'd)

Ex Situ Physical/Chemical
Treatment (Aqueous Phase)

Adsorption

Ex Situ Physical/Chemical
Treatment (Vapor Phase)

Discharge / Disposal

On-Site Discharge

(Aqueous Phase)

A

Ex Situ Air Stripping

Adsorption

Surface Water

On-Site Discharge
(Vapor Phase)

Off-Site Discharge
(Aqueous Phase)

)
Groundwater
> Atmosphere
POTW

Contaminants are adsorbed onto treatment media,
reducing their concentrations in the aqueous phase.

Ultraviolet (UV) radiation, ozone, and/or hydrogen
peroxide are used to destroy organic contaminants as
impacted water is pumped into a treatment vessel.

Mass transfer of volatile contaminants from water to
air.

Contaminants are adsorbed onto treatment media,
reducing their concentrations in the vapor phase.

Extracted water treated and/or discharged to surface
water.

Extracted water treated and/or discharged into
injection well(s) or an infiltration basin.

Extracted soil vapor discharged to atmosphere

Extracted water pre-treated and/or discharged to
POTW.

Adsorption is a viable technology for VOC treatment of extracted
groundwater.

Not practicable, due to high energy requirement with no increase in
effectiveness.

Ex situ air stripping is a well-established technology that can be effective
in reducing contaminant toxicity, mobility, and concentration through the
use of treatment equipment that is readily available.

Adsorption is a viable technology for VOC treatment of extracted vapor.

Discharge to surface water can be an effective and implementable
discharge method where surface water standards can be met.

Not practicable, due to federal and state permit requirements being very
restrictive due to the MAQ being the sole-source aquifer.

Discharge to atmosphere can be an effective and implementable
discharge method, where air emission limit can be met.

Discharge to POTW can be an effective and implementable discharge
method, however, the City of Memphis POTW’s permit is not in federal
regulatory complaince, therefore screened out.

Legend/Notes

POTW

Process options that are screened out from further evaluation are grayed and struck-through.
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TABLE 7

SECONDARY SCREENING OF REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS EVALUATION

FOCUSED FEASIBILITY STUDY REPORT

Main Installation - Defense Depot Memphis, Tennessee

General Response Action Remedial Technology Process Option Effectiveness Implementability Cost
No Action H None H None I Does not achieve remedial action objectives. Not acceptable to local community or state government. None.
I Institutional Controls HI Access and Use Restrictions H Deed Restrictions & Permits I Will be considered for all remedial alternatives. Existing
institutional controls providing some level of protection until . . . .
Legal and administrative requirements. Variable.

Containment/Ex-situ
Physical/Chemical Treatment

Hydraulic Barrier / Ex-Situ
Treatment

Treatment

In Situ Physical/Chemical
Treatment

Ex Situ Physical/Chemical

Treatment (Aqueous Phase)

Air Sparging

Discharge

Ex Situ Physical/Chemical
Treatment (Vapor Phase)

Legend/Notes

On-Site Discharge
(Aquaeous Phase)

Adsorption

On-Site Discharge

Groundwater

(Vapor Phase)

Atmosphere

the site meets unlimited use and unrestricted exposure
(UU/UE) cleanup level.

Provides hydraulic barrier and effective in removing CVOCs
by ex-situ treatments such as air
stripping and liquid GAC; Well esablished technology.

Effective in rapidly remediating CVOCs in high permeablity
aquifer. Combined with Soil Vapor Extraction (SVE) which

involves in removing CVOCs from effluent soil vapor using
GAC.

Effective and reliable.

Effective and reliable.

Effective and reliable.

Effective and reliable.

Effective and reliable.

Process options that are screened out from further evaluation are grayed and struck-through.

Difficult to implement due to given the large size of the plume
and hydrogeologic conditions, which will require a relatively
large treatment plant. Requires a long period of operation over
the course of the remedy as well as has substaintial volume of
discharge requirement. Required disposal of liquid GAC.

Readily implementable technology. Very effective for high
permeability FDAQ found at the Site. Successful
implementation in nearby area, Dunn Field; Advantageous for
MI with lowpermeability surficial soil to mitigate soil vapor
migration. SVE will also help remove soil contamination from
suspected small releases in the unsaturated zone within the
MI.

Readily implementable; however, it is implementable with
groundwater extraction and treatment process option.

Readily implementable; however, it is implementable with
groundwater extraction and treatment process option.

Readily implementable technology

Difficult to implement as substaintial large volume of treated
water will require dischage

Easy to implement; Discharge to atmosphere without off-gas
treatment is possbily as it has not been required for the
existing AS/SVE system at the Dunn Field or SVE in TTA-2 as
the operations are in compliance with the local emission
criterion

High capital and O & M Cost for treating low-
concentration contaminant plumes with large areal
footprints, O&M (discharge/disposal), and overall
costs.

Medium capital, Medium O&M and overall cost.
Requires vapor phase GAC disposal.

High O&M due to liquid GAC
replacement/regeration costs.

High O&M due to energy costs.

Low O&M due to less frequent GAC
replacement/regeneration because of low-
concentration contaminant plume.

High capital, O&M, and overall costs if treatment is
required to meet surface water discharge
requirements for large quantity.

None



TABLE 8
SELECTED PROCESS OPTIONS
FOCUSED FEASIBILITY STUDY REPORT
Main Installation - Defense Depot Memphis, Tennessee

Preliminary Alternatives

Alternative 1

Alternatives 2, 3 & 4

Alternatives 3 & 4

General Response Action

Soil Vapor Deed Long Term Air Sparain
No Action Extraction | Adsorption | Restrictions Monitoring (KS)g 9
Media Technology Area or Volume (SVE) and Permits (LTM)
Type
Institutional Ground.wat'er * - Access and
Contamination -
Controls (ICs) Restrictions
Area
Long Tgrm All Monitoring .
Groundwater Monitoring Wells Samoled
(LTM) P
. Groundwater
In-situ Contamination
Physical . M
Area at Site
Treatment
Boundary
Subsurface Soil
VOC Source Areas
with
Removal Concentrations M
greater than soil
vapor screening
Vapor levels
Ex-situ
Physical Collected Vapor *
Treatment
Treated or Un-
. Treated Vapor .
Discharge Discharge to
Atmosphere
Notes:

M - Meets effectiveness, implementability, and cost screening criteria

*

- To be used in conjunction with other remedial options, not as stand alone alternative




TABLE 9

SITE CONDITIONS AT TREATMENT AREAS, ALTERNATIVE 2
FOCUSED FEASIBILITY STUDY REPORT
Main Installation - Defense Depot Memphis, Tennessee

Top of Topof | Topof | Total Topof | Vadose Sparge
Casing Ground | Sand | Clay | Boring Depth to Riser | Total Well [ Vadose | Zone Saturated | Well
Date Elevation | Elevation Depth1 Depth2 Depth Groundwater® Length Depth Zone | Thickness | Thickness | Depth
Well Completed | Northing | Easting | Aquifer Area (ft, NAVD) | (ft, NAVD) | (ft, bgs) | (ft, bgs) | (ft, bgs) (ft, btoc) (ft) (ft, btoc) | (ft bgs) (ft) (ft) (ft bgs)
AS/SVE Transects
TTA-1IN
MW-21 3/28/1989| 276473| 800603|Fluvial TTA-1N 295.03 2954 30 NE| 109.5 78.82 92.1 107.1 30 49 NA NE
MW-219 4/22/2007| 276429 800461(Fluvial TTA-1N 295.13 295.0 30 110 126 78.45 98.0 113.0 30 48 31.6 110
PMW21-01 5/15/2006| 276533| 800600|Fluvial TTA-1N 294.76 295.0 31 110 111 78.54 88.4 108.4 31 48 31.5 110
North-Central
MW-263 5/13/2015| 278945 805817|Fluvial  [N-C 291.40 291.8| 27| 79| 93| 53.82]  69.1] 79.3] 27| 27 25.2 79
Window
Upper
MW-107 10/18/2001] 278419| 803010|Claiborne |Window 304.92 305.2 37 158 167 91.36] 128.0 143.0 37 54 66.6 158
MW-286 6/15/2018| 278427| 803027|Fluvial Window 305.04 305.4 33 NE 115 89.69| 101.1 111.3 33 57 NA NE
MW-305 9/13/19| 278490| 802793(Fluvial Window 305.07 305.2 39 NE 119 91.04| 108.2 118.4 39 52 NA NE
SVE System
TTA-2
DR2-1 6/14/2004] 276772| 806498|Fluvial  [TTA-2 304.90 305.1 33| 94| 106.0] 83.27] 737 94.3| 33| 50 10.7 94
Notes:
1) Top of sand is the depth to the uppermost sand in the lower fluvial deposits. ft: feet
2) Top of clay is the depth to the uppermost dark gray clay in the upper Claiborne. ft, NAVD: feet above North American Vertical Datum of 1988
3) Depth to groundwater is from the April 2021 LTM event. ft, bgs: feet below ground surface
4) Vadose zone thickness is groundwater depth minus top of sand depth. ft, btoc: feet below top of casing
5) Saturated thickness is top of clay depth minus groundwater depth. NA: Not applicable
6) Sparge well depth is top of clay depth. NE: Not encountered




TABLE 10

TRAVEL TIMES, ALTERNATIVE 2
FOCUSED FEASIBILITY STUDY REPORT
Main Installation - Defense Depot Memphis, Tennessee

Travel Time Calculation
Hydraulic Pore Travel | Travel
CVOCs > | Upgradient | Downgradient | Distance | Conductivity velocity | Time Time
Area 40 pg/L Well Well (ft) (ft/d) Porosity Gradient (ft/d) (days) | (years)
MW-219 PMW21-03 316 100 0.2 0.0040 2.0 158 0.4
TTA-IN |PCE, TCE PMW21-03 |DR1-7 732 100 0.2 0.0020 1.0 732 2.0
Total 890 2.4
MW-263 MW-291 1028 100 0.2 0.0050 2.5 411 1.1
NC TCE MW-291 MW-281 868 100 0.2 0.0062 3.1 280 0.8
MW-281 MW-318B 1136 100 0.2 0.0131 6.6 173 0.5
Total 865 2.4
Window |PCE [MW-305 [MwW-256 [ 1749] 40| 0.2] 0.0183] 3.7] 478] 1.3
Gradient Calculation
Top of
Casing Depthto | Groundwater
Elevation | Groundwater Elevation Distance | Gradient
Area Well Northing Easting Aquifer (ft, NAVD) (ft, btoc) (ft NAVD) (ft) (ft/ft)
MW-219 276429 800461 |Fluvial 295.13 78.45 216.68
TTA-1N|PMW21-03 276573 800743(Fluvial 292.11 76.70 215.41 316[ 0.0040
DR1-7 276791 801441|Fluvial 289.15 75.21 213.94 732 0.0020
MW-263 278945 805817|Fluvial 291.40 53.82 237.58
N-C MW-291 278371 804963 (Fluvial 303.59 71.12 232.47 1028| 0.0050
MW-281 278155 804123 (Fluvial 304.56 77.46 227.10 868| 0.0062
MW-318B 277363 803309(Fluvial 304.45 92.27 21218 1136] 0.0131
Window MW-305 278490 802793 (Fluvial 305.07 91.04 214.03
MW-256 279302 801244 |Intermediat 292.68 110.61 182.07 1749 0.0183
Notes:

1) Water levels measured during April 2021 LTM event

ft: Feet

NAVD: North American Vertical Datum of 1988
bgs: below ground surface

btoc: below top of

casing




SITE CONDITIONS AT TREATMENT AREAS, ALTERNATIVE 3

TABLE 11

FOCUSED FEASIBILITY STUDY REPORT
Main Installation - Defense Depot Memphis, Tennessee

Top of Top of | Topof [ Total Total | Top of | Thickness Sparge
Casing | Ground | Sand | Clay | Boring Depth to Riser | Well | Vadose |of Vadose| Saturated |Well
Date Elevation | Elevation | Depth' | Depth? | Depth | Groundwater® | Length | Depth | Zone Zone | Thickness |Depth
Well Completed | Northing | Easting Aquifer Area | (ft, NAVD) | (ft, NAVD) [ (ft, bgs) | (ft, bgs) | (ft, bgs) (ft, btoc) (ft) | (ft, btoc)| (ft bgs) (ft) (ft) (ft bgs)
Portable Systems
TTA-1N
MW-100B 11/15/2001| 276601 800854 |Fluvial TTA-1N 290.92 291.5 25 127.5 133 75.58| 107.4 127.4 25 51 51.9 128
PMW21-03 5/17/2006| 276573| 800743|Fluvial TTA-1N 292.11 292.7 38 109 116 76.70 90.3 110.3 38 39 32.3 109
PMW21-04 5/16/2006] 276602| 800772|Fluvial TTA-1N 291.87 292.2 39 109 116 76.53 89.0 109.0 39 38 32.5 109
TTA-1S
PMW101-07A 6/7/2006] 276143 801172|Fluvial TTA-1S 29220  292.5| 34| 138]  146] 7747| 117.9]  137.9| 34] 43 60.8] 138
TTA-2 NW-1
MW-217 4/21/2007| 276671| 805214|Fluvial TTA-2 304.65 304.5 40 116 126 92.52| 101.8 116.8 40 53 23.5 116
MW-218 3/7/2007| 276937| 805628|Fluvial TTA-2 306.07 306.0 43 114 126 90.53 98.9 114.2 43 48 23.5 114
TTA-2 NW-2
MW-267 5/3/2015| 277161| 806001|Fluvial TTA-2 303.84 304.3 32 90 95 71.63 71.9 82.1 32 40 184 90
MW-294 6/27/2018| 277351] 805966|Fluvial TTA-2 304.38 304.8 33 82 90 70.64 69.6 79.8 33 38 11.4 82
North-Central 1
MW-258 | 3/2012012] 278126 804427|Fluvial In-C 304.37]  304.8] 40l  100]  115] 7540 79.3]  99.3] 40| 35 246 100
North-Central 2
MW-207A | 3/15/2007| 277653] 803192|Claibomne  [N-C 304.05]  304.5| 51  167] 176 91.89| 149.9] 164.9| 51| 41| 751 167
South-Central
MW-97 10/3/2001| 276074 802139|Fluvial S-C 297 .44 297.7 27 118 123 NA 97.5 117.5 27 - NA 118
MW-330 6/9/2021| 276076| 802123|Fluvial S-C 300.59 297.5 28 NE 100 86.23 92.3 102.3 28 58 31.8 NE
Building 835
MW-62 10/14/1998| 278290| 801858|Fluvial B-835 293.71 293.9 NA 97 107 79.18 86.0 96.0 - - 17.8 97
MW-212 4/5/2007| 278028 802225|Fluvial B-835 295.74 295.7 41 100 107 82.69 85.3 100.3 41 42 17.3 100
MW-213 4/6/2007| 278427 801669|Fluvial B-835 294.22 294.2 33 92 106 79.06 77.3 92.3 33 46 12.9 92
Notes:
1) Top of sand is the depth to the uppermost sand in the lower fluvial deposits. ft: feet

Top of clay is the depth to the uppermost dark gray clay in the upper Claiborne.
Depth to groundwater is from the April 2021 LTM event.
Vadose zone thickness is groundwater depth minus top of sand depth.
Saturated thickness is top of clay depth minus groundwater depth.

Sparge well depth is top of clay depth.

ft, NAVD: feet above North American Vertical Datum of 1988
ft, bgs: feet below ground surface
ft, btoc: feet below top of casing

NA: Not applicable
NE: Not encountered




Travel Time Calculation

TABLE 12

TRAVEL TIMES, ALTERNATIVE 3
FOCUSED FEASIBILITY STUDY REPORT
Main Installation - Defense Depot Memphis, Tennessee

Hydraulic Pore Travel Travel
CVOCs >40 | Upgradient | Downgradient | Distance | Conductivity velocity | Time Time
Area pg/L Well Well (ft) (ft/d) Porosity Gradient (ft/d) (days) (years)
AS/SVE Transects
TTA-IN |PCE, TCE  [MW-219 [PMW21-03 | 316] 100] 0.2] 0.0040] 2.0] 158] 0.4
NC [TCE [Mw-263 [MwW-291 [ 1028] 100] 0.2] 0.0050| 2.5 411] 1.1
Window [PCE [MW-305 [MwW-256 | 1749] 40] 0.2] 0.0183] 3.7] 478] 1.3
Portable Systems
TTA-IN  [PCE, TCE  |[PMW21-03 [DR1-7 | 732] 100] 0.2] 0.002] 1.0] 732] 2.0
TTA-1S [TCE [PMW101-07 [DR1-3 | 453] 100] 0.2] 0.0017] 0.9] 533] 1.5
TTA-2-NW[CT [Mw-217 [Mw-259 | 857] 100] 0.2] 0.0033] 1.7] 519] 1.4
MW-294 MW-218 534 100 0.2 0.0341 17.1 31 0.1
TTA-2-NWPCE MW218  |MW-259 1349 100 0.2 0.0046 23] 587 16
618 1.7
NC [TCE [Mw-258 [Mw-288 | 567| 100] 0.2] 0.0125| 6.3] 91| 0.2
NC [PCE [MW-207B [MW-318A | 323] 100] 0.2] 0.0009] 0.5] 718] 2.0
sC [TCE [MwW-330 [Mw-297 | 777] 100] 0.2] 0.0034] 1.7] 457] 1.3
B-835 [TCE [Mw-62 [Mw-199B | 897] 100] 0.2] 0.0023] 1.2] 780] 21
Gradient Calculation
Top of Casing Depth to Groundwater
Elevation (ft, Groundwater' | Elevation (ft| Distance | Gradient
Area Well Northing Easting Aquifer NAVD) (ft, btoc) NAVD) (ft) (ft/ft)
TTA-IN  [PMW21-03 276573 800743|Fluvial 292.11 76.70 215.41
TTA-IN  |[DR1-7 276791 801441][Fluvial 289.15 75.21 213.94]  732.0] 0.0020
TTA-1S  [PMW101-07B 276142 801177[Fluvial 292.36 77.32 215.04
TTA-1S  |[DR1-3 276527 8014 15[Fluvial 291.09 76.82 214.27]  452.7] 0.0017
TTA-2 MW-217 276671 805214]Fluvial 304.65 92.52 212.13
TTA-2 MW-259 276279 804451]Fluvial 290.77 81.43 209.34] 857.4] 0.0033
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TABLE 12

TRAVEL TIMES, ALTERNATIVE 3
FOCUSED FEASIBILITY STUDY REPORT
Main Installation - Defense Depot Memphis, Tennessee

Top of Casing Depth to Groundwater
Elevation (ft, Groundwater’ | Elevation (ft| Distance | Gradient
Area Well Northing Easting Aquifer NAVD) (ft, btoc) NAVD) (ft) (ft/ft)
TTA-2 MW-294 277351 805966/ Fluvial 304.38 70.64 233.74
TTA-2 MW-218 276937 805628|Fluvial 306.07 90.53 215.54 534.0] 0.0341
TTA-2 MW-259 276279 804451 |Fluvial 290.77 81.43 209.34| 1348.7| 0.0046
N-C MW-258 278126 804427 |Fluvial 304.37 75.40 228.97
N-C MW-288 277932 803895|Fluvial 304.69 82.81 221.88 566.5| 0.0125
N-C MW-207B 277665 803193|Fluvial 304.06 91.59 212.47
N-C MW-318B 277363 803309|Fluvial 304.45 92.27 212.18 322.9/ 0.0009
S-C MW-330 276076 802123|Fluvial 300.59 86.28 214.31
S-C MW-297 276351 802850|Fluvial 297.91 86.24 211.67 777.2] 0.0034
B-835 MW-62 278290 801858|Fluvial 293.71 79.18 214.53
B-836 MW-199B 277752 802576|Fluvial 302.06 89.63 212.43 896.9| 0.0023
Notes:

1) Water levels measured during April 2021 LTM event

ft: Feet

NAVD: North American Vertical Datum of 1988
bgs: below ground surface
btoc: below top of casing
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TABLE 13
SUMMARY OF DETAILED ANALYSIS OF ALTERNATIVES
FOCUSED FEASIBILITY STUDY REPORT
Main Installation - Defense Depot Memphis, Tennessee

Criteria

OVERALL PROTECTIVENESS

Human Health Protection - Direct
Contact/Ingestion

Human Health Protection - Inhalation

Environmental Protection

COMPLIANCE WITH ARARS
Chemical Specific ARARs

Location Specific ARARs

Action Specific ARARs

Other Criteria and Guidance

Alternative 1
No Action

No action.

There are no users of groundwater from the fluvial aquifer
beneath the MI. There are controls established by the Shelby
County Health Department (SCHD) that prohibit the
installation of water wells within 0.5 mile of the designated
boundaries of a listed NPL site.

This alternative does not require continuation of ICs or LTM
and relies solely on SCHD groundwater use controls and
zoning regulations which are not considered permanent.
Concentrations of CVOCs will slowly naturally attenuate over
time. However, this alternative provides no mechanism for
monitoring the attenuation process or potential off-site
migration through deeper aquifers.

Risk increases due to halting implementation of existing
institutional controls and monitoring.

Allows contaminant migration onto the MI and offers no
restoration of the resource.

May comply with Federal groundwater maximum contaminant
levels (MCLs) over time through natural attenuation of
CVOCs. However, there is no groundwater monitoring to
indicate if or when MCLs are met.

Offers no restoration of the resource. SCHD prohibits the
installation of water wells within 0.5 mile of the NPL site, but
this restriction is not considered permanent.

Not applicable, as no action is taken.

Allows continued contamination of groundwater and offers no
restoration of the resource.

Alternative 2
AS/SVE and SVE

Alternative 2 includes three AS/SVE systems for preventing
contaminated groundwater migration and SVE for treating source area
contamination in TTA-2, TTA-1N, and Building 720 with reliance on
existing ICs modified to address vapor intrusion and on-going LTM for
protection of human health and the environment over the long term.

There are no users of groundwater from the fluvial aquifer beneath the Ml
and controls established by SCHD prohibit the installation of water wells
within 0.5 mile of the designated boundaries of a listed NPL site.

This alternative reduces risk by limiting CVOC migration onto the Ml and into
deeper aquifers as well as removing residual VOC contamination in soil
vapor from subsurface soil and preventing further impacts to groundwater at
TTA-2, TTA-1N, and Building 720. It allows natural attenuation to slowly
reduce CVOC concentrations to MCLs within plumes downgradient of the
active treatment zones and elsewhere on the MI. This alternative will
continue LTM as CVOCs within the on-site area attenuate over time. It relies
on existing ICs modified to address potential vapor intrusion issues and
existing groundwater use controls until the site meets UU/UE cleanup level.

Reduces risk by preventing CVOC migration onto the Ml and into deeper
aquifers and by removing residual soil contamination and preventing further
impacts to on-site groundwater. Potential vapor intrusion risk is mitigated
further by modifying existing institutional controls to address vapor intrusion.

Limits further impacts to groundwater from on-site subsurface soil VOC
source areas and from contaminant migration onto the Ml and to deeper
aquifers; provides restoration of the resource.

Would comply with MCLs at the completion of implementation.

Deed restrictions prohibit groundwater use on the MI; restrictions would not
be removed until the site meets unlimited use and unrestricted exposure
(UU/UE) criteria. SCHD prohibits the installation of water wells within 0.5 mile
of the NPL site, but this restriction is not considered permanent.

Must comply with

- SCHD rules for installation/abandonment of wells for AS/SVE and PDI

- Clean Air Act and Tennessee Rule 1200- 3-1 for VOCs emissions to the air
during treatment if it doesn't need SCHD emission criteria

- RCRA for the disposal of the waste generated during well installation and
groundwater monitoring

- OSHA for worker protection during well installation, AS/SVE and SVE
operations, and groundwater monitoring.

None

Alternative 3
Expanded AS/SVE and SVE

Alternative 3 includes three AS/SVE systems for preventing contaminated
groundwater migration, SVE for treating source area contamination in TTA-2,
TTA-1N, and Building 720 and portable SVE and AS/SVE systems for reducing
contaminant concentrations in isolated CVOC groundwater plumes with
reliance on existing ICs modified to address vapor intrusion and on-going LTM
for protection of human health and the environment over the long term.

There are no users of groundwater from the fluvial aquifer beneath the MI and
controls established by SCHD prohibit the installation of water wells within 0.5 mile of
the designated boundaries of a listed NPL site.

This alternative reduces risk by limiting CVOC migration onto the MI and into deeper
aquifers, removing residual VOC contamination in soil vapor from subsurface soil
and preventing further impacts to groundwater at TTA-2, TTA-1N, and Building 720
and reducing CVOC contamination in isolated on-site plumes treatment areas. It
allows natural attenuation to slowly reduce CVOC concentrations to MCLs within
plumes downgradient of the active treatment zones and elsewhere on the MI. This
alternative will continue LTM as CVOCs within the on-site area attenuate over time;
the expanded treatment areas will reduce the time required to meet RAOs. It relies
on existing ICs modified to address potential vapor intrusion issues and existing
groundwater use controls until the site meets UU/UE cleanup level.

Reduces risk by preventing CVOC migration onto the Ml and into deeper aquifers
and by removing soil and groundwater contamination and preventing further impacts
to on-site groundwater with expanded treatment areas. Potential vapor intrusion risk
is mitigated further by modifying existing institutional controls to address vapor
intrusion.

Limits further impacts with expanded on-site treatment areas of subsurface soil and
groundwater and preventing contaminant migration onto the Ml and to deeper
aquifers; provides restoration of the resource.

Would comply with MCLs at the completion of implementation with reduced
treatment time.

Deed restrictions prohibit groundwater use on the MI; restrictions would not be
removed until the site meets unlimited use and unrestricted exposure (UU/UE)
criteria. SCHD prohibits the installation of water wells within 0.5 mile of the NPL site,
but this restriction is not considered permanent.

Must comply with

- SCHD rules for installation/abandonment of wells for AS/SVE, SVE and PDI

- Clean Air Act and Tennessee Rule 1200- 3-1 for VOCs emissions to the air during
treatment if it doesn't need SCHD emission criteria

- RCRA for the disposal of the waste generated during well installation m and
groundwater monitoring

- OSHA for worker protection during well installation, AS/SVE and SVE operations,
and groundwater monitoring.

None
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TABLE 13
SUMMARY OF DETAILED ANALYSIS OF ALTERNATIVES
FOCUSED FEASIBILITY STUDY REPORT
Main Installation - Defense Depot Memphis, Tennessee

Criteria

LONG TERM EFFECTIVENESS AND
Magnitude of residual risk
Direct Contact/Ingestion

Inhalation

Impact to Groundwater

Adequacy and Reliability of Controls

Need for 5-Year Review

Alternative 1
No Action

PERMANENCE

There are no known users of groundwater beneath the M;
well installation restrictions are in place with the SCHD.
Natural attenuation may decrease the risk after more than 30
years. There will be no monitoring to confirm natural
attenuation or potential migration of the plumes off-site into
deeper aquifers. Contamination resulting in potential risk will
not be removed.

Contamination resulting in potential risk will not be removed.

No controls are provided other than SCHD well restrictions
and zoning regulations.

Review would be required although there are no actions to
ensure adequate protection of human health and the
environment for future groundwater users.

REDUCTION AND TOXICITY, MOBILITY OR VOLUME THROUGH TREATMENT

Treatment Processes Used

Amount Destroyed or Treated

Reduction of Toxicity, Mobility, or
Volume

Irreversible Treatment

Type and Quantity of Residuals
Remaining After Treatment

Statutory Preference for Treatment

None.

Only that from natural attenuation, because no contaminants
are treated or destroyed under this alternative and no
monitoring occurs.

Only that from natural attenuation; because no monitoring
occurs, assumes there is no reduction in toxicity, mobility, or
volume through treatment under this alternative.

None, because no treatment occurs under this alternative.

Natural attenuation may generate residuals. Because there is
no monitoring, these residuals may increase risk to the human
health and environment.

Does not satisfy.

Alternative 2
AS/SVE and SVE

Increased risk reduction by active treatment of contaminated groundwater
migrating onto the MI and to deeper aquifers, and treatment in TTA-2, TTA-
1N, and Building 720 by SVE to remove VOCs in subsurface soil and limit
further groundwater impacts. Deed restrictions will continue to prevent
exposure to contaminants. Risk would remain to unauthorized users until
active RA is complete (estimated 10 years). LTM will assess the reduction of
the CVOC plumes and migration to deeper aquifers.

Greater risk reduction by limiting contaminant migration onto the Ml and to
deeper aquifers and reducing soil vapor concentrations in subsurface soil
VOC source areas and limiting impacts to groundwater. Reduction in on-site
groundwater contamination over longer timeframe (estimated 20 years)
through natural attenuation.

AS/SVE and SVE with LTM and institutional controls are expected to be
effective and reliable technology in the active treatment zones (up to 10
years). LTM will monitor groundwater contamination reduction b over the
long term (up to 20 years). Existing institutional controls modified to include
VI are expected to be effective.

Review would be required to confirm that institutional controls (ICs) are being
enforced and that plume reduction is occurring. Review will also ensure that
adequate plume controls are in place if unacceptable risks are indicated
during monitoring.

SVE will extract CVOCs from soil and AS/SVE will extract CVOCs from soil
and groundwater.Extracted vapor will be treated by chemical processes
(GAC for CVOCs in vapor), if required, to remove CVOCs from extracted
vapor prior to discharge.

VOCs extracted from vadose zone from groundwater sparging or
volatilization from soil and, if required, treated through GAC system;
eventually destroyed/disposed of when carbon is regenerated.

AS/SVE and SVE will reduce volume of CVOCs in soil and groundwater.
Flow of groundwater with reduced contaminant volume will result in reduction
of volume in downgradient area through natural attenuation .

In-situ volatilization and extraction by AS/SVE, carbon adsorption, and
regeneration of carbon.
Carbon requires regeneration/disposal.

Would satisfy.

Alternative 3
Expanded AS/SVE and SVE

Greater risk reduction by active treatment of contaminated groundwater migrating
onto the MI and to deeper aquifers, by expanded on-site active treatment of
sursurface soil and groundwater in eight isolated areas. Deed restrictions will
continue to prevent exposure to contaminants. Risk would remain to unauthorized
users until active RA is complete (estimated 5 years). LTM will assess the reduction
of the CVOC plumes and migration to deeper aquifers.

Greater risk reduction by limiting contaminant migration onto Ml and to deeper
aquifers and reducing subsurface soil and groundwater contamination with active
remediation in expanded on-site treatment areas (estimated 5 years). Reduction in
on-site groundwater contamination over longer timeframe (estimated 10 years)
through natural attenuation.

AS/SVE and SVE with LTM and institutional controls are expected to be effective and
reliable technology in the active treatment zones (up to 5 years). LTM will monitor
groundwater contamination reduction b over the long term (up to 15 years). Existing
institutional controls modified to include VI are expected to be effective.

Review would be required to confirm that institutional controls (ICs) are being
enforced and that plume reduction is occurring. Review will also ensure that
adequate plume controls are in place if unacceptable risks are indicated during
monitoring.

SVE will extract CVOCs from soil and AS/SVE will extract CVOCs from soil and
groundwater.Extracted vapor will be treated by chemical processes (GAC for CVOCs
in vapor), if required, to remove CVOCs from extracted vapor prior to discharge.

VOCs extracted from vadose zone from groundwater sparging or volatilization from
soil and, if required, treated through GAC system; eventually destroyed/disposed of
when carbon is regenerated.

AS/SVE and SVE will reduce volume of CVOCs in soil and groundwater. Flow of
groundwater with reduced contaminant volume will result in reduction of volume in
downgradient area through natural attenuation .

In-situ volatilization and extraction by AS/SVE, carbon adsorption, and regeneration
of carbon.
Carbon requires regeneration/disposal.

Would satisfy.
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TABLE 13
SUMMARY OF DETAILED ANALYSIS OF ALTERNATIVES
FOCUSED FEASIBILITY STUDY REPORT
Main Installation - Defense Depot Memphis, Tennessee

Criteria

Alternative 1
No Action

SHORT TERM IMPACTS AND EFFECTIVENESS

Community Protection

Worker Protection

Environmental Impacts

Time Until Action is Complete

IMPLEMENTABILITY
Ability to Construct and Operate

Ease of Doing More Action if Needed

Ability to Monitor Effectiveness

Ability to Obtain Approvals and
Coordinate with Other Agencies
Ability of Services and Capacities

Availability of Equipment, Specialties,
and Materials

Availability of Technologies

Existing risks increases due to halting implementation of
existing institutional controls and monitoring.

Existing risks increase due to halting implementation of
institutional controls and LTM.

Environmental impacts continue from existing conditions.

Not applicable.

No construction or operation.

No action taken.

No monitoring.

No approvals necessary.

No services or capacities required.

None required.

None required.

Alternative 2
AS/SVE and SVE

Risk to the community is not increased by AS/SVE and SVE. A pilot study
will determine whether air emissions would require vapor treatment before
discharge to the atmosphere.

Worker exposure is expected to be minimal during construction and
operations. Contaminated groundwater will remain underground and VOC
vapor emissions would be treated using GAC, if required. Minimal short-term

risks to the workers from this alternative would be due to activities associated

with borings and installation of AS, SVE and monitoring wells, equipment
operations, and groundwater sampling; all can be mitigated by
implementation of Site Safety and Health Plan (SSHP).

The environment would be protected through the use of engineering controls
during well installation, AS/SVE operations, groundwater monitoring, and
disposal of generated waste. Fugitive VOC emissions would be managed by
engineering controls, if required to prevent environmental impacts.

Deed restrictions will continue to be implemented until UU/UE criteria are
met. The PDI and pilot study for each AS/SVE area would be performed and
a Remedial Design document prepared over 12 months. Remedial actions

would operate concurrently: SVE in TTA-2 would be operated for 2 years and

AS/SVE treatment would begin to be effective at system startup, and would
be completed in approximately 10 years. LTM would continue for an
additional 10 years for a total of 20 years.

Preliminary investigation and pilot test necessary to complete system
designs are straightforward. Installation of AS/SVE wells and
injection/extraction system is straightforward. Construction estimated at 2-3
months. Routine O & M activities would be required. Nuisance noise and
inconvenience to the surrounding building occupants will be limited. There
are no nearby residences.

AS and SVE wells and VMPs could be added easily. Air injection/ extraction
flow rates can be modified as necessary based on performance monitoring
data. Flexibility in operations can handle varying soil vapor concentrations.
Capture and treatment of vapors to meet air emissions limits is easy to
implement, if required.

Effectiveness of the treatment systems is easily monitored through effluent
vapor analyses to confirm that contaminants are being removed through
AS/SVE or SVE. Groundwater samples from performance monitoring wells
will confirm that contaminant removal from AS/SVE or SVE is reducing
groundwater contamination. LTM will confirm reduction in plume extent over
time.

DDMT has a good relationship with SCHD and has obtained well and air
permits previously. Required reports have been submitted without issue.
The planned activities have been conducted previously at DDMT. LTM has
been conducted since 2004, an SVE system was operated from 2007 to
2012 and AS/SVE has been conducted since 2009.

No special equipment or specialists are required to continue LTM or ICs.
Equipment and materials are readily available to construct and maintain
AS/SVE treatment. Requires utility company support for installation of
electrical service.

Readily available.

Alternative 3
Expanded AS/SVE and SVE

Risk to the community is not increased by AS/SVE and SVE. A pilot study will
determine whether air emissions would require vapor treatment before discharge to
the atmosphere.

Worker exposure is expected to be minimal during construction and operations.
Contaminated groundwater will remain underground and VOC vapor emissions
would be treated using GAC, if required. Minimal short-term risks to the workers from
this alternative would be due to activities associated with borings and installation of
AS, SVE and monitoring wells, equipment operations, and groundwater sampling; all
can be mitigated by implementation of Site Safety and Health Plan (SSHP).

The environment would be protected through the use of engineering controls during
well installation, AS/SVE operations, groundwater monitoring, and disposal of
generated waste. Fugitive VOC emissions would be managed by engineering
controls, if required to prevent environmental impacts.

Deed restrictions will continue to be implemented until UU/UE criteria are met. The
PDI and pilot study for each AS/SVE area would be performed and a Remedial
Design document prepared over 12 months. Remedial actions would operate
concurrently: SVE in TTA-2 would be operated for 2 years; AS/SVE treatment would
begin to be effective at system startup, and would be completed in approximately 5
years; and portable SVE and AS/SVE systems would be implemented over 4 years.
LTM would continue for an additional 10 years for a total of 15 years.

Preliminary investigation and pilot test necessary to complete system designs are
straight forward. Installation of AS/SVE wells and injection/extraction system is
straightforward. Construction activities estimated at 2-3 months. Portable SVE and
AS/SVE systems would be implemented over 4 years and moved annually;
construction activities over 2-3 weeks for each move. Routine O&M activities would
be required. Nuisance noise and inconvenience to the surrounding building
occupants will be limited. There are no nearby residences.

AS and SVE wells and VMPs could be added easily. Air injection/extraction flow
rates can be modified as necessary based on performance monitoring data.
Flexibility in operations can handle varying soil vapor concentrations. Capture and
treatment of vapors to meet air emissions limits is easy to implement, if required.

Effectiveness of the treatment systems is easily monitored through effluent vapor
analyses to confirm that contaminants are being removed through AS/SVE or SVE.
Groundwater samples from performance monitoring wells will confirm that
contaminant removal from AS/SVE or SVE is reducing groundwater contamination.
LTM will confirm reduction in plume extent over time.

DDMT has a good relationship with SCHD and has obtained well and air permits
previously. Required reports have been submitted without issue.

The planned activities have been conducted previously at DDMT. LTM has been
conducted since 2004, an SVE system was operated from 2007 to 2012 and AS/SVE
has been conducted since 2009.

No special equipment or specialists are required to continue LTM or ICs. Equipment
and materials are readily available to construct and maintain AS/SVE treatment.
Requires utility company support for installation of electrical service.

Readily available.
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TABLE 13
SUMMARY OF DETAILED ANALYSIS OF ALTERNATIVES
FOCUSED FEASIBILITY STUDY REPORT
Main Installation - Defense Depot Memphis, Tennessee

Criteria

COST

Capital Cost Present Value

Total O&M Cost Present Value
Total Periodic Cost Present Value

Total Present Value
Time to achieve RAOs
Average Annual O&M Cost

Alternative 1
No Action

$0
$0
$0

$0

$0

Alternative 2
AS/SVE and SVE

$2,293,000
$3,427,000
$221,000

$5,941,000
Assumes 20 years
$171,350

Alternative 3
Expanded AS/SVE and SVE

$2,955,000
$3,481,000
$304,000

$6,740,000
Assumes 15 years
$232,067
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