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1 Introduction

This Vapor Intrusion Conceptual Site Model (VI CSM) has been prepared to describe site
conditions that influence potential for VI at the Main Installation (MI) of the former Defense
Depot Memphis, Tennessee (DDMT). This VI CSM was prepared for the Department of the
Army, Office of the Deputy Chief of Staff, G9 (Army) under Contract W91278-16-D-0061, Task
Order 0002 with the U.S. Army Corps of Engineers (USACE), Mobile District.

A conference call with the DDMT project managers from Army, United States Environmental
Protection Agency (USEPA), USACE and contractors was held on 12 December 2019. Prior to
the call, Army provided a timeline and summary of activities performed to date for the VI study
on the MI, and USEPA provided a summary of concerns, data gaps and recommendations for
reconciling data gaps and completing the remaining VI assessment steps for the MI. There was
general agreement by participants on the call that data gaps identified by USEPA were
appropriate and warranted additional work. There was also agreement that Army halt plans for
additional limited sampling in order to develop a VI CSM and prepare a comprehensive
sampling plan (CSP) to guide additional investigation.

A follow-up meeting was held at the USEPA Region 4 office on 12 February 2020 to discuss
additional information needed to prepare the CSM and the data gaps to be addressed by the
CSP. Prior to the meeting, Army distributed an agenda, and tables and figures showing
currently available information to be included in the CSM.

The information to be included in the CSM was discussed based on USEPA guidance, Office of
Solid Waste and Emergency Response (OSWER) Publication 9200.2-154 (USEPA, 2015) and
DOD Vapor Intrusion Guidance (TSERAW, 2009). The Vapor Intrusion Investigation Process
and Flowchart (Tennessee Department of Environmental Conservation [TDEC], 2016), was also
considered during preparation of this CSM. The information requirements were identified as
follows:

e Presence of vapor-forming chemicals in the subsurface including the nature (i.e., type,
chemical composition), location, and spatial extent of the vapor source(s).

e Location, size, age, condition, use, occupancy, and basic construction (e.g., foundation
type) of existing buildings.

» Hydrologic and geologic setting in and around the subsurface vapor source(s) and the
buildings.

e Preferential migration pathways.

e Potentially exposed population.

USEPA representatives were asked if additional information, not discussed at the meeting
should be gathered for the CSM. There were no concerns beyond those discussed: passive
samplers for initial screening of vapor-forming chemicals, potential for utility corridors to be
preferential pathways for VI and targeting buildings-areas above groundwater plumes based on
commercial or residential VI screening levels (SLs) as appropriate. The final meeting summary
prepared by Army, including revisions made to address USEPA comments, is provided in
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2 Background

DDMT is located in Memphis, Tennessee, approximately 5 miles east of the Mississippi River
and just northeast of Interstate 240 and the Memphis International Airport. The property consists
of approximately 634 acres and includes two components, the Ml and Dunn Field (Figure 1).
The MI contains approximately 567 acres with open storage areas, warehouses, former military
family housing, and a golf course/recreational area. Dunn Field, which is located across Dunn
Avenue from the northwest section of the MI, contains approximately 67 acres with former
mineral storage and waste disposal areas.

From 1942 until closure in 1997, DDMT received, warehoused, and distributed supplies to U.S.
military services and civilian agencies. The facility received a variety of materials including
hazardous substances; textile products; food products; electronic equipment; construction
materials; and industrial, medical, and general supplies. Other historical activities in open and
enclosed storage areas included storage of transformers with polychlorinated biphenyls, storage
and use of pesticides/herbicides, and treatment of wood products with pentachlorophenol.
These industrial 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.

Activities that could have resulted in multiple, small spills and leaks of liquids containing volatile
organic compounds (VOCs) include hazardous substance repackaging for storage or shipment,
vehicle maintenance and hazardous material handling/storage; these activities could have
occurred throughout the MI. The Main Installation Remedial Investigation Report (Ml RI)
(CH2MHILL, 2000) provides a detailed review of past activities, and sampling conducted to
evaluate potential releases based on that review. VOC concentrations warranting further action
were not observed and remedial action for soil containing VOCs was not required in the Main
Installation Record of Decision (Ml ROD) (CH2MHILL, 2001).

Further evaluation of potential source areas for the groundwater plumes were reviewed in the
MI Source Area Evaluation (e2M, 2008); the membrane interface probe (MIP) survey and soil
sampling for the Source Areas Investigation (e2M, 2009) was conducted following that
evaluation but did not identify VOC concentrations warranting further action.

June 2022 | 3



Vapor Intrusion Conceptual Site Model
Main Installation — Defense Depot Memphis Tennessee Revision 1

3  Current Land Use

DDMT is located in an area of mixed residential, commercial and industrial land use. The
surrounding area contains small commercial and manufacturing uses to the north and east and
single-family residences to the south and west. Airways Boulevard, located on the east border
of the MI, is the most heavily traveled thoroughfare in the vicinity and is developed with
numerous small, commercial establishments, particularly in the area from DDMT south to the
Interstate 240 interchange. The current zoning is shown on Figure 2.

All 567 acres on the MI have been transferred through public benefit and economic
development conveyances. The Land Use Control Implementation Plan in Appendix C of the
Main Installation Final Remedial Design (Ml RD) (CH2M Hill, 2004) was prepared to implement
the land use restrictions in the Ml ROD (CH2MHILL, 2001), which are to:

e prevent residential land use on the MI, except at the former housing area;
* implement daycare restrictions;

e prevent production/consumptive use of groundwater in the Fluvial Deposits Aquifer
(FDAQ) and drilling into deeper aquifers on the MI; and

» eliminate casual access through maintenance of a boundary fence around the golf
course.

The former Administrative and Housing Areas along the eastern boundary were designated for
unrestricted use in the Ml ROD. However, residential development is not allowed on DDMT by
the zoning ordinance, including within the area designated for unrestricted use. Former base
housing transferred to Alpha Omega is used for transitional housing for veterans. This land use
is considered non-conforming with respect to the current zoning but is allowed based on the
past 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 offices and parking by Barnhart and for the Memphis Police Department Airways Police
Station. The former MI housing area is used by Alpha Omega Veterans Services. The Memphis
Depot Industrial Park is primarily owned by an investment firm, Memphis Depot TIC, LLC;
Supply Chain Logistics owns two buildings in the Memphis Depot Industrial Park. The City of
Memphis owns the golf course and leases it to Vietham Veterans Association, Chapter 1113.
The current ownership and land use for the MI are shown on Figure 3.
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4  Geology and Hydrogeology

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

4.1 Loess

The loess consists of wind-blown and deposited, brown to reddish-brown, low plasticity clayey
silt to silty clay. The loess deposits are about 20 to 30 feet thick and are continuous throughout
the DDMT area.

4.2 Fluvial Deposits Aquifer

The fluvial (terrace) deposits at DDMT consist of two general layers. The upper layer is silty,
sandy clay to clayey sand and ranges from about 0 to 30 feet thick. The lower layer is
composed of interlayered sand, sandy gravel, and gravelly sand, and ranges from 30 to 100 feet
thick. The uppermost aquifer is the unconfined FDAQ, consisting of saturated sands and
gravelly sands in the lower portion of the fluvial deposits. The saturated thickness ranges from 0
feet (dry) to approximately 70 feet. The groundwater level and saturated thickness of the FDAQ
are mainly controlled by the surface of the uppermost clay in the upper Claiborne and areas of
downward leakage where the clay layer is thin or absent. The groundwater in the FDAQ is not a
drinking water source for area residents; however, the current Tennessee groundwater
classification at DDMT is General Use (TDEC Chapter 1200-04-03).

The thickness of the fine-grained soils in the loess and upper fluvial deposits, shown on Figure
4, ranges from 18.5 to 48 feet below ground surface (bgs). The depth to water in the FDAQ,
shown on Figure 5, ranges from approximately 55 to 100 feet bgs. The vadose zone, from the
base of the fine-grained soil to the water table, ranges from 16 feet at MW-310 to 65 feet at
MW-307; the average thickness is 47 feet. Only one FDAQ well, MW-16 in the northeast corner
of the MI, has the water level in the upper fluvial deposits, approximately 1 foot above the
coarse-grained lower fluvial deposits.

The May 2020 groundwater elevations and contours for the FDAQ are shown on Figure 6.
Groundwater elevations are highest, 248 feet North American Vertical Datum of 1988 (NAVD) at
MW-216, in the northeast corner of the M| and lowest, 208 feet NAVD at MW-259, in the south-
central MI. Groundwater flow in the FDAQ is onto the MI from all sides with flow off the Ml
through vertical leakage at the window in the northwest M| and the sink in the south-central Ml
(Figure 6).

4.3  Jackson/upper Claiborne and Intermediate Aquifer

The Jackson/upper Claiborne forms the Upper Confining Unit for the Memphis Aquifer (MAQ)
on a regional basis and separates the FDAQ from the MAQ at DDMT. The individual layers of
the Jackson/upper Claiborne consist of clays, silts, and sands deposited in lenses or individual
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beds that are generally not areally extensive. The Intermediate Aquifer (IAQ) is locally
developed in sand layers within the upper Claiborne.

A dark gray, dense clay with medium to high plasticity is often found at the base of the fluvial
deposits and is areally extensive at DDMT; this lithology is also observed at greater depth in the
upper Claiborne. Three borings for monitoring wells at DDMT (MW-67, MW-254 and MW-255)
were drilled through the upper Claiborne into the Memphis Sand. The thickness of the upper
Claiborne in those borings was 189 feet to 208 feet and the aggregate thickness of clay beds
thicker than 10 feet was 54 feet to 125 feet.

IAQ water levels in the central Ml ,where the clay layer separating the IAQ and FDAQ, is absent
are less than 1 foot lower than in the FDAQ. In the northwest MI, downgradient of the window
where a thick clay layer is present between the FDAQ and IAQ, IAQ water levels are
approximately 45 feet lower than the FDAQ water levels. This relatively large, downward vertical
hydraulic gradient results in groundwater flow from the FDAQ into the IAQ through the window
(Figure 6).

Most of the IAQ wells have been installed in the northwest Ml and the groundwater flow
direction is to the northwest. The flow direction at IAQ wells in the central Ml is generally to the
south.

4.4 Memphis Sand Aquifer

The Memphis Sand primarily consists of thick-bedded, white to brown or gray, very fine-grained
to coarse sand. The Memphis Sand ranges from 500 to 890 feet in thickness and begins at a
depth of approximately 120 to 300 feet bgs. The MAQ is a regional deep aquifer that ranges
from confined to unconfined and is the primary source of water for the City of Memphis.

Memphis Light, Gas & Water extracts groundwater from several well fields in the Memphis area,
which has created a regional cone of depression in the potentiometric surface, with steeper
local cones of depression at each well field. The Allen Well Field is the closest to DDMT;
individual extraction wells in the well field are 1 to 2 miles west of DDMT.

MAQ water levels in the northwest M| are approximately 6 feet lower than water levels in the
overlying IAQ and indicate a downward vertical hydraulic gradient. Groundwater flow in the
MAQ is generally to the southwest towards the nearest extraction wells in the Allen Well Field.

4.5  Groundwater Conceptual Site Model Summary

The groundwater CSM and its impact on VI is summarized below:

e Groundwater contamination on the Ml is the results of small spills/releases of CVOCs at
multiple locations and from migration of contaminant plumes onto the MI at the northern
and western boundary.

e The spills of CVOCs are retained through adsorption on the clays and organic matter in
the loess and upper fluvial deposits and are released over time. The adsorbed CVOCs
provide sources for VI by volatilization and migration into buildings and for groundwater
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contamination by migration to the FDAQ through the coarse-grained lower fluvial
deposits.

e The groundwater plumes on the MI, resulting from CVOC spills and plume migration
onto the MI, provide secondary sources for VI through volatilization and migration
through the fluvial deposits and loess and into buildings. The impact of these secondary
sources should be reduced due to the thickness of fine-grained loess and upper fluvial
deposits at the ground surface.

» Groundwater contamination is monitored through long-term monitoring (LTM) wells
installed in the three aquifers at the MI: FDAQ, IAQ and MAQ. Contaminant plumes
result from releases to the FDAQ and enter the IAQ and MAQ through leakage to the
deeper aquifers.

e Groundwater in the FDAQ flows onto the Ml from all sides, which prevents off-site
impacts from the MI groundwater plumes in the FDAQ. Groundwater contamination
migrates off the Ml in the |AQ and potentially in the MAQ but it would not be a source for
VI due to the depth.

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 were not identified.

e Potential onsite receptors for VI are site workers and construction workers in areas
zoned for commercial-industrial use and adults and children in the former housing area.
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e Approximately 530 tons (400 CY) of surface soil surrounding the cafeteria (Building 274)
were removed in 1998 because of elevated levels of PCBs (OHM Remediation, 1999a).

e Approximately 980 CY of surface and subsurface soil from Base Realignment and
Closure Parcels 35 and 28 near Buildings 1084, 1085, 1087, 1088, 1089 and 1090 were
removed in 2000 because of elevated levels of metals and PAHs (Jacobs-Sverdrup,
2000).

« Approximately 300 CY of surface soil near Building 949 was removed in 1998 because
of elevated levels of lead (Jacobs Federal Programs, 2002). The removal was part of the
selected remedy in the MI ROD (CH2M HILL, 2001) but was completed prior to final
execution of the ROD to accommodate economic redevelopment of the site. It was noted
as a significant change in the ROD.

53 Record of Decision

The MI ROD (CH2M HILL, 2001) received final approval in September 2001. The selected
remedy presented in the Ml ROD contained the following components:

e Excavation, transport and offsite disposal of lead-contaminated surface soil near
Building 949 (as noted in Section 5.2).

« Deed restrictions and land use controls 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.

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

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

e Five-Year Reviews of the selected remedy.

54 Enhanced Bioremediation Treatment

The MI ROD stated EBT would target the most contaminated areas, and untreated parts of the
groundwater plumes would degrade under natural attenuation. The MI RD (CH2M HILL, 2004)
used groundwater concentrations of 100 pg/L for PCE, TCE and carbon tetrachloride (CT) to
delineate the ‘most contaminated’ areas and identified two target treatment areas (TTA), TTA-1
in the southwest and TTA-2 in the southeast (Figure 8).

The initial remedy implementation (EBT-1) was conducted in TTA-1 and TTA-2 from September
2006 through March 2009. CVOC concentrations for parent compounds (PCE, TCE and CT)
were reduced over 90 percent (%) in injection wells (IWs) and over 80% in performance
monitoring wells (PMWs) at locations with baseline concentrations above 100 pg/L.
Groundwater concentrations of cis-1,2-dichloroethene(cDCE) and vinyl chloride (VC) increased
during EBT-1 due to reductive dechlorination of PCE and TCE.
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Following observed rebound in CVOC concentrations in 2010 LTM samples, EBT-2 was
conducted in areas where individual CVOC concentrations of parent compounds PCE, TCE and
CT exceeded 100 pg/L: TTA-1, TTA-2, the West-Central plume and the Building 835 plume
(Figure 8). Quarterly injections and performance monitoring were performed from November
2012 to November 2014 (HDR, 2015). The CVOC concentrations in the final samples
decreased from the baseline samples by an average of 80% for IWs and 28% for PMWs; the
total number of IWs and PMWs exceeding maximum contaminant levels (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 remedial action objectives for the MI. A supplemental
remedial investigation (SRI) has recently been completed as discussed in Section 5.8.

5.5 Source Area Investigation

A Source Area Investigation (€M, 2009) was conducted in 2008 to identify potential source
areas for CVOCs in groundwater on the MI. The field investigation was conducted in the fine-
grained soils at depths up to 37 feet bgs using sample grids overlaying the upgradient areas of
the plumes. The magnitude and extent of CVOCs in soil were characterized by a MIP survey
and confirmation soil samples. The MIP survey and soil sample locations are shown on Figure
9.

The MIP survey identified several areas of possible soil contamination; confirmation soil
samples were collected throughout the survey area but primarily targeted areas of suspected
contamination. Only 5 of 70 soil samples had CVOC concentrations above the soil remediation
goal (RG) established for Dunn Field (Appendix B) and 3 of those samples only slightly
exceeded an RG for a single CVOC (Table 1). The limited extent of soil with CVOC
concentrations above the RGs was not considered to warrant soil removal. The mass of CVOCs
in the fine-grained-soils (loess and upper fluvial deposits) was estimated at 3 to 19 pounds.

5.6  Vapor Intrusion Screening Level Assessment

An initial VI assessment (HDR, 2017) was made to evaluate whether a complete human
exposure pathway exists at the MI. Only the potential VI exposure from groundwater was
evaluated because significant areas of residual soil contamination have not been identified. The
groundwater contaminants most frequently detected at the Ml are CVOCs (PCE, TCE, cDCE,
CT, chloroform [CF] and VC) and are identified as ‘primary CVOCs’.

These six CVOCs are sufficiently volatile to be considered for potential VI risk as their Henry’s
law constants are greater than 10-° atmosphere-meter cubed per mole (atm m?® mol™) (USEPA,
2015). The CVOCs are present in groundwater at concentrations up to 300 ug/L (see Section 6)
but only at low levels in soil (see Section 5.5). Groundwater plumes, and potentially soil
contamination, are near or beneath commercial/industrial buildings at the MI, which presents a
potential VI risk to current and future building occupants.

‘Other VOCs’ are generally detected in only a few wells at relatively low concentrations. From
April 2019 through April 2021, 1,1-dichlorethene has been the only ‘Other VOCs’ detected
above the MCL; the exceedances were at offsite, upgradient well MW-310 and at MW-263
located on the MI northern boundary downgradient of MW-310.
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The assessment considered whether exposure to the vapors poses an immediate risk to
building inhabitants — i.e., acute health risks or risk of explosion. Past investigations have
demonstrated CVOC concentrations in groundwater and soil at the Ml are relatively low and do
not indicate potential for ‘free product’ in soil or groundwater (Section 33.3.2 in CHM2HILL,
2000). A previous VI study in the Off Depot area at DDMT, where CVOC concentrations in
groundwater were an order of magnitude higher than on the MI, found that CVOC
concentrations in shallow soil gas were below applicable residential criteria (HDR, 2011).
Property owners on the Ml were sent an email in August 2018 by Colliers, the property manager
for the Memphis Depot Industrial Park, with an attached VI fact sheet and were asked if
employees or tenants at DDMT had reported concerns about VI. Each stated that no reports of
VI have been received. Based on site conditions and MI property owner responses, prompt
action is not warranted.

A comprehensive VI map for the MI (Figure 10) was prepared showing the locations of the
CVOC plumes, CVOC concentrations at individual wells, groundwater elevation contours, and
the locations of existing buildings. The groundwater elevations are from May 2020 and
analytical results are from the October 2019 or May 2020 LTM events. The CVOC plume limits
are based on risk-based SLs determined using the VISL calculator (USEPA, 2016). CVOC
concentrations in groundwater exceed the SLs and are present beneath occupied commercial
buildings in several areas.

SLs for groundwater, soil vapor and indoor air are listed on Table 2, with the assumptions used
to calculate the SLs.

The SLs presented on Table 2 were calculated using the USEPA VISL, 1x10-6 cancer risk and
1.0 non-cancer risk. A semi-site-specific groundwater to indoor air attenuation factor of 0.0005
was selected in accordance with USEPA guidance (USEPA, 2015) to account for the extensive
low permeability soil encountered on the MI. The USEPA’s default groundwater to indoor air
attenuation rate is 0.001.

In addition to using the VISL calculator to determine the SLs, CVOC concentrations at three
wells (DR2-1, MW-100B and PMW21-04) were used to estimate the cancer and non-cancer risk
from VI with both the VISL calculator and the Johnson and Ettinger (J&E) model (USEPA,
2017). The selected wells had the highest concentrations for PCE, TCE and VC reported in the
October 2016 LTM event. The VISL calculator incorporated commercial exposure assumptions
and default risk factors, while the J&E model incorporated site-specific data.

The VISL calculator identified a combined, cumulative cancer risk greater than 1x10-6 at all
three wells, and a non-cancer risk greater than 1.0 at two wells. The J&E model identified a
combined, cumulative cancer risk greater than 1x10-6 at all three wells but did not identify a
non-cancer risk greater than 1.0 at any of these wells. Both methods identified risks greater than
the target risk of 1x10-6 for cancer (USEPA, 2015); therefore, CVOCs in groundwater on the Ml
may present an unacceptable human health risk from VI and warrant further investigation.
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5.7 Soil Vapor Sampling

Soil vapor sampling was performed at the Ml to further evaluate VI risk from CVOCs in soil and
groundwater (HDR, 2019b). Samples were collected from temporary borings and sub-slab
sample ports at ten locations in August 2018 (Figure 10); the vapor samples from borings were
collected at approximately 5 feet bgs and the sub-slab samples were collected a few inches
below building slabs and pavement. Samples were recollected at two locations in October 2018
due to the initial samples not meeting quality control criteria.

Analytical results for the soil vapor samples are shown on Table 3. VC was the only primary
CVOC not detected in the vapor samples. cDCE was detected in only one sample and was
below the SL. The other primary CVOCs (CT, CF, TCE and PCE) were detected in one or more
samples at concentrations above an SL. Other VOCs were detected above reporting limits but
only three exceeded an SL: benzene, ethyl benzene and naphthalene. Benzene, ethylbenzene
and naphthalene were not detected in MI LTM groundwater samples collected in 2019, 2020 or
2021.

Soil samples were collected at 5 feet bgs adjacent to three of the vapor sample locations for
geotechnical testing, including particle size and permeability. Based on the particle size
analysis, the three samples, SB-01 to SB-03, were classified as lean clayey silt, and soll
permeability values were very low, 4.6x10-8 to 9x10-8 centimeters per second (cm/sec).
Geotechnical results are presented on Table 4 and the sample locations are depicted on Figure
4.

The Soil Vapor Sampling Memorandum (HDR, 2019a) concluded that risk estimates by the
VISL Calculator and J&E model for commercial exposure indicated cumulative cancer risks
above 1E-06 at three locations and cumulative Hazard Index above 1 at two locations. The
memorandum recommended expanded soil vapor sampling, resampling select locations to
validate initial soil vapor results, collection of indoor air samples and comparison of VOC
analytical results for indoor air samples to USEPA SLs for commercial exposure. However, in
December 2019 the Army and USEPA agreed that indoor air sampling would be postponed until
this VI CSM and the VI CSP were approved.

5.8 Supplemental Remedial Investigation

The SRI was conducted from April 2015 to December 2019 and included installation of 55
monitoring wells (MW-262 to MW-316) including 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 has four 1-inch diameter wells with 2.5-foot well screens; two well
screens are in the FDAQ and two are in the upper Claiborne. The 2020 Supplemental Remedial
Investigation Report (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.

The SRI results which are most useful for the VI evaluation are improved delineation of FDAQ
groundwater plumes, additional boring logs showing the thickness of fine-grained soils in the
loess and upper fluvial deposits, and results of geotechnical test on soil samples collected from
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the loess and the upper and lower fluvial deposits. The nature and extent of groundwater
contamination as defined by the SRI and continuing LTM is sufficient for preparing a
comprehensive sampling plan for VI. Results of recent groundwater sample analyses from LTM
wells, including the SRI wells, are discussed in Section 6.

Soil samples for geotechnical analysis were collected from the borings for nested wells MW-317
and MW-318 and adjacent delineation borings DB-01 and DB-02; two samples were collected
from the loess, three samples from the upper fluvial deposits and four samples from the lower
fluvial deposits. The upper fluvial deposits are distinguished from the loess by a small fraction of
sand. Four samples from the loess and upper fluvial deposits were described as silty clay to
clay with low permeability values ranging from 4.50x10-8 to 1.60x10-7 cm/sec. The fifth sample
was described as sandy clay and was in a transitional zone with higher sand content; the
permeability was slightly higher at 2.60x10-6 cm/sec. The four samples from the lower fluvial
deposits had moderate permeability at 2.10x10-4 to 7.00x10-3 cm/sec. Soil sample
geotechnical results are presented on Table 4 and the sample locations are depicted on Figure
4. As illustrated on the lithologic cross sections, the loess is laterally continuous throughout the
MI and the nearby offsite area (Appendix C).

5.9 Soil Vapor Extraction Pilot Test

A soil vapor extraction (SVE) pilot test (HDR, 2020) was conducted at the MI to evaluate the
effectiveness of a single-well SVE system to reduce groundwater impacts from a suspected
small source area. Three areas (TTA-1N, TTA-2 and Building 720), shown on Figure 8, were
selected as potential locations for the SVE pilot test due to CVOC concentrations in
groundwater indicating potential for residual CVOCs in soil. Six vapor monitoring points (VMPs)
were constructed in June 2019 at each of the three areas with 1-foot screens at depths ranging
from 35 to 45 feet bgs.

The maximum CVOC concentrations in soil vapor samples collected from each of the three
areas are listed on Table 5. The concentrations reported in TTA-2 VMPs were up to three
orders of magnitude greater than the concentrations reported at TTA-1N or Building 720 VMPs.
An SVE well screened from approximately 43 to 73 feet bgs and a deeper VMP screened at
approximately 74.5 feet bgs were installed at TTA-2 in August 2019.

Startup testing for the SVE system was conducted on 27 to 29 August and the pilot test was
conducted from 29 August 2019 to 14 May 2020. The SVE system has a dilution valve operated
manually to reduce flow from the SVE well by adding ambient air. The system was operated
with the dilution valve open initially to maintain the VOC emissions rate below the Shelby
County Health Department (SCHD) criteria of 0.1 pounds per hour. Following reduction in VOC
concentrations in the blower effluent, the dilution valve was closed on 30 December 2019 and
remained closed for the remainder of the pilot test.

The seven TTA-2 VMPs are located 8 to 112 feet from the SVE well. Pressure measurements at
the VMPs ranged from -8.9 to -2.3 inches of water indicating the SVE well’s area of influence
extended beyond 112 feet. During the pilot test, approximately 200 pounds of CVOCs were
removed. CVOC concentrations in vapor decreased 91 to 100% at six of the seven VMPs and
92% at the SVE well. CVOC concentrations in groundwater decreased 5 to 91% at 11 of 14
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LTM wells in close proximity to the SVE well; the other 3 LTM wells in the area had increased
concentrations.

The estimated mass of CVOCs removed by the SVE system (200 pounds) greatly exceeded the
site-wide estimate of 3 to 19 pounds from the 2008 Source Area Investigation (Section 1.3.5)
and an estimate of 1.8 pounds based on analytical results for TTA-2 VMPs prior to the pilot test.
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6  Sources of Vapor Intrusion

The release of CVOCs to groundwater on the Ml is believed to be due to multiple, small spills
and leaks. There are multiple groundwater plumes on the Ml with variations in the CVOCs
detected and the reported concentrations. Following release through small spills, contaminants
are retained in the loess and upper fluvial deposits due to low permeability (Table 4), and
adsorption to clay and organic matter in these fine-grained soils. Over time, CVOCs migrate into
the coarse-grained, lower fluvial deposits and then to groundwater in the FDAQ.

Potential VI risk arises from VOCs volatilized from groundwater plumes migrating up through the
vadose zone and from VOCs in residual soil contamination, which may also be the source of the
groundwater plumes. The CVYOC mass removed during the SVE pilot test (Section 5.9) confirms
residual soil contamination at TTA-2, and the reduction in CVOC concentrations in groundwater
during and after the pilot test confirms the soil contamination was impacting groundwater.
Residual soil contamination acting as the source of groundwater plumes would be located in the
upgradient portion of the plume. There could also be additional sources in downgradient areas,
which may be indicated by increased plume concentrations or the presence of CVOCs not
detected in the upgradient plume. The VI risk due to VOCs volatilized from groundwater plumes
is expected to be reduced by the low permeability of the loess and upper fluvial deposits.

The VI CSP will include vapor samples in areas with high CVOC concentrations in groundwater
within the plumes in historical and recent LTM samples, areas with elevated CVOC
concentrations in 2009 soil samples (e2M, 2009), and areas with high VOC concentrations in
2018 soil vapor samples (HDR, 2019a).Groundwater contaminants on the Ml were initially
limited to PCE and TCE, with CT present in the southeast M| (TTA-2). cDCE and VC, resulting
from biodegradation of PCE and TCE, were identified as groundwater contaminants after EBT
field tests and implementation of the EBT remedy. CF has also been detected at TTA-2 and at
lower concentrations throughout the MI. Each of these CVOCs have Henry’s Law constants
greater than 10° atm m? mol! at room temperature and therefore the USEPA considers them to
be sufficiently volatile to present a VI risk. Investigations to date do not indicate non-aqueous
phase liquids are present at DDMT (Section 5.6).

Contaminants detected above SLs in the 2018 soil vapor samples are generally limited to
CVOCs, primarily PCE, TCE, CT and CF. SLs for cDCE are not available because inhalation
toxicity data for cDCE have not been established. Other VOCs such as benzene, ethylbenzene
and naphthalene have been detected in some soil vapor samples greater than commercial SLs,
but at lower concentrations than CVOCs.

Nine groundwater plumes are present on the Ml (Figure 8) that currently, or historically, contain
CVOCs greater than commercial or residential SLs. Significant CVOC soil contamination has
not been identified on the MI; therefore, these groundwater plumes and associated soil vapor
are assumed to present the greatest potential VI risk. Each of these plumes are discussed in the
following sub-sections.

To identify areas where CVOCs in groundwater may present a VI risk based on current
concentrations, May 2020 LTM results and the groundwater SLs (Table 2) were used to prepare
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residual VOC contamination from 11 to 25 feet bgs in the area near MW-100B (Figure 9); further
investigation was not conducted as soil contaminant concentrations did not exceed RGs
(Appendix B). Historical maximum groundwater concentrations reported in on-site wells (Table
7) were PCE at 313 pg/L in PMW21-04 (April 2018) and TCE at 156 pg/L in PMW21-04
(October 2018), located north of Building 1086 (Appendix D). The historical groundwater
concentrations (Figure 12) north of Building 1086, to the east and west of Building 1089 may
indicate residual soil contamination and a continuing VI risk.

May 2020 concentrations of CVOCs in MW-219, MW-269, MW-278 and MW-315, located
hydraulically upgradient of TTA-1N, indicate an offsite source of groundwater contaminants with
potential for offsite VI impacts (Figure 11). The historical maximum PCE and TCE
concentrations reported in onsite wells indicate a separate, possible source of groundwater
contamination onsite. The greatest concentrations reported in offsite wells were PCE at 182
Mg/l in MW-269 (April 2019) and TCE at 19.3 pg/L in MW-315 (November 2019); these wells
are located approximately 250 feet west of the Ml property boundary.

The greatest concentrations reported during the May 2020 LTM event were PCE at 187 pg/L in
MW-219 and TCE at 116 ug/L in PMW21-04 (Table 6). CVOC concentrations in groundwater
decreased considerably after implementation of EBT; however, VI potential has been identified
for Building 972 and west of the Ml in the residential area (Figure 11). There is no VI potential
for buildings 1086 and 1089 as these buildings are not enclosed.

In August 2018, sub-slab soil vapor samples collected within Building 1089 and west of Building
972 yielded CVOCs greater than SLs (HDR, 2019b). PCE, TCE and CF were detected at
maximum concentrations of 13,562 ug/M?, 8,061 ug/M?* and 88.9 ug/M? in respective samples
SS-08, SS-09 and SS08-RE (Table 3).

In June 2019, soil vapor samples were collected from VMPs screened at approximately 42 feet
bgs in the coarse-grained, lower fluvial deposits north of Building 1086 and west of Building
1086 (Figure 13). The vapor samples contained PCE, TCE and CF at concentrations greater
than SLs; but up to two orders of magnitude less than sub-slab soil vapor samples collected
from the same area. The highest CVOC concentrations were reported in TTA1N-1 located
immediately downgradient from well PMW21-04 (Figure 13).

6.2 TTA-1 South

The TTA-1 South plume is located a few hundred feet southeast of TTA-1 North and extends
from the west side of Building 1088 to the southern portions of Buildings 970 and 972. TTA-1
South is underlain by low permeability clayey silt and silty clay to depths of 25 to 40 feet bgs
(Figure 4). The depth to water ranges from 80 to 98 feet bgs (Figure 5) and the groundwater
flow direction is to the northeast (Figure 6).

EBT was implemented in TTA-1 South during EBT-1 in 2006 to 2009 and during EBT-2 in 2012
to 2014. LTM wells DR1-5/5A, DR1-6/6A and PMW101-02A/B were used for injections during
EBT-2. The primary contaminants prior to EBT were PCE and TCE.

The 2008 Source Area Investigation (e*M, 2009) included TTA-1S. MIP results showed elevated
responses indicating residual VOC contamination, from 22 to 24 feet bgs in the area east of
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Building 1087, south of DR1-5 (Figure 9); further investigation was not conducted as soil
contaminant concentrations did not exceed RGs (Appendix B). The historical maximum
concentrations (Table 7) were PCE at 530 pg/L in MW-101T (December 2001) located between
Buildings 970 and 972, and TCE at 232 ug/L in abandoned well PMW101-08B (August 2006),
near the south end of Buildings 970 and 972 (Figure 12 and Appendix D). The historical
groundwater concentrations (Figure 12) may indicate residual soil contamination and a
continuing VI risk.

In May 2020, the greatest groundwater concentrations were PCE at 28.7 pg/L in DR1-4, TCE at
40.5 pg/L in PMW101-07B, CF at 0.57 pg/L in DR1-4, and cDCE at 35 pg/L in DR1-5 (Table 6).
TCE was the only analyte detected greater than the SL. Based on current groundwater
analytical results, a small area of VI potential remains between Buildings 970 and 972 based on
TCE detected in PMW101-07B (Figure 11).

6.3 TTA-2

The TTA-2 plume is located in the southeastern portion of the MI. Several buildings located
within TTA-2 were used for maintenance and equipment storage. Many of the buildings located
on the north edge of TTA-2 were demolished when the main access road for the Memphis
Depot Industrial Park was constructed in 1999.

TTA-2 is underlain by low permeability clayey silt and silty clay to depths of 26 to 40 feet bgs
(Figure 4). The depth to water ranges from 72 to 96 feet bgs (Figure 5) and the groundwater
flow direction is to southwest toward the sink near MW-259 (Figure 6).

EBT was implemented in TTA-2 during EBT-1 in 2006 to 2009 and during EBT-2 in 2012 to
2014. LTM wells DR2-2, DR2-5 and PMW92-03 were used for injections during EBT-2. The
primary contaminants prior to EBT were PCE, TCE and CT.

The 2008 Source Area Investigation (e*M, 2009) showed elevated MIP responses, indicating a
potential source of VOCs, were observed from 10 to 30 feet bgs between Building 260/261 and
Building 270 and at similar depths in the north and northwestern portion of TTA-2, between
Building 260 and the Memphis Depot Parkway (Figure 9). Confirmation soil samples identified
primary CVOCs (PCE, CT and CF) above RGs at depths ranging from approximately 8 to 27
feet bgs (Table 1).

The historical maximum groundwater concentrations (Table 7) were PCE at 280 ug/L at DR2-1
(November 2004) near the southeast corner of Building 260/261; CT at 260 ug/L in DR2-5 (May
2005) in the western area between Buildings 260 and 360; and TCE at 49.2 ug/L at MW-218
(October 2011) in the northwestern area near Building 360 (Appendix D). As illustrated on
Figure 12, the historical maximum groundwater concentrations were reported in samples
collected immediately downgradient from Building 260/261.

In May 2020, the greatest CVOC concentrations in groundwater were PCE at 59.8 ug/L in MW-
85, TCE at 26 ug/L in MW-218, VC at 47.7 pg/L in MW-113, CT at 150 pg/L in PMW85-01, and
CF at 35.7 pg/L in PMW85-01 (Table 6). Each of these detections, other than PCE, were

greater than SLs and current results indicate VI risk for most buildings within TTA-2 (Figure 11).
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(Figure 5) and the flow direction is to the southwest toward the ‘window’ or the sink in the south-
central Ml (Figure 6). EBT was not implemented in the North-Central plume.

Historically, elevated TCE concentrations were present throughout the plume, while elevated
PCE concentrations were limited to wells in the downgradient area beginning near MW-265.
Historical maximum concentrations (Table 7) were reported for PCE at 33.9 pg/L in MW-304
and TCE at 93 pg/L in MW-258. Historical total CVOC results (Figure 12) indicate a potential
residual soil contamination near MW-258.

The only VOC detected above SLs in May 2020 LTM samples (Table 6) was TCE at 45.8 pg/L
in MW-258. Current groundwater analytical results identify an elongated TCE plume originating
from an offsite source near MW-310, approximately 600 feet northeast (upgradient) from the Ml
boundary (Figure 11). TCE concentrations decrease with the groundwater flow, approximately
1,600 feet southwest from the MI boundary, before increasing along the south of Building 529
near the center of the North-Central plume.

As illustrated on Figure 11, potential VI risk from TCE in groundwater is present for many
buildings above the North-Central plume and offsite, northeast of the MI. The elevated TCE at
MW-310 indicates an offsite source of groundwater contamination in the North-Central plume
while historical maximum PCE and TCE concentrations along the south side of Building 529 at
MW-258 and MW-281 indicate possible residual soil contamination onsite (Figures 11 and 12).

6.7 South-Central

The South-Central plume is an elongated area of elevated TCE concentrations in the south-
central MI. This area is underlain by low permeability clayey silt and silty clay to depths of 28 to
48 feet bgs (Figure 4). The depth to water ranges from 85 to 90 feet bgs (Figure 5) and the
groundwater flow direction is easterly toward the sink near MW-259 (Figure 6). EBT was not
implemented in the South-Central plume.

The historical maximum groundwater concentrations (Table 7) were reported for TCE at 73.8
Mg/l in MW-97 (April 2018), which is in the area of the Building 873 removal action discussed in
Section 5.2. The report (O. H. Materials, 1986) noted a past spill of TCE in that area and
Building 873 has since been demolished. TCE has not been reported above 1 ug/L at MW-216
located approximately 100 feet upgradient of MW-97. A small TCE source may be present in the
immediate vicinity of MW-97 (Figure 12). As illustrated on Figure 11, the May 2020 VI potential
is generally limited to TCE near MW-97 and downgradient, to the east, beneath portions of
Buildings 689 and 670.

6.8 Southeast

The Southeast plume is an area of elevated TCE and PCE concentrations near the southern
boundary of the Ml and the southwest corner of the golf course. This area is underlain by low
permeability clayey silt and silty clay to 17 to 32 feet bgs (Figure 4). The depth to water ranges
from 60 to 71 feet bgs (Figure 5) and the groundwater flow direction is westerly toward the sink
near MW-259 (Figure 6). EBT was not implemented in the Southeast area.
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The historical maximum groundwater concentrations (Table 7) were reported for PCE at 20.3
Mg/L in MW-313 (November 2019) and TCE at 285 ug/L in well MW-270 (July 2015). Based on
the CVOCs reported in these wells, they represent separate contaminant plumes.

The TCE concentration in MW-270 has decreased since well installation in 2015 and was 6.33
pg/L in May 2020 (Table 6). Onsite and offsite groundwater samples collected from the
Southeast plume did not contain CVOCs greater than commercial or residential SLs,
respectively (Figure 11).

6.9 Window

This area contains an erosional feature where groundwater in the FDAQ flows into the window
from the southeast. This area is underlain by low permeability clayey silt and silty clay to depths
of 32 to 40 feet bgs (Figure 4). The depth to water is approximately 90 feet (Figure 5) and the
groundwater flow direction is to the northwest and downward into the IAQ (Figure 6). The fluvial
sand and upper Claiborne sand form a single, unconfined aquifer in the area. EBT was not
implemented in the Window area.

The FDAQ wells in this area were installed during the SRI (Section 5.8). The historical
maximum groundwater concentrations (Table 7) were reported for PCE at 98.6 pg/L in MW-286
(August 2018) and TCE at 5.2 pg/L in well MW-285 (August 2018). During the May 2020 LTM
event, CVOCs were not detected in groundwater greater than SLs (Figure 11).

In June 2019 soil vapor samples were collected from VMPs screened from 34.5 feet bgs to 37.5
feet bgs in the coarse-grained, lower fluvial deposits immediately west of Building 720 to
evaluate VI risk and to evaluate suitability for SVE pilot testing. The vapor samples contained
TCE at concentrations greater than the SL. The highest CVOC concentrations were reported in
VMP 720-1 located at the southwestern corner of Building 720 (Figure 15).

22 | June 2022



Vapor Intrusion Conceptual Site Model
Revision 1 Main Installation — Defense Depot Memphis, Tennessee

7 Contaminant Transport and Exposure Routes

CVOCs are present in Ml soil vapor and groundwater beneath and adjacent to buildings at
concentrations greater than the SLs (Figure 11). CVOCs migrate through transport mechanisms
that may include volatilization from groundwater and diffusion through the capillary zone into the
unsaturated zone, horizontal and vertical migration, and convection/advection in soil to indoor
air.

The driving force of vapor entry by advection is gas pressure gradients across the building
foundation caused by a combination of wind effects, stack effects, and mechanical ventilation.
Advective transport through foundation voids is assumed to be most likely transport mechanism
at DDMT as diffusive transport through a building foundation is more commonly encountered for
sites with high sub-slab soil gas VOC concentrations (e.g., greater than 100,000 ug/M?3)
(Environmental Science and Technology, 2020). Only one shallow vapor sample collected in
2018, SS04-RE in TTA-2 (Table 3), had individual VOC concentrations near that range.

The highest concentrations in June 2019 vapor samples (Table 5) from VMPs at screen depths
of 32 to 43 feet bgs were approximately 95,000 ug/M?*for PCE and CT in TTA-2 and 30,000
ug/M3for TCE in TTA-1N. Shallow soil vapor CVOC analytical results collected beneath Building
260/261 at TTA-2 (SS-01, SS-02 and SS-03), were up to two orders of magnitude less than the
VMP sample results from the same area; the highest CVOC concentrations from the sub-slab
samples were CT at 42.2 ug/M3, CF at 55.7 ug/M3, PCE at 1,898 pug/M3, and TCE at 4.41 ug/M3
(Table 3).

The disparity in CVOC concentrations among the sample depths demonstrates the
effectiveness of the low permeability loess in migration of CVOCs from groundwater. Where
CVOCs in groundwater are identified as the source of VI, diffusive migration across the building
slab is not assumed to be a significant transport mechanism.

7.1 Preferential Pathways

USEPA guidance (USEPA, 2015) recommends that the VI CSM identify known or suspected
preferential migration routes that could facilitate vapor migration to greater distances and at
higher concentrations than otherwise suspected. As illustrated on lithologic cross sections
(Appendix C), fine-grained soil in the loess and upper fluvial deposits is continuous throughout
the MI and naturally occurring, higher permeability preferential pathways through the loess,
such as gravel lenses and fractures, have not been observed. Low permeability values of
3.7x10-8 to 1.6x10-7 cm/sec (Table 4) and up to 48-foot thickness of the loess and upper fluvial
deposits (Figure 4) provides an effective barrier to retard the migration of CVOCs from
groundwater to indoor air.

Anthropogenic preferential pathways, which include underground utility lines, utility vaults,
permeable fill and subsurface drains, are present on the Ml and may facilitate vapor migration.
Building foundations may contain openings or structures that create the potential for entry of soil
gas located directly adjacent to the building. Sewer lines may present the greatest VI
preferential pathway as they develop cracks and corrosion over time due to settling and other
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damage. If the cracked pipes are in areas of CVOC contamination the vapors may enter the
pipes and migrate into the indoor air.

The locations for underground power lines, gas mains and water lines from maps provided by
Memphis Light Gas & Water are shown on Figures 11 and 12. Utility maps showing location of
sewer lines on the MI have not been found. Additional information on sewer line locations and
the backfill in utility corridors (native fine-grained soil or offsite fill with sand/gravel) is needed to
evaluate migration through utility corridors.

Due to the increased likelihood of VI through preferential pathways, USEPA guidance
recommends that buildings with significant preferential migration routes be closely evaluated
and that particular attention should be paid to utilities that connect impacted areas to occupied
buildings. Buildings located within VI inclusion zones are listed on Table 8.

7.2 Building Details

In accordance with USEPA guidance, HDR acquired Ml building construction plans, where
available, to identify building conditions that may increase potential VI risk to current occupants.
Building conditions such as sumps, basements, elevators, slab on grade, and foundation
penetrations are considered likely to increase the VI risk. Building ownership, location, and
general information for buildings located within VI Inclusion Zones are presented on Table 8;
exterior and interior photographs of selected buildings taken in February 2018 for the fourth
Five-Year Review are included in Appendix E.

Buildings constructed within the Memphis Depot Industrial Park are predominantly large
warehouses, up to 208,000 square feet, used for storage and equipment maintenance with
small interior office areas, restrooms and kitchens. Review of building plans indicates that some
warehouses were constructed with five-inch diameter cast iron drainage pipes in gravel fill
located beneath concrete slab foundations. Expansion joints were used for buildings where
interior walls met the concrete slab foundation.

Thirty-two commercial buildings and four residential buildings, with 32 apartment units,
associated with the Alpha Omega Veterans Services are located within the VI Inclusion Zones.
Building construction and use information was available for eight of the 32 buildings; therefore,
lack of building information is listed as a data gap. Based on review of available plans and site
observations, buildings are constructed with a slab on-grade or raised pile foundation and are
single story, with ceilings up to 27 feet tall and no elevators. Building HVAC information was not
documented on most building plans; however, some of the warehouses were constructed with
large roof top ventilators (Table 8) and many were likely constructed with adequate ventilation
for the operation of internal combustion forklifts. Most buildings on the Ml are constructed with
few windows and large roll up doors. In most cases, the buildings are surrounded by impervious
surfaces such as asphalt or concrete.
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8 Potential Receptors

A vapor contaminant source, migration route and receptor must be identified to define a
completed VI exposure pathway (USEPA, 2015). As documented in previous sections, VI
sources and migration pathways have been established. In addition to identifying potentially
complete exposure pathways, USEPA guidance recommends the CSM identify sensitive
receptors, such as the elderly, women of child-bearing age, infants, children, and people
suffering from chronic illness and disadvantaged populations that may be sensitive to health
effects from VI.

8.1 Onsite

As documented in Section 3, the Ml is primarily used for warehousing and logistics in the
Memphis Depot Industrial Park and for operations at Barnhart. The former administrative area is
used for offices and parking by Barnhart and for the Memphis Police Department Airways Police
Station. The Land Use Control Implementation Plan in the Main Installation Final Remedial
Design, Appendix C of the MI RD (CH2M Hill, 2004) was implemented in 2005 to prevent
residential use, drilling of groundwater wells and production or consumptive use of groundwater.
The restrictions apply to all of the Ml except the former Administrative and Residential Areas
along the eastern boundary, which are available for unrestricted use (Figure 3). Local zoning
regulations prevent residential use on the M| except in the former housing area, and SCHD
regulations prevent drilling water wells within one-half mile of the MI.

Buildings located within 100 feet of groundwater plumes with May 2020 CVOC concentrations
greater than SLs are shown on Figure 11 and listed on Table 8. Shallow soil vapor samples
collected in TTA-1N and TTA-2 confirmed that CVOCs are present in soil vapor that could
present a human health risk. The presence of CVOCs in soil vapor and groundwater greater
than SLs and beneath or adjacent to occupied commercial, and residential buildings in the
southeastern corner of the Ml indicates a potentially complete VI exposure pathway. Potential
onsite receptors are site workers and construction workers in areas zoned for commercial-
industrial use and adults and children in the former housing area.

8.2 Offsite

DDMT is located in an area of mixed residential, commercial and industrial land use (Figure 2).
The surrounding area is utilized for small commercial and manufacturing purposes to the north
and east and single-family residences to the south and west. Airways Boulevard, located on the
east border of the MI, is the most heavily traveled thoroughfare in the vicinity and is developed
with numerous small, commercial establishments, particularly in the area from DDMT south to
the Interstate 240 interchange.

DDMT is located within the 38114 zip code, which is an economically disadvantaged area with a
per capita income of $15,795, median household income of $25,431 and 35.4% of the
population living below the federal poverty line. The population in this area is 91% black, 54%
female, with 25% of the population under 18 years and 14% 65 years or older. Approximately
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8% of the women aged 15 to 50 gave birth within the last year, which is approximately 1.5 times
the fertility rate of Tennessee (US Census Bureau, 2018).

As illustrated on Figure 11, CVOCs are present in groundwater greater than residential SLs to
the west of the MI and greater than commercial SLs to the north of the MI. Both of these areas
are developed with residences and/or commercial buildings. Groundwater elevation contours
show the hydraulic gradient in the FDAQ is toward the MI from all sides; therefore, contaminant
migration from the MI to adjacent property does not occur in the FDAQ. The plumes are
considered to result from offsite sources to the west and north of the MI.

8.3 Human Health Risk

A Baseline Risk Assessment (BRA) conducted during the MI Rl (CH2M HILL, 2000) included a
human health risk assessment (HHRA) and a screening level ecological risk assessment.
Health risks to industrial workers were within acceptable levels for future industrial use of the
property, except for lead in a limited surface soil area; however, the BRA did not evaluate risk
from VI.

As noted in Sections 5.6 and 5.7, VI risk was evaluated for the screening level assessment in
2017 and the initial shallow soil vapor sampling in 2018. VISL and J&E modeling using
groundwater and soil vapor analytical results indicate that CVOCs in the subsurface may
present a VI risk to commercial receptors on the MI.

As noted in Section 5.6, Colliers distributed a questionnaire to Ml tenants to determine whether
they have experienced odors or physiological effects to determine whether an urgent response
was warranted to address an acute health hazard. The respondents indicate that they have not
encountered odors or physiological effects, therefore an acute risk has not been established.
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9 Data Gaps

Extensive groundwater monitoring and an initial soil vapor investigation indicate that CVOCs are
present in soil vapor and groundwater at sufficient concentrations to present a potential human
health risk from VI. Currently occupied residential and commercial structures are located above
and adjacent to these areas; therefore, the VI pathway is potentially complete. This CSM
indicates a detailed investigation is warranted to address data gaps and further evaluate the VI
risk.

9.1 Potential for Small Contaminant Source Areas

The BRA and confirmation soil sampling performed during the 2008 MIP investigation generally
have not identified shallow sources of CVOC contamination in soil; however, the 2008 MIP
investigation did identify areas of an elevated MIP response, which may indicate low
concentration CVOC sources in soil.

In 2018 and 2019, soil vapor samples were collected from sub-slab sample ports, shallow soil
borings at 5.5 feet bgs throughout the MI, and from VMPs constructed in fluvial sand at
approximately 35 feet bgs at TTA-1N. CVOC concentrations detected in the sub-slab sample
SS-08 (Figure 13) were approximately one order of magnitude greater than detected in the
VMPs. Based on these results, a contaminant source in shallow soil may be located at TTA-1N.

The SVE pilot test in TTA-2, which operated from August 2019 to May 2020, removed
approximately 200 pounds of CVOCs. The mass removed greatly exceeded the estimate of a
few pounds from the 2008 Source Area Investigation (Section 1.3.5) and from 2019 samples at
TTA-2 VMPs (Section 5.9); elevated CVOC concentrations remained in some VMPs and
monitoring wells following the pilot test. A significant contaminant source is likely present in the
fine-grained soils at TTA-2.

9.2 Groundwater to Indoor Air Attenuation Factors

A majority of the onsite and offsite buildings located within the VI Inclusion Zone are located
above groundwater plumes without identified soil CVOC source areas. VISL uses a
groundwater to indoor air attenuation factor of 0.001; however, USEPA guidance allows a less
conservative attenuation factor of 0.0005 based on site-specific soil type and depth to the water
table. The semi-site-specific groundwater to indoor air attenuation factor of 0.0005 may be used
at sites where laterally extensive fine-grained sediment has been demonstrated through site-
specific sampling to underlay buildings being investigated for vapor intrusion (USEPA, 2015).

The USEPA defines fine-grained sediment/soil as clay, silty clay, silty clay loam, or silt,
consistent with the United States Soil Classification System (USCS). Geotechnical analysis of
soil samples (Table 4) indicate that the loess consists of lean clayey silt or silty clay, which is
consistent with USCS observations by field geologists during drilling; therefore, use of the
0.0005 groundwater to indoor air attenuation factor is appropriate for use on the Ml where
CVOCs in groundwater have been identified.
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9.3 CVOC Concentrations in Indoor Air

Soil vapor and groundwater analytical results indicate that CVOCs may be present in occupied
buildings above indoor air SLs; however, indoor air samples have not been collected from
buildings on the MI. Locations and estimated timing for indoor air samples should be developed
(Section 10.0).

9.4 Spatial and Temporal Variability of Soil Vapor Samples

The 2018 initial soil vapor investigation used a “worst first” approach by collecting soil vapor
samples from shallow borings and from sub-slab sample ports at TTA-1N and TTA-2. While
MIP, soil sample and groundwater analytical results identified these two areas as likely to
present the greatest VI risk, there may be other areas on the Ml where CVOCs present VI risk.
Soil vapor samples should be collected from locations throughout the Ml for evaluation of spatial
variability.

CVOC results showed high temporal variability; for example, PCE was detected in sample SS08
at 13,562 pug/M* and when resampled approximately 2 months later, PCE was detected at 93.6
ug/M? in sample SS08-RE collected from the same location (Table 3). High spatial variability
was observed in the three sub-slab samples collected from the beneath Building 260/261. PCE
detected in sub-slab samples SS02 and SS03, located approximately 50 feet apart varied by an
order of magnitude (Figure 14). Soil vapor samples should be collected from permanent vapor
points to allow multiple samples to be collected for evaluation of temporal variability.

9.5 Preferential Pathways

As illustrated on Figures 11 and 12, underground utilities are present in areas where shallow
soil vapor samples yielded CVOCs at concentrations greater than SLs. It is unknown whether
CVOCs may be migrating though these preferential pathways to indoor air and potentially
impacting areas located outside of the VI Inclusion Zones. Additional information on sewer line
locations and the backfill in utility corridors (native fine-grained soil or offsite fill with sand/gravel)
is needed to evaluate migration through utility corridors. Collection of vapor samples within
sewer lines are needed to evaluate sewer lines as a preferential pathway for VI.

9.6  Building Construction and Occupancy

Additional information on building construction details should be acquired for buildings located in
areas where CVOCs in soil vapor may present an unacceptable human health risk. Information
on building construction could be considered when evaluating lines of evidence for VI and to
prioritize sampling at buildings with greater potential VI risk.

The presence of sensitive receptors, such as the elderly, women of child-bearing age, infants,
children, people suffering from chronic illness and disadvantaged populations that may be
sensitive to health effects from VI is a data gap. Interviews with Ml property owners and tenants
will be conducted during implementation of the CSP to document sensitive subgroups that may
be present on the M.
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10 VI Sampling Plan Overview

USEPA guidance recommends that a site investigation for VI be conducted when the
preliminary analysis indicates the presence of subsurface contaminants with vapor-forming
chemicals underlying or near buildings. Data quality objectives (DQOs) for a phased approach
to obtaining VI data are provided. An initial phase of shallow VI screening samples is proposed
as discussed in the February 2020 meeting (Appendix A).

DQOs for additional investigation were determined using the seven-step process developed by
the USEPA in the Guidance on Systematic Planning Using the Data Quality Objective Process
(USEPA, 2006). The purpose of these DQOs are to identify project objectives and establish
performance and acceptance criteria, which serve as the basis for designing a plan for
collecting data of sufficient quality and quantity to support the goals of the study.

Step 1: State the Problem

CVOCs are present in groundwater and soil vapor greater than SLs beneath and adjacent to
occupied buildings (Figure 12). Data gaps identified in Section 9 need to be addressed in order
to evaluate VI risk and determine whether VI mitigation is necessary.

Step 2: Identify the Goal of the Study
Goals of this investigation are:
e Identify area of the Ml where CVOC:s in soil vapor pose an unacceptable human health
risk from VI; and
e Determine whether CVOCs in soil vapor are migrating to indoor air at concentrations
sufficient to present an unacceptable human health risk.
Step 3: Identify Information Inputs
Information inputs planned to be used to achieve the goals of this study include the following:
e Semi-qualitative soil vapor samples collected from shallow borings to determine CVOC

concentrations across the M| with decreased spacing in VI Inclusion Zones, and suspect
source areas;

e Follow-up semi qualitative soil vapor sampling to further delineate SL exceedances
measured in the initial samples;

= Soil vapor sampling from VMPs constructed at varying depths to vertically delineate
CVOCs and sub-slab soil vapor sampling within buildings; samples collected from
permanent VMPs and sub-slab sample points that can be monitored over time to reduce
temporal variability, estimate attenuation factors, and measure pressure differential;

e Inventory of building construction details, occupancy, primary use, and initial screening
with field instruments to evaluate exposure pathways prior to indoor air sampling;

e Indoor and outdoor air samples collected from buildings where soil vapor may present
an unacceptable VI risk;
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Evaluate suitability of radon gas analysis in sub-slab and indoor air samples for use in
calculating site-specific soil vapor to indoor air attenuation factors.

Collect regional and site-specific meteorological data that to include wind speed,
temperature, precipitation and barometric pressure to support VI decisions; and

Evaluate VI risk by comparison of analytical results to USEPA screening levels (Table
2).

Step 4: Define the Boundaries of the Study

The spatial boundary for VI investigation is the Ml property boundary. Offsite groundwater
contamination migrating on to the Ml is considered to result from offsite sources. The temporal
boundaries are the source areas investigation in 2008 (Section 5.5) through implementation of
the CSP, which should begin in 2021.

Step 5: Develop the Analytic Approach

The following data will be obtained:

The initial semi-qualitative soil screening will utilize time integrated passive sorbent
samplers deployed in shallow borings advanced up to 3 feet bgs on the MI. The
samplers will be deployed for approximately 14 days to meet residential SLs (Table 2).
The samples will be analyzed for VOCs by USEPA Method 8260C.

After receipt of analytical results for the soil screening samples, additional passive
sorbent samplers will be deployed to further delineate areas of high CVOC
concentrations and passive samplers will be deployed or grab samples collected from
sewer manholes, if accessible, for initial evaluation of the sewer lines as preferential
pathways. The samples will be analyzed for VOCs in the same manner as the initial
samples.

After receipt of analytical results for the soil screening samples, VMPs and sub-slab
sample ports will be constructed to:

o Delineate SL exceedances reported during the initial sampling event,

o Collect active soil vapor samples from multiple depths to validate CVOC
concentrations measured in passive samplers and vertically delineate CVOCs in soil
vapor,

o Develop vertical contaminant profiles to delineate CVOC concentrations and
determine whether CVOCs in soil vapor may have originated from a soil source or
groundwater,

o Collect soil vapor samples from VMPs throughout the year to evaluate temporal
variability in CVOC concentration,

o Allow simultaneous sub-slab soil vapor sampling during indoor air sampling events
and/or

o Monitor differential pressures in VMP depths and across building foundations to
provide additional data than can be used to evaluate VI.

30 | June 2022



Vapor Intrusion Conceptual Site Model
Revision 1 Main Installation — Defense Depot Memphis, Tennessee

e Conduct building surveys, prior to indoor air sampling events, in areas of the Ml where a
complete VI exposure has been identified. Buildings will be prioritized based on their
occupancy, construction type, and source, strength, and proximity to CVOCs. The
building inventory may include screening of preferential pathways with parts per billion
(ppb) photoionization detector (PID) or portable gas chromatogram and mass
spectrometer (GCMS) to determine entry points for contaminated soil vapor.

e Sub-slab, indoor and outdoor air sampling for CVOCs at buildings prioritized to present
the greatest VI risk.

e Determine whether CVOCs are present in indoor air at concentrations greater than
indoor air screening levels and/or interim response action levels for TCE (Table 2)
(USEPA, 2014).

* Use the site-specific attenuation factors, if determined, and/or the USEPA’s 0.0005
groundwater to indoor air attenuation factor to evaluate VI risk, as applicable.

* Analysis of soil vapor samples for VOCs by EPA Method TO-15.

 Comparison of analytical results to SLs listed on Table 2.

Step 6: Specify Performance or Acceptance Criteria

Analytical results must meet USEPA method-specified laboratory quality control (QC) criteria
and be shown to be useful for the intended purpose through data verification and validation,
consistent with the DDMT Uniform Federal Policy (UFP) Quality Assurance Project Plan (QAPP)
(HDR, 2018).

A Tennessee-registered land surveyor will establish horizontal and vertical control for all passive
sample locations and VMPs. Vertical control will be established to 0.01 foot and will be based
on the NAVD. Horizontal control will be established to 0.1 foot and will be based on the
Tennessee State Plane Coordinate System. Handheld global positioning system units, capable
of sub meter accuracy, will be used to establish horizontal control for passive sampler locations.
Horizontal control will be established to less than 3 feet and will be based on the Tennessee
State Plane Coordinate System.

Soil vapor sampling, indoor air sampling, laboratory analysis, and data validation will be
conducted in accordance with:

- DDMT UFP QAPP (HDR, 2018);

e ASTM D7758-17 Standard Practice for Passive Soil Gas Sampling in the Vadose Zone
for Source Identification, Spatial Variability Assessment, Monitoring, and Vapor Intrusion
Evaluations (ASTM, 2017);

e OSWER Technical Guide for Assessing and Mitigating the Vapor Intrusion Pathway from
Subsurface Vapor Sources to Indoor Air (USEPA, 2015);

e DoD Vapor Intrusion Handbook Fact Sheet Update No. 010 (TSERAW, 2020);
e DoD Vapor Intrusion Guidance (TSERAW, 2009);
e General Data Validation Guidelines (US DOD, 2018); and
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e Environmental Quality Guidance for Evaluating Performance-Based Chemical Data, EM
200-1-10 (USACE, 2005).

e Vapor Intrusion Investigation Process and Flowchart (TDEC, 2016)

Step 7: Develop the Plan for Obtaining Data

A phased approach with multiple field events will allow sample collection, laboratory analysis,
and data review to identify data gaps for subsequent field events.

Phase 1a. Initial Passive Soil Vapor Sampling

e Deploy passive samplers on a grid with 1,000-foot unbiased spacing, biased passive
samplers on a 500-foot grid within the VI Inclusion Zones, and biased passive samplers
on a 100-foot grid withing areas where previous soil vapor samples have exceeded SLs
(TTA-1N, TTA-1S, and TTA-2).

e Analyze the passive soil vapor samples for VOCs by USEPA Method 8260C.

e Prepare data summary report for Army review with discussion of field activities, data
tables with non-validated analytical result, comparison of analytical results to SLs,
figures, and recommendations for additional passive soil vapor sample locations.

Phase 1b. Follow-up Passive Soil Vapor and Sewer Line Sampling

« Install additional passive soil vapor samplers to laterally delineate SL exceedances
detected during initial passive sampling.

e If accessible, deploy passive samplers in sewer line manholes at TTA-2 to evaluate
CVOC concentration in sewer gas and determine if this may be a preferential pathway.
Sewer line samples may be collected from other areas based on initial passive soil vapor
sample results.

e Analyze the soil vapor samples and sewer line samples for VOCs by USEPA Method
8260C and TO-17, respectively.

e Prepare data summary report for Army review with brief discussion of field activities,
data tables with non-validated analytical results, comparison of analytical results to VI
SLs, figures, and recommendations for active sampling.

Phase 2. Active Soil Vapor and Indoor Air Sampling

e Construct permanent VMPs, screened at varying depths from approximately 5 feet bgs
to 10 feet above the water table. Purge and sample VMPs to vertically delineate
contaminants detected in passive soil vapor samples and/or in areas above groundwater
plumes to delineate soil vapor at concentrations above SLs. Install and sample sub slab
sample ports inside select buildings to characterize contaminant concentrations beneath
building foundations.

e Perform building inventory prior to indoor air sampling.

« Sample indoor air from buildings selected based on passive sample results concurrent
with adjacent sub-slab and/or VMP soil vapor sampling.

e Sample outdoor air during indoor air sampling events to evaluate background conditions.

32 | June 2022



Vapor Intrusion Conceptual Site Model
Revision 1 Main Installation — Defense Depot Memphis, Tennessee

e Analyze indoor air, outdoor air (background), and vapor samples for VOCs by EPA
Method TO-15.

e Document building uses and characteristics for buildings located within VI Inclusion
Zones through building plan review, property owner or tenant interviews, and/or building
inspection.

e Prepare data summary report for Army review with brief discussion of field activities,
data tables with non-validated analytical results, comparison of analytical results to SLs,
figures, and recommendations necessary.

« Notify TDEC and USEPA within 24 hours after receipt of validated analytical results if
VOCs are detected in indoor air at concentrations sufficient to pose a cancer risk greater
than 1x10* or noncancer risk greater than 1.0.

Phase 3. Follow-up Soil Vapor Sampling and Indoor Air Sampling

e Resample VMPs, sub slab sample ports, indoor air, and outdoor air approximately six
months later to confirm initial results.

e Perform building inventory prior to indoor air sampling.
e Analyze samples for VOCs by EPA Method TO-15.

e Prepare a final report that describes VI risk and recommended mitigation, if necessary.
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1. Shallow soil vapor samples were collected at depths of 1 to 5.5 feet below ground surface.
2. Deep soil vapor samples were collected at depths of 38.5 to 43.5 feet below ground surface.
3. Groundwater samples were collected at depths of 99.6 to 117.5 feet below ground surface.
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April 2019 Groundwater Analytical Results :
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1. Shallow soil vapor samples were collected at depths of 0.5 to 5.5 feet below ground surface.
2. Deep soil vapor samples were collected at depths of 31.5 to 43.5 feet below ground surface.

3. Groundwater samples were collected at depths of 89.5 to 102.6 feet below ground surface.
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Notes:

1. Deep soil vapor samples were collected at depths of 34.5 to 37.5 feet below ground surface.
2. Groundwater samples were collected at depths of 101.8 to 113.6 feet below ground surface.
3. MW-317A/B results from November 2019.
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