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Executive Summary

In October 1992, the Memphis Depot (formerly known as the Defense Distribution Depot
Memphis, Tennessee [DDMT]), was placed on the National Priorities List (NPL) by the

U.S. Environmental Protection Agency (EPA). Subsequently, the Depot conducted a
Remedial Investigation/Feasibility Study (RI/FS) to evaluate the nature and extent of
contamination; evaluate the risk to human health and the environment; and identify feasible
remedial actions. In January 2000, an RI report was accepted by EPA; the Defense Logistics
Agency (DLA), the lead agency; and the Tennessee Department of Environment and
Conservation (TDEC).

The FS is intended to present an unbiased and non-judgmental evaluation of potenhal
alternatives. This FS develops and presents a range of remedial alternatives to address the
contaminants in the surface soil on the Main Installation (MI) at the Depot, and evaluates the
probable performance of each alternative according to a set of criteria established by EPA.

The RI showed that the risk posed by contamination of surface soil is due primarily to lead,
arsenic, and dieldrin. These chemucals occur within the top one-foot of soil in localized areas
throughout the MI. Although no one currently lives in the areas studied, levels of these
chemicals exceed those levels calculated to pose a risk to residents. Concentrations of lead
exceed the levels calculated to pose a risk to industrial workers in one area of the ML This
FS determined that appropriate remedial action objectives are to prevent exposure of future
on-site residents to surface soil contaminated with dieldrin and arsenic in excess of Human
Health Risk Assessment (HHRA) criteria, and future on-site residents and industrial
workers contaminated with lead 1n excess of risk-based criteria at the ML

More than 60 process technologies were evaluated in a series of screening steps to derive a
short list of the most practical and potentially effective remedial alternatives. These five
alternatives were evaluated in detail to determine their overall effechiveness, cost, and
acceptability:

No action (an alternative required to be considered by CERCLA);
Institutional controls;

Soil containment;

In-situ soil treatment; and

Excavation, transportation, and off-site disposal.

A N

All alternatives except no action were judged to meet remedial action objectives considering
the nine EPA criteria, including overall protection of human health and the environment,
compliance with laws and regulations, long-term and short-term effectiveness, reduction in
contaminant mass, ease of implementation, and state and local acceptance. The costs of the
remedies vary from $0 (no action) to over $7.2 million (excavation, transportation, and
disposal). The DLA, in consultation with EPA and TDEC, will select a proposed remedy and
publish it in a Proposed Plan. The public and regulatory agencies will have an opportunity
to comment on the Proposed Plan. The DLA m consultation with EPA and TDEC will weigh
all comments received before it selects the final remedy in the Record of Decision (ROD).

GNV/003573725-FRONT MATTER SLH2072 DOC SOILS ES1
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1.0 Introduction

The Memphis Depot (formerly known as the Defense Distribution Depot Memphis,
Tennessee, and referred to in this report as the Depot) is in southeastern Memphis,
Tennessee (Figure 1-1). The Depot originated as a military facility in the early 1940s. Its
initial mission and function was to provide stock control, materiel storage, and mamtenance
services for the U.S. Army (Memplus Depot Caretaker, 1998). Storage and distribution of
materiel for all U.5. military services and some civil agencies continued until the Depot
closed in September 1997. The Depot was placed in 1997 on the list of Department of
Defense (DoD) facilities to be closed under Base Reahgnment and Closure (BRAC).

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

U.S. Environmental Protection Agency (EPA), bringing the facility within the Superfund
program. As a result of its status as an NPL site, the Depot entered into a Federal Facilities
Agreement (FFA) on March 6, 1995. The signatories to that agreement, the Defense Logistics
Agency (DLA), EPA, and Tennessee Department of Environment and Conservation (TDEC),
agreed that investigating all applicable sites at the Depot would proceed under the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
process for remediation.

1.1 Purpose of This Feasibility Study

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

* For the past several years, a series of investigations have been conducted at the Depot to
obtamn samples of soil, sediment, groundwater, and other impacted environmental
media to assess the level of contamination that exists at the Depot, defining the
horizontal and vertical extent of contamination in each medium. The Remedial
Investigation (RI) report (CH2M HILL, 2000a) summarizes and interprets the results of
the investigations at the Depot.

* Aspartof the R, a Baseline Risk Assessment was prepared to assess the potential risks
to human health and the environment represented by contaminants at the site. The
baseline risk assessment incorporated EPA approved assumptions regarding exposure
of affected individuals under different land use scenanos. The findings of the base
remedial assessment are included in the RI report (CH2M HILL, 2000a).

* This Feasibility Study (FS) develops and presents a range of remedial alternatives to
address the contaminants present at the Depot, and evaluates the probable performance
of each alternative in comparison to a set of criteria established by the EPA. The FS is
intended to present an unbiased and non-judgmental evaluation of the selected
alternative(s). In some cases, additional environmental data are collected or reassessed

GNW003673629-RAL1295 DOC S0ILS 1-1
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during the preparation of the FS in order to understand the apphcability of a particular
remedial technology, or to determine a better way to remediate a particular area of
contamination.

Following publication of the FS, the cognizant regulatory and lead agencies for the
Depot {Defense Logistics Agency [DLA], EPA and TDEC will evaluate the remedies
presented in the FS. A Proposed Plan will then be prepared documenting the remedy(s)
proposed by those agencies and the rationale for the selection of the proposed
remedy(s). The Proposed Plan may “pick and chose” among the evaluated alternatives
for various locations at the Depot. The Proposed Plan will be presented to the Memphis
community and the public, who will be offered the opportunuty to comment on the
proposed remedy(s).

After public comments are received on the Proposed Flan, the regulatory and lead
agencies will take all comments into consideration, re-evaluate their selection of
proposed remedy(s) for the Depot, and publish a Record of Decision (ROD)
documenting the final remedy(s) selected for the Depct. All public comments are
presented and responded to in the Responsiveness Summary of the ROD. The remedy(s)
documented in the ROD will then be implemented at the Depot.

1.2 Report Organization

This FS report develops a list of remedial actions that could be implemented for surface soil
at the Main Installation (MI) part of the Depot. The FS report for groundwater beneath the
Ml is addressed in a separate FS report.

This report contains five sections and appendices, which are organized as follows:

Section 1 provides the purpose and scope of the documnent, background information
about the Depot, and a summary of the nature and extent of contarrunation, target levels
for remedial action, and the baseline risk assessment.

Section 2 presents the remedial action objectives (RACs) for groundwater, details
general response actions (GRAs), and describes the technologies that may be applicable
to remediate groundwater.

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

Section 4 presents a detailed analysis of the merits of the alternatives that passed the
screening steps in Section 3.

Section 5 provides the references cited.
Appendix A presents risk calculations on which the RAOs are based.
Appendix B presents cost estimates for remedial actions.

Appendix C is a memorandum explaining the evaluation of the recreational land use
scenario in functional unit (FU) 2.

SCILS GNV\003573629-RAL1295 DOC
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1.3 Background Information

1.3.1 Facility Description

The Depot covers 642 acres of land (Figure 1-1). The MI comprises 574 acres of the Depot,
and is the subject of this report. Dunn Field, to the north of the MI, comprises the balance.
Separate RI and FS reports are being prepared for the Dunn Field portion of the Depot.
Airways Boulevard borders the Depot on the east and provides primary access to the
installation. Dunn Avenue, Ball Road, and Perry Road serve as the northern, southemn, and
western boundaries of the MI, respectively.

At the time of closure, the Depot included approximately 118 buildings, 26 miles of railroad
track, and 28 miles of paved streets, the majority of which lie within the MI. The facility has

approximately 5.5 million square feet (ft) of covered storage space and approximately

6 million square ft of open space. As part of the BRAC process, the Depot will be transferred
to the City of Memphis for subsequent commercial and recreational development.

1.3.2 Facility Operations

During World War II, the Depot served as an internment center for 800 prisoners of war and
performed supply missions for the Army’s Signal and Ordnance Corps. From 1963 until
closure in September 1997, the facility received, warehoused, and shipped a variety of
materials. Stocked items included food; clothing; electronic equipment; petroleum products;
construction materials; and industrial, medical, and general supphes. Approximately

4 million line items were received and shipped by the Depot annually. In 1996, total
shipments amounted to about 107,000 tons of goods. The Depot employed approximately
1,486 civilians and 9 military personnel (Law Environmental, 1990).

Operations within the southeastern part of the MI included stormg and repackaging food
and clothing supplies. Small amounts of hazardous materials were used for facility
maintenance. Operations in the southwestern part of the MI involved storage and handling
of hazardous materials, mncluding acids, bases, industrial-grade solvents (xylene, toluene,
methy] ethyl ketone [MEK]), oils (vehicle and rifle/gun), lubricants, pesticides, and
herbicides. Operations in the northern part of the MI included storage of hazardous
materials, treatment of wood products with pentachlorophenol (PCP), and storage of 1tems
awaiting disposal.

During its operational life, the Depot used different areas within the MI to perform
maintenance activities. Maintenance activities such as painting and paint sandblasting,
vehicle maintenance, and gasoline storage may have released contaminants to the
environment. Other activities that may have released contaminants include storing
transformers containing polychlorinated biphenyls (PCBs), storing and using pesticides and
herbicides, conducting painting and sandblasting cperations, and testing fire truck pumps.

1.3.2.1 Regulatory History

The Depot was issued a Resource Conservation and Recovery Act (RCRA) Part B permit
(No. TN4 210-020-570) by EPA Region IV and (Tennessee Department of Environment and
Conservation) TDEC on September 28, 1990. Subsequently, EPA added the Depot to the NPL
(Superfund) by publication in the Federal Register (FR), 57 FR 47180 No. 199, on October 14,

GNV\003573629-AAL 1295 DOC S0ILS -3
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1992. As a result of 1ts listing as an NPL site, the Depot entered into an Federal Facilities
Agreement on March 6, 1995. The signatories, Defense Logistics Agency (DLA), EPA, and
TDEC, agreed that procedures for NPL sites (rather than RCRA) would be followed for
inveshgating and remediating the facility. Prior reports describing investigations at the
Depot refer to certain areas (sites) with different names. For example, investigations in the
early 1990s used the term Operational Unit (OU) to describe a group of sites used for similar
purposes. After the Depot was selected for closure under BRAC, 35 parcels within the Ml
were identified for property transfer. These parcels were grouped primarily by their ability
to be transferred or leased as individual properties (e.g., 1ndividual buildings and
surrounding grounds of adjacent buildings) rather than by prior use. For the purposes of
completing the RI and FS while complying with BRAC requirements, the term “Functional
Unit” (FU) was established to identify groups of sites based on both operational history,
expected use and location. Figure 1-2 presents FU and parcel boundaries within the ML

Each FU represents an area where potential human health exposure generally would be
uniform because of consistent past and expected future practices within the FU. This report
references FUs and parcels rather than the OUs as identified in the 1995 planning
documents, and described as follows:

FU Size Common Past Land
No. Name (acres) Use Description
1 Twenty 89 Transportation to and  Located in the northeastern area of the MI,
Typical storage In closed consisting of about 20 large warehouses, with
Warehouses warehouses interspersed roadways and railroad tracks
2 Southeast 53 Golf, other recreation  Located in the southeastern corner of the Mi1,
Golf Course/ consisting of golf course (Parcel 3). This FU also
Recreational includes a baseball field and a smatl playground in
Area the southieastern corner. This FU includes two
construcied ponds and two concrete-ined dranage
ditches fiom the ponds teading to the off-site area
3 Southwest 92 Transportaton to and  Located in the southwestern corner of the M,
Open Area storage in open-sided  consisting of vaned type of parcels and sites.
warehouses, painting
and sandblasting,
open storage
4 Northern and 193 Open storage, and Located min the north-central to northwest area of
Open Areas transpertation to and  the M, covenng a large area.
storage n closed
warehouses
5 Newer 109 Transportation to and  Located in the south-central area of the Ml and
Warehouses storage In closed includes 10 large warehouse buildings.
warehouses
6 Administrative 33 Offices, equipment Located along the property boundary of the Depot

and
Residential
Areas

storage and
maintenance, on-
base housing

along the: Airways Boulevard. This FU includes the
old Residential Unit Area, parking lots, and other
asphalt-paved areas.

1-4
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The following parcels, depicted on Figure 1-3, were not studied in this FS due to completed
or planned removal actions:

* Soils in Parcels 28 and 35 within FU3 are contaminated with metals and polycyclic
aromatic hydrocarbons (PAHs) from painting and sandblasting activities. These soils are
being removed as part of an ongoing removal action (CH2M HILL; 1999a);

* Surface soil within Parcel 2, surrounding the former base housing area, has been
removed due to the presence of the pesticide dieldrin (OHM Remediation Services
Corp., 1999a}; and

¢ Surface soil surrounding the former cafeteria (Building 274) within Parcel 5 has been
removed due to elevated levels of PCBs (OHM Remediation Services Corp., 1999b).

* The contents of the sumps in Buildings 251 and 265 have been removed and the sumps
cleaned; Building 251 and the sump inside were razed in 1999.

In addition, the areas consisting of Building 144 and the adjacent north and south parking
lots (i.e., the Administrative Area) in FU6 are ehminated from further evaluation in this FS
because they do not require remedial action to facilitate the transfer of property or to meet
requirements of CERCLA (Figure 1-3). No hustorical waste handling activities were
conducted in these areas.

1.3.3 Constituent Fate and Transport by Chemical Group

The nature and extent of contamination was assessed for the surface soils, subsurface soils,
surface water, sediments, and groundwater across the MI. All media except groundwater
were studied in geographic subsets of the MI (the geographic FUs). Groundwater was
assessed as one FU (FU7), although it covers the entire MI, and will be addressed in a
separate FS report. Nature and extent findings are summarized below by FU and are
described in more detail in the RI report (CH2M HILL, 2000a).

1.3.3.1 Soil COPCs

The soil chemcals of potential concern (COPCs) identified for consideration in the FS for
soils include two metals (lead and arsenic), PAHs, dieldrin, PCBs, and tetrachlorodibenzo-p-
doxins (TCDD). The fate and transport of each of these COPCs in soils are briefly
summarized below from Section 6 of the RI report (CH2M HILL, 2000a).

Metals

Metals have been detected in all media at the Depot, and in general, are persistent in the
environment. A direct relationship between the measured total metal concentration in soil
and the extractable aqueous concentration cannot be assumed. The metal may be fixed in
the interior of the soil and unavailable for exchange or release to water, or an exchangeable
metal may be present at the surface of the particles. The potential release and migration of
metals in the subsurface environment is a complex process.

Lead has a strong tendency to adsorb to the soil. A significant fraction of lead is insoluble
and may be associated with colloidal particles. On the basis of the site data, lead is limited to
the surface soils, indicating that it is tightly bound to the soils and paint material and is not
leaching. Figure 1-4 shows the distribution of detected lead concentrations across the MI.
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The adsorption of arsenic onto clays, iron oxides, and‘:org.aruc (humic) material is also an
important transport pathway Figure 1-5 shows the distribution of detected arsenic
concentrations across the MI. None of the inorganic chemucals detected in the surface soil
was detected in the subsurface soils at elevated concentrations, mdicating that the chemicals
they are not mobile in the surface soils at the Depot

Chlorinated Pesticides

Dieldrin was the most commonly detected chlorinated pesticide at the Depot. Figure 1-6
shows the distribution of detected dieldrin concentrations across the ML This pesticide is
not expected to volatilize significantly. Dieldrin-type pesticides (e.g. DDT, 1,1,1-Dichloro-
2,2-bis(4-chlorophenyl)ethylene [DDE], and dichlorodiphenyldicloroethane [DDD]) are
more hkely to sorb to soil and are less mobile in aqueous phases. The most likely migration
pathways for chlorinated pesticides are transport in particulate emussions and transport of
sorbed materials in surface runoff. :

Dieldrin is extremely nonpolar and, therefore, has a strong affinity for organic matter in soil
and sorbs tightly to soil particulates. It has low mobility through the soil column and
migrates extremely slowly, even under saturated soil conditions. This low mobility is
consistent with what was observed at the Depot, where scils deeper than 2 ft are essentially
free of dieldrin. Thus, surface runoff and airborne particulate emussions are the potenhal
migration pathways for the chlorinated pesticides.

Use of these chlornated pesticides has been discontinued in the U.S. for over a decade. The
detection of high concentrations in the exposed soil after so many years since the last
application indicates that the degradation rates of these pesticides are slower than the rates
cited in the literature (Agency for Toxic Substances and Disease Registry, 1992).

PCBs

PCBs are chlorinated organic compounds that are similar to chlorinated pesticides detected
in the surface souls at the Depot. Aroclor-1260 was the only PCB detected in surface soil but
it was not detected in subsurface soil. PCBs are characterized by low water solubility, low
volatlity, and a hugh affinity for organic matter. PCBs are also slow to break down in the
environment. At very high temperatures, these chemicals could form poly-chlorinated
dibenzofurans and, to a lesser extent, dibenzo-p-dioxins. Similar to chlorinated pesticides,
PCBs tend to remain bound to soil particles. The primary migration pathways are surface
runoff with soil erosion and dust emussion.

PCBs were detected infrequently in surface soils and were not detected in subsurface soils,
sediments, or surface water at the Depot. They were not found to mugrate through ditches or
to the groundwater. EPA has developed three sets of toxicity factors for this group of
compounds. Of these, the most conservative set, based on high toxicity and persistence, was
used in the risk assessments for the MI. The risks from PCBs at the Depot were within the
same acceptable nsk limits of 1 to 100 in 1 million.

PAHs

Most of the PAHs detected across the MI were present along the railroad tracks and the
roadways, with the most elevated concentrations associated with the railroad tracks. PAHs
are relatively persistent, particularly when mixed with asphalt-type materials, and represent a
broad class of compounds ranging from low-molecular-weight components, such as

16 SOILS GNW\D03673629-RAL 1295 DOC



510 20

MEMPHIS DEPOT MAIN INSTALLATION SOILS FS - 7/3/00

naphthalene, to high-molecular-weight compounds, such as dibenz(a,h)anthracene. Solubulity,
volatility, biodegradability, and toxiaity vary widely across this class of compounds.

High-molecular-weight PAHs are more hikely to be transported via particulate enussions,
while low-molecular-weight PAHSs have a greater tendency to volatilize. When PAHs are
present in tar and oil waste muxtures, their behavior is determined largely by the mobulity
and behavior of the waste itself. Low-molecular-weight PAHSs can migrate from spils and
continuous releases of tars and oils, but as weathering occurs, the rate of release decreases.
Higher-molecular-weight PAHs would persist in the vianity of the ortginal release.

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

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

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

Dioxins

The aromatic heterocyclic compound 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) was not
directly detected in the site samples. The reported TCDD equivalents were based on higher
chlormated (hepta and octa) isomers, converted to the TCDD equivalent concentrations.
These chemicals have no commercial use and are released 1nto the environment from
chemical and combustion processes. The TCDD isomer has a very low solubility and
therefore, a very high carbon-based sediment partition coefficient. The airborne TCDD and
congeners have long half-lives, with more highly chlorinated congeners reaching further
distances because of their longer half-lives. The two processes that are likely to remove
TCDD and congeners from water and soil are vaporization and photolysis. TCDD and
tetrachlorodibenzofurans (TCDFs) are common in urban environments and are found mn
background conditions at concentrations similar to those detected in the Depot soils.

1.3.4 Baseline Risk Assessment Summary for the Feasibility Study

A baseline risk assessment was conducted for each of the six soil FUs in the MI. Numerous
meetings and communications between EPA, TDEC, and BRAC Cleanup Team (BCT) led to
agreement on the methodology used for the human health risk assessment (HHRA). Overall
results indicate that, under current (limited) land use conditions at this old industrial
storage facility, no threat to human health or ecological receptors exists above acceptable
limuts. Health risks to industrial workers are within acceptable levels for future industrial
use of the property, except for lead in some limited surface soil areas.

GNW\003673629-RAL1295 DOC SOILS 1-7
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A future residential nisk scenario was performed for comparison purposes only. The results
will not be used for site management decisions because this is unlikely to be a switable
future residential site. It is unlikely that this industrial facihty will be used for future
residential purposes for several reasons. For example:

e The Ml is currently zoned light-industrial;

» Depot redevelopment plans do not include future res:dential development;
» The large warehouses are still valuable for commercizl uses; and

¢ Industnal/commercial uses offer the potential for employment.

Future residential health risks due to exposure to chemicals in soil are addressed in this FS
to assist remedial management decisions. Chemicals introduced into the environment at the
Depot are not likely to pose an ecological threat.

1.3.4.1 Ecological Risk Assessment Results

The natural habitat in the MI area is very limited to non-existent. Occasional terrestrial
animals visiting the facility or living nearby any of the six FUs are not subject to a significant
threat from the site media. A hmited number of aquatic species potentially living in the two
ponds in the golf course area (FU2) are not threatened by the current sediment and surface
water conditions in the ponds. The overall ecological risks from soil, sediment, and surface
water concentrations, therefore, are not an ecological concern.

Ecological receptors, like terrestrial or aquatic animals and plants in the ponds and streams,
are not being exposed to the site groundwater, and they are not likely to be exposed in the
future. This FS, therefore, does not address protection of potential ecological receptors.

1.3.4.2 HHRA Resuits

The Human Health Risk Assessment (HHRA) compares site- and chemucal-specific risk
estimates with the acceptable health risks and hazard index (HI) levels. Acceptable risk levels
(risks) for NPL sites range from 1 to 100 excess lifetime cancer risks (ELCRs) per 1 million.
The acceptable target HI for non-carcinogenic chemucals i5 1.0. Table 1-1 summarizes the
risks and HlIs across the MI for surface soil (FUs 1 through 6). The table summarizes the risk
calculations for COPCs considered in the RI. When the cumulative ELCRs are greater than 1
x 104, and /or HIs greater than 1.0, site chemucals contributing to these excess nisks and HI
are listed as chemicals of concern (CQOCs) for further evaluation in this FS.

Soil, Sediments, and Surface Water
Direct exposures by human receptors to sediment and surface water in the ponds in FU2 did
not present risks above the acceptable levels and are not addressed in this FS.

For surface soils, the acceptable risk levels were not exceeded anywhere on the Depot for
industrial workers from organic chemicals, but were exceeded in FU4 for lead.

If the site were ever to be used for residential purposes in the future, the surface soil risks
would not be acceptable in some of the areas of the MI. The most common COPCs for excess
risks to future residential receptors are the PAHs. PAHs were detected throughout the MI in
samples collected near railroad tracks and asphalt-paved roads. Other surface so1ll COPCs
for potential future residential receptors are dieldrin, PCBs, and arsenic. These were
detected less frequently or at lower concentrations and thus are considered less significant
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than the PAHs. Also, lead was detected in a few areas at high concentrations; some of these
areas are associated with historical paint operations in the southwestern corner of the
Depot. Health-based risks from lead are not calculated like cancer and HI risks; tather, they
are addressed as a separate issue related to blood uptake models. Health-based protective
target concentrations for lead in soil (1,536 parts per million [ppm]) were calculated during
the RI for an industrial worker and were included in Table 7-16 of the RI report. A similar
target value protective of future residential children is estimated to be 300 milligrams per
kilogram (mg/kg). The calculations, estimated blood-lead level probability graphs, and the
average and maximum lead estimates at FUs 3 and 4 and the individual sites within these
FUs are presented in Appendix A.

* Table 1-2 lists remedial goal option (RGO) target concentrations of the COPCs for
surface soil, which are protective of industrial workers or future residents. The
calculated RGOs address target risks of 1 1n 1 million to future industrial workers and
potential future residents. The target lead levels are designed to achieve a blood-lead
level at or below the target levels of 10 micrograms per deciliter (ug/dL) 1n 95 percent of
the population, following EPA directive (EPA, 1994).

¢ The COPC identified for future industrial workers is lead. None of the other chemicals
present excess risks/HIs.

¢ The COPCs identified for a potential future resident are PAHs, dieldrin, lead, and
arsenic, whach contribute cumulative risks above 1 in 10,000 (104) and/or HI>1.0 levels
in the MI risk assessment.

* This FS develops alternatives that address the areas with excess lead contamination
above worker health protective criteria. The alternatives screening analysis also includes
the residential cumulative risks above 104 and HI > 1.0 and lead above residential chuld
health protective levels.

¢ PCBs and TCDD are COPCs in FU4. PCBs were detected in 1 of 22 samples in FU6, in
the area which was remediated as part of the removal action near the cafeteria 1n this
FU. The total TCDD equivalents within FU4 were slightly above background; however,
they are below the 1-ppb action level set by EPA, which is an Applicable or Relevant and
Appropriate Requirement (ARAR) (EPA, 1998). Therefore, PCB and TCDD will not be
further evaluated in this FS.

* Aseparate risk assessment was performed for FU2 surface soils, assuming a recreational
golfer exposure scenario. Alternative unlimited recreational land use scenarios for FU2
were also considered. Appendix C includes a Technical Memorandum (TM) that
evaluates risks at the golf course for additional recreational scenarios, such as jogging,
playing soccer, and installation of playground equipment associated with use as a public
park. The TM evaluates the potential human health risks from using the golf course as a
general recreational use area such as a public park. This supplemental risk assessment is
not included in the final RI since the alternative unrestricted land use scenario was
established after completion of the final RI report. Several exposure scenarios were
evaluated for the golf course using the upper confidence Limit at 95 percent above the
mean value (UCL 95 percent) the maximum detected concentrations as exposure point
concentrations, as reported in the streamlined risk assessment. The TM concludes that
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the golf course may be used as a golf course, baseball field, playground, and soccer field.
It may not be used as a future residential area under the assumed exposure conditions
evaluated in this risk assessment without access control or remediation.

1.3.4.3 Summary of Recommendations from Baseline Risk Assessment

The baseline risk assessment recommendations for human health and ecological protection
for the MI are as follows:

110

Ecological receptors are limited at this urban site. Any receptors present are not being
threatened on the basis of site contarmnation conditions and thus do not requure
protection.

Current exposures from all media are limited to workers 1n the leased properties. The
health risks are negligible to workers doing routine maintenance work, such as mowing
grass, moving stored materials across the parcels, working indoors dong office work, or
doing landscaping, utility maintenance, or construction work.

Future exposures from all media to workers spending prolonged periods of time in
smaller areas also do not present significant (non-lead | risks (“sigraficant” is defined as
risks in excess of 1 in 10,000 or HIs >1.0, for a worker) even from the most contaminated
areas.

Future exposure from surface soils to future residents presents an excess health risk due
to the presence of PAHs along railroad tracks and asphalt pavement, and the presence of
dieldrin in FU2. These PAHs, which are located along railroad tracks and asphalt-paved
roads, will likely decrease in concentration with time.

Future exposures to lead concentrations are considered for this FS. Health-based
protective concentrations for lead in surface soil are calculated on the basis of blood-lead
levels in workers. The target concentrations were exceeded in surface soils in some areas
of the site. Some of the areas with excess lead also have elevated chromium and zinc,
which appear to be from paint sandblasting material impacting limited areas of the ML
Subsurface soils do not have these metals, indicating that these metals are bound and
not leachable.

The areas with excess lead are:

1) Areas associated with the Old Pamt Shop (Sites 31, 32, and 33 [sump in the
building] and Parcels 35 and 28}, all of which are part of the southwestern corner
of FU3;

2) Southern corner around Building P-949 in FU4; southern end of Building 702 (for
future residential scenario); and northwest corner of Building 770 (for future
residential scenario); and

3) Sump-bottom grit in Buildings 251 and 265 in FU6, which had high levels of lead;
however, this material has been removed.

— All these areas have lead levels above the target concentration of 1,536 mg/kg,
calculated to be protective of a worker’s health using the lead model of EPA’s
Technical Review Workgroup (TRW) for Lead (EPA, 1996).
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— Table 6-8 in the Rl report lists all the excess lead concentrations detected across the
MI with the associated station and sample identifications. Figure 1-4 shows areas
with lead values above target concentrations of 300 mg/kg for a future residential
child, calculated on the basis of target blood-lead levels of 10 pg/dL or less in 95
percent of the population.

1.3.4.4 Chemicals of Concern

The COPCs identified in the RI were evaluated in the HHRA for exceedances above target
risk criteria. The chemicals that exceeded those criteria and require remedial action for the
protection of human health are identified as chemicals of concern (COCs). These COCs are
presented in Table 1-3. Except as noted above and in the table, the COCs are carried forward
into the alternatives evaluation and selection processes in the next sections to develop
RAO:s.

The primary COC in surface soil for workers 1s lead; the COCs to a potential future resident
are lead, arsenic, and dieldrin. Lead occurs in areas in FUs 3 and 4 at concentrations that
exceed the health-based criteria protecting industrial workers. Dieldrin occurs at FUs 1, 2,
and 4 at concentrations that do not exceed the health-based criteria protecting unlimited
recreational uses (see Appendix C). Arsenic occurs in several areas throughout all six FUs.

PAHs compounds are not carried forward as COCs in this FS. The current practice for the
Depot is to remove the tracks as portions are developed for industrial land use. In some
cases where infrastructure needs influence the reuse of track areas, the surface soil is
covered with pavement, clean gravel or fill, thus minimizing the risk of future exposure of
the public to PAHs. Also, PAHs are not considered a CERCLA release at the Depot in
accordance with the defirution of a release under CERCLA 101(22). Since the presence of
PAHs 1s due to the application of asphalt and other common industrial and urban practices
to which CERCLA does not give authority to respond, remediation of PAHs are not further
addressed in this FS.

Candidate areas for remediation have been determined for arsenic, lead, and dieldrin under
the industrial and future residential land use criteria for each FU at the MI. These are
presented in Figures 4-1 through 4-6 in Section 4 of this FS.

1.3.5 Summary of COCs in Surface Soil for Each FU

Based on the findings of the RI, including the base remedial assessment, the following
subsections describe the surface soil COCs for each of the six FUs at the MI. Each FU and
COC are discussed in terms of the land use scenarios.

1.3.5.1 FU1 - 20 Typical Warehouses
There are no surface soils in FU] that present an unacceptable risk to Industrial workers.

If FU1 were ever developed for residential or day care use, a number of specific areas with
surface soil concentrations of dieldrin and arsenic would exceed acceptable risk levels.

There are no surface soils in FU2 (southeast golf course/recreational area) that present an
unacceptable risk to recreational users of this site.
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If FU2 were ever developed for residential or day care use, surface soil across much of the
site contains dieldrin and arsenic concentrations that would exceed acceptable risk levels. A
total of 45 acres have dieldrin concentrations exceeding acceptable levels under a residential
scenario.

'

1.3.5.2 FU3 - Southwest Open Warehouses
There are no surface soils in FU3 that present an unacceptable risk to industrial workers.

If FU3 were ever developed for residential or day care use, a number of specific areas with
surface soil concentrations of arsenic would exceed acceptable risk levels.

1.3.5.3 FU4 - Northern and Central Open Areas

There are surface soil concentrations of lead that exceed acceptable levels for industrial
workers.

1f FU4 were ever developed for residential or day care use, a number of specific areas with
surface soil concentrations of lead, dieldrin, and arsenic would exceed acceptable risk levels.

1.3.5.4 FU5 — Newer Warehouses
There are no surface soils in FU5 that present an unacceptable risk to industrial workers.

If FUS were ever developed for residential or day care use, a number of specific areas with
surface soil concentrations of dieldrin and arsenic would exceed acceptable risk levels.

1.3.5.5 FUG6 - Administrative and Residential Areas
There are no surface soils in FU6 that present an unacceptable risk to industrial workers.

If FU6 were ever developed for residential or day care use, a number of specific areas with
surface soil concentrations of arsenic would exceed acceptable risk levels.
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TABLE 1-2
Remedial Goal Options for Surface Soil
Memphis Depot Main Installation Soils FS - 7/31/00

Industrial Worker Residential
TR =1E-06 THI =1 TR = 1E-06 THI =1
Chemical {(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Metals
Arsenic 3 549 2" 197
Lead® 1536 1536 300 300
Pesticides 0.27 77 02t 168
Dieldrin
Semivolatiles 5 NC 43 NC
Benzo{a)Anthracene 0.5 NC 0.41 NC
Benzo(alPyrene 5 NC 4.3 NC
Benzo(b)Fiuoranthene 52 NC 43 NC
Benzo(k)Fluoranthene 516 NC 428 NC
Chrysene 0.5 NC 0.43 NC
Dibenz{a,h)Anthracene 5 NC 428 NC
Indeno(1,2,3-¢,d)Pyrene 5 NC 428 NC

Note' Site average lead concentrations should be eompared with target eriteria

? Lead target values were calculated using blood-lead uptake modals,
® Arsenic background value of 20 ug/kg 1s the target value (RGO) in Section 2.

NC A value not calculated

TR Target Risk f
THI Target Hazard Index

GNVAOQI673677-TABLE 1-{1){2)(3) RAL 1296 DOC SOILS



$10S

020G 982419 EN2N1)-1 318VL-LL9€9800VND

SY0BJ) BU) |0 [BAOLUAI SIPN|OUI B)tS BY) Je Jiswdojaasp BuloBug sasea|sl wIOH DD 10U a1e pue Speo: pased jeydse pue 839 PEOI|IRI LM PIJBIOOSSE 218 LONE|[BISUI UIEW 84} SSOI0R SHYd ,
pasn jou sem wdd gig Jo anjea ay} "esojaiay) ‘s(dures ayeandnp e wnwdd g pE pue wdd gLg J8 2nd U1 G15-SS 8I0WES Ul pajoalep sem PR,
(v xipuaddy 825} s101deoal [BNUSRISE O} SHSU %G6 TN SPM-N- UO PISEQ 818 SOOD Uodal S SIU) Ul 'sudifesn s|dures a)s 31e50UNS UL Paveq 1M S YEIT 81 U SO PUE Hodel |4 8y} Ui SDJOD 4
0 L<iH 0 BunngIuuod SIEDILIBYY IO S|SAS| YSIE +0115E0/ jB O} Bunnguyuoo s{esrways fenplapur L -0l O YSU BARINLIND € 18 SYS11 0] Bunnguiuod seouayD a4e $D00

stopow axeldn pea-poo|q Bursn uciiseload yieay pys fenuapisal 10} By o0g pue Uspom [euysnpul 10} ByBw geg' | ale peay Jo) pajewunse san(ea jabie )
YSII JFOUBD BLIGEY| $880XY YOI

: BLBILD YSU 1061E) 8Y) SA0QE SIB PaZIaE) pUE ‘pap|og sasuodsey soA
BUBIED) BY) JB UONGE (RIpaLLa)
8u} j0 ued S8 paAowal sem
Jtos a1 ‘leaemoy ‘peziieur sejdwes
2210 | W aIdm §g0d ‘uspisa)
B 0} [9A9] XSU , 01< uesaid (vo9ss 19%40M [BLISNPUI U O} [8A3] YSU , OL< (6661
UoNen0| Bidwes) sHOBIY PEOIIES 0} BunquIuoD SIESIWBLUD [ENPIAIPUI ut paaouwlal
WOl SHYd 6661 Ul PEADWIR) 3lam JOUI0 ON 6661 Ul PRAOWIR) Biam SJUSIIO0D
sduIng By} JO SJUBIUOD BU) ISABMOY schwuns Uy JO SIUBUOS AL JaABMOY sbpig
‘Byy/Bus 0OE §0 (9881 aapeloId Ylesy 'B/Bur 9ES' 1 1O 98] aAD3j0Kd ul sdwns pEaT ‘UussIy
PO [BUSPISBI BAOQE 1 PEST pSHYd ‘olrassy L}[ESY [BL)SNpUI SACQE S1 pEST B8uUON ON sap oN 'Lev) 045€ "Uup|RIQ '8od 'SHYd 9-Nd
Juspised reanayiodAy € o) (8ae) 18310M [ELISNPUI UB O] [8A3| XS $-0L<
¥su 0§ wiesaid (H2L58 uonesd| pSHYd o] Bunnguiuog SIEsIWayD [erpiapul
aidwieg) syors peolies wol) SHyd PUE ‘WLp|3I] DILaslyY ON BLBILD MO[2Qq BISM S19A3) pEST] SUON oN s3A ON 601 awesly ‘LIpeI] ‘SHYd 5-Nd
qdd | 0 HyHVY ue m0[aq 818m
SOAQOL wapisal jesyayjodiy e 1an10M
C1[9AB] , 01 MCI9Q BIaM S[BDIIBYD [eursnpul ue 9} |9A3] ¥su -01< Q)
18UJ0 WOouj SYSH SANe|INWND Bl ), BuIINQLIUOD SIEJIWSYD [BNPIAIPLY J3LUI0
By/Bw 0ok jo (ers| salosloid Liesy SHYd oN By/Bw 9e51 40 (9ns) aaajoNd {982yDS) pesT ‘ausssy 'AaaL
PIIYo [BlUSPISE] SAOGQE B1 pEaT  ‘ULPIAK] 'pedT ‘Oussly YHESY [BLISNPUL SAOQE St pEST ped 5B) ON oN 0082 ‘UUpE] ‘'80d 'SHvd t-nd
episal [eanayiodiy
B 0} [9A8] YSU BAIE|INLLIND
, 01< uesesd ([z 92]g uoneso) 180M JELASADUI LE 0} [8A3)
a|dwes) 53084} PEOJJES WD} 3su £-0) < 03 Bunnguuos seonuayd
sHyd sdoys jured pjo ayy puncie fenpivpur aayjo oN sdoys ued pjo {Z10vHY
BB 00 J0 1988 aaloatold yhesy punose By/Bw 985"y Jo [aA3| eadecd 1®)
PIIYD |ENUSPISE) SAOGE 5 pBET pSHYd ‘pEST “DILtas)Y LR[BSy |BIISNPUL BAOQE ST PEST pea S04 SaA oN oSty PEaT 'DIUSsLY ‘SHYd e-N4
Juspigal [eanayiodAy suning
€ 0} [8A3] YSU O L-< O BINgLIU0D
(Bx/Bw €€ § 10 10d € Mmojaq)
By/8w sz 0 Je 4(e)g pue Bybuw 19)10M [BUIENRLI UB 0} |9A8| 4S84 f-01<
2 218 uupiaip ‘BB 62 1B aUBSIY | SHY ‘UUpaIg "ouasly 03 Bunnguuoo sjeoiwaLo [Bnpiaiput oN auoN oN SOA ON o081 UBSIY ‘ULPIRIY 'SHYS 2n4d
s101da08) [eluapIsal 1-N4 1€ $D0D
[eotiauodAy Jo) S19A8| 0L X |<I® oSHYd ou “‘alopalay) ‘s10ydanal felsnpul 10} pEaT PUB 'DILasly
3su [ey0) 03 Sunnquiueo sieanusy) PUB ULPAIQ 'DIUBSIY  $-0) MOISU S1aM SHSH BAIRINLIND BY | SUON oN saj oN 162 ‘uupEIg 'god ‘SHvd 1-nd
s goMeuess JUBWIWOD opeuads glefle)  jejuepisoy |lelsnpuy (By/Bw) $93d0D uwn
epuepised |etsnpuy ‘Ut I IH pue L IH pue oue) (d) |leucnaung
BS00D pS002 PAOOY  $-OLXL HOTIA  OIXE HD13  pee xen
pess] 1ebJe] sroqy jebie) onoqy

O0/L8/Z — S SHOS uoneyelsuf Lieyy 10daq sydiwapy
UOIJE([BISU] UTejAj 1B JIUFY [BUOIOUNS UOET] 0} JUSWISSASSY ysiy Bulng peljiiusp| S3402 Wol D00 JO Uoiajes
€379yl



510 2%

L T——————— - —y
.) o Nashville  Knoxale - o
i Tennessee f‘ -
‘M - )
L’-_f_n.lghi ..... Chattanooga o ="

.

L2
*u
.....
LTV
-
..
“aan
LI
LT,
-
.....
.
-
.
-
.
.y
"
-
-----
L
-----

LEGEND

——-— State Line

Interstate

Ruver Creek

Area of
Memphis, TN

M.EMPHIS DEPOT

- —— i —— —— —
- — — — T—

MISSISSIPPI

\zsm_oz (6/26/00)

0 5

SCALE IS APPROXIMATE

FIGURE 1-1
Memphis Depot Location in

Memphis Metropolitan Area

10 MILES

Memphis Depot Main Instaliation Soils FS
CH2MHILL



— TIHINZHD ; X
S sfiog uohejiejsuf ey yodaq siydiiepy _ m
uoge||elsu] uiey 1e sjuUmn |eusiound =
Z-1 3uNSId _ m
E m
' = g
.ﬂ Lo = D.n. rl,,,l,\ — ._W._
m - ' ] j\ —— 2
; _ w—ima L | . N B M - S . 1
H ” = jl..l..l: [T . Y 4 || u : .m
) N € L ¥4 s - 3 : : ! h. GE m
> _ " _ [ el <
i H r " &8
= ¢e : () ! i i ]
' \l _ i ot . ! .n " 1 um [ | .
i ealy omhxzoo o9 iseaynos :Znd SasnoyaIep JOMaN SN 3 i
ALYWIXOHdJY S| TWIS . - K e 0z 1 - e i S - o 6z .. a LI
e —— : & 1 m s 92 12 Lif=e
1994 009 00g 0 : g
L - e~ EE LD . . ve m kil 3 LI Y-
] \ \ o I IR 2> ; L = e 9z
4 U ﬂ N " m _. b ]
] seany [ENUap|SoY H i \ e rany uadQ Jsamiynog :
- A ' pue sAeRSIUIWIPY (9nd L= : : — ! 5 03 yinog en4d
Jn.u Ny L= @ 9 = .
% 3 = w l 1 . 1 .I w
9 J U ! - uonejjejsu| urep > LT
-/ - N -
° = " m - - O F " m
uonE[eISu] WIely au) je = _.a- ) T Ze |} i
Jajempunols - 2 Jup [eucnsund ‘9ON ars F - o £ H
g - L - ¥
awﬂ_wﬁﬂmm_.__uuﬁw__owoﬁ_m - 8 - sosnoyasepy [eatdA] fJuamy :Ln4d e ; m
JBqUINN [eied Dvud 174 ald Ll NP & _- m ﬁ OM”
JagUUnpN Jun [eucnoung € oz .mﬁ H _
pusba T [ sl o .
T . _
o ¥ = — Sl
. L - — i
} S| — eany uadp [enuan pue WayyoN N4 :
-~ h 6e
ﬁ e ey - —ff %)
Tr— R —
—e—
piel4 uung
O\
N Wl \
o
of 0TS



~— THHINZHD
S+ SKoS uopeeIsu ure Jodagqy siydiuey

Apmg Aipqisead m

wol4 pajeullun|s sealy uole|EISU| UK

£1 JUNOId e —
Mu L0 Dpo - f'.,,,[,[ rcl,-,[r\
.m - ” ) - - " /\ ———— /\
; ) ! = R 2 Wy S I -4 : =
| m 3 —.N jl \ - - H A »‘
s N fieewnlC H ] .. i !
Baly asinog h__ow Jsealinos ‘zn4 sasnoysJep JameN SN 1 .
AUVHOUY S1TTVOS o /M 4 w z ] i == ki S o
e = o l,/mgmm G " . Sc it 9z [ 42
184 009 OOE 0 5 e ——— vz 3 m G 3
T = ; 6L ¢ = - e
sealy |ejuapisey — I ; SYH ., :
W pue sapessiuUpY ‘9nd I - — o : eary uedQ Jsemyinog :gnd
LI ‘ @ 9 =
o _ = 9 - .
[ N - = - :
: 6 " oL . i
- 1 - S ¥ F £ r— . mNm M m
seany pojeunn|g = Ll s .v i
AIepunog JUf) (BUOTOUN  sewmen = B .u sasnoyaJtep eaidL) fJuem] :Ln4d €€ i
Aepunog poied OYHg w=n-v . v H 8
1oquUInN jsored OVYHE 92 — : s n Jm 0%
JSQWNN JUN [EuOROUNy  § n‘ uz ¢ : : . N
puaba M v T T TS o S i
= ¥l = =l Gl
. L3 — R b
S | _— ealy uadQ [esuan pue WIBYHON M- : =
N 3 g C
ﬂ : .w 5 6c
| T e s o e T
e, !l['i].'/

[

pIal uung
W) =S
N

q g ..

00/92/9 1de PP SAUWIPPALLIEOUOULN QOY

LE |



— TIHINZHD J

S+ SpoS uoge|eIsul uepy jodeg siyduwapy
uope(esu| Ui

ay] $S0I0y peeT [I0§ SIBUNG 4O UONNGUISI]
1 NSI4

—

ATESVIE oy

=D EIEB Az

J 4‘1’4 FCNG—FEﬁuJI-!. -
4

00/92/9 148 WP SAWIPP\LHBDVOULY OaY

e Y
ai5-ss

v |
ﬁb/ Muq _T..|.|.+|.|lr e e —
(O

D HOD Iseaynos Zn4d

AUYAOUdLY S| IS

)|

jead 009 ({1 0

0sZe
reg-ss

uL

2

v eaty uadQ 1samyInos N4
paLean usaq M__Ec sdwng ;%_m m - ¥ ore it _ =
pasn Buteq jou s1 juod aidwes siyy . e~ 096 !
SI0j0IBY| g PE JO BNEA PES| B YW (115-SS ASNOYDJEAA JOMIN (SN ﬂ./nv Mm are-ss _

= I a1

e uajye) sem oidwes eyeandnp v (Z

— =
Jequinu gjdwes AQ peynuep jJou aie s e

Ba/Bu gpE > suoqesueducs pea (L SN = F.-.— @ o i} . | "_
bmu::omﬂﬂ.ﬁu ”u.ocnn_.ﬁw_m & ) Sy = H oo Y - [ H¥2 * A
dwng 0 - - T B e — T | v :
Bybw gESL =< @ = _ - r v
Bxybw gEGL - 00E @ Sealy [eHUIISSY : - . - !
Bybuw oo > ¥ pue sAlensIuiWpY :9nd - v ,
SUONBNUAILOT) peaT ] ! xr - 7 . - _,_ .%
pueben ; ‘ fuirlr.ﬂ.ilf,!é =5 e ; oxe , Y L
i - sasnoyarepq [eaidK) Auemy ipnd ==t ‘ v ‘ : : _ % Jw LIA\
: - N - d/nw& uad( [esjus?) pue uBYUON yNn4d ) “
- "r = : 7 AN _q __ v N\
nﬂ . —_— T s T ; =] ﬁ qﬂ/ \ : k
N ———— =T T e — 0 //" _— ! .__,
Vo Y - 905 \ \
N / VL oty v M e ~ 3pL-ES ___ 0901
v VooV VS IJmH“,_P% V6.-SS di
— L . Ml v gy v v v
—————e— e N ﬁ_
———— = —ie
r— ~W5 . 1'1,1!![..,.)
i)
pIsi4 uung
I o
!
\ ]
\ y
8 07¢




—~ TIHIHINZHOD

S+ SHOS vonejejsuy ueyy jodeq sydiiepy
uope|ieIsu| uleW 8y}
SS0u0Y JIUSSIY 10 SDBUNS JO UONNAL)SI]
Sl 3dN9oId

IVNXOHdY §1 TTVIS "
9SIN09) JJOE) }SRAYINOS :ZN

————
1984 009 0oe [ (s £)

il 3 IE I
eary uadQ 1semyin

o

!
b
d
L_. Fi..-. Q_TD M%

Q T

la :
S N4

adb ¥ T,

=
I8N

00/92/9 B RUPPTSARUPP L HEDVOULY, OTY

Jequinu eidwes Aq peunuep! 1ou eie
Boy/Bul 07 > SUCHEQUSIIND JUBSIY BI0N
F o= (19988 .m 6! & A= 4 f e A e Ol e
fo=a z . - = (o i 5| ; $ops
saimea jodag /N T _ . | : 15 % o
Alepunog Juf jeuonsun >\ ; el \
o
Bybuoz=< O = . ~
B; o s i
SUOREAUAOUO?) JIUSSIY f w  ZOEVIN Q) 1 F o
pueGe = — ‘ _ { - : o
d e : f ) ,__ I||||'_ i
_ j |
L7 09655 veess  dieeEs I e | L | %
s AOGa o ezz L1z I
i o= JZL-SS \ ]
7 omﬂ co—p © o vz 424-SS HWEHW!.ICIIhQ:J y ) i it~k [
t [s] - o ~ ~pany uadp [enud ue UWIsyjopn :
N N, " o o m o<wh.mmm w Iy .O_ uap p :.t N ‘¥Nd \
— r——emy e v el
> gee-aS T NOE-ES O &. % \ ya :
. a
62¢ = —
MoE-8S — _lnu.ulﬂlllhmﬁﬁizft -
ﬁl[ll',n 77
‘\_ \\\‘
L] 1 By
¥ Pi®id uung
\_ o
N 7N\ e
\




— TIHINZHD
S S|I0S UofejfeIsuf uieyy Jodeq siydwiayy

uone(elsu; uep eyl
SSOUIY ULpRIJ 10S 8IBHNG JO UoNgUisI()

9| ANDIA !
! 620
(1S €A
muo;mm%z s _mm roo
zo—ai® PP VIR el | (g0, BOIV 9SINOD JI0D JSLOUINOS ZNJ
GeX —oll N\_ o 00V oo s T e
roL __m_ 2 _ N E( o Taesss 17 = S
ChL] o ¥ 0@ 3 % ££ 0
| Gen o j
9 0 ® rol rro
(ceho bﬁm gla O k\ o (se)d ‘
ve | ° = . muv
(L2)a éqﬁa.J— e “
AUVIXOUddY §1 TTYIS q.awh._..wwm i o m .— - i ‘ —. u_u.h.w... ol ©
1894 008 oor 0 rgg | 1 m M m o
(L2 vl 0 | [} m 3 0 ‘
1 Y soedo ' m =l Bl 1o |
£2'0 ~gh L] 5
(G EH == 10 o e P . i LU
[ (2 1)v = g a [
] Boxy usdQ Jsamyinos :end | - | |
- (v8 8 :M_. AL obgs viss = (LES N Wm
Jequunu ejdwes Aq peyguap! jou aJe —.n. = S mommargiiy o i e o ‘
By/fw 1 Z 0 > SUONBNUSIUOD UNPIRI]  BION 3ggss ~—Wr{ SR imin ) e P mmn ;
LT
‘L zo el
samesy jodeq N/ 4598 JO _ — )
Alepunog Jiun (Buonouny \/\ MM_an , o
9SS =
Bybw 1zp=< O _
e S I
SUGIEIUAIUOY) ULIPIaIQ M
puebe pue aAERSIUIWPY 9N
b gy
(R IA Bliag ,
(Geng O r 70 Py
(gelv o
N

00/9Z/9 JdeIWPP™ SAVMUPR LUBDVOYLY OO

FE 0TS




2010 35




510 36

2.0 Identification and Screening of
Technologies

Thus section describes the initial steps in development of potential remedial alternatives for
surface soils at the Depot. This section begins by developing a list of applicable or relevant
and appropriate requirements (ARARs). Next, remedial action objectives are defined so that
vanous technologies can be 1dentified and screened to meet the objectives. The screening
process involves identifying general response actions, remedial technologies, and processes
for implementing the technologies. This section concludes with a summary table of remedial
technologies that are evaluated in more detail in Sections 3 and 4.

2.1 ARARs

ARARs are federal and state standards, requirements, criteria, or hmitations that are
determuned to be legally applicable or relevant and appropriate requirements. There are
three types of ARARs. chemical-specific, action-specific, and location-specific.

2.1.1 Chemical-specific ARARs

Chemical-specific ARARSs are health- or risk-based requirements or methodologies that
result in the establishment of numerical values for surface soil that would meet the National
Contingency Plan (NCP) threshold criterion of overall protection of human health and the
environment. The chemical-specific ARARs for the surface soil at the MI are as follows:

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

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

e Sediments do not have ARARs.

2.1.2 Action-specific ARARs

Action-specific ARARSs are usually technology- or activity-based requirements or limitations
on actions taken with respect to hazardous waste. The action-specific ARARs for the so1ls at
the Depot are as follows:

* Discharges to surface water have action-specific ARARs that require on-site direct
discharges from CERCLA sites to surface waters to meet the substantive requirements of
the National Pollutant Discharge Elimination System (NPDES). These substantive
requirements include discharge limitations (both technology- and water quality-based),
certain monitoring requirements, and best management practices. For an on-site
discharge from a CERCLA site, these substantive requirements must be identified and
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complied with, even though on-site discharges are not required to have an NPDES
permit. An NPDES permit will be obtained if necessary, and proper treatment facilities
will be provided if required. The Depot currently has an NPDES pernut and there are
associated monitoring requirements, in the form of surface water samples for surface
water discharges. Any discharges to surface water must comply with these existing
monitoring requirements.

The excavation, on-site ex situ solidification, and placement of soil that contains RCRA-
restricted waste may trigger the RCRA land disposal restrictions (LDRs). In general,
RCRA’s LDRs were established for waste streams that differ significantly from
Superfund wastes. Because the LDRs are not based on treating wastes that contain soil
and debris, a treatability variance may be appropriate Under a treatability varance,
alternative treatment levels based on data from actual treatment of soil, or best
management practices (BMPs) for debris, become the "treatment standard” that must be
met. To determine if the soils are to be disposed of in a hazardous or solid waste landfill,
a toxicity charactenstic leaching procedure (TCLP) test is conducted on representative
soil samples to determine 1f a waste is characterized as hazardous per Title 40 of the Code
of Federal Regulations Part 261 Subpart C (40 CFR 261C). The excavation and off-site
disposal of soil and debris that contain a RCRA hazardous waste must comply with
transporter regulations under 40 CFR 263C). A transporter under Subtitle C 1s defined as
any person engaged in off-site transportation of hazardous waste within the United
States. Such transportation requires a manifest under 40 CFR 262.

In an effort to control more diffuse sources of water pollution, as from stormwater
runoff, EPA promulgated rules regulating activities that generate stormwater runoff,
such as construction activities Phase I of the NPDES stormwater permit program
addresses discharges from large construction activities disturbing 5 acres or more of
land (cumulative at a site). CERCLA on-site remedial actions are required to comply
only with the substantive requirements of the NPDES stormwater permit program (e.g.,
BMPs to minimize the discharge of pollutants frorn the site) and not the administrative
requirements (e.g., submittal of a Notice of Intent, a Storm Water Pollution Prevention
Plan, and Notice of Termmation). The Phase II rule was published on December 8, 1999,
and addresses construction activities disturbing greater than 1 acre and less than 5 acres
of land. The effective date of the rule is February 7, 2000; however, operators of small
construction achvities (less than 5 acres} are not required to obtain permit coverage until
March 10, 2003. Remedial actions at the MI may disturb 5 acres or more of land and may
need to comply with the substantive requirements of the NPDES Phase I stormwater
permit program.

The closure and post closure care of solid waste disposal areas on the site must comply
with Tennessee Rule 1200-1-7, which includes requirements for control of access, cover,
morutoring, run-on, run-off, and erosion control, and inspections.

Emissions to air during excavation and/or on-site treatment may require comphance
with the substantive requirements of Tennessee Rule 1200-3-1, which includes
requirements for the control of fugitive dust emissions, among others.
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Location-speaific ARARs identify requirements that must be addressed during remedial
activities because the activities occur in “special” locations. Location-specific ARARs include
activities on and near wetlands and floodplains, archeological and natural resources,
historical landmarks, critical habitats of endangered or threatened species, existing land use
controls, etc. A search for possible locahon-specific ARARs applicable to the Depot was
conducted by Law Environmental (1990), and no significant changes have occurred since
then around the Depot (e.g., no new wetlands were created). This status generally does not
change for a site. No federal, state, or local natural resources were found to be near thie site
(less than % mule). The closest jurisdictional wetland habitats to the Depot are the various
wetlands associated with Nonconnah Creek, approximately 1 mile to the south. There are no
releases occurring from the site to the off-site ditches, so no releases to the more distant
areas such as the wetlands referenced here are occurring.

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

Under the Federal Property Management Regulations, FU?2 is slated for transfer from the
Department of Defense (Army) to the Department of Interior (DOI)/National Park Service
(NPS). It will then be transferred by public benefit conveyance to the City of Memphus for
use as a park. According to 41 CFR 101-47.308-7, property for use as a public park or
recreational area must be used and maintamned for the purpose for which it was conveyed in
perpetuity, or be returned to the United States (24 CFR 51D).

2.2 RAOs

RAOs are medum-specific goals that the remedial actions are expected to accomplish to
protect human health and the environment; they are used to help identify the feasible
alternatives. RAOs express both a contaminant level and exposure route. The baseline risk
assessment identified certain contaminants that pose unacceptable risks to industrial
workers and potential on-site residents when the Depot is re-developed (RGOs). These
RGOs are chemical specific criteria based on calculated risk (see Table 1-2). The residential
scenario considered m the baseline risk assessment satisfies the requirement that an
alternative is developed that eluninates or minimizes long term management.

RAQs guide the formulation and evaluation of remedial alternatives. They consider the
HHRA RGOs (Section 1.3.4.2) (allowable exposures), COCs, and clean-up concentrations
associated with the RGOs. The following RAOs have been developed for the MI surface
soils:

* For protection of future industrial workers

- Prevent direct contact/ingestion of surface soils contaminated with lead m excess of
industrial worker risk-based criteria.

* For protection of future on-site residents
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- Prevent direct contact/ingestion of surface soils contaminated with dieldrin and
arsenic in excess of HHRA cnitena for residents; and

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

Table 2-1 sumunarizes RAQs for surface soils.

2.3 General Response Actions

GRAs describe remedial activities that potentially satisfy the RAOs and goals, either
independently or in combination with other GRAs. GRAs to be considered for surface soil at
the Ml include the following:

No action
Institutional controls
Containment
Treatment

Removal

Disposal (Off-site}

Table 2-2 summarizes the GRAs and their approach to meeting remedial goals. Often there
are several technologies that may be apphed to each CRA. These technologies are discussed
and screened for potential effectiveness below.

2.4 Identification and Screening of Technology Types and
Process Options

2.4.1 Identification and Initial Screening of Technologies

Table 2-3 identifies and describes potentially applicable technologies and process options for
soil remediation. As part of the imitial screening process, certain technologies and/or
process options are identified as clearly inappropriate for the physical features of the site
and/or the chemical characteristics of the surface soil. These inappropriate technologies are
shaded in Table 2-3 and are not evaluated further.

2.4.2 Evaluation and Selection of Representative Technologies

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

* Thejudgment of the relative effectiveness of a technology is based on its estimated
capabihty to meet one or more of the RAQOs, its estimated protectiveness of human
health and the environment during operation, and its estimated reliabihty to function
considering the contaminants and site conditions;

» The difficulty in implementing a technology considers both the technical and
admmistrative aspects of construction and operation; and
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* The cost evaluation focuses on relative capatal (initial} and operation and maintenance
(O&M) costs. Detailed cost analyses are not performed at this level of screerung.

Table 2-4 presents the secondary screening of technologies and process options for surface
soil. Technologies and/or process options that were rejected on the basis of effectiveness,
implementabulity, or cost are shaded n the table and were not evaluated further.

2.4.3 Selection of Representative Process Options

Technologies and process options that were retained after the secondary screening were
further evaluated, relative to other process options within the technology type, to 1dentify
one representative option for use in the developing alternatives. Effectiveness was the
primary consideration for the process option assessment. Process options considered to be
similarly effective were further evaluated on the basis of relative implementability and
relative cost, resulting in the selection of the best process option for the technology.

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

In some cases, multiple process options were retained because of their ability to complement
other technologies. For example, institutional control process options were retained because
they would most likely be used during the implementation of potential remedial
alternatives.

Table 2-5 presents the selection of representative process options for surface soils.

Table 2-6 summarizes the GRAs and associated process options for surface soil retamed
after the screening process. These process options are used to develop remedial alternatives
m Section 3.
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TABLE 2-2
General Response Actions and Typical Goals Met
Memphis Depot Main Installation Sois FS 7/3/00

Medium General Response Action

Remedial Goals Met

Surface Soll No Action

institutional Controls

Containment

Removal

Treatment

Disposal

Rehes on natural attenuation of contaminant concentrations

Reduces the hkelihood of direct contact with or ingestion or
inhalatton of contaminated soil.

Mimmizes the exposure to contarminated soil Confines
contamination for possible removal or treatment and reduces
maobilty of contamination

Prevents direct contact with or ingestion or inhalation of
contammated soil or sediment. Ehminates chance of release of
contaminants to groundwater

Reduces mobilty, toxicity, or volume of contaminated media.

Minirizes the hkehhood of exposure o contaminants by placing
them in a controlled environment.
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TABLE 2-6
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Screening Summary of GRAs and Process Qptions Retained for Atemative Development
Memphis Depot Main Instalfation Soils FS ~ 7/3/00

General

Medium Response Action

Remedial
Technology Type

Process Option

Surface Soll No Action

Institubonal Controls

Containment

None

Access and Use Restnictions

Capping

Surface Controls

None

Deed Restrictions
Fences

Native Soil

Grading

Revegetation

Erosion Control

Diversion and Collection Systems

Removal Excavation Excavation
Treatment tn-situ Biological Treatment Phytoremediation
Bioremediation Enhancements
In-situ Physical-Chemical Treatment  Solidification/Stabilization
Other In-situ Treatment Natural Attenuation
Ex-situ Physical/Chemical Treatment  Soll Washing
Solidfication/Stabilization
Ex-situ Thermal Treatment Thermal Desorption
Disposal Land Application tand Apphcation
Landfill RCRA Landfill
Non-RCRA Landfll
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0 53
3.0 Development and Screening of Alternatives

This section develops preliminary and potential remedial alternatives for surface soil at the
MI. This alternative development phase of the FS process oceurs in three segments:

* Development of preliminary alternatives (Section 3.1);
* Screening of the preliminary alternatives to arrive at final alternatives (Section 3.2); and,
* Detailed analysis of final alternatives (Section 4).

The primary objective of alternative development and screening is to produce an
appropriate range of (surface soil) contaminant management options that will be analyzed
more fully in the detailed analysis phase of the FS (Section 4).

Remedial alternatives are developed and screened on their ability to achieve RAOs. The first
screening is on the basis of relative effectiveness, implementability, and cost, thereby
determining which alternatives will be evaluated in detail in the final phase of the FS
{Section 4). The three steps of the process include:

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

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

3. Screen the potential alternatives for effechveness, implementabulity, and cost to develop
a smaller list of final alternatives that are carried forward for detailed evaluation 1n
Section 4.

3.1 Development of Preliminary Alternatives

For CERCLA achons, the range of alternatives should include the following:
¢ A no action alternative;
* One or more alternatives that involve containment with little or no treatment; and

* A range of alternatives in which treatment addresses the principal threat and eliminates
or minimizes the need for long-term management (EPA, 1988).

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

¢ Remedial actions involving treatment that permanently and significantly reduces the
toxicity, mobility, and volume of the COCs are preferred;

* Off-site transport and disposal of COCs without treatment is considered the least
favorable remedial action when practical treatment technologies are available; and
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¢ Remedal actions that use permanent solutions, alternative treatment technologies, or
resource recovery technologies are to be assessed.

Based on an evaluation of process options retained after the screerung processes presented
in Sechon 2, appropriate technology process options were combined to provide preliminary
remedial alternatives These are shown m Table 3-1.

In this sechion, preliminary alternatives are initially developed that address site COCs,
irrespective of the FUs they may be found in. In Section 4. specific COCs within each FU are
considered as they apply to the alternative. Many remedial alternatives could have been
generated for surface soil by exhaustively combining all technologies. However, for this FS,
only a limited number of alternatives representing reasonable and practical remedial
approaches were developed. These preliminary remedial alternatives are not intended to
preclude consideration of other simular remedhal alternatives that may also be suitable.
Rather, they are proposed as the most common and implementable on the basis of recent
experience 1n the remediation industry. For example, phytoremediation is relatively less
proven than bioremediation, so it 15 not specifically included in an alternative. If, during the
process of remedy selection and implementation, this or other technologies emerge as better
applications than those developed herein, each should be reevaluated.

3.1.1 Alternative 1 — No Action

The no action alternative would leave contaminated surface soil in place. Some
biodegradation of dieldrin and chemucal reactions with subsurface materials would be
expected to occur naturally over time However, this contaminant reduction would not be
monitored as part of this alternative.

3.1.2 Alternative 2 - Institutional Controls

Alternative 2 would leave contaminated soil in place, but would involve deed restrictions
Limiting the use/sale of the property or portions of the property; regulation of intrusive
activities during which potental receptors could encounter COCs; maintenance of access
barriers to limit entry into contaminated areas; and periodic inspection for soil disturbance
or migration of COCs. Some biodegradation of dieldrin and chemical reactions with
subsurface materials would be expected to occur naturally over time.

3.1.3 Alternative 3 - Soil Containment

Alternative 3 involves the placement of a soil or pavement protective cover over
contaminated surface soil to act as a physical barrier agamnst direct contact. Natural clean
soil, asphalt, concrete or other material from off-site would be placed over contarmunated
areas. Surface controls would be necessary to prevent erosion damage to a soil cover. This
alternative would require deed restrictions limiting the use/sale of the property or portions
of the property; regulation of intrusive activities during which potential receptors could
encounter COCs; maintenance of access barriers to limit entry into contaminated areas; and
periodic inspection for cover disturbance. Some biodegradation of dieldrin would be
expected to occur naturally over time.
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3.1.4 Alternative 4 - In-situ Soil Treatment 510 57

Alternative 4 includes treatment for pesticide- and metal-contaminated surface soils.
Dieldrin-contaminated surface soil would be treated with nutrients to enhance
bioremediation, as recommended by Venture Capital Associates (1999) as a result of the
bench-scale treatability study. Surface soil contaminated with metals (arsenic and lead)
would be treated with a stablizing chemical to fix (immobilize) the constituents. These
stabilizing agents physically bind constituents within a stabilized mass. Tilling and injector
head systems are used to apply stabilizing agents to in-situ soil. Some form of institutional
controls would be necessary to limit site use during implementation.

3.1.5 Alternative 5 - Excavation and Ex-situ Biological Treatment

Alternative 5 also includes treatment for pesticide- and metal-contaminated surface soils,
but the so1l is excavated first and treated in piles or reactor cells. For dieldrin, the technology
is similar to composting: combining constituents, inducers, and electron acceptors (oxygen}
to enhance aerobic biodegradation. For arsenic- and lead-impacted soil, chemicals are
physically bound or enclosed within a stabilized mass (solidification), or chemical reactions
are induced between the stabilizing agent and chemicals to reduce their mobility
(stabilization). All treated material would be returned to the excavated areas or otherwise
incorporated into the upper soil horizon on-site. Some form of institutional controls would
be necessary to limit site use during implementation.

3.1.6 Alternative 6 — Excavation and Ex-situ Thermal Treatment

Alternative 6 also includes treatment for pesticide- and metal-contaminated surface soils,
but the soil is excavated first and treated in piles or reactor cells. For dieldrin, the soil 1s
heated to target temperatures (up to 1,000 degrees Fahrenheit [°F]) to volatilize water and
organic chermucals. A carrier gas or vacuum system transports volatihzed water and organics
to the gas treatment system. For arsenic- and lead-impacted soil, chemicals are physically
bound or enclosed within a stabilized mass (solidification), or chemical reactions are
induced between the stabilizing agent and chemicals to reduce their mobility (stabilization).
All treated material would be returned to the excavated areas or otherwise incorporated
into the upper soil horizon on-site.

3.1.7 Alternative 7- Excavation, Transportation, and Off-site Disposal

Alternative 7 includes excavation of contaminated surface soil, and transportation and
permanent off-site disposal in a RCRA-permitted landfill as an industrial waste or
hazardous waste, depending on levels of contamination and landfill requirements. Thus, all
COCs are disposed of off-site.

3.2 Screening of Preliminary Alternatives

In this section, the initial list of surface soil remediation preliminary alternatives presented
in Table 3-1 and described above is screened for redundancy and elimination of similar
technologies. The following table and discussion documents this mitial screening process
and presents the list of potental alternatives for more detailed screening.
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Retained for Eliminated from
Alternative Further Evaluation Consideration Key Screening Comments

1 v Keep per CERCLA

2 v Controls are viable

3 v Cover 1s viable

4 v Viable and includes treatment
5 v Viable and includes treatment
6 v Viable and includes treatment
7 v Permanent removal

All seven preliminary surface soil alternatives are retained for further screening as potential
alternatives.

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

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

Alternative 4, In-situ Soil Treatment; Alternative 5, Excavation and Biological Treatment; and
Alternative 6, Excavation and Thermal Treatment, have similarities. In Alternative 4, the soil is
treated in place. Alternatives 5 and 6 involve excavation and ex-situ treatment to immobilize
the metals-contaminated soil with fixation. However, the pesticide-contaminated soil is
treated biologically ex-situ in Alternative 5 and thermally ex-situ in Alternative 6. All three
alternatives satisfy the CERCLA preference for treatment. They are all retained for further
Screemng.

Alternatwe 7, Excavation, Transportation, and Off-site Disposal, 1s retained as the alternative
that permanently removes the risk from the site by transferring it to an off-site facility.

3.3 Screening of Potential Alternatives

3.3.1 Screening Criteria

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

3.3.1.1 Effectiveness

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

3.3.1.2 Implementability

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

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

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

3.3.1.3 Cost

Cost refers to the present worth of construction and long-term O&M costs. At this stage of
analysis, costs are discussed qualitatively. Detailed cost analyses for the final alternatives
remaining after screening appear in Section 4.

3.3.2 Alternative 1 - No Action

3.3.2.1 Description

The no action alternative leaves contaminated soil in place. Biodegradation of dieldrin is
+ expected to occur naturally over time. Some risks are reduced if future development
includes significant pavement of contarminated areas, but with “no action” there are no
assurances or controls.

3.3.2.2 Evaluation

Alternative 1 does not guarantee any reduction in the toxicity, mobility, or volume of any
contamination at the site. Under Alternative 1, the potential pathways continue to exist, and
the COCs in soil may migrate. Because the concentrations of COCs in soil exceed risk-based
RGOs, and there is no action to limit potential exposure, the no action alternative is not
considered viable. However, as required by CERCLA, it will be retained as an alternative.

Effectiveness. The no action alternative relies entirely on natural attenuation processes to
remediate dieldrin contamination at the site, and on existing land use controls to prevent
residential use. Dieldrin 1s known to be persistent and is not expected to attenuate rapidly.
Lead or arsenic contamination would not be remediated under these conditions. The
effectiveness of this alternative is unpredictable.

Implementability. Implementability is not an issue for the no action alternative because
nothing is implemented.

Cost. Alternative 1 has no associated costs.
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3.3.3 Alternative 2 ~ Institutional Controls

3.3.3.1 Description

The institutional controls alternative leaves contaminated surface soil in place, but involves
deed restrictions prohibiting the future use/sale of the property or portions of the property
for residential use. These restrichions could be part of the Depot reuse implementation plans.
Under this alternative, the site would have to be inspected periodically to ensure that
restricted site development does not occur. Biodegradation of dieldrin is expected to occur
naturally over time.

3.3.3.2 Evaluation

With Alternative 2, organic dieldrin contamination at the site is expected to attenuate over
time. However, dieldrin is known to be persistent and 1s not expected to attenuate rapidly.
Institutional controls do not guarantee any reduction in the toxicity, mobulity, or volume of
arsenic and lead contarmunation at the site, except that future pavement would reduce the
mobihity of contaminated soil. Otherwise, under thus alternative, the potential pathways
continue to exist and COCs could continue to migrate.

Effectiveness.The institutional controls alternative relies primarily on natural attenuation
processes to remediate dieldrin contamination at the site. Lead or arsenic contamnination is
not remediated under these conditions. The time required for constituents to attenuate
below target levels 1s dufficult to predict; therefore, protectiveness depends on preventing
access to the site constituents. Long-term protectiveness 15 uncertain.

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

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

3.3.4 Alternative 3 - Soil Containment

3.3.4.1 Description

The soil containment alternative includes some institutional controls, but also involves the
placement of a cover material over contaminated soil to act as a physical barrier against
direct contact. Pavement can be incorporated into areas requiring a cover. This alternative
requires deed restrictions limiting the use/sale of the property or portions of the property;
regulation of intrusive activities through which potential receptors could encounter
constituents; and maintenance of access barriers to limit entry into contaminated areas.
These restrictions could be part of the Depot reuse impleraentation plans. Under this
alternative, site soil containment systems have to be inspected periodically for disturbance.
Biodegradation of dieldrin and chermrucal reactions with subsurface materials is expected to
occur naturally over time.
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3.3.4.2 Evaluation

With Alternative 3, organic dieldrin contamunation at the site is expected to attenuate over
time. However, dieldrin is known to be persistent and is not expected to attenuate rapidly.
The soil cover or pavement provides a barrier, preventing direct exposure to contammation.
It does not guarantee any reduction in the toxicity or volume of lead or arsenic
contamination, but would reduce its mobility somewhat.

Effectiveness. The soil containment alternative protects human health by preventing direct
contact with contaminated soil. Soil containment relies primarily on a physical barrier
preventing exposure to contaminated soil. Natural attenuation processes may remediate
dieldrin contamination at the site, but the time required for constituents to attenuate below
target levels 1s difficult to predict.

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

Material from off-site is used for the soil cover or pavement. Dust control would be
considered, and surface controls are hecessary to prevent erosion damage to a so1l cover.
Routine O&M 15 required to maintain integrity of the cover, as well as periodic site
inspections and cover evaluations to verify access limitations and continued remedy
effectiveness.

Cost. Costs for soil containment are moderately low. They include excavation, hauling, and
placement of natural soil or paving on top of contaminated soil. Costs may range from $5 to
$50 per ton of cover material, with the lower end of the range corresponding to a large
volume of excavated soil not requuring extensive transport. Some ongomng maintenance
costs are associated with site inspection and maintenance of cover material.

3.3.5 Alternative 4 - In-situ Soil Treatment

3.3.5.1 Description

The in-situ soil treatment alternative leaves contaminated soil in place and provides in-situ
treatment for pesticide- and metal-contaminated soils. In thus alternative, the soil is treated
to increase the bioremediation rate or immobilize constituents. Alternative 4 includes
several potential processes. For example, so1l may be treated with water-based solutions or
dry powders containing nutrients, oxygen, microorganisms, or other amendments to
optimize in-situ anaerobic or aerobic biodegradation. Water-based solutions may be injected
or sprayed over dieldrin-contaminated soil. Concentrated dry powders can be broadcast like
dry fertilizer and then irrigated with water. This method is referred to as “enhanced
biodegradation.”

Dieldrin-contaminated surface soil would typically be aerated with a rolling aerator to
increase the biodegradation rate. Alternately, the soil may be tilled in place to achieve
aeration. Tilling the soil also provides a method for introducing amendments, such as
nutrients and mucroorganisms, to the soil. This latter method is referred to as “land
treatment.” Either of the above methods may be used alone or in combination to achieve the
best conditions for in-situ bioremediation at a particular site.
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Metal-contaminated soil 1s treated with a stabilizing cherrucal to fix (immobilize) the soil.
These stabihzing agents physically bind constituents within a stabilized mass. Chemicals
may be applied using methods similar to those used for fertilizer and tilled into the soil.
Thus technology is known as “stabilization.”

Soil contaminated with both organic compounds and metals requiring fixation 1s treated
first for organics, and then fixed to immobilize the metals

3.3.5.2 Evaluation

With Alternative 4, dieldrin contamination at the site attenuates over tme and the mobility
of the lead and arsenic is reduced due to treatments. A site-based pilot study has shown
success with bioremediation of pesticide-contaminated soil (Venture, 1999).

Effectiveness. This altemative effectively safeguards human health through treatment of
contaminated soil. The in-situ soil treatment alternative relies on enhanced bioremediation
processes to remediate dieldrin contamination at the site. The rate of enhanced
biodegradation 1s relatively high in comparison to natural degradation processes, but may
still require several years to implement. Land treatment and aeration may have faster results
than simply enhanced biodegradation. In pilot studies, in-situ bioremediation of pesticides
in soil has achieved cleanup efficiencies exceeding 80 percent (Venture, 1999). Values for in-
situ biodegradation in the field are often close to or above this value and are highest when a
combination of land treatment, irrigation, and enhanced biodegradation is used.

The in-situ soil treatment alternative also relies on the physical/chemical treatment process
of stabilization to immobilize lead and arsenic contamination. The in-situ so1l treatment may
take 2 to 3 years to reduce the volume and toxicity of dieldrin contamination and several
months to stabilize lead or arsenic contamunation.

Implementability. For enhanced biodegradation, the use of water-based solutions or the
irrigation of dry powders may increase the mobility of some constituents. For land
treatment, depth of treatment 15 limited to the depth of available tilling equipment. Dust
control must be considered, and soil conditions may need to be controlled. Adequate
monitoring and environmental safeguards are requuired, especially for runoff from the site.
Monitoring of the biclogical processes is required to confirm biodegradation rates and
process adjustments that may be needed.

The stabilization process can result in solidified material that may affect future use of the
site. Some processes within this treatrnent may result in a significant mcrease in volume.

Substantive requirements of the NPDES permit must also be addressed with this alternative.
These include control of sediment runoff in stormwater during the removal/remedaal
actions, and may include collecting stormwater samples to verify if any contamination is
migrating offsite during these actions. Additionally, the site must be reasonably returned to
its pre-action status by replacing sod and performing other landscaping as necessary.

Cost. Costs for Alternative 4 are moderately low and depend on initial and target
concentrahons, quantity of soil treated, depth of contamination, soil characteristics, amount
of debris, characteristics of any residual, site preparation, and equipment needs.
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Typically, costs for in-situ biological treatment range from $16 to $80 per ton of treated soil
to a depth of 1 foot. The lower end of that range corresponds to a small site with shallow
contaminated soil, a small difference between initial and target concentrations, adequate soil
moisture and permeability, and few equipment requirements.

Typical costs for in-situ stabilization are $64 to $96 per ton of treated soil to a depth of 1 foot
with a mixing/auger technique.

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

3.3.6 Alternative 5 - Excavation and Ex-situ Biological Treatment

3.3.6.1 Description

The excavation and ex-situ biological treatment alternative also includes treatment

for pesticide- and metal-contammated soils, but the soil is excavated first and treated 1n
piles or reactor cells to biodegrade or immobilize constituents. All treated material is then
incorporated into the upper soil horizon on-site.

Alternative 5 could involve a number of techniques. For example, excavated soil could be
muxed with bulking agents, soil amendments, or wood chips, hay, manure, or vegetative
wastes. Thus mixture could then be formed into piles and aerated (biopiles), mechanically
agitated, or placed into long piles and tumned periodically. This method is referred to as
“composting.”

Excavated soil could be placed 1nto lined beds and periodically tilled to achieve aeration.
Contaminated soil would be treated in lifts. This method 1s referred to as “landfarming.”

Alternatively, excavated soil could be combined with water and other additives to create an
aqueous slurry, which is mixed within a bioreactor. After treatment, the soil is dewatered.
This method is referred to as “slurry phase biological treatment.”

Excavated soil could be muxed with a specially cultivated fungus, such as whate rot fungus.
This mixture is placed in a reactor or on a plastic liner, as in composting.

Metal-contaminated soil would be treated ex-situ with a stabilizing chemical to fix
(immobilize) the soil. These stabilizing agents physically bind constituents within a
stabilized mass. Chemicals may be applied with methods similar to those used for fertilizer
and tilled into the soil. This technology is known as “solidification/stabilization.”

Soil contaminated with both organic compounds and metals requiring fixation are treated
first for organics, and then fixed to immobilize the metals.

3.3.6.2 Evaluation

With Alternative 5, dieldrin-contamination at the site attenuates over time and the mobility
of the lead and arsenuc is reduced due to treatments. A site-based pilot study has shown
success with bioremediation of pesticide-contaminated soil (Venture, 1999). Because so1l is
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excavated, the potential pathways for chemical migratior: are removed during the period of
treatment.

Effectiveness. This alternative effectively safeguards hurran health through treatment of
contaminated soil.

Similar to Alternative 4 1n effectiveness, the excavation and ex-situ biological treatment
alternative relies on enhanced bioremediation processes on excavated soil to remediate
dieldrin contamination at the site. Because biodegradation 1s enhanced by the ex-situ
muxing, it should occur at higher rates.

Composting or slurry phase biological treatment may produce faster results than
landfarming or fungal bioremediation

Thus alternative relies on the physical/chemical treatment process of stabilization to
immobilize lead and arseruc contamination. The excavation and biological treatment
alternative may take several weeks to a few years to reduce the volume and toxicity of
dieldrin contamination and several months to stabilize lead or arsenic contamination.

Implementability. All contaminated soil is excavated and treated.

Both composting and landfarming require a large amount of space to implement. Further,
composting results in a volumetric increase in material, and landfarming may require the
use of dust controls. Slurry phase treatment requires a sizing of soil particles before the
slurry can be placed in the reactor. White rot fungus may be subject to compehhon from
native bacterial populations, toxicity inhibition, and chemical sorption.

The stabilization process can result in solidified material {hat may affect future use of the
site. Some processes of this treatment may produce a significant increase in volume.

Substantive requirements of the NPDES permit must also be addressed with this alternative.
These include control of sediment runoff in stormwater during the removal/remedial
actions, and may include collecting stormwater samples to verify if any contamination is
migrating off-site during these actions. Additionally, the site must be reasonably returned to
its pre-action status, by replacing sod and performing other landscaping as necessary.

Cost. Costs for thus alternative are moderate to moderately high and depend on initial and
target concentrahons, the quantity of soil treated, the depth of contamination, soil
characteristics, the amount and characteristics of any residual contamination, site
preparation, equipment needs, methods for excavation, and transportation.

Excavation and hauling costs may range from $5 to $50 per ton, with the lower end of that
range corresponding to a large amount of soil that does not have to be transported a long
distance.

Typical costs for ex-situ stabilization on excavated soil are generally less than $100 per ton of
treated soil, including excavation costs.

Typical costs for ex-situ biological treatment may range from $40 to $600 per ton of treated
soil, with slurry phase biological treatment and white rot fungus being the most expensive.
The lower end of that cost range corresponds to a site treated with the landfarming
technique, with shallow contaminated soil, a small difference between initial and target
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concentrations, adequate soil moisture, high permeability, the presence of microorganisms,
and low requirements for materials and montoring. :

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

3.3.7 Alternative 6 - Excavation and Ex-situ Thermal Treatment

3.3.7.1 Description

The excavation and ex-situ thermal treatment alternative also includes treatment for
pesticide- and metal-contaminated soils, but the dieldrin-contaminated soil is excavated and
thermally treated in enclosed ovens, piles, or reactor cells. Metal-contaminated soil is treated
the same as in Alternative 5. All treated material is then incorporated into the upper soil
horizon on-site.

For dieldrin, the so1l is usually treated with high temperature thermal desorption (HTTD),
which uses temperatures of 600 to 1,000 °F to volatilize water and organic chemicals. A
carrier gas or vacuum system transports volatilized water and organics to the gas treatment
system, which removes particulate and chemicals. The particulate is removed with
conventional equipment, such as wet scrubbers or fabric filters. Consttuents may be
removed through condensation and carbon adsorption or in a secondary combustion
chamber or catalytic oxidizer. After treatment, the gas can be released to the air. Potential air
monitoring may be required.

Metal-contaminated soil is ex-situ with a stabilizing chemucal to fix (immobilize) the soil.
These stabilizing agents physically bind chemicals within a stabilized mass. Chemicals may
be applied with methods similar to those used for fertilizer and tlled into the soil. This
technology is known as “solidification/stabilization.”

Soil contaminated with both organic compounds and metals requiring fixation is treated
first for orgamcs, and then fixed to immobilize the metals.

3.3.7.2 Evaluation

With Alternative 6, dieldrin-contaminated soil at the site is treated thermally and the
dieldren is removed from the soil. The mobility of the lead and arsenic is reduced due to
treatments. Because soil is excavated, the potential pathways for chemical migration are
removed during the period of treatment.

Effectiveness. This alternative effectively safeguards human health through treatment of
contaminated soil.

Similar to Alternatives 4 and 5 in effectiveness, the excavation and thermal treatment
alternative relies on thermal processes to remediate dieldrin contamination. Removal
efficiencies for excavation and thermal treatment of soil have been documented at greater
than 90 percent. Any residual concentrations in treated soils would continue to degrade
naturally with time
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This alternative relies on the physical/chenucal treatment process of stabilization to
immobihze lead and arsenic contamination. The excavation and thermal treatment
alternative may take several weeks to a year io reduce the volume and toxicity of dieldrin
contamination and several months to stabilize lead or arcenic contamination.

Implementability. All contaminated soil is excavated and treated.

Thermal treatment requires specific soil sizes and materials handling methods. If the soil
moisture is too high, dewatering may be necessary. Also, clay, silty soil, and highly humic
soil may increase the reaction ime required as a result of binding,

The capaaty of HTTD ovens 1s limited, and their mstallasion at a site requures substantial
mobilization and setup time. Off-gases, even when treated, may be unacceptable to the
community or local regulators.

The stabilization process can resuilt in solidified material that may affect future use of the
site. Some processes of this treatment may produce a significant increase in volume.

Substantive requirements of the NPDES permit must also be addressed with this alternative.
These mnclude control of sediment runoff in stormwater cduring the removal/remedial
actions, and may include collecting stormwater samples ko verify if any contarmmation 1s
migrating off-site during these actions. Additionally, the site must be reasonably returned to
its pre-action status, by replacing sod and performing other landscaping as necessary.

Cost. Costs for Alternative 6 would be moderately high to high because this technology
requires a large startup cost. Costs depend on initial and target concentrations, the quantity
of soil treated, the depth of contamination, soil characteristics, the amount and
characteristics of any residual, site preparation, equipment needs, and methods for
excavation and transportation.

Excavation and hauling costs to move excavated soil to the thermal treatment device may
range from $5 to $50 per ton, with the lower end of that range corresponding to a large
amount of soil that does not have to be transported a long distance.

Typical costs for ex-situ stabilization of excavated soil are generally less than $100 per ton of
treated soil, including excavation costs.

Typacal costs for thermal treatment range from $40 to $300 per ton of treated soil. The lower
end of that range corresponds to treatment at a site with a large amount of shallow soil, low
soil moisture, and a small difference between initial and iarget concentrations.

Costs for preventing sediment runoff, monitoring stormwater runoff, and post-action
landscaping vary with the size of the site and the type of action. Stormwater runoff costs are
assumed to be minimal, by using passive controls such as hay bales and silt screens. Costs
for post-action landscaping also vary with pre-vegetatior. and the size of the site, but are
assumed to average $5,000 per acre.
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3.3.8 Alternative 7 - Excavation, Transportation, and Off-site Disposal

3.3.8.1 Description

The excavation, transportation, and off-site disposal alternative removes all contammated
soil and permanently disposes of pesticide-, arsenic- and lead-contaminated soil in a RCRA-
permitted landfill as an industrial or hazardous waste.

3.3.8.2 Evaluation

With Alternative 7, contaminated soil is removed, reducing the p;ossibility for COC
migration or exposure.

Effectiveness. Alternative 7 effectively safeguards human health through the removal and
controlled disposal of contaminated soil. This alternative relies on excavation to remove
contamination at the site. The duration of this alternative depends on the quantity of soil,
the number of loaders and trucks operating, and the availability of adequate containers to
transport contaminated soil to a disposal facility. This alternative may take several months
to implement.

Impiementability. Implementation requires the use of on-site heavy equipment, an off-site
landfill facility that can be used for soil disposal, transportation to the facilty, and
containers for contaminated soil. Confirmation sampling is required after excavation.

Substantive requirements of the NPDES permit must also be addressed with this alternative.
These include control of sediment runoff in stormwater during the removal/remedial
actions, and may include collecting stormwater samples to verify if any contamination is
migrating off-site during these actions. Additionally, the site must be reasonably returned to
its pre-action status, by replacing sod and performing other landscaping as necessary.

Cost. Costs for excavation, transportation, and off-site disposal can be moderate to high, and
are dependent on the nature of the hazardous materials, methods used for excavation,
transportation costs, and costs for disposal at the particular type of RCRA-permitted facility.

Typically, costs for hazardous waste landfill transportation and disposal range from $270 to
$460 per ton. The costs for nonhazardous waste landfill transportation and disposal range
from $25 to $150 per ton. The lower end of the ranges correspond to soil contaminated with
less hazardous materials, an effective method of excavation, and a nearby disposal facility.

Costs for preventing sediment runoff, monitoring stormwater runoff, and post-action
landscaping vary with the size of the site and the type of action. Costs for post-action
landscaping also vary with pre-vegetation and the size of the site, but are assumed to
average $5,000 per acre.

3.4 Summary of Alternatives Screening

The relative merits of the potential alternatives were compared and screened on the basis of
effectiveness, implementability, and cost. The following discussion documents this final
screening.
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Retained for Eliminated from
Alternative Further Evaluation Consideration Key Screening Comments
1 v Keep per CERCLA
2 v Quick and inexpensive
3 v Cover could be an element of future
infrastructure
4 v Proven by pilot tests
5 4 Expensive and difficult to implement
6 v E:xpensive and difficult to implement
7 4 Costly, but gquicker than treatment

Thus, the final hist of alternatives retamed for further analysis are as follows:

Alternative 1: No Action (required per CERCLA)

Alternative 2: Institutional Controls

Alternative 3: Soil Contamnment

Alternative 4: In-situ Soil Treatment

Alternative 7: Excavation, Transportation, and Off-site Disposal

These final surface soil alternatives are carried forward for detailed analyses in Section 4.
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4.0 Detailed Analysis of Alternatives

4.1 Approach

Thas section is intended to help decision-makers evaluate, and ultimately select, action
alternatives for the surface soil in each FU at the MI of the Depot. The detailed analysis in
this section follows the development and screening of alternatives presented in Section 3
and precedes the actual selechon of alternatives in the Proposed Plan. Different alternative
actions may be selected for the various FUs because of differences in the distribution and
concentration of contaminants in the surface soil at each FU.

The final surface soil alternatives retained for detailed analysis in Section 3 are described
and evaluated in this section. The components of this evaluation include the following;:

¢ Further definition of each alternative, including volumes, technologies, and associated
performance requirements;

®  An assessment and summary profile of each alternative in comparison to the nine
criteria prescribed by EPA pursuant to CERCLA (42 U.S. Code [U.S.C.] Sections 9601
through 9675); and

* A comparative analysis of the remedial alternatives to assess the relative performance of
each alternative with respect to each evaluation criterion.

A definition of the evaluation criteria and a detailed description of each alternative are
presented in this section. Next, a detailed evaluation of the alternatives is presented for each
alternative in narrative form, and for each FU in Tables 4-3 through 4-7. The narrative and
tables describe how each alternative would perform in comparison to the evaluation
criteria, and idenhfy alternative-specific issues within the criter1a. Finally, a comparative
analysis is presented, evaluating each alternative in relation to one another for each of the
nine evaluation criteria.

4.2 Evaluation Criteria

Pursuant to CERCLA and the NCP (40 CFR 300), a range of remedial action alternatives was
developed and included in Section 3. Section 4 evaluates each alternative, describing its
performance relative to the following NCP criteria:

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

* Use permanent solutions and alternative treatment technologies or resource recovery
technologies to the maximum extent practicable; and
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» Satisfy the preference for treatment that reduces toxicity, mobility, or volume as a
principal element or explain why this is not attainable.

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

There are also statutory (CERCLA 121(b)(1)(A)) considerations that emphasize evaluating
long-term effectiveness for each alternative, including:

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

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

* Short- and long-term potential for adverse health effects from human exposure;
¢ Long-term maimntenance costs;
* Potential for future remedial achion costs if the alternative were to fail; and

¢ DPotential threat to human health and the environment associated with excavation,
transportation, and redisposal, or containment.

Nine standard EPA evaluation criteria were used in the detailed analyses to address the
statutory considerations and additional techrical and policy considerations The
alternatives are evaluated in comparison to these criteria, which are grouped mnto the
following categories: threshold, balancing, and modifying,.

4.2.1 Threshold Criteria

Threshold cnteria must be met or complied with by the selected remedial action alternative.
These criteria include overall protechion of human health and the environment, and
compliance with ARARSs.

4.2.1.1 Overall Protectiveness (Criterion 1)

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

¢ How the source of contamination 1s to be reduced or controlled; and

¢ How the site-related risks to human health and the environment are to be reduced and
whether target levels are attained.

4.2.1.2 Compliance with ARARSs (Criterion 2)

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

[ %

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

* Occupational Safety and Health Adminstration (OSHA) - Applicable to the protection
of site workers during remedial action; and

* Clean Air Act - Applicable to local air quality requirements.

* Existing land use controls (LUCs) — Currently, the MI is zoned as Light Industrial (I-L).
The principal uses permitted are manufacturing, wholesaling, or warehousing.
According to Section 24 of the Memphis and Shelby County zoning regulation, single
family, or multi-family residential uses are prohibited. Under the Federal Property
Management Regulations, FU2 is slated for transfer from'the Department of Defense
(Army) to the Department of Interior (DOI)/National Park Service (NPS). It will then be
transferred by public benefit conveyance to the City of Memphis for use as a park.
According to 41 CFR 101-47.308-7, property for use as a public park or recreational area
must be used and maintained for the purpose for which it was conveyed in perpetuity,
or be returned to the United States (24 CFR 51D).

4.2.2 Balancing Criteria

Balancing criteria are the five primary criteria on which analyses of remedial acthions are
based. The criteria provide decision-makers with a means to determine which alternative
best achieves the remedial objectives. The balancing criteria are described in the following
paragraphs.

4.2.2.1 Long-Term Effectiveness and Permanence (Criterion 3)

Long-term effectiveness and permanence are evaluated on the basis of magnitude of
residual risk and the adequacy and reliability of controls used to manage remaining waste
over the long term. Alternatives that afford the highest degree of long-term effectiveness
and permanence are those that leave little or no waste at the site, make long-term
maintenance and monitoring unnecessary, and minimize the need for institutional controls.
The assessment of long-term effectiveness should include the following factors:

* Magnitude of the residual risk to human and environmental receptors remaining from
untreated waste or treatment residues at the completion of remedial activities;

* Assessment of the type, degree, and adequacy of long-term management required for
untreated waste or treatment residues remaining at the site;

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

* Potential need to replace the action and the continuing need for repairs to maintain the
performance of the action.
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4,22.2 Reduction of Toxicity, Mobility, or Volume through Treatment (Criterion 4)

The statutory preference is to select a remedial action thal employs treatment to reduce the
toxicity, mobility, or volume of hazardous substances. This criterion addresses the
anticipated performance of the technologies that may be used to achieve treatment goals.
Alternatives that do not mmclude treatment technologies are not considered to reduce the
toxicity, mobility, or volume of chemicals. This criterion considers the following:

e Treatment processes;
* Amount of hazardous substances that will be treated or destroyed;

» Degree of expected reduction in toxicity, mobility, or volume through treatment,
including how the principal threat is addressed through treatment;

¢ Degree to which the treatment will be irreversible;
* Type and quantity of residuals that will remamn following treatment; and

e Statutory preference for treatment.

4,2.2.3 Short-Term Effectiveness {Criterion 5)

The short-term effectiveness of an alternative is evaluated relative to its short-term effect on
human health and the environment. The short-term effectiveness assessment is based on the
following key factors:

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

» Potential for impact on workers during construction, and the effectiveness and
reliability of protective measures;

¢ Potential for adverse environmental impacts that may result from the action, and the
effectiveness and rehability of mitigation measures in preventing or reducing the
potential impact; and

¢ Time frame for achueving remedial objectives.

4.2.2.4 Implementabitity (Criterion 6)

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

Ability to construct and operate;

Ease of doing more action, if needed;

Ability to monitor effectiveness;

Ability to obtain approvals and coordinate with other agencies;
Availability of services and capacities;

Availability of necessary equipment, specialists, and rnaterials; and
s Availability of technologies.
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4.2.2.5 Cost (Criterion 7) ) Q."

Preliminary cost estimates, for both industrial use and residential use, are presented for
each remedial alternative. Details of these estimates are included in Appendix B. These cost
estimates are intended to aid in making project evaluations and comparisons between
alternatives. These are rough, order-of-magnitude estimates (1.e., they have an expected
accuracy of -30 percent to +50 percent for the scope of action described for each alternative).

The estimates are divided into capital costs and O&M costs, and are based on information
provided by vendors, regulators, and experience on similar projects. The present worth of
the capital cost and 30 years of O&M are included, unless otherwise indicated.

4.2.3 Modifying Criteria

State and community acceptance of a proposed remedial action 15 an mportant element 1n
the decision to select and to implement. Concerns of state regulators and the local
community must be addressed during the selechon process and are generally termed
“modifying criteria.”

4.2.3.1 State Acceptance (Criterion 8)

The State of Tennessee (TDEC) will review and comment on this FS. TDEC comments on
this FS become part of the Administrative Record and are considered by EPA and the BCT
1n selection of the remedy.

4.2.3.2 Community Acceptance (Criterion 9)

Commuruty acceptance issues are an integral component of the CERCLA FS process.
Consistent with the NCP, community input on the selection of the remedy will be solicited
during the community review of the Proposed Plan.

4.3 Definition of Surface Soil Alternatives

The EPA guidance for conducting an RI/FS (EPA, 1988) recommends that each alternative
be defined in sufficient detail to apply the evaluation criteria and to determine order-of-
magnitude costs. The definition may include preluninary design calculations and drawings,
as well as addressing the limitations, assumptions, and uncertainties about each alternative.
However, the definition step is not a remedial design. Complete details of how an
alternative would be implemented are not necessary (or required by CERCLA) for the
comparative analyses performed.

The following alternatives were retained after the screening process presented in Section 3,
and are analyzed in detail in this section:

» Alternative 1: No Action (required to be retained per CERCLA)

¢ Alternative 2: Institutional Controls

¢ Alternative 3: Soil Containment

e Alternative 4: In-situ Soil Treatment

¢ Alternative 7: Excavation, Transportation, and Off-site Disposal
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In the detailed analyses presented in this section, these aliernatives are further refined with
respect to each FU, intended land use, and associated COCs. Different future land use
scenarios will require differing levels of remedial action to be protective of human health
and the environment.

Table 4-1 shows COCs for each FU for each of the land use criteria for which RGOs were
developed 1n Section 2 (Table 2-1): industrial, unlimited recreational, and residential. The
need for remedial action at the six FUs under various land use scenarios can be summarized
as follows:

* Industrial: Only FU4 requires some remedial activity to be protective under the
industnal land use scenario.

* Unlimited Recreational: Only FU2 was evaluated for unlimited recreational land use,
and was found to be acceptable for unlimited recreational use without limitation other
than fishing and swimming in the two lakes, which are currently prohibited. After
transter of the property, the fishing/swimming prohibition will be monitored by the
owner of the property.

* Residential: All FUs require some remedial activity if future residential use (including
day care operations) is permutted. Existing zoning and other land use controls would
have to be lifted or altered to permit residential use at the MI.

The COCs for which remediation is required are also shown in Table 4-1 under each
alternative land use scenano.

Soil contaminated above RGOs for potential land uses is composed of a number of discrete
areas scattered throughout the FUs (Figures 4-4 through 4-8). The number of individual
areas of concern and the total affected areas of contaminaied surface soil are summarized in
Table 4-2 to show the general magnitude of remediahon required for each COC under each
potential land use scenario. These areas were used to develop quantities for estimating the
costs of remedial alternatives (Appendix B).

Each of the retained alternatives is described in detail in the following paragraphs.

4.3.1 Surface Soil Alternative 1 - No Action

Thus alternative includes no remedial activities, but is requured by CERCLA to be retained
as a baseline for comparison. It applies to all FUs and potential land uses. Under this
alternative, no land use restrictions (over and above the existing land use controls) would
be implemented. If the existing restrictions were ever mocified, it is possible that future
residential development could occur. The no action alternative would:

* Employ no technologies,

* Not be protective in FU4 for industrial use in areas in which lead is present in the
surface soil at concentrations exceeding risk-based criteria (2 1,536 mg/kg), and

* Not add any protective layer of inshitutional controls prohibiting residential
development in FU1 through 6, due to the concentrations of dieldrin exceeding
residential risk-based criteria (= 0.21 mg/kg), arsenic exceeding background (z 20
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mg/kg) and/or lead exceeding residential risk-based criteria (= 300 kg/ kg) in surface
soil.

4.3.2 Surface Soil Alternative 2 - Institutional Controls

The institutional controls alternative can be an effective remedial alternative for future
industrial use at FU1, FU3 through 6, and for future unlimited recreational use of FU2. It
would leave contaminated surface soils in‘place, but would provide deed restrictions, in
addition to the existing land use controls, limiting the future use by the Depot.

Deed (including lease) restrictions would preve;:ft certain land uses where dieldrin, arsenic,
and/or lead in the surface soils pose an unaccepfgble risk. Currently, risks are unacceptable
for industrial use m a portion of FU4 and for future residential use in portions of FU1
through 6 (Table 4-2 summarizes areas in each FU under each land use scenario). Controls
would prevent industrial use in a portion of FU4, and future residential use in all of FU1
through 6. Residential use controls would include preventing day care operations in all
FUs, and fishing and swimming in the existing lakes in FU2 for safety reasons. In addition,
a boundary fence surrounding FU2 would be maintained to preclude casual access from
adjacent off-site residents.

Restrictions and controls would be coordinated with the Depot reuse implementation plans,
and would be included 1n all deeds and leases. Controls could apply to an entire FU, or to
areas within an FU that exceed levels acceptable for applicable land use. Under this
alternative, controls would have to be inspected periodically for effectiveness.

The deed restrichon and site controls, in addition to the existing land use controls, to be
applied under this alternative are as follows.

Deed Restrictions Preventing Deed Restrictions Preventing

FuU Residential Land Use*® Industrial Land Use Site Controls
1 X

2 X x°

3 X

4 X X (lead-contaminated areas [> X°©

1,536 mg/kg] only}
5 X
6 X

? Includes day care restriction ® Continuation of signage preventing swimming and fishing in lakes.® Site controls
{fencing and signage) as part of the industnial use deed restnictions.

Institutional controls contemplated for this alternative would:

* Be marginally protective in FU4 for industrial use by controlling access to areas with
lead exceeding levels acceptable under an industrial land use scenario (> 1,536 mg/kg).
However, even with deed restrictions and fencing/signage, future occupants of FU4
could remove the fencing and risk exposure to the lead-contamunated surface soil;
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* Prevent future residential land use in FU1 through 6, eliminating the risks associated
with that land use scenario;

e Prevent casual access from adjacent off-site residents through maintenance of a
boundary fence surrounding FU2;

e Prevent day care operations in FU1 through 6; and
* Prevent fishing and swimming in the lakes in FU2.
Applying contemplated institutional controls would resuit in the following in each FU:

s FU1 is acceptable for industrial use without controls; however, it has numerous areas of
surface soil contamination (total of 206,300 square fee! [ft?][Figure 4-1]) that would
present unacceptable risks under a future residential land use scenario. With
institutional controls in place to prevent future residential development, FU1 could be
used for industrial purposes with no further action.

e FU2 is acceptable for unlimited recreational use withcut controls; however, it has
numerous areas of surface soil contamination (total of 1,960,200 ft2 [Figure 4-2]} that
present unacceptable risks under a future residential land use scenario. With
institutional controls in place to prevent future residential development, FUZ2 could be
used for recreational purposes with no further action.

» FU3 is acceptable for industrial use without controls; however, it has areas of surface
soil contamination (total of 5,500 ft2 [Figure 4-3]) that would present unacceptable risks
under a future residential Iand use scenario. With institutional controls in place to
prevent residential development, FU3 could be used for industrial purposes with no
further action.

e FU4 has 7,200 ft? of lead-contaminated surface soil that would require deed restrictions
and access control to prevent industrial worker. Also, FU4 has an additional area of
surface soil contamination (total of 386,200 ft? including the 7,200 fi2 exceeding
industrial criteria [Figures 4-4]) that would present unacceptable risks under a future
residential land use scenario With institutional controls in place to prevent residential
development, FU4 could be used for industrial purposes with only the restricted access
to the 7,200 fi? of lead-contaminated surface soil.

o FUS5 is acceptable for industnal use without controls; however, it has some areas of
surface soil contamination (total of 39,500 fi2 [Figure 4-5]) that would present
unacceptable risks under a future residential land use scenario. With institutional
controls 1 place to prevent residential development, FU5 could be used for industrial
purposes with no further action.

e FUB6 is acceptable for industrial use without controls, but has a small area of arsenic (400
ft2 [Figure 4-6]) contamunation that would present unacceptable risks under a future
residential land use scenario. With institutional controls in place to prevent residential
development, FU6 could be used for industrial purposes with no further action.

The assumptions used in developing the cost estimate for this alternative were.as follows:
» All areas identified as exceeding the RGOs would be specifically restricted:

— No industrial activities in the identified portion of FU4 because of lead surface soil
contamination; and
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~ No future residential use in FU1, 2, and 5 because of dieldrin and arsenic; in FU3
because of arsenic and lead; in FU4 because of arsenic, lead, and dieldrin; and in
FU6 because of arsenic.

* The estimated cost for this alternative assumes that institutional controls are applied to
the entire MI of the Depot. The cost would be similar, even if institutional controls were
applied to only selected FUs. )

* The extent of lead, arsenic, and dieldnn contamination n the surface soils are
adequately defined.

* Anannual evaluation of administrative controls is necessary to prevent future land use
changes.

* Penodic 5-year reviews by regulatory agencies would be required as long as hazardous
substances, pollutants, or contaminants remain at the site. Present worth costs use 30
years as a costing period.

4.3.3 Surface Soil Alternative 3 - Soil Containment

This alternative includes constructing a protective cover of soil or pavement over
contaminated surface soils coupled with deed restrictions preventing disturbance of the
cover. Contaminated soils would be left in place, and a 1-ft-thick cover of soil or
asphalt/concrete pavement would be installed over contaminated surface soils. In addition,
deed restrictions preventing future disturbance of the cover would be provided. These
restrictions would be coordinated with the Depot reuse implementation plans, and would
be included in all deeds and leases. Figures 4-1 through 4-6 depict the various areas that this
alternative would address for surface soils contaminated with lead, dieldrin, and arsenic,
respectively.

The cover would be applied to individual surface soil areas within an FU that exceeds levels
acceptable for applicable land use (Table 4-2 summarizes the areas in each FU under each
land use scenario). The following controls and areas in each FU are included:

Industrial Use Unlimited Recreational Use Residential Use
Deed Deed
Restrictions Area to be Restrictions Areatobe Deed Restrictions Area to be
Preventing Cover Covered Preventing Cover  Covered Preventing Cover Covered
FU Disturbance ") Disturbance (#) Disturbance )
1 NR NR X 206,300
2 NR NR X 1,960,200
3 NR NR X 5,500
4 X3 7,200 X 386,200°
5 NR NR X 39,500
6 NR NR - - X 400

NR Not required
? Includes site controls (fencing and signage)
® Includes the 7,200 f® included in Industnal Use.
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Implementation of this alternative would:

Be marginally protective in FU4 for industrial use by covering surface soil areas with
lead exceeding levels acceptable under an industrial land use scenario, however, even
with deed restrictions and covers, future occupants of the FU could remove the cover
and risk exposure to the lead-contaminated soil.

Be marginally protechive in FU1 through 6 for future tesidential use by covering surface
soil areas with lead, arsenic, and/or dieldrin exceeding levels acceptable for residential
users, however, even with deed restrictions and covers, future occupants of the FU
could remove the cover and risk exposure to the contammated soil.

Application of the contemplated soil containment measures would result in the following in
each FU:

4-10

FU1 is acceptable for industrial use without a cover; however, it has numerous areas of
surface soil contamination (total of 206,300 ft2 {Figure 4-1]) that would requure a soil
cover or pavement to be protective for a future residential land use scenario. With the
covers installed and institutional controls in place, the FU would be acceptable for
future residential use; however, long-term control to prevent future residents from
disturbing the covers would be difficult.

FU2 is acceptable for unlirmited recreational use without a cover or controls; however, 1t
has numerous areas of surface soil contamination (total of 1,960,200 ft2 [Figure 4-2]) that
would require a cover to be protective for exposure for future residential land use
scenario. Because the dieldrin contamination is so widespread (1,960,200 ft2 = 45 acres),
most of the FU would be covered, rather than individual areas. Some of the dieldrin
contamination in this FU also has arsenic at levels unacceptable to future residential use,
but the cover over dieldrin-contaminated soil would also reduce these risks to
acceptable levels for future residential use. With the covers installed and institutional
controls in place, the FU would be acceptable for a future residential land use scenario;
however, long-term control to prevent future residents from disturbing the covers
would be difficult. Future residential development in this FU would be difficult because
the majority of the area would be covered.

FU3 is acceptable for indusiral use without a cover; however, it has areas of surface soil
contamination (total of 5,500 ft? [Figure 4-3]) that would require a cover of soil or
pavement to be protective for exposure for a future residential land use scenario. With
the covers installed and institutional controls in place, the FU would be acceptable for
future residential use; however, long-term control to prevent future residents from
disturbing the covers would be difficult.

FU4 has 7,200 ft? of lead-contaminated surface soil that would require a cover of soil or
pavement to be protective for exposure under an industrnal land use scenario. Also, FU4
has an additional area of surface soil contamination (total of 386,200 ft? including the
7,200 ft2 exceeding industrial criteria [Figure 4-4]) that would require a soil cover or
pavement to be protective for exposure for a future residential land use scenario. With
the covers installed and institutional controls in place, the FU would be acceptable for
future residential use; however, long-term control to prevent future residents from
disturbing the covers would be difficult.
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* FUS s acceptable for industrial use without a cover; however, it has some areas of
surface so1l contamination (total of 39,500 ft2 [Figure 4-5]) that would require a soil cover
or pavement to be protective for exposure for future residential land use scenario. With
the covers installed and institutional controls in place, the FU would be acceptable for
future residential use; however, long-term control to prevent future residents from
disturbing the covers would be difficult.

* FU6 is acceptable for mdustrial use without a cover; however, 1t has a small area of
arsenic (400 ft2 [Figure 4-6]) contamination that would require a soil cover or pavement
to be protective for exposure for a future residential land use scenario. With the covers
installed and institutional controls in place, the FU would be acceptable for future
residential use; however, long-term control to prevent future residents from disturbing
the covers would be difficult.

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

* Areas identified as exceeding the RGOs would be covered as follows:

— For industnal activities in portions of FU4, excessive lead; and

- For residential use in FU1, 2, and 5, excessive dieldrin and arsenic; i FU3, excessive
arsenic and lead; in FU4, excessive arsenic, lead, and dieldrin; and 1n FUS6, excessive
arsenic.

¢ The extents of lead, arsenic, and dieldrin contamination 1n the surface soils are
adequately defined.

* Maintenance of the cover would be required.

* Anannual evaluation of administrative and other controls is necessary to prevent
disturbance to the cover.

* Periodic 5-year reviews by regulators would be required as long as hazardous
substances, pollutants, or contaminants remain at the site; present worth costs use 30
years as a costing period. ‘

4.3.4 Surface Soil Alternative 4 - In-situ Soil Treatment

This alternative includes treatment of contaminated surface soils {broremediation for
dieldrin, stabilization for lead and arsenic), and institutional controls prohibiting residential
use during implementation of the remedial action. These restrictions would be coordinated
with the Depot reuse implementation plans, and would be mcluded in all deeds and leases.
Under this alternative, site surface soils would have to be evaluated through laboratory
analyses during the treatment process to confirm that concentrations meet RGOs. Figures 4-
1 through 4-6 depict the various areas that this alternative would address for surface soils
contaminated with lead, dieldrin, and arsenic, respectively. For an industrial use scenario in
FU4, the deed restrictions barring future residential development would have to be
permanent.

Biological amendments and/or stabilization chemicals would be added to contaminated
surface soils to biodegrade and stabilize surface soil contaminated with dieldrin or metals,
respectively. Soils contaminated with both dieldrin and metals would not be treated with a
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stabilizmg chemtcal for lead and arsenic until dieldrn 1s reduced to RGOs. The treatments
would be apphed to individual areas within an FU that exceed levels acceptable for
apphcable land use. Biological amendments would be used to enhance the biotreatment of
the surface soil to effectively reduce dieldrin concentrations. Stabilization would effectively
immobihze lead and arsenic contarmmation.

Table 4-2 shows the areas of surface soil requiring treatment for each COC. This alternahive
would include the following controls and treatment in each FU:

Industrial Use Residential Use
Permanent Area of Soil Area of Soil Temporary Area of Soil Area of Soil
Deed Stabilization Bioremediation Deed Stabilization Bioremediation

FU  Restrictions (%) () Restrictions (%) (#%)

1 NAR NR NR X 45 300° 176,000°

2 NR NR NR X 56,600 1,960,200"°

3 NR NR NR X 5,500 NR

4 X° 7,200 NR X 274,700 de 121,500¢

5 NR NR NR X 7,500 32,000

6 NR NR NR X 400 NR

NR Not required

2 15,000 ft of FU1 contans both arsenic and dieldnn; therefore, the 1 S,OOO-ﬂ2 area must receive both soil
stabilization and remediation treatment Tota! area in FU1 = 206,300 ft2

® The 56,600-ft° area contains arsenic and dieldrin, therefore the area must receive both soll stabihzation and
remediation treatment. Total area in FU2 = 1,960,200 it?

© Includes site controls {fencing and signage).

d 10,000 f of FU4 contains both arsenic and dieldnn; therefore, the 10,000-&2 area must receive both soil
stabihization and remediation treatment. Total area in FU4 = 386,200 ft

® Includes the 7,200 ft% included in industnal Use.

Implementation of this alternative would:

* Be fully protective in FU4 for industrial use by eliminating risk of exposure to surface
soil areas with lead exceeding levels acceptable for industnal workers; and

* Be fully protective in FU1 through 6 for future residential use, with some temporary
restrictions, by eliminating risk of exposure to contaminated surface soil areas exceeding
levels acceptable for future residential use.

Application of the contemplated in-situ soil treatment measures would result in the
following in each FU:

¢ FUl is acceptable for industrial use without treatment; however, it has numerous areas
of surface soil contamination (total of 206,300 ft2 [Figure 4-1]) that would require
treatment to reduce exposure for future residential land use scenario. Dieldrin-
contaminated soil would be treated with an enhanced bioremediation process that
would reduce dieldrin contamunation to levels acceptable for future residental use.
Arsenic-contaminated soil would be treated with a chemical admixture that would
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stabilize contaminated so1l, decreasing risk to levels acceptable to future residential use.
Areas that have both dieldrin and arsenic contamination in the soil would require both
processes; bioremediation would be iumplemented first, after which the soibwould be
stabilized. At the completion of treatment, the FU would be acceptable for future
residential use.

* FU2 s acceptable for unlimited recreational use without treatment; however, it has
numerous areas of dieldrin and arsenic surface soil contamination (total of 1,960,200 ft2
[Figure 4-2]) that would require treatment to reduce exposure for future residential land
use scenario. Because the dieldrin contamination is so widespread (1,960,200 ft2 = 45
acres), most of the FU would be treated, rather than individual areas. Some of the
dieldrin contamination in this FU also have arsenic at levels unacceptable for future
residential use. The contaminated soil would be treated as described for FU1. At the
completion of treatment, the FU would be acceptable for future residential use.

* FU3is acceptable for industrial use without treatment; however, 1t has areas of surface
soil contamination (total of 5,500 ft2; Figure 4-3) that would require treatment to reduce
exposure for future residential land use scenario. Both the arsenic- and lead-
contaminated soil would be treated with a chemical that would stabilize the
contaminated soil, decreasing risk to levels acceptable to future residential use. At the
completion of treatment, the FU would be acceptable for future residential use.

¢ FU4 has 7,200 2 of lead-contaminated surface soil that would require treatment to
reduce exposure under an industrial land use scenario. FU4 has an additional area of
surface so1l contamination (total of 386,200 ft2 including the 7,200 fiZ exceeding
industnal criteria [Figure 4-4]) that would require treatment to reduce exposure for
future residential land use. Dieldnn-contaminated soil would be treated with an
enhanced bioremediation process that would reduce dieldrin contamination to levels
acceptable for future residential use. Both the arsenic- and lead-contaminated soil would
be treated with a chemical admixture that would stabilize the contaminated soil,
decreasing risk to levels acceptable to future residential use. Areas that have both
dieldrin and arsenic or lead contamination in the soil would requare both processes;
bioremediation would be implemented first, after which the soil would be stabilized. At
the completion of treatment, the FU would be acceptable for future residential use.

¢ FUb is acceptable for industrial use without treatment; however, it has some areas of
surface soil contamination (total of 39,500 ft [Figure 4-5]) that would require treatment
to reduce exposure for future residential land use. The contammated soil would be
treated as described previously in FUL. At the completion of treatment, the FU would be
acceptable for future residential use.

* FU6 is acceptable for industrial use without treatment; however, it has a small area of
arsenic (400 ft2 [Figure 4-6]) surface soil contamination that would require treatment to
reduce exposure for future residential use. Contaminated soil would be treated with a
chemical admuxture that would stabilize the contaminated soil, decreasing the risk to
levels acceptable to future residential use. At the completion of treatment, the FU would
be acceptable for future residential use.
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The assumptions used mn developing the cost estimate for this alternative were as follows:

* Areas dentified as exceeding the RGOs would be treated as follows.
— FPor industrial activihies in portions of FU4, excessive lead; and
— For future residential use in FU1, 2, and 5, excessive dieldrin and arsenic; in FU3,
excessive arsenic and lead; in FU4, excessive arsenic, lead, and dieldrin; and in FUS,
excessive arsenic.

¢ The extent of lead, arsenic, and dieldrin contaminahon in the surface soil are adequately
defined.

¢ Dieldrin-contaminated surface soil would be aerated with a rolling aerator, and
bioremediation growth constituents would be spread by using a tractor and fertilizer
dustributor. Treatments would be applied twice per year until RGOs were met.

* Landscaping would be required following treatment to restore the site to acceptable
conditions.

* Dieldrin-contammated surface soils would be effectively treated in approximately 3
years. Arsenic- and lead-contaminated soils would be treated in about 6 months
independently, or an additional 3 months after treatment of dieldrin.

* Anannual evaluation of treatment applicability and effectiveness would be performed
until treatment was complete.

¢ Penodic 5-year reviews by regulators would not be required.

4.3.5 Surface Soil Alternative 7 — Excavation, Transportation, and Off-site
Disposal

This alternative includes the excavation, transportation, and off-site disposal of
contarmnated surface soil. One foot of contaminated surface soils would be removed from
all areas on the MI of the Depot exceeding applicable RGOs and disposed of at an
appropriate off-site landfill. Excavation operations would be conducted at individual areas
of surface soil within an FU that exceed levels acceptable for applicable land use, as
summarized in Table 4-2. Following excavation of the contaminated soil, 1 ft of clean
backfill would be placed in all areas excavated, and the entire area landscaping would be
restored to its original condition.

Excavation, transportation, and off-site disposal would require temporary controls that
would limit the use of the Depot during implementation. These restrictions would be
coordinated with the Depot reuse implementation plans. Under this alternative, excavation
confirmation sampling and analyses would be required to confirm that RGOs were met.
Figures 4-1 through 4-6 depact the various areas that this alternative would address for
surface soils contaminated with lead, dieldrin, and arsenic, respectively. This alternative
would include the following controls and treatment in each FU.
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Industrial Use Residential Use
Permanent Area of Soil Area of Soil Temporary _., Area of Soil Area of Soil
Deed Stabilization Bioremediation Deed Stabilization Bioremediation

FU  Restrictions () () Restrictions *  (ft?) ()

1 NR NR NR X 45,300° 176,000°

2 NR NR NR X 56,600" 1,960,200°

3 NR NR NR X 5,500 NR

4 X°© 7,200 NR X 274,700%¢ 121,500¢

5 NR NR NR X 7,500 32,000

6 NR NR NR X 400 NR

NR Not required
? 15,000 fi® of FU1 contamns both arsenic and dieldnin; therefore, the 15,000-#% area must receve both soll
stabilization and remediation treatment Total area in FU1 = 206,300 ft2

® The 56,600-ft° area contains arsenic and dieldnin; therefore the area must receive both soil stabilization and
remediation treatment. Total area in FU2 = 1,960,200 .

® Includes site controls (fencing and signage)

d 10,000 ft? of FU4 contains both arsenic and dieldnn; therefore, the 10,000-f2 area must recerve both soif
stabihzation and remediation treatment. Total area in FU4 = 386,200 f#2,

® Includes the 7,200 fi? included in Industnal Use

Implementation of this alternative would:

* Be fully protective in FU4 for industrial use by eliminating risk of exposure to areas of
surface soil with lead exceeding levels acceptable under an industrial land use scenario,
and

* Be fully protective in FU1 through 6 for future residential use by eliminating risk of
exposure to contaminated surface soil areas exceeding levels acceptable for future
residential use.

Application of the contemplated in-situ soil treatment measures would result in the
following in each FU:

» FUl is acceptable for industrial use without soil remediation; however, it has numerous
areas of surface soil contamination (total of 206,300 ft2 [Figure 4-1]) that would require
remediation to reduce exposure for future residential land use. Contaminated soil
removal and clean backfill replacement would be required to eliminate risk of exposure
exceeding limats for future residential use.

* FU2 is acceptable for unlimited recreational use without soil remediation; however, it
has numerous areas of surface soil contamination (total of 1,960,200 ft2 [Figure 4-2]) that
would require remediation to reduce exposure for future residential land use. Because
the dieldrin contamination is so widespread (1,960,200 f2 = 45 acres), most of the FU
would require surface soil removal and replacement with clean backfill. Some of the
dieldrin contamination in this FU also has arsenic at levels unacceptable to future
residental use, but the dieldrin remediation would include this contaminated soil and
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reduce these risks to acceptable levels for future residential use. Contaminated soil
removal and clean backfill replacement would be required to eliminate nisk of exposure
exceeding limits for future residential use. At the completion of removal, the FU would
be acceptable for future residential use.

FU3 is acceptable for industrial use without remediaton; however, 1t has areas of
surface soil contaminahon (total of 5,500 ft2 [Figure 4-3]) that would require remediation
to reduce exposure for future residential land use. Coatamunated so1l removal and clean
backfill replacement over a total area of 5,500 ft2 would be required to eliminate risk of
exposure exceeding limits for future residential use. At the completion of removal, the
FU would be acceptable for future residential use.

FU4 has lead-contaminated surface soil that would require removal and clean backfill
replacement over a total area of 7,200 fi2 to eliminate risk of exposure exceeding limits
for industrial land use. FU4 has an additional area of lead and numerous areas of
arsenic and dieldrin surface soil contamination that would require remediation to
reduce exposure for future residential land use (Figure 4-4). Contaminated soil removal
and clean backfill replacement over a total area of 386,200 ft? (including the 7,200 ft2
exceeding industrial criteria) would be required to eliminate the risk of exposure
exceeding limits for future residential use. At the completion of removal, the FU would
be acceptable for future residential use.

FU?5 is acceptable for industrial use without remediation; however, it has some areas of
surface soil contamination (total of 39,500 ft2 [Figure 4-5]) that would require
remediation to reduce exposure for future residential land use. Contaminated soil
removal and clean backfill replacement would be requured to eliminate the risk of
exposure exceeding limits for future residential use. At the completion of removal, the
FU would be acceptable for future residential use.

FU6 is acceptable for industrial use without remediation; however, it has a small area of
arsenic (400 {2 [Figure 4-6]) surface soil contamination that would require remediation
to reduce exposure for future residential use. Contaminated soil removal and clean
backfill replacement would be required to eliminate the nsk of exposure exceeding
limits for future residential use. At the completion of removal, the FU would be
acceptable for future residential use.

The assumptions used 1n developing the cost estimate for this alternative were as follows:

4-16

Areas identified as exceeding the RGOs would be removed and disposed of as follows:

— For industrial activities i portions of FU4, excessive lead; and

~ For future residential use in FU1, 2, and 5, excessive dieldrin and arsenic; in FU3,
excessive arsenic and lead; in FU4, excessive arsenic, lead, and dieldrin; and in FUS,
excess1ve arsenic.

The extent of lead, arsenic, and dieldrin contamination in the surface soils are
adequately defined.

Contaminated soils would be excavated to a depth of 1 ft and replaced with compacted
clean (as determined by analytical testing) backfill. All disturbed sites would be
reseeded with grass.
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* Excavated lead-contaminated soils could require special handling and disposal at a
RCRA Subtitle C hazardous waste landfill; however, disposal characterization samples
would be analyzed prior to disposal. If the soil were determined to be non-hazardous, it
could be disposed of at a local Subtitle D landfill. Based on the concentrations of lead, it
is conservatively assumed that all of the lead-excavated soil would be hazardous and
would be disposed of at a hazardous waste RCRA Subtitle C landfill. Based on the
concentrations of arsenic, it is assumed that all of the arsenic-excavated soil would be
non-hazardous and would be disposed of at a local non-hazardous RCRA Subtitle D
landfill.

Ea)
* Excavated dieldrin-contaminated soils would be non-hazardous and would be disposed
of at a local non-hazardous RCRA Subtitle D landfll.

* Periodic 5-year reviews by regulators would not be required.

4.4 Individual Analysis of Surface Soil Alternatives

The following detailed analyses are provided to give decision-makers a basis for selecting a
remedial action alternative. The analyses include narrative text for each alternative and
evaluation tables (following this section). The text compares each alternative against each of
the nine criteria.

The tabular evaluations address each FU separately with the following exceptions: Table 4-3
includes both FU1 and FUS5 because both have the same intended use and COCs (the costs
for the two FUs are shown separately in the table), and Table 4-6 is sphit into two separate
tables (Tables 4-6A and B) to address the industrial and residental scenarios in FU4.

4.4.1 Surface Soil Alternative 1 — No Action

Alternative 1 provides no control of exposure to the contaminated soil for industrial
workers in FU4, nor for potential future residents in FU1 through 6.

* The overall baseline risk assessment results indicate that health risks under an industnal
land use scenario are within acceptable levels for future industrial use of the property,
except for lead in some limited surface soil area in FU4. This alternative, therefore,
would not protect human health in FU4 from lead contamination under the industrial
land use scenario. There are no current controls to prevent industrial use.

* FU1 through 6 all contain surface soil contaminated above levels acceptable for future
residential use. Although existing land use restrictions (see Section 4.2.1) currently
prohibit residential development at the Depot, the existing restrictions could be
removed or altered at some time in the future. The no action alternative does not add
any protective layer of institutional controls prohibiting residential development.

Because no action is being taken, there are no ARARs.

This alternative includes no controls for exposure and no long-term management measures.
All current and future potential risks would remain under this alternative to industrial
workers in FU4 and residents.
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This alternative provides no reduction in toxicity, mobility, or volume of the contaminated
soil through treatment.

There would be no additional risks posed to the commuruty, remediation workers, or the
environment as a result of this alternative being implemented.

There are no implementability concerns posed by this remedy since no action would be
taken.

The present worth cost and capital cost of Alternative 1 are estimated to be $0 since there
would be no action.

This alternative 1s not likely to be accepted by the regulatory agencies or the commuruty for
any of the FUs at the MI; however, it is retained and presented for detailed evaluation as
required by CERCLA.

4.4.2 Surface Soil Alternative 2 - Institutional Controls

Institutional controls would be protective of human health since exposure to contamination
would be controlled. Deed restrictions would provide an extra layer of prevention against
residential use. Workers would be prohibited from the coatarminated area in FU4 by
fencing, signs, and periodic oversight. Deed restrictions prohibiting residential use would
be added to the existing zonung controls.

Alternative 2 complements the existing zoning and land use controls described in Section
4.2.1, prohibiting residential use in all FUs.

To remain effective, institutional controls depend on periodic monitoring and maintenance
of fences and signs to keep industrial workers out of the contaminated area in FU4. The
proposed deed restrictions would add a layer of protection against industrial use of FU4 or
future residential use of FU1 through 6. Because contamination remains on-site, a review
would be conducted at least every 5 years.

This alternative provides no reduction in toxicity, mobility, or volume of the contaminated
soil through treatment.

There is no increase 1n nisk to the community or to workers due to implementation of this
alternative because there are no site activities that would affect exposure. Controls and
restrictions wouid take an esttmated 6 months to implement. Institutional controls are easy
to implement and require no special equipment or materials. The action could be enhanced
by extending the areas of control and related fencing.

The cost of Alternative 2, Institutional Controls, is estimated as follows.

To Prevent Industrial Use in FU4

To Prevent Residential Use in and Residential Use in FU1
FU1 through 6 Combined through 6 Combined
Capital Cost $14,000 $19,000
Annual O&M Cost $3,800 $4,300
30-year Present Worth Cost $71,100 $83,000
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The capital cost 1s primarily for establishing deed restrictions and fencing. The annual O&M
cost is for overseeing the continuation of and adherence to controls, and maintenance.

4.4.3 Surface Soil Alternative 3 - Soil Containment

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

ARARs do not apply to cover nstallation since actions would not imvolve the disposal of
waste. Controls that would be required include deed restrictions and fencing. These
controls would complement the existing zoning and land use controls described in Section
4.2.1, prohibiting residential use in all FUs.

For this alternative to remain effective over the long term, the cover would require careful
maintenance of landscaping and controls that would help prevent industrial worker or
residential intrusion below the cover. Because contamination remains on-site, a review
would be conducted at least every 5 years to ensure that the remedy continues to provide
adequate protection of human health and the environment in accordance with CERCLA
121(c).

This alternative provides no reduction in toxicity, mobulity, or volume of the contaminated
soil through treatment. The cover reduces the mobility of contaminants by physical
containment.

Site engineering controls would be required to minimize fugitive dust and stormwater
releases during site preparation and installation of the cover. Site workers might be
required to wear dermal and respiratory protection to minimize the likelihood of exposure
during intrusive activities in the lead-contaminated areas of FU4. The cover and controls
would be completed in less than 1 year.

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

The 30-year present worth cost of this alternative is estimated to be $4,569,000, with a
capital cost of $3,764,000, and an annual O&M cost of $53,300 to cover areas exceeding
residential RGOs in FU1 through 6; and the 30-year present worth cost is estimated to be
$361,000, with a capital cost of $51,000, and an annual O&M cost of $4,300 to cover areas
exceeding industrial RGOs in FU4. The capital cost is primarily for constructing the cover
and establishing deed restrictions and fencing, The annual Q&M cost is for maintaining
integrity of the cover and overseeing the continuation of and adherence to controls.

4.4.4 Surface Soil Alternative 4 - In-situ Soil Remediation

In-situ soil remediation is protective of human health and the environment by treating
contaminated surface soil. Treatment reduces residential and industrial worker exposures to
levels that are acceptable to appropriate land use.

This alternative complies with ARARSs. It would be conducted entirely in-situ and would
not involve the disposal of waste. If this alternative were implemented for future residential
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land use, some existing land use controls would have to be lifted to allow future residental
development.

This alternative remains effective after completion because the treatments destroy dieldrin
and/or immobilizes lead and arsenic. Treatment is rehiable and permanent. No monitoring
or management beyond the implementation period would be required. Since the
implementation would take less than 5 years, no 5-year review would be required.

Bioremediation is an irreversible process that reduces the toxicity of dieldrin-contaminated
soil. Stabilization 1s also irreversible by fixing arsenic and lead in the so1l matrix so it will
not be ingested or inhaled. This alternative meets the statutory preference for using
treatment as a principal element since the principal threats are addressed through
treatment.

Site engineering controls would be required to minimize fugitive dust and stormwater
releases during site preparation and treatment activities. S1te workers might be requred to
wear dermal and respiratory protection to minimize the likelihood of exposure during
intrusive activities in the lead-contaminated areas of FU4 Temporary controls would be
required to prevent exposure or disturbance to contarunated soil during the treatment
period. Bioremediation is expected to take 3 years, and stabilization should be completed
within 6 months.

The in-s1tu soil treatment alternative is reasonably easy to implement and both treatment
processes use proven technologies. In addition to initial bench-scale testing, some progress
monitoring and engineering judgement would be required during implementation of the
bioremediation to adjust treatment additives and application rates One biological
amendment is a proprietary product currently available from only one source. The
treatment actions could be enhanced by enlarging the treatment areas if more
contamination were discovered.

The 30-year present worth cost of this alternative is estimated to be $4,696,000, with a
capital cost of $1,903,000, and an annual O&M cost of $965,200 to treat areas exceeding
residential RGOs in FU1 through 6; and the 30-year present worth cost is estimated to be
$123,000, with a capital cost of $51,000, and an annual O&M cost of $18,200 to treat areas
exceeding industrial RGOs in FU4. The capatal cost is prirarily for the first year of
treatment and establishing controls. The annual O&M cost 1s primarily for continuing
biological treatment and adherence to controls.

4.45 Surface Soil Alternative 7 - Excavation, Transportation, and Off-site
Disposal

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

Thus alternative does comply with ARARs. Land disposal restrictions are potential ARARs
for disposal of hazardous waste and would require special handling, limiting the disposal
options of lead-contaminated soils. Dieldrin- and arsenic-contaminated surface soils are not
listed wastes and are not likely to exceed TCLP criteria at levels found on the Depot;
therefore, they are not considered RCRA hazardous wastes. They would be tested prior to
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disposal and if they exceed TCLP criteria, they would be disposed of as a hazardous waste.
If this alternative were implemented for future residential land use, some existing land use
controls would have to be lifted to allow future residential development.

This alternative remains effective after completion because contaminated soil is removed.
Removal is rehable and permanent. No monitoring or management beyond the
implementation period would be required. Since the implementation would take less than 5
years, no 5-year review would be required.

This alternative provides no reduction in toxicity, mobility, or volume of the contaminated
soil through treatment. Disposal in an off-site landfill reduces the mobility of contaminants
by physical containment.

Site engineering controls would be required to minimize fugitive dust and stormwater releases
during periods of soil disturbance such as excavation and hauling. Site workers might be
required to wear dermal and respiratory protection to minimize the likelihood of exposure
during intrusive activities in the lead-contaminated areas of FU4. This alternative would take
about 6 months to complete.

This alternative is easily implemented and monitored. No special techniques, materials,
equipment, or skills are required. Native soil is available locally for backfill. Off-site
transportation may require special controls on trucking operations. The removal action
could be enhanced by enlarging the excavated area if more contamination were discovered.

The 30-year present worth cost and capital cost of thus alternative 1s estimated to be
$7,289,000, with an annual O&M cost of $0 to remove areas exceeding residential RGOs in
FU1 through 6; and the 30-year present worth cost and capital cost is estimated to be
$240,000, with an annual O&M cost of $0 to remove areas exceeding industrial RGOs in
FU4. All remedy costs are capital costs; this alternative has no annual O&M cost.

4.5 Comparative Analysis of Surface Soil Alternatives

In the following analysis, the alternatives are evaluated 1n relation to one another for each
of the evaluation criteria. To enable a balanced selection, this analysis identifies the
advantages and disadvantages of each alternative relative to the Depot MI and the FU or
FU group considered. FU-specific comparisons are presented if different from the Depot
overall.

4.5.1 Overall Protection of Human Health and the Environment

4.5.1.1 General

All of the alternatives protect human health and the environment except Alternative 1 (No
Action).

4.5.1.2 Industrial Use

FU1, 2, 3, 5, and 6 are acceptable for an industrial land use scenario without any action. FU4
has some lead in the surface soil in excess of human health cniteria, which would be
remediated in preparation for industrial use. Alternative 1 is not protective of the industrial
worker in FU4, but all other alternatives provide adequate protection because they protect
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the industnal worker from lead exposure. Alternative 2 achieves protection by establishing
mnstitutional and site controls limiting access; Alternative 3 covers the lead-contaminated
soil and provides deed restrictions preventing future disturbance of the cover; Alternative 4
treats the soil to immobilize the lead; and Alternative 7 removes the lead from the Depot
area.

4.5.1.3 Residential Use

For future residential use, all six FUs require some action to be protective from dieldrn,
arsenic, and/or lead in surface soil. Alternative 1 is not protective, but all other alternatives
provide some protection because they protect the future resident from dieldrn, lead, and
arsenuc exposure. Alternative 2 (Instituthonal Controls), is designed to prevent future
residental use at most FUs and is therefore not applicable to the future residential use
scenario. Alternative 3 covers/paves over the dieldrin and lead /arsenic soils; Alternative 4
treats the dieldrin soil by enhancing bioremediation and the lead/arsenic soil by
stabilization; and Alternative 7 removes the dieldrin and lead /arsenic soils from the MI of
the Depot.

4.5.2 Compliance with ARARs

All alternatives meet all respective ARARs except for Alternative 1 (No Action) for which
there are no ARARs; however, existing land use restrictions on Depot property would have
to be modified to permut future residential use of the property.

453 Long-term Effectiveness and Permanence

45.3.1 General

Alternatives 4 (In-situ Soil Treatment) and 7 (Excavation, Transportation, and Off-site
Disposal) afford the highest degree of long-term effectiveness and permanence; Alternative
4 provides treatment to reduce the toxicity of dieldrin-contaminated surface soil and the
fixation of lead- and arsenic-contaminated surface soil to levels acceptable for intended land
use. Alternative 7 removes all contamination with unacceptable risk. Both alternatives
reduce risk to levels in accordance with RAOs, but Alternative 7 can be implemented 1n 6
months; Alternative 4 requires up to 3 years for dieldrin-contaminated soil, but only 6
months if soil contamination is hmited to lead and/or arsenic. Neither alternative requires
long-term maintenance or 5-year reviews, but Alternative 7 relies on an off-site land
disposal facility for long-term storage of contaminated soil.

The long-term effectiveness and permanence of Alternatrve 3 (Soil Containment) is less
reliable because contaminated soil remains on-site and long-term controls are necessary to
prevent disturbance to the cover. The cover takes longer to implement than bioremediation
treatment but about the same amount of tune as institutional controls, removal, or
stabilization. Long-term maintenance of the cover and 5-year reviews are required as long
as hazardous substances, pollutants, or contaminants remain at the site; present worth costs
use 30 years as a costing period. Alternative 2 (Institutional Controls) 1s not as effective
compared to the other active alternatives for the long term because there is no physical
barrier between potential receptors and contaminated so1l, except fences and signs.
Alternative 2 requires long-term maintenance and 5-year reviews are required as long as
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hazardous substances, pollutants, or contaminants remain at the site; present worth costs
use 30 years as a costing period.

4.5,3.2 Industrial Use

FUs 1,2, 3, 5, and 6 are suitable for an industrial land use scenario without any action.

FU4 has lead-contaminated soil in excess of human health criteria, which should be
remediated in preparation for industrial use by implementing one of the remediation
alternatives. Alternatives 4 and 7 are the most effective for FU4 because they would treat or
remove contamination, respectively. Alternative 4 is more permanent for lead; it reduces
mobility by stabilization as opposed to disposing it in a landfill. Alternative 7 is shghtly
more effective for lead because 1t contains the material off-site 1n a regulated landfill facility.
Alternative 3 is less effective because it leaves the lead i place by covering the lead-
contaminated soil with clean fill or pavement. Alternative 2 is the least effective (besides
Alternative 1, No Action) because it rehes on institutional controls to prevent exposure in
an industrial setting, which requires continued monutoring and control. Alternative 1 is not
effective at reducing industrial risk.

4,5.3.3 Residential Use

All six FUs require some action to be suitable because of the dieldrin, arsenic, and lead in
the surface soil. All alternatives (except Alternative 1, No Action) provide some long-term
effectiveness for future residents. Alternatives 4 and 7 are the most effective because they
treat or remove contaminaton, respectively. Alternative 4 is more permanent for dieldrin; it
reduces the toxicity and volume of contamination through biological treatment as opposed
to disposing it and it is fairly permanent for lead / arsenic because it stabilizes the soil mass
that contains the lead /arsenic and immobilizes the chemicals. Alternative 7 is permanent
for dieldrin/lead/arsenic because it contains the materal off-site in a regulated landfill
facility, but the chemicals are not destroyed. Alternative 3 is less effective because 1t leaves
the chemicals in place by covering the dieldrin/lead/arsenic-contaminated soil with clean
fill or pavement. Alternative 2 (Institutional Controls), is designed to prevent future
residential use at all FUs and is therefore not applicable to the future residential use
scenario. Although there are existing land use restrictions prohibiting residential
development on the Depot area, Alternative 1 1s not completely effective at reducing future
residential risk because the existing restrictions could be lifted or altered at some time in the
future.

4.5.4 Reduction of Toxicity, Mobility, or Volume through Treatment

4,54.1 General

Alternative 4 is the only action that includes treatment of surface soil to reduce the risks
posed by soil contamination. Enhanced bioremediation is used to treat dieldrin to levels
acceptable for future residential land use. Stabilization of arsenic- and lead-contaminated
soil is used to reduce the mobility of metals in the soil to residual levels acceptable for
residential and industrial land uses. Alternative 4 satisfies the statutory preference for
treatment as a principal element. None of the other alternatives uses treatment technologies,
although dieldrin would attenuate over time. Although Alternative 3 (Soil Containment)
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and Alternative 7 (Excavation, Transportation, and Off-sile Disposal) reduce the mobility of
chemicals, the reduchon is not achieved through treatment

4.5.4.2 Industrial Use

Alternative 4 uses stabilization to reduce the mobility of lead in soil in FU4. No other
alternatives use treatment technologies.

4,5.4,3 Residential Use

For future residents in FU1 through 6, Alternative 4 would provide both bioremediation
and stabilization to treat dieldrin, lead, and arsenic in the surface soil. No other alternatives
use treatment technologies.

4.5.5 Short-Term Effectiveness

4.5.5.1 General

Alternative 2 (Inshitutional Controls) has the greatest short-term effectiveness because it
presents the least risk to workers, the commumnity, and the environment. Alternative 2 1s the
quickest way to short-term protection (within 6 months). Alternative 3 (Soil Containment)
requires some engineering controls during construction of the cover to minimize impacts
from fugitive dust emissions and stormwater runoff. It also takes longer to implement,
although less than 1 year. Alternatives 4 (In-situ Soil Treatment) and 7 (Excavation,
Transportation and Off-site Disposal) have the same short-term effectiveness, but
Alternative 7 may cause traffic impacts due to transportation of excavated material and
backfill. Alternative 7 and Alternative 2 can be implemented in less than 6 months, whereas
Alternative 4 can take over 3 years to implement. Alternative 1 has no short-term impacts
because no action is taken.

4.5.5.2 Industrial Use

Alternative 2 can be effected quickly and presents no implementation risk to workers.
Alternative 3 presents minimal risks to workers (dust) ancl environment (stormwater) and
can be implemented quickly (much less than 1 year) for lead (FU4). Alternatives 4 and 7
both present limited risk during implementation because of short-term exposure to dust
during treatment, or excavation and transport within the area of elevated lead in FU4,
respectively. Alternative 4 for the lead only (FU4) can be implemented in the same
timeframe as Alternative 7 (within 6 months).

4.5.5.3 Residential Use

All six FUs require some action to be suitable for future residential use because of dieldrin,
arsenic, and lead in the surface soil. Alternative 2 (Institut:onal Controls) is designed to
prevent future residential use at all FUs and is therefore not applicable to the future
residential use scenario. Alternative 3 presents mumimal risks to workers (dust) and
environment (stormwater) and can be implemented quickly (much less than 1 year) for
lead. Alternatives 4 and 7 both present limuted risk during implementation because of short-
term exposure to dust during treatment, or excavation and transport within the area of
elevated lead in FU4, respectively. Alternative 4 takes longer to implement (over 3 years)
than Alternative 7 (less than 6 months).
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4.5.6 Implementability

4.5.6.1 General o

Alternative 2 (Institutional Controls) is the simplest to implement. Additional remedial
action can be readily implemented if more effectiveness becomes necessary, as long as
significant industnal use infrastructure has not been added. Land use controls and
monitoring would be applied to prevent unacceptable land use. Alternative 3 (Soil
Containment) is also simple to implement, but requires sigruficant materials and handling.
The matenals and equipment required are common and would be available locally.
Expansion of the cover 1s relatively easy if the areal limits of remediation need to be
extended. Monutoring is necessary to ensure the cover is not disturbed. Construction
requirements for Alternative 7 (Excavation, Transportation, and Off-site Disposal) are also
sumple and the required equipment is readily available, but limitations on landfill space
may impact cost and construction time. Expansion of the excavation areas to accommodate
extensions in areal contamination is relatively easily accommodated, and no monitoring
after implementation is required. Alternative 4 (In-situ Soil Treatment) is most difficult to
implement because of the treatment processes and time required. Dieldrin treatment, as
demonstrated in bench-scale testing, requires a proprietary product available from only one
source and takes 3 years to complete. Stabilization is a proven and readily available
technology and easily expanded if additional lead /arsenic contamination is found.

4.5.6.2 Industrial Use

FUs 1,2, 3,5, and 6 are suitable for industrial workers without any action. FU4 has some
lead in the surface so1l in excess of human health criteria, which would be remediated in
support of continued industnal use. Alternative 1 has no implementability issues.
Alternative 2 is simplest to implement because the site already has access controls and an
active caretaker, and is already zoned industrial. Alternative 3 is easy to construct in FU4,
requiring only pavement (or a soil cover) over the few lead areas. Alternatives 4 and 7 both
require intrusive activities during implementation for lead-impacted soils, requiring
significant matenals handling and disruption to other Depot activities. Alternative 4 for the
lead-impacted soil (stabilization) at FU4 could also result in a volume increase, potentially
mnterfering with some industrial uses.

4.5.6.3 Residential Use

All six FUs require some action to be suitable for future residential use because of dieldrin,
arsenic, and lead in the surface soil. Alternative 1 has no implementability issues because no
action is taken. Alternative 2 (Institutional Controls) is designed to prevent future
residential use at most FUs and is therefore not applicable to the future residential use
scenario. Alternative 3 is more difficult to construct because a pavement {or a soil cover) is
required over extensive areas of contaminated soil, and is not likely to be compatible with
future residential use. This extensive cover requires periodic monitoring to ensure it is not
disturbed. Alternatives 4 and 7 both requure extensive intrusive actvities and are the most
difficult to implement, requiring significant materials handling and disruption to other
Depot activities. Alternatives 3, 4, and 7 require lifting or alteration of existing deed
restrictions to allow future residential land use.
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4.5.7 Cost

4.5.7.1 General

There are no costs associated with Alternative 1 (No Action) Alternative 2 (Institutional
Controls) is typically the least expensive of the active remediation alternatives because it 1s

a fixed cost for all FUs. Costs for this alternative include implementation plans and deed
(and lease) restrictions preventing unacceptable land use and fencing to protect industrial
workers or future residents. The cost for controls are assumed the same whether for one or
all FUs since the cost of establishing the land use restrictions is relatively independent of the
anticipated number of parcels involved.

4,5.7.2 Industrial Use

With present worth cost of $123,000, Alternative 4, In-situ Treatment, is the least expensive
to implement to make FU4 acceptable for industrial use. If not remediated, Alternative 2
(Institutional Controls} would be the least expensive to mplement at FU4 for a present
worth cost of $83,000. If FU4 is remediated by Alternative 3, 4, or 7, the present worth cost
for institutional controls in FU1 through 6 is only $71,000 because less controls would be
required in FU4 after remediation. Alternative 4 (Treatment) is the least expensive active
remechation at $123,000. Alternative 7 (Excavation, Transportation, and Off-site Disposal)
with a capital cost of $240,000 is more expensive than Alternative 4 due to the assumed
hazardous waste disposal required. Containment of contaminated soil in FU4 (Alternative
3) is the most expensive at $361,000 due to the long-term Q&M cost associated with
monitoring of the cover.

4.5.7.3 Residential Use

Alternative 2 (Institutional Controls) is designed to prevent future residential use at the FUs
and is therefore not applicable to the future residential use scenario. Typically, costs to
implement other alternatives to make FU1 through 6 acceptable for residential use are
greater and can be generalized as follows: Alternative 3 (Soil Containment) and Alternative
4 (In-situ Soil Treatment) are about the same cost for mos: FUs. These greater costs are due
mostly to long-term maintenance of the cover for Alternative 3 and long-term maintenance
for the bioremediation of Alternative 4. Alternative 7 (Excavation, Transportation, and Off-
site Disposal) is the most expensive because of the off-site disposal cost. Present worth costs
are summarized for each FU and alternative as follows.

Present Worth Total Present

Capital Cost 0&M Cost Worth Cost
FU1
Alternative 3, Soil Containment $305,000 $63,000 $368,000
Alternative 4, In-situ Soll Treatment $146,000 $249,000 $395,000
Alternative 7, Excavation, Transportation, $608,000 $0 $608,000
and Off-site Disposal
FU2
Alternative 3, Soil Containment $2,799,000 $576,000 $3,375,000
Alternative 4, In-situ Soil Treatment $1,608,000 $1,762,000 $3,370,000
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Present Worth Total Present

Capital Cost O&M Cost Worth Cost
Alternative 7, Excavation, Transportation, $5,097,000 $0 $5,097,000
and Off-site Disposal
Fu3
Alternative 3, Soll Containment $18,000 $18,000 $36,000
Alternative 4, in-situ Soil Treatment $5,000 ’ }» $17,000 $22,000
Alternative 7, Excavation, Transportation, $106,000 ) $0 $106,000
and Off-site Disposal
FU4
Alternative 3, Soii Containment $560,000 $112,000 $672,000
Alternative 4, In-situ Soil Treatment $113,000 $718,000 $831,000
Alternative 7, Excavation, Transportation, $1,293,000 $0 $1,293,000
and Off-site Disposal
FUs
Alternative 3, Soil Containment $67,000 $18,000 $85,000
Alternative 4, In-situ Soil Treatment $26,000 $44,000 $70,000
Alternative 7, Excavation, Transportation, $152,000 $0 $152,000
and Off-site Disposal
Fus
Alternative 3, Soil Contamment $15,000 $18,000 $33,000
Alternative 4, in-situ Soil Treatment $5,000 $3,000 $8,000
Alternative 7, Excavation, Transportation, $33,000 30 $33,000

and Off-site Disposal

4.5.8 State Acceptance

State acceptance is likely for all alternatives except Alternative 1 (No Action) and
Alternative 3 (Soil Containment) for both residential and industral use scenarios.

4.5.9 Community Acceptance

The community may be willing to accept all alternatives except no action, and may be less
willing to accept soil containment because the contaminants are left in place, untreated, and

the applicable land use is allowed.
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TABLE 4-1
COCs Associated with Alternate Land Uses for Each FU
Mempfus Depot Main Instaltation Soils FS — 7/3/00 51 0

98

COCs for Alternate Land Uses

Unlimited
FU Industrial Recreational Residential
1 (20 Typical Warehouses) None NI Dieldnin, Arsenic
2 (Golf Course) NI None Dieldnn, Arsenic
3 (SW Open Area) None NI Arsenic, Lead
4 (N and Open Area) Lead Ni Arsentc, Lead, Dieldnn
5 (Newer Warehouses) None NI Dieldnin, Arseric
6 (Administration/Residential) None NI Arsenic

None  No COCs for this land use. FU 15 acceptable for this land use without remediation.
NI Land use scenano not intended for this FU

GNW\003673650-SLH2047 BOC SOiLS
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FIGURE A-1

Blood Level Distribution Probability Percent Plot for 655 ug/g Lead Concentration in Soil (FU3 Child). Ages 0-12 Months
Memphis Depot Main Instaliation Soils FS
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FIGURE A-2
Blood Level Distribution Probability Percent Plot for 919 4g/g Lead Concentration i Soil (FU4 Child). Ages 0-12 Months
Memphis Depot Main Installation Soils FS
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FIGURE A-3

Blood Levet Distribution Probability Percent Plot for 295

Ages 0-12 Months

Memphis Depot Main Installation Sols FS
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Lead Concentrations within FU3 Around Qld Paint Shops

Unit | Matrix | StationlD | SamplelD SampleType | UpperDepth | - LowerDepth -] ParamName -AnaValue ProjQual | Units { Detected
_.3S5 _ SB3IA SGA01S N A 1;LEAD ] _514= _ IMGKG ' _TRUE
; .388 iSEatB 1SGAC2Z0 ]N ] i .0 TLEAD ] 3= _IMGKG TRUE
| 3SS _[SS31A  :5GAOT1 _w_”L e e £ o __. 1[LEAD ; . __Bed= _IMGIKG JRUE
i 388 15531 B _i8GAo12 N mf 0 083 LEAD mo__ . BS5= MGG 1 THUE
385 _ © {S8diC__ [sGAD13 N T 1|LEAD T 846 = _IMG/KG . TRAUE
355 *sssm 18(38058 IN ! . .osl 1,LEAD ) 205= MG/KG § TRUE,
Average soll concentrations arcundSitest %‘ 188 T
Maximurn Soil Concentrations around Site 31 664
3ss " ISEd2A  imHAoiz N T T i 1jLEAD _m 4150 = _ImakG 1 TRUE
35S 55328 RHAQ15 N ! 0 1{LEAD 678 = MG/KG TRUE
385 15532C RHAO16 N ! o 1|LEAD 693 = MG/KG TAUE,
388 55320 RHAD17 N 0, 1[LEAD __786= MG/KG TRUE;
3588 18832 RHAQ18 N O 1|LEAD _ 119= MG/KG TRUE!
3885 SS32F RHAD19 N 0 1ILEAD 1 105'= MG/KG TRUE
38S 8532G RHAO20 N 0 1jLEAD 1580 = MG/KG ; TRUE
Average soll concentratlons around Site 32 1156 |
Maximum Soil Concentrations around Site 32 4150
358 SB33A SGA031 N [} 1ILEAD 469 = __IMG/KG | TRUE:
3,55 SB338 SGAD36 N 0; 1LEAD 20 1= MG/KG TRUE:
3.85 $B33C SGAD41 N [ HLEAD 16 1]= MG/KG TRUE,
388 5833A SGAD25 N o 1{LEAD 129,= MG/KG TRUE:
3583 88338 5GB067 N 02 1 2ILEAD 321|= MG/KG TRUE,
35S 5833C SGA027 N 0 1LEAD 200 = MG/KG TRUE'
388 55330 SGA028 N_ 0 1{LEAD . 751i= MG/KG TRUE:
355 SS23E SGHE0G8 N . o 1iLEAD 140 = MG/KG | TRUE
385 SS33F S5GAQ30 N B 0 1iLEAD 79 3= MG/KG TRUE:
@85 {58336 MIA333 N b 0 1iLEAD 846=  IMGKG_, _ TRUE
358 5333H MIA334 N L ) 1LEAD 900 = MG/KG |  TRAUE
35S ssasl MIA335 N L [} 1|LEAD __278= MGKG |  TRUE
35S issaai T iMiA3sE N _ o 1|LEAD 0= MG/KG |~ TRUE
| 385  iSS33K  [MIA3z5 N B 0 1JLEAD 1830, = MGKG { _ TRUE:
355 SS33L :MIA3ZE N : 0 1{LEAD 114 = MG/KG ; TRUE
| 385 5S33M gMIA327 N _0 1JLEAD 332,= MGHKG |  TRUE
388 5833N iMIA330 N o, 1|LEAD _ 823= MGKG | TAUE
Average soll concentrations around Site 33 - 285 b
Maximum Sofl Concentrations around Site 33 1830
35S lssaap  fmrAoss N T TG T TMiiEap 960 = MG/KG TRUE
4’ss §§§34E RHACZ9  IN i o _oMLEAD o r o Bag= MGKG | _ TRUE
" 4'ss S534E RHA180FD1 (FD 0 1{LEAD 505 = MG/KG TRUE
| 385 |853dF  |RHAGMO N T T o __1lLEAD ) _145= MGG | TRUE
L__rage soil concentrations around Site34 =~~~ = . 488 D B ___E
Maximum Soll Concentrations around Slte 34 960 .

! ! H | i ! i
3ss SSR9A SGB044 N 0, 1;LEAD ! 246 = ‘MG/KG TRUE:
355 55898 SGB0ag N 0 1iLEAD . 139 = IMG/KG TRUE
335 5889C SGA250 N ! ) 1:.LEAD | 227,= IMG/KG TRUE
355 ISSEOF 1SGAZES N ) ! ) HLEAD | 237 MG/KG |~ TRUE
388 $589H 8GA257 N b [ 1ILEAD ' 2470 = MG/KG TRUE
[ 355  |S8sl SGAZES N o 0 1LEAD I 302 = MG/KG TRUE
355 ;5589J 15GA259 N [ 1iLEAD | 2250 = MG/KG TRUE,
385  'SSBOK IMIA153 N T i) 1iLEAD b 399= MGIKG | TRUE

i 355 |8SBOL  IMIA15S N 0 1LEAD ‘ 64 7,= MG/KG | TRUE
{_ 9SS  ISSeIM__ _IMIA15E N — 8 11LEAD ; 256 = MG/KG __TRUE
i 38§ SS89N IMIA157 N , 0 1}LEAD K 232 = MGIKG TRUE
{Average soil concentrations around Site 89 j 551 i ]
Maximum Soil Concentrations around Site 89 2470

Overall average around Paint Shops 492

GNV/0D3673594-8IN2026 xis SOILS



Lead Concentrations within FU4 Around Bundl_g

849 (Site 83} and Building 702 (Site 79)

010 147

r

’

[Unit] Matnx | StationiG | Sampleld | SampieType i

UpperDepth | LowerDepth | ParamName | AnaValue | ProjCual | Units ) Detected |

485 FS579A _ MIA2BIAVG (N 0 _1LEAD 360 45 = _ MGKG__ - 3FAUE
. 4S8 RS8BT MiA286AVG ;N 0 T iLEAD 70t5=_ MGKG  “ TAUE
4SS FS79C MIAZ89AVG [N TTTT 0 T "iLEAD L 889 MGKG ,  TRUE
| 4SS’ TiSB79A  [SGAd41 N ; 0 __ 1LEAD _ 329= MGKG *_ TRUE
ass” " iSB79B_ SGBI37_ N i . 0 __VLEAD 208 = IMGKG | TRUE
4S5 ISB79C ,.|~°’_Gné449 ‘N E ¢ ULEAD L 27 1= L MGKG :  TRUE
[ 4SS [ss7eA  isGAmal N o " 1,CEAD T 1080= MGKG T T TRUE
. 4SS iss79B  jS5GA315 IN i 0, 1ILEAD 105,= IMGKG . TRUE
. 4ss "ISS7ec |saBosy N 5 [ T 9LEAD ] 22 IMGKG”| TRUE
P 4~:— 'SS [SS79D _ iMiAZ77 [ R _TLEAD i 269;= IMGKG | TRUE
458 ISSTOE _ MiAZBO N 0 1iLEAD T 506'= MG/KG TRUE
455 iss7oF  imiazer "IN ] 0 1LEAD _ 839~ ME/KG TRUE
Average Lead Concentration around Site 79 - ” 288 i
Meximum Concentration around Site 79 1080, ?
i § H
455 __ |FSB30  IMIAZ#BAVG N T T 1T i “o% T LEAD “ " &@oes HWIG/KG | Tnusja
485 |FSB3P__ |MIAZ43AVG IN 0, TLEAD 3629 = MGKG TRUE:
488 FS83Q MIAS52AVG N ) 0, 1LEAD 8705 MG/KG TAUE
453 |FSB3R _ IMIAZ55AVG N B o 1LEAD 1495'J _IMGKG TRUE
4158 FS835 MIAZEBAVG IN “f o T HilEAD 2106 T T IMGKG TRUE
4185 IFSB3T __ |MIAZETAVG [N 0 1HLEAD 1995;= MG/KG TRUE:
4SS 1SB83A  IsGA3oE N 0 1iLEAD 147 MG/KG TRUE
;__ 4SS i5B83B  |SGA4O1 N 0, LEAD 2430'= MG/KG TRUE,
485 SS83A SGAZ84 N 07 1|LEAD 67 5'= MG/KG TRUE!
4S5 " |SS83B__ |8GBO75 N [ 1|LEAD 1720 = MG/KG TRUE:
4SS~ |$883C__ |SGA286|N ¢ 1]LEAD 2800,= MGKG TRUE!
455 |Ssgad MR N 0 1{LEAD 932l MG/KG |~ TRUE
458 |sse3E_ IMiAZ36 N 0 1]LEAD 210, MG/KG TRUE;
4:S5 5S83F MIAZ37 N 0 1jLEAD 120,J MG/KG TRUE:
458 S583G___ IMIA238 IN 0, 1LEAD 2494 MGKG |  TRUE
4SS iSsasH  ‘miAzag N R o) 1iLEAD i 1254 MG/KG TRUE
4’88 ss83| MIAZ40 N 0 11LEAD Cop2ll MG/KG TRUE;
4355 15583) MIAZ4T N 0 1]LEAD 218= MG/KG TRUE
. 4SS  1sSeaK  [MiAZ4z N Ty 1[LEAD 802 MG/KG TRUE;
[ 4SS isSsal  |MiA243 N T TiLEAD 188 MGKG TRUE!
" d'ss’ TisseaM  |miAzad N 0 1ILEAD 300,= MGKG TRUE,
U488 'SsasN MIAZ45 N o 1jLEAD 437= MGKG TRUE
{Average Lead Concenfration around Site 63 i o 601}
tha;lmum Concentration around Srte 83 2800 |

GNV/003673594-51h2026 xis

SOILS
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[Unit | Matrix { StationlD | SamplelD | SampleType | UpperDepthl LowerDepth | ParamName | AnaValue [ ProjQual | Units | Detected |

358 SB31A  SGAD16 N 6 LEAD 226 = MG/KG TRUE
388 SB31IA  'SGAD17 N i s T deap " 7T ] ] TRUE
©_3SB SB3IA _ SGADIB N i T A _20LEAD © TRUE
{888 3Ba1A | SGADIO N ~ 38, _40LEAD TRUE
. 3SB  SB3B  ,SGA021 N i 4 7 Teleap T TRUE
! 3SB  SB31B__ !1SGA022 N e 8 10 LEAD TRUE
3858 SBIB__ [SGAC24 N 38 4O LEAD ~ TRAUE
{ 358  SB3IB  15GBI4D N 8 20lEAD __ TRUE
( 3SB  SB32A _ RHAOI3 _IN 3 ) 5 LEAD TRUE,
358  SB32A  RHAD14 N ! 8 10 LEAD TRAUE
__3SB_ iSBI3A  'SGA032 N C 4 6 LEAD TAVE
3 éB iSB33A | iSGAO33 N : 8 "~ i0LEAD. | __TRUE
;___ 3SB _ (SB33A  15GA034 N i 18 20lEAD TRUE:
3SB  SB33A_ I5GA035 N = 3 40 LEAD TRUE:
358 SB33B___ |SGA037 N i 4 6 LEAD " TRUE
358 {SB33E _ |SGA03B  IN 8 10,LEAD ____TRUE
| 3SB  [SB3B_ [sGAp3z N T 1@ _POLEAD _TRUE
T 358 |sesss_ |SGAD4D N 38, 40 LEAD TRUE!
3SB _ [SBIIC__ [5GAD42 N g 3 5:LEAD TRUE:
3s8 SB33C SGAD43 N i ) 10,LEAD TRUE:
358 ISB33C  [SGAG44 N ! 18; 20'LEAD TRUE!
358 SB33C SGAD4S N : 38 40/LEAD TRUE
3SB SB34A AHAD22 N 3 5LEAD TRUE:
3'SB SB34A RHA023 N 8 10'LEAD TRUE;
358 [SB34A RHAD24 N 13 15]LEAD TRUE!
358~ 1SBaMA  |RHAG2S N 18] 20)LEAD TRUE,
5B 'SB3MB___ RHA026 _IN 3 5'LEAD TRUE;
388 SB34B RHAQ27 N B, 10/LEAD TRUE!
358 SB34B RHA028 N 13] 15]LEAD TRUE,
358 [SB34B_ |RHADZ® N 18 20, LEAD TRUE:
358 ISB34C____RHAD30 N 3 5ILEAD TAUE
358 |SB3MC  RHAQO3 N 8 10,LEAD _TRUE
358  1SB34C  RHAOZ2 N 1 RE3 15ILEAD - TRUE:
358 {SB3MC  |RHAO33 N 18; 20'LEAD TRUE:
388 ;SB34C___ RHAD34FD1 IFD 3 5'LEAD TRUE
|__35SB  |5B89A  ISGA374_ N RS 3 BLEAD TRUE:
385 |5Ba%A  ISGA3T5S N 8 10,LEAD TRUE
f——er— — — - = S PP -
358 i5B8gB _ ISGAIT6  |N 3 5 LEAD TRUE;
358 SB89B 5GA377 N 8 10 LEAD TRUE
. ..3SB_ |SB89B __ ISGA492FD1 |FD ) 3 5LEAD TRUE
3sB fssagc SGA378__ [N __ .8 T BLEAD TRUE
356 iSBseC_ sGA3TG N : 8 10,LEAD TRUE
368 .SB89D __ |SGA3B0 N { 3 5LEAD TRUE
{ 368 _ SBe3D _ |SGA381 N : 8 10 LEAD _ TRUE
3SB  [SBB9E  IMIA46___IN  f 3 T BLEAD - TRUE
| 358 lsmeoE  [mia147FD |FD : 3 5 LEAD TRUE
358 ISBBGE _ IMIA149 N ) 10,LEAD ; _TRUE,
3SB  ISB8YE __ |MIA150 N e —20LEAD . ___TRUE,
T'"3eB sBesE  iMiAst N ) "30,LEAD I T TRUE
388 :SBBIE MIA152 N ! 36, 36 LEAD i TRUE
355 F533A  IMIA337AVG |N ; 0 1ILEAD TRUE
35S IFS33B  IMIA340AVG [N % ___NEAD ____TAUE
35S IFS33C  MIAMBAVG IN T o [ TLEAD © TRUE
7355 IFS3aD  (MIABAVG N 9 0 1LEAD TRUE
. 335 1FS33E MIA349AVG |N | 0 1iLEAD TRUE
{_ 355 FS33F _  MIA352AVG N s 0 1LEAD TRUE
i 35S iFsBOP | IMIATSAVG N T 0 ijleAap_ TRUE,
{385 IFS89Q  IMIATE4AVG |N ! 0 TLEAD _TRUE
355 IFSBOR__ |MIATETAVG IN | 9 1ILEAD TRUE
i 3855 IFSBSS __ 'MIAI70AVG |N 1 0 1LEAD —_ TRUE
;385 'SB3IA_ SGADIS__IN Ty 1jLEAD TRUE
i385 'SB31A  iSGA4BTFDI {FD : 0 1iLEAD TRUE
{355  GB3IA SGA020 N : 0 1ILEAD TAUE
{388 iSB&A  {RHADIZ _ IN_ LT — _1leAaD TRUE
. 385 sB33A  is@AD3T [N 4 o T o twEAD — TRUE
355 |SB338 __ |SGA036 N i 0 1iLEAD _ TRUE
35S 'SB33B__ iSGA48BFDY [FD 0 1iLEAD TRUE
385 1SB33C SGA4T____ 1N T 0 1ILEAD TRUE
{385 |SB34A _ [RHA0Z N T e 1]LEAD TRUE
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s
ar

y
{ Untt] Matrix | StationlD | SamplelD | SampleType f UpperDepth | LowerDepth | ParamNeme | AnaValue | ProjGuai | Units | D‘u}tecbed ]
7735877 (SBMB _ |RHAO3G N b 0 HLEAD _ 702 = IMGKG -7 _FRUE
[ _ass_ 4SB§ZC— TRAAOIT N T 0 _TiLEAD MGKG  TRUE
355 “ss3A USGADTY N -9 1ILEAD MGKG  TRUE
I 3ss ;5531_ B _“SGAot2 T N T TR 083 LEAD 'MGKG  TRUE
. 3ss ssaic T seamd’ N T T T 0~ HLEAD MGKG  TRUE
35S iSS31C  ISGA30OFD: 'FD i 0 1LEAD IMGKG ¢ TRUE
i . 3SS _ 35310 iSGBOs8  IN 05 T EAD T IMGKG _ TRUE
388 TsS3mB” IRHADIS N f 0 1JLEAD IMGKG TRUE,
. _3Ss _ Isssc  jmHAote N T T 0 WLEAD o MGKG “TRUE,
{355 iSSa@D  iRHAQI7 N ] 0 1{LEAD IMG/KG TRUE.
355 TS532E _ RHAOIB IN T 11LEAD MGKG TRUE
3ss SS33F __ _TAHADIG N . o 1ILEAD MG/KG TRUE
358 {SS32G __ jRHADZD N~ T o 1)LEAD MGKG | _  TROE
35S 1S532G [RHAO2IFD1 [FD 0, H{LEAD MGKG TRUE
355  [S333A  SGA0Z5 [N [} HILEAD MG/KG TRUE,
358 [sS3aB  :sGBOE7 N 1 o2 1 2]LEAD ____IMGKG | TRUE
.__ 35S  S833C__ iSGA0Z7 N ) o 1[LEAD MGKG TRUE:
38S  (s833D  (5GA0ZB N 0, 1|LEAD MGHKG TRUE
38S  ISS33E  |SGBOGB N 0, 1]LEAD MG/KG TRUE
888  ISS33F SGAD30 N 0, 1jLEAD MG/KG TRUE
S8  5S33G _ [MiAza3 N 0 1|LEAD MGKG |  TRUE;
358 §833H MIAZ34 N ) 1LEAD MGKG |  TRUE
355 [S8aal MIA335 N o, 1/LEAD MG/KG TRUE
385 |s533) MIA336 N 0 1{LEAD MGKG !  TRUE
35S [SSask miA3s N ) 1{LEAD MGKG |  TAUE
388 ISS33L MIA326 N [ 1|LEAD MGKG TRUE:
365 [SS33M  MIAJZT N 0, 1|LEAD MG/KG TRUE:
358 $533M MIA328FD iFD 0 1|LEAD MG/KG TRUE!
385 i583N MIA330 N 0 1|LEAD MG/KG TRUE!
358 §8330 MIA331 N 0, 1]LEAD MGKG TRUE,
358 58340 RHAC38 N [ HLEAD MG/KG TRAUE
35S IS534F RHAO40 ~IN 0 1ILEAD MG/KG TRUE!
35S |ssoA  iSGBOa4 N 0, 1LEAD MGKG :  TRUE
35S |5S89B  iSGBRO39 N 0 |LEAD MGKG TRUE
3SS  1SSBC  1SGAIED N 0, 1ILEAD MG/KG TAUE
35S __ /SS89D _ [SGAZ51 N ¢ _LLEAD Las= IMGKG | TRUE
35S  [SSe9F  |SGAZ53 (N 0, 1LEAD o 237;= ___{MGKG TRUE
358 i8589H  |SGAZST | iN 0 1]LEAD 2470 = MGKG TRUE,
35S $389 SGA258 N ! ) 1ILEAD 302= MG/KG TRUE
385  issBa)  [SGA259 N 0, 1{LEAD 2250 = __IMGKG TRUE
385 |sssay SGA260FD1 [FD i O ____ TLEAD T __1310= " TIMGKG | TRUE
3SS__ |SS89K _ IMIAIs3 N 0 1LEAD 399;= MG/KG TRUE
3,58 SS89L MIA15S N [ 1jLEAD 64 7= \MGKG TRUE
3SS__{SSeoM__ IMIAtSE N 0 _LEAD 256=_ _ IMGKG | TAUE
385 ISseN ClMimisy o INTT T T T o T T iEAD T T 2me MGKG | TRUE,
385 155890 MiA1SB N o 1iLEAD 53 = MG/KG TRUE:
Average Lead Concentraitons Across FU3 = 249
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[unit| Matrix | StationID | SampleiD | SampleType | UpperDepth | LowerDepth | ParamiName | AnaValue | ProjQual | Units | Detected |

, 4SB  SB9A  iSGA&dZ N a 6LEAD _ __  _d318-= T IMGKG TRUE
.. 4SB SBIOA_ SGAMS N B foLEAD © T T[ 77 Taste_ T IMGKG | TRUE
458 _ 'SB7DA  iSGA4a N a 18 20 LEAD 7a= MGKG ™ TRUE
... 4SBISBTOB  1SGAs7 N 8 10LEAD g _215= IMGKG;  TRUE
. 4SB  [SB79B  'sGass N __ ! B 20'LEAD . 148 = _WMGKG | TRUE
__A45B _ 'SE79B__ |SGB13B_ N 4 55 LEAD | 143=_ _IMGKG .  TRUE
,__ASB  18B79C  1SGA450 N - 4 _BLEAD 5 3 a= IMG/KG |~ TRUE
458 sBreC  [sGA4s1 N T, g "10 LEAD | 196 = IMGKG™  TRUE
{__#SB  SB79C _ is@A452 N T T 1§  poLEaD 172" "7 iMake T TRUE
Tass  ssrep ldaizs N TV g pLEAD 1T T 124= IMG/KG ,  TRUE
P 488 !SB79D IMIAIZ6 N 8 10,LEAD 8 1i= IMG/KG | | TRUE
[ 4sp  |SB79D  |MIAt127 IN ; 16 18 LEAD 65= _IMGKG | TRUE
[ 4sB__IsBssA  SGA00 N ;9 . 1LEAD 222,= IMGKG | TRUE
i 4'sB  ISBB3A  1SGB12 N t 4, 6 LEAD 88'= IMGXKG TRUE
4's8” " 1SBE3B  1SGA402 N 4 8 5LEAD 363 = MG/KG TRUE
__45B _ iSBE3B  ISGAdD3  IN 9, . JHLEAD 62= MGG ; _ TRUE
___ 485 IF579A  |MIAZB3AVG N 0 1iLEAD 360 45i= MG/KG TRUE
455 IFS79B  IMIAZ8BAVG [N 0, 1{LEAD 701 51= MGKG TRUE!
455 [FS79C _ IMIAZBDAVG IN ) 1ILEAD 889,= MGKG TRUE
4’55 [FSB30 _ IMIAZ4BAVG N o BLEAD 1 3202 MGKG TRUE
455 IFSB3P  IMIAZ40AVG |N 0, 1{LEAD T mee=  IMGKG TRUE|
458 FS83Q MIAZ52AVG [N 0 1iLEAD 8705 IMGKG [ TRUE
458 FSB3R MIA255AVG IN 0; HLEAD 1495, MG/KG TRUE
4’85 'FS835  MIAZSBAVG IN 0, HLEAD 4106, MGKG TRUE
48§ [FSeaT MIAZE1AVG IN 0 1LEAD 1995= " IMGKG | TRAUE
488 SE79A SGA441 N ~ o 1LEAD Bo= "IMG/KG " TRUE
4'ss SB7eB | |saBia7 N 0 TILEAD 208,= MGIKG TRUE
488 1SB79C S$GA449 N [ 1iLEAD 271i= MG/KG TRUE
| "4iss  iSBE3A___ |SGA3G8 N i 1) 1iLEAD 1a7= MG/KG TRUE
455 |$BB3A SGA4B2FD1 |FD 3 [ 11LEAD = MG/KG TRUE'
455" [SBB3IB __ |SGA4DI N 0 ILEAD 2430;= MG/KG TRUE;
488 IsS34F  |RHAO® N ] 0 1{LEAD 340= MGKG TAUE,
_4'8S [SS34E  |RHA180FD1 iFD 0 1{LEAD _ 505'= MG/KG TRUE
438 15579A  I5GA314 N 0 1ILEAD T 1060,= MG/KG TRUE
488 SS798 5GA315 N 0 1ILEAD 105'= MG/KG TRUE
488 IsS79C  SGBOS7 N 0 fLEAD 7 22’ MGKG TRUE
483 |8879D  IMIAZ7T7 N N o 1|LEAD . g=
488 SS79D  |MIA278FD |FD ! 0 1ILEAD I
458 SS79E MIAZ80 N H 0, 1{LEAD |
4'SS SST9F MIAZ81 N i 0, 1{LEAD
458 IsS7oF  IMIAZ82FD IFD | 9 _ YLEAD
4SS 1SSB3A  iSGA284 N T 07 T yLEAD
4'ss”  |SSE3B SGB075 N ; 0, 1LEAD 1720 = MG/KG TRUE
458 |sssaC SGA286 N i 0 ___AtEAD 2800=  |MGKG T _ TRUE
_ 4SS " isSeaD  iMiAzs_ N T T o .. .._WEaD . ®82J  _IMGKG |  TRUE
| __4iSS”  |SSB3E  MiA236 (N 1 0 " " iiLEAD L 210 T T IMGIKG | TRUE
. #85  |SSaaF MIA237 N | 0 1|CEAD ; 120 MGKG TRUE
i 4S5 [5583G_ |MIA238__ N ) 0 1[LEAD 1 249 MGKG | TRUE
T4ssT T Tisssa M2z TN b0 T leaD T T 2547 TIMGKG | TRUE
4SS {5883 MiA2aD  IN : 0 i|LEAD ! 22y IMGKG | TRUE
483 [S883) MIAZ41 N i 0 1|LEAD E 218=_ IMGKG _TAUE,
| _ 4SS [sSe3K _ MiAZa2 N _ : 0 " ULEAD % . 802= IMGIKG 'TRUE
_4's§ "lsse3l  imia2as N i 0 _ALEAD P T mRY IMGKG TRUE
[ 4S5 jssEaM_ iMIAZas | : 0, 1iLEAD ; 0= IMGKG'!  TRUE
i 485~ TESE3N  [MIA245 N : 0 fEAD 437,= IMGKG . TRUE
Average Lead Across FU4 = 332
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Remedial Goal Options for Lead e
Memptis Depot Main Instaliation Soils FS

P bBadulr, central , goal — P bBadult * AT

RBRG = PbS =
(BKSF * IR.* AF* EF.)

where,

P bBadult, central, goal =

Pbeetal,O 93, goal

1.645

¥
GSD;,a dult Rfetal { maternal

Exposure Adult
Parameter Description Worker Source'
Risk-Based Remedial Goals (RBRGs) expressed in ma/kg; or
RBRG PbS = Soil Lead Concentration (mg/kg) 1536 Calc.
PbB acu,contalgos S;/Z:lfor central estimate of Blood Lead Concentration expressed in 423 Calc.
Typical Blood Lead Concentration {ug/dL) in adults, (1.e., women of
PbBaduo child-bearing age) in absence of exposures to the site 17 A
(-]
PbB 0 95 goar Goal for 95%blood tead concentration (ug/dL) in fetuses from 10 A
exposures to women workers of childbearnng age
BKSF Biokinetic Slope Factor expressed in (ugridL) per (ugiday) or day/dl, 0.4 A
R Intake rate for soil, including both indoor and outdoor soil-derived 0.05 A
* dust (g/day) (50 mg/day) )
AFs Absolute gastrointestinal absorption fraction for ingested lead in 012 A
soll and lead in dust denved from seil {dimensionless)
EFs Exposure Frequency for contact with assessed soils and/or dust 250 B
derived part from site solls (days/year)
AT Averaging time; 365 days/year 365 B
Geometric standard deviation of the Reponses to lead exposure,
GSD'® i on-site and offaite (urutless) 1 8-uniform population, 2 1 - 2.63 A
heterogeneous population
R Constant proportionality between fetal biood lead concentration at 09 A
fetalmatomnal birth and maternal blood lead concentration (dimensionless)

'Sources

A, USEPA 1996. Recommendations of the Technical Review Workgroup for Lead for an Intenm Approach tc

Assessing Risks Associated with Adult Exposures to Lead in Soil, December 1998
B USEPA 1991 Human Health Evaluation Manual, Part B: *Development of Risk-based Preliminary Remedial
Goals” Office of Solid Waste and Emergency Response OSWER Directive 9285 7-01B. December 13, 1991

GNV/G03673596-512027 xls
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TABLE 6-13
Calculation of a Soil Risk-Based Concentration for Lea Using the Bowers Adult Blood Lead Mode'

4 A
{— H;BB_;PP—E J_(Aw XTI XC )= (Va XA, Xt bega)-I
Csra =] / +Crge/a
| (Is/d XAs/d thl‘lg) i
where,
PbB = TBB oo
exp[Zo o5 XIn(GSD)]
Construction
Exposure Woarker
Parameter Description Values Source'
Csid Soil Risk-Based Concentration (RBC) expressed in mg/kg; 1087 Calc.
PbB Target Blood Lead Concentration expressed in ug/dl; 885 Calc.
BPbB Background Blood Lead Concentration expressed in ug/dL; 3.1 A
BSF Blood-Lead Slope Factor expressed in {(ug/dL) per (ug/day) or 0375 A
day/dl;
Ay Water Absorption Factor (unitiess), 008 A
w Water Ingestion Rate expressed in L/day; 1 B
Cw Water Lead Concentration expressed in ug/L, 15 C
Va Ventilation Rate Duning Waking Hours expressed m m “/day, 20 B
A, Fraction for Lung Deposition and Absorption {unitless), 0.32 A
tres Fraction of Time Spent on Site for Respiration (unitless), 0.230 A
Chyga Background Air Lead Concentration expressed in ug/m 2. 0.2 A
lg/d Sail/Dust Ingestion Rate expressed in g/day, 0.48 B
Agid Soil/Dust Absorption Factor (unitless), 0.08 A
ting Fraction of Time Spent on Site for Ingestion (unitless}); 0.340 A
Chaq s/d Background Soif or Dust Concentration expressed in mg/kg; 26.5 D
PbBosha Blood Lead Level recommended by OSHA for protection of 30 E
workers of reproductive age expressed in ug/d,
Zp 0 32”/; g{(;n(f:]dn?:ll:?sl)r;t:rrl\g?i for Z, a normally distnbuted random 1 6449 A
GSD Geometnc Standard Deviation for paired environmental 2 1 A
concentration/blood lead data (unitless)

Adapted from Bowers et al (1994},

'Sources

A. Bowers, 7.5, B.D Beck,and HS Karam. 1994, "Assessing the Relationstup Between Environmental Lead
Concentrations and Adult Blood Lead Levels " Aisk Analysis, Vol 14, No 2, 1994,

B USEPA. 1991 Human Health Evaluation Manual, Part B "Development of Risk-based Preliminary Remedial
Goals" Office of Solid Waste and Emergency Response OSWER Directive 9285.7-01B December 13, 1991.

C. Safe Dnnking Water Act

B Ciolkosz, EJ, MK Amistadie, and N.C Thurman June 1993. Metals in Pennsylvania Soils. Agronomy Senes
Number 128. Agronomy Department, The Pennsylvarma State University, University Park, Pennsylvania.

E. Occupational Safety and Health Administration
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(@3 +(GAnD X uay) x (aaan)) = ug
{40 x sav x4v x vs x (paiun)) = ug
(42 x 14 x Bupy) x (oqiun)) = uy

(o+a+v) x g3 x 33 (By/Buw)
SULY X md X[HL = 084
{SHOLd323H T1v) uonemnojes suaboujnisaucy

S0s

{{{d3d/1+ AN ) X yuid) X 148) = 2D
(4D % SEY X JV X ¥S X p4S) =28
(49 x 14 x Bupy| x 048) =2y
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EXPOSURE EQUATION 5
Caleutation of a Soll Risk-Based Concentration for Lead Using the Bowers Adult Blood Lead Model

[ “PbB ~ BPbB
| _BSF )—(AWXIWXCW)—(VE, anxtmebga)
C, q=l® +C
s/d I bgs/d
| (Is/d XAs/d Xtmg)
where,
PbB
PbB = CBHA
exp[Z go5 X ].n(GSD)]
Construction
Exposure Worker
Parameter Description Values
Coy Soll Risk-Based Concentration (RBC) expressed in mg/kg; 6,130
PbB Target Blood Lead Concentration expressed in yg/dl; 13164
BPbE Background Blood Lead Concentration expressed in pg/dL, 3.1
BSF Blood-Lead Slope Factor expressed in (ug/dL) per (ug/day) or day/d!, 0375
A, Water Absorphon Factor (unitless), 008
ly Water Ingestion Rate expressed in L/day; 2
Cu Water Lead Concentration expressed in pg/L; 15
Va Ventlation Rate Dunng Waking Hours expressed in m*/day; 20
A, Fraction for Lung Deposition and Absorption (unitless), 032
tros Fraction of Time Spent on Site for Respiration (unitiess); 0111t
Chga Background Air Lead Concentration expressed in yg/m3; 01
lasg Soll/Dust Ingestion Rate expressed in g/day; o1
A Soll/Dust Absorption Factor {unitless), 008
ting Fraction of Time Spent on Site for Ingestion (unitiess), 0.500
Cog sia Background Soil or Dust Concentration expressed in mg/kg, 322
Blood Lead Level recommended by OSHA for protection of workers of
PbBosha ) 30
reproductive age expressed in pg/dl,
95% confidence interval for Z, a normally distributed random vanable
Zyos . 1 6449
{(unitless); and,
GSD Geometric Standard Dewviation for paired environmental concentration/blood 165

lead data (unitless)

Adapted from Bowers et al (1994)
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Appendix B

Cost Estimates
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TECHNICAL MEMORANDUM CH2MHILL

Revised Evaluation of Recreational Land Use Scenarios at FU2,
Memphis Depot

PREPARED FOR: Defense Logistics Agency, Memphis
Environmental Protection Agency Region IV
Tennessee Department of Environment and Conservation
Corps of Engineers, Huntsville

PREPARED BY: CH?2M HILL

DATE: June 2, 2000

Introduction

This technical memorandum (TM) evaluates the potential human health risks of using
Functional Unit 2 (FU2) at Memphis Depot as a general recreational area such as a public
park. Future use as a golf course has been evaluated, as well as use for a jogging trail, soccer
field, and playground. Based on the assumptions described herein, FU2 may be used
without unacceptable risks to human health for a golf course, baseball field, playground,
and soccer field, but may not be used as a residential area.

In an earlier assessment (CH2M HILL, Streamlined Risk Assessment for Parcel 3, January 1999),
FU2 was evaluated for a golfer playing at the golf course, for a baseball player at the
baseball diamond area, and for a child at a playground. The entire FU2 area was also
evaluated for future industrial and residential use scenarios. These assessments provided a
foundation for the risk assessments described mn this TM. In addition, a nature and extent
evaluation, and a risk assessment extracted from the Parcel 3 risk assessment was provided
in the Final Main Installation Remedhal Investigation Report (CH2M HILL, 2000).

For the evaluation in this TM, several exposure scenarios were evaluated for FU2 using the
upper confidence limit at 95 percent above the mean value (UCL 95 percent) as exposure
point concentrations (EPCs). Table 1 hists the constituents of potential concern (COPCs) and
exposure point concentrations (EPCs) from the combined data set used for industrial worker
risk estimations in the Streamlined Risk Assessment (CH2M HILL, 1999). Table 2 summarizes
the risks and Hazardous Indexes (HIs) for each scenario. Table 3 includes the assumptions
used for each scenario and the estimated intakes and risks. The intakes estimated for a unit
concentration in soil for the new recreational scenarios were compared with a golfer intake
from the Streamlined Risk Assessment (CH2M HILL, 1999) (Tables 2 and 3).

Exposure Scenarios

As part of ongoing property transfer at the Depot, many areas of the Main Installation (MI)
are being considered for future altered land uses. The exposure scenarios evaluated in this
TM are associated with the public using the entire area of FU2 as a golf course, baseball
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diamond, soccer field, and/or a public jogging trail. FU2 was also evaluated as a future
industrial facility and as a residential area.

Golfer

The golfer exposure assumptions were previously presented in the Streamlined Risk
Assessment (CH2M HILL, 1999). The previous EPCs to the golfer were based on data
collected from the goif course only. Therefore this scenario was reevaluated in this TM to
compare risks from exposure to the entire FU2,

Exposure assumptions are based on the typical behavior of a golfer while golfing. Golfers
have been reported to place golf tees into their mouths, to lick golf balls, or to touch their
mouths, food, or drinks with unwashed hands. These achons potentially increase soil
consumption rates from that of dust or sand that they may ingest incidentally. A soil
ingestion rate of 50 milhgrams per day (mg/day) is assumed for a golfer, and 100 percent of
this ingested soil is assumed to be contaminated soil.

Golfers are also assumed to wear shorts, short-sleeved shirts, socks, shoes, and hats. The
assumed surface area (4,680 square centimeters [cm?]) available for contact with soils
includes hands, half of the arms, and half of the legs. An adherence factor of 1 milligram per
square centimeters (mg/cm? is assumed (CH2M HILL, 1999). The factors used are included
in Table 3.

Adult Jogger

A jogger is assumed to use the jogging trails three times a week for 50 weeks per year,
resulting in an exposure frequency of 150 days per year. The soil ingestion rate 1s
conservatively assumed to be 100 mg/day, with 50 percent originating from contaminated
areas of the golf course. The jogger is assumed to be a local resident who is assumed to live
in the same area for 30 years. Most of the skin surface area of hands and legs, and half of the
arms (half-sleeved T-shirt) 1s assumed for exposure to soil adherence.

Child Playground User

Exposure of a child in the playground was evaluated using the exposure assumptions listed
in the previously conducted Streamlined Risk Assessment (CH2M HILL, 1999). The child is
assumed to visit the park two days per week, during warmer months of the year for 8
months of the year (64 days per year), and is assumed to have a soil ingestion rate of 200
mg/day. Each visit 15 assumed to last for 4 hours. The child visiting the park is assumed to
be up to 6 years of age. A skin surface area of 2,394 cm? 15 assumed to be available for soil
contact and includes the surface area of hands, feet, and half of both arms and legs. The
default ingestion rates are conservative. Exposure factors are listed in detail in Table 3.

Child Baseball Player

Children are assumed to play baseball during the season once a week for 20 weeks (20 days
per year} for 8 years. The soil ingestion rate during the ball game is assumed to be 200
mg/day. The assumed clothing 1s a typical baseball uniform consisting of long pants, short-
sleeved shurt, socks, shoes, and a cap. A skin surface area of 2,080 cm? is assumed to be
available for soil contact and includes the surface area of hands, feet, and half of both arms
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and legs. The default ingestion rates are conservative. Exposure factors are listed in detail in
Table 3.

Cumuliative Recreational Adult

The total exposures to a child at the playground, and to a youth baseball player and a jogger
using trails for 16 years are assumed to be cumulative. Therefore risks and HIs for these
scenar1os were summed to estimate potential risks to a receptor growing up in this area for
a total of 30 years

Youth Soccer Player

A soccer player scenario was developed using best professional judgement and conservative
assumptions. Soccer players are assumed to be children between 6 and 16 years of age with
a youth body weight of 45 kilograms. Their exposure duration is assumed to be 10 years.
The soccer season lasts for 4 months at 20 days per month for a total of 80 days per yearly

season with youths playing soccer more frequently and for longer durations than younger
children.

The soil ingestion rate is assumed to be 150 mg/day, which is between the adult and child
ingestion rates. The skin surface area available for contact is similar to an adult with a
surface area of half of the arms and hands available for soil adherence (4,371 cm?).

Industrial Worker Scenario

A future industrial worker is assumed to have a soil ingestion rate of 50 mg/day for 250
days per year, with an exposure duration of 25 years. Dermal contact with soils was
estimated for the exposed skin area of hands, half of the arms, and the head (2,458
cm?/event), for 8 hrs per day. The exposures and risks from this scenario were selected for
comparison with other exposure scenarios in this TM.

Residential Adult and Child Scenarios

Default assumptions are used for residential adults and children. Adults are assumed to
have an ingestion rate of 100 mg/day, and children are assumed to have an ingestion rate of
200 mg/day. Exposure frequencies for both adults and children are assumed at 350 days per
year. The exposure duration for adults is 30 years and for children is 6 years. Table 3
mncludes the assumptions used in calculating the intake factors.

Exposure Point Concentrations (EPCs)

The reasonable maximum exposure (RME) risks and hazards were estimated using the UCL
95 percent EPCs estimated for a golfer in the streamlined risk assessment (Table 1). Results
of the exposure estimates and the risks/HIs for each exposure scenario are presented mn
Tables 2 and 3.

Risk Evaluation Results

In this risk evaluation, an acceptable risk range is 1 to 100 in a million (10 to 104), and an
acceptable HI is equal to or less than 1.0. Based on these assumptions, the following
observations can be made for FU?2 future alternative land use (including golf course,
playground and baseball diamond), based on the COPCs and EPCs listed in Table 1.
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Risks to a future jogger using the golf course as a jogging trail area are within the U.S.
Environmental Protection Agency’s (EPA’s) acceptable nsk cniteria Thus the potential
nisks from such future use are negligible.

Risks to a child using the FU2 for a playground are within acceptable limits.

Any area of the golf course may be used as a baseball field or soccer field under current
conditions, as the risks and HIs to both of these receptors is within the acceptable risk
criteria.

Risks and HIs to a cumulative recreational adult are within acceptable limats, under the
conservative assumptions.

5. Risks and Hls to future industrial worker from converting FU2 to industrial area are
within acceptable limits.

6. Without remediating the surface soil concentrations, the golf course is not suitable for
future residential use in which residents may spend an entire workday outdoors in
contact with soil.

Conclusion

In conclusion, FU2 may be used as a public park with playground, golf course, baseball
field, and soccer field without unacceptable risks to human health. FU2 may not be used as
a residential area under the assumed exposure conditions evaluated in this risk assessment.
The exposure assumptions used are generally conservative.
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.

TABLE C-1
COPGs and EPCs Used for Industnial Worker Risk Estimations at FU2

Chemical Name No. of Analyses No. of Detects Mean Maximum RME (EPC)
Metals and Pesticides {mg/kg) (mg/kg) {mag/kg)
Arsenic 27 27 22 101 293
Chromium 27 27 19 40.3 215
Copper 27 27 25 554 309
Manganese 13 13 770 1860 983
Nickel 27 27 21 576 259
Lead 27 27 47 167 7589
Alpha-chlordane 32 1 010 14 023
Gamma-chlordane 39 2 0.11 14 027
Dieldnn 42 40 o7 10 2.21
DDE 41 26 0.28 2 0.80
DDT 41 24 0.42 6.7 0.96

Semivolatiles

Benzo(a)anthracene 30 13 017 0.92 025
Benzo{a)pyrene 30 11 0.16 0.93 026
Benzo(b)fluoranthene 30 11 018 1.1 0.28

RME Reasonable maximum exposure concentration {LUCL95 percent estimation)
EPC Exposure point concentration
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TABLE C-2

Relative Risk Summanes for Recreational/Altermative Uses for the Depot Golf Course

Health Risk at UCL95 Percent

Exposure Scenario ELCR HI
Adult Jogger (30 years) 6.9E-06 002
Adult Jogger {16 years) 3 7E-06 0.019
Child at Playground 5.9E-06 008
Baseball Player - Child (6-14 years) 7.7E-07 0.008
Cumulative Recreaticnal® 1.0E-05 0.11
Youth Soccer Player (6-16 years) 6 OE-06 005
Industnal Worker — Adult 3.0E-05 0.1
Residential - Adult 2.3E-04 0.27
Residential — Child 1.4E-04 1.9
Golfer — Adult 1.1E-05 003

ELCR Excess fifetime cancer nsk
HI Hazard index
uCL Upper confidence imit

® Cumulative recreational includes exposures as a child at playground, youth-baseball player, and adult jogger

{14 years)

Bold values exceed ELCR of 10 or Hi of 1
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