
File: 541.460.000n
D.C.

THE MEMPHIS DEPOT

TENNESSEE

ADMINISTRATIVE RECORD

COVER SHEET

AR File Number _t0



Memphis Depot
Main Installation

Fi._. _l_ ocodD.C._1, ,

5{.o I £10

Soils FeasibilityStudy Report

MemphisDepotCaretaker

July 2000

147543,FS,01

_W_ Cl=i2MHILL U,S, Army Engineering
and Support Center, Huntsville

U.S. Army Engineering and Support Center, HunLsville
Contract No. DACA87-94-D-0009

Delivery Order No. 11

EO62000016GNV



CH2MHILL

August 4, 2000

Mr. Shawn Phillips, P.E.

BRAC Environmental Coordinator

Memphis Depot Caretaker Division

2163 Airways Blvd.

Memphis, TN 38114-5210

510

CH2M HILL

115 Penmeter Center Place

NE

Suite 700

Atlanta, GA 303'16-1278

Tel 770 604 9095

Fax 770 604 9183

2

Re: Transmittal Letter

Replacement Pages for the Final Groundwater and Soil Feasibility Studies
Main Installation, Memphis Depot, TN

Dear Mr. Phillips:

Attached please find eight sets of replacement pages for the Fmal Main Installation

Groundwater and Soils Feasibility Studies (FSs). Originals of these sets of replacement pages are

being distributed as listed below. Should you require any additional information or have any
questions, please contact me at (770) 604-9182, extension 302.

Respectfully submitted,

CH2M HILL

/_. Stephen D. Offner, P.G.
Project Manager

Attachments: Final Softs FS, Set of Replacement Pages

Final Groundwater FS, Set of Replacement Pages

Distributlon: USEPA - Region 4, Federal Facilities/Turpin Ballard (2 sets)

TDEC - Div. of Superfund/James Morrison (3 sets)

USACE - Huntsville/Dorothy Richards (3 sets)

USGS - Nashville/David Ladd (1 set)

USACHPPM - Rack Bowlus (1 set)

USACE - MRD (2 sets)

USACE - WES (1 set)

147543 FS 01 CH2M HILL Project File 147543



510 3

Soils Feasibility Study
for the

Main Installation of the Memphis Depot
Memphis, Tennessee

Prepared by CH2M HILL

July 2000

CVJ// 
David J. Lane, P.I_.

CH2M HILL Task Manager Date

Stephen D. fr,_P.G.--

Date

Date



Contents 4

Section Page

Executive Summary ........................................................................................................ ES-1

1.0 Introduction ........................................................................................................................ 1-1

1.1 Purpose of Ttus Feasibility Study ........................................................................ 1-1

1.2 Report Organization .............................................................................................. 1-2

1.3 Background Information ....................................................................................... 1-3

1.3.1 Facility Description ................................................................................... 1-3

1.3.2 Facihty Operations .................................................................................... 1-3

1.3.3 Constituent Fate and Transport by Chen-ucal Group ............................ 1-5

1.3.4 Baseline Risk Assessment Summary for the Feaslbihty Study ........... 1-7

1.3.5 Summary of COCs m Surface Soil for Each FU ................................... 1-11

2.0 Identification and Screening of Technologies ............................................................. 2-1
2.1 ARARs ..................................................................................................................... 2-1

2.1.1 Chemical-specific ARARs .......................................................................... 2-1

2.1.2 Action-specific ARARs ............................................................................. 2-1

2.1.3 Location-specific ARARs ........................................................................... 2-3
2.2 RAOs ..................................................................................................................... 2-3

2.3 General Response Actions ................................................................................ 2-4

2.4 Identification and Screening of Technology Types and Process Options ...... 2-4

2.4.1 Identification and Imtlal Screening of Technologies ............................ 2-4

2.4.2 Evaluation and Selection of Representative Technologies ................... 2-4

2.4.3 Selection of Representative Process Options .......................................... 2-5

3.0 Development and Screening of Alternatives ................................................................ 3-1

3.1 Development of Preliminary Alternatives ......................................................... 3-1
3.1.1 Alternative 1 -No Action .......................................................................... 3-2

3.1.2 Alternahve 2 - Institutional Controls ...................................................... 3-2

3.1.3 Alternative 3 - Soil Containment ............................................................. 3-2

3.1.4 Alternative 4 - In-situ Soil Treatment ...................................................... 3-3

3.1.5 Alternative 5 - Excavation and Ex-situ Biological Treatment .............. 3-3
3.1.6 Alternative 6 - Excavation and Ex-situ Thermal Treatment ................ 3-3

3.1.7 Alternative 7- Excavation, Transportation, and Off-site Disposal ...... 3-3

3.2 Screening of Preliminary Alternatives ................................................................ 3-3

3.3 Screening of Potential Alternatives ..................................................................... 3-4

3.3.1 Screenmg Criteria ....................................................................................... 3-4

3.3.2 Alternative 1 - No Action .......................................................................... 3-5

3.3 3 Alternative 2 - Instltutmnal Controls ...................................................... 3-6

3.3.4 Alternative 3 - Soil Containment ............................................................. 3-6

3.3.5 Alternative 4 - In-sltu Soil Treatment ...................................................... 3-7

3.3.6 Alternative 5 - Excavatmn and Ex-situ Biological Treatment .............. 3-9

GNV/OO3673725-SLH2072DOC SOILS III



510 5

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

Section

3.4

Page

3.3.7 Alternative 6 - Excavation and Ex-situ Thermal Treatment .............. 3-11

3.3.8 Alternative 7 - Excavation, Transportation, and Off-site Disposal... 3-13

Summary of Alternatives Screening ................................................................. 3-13

4.0 Detailed Analysis of Alternatives ................................................................................... 4-1

4.1 Approach .............................................................................................................. 4-1
4.2 Evaluation Criteria ................................................................................................ 4-1

4.2.1 Threshold Criteria ....................................................................................... 4-2

4.2.2 Balancing Criteria ....................................................................................... 4-3

4.2.3 Modifying Criteria .................................................................................... 4-5

4.3 Definition of Surface Soil Alternatives ................................................................ 4-5

4.3.1 Surface Soft Alternative 1 - No Action .................................................... 4-6

4.3.2 Surface Soil Alternative 2 - InstiOational Controls ................................. 4-7

4.3.3 Surface Soil Alternative 3 - Soil Containment ........................................ 4-9

4.3.4 Surface Soil Alternative 4 - In-sil_ Soil Treatment .............................. 4-11

4.3.5 Surface Soil Alternative 7 - Exca Marion, Transportation, and

Off-site D_sposal ........................................................................................ 4-14

Individual Analysis of Surface Soil Alternatives ............................................. 4-17

4.4.1 Surface Soil Alternative 1 - No Action .................................................. 4-17

4.4.2 Surface Soil Alternative 2 - Institutional Controls ............................... 4-18

4.4.3 Surface Soil Alternative 3 - Soil Containment ...................................... 4-19

4.4.4 Surface Soil Alternative 4 - In-silu Soil Remediation .......................... 4-19

4.4.5 Surface Soil Altematwe 7 - Excavation, Transportation, and

Off-site Disposal ........................................................................................ 4-20

Comparative Analysis of Surface Soil Alternatives ........................................ 4-21
4.5.1 Overall Protection of Human Health and the Environment .............. 4-21

4.5.2 Compliance with ARARs ......................................................................... 4-22

4.5.3 Long-term Effectiveness and Permanence ............................................ 4-22

4.5.4 Reduction of Toxicity, Mobility, or Volume through Treatment ....... 4-23
4.5.5 Short-Term Effectiveness ......................................................................... 4-24

4.5.6 Implementability ...................................................................................... 4-25
4.5.7 Cost ............................................................................................................. 4-26

4.5.8 State Acceptance ....................................................................................... 4-27

4.5.9 Community Acceptance .......................................................................... 4-27

4.4

4.5

5.0 References ............................................................................................................................ 5-1

Appendix

A Risk Calculations

B Cost Estimates

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

IV SOILS G NV/003673725-S LH2072 DOC



MEMPHISDEPOTMAIN INSTALLATIONSOIL FS - 7/3/00

510 6
Table

1-1

1-2

1-3

I'_sk Assessment Summary for Each Functional Umt and Surrogate Sites at Main
Installation

Remedial Goal Options for Surface Soil

Selection of COCs from COPCs Identified Durmg Ihsk Assessment for Each
Functional Unit at Mare Installation

2-1 Remedial Action Objectives -- Surface Soils

2-2 General Response Actions and Typical Goals Met

2-3 Primary Screening of Remedial Technologies and Process Options for Soil
Contaminants: Dieldrin, Arsenic, and Lead

2-4 Secondary Screening of Remedial Technologies and Process Options for Soil
Contaminants: Dieldrin, Arsenic, and Lead

2-5 Final Remedial Technologms and Process Options for Soil Contaminants: PAH,
Dieldrin, Arsenic, and Lead

2-6 Screenmg Summary of GRAs and Process Options Retained for Alternative Development

3-1 Summary of Preliminary Surface Soil Remedial Alternatives

4-1 COCs Associated wtth Alternative Land Uses for Each FU

4-2 Areas Requiring Remediation

4-3 FU1-Twenty Typical Warehouses and FU5-Newer Warehouses: Summary of

Individual Detailed Analysts of Surface Soil Alternatives

4-4 FU2-Southeast Golf Course Area: Summary of Individual Detailed Analysis of
Surface Soil Alternatives

4-5 FU3-Southwest Open Area: Summary of Individual Detailed Analysis of Surface Soil
Alternatives

4-6A FU4-Northern and Central Open Area: Summary of Individual Detailed Analysis of
Surface Soil Alternatives for Industrial Land Use Scenario

4-6B FU4-Northern and Central Open Area: Summary of individual Detailed Analysts of
Surface Soil Alternatwes for Residential Land Use Scenario

4-7 FU6-Administrative Area: Summary of Individual Detailed Analysis of Surface Soil
Alternatives

Figure

1-1 Memphis Depot Location in Memphis Metropolitan Area
1-2 Funchonal Units at Main Installation

1-3 Main Installation Areas Eliminated from Feasibihty Study
1-4 Distribution of Surface Soil Lead Across the Main Installation

1-5 Distribution of Surface Soil Arsenic Across the Main Installation

1-6 Distribution of Surface Soft Dieldrin Across the Main Installation

4-1 FUI: Candidate Areas for Surface Soil Remedial Actions

4-2 FU2: Candidate Areas for Surface Soil Remedial Actions

4-3 FU3: Candidate Areas for Surface Soil Remedial Achons

4-4 FU4: Candidate Areas for Surface Soil Remedial Achons

4-5 FU5: Candidate Areas for Surface Soil Remedial Achons

4-6 FU6: Candidate Areas for Surface Soil Remedial Actions

GNV/003673725-SLH2072DOC SOILS V



5t0 ?
MEMPHIS DEPOT MAIN INSTALLATION SOIL F5 - 7/3100

Acronyms and Abbreviations

ARAR

BaP

BCT

BRA

BRAC

B_X

CERCLA

CFR

COC

COPC

1.2-DCE

DCE

DDD

DDE

DDMT

DDT

DLA

DNAPL

DOI

EE/CA

ELCR

EPA

oF

FFA

FR

FS

ft

ft 2

FU

gpm
GRA

HHRA

HI

HRS

HIID

IW

LDR

LF

_g/kg

#g/L
MCL

Apphcable or relevant and 'appropriate requirement

Benzo(a)pyrene

BRAC Cleanup Team
Baseline risk assessment

Base Reahgnment and Closure

Benzene, toluene, ethyl benzene, and xylenes

Comprehensive Environmental Response, Compensation, and

Liability Act

Code of Federal Regulatzons
Constituent of concern

Constituent of potential concern
1,2-Dichloroethene

Dichloroethene

Dichlorodiphenyldlchloroethane

1,1,1-Dichloro-2,2-bis(4-chlorophenyl)ethylene

Defense Distribution Depot Memphis, Tennessee

Dichlorodiphenyltrichloroethane

Defense Logistics Agency

Dense non-aqueous phase liquid

Department of Interior

Engineering Evaluation/Cost ,aanalysis
Excess lifetime cancer risk

U.S. Environmental Protection Agency

Degrees Fahrenheit

Federal Facilities Agreement

Federal Register

Feasibility Study
Feet

Square feet
Functional unit

Gallons per minute

General Response Action
Human Health Risk Assessment

Hazard index

Hazard Ranking System

High temperature thermal descrption
Inside worker

Land disposal restriction
Linear feet

Micrograms per kilogram

Micrograms per liter
Maximum contaminant level

VI SOILS GNV/003673725-S LH2072 DOC



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

MCLG

MDL

mg/kg

rng/L
MNA

msl

MW

NAPL

NCP

NPDES

NPL

NPS

O&M

OSHA

OU

OW

PAH

PCB

PCE

PCP

ppm
RAO

RBC

RBCA

RCRA

RD

RE

RGO

RI/FS

ROD

SDWA

SS

SVOC

1,1,2,2-TCA

TCA

TCDD

TCDF

TCE

TCLP

TDEC

TDS

TM

TSCA

USC

VOC

510
MaxLmum contaminant level goal
Maximum detection limit

Milhgrams per kilogram

Milhgrams per liter
Monitored natural attenuation

Mean sea level

Monitoring well

Non-aqueous phase hquid

National Oil and Hazardous Substances Pollution Coniingency Plan

National Pollutant Discharge Eliminahon System
National Priorities List

National Park Service

Operation and maintenance

Occupational Safety and Health Administration

Operable unit
Outside worker

Polycyclic aromatic hydrocarbon

Polychlorinated biphenyl

Tetrachloroethylene

Pentachlorophenol

Parts per million

Remedial action objective
Risk-based concentration

Risk-based Corrective Action

Resource Conservation and Recovery Act

Remedial design
Resident

Remedial goal option

Remedial investigation/feasibihty study
Record of Decision

Safe Drinking Water Act
Surface soil

Semivolatfle organic compound
1,1,2,2-Tetrachloroethane

Tetracholorethane

Tetrachlorodibenzo-p-dioxin
Tetrachlorodibenzofuran

Tnchloroethene

Toxicity characteristic leaching procedure

Tennessee Department of Environment and Conservation
Total dissolved solids

Technical memorandum

Toxic Substances Control Act

United States Code

Volattle organic compound

8

G NV1003673725-S LH2072 DOC SOILS VII



5i0
MEMPHIS DEPOT MAIN INSTALLATION SOIL FS - 713/00

ViII SOILS G NV/003673725-S LH2072 DOC



510 19



510 It

ExecutiveSummary

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 chemicals occur within the top one-foot of soil in localized areas

throughout the MI. Although no one currently hves 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 MI. This

FS determined that appropriate remedial action objectives are to prevent exposure of future
on-site residents to surface soft contaminated with dieldrin and arsenic in excess of Human

Health Rask Assessment (HHRA) criteria, and future on-site residents and industrial

workers contaminated with lead m excess of risk-based criteria at the MI.

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 hve

alternatives were evaluated in detail to determine their overall effectiveness, cost, and

acceptability:

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

3. Soil containment;

4. In-situ soil treatment; and

5. Excavation, transportation, and off-site disposal.

All alternatives except no adlon 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 effechveness, 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/003673725-FRONTMATFERSLH2072DOC SOILS ES-1
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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 m the early 1940s. Its

initial mission and function was to provide stock control, materiel storage, and mamtenance

services for the U.S. Army (Memphis Depot Caretaker, 1998). Storage and distribution of

materiel for all U.S. 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 Superhmd

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 Logishcs

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 PurposeofThisFeasibilityStudy

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

obtain 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.

• As part of the RI, 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 m 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

GNV_003673629-RAL1295 DOC SOILS 1-1
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during the preparahon 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 pubhcation of the FS, the cognizant regulatory and lead agencies for the

Depot (Defense Logistics Agency [DLA], EPA and rTD EC 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 opportumty to comment on the

proposed remedy(s).

• After pubhc comments are received on the Proposed F'lan, 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 Depot. All public comments are

presented and responded to in the Responsiveness Stunmary of the ROD. The remedy(s)

documented m 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

MI 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 docmnent, background information

about the Depot, and a summary of the nature and extent of contarmnation, target levels
for remedial action, and the baseline risk assessment.

Section 2 presents the remedial action objectives (RAOs) 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, implementabflity, 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 czted.

• Appendix A presents risk calmdations on which the Ka, Os 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.

I-2 SOILS GNV_003673629- RA L1295 DOC



1.3 Backgroundlnformation

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. Durtn 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, southern, 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 he within the MI. The facihty has

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

6 milhon 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 storing 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, including acids, bases, industrial-grade solvents (xylene, toluene,

methyl 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 ztems
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 mclude storing

transformers containing polychlorinated biphenyls (PCBs), storing and using pesticides and

herbicides, conducting painting and sandblasting operations, and testmg 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_003673629-RAL1295DOC SOILS I-3



510 17

MEMPHISDEPOTMAIN ]NSTALLA33ONSOILSFS - 7/3/00

1992. As a result of its lishng as an NPL site, the Depot entered into an Federal Facilihes

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 Operataonal Unit (OU) to describe a group of sites used for simalar

purposes. After the Depot was selected for closure under BRAC, 35 parcels within the MI

were identified for property transfer. These parcels were grouped primarily by their ability

to be transferred or leased as indwidual properties (e.g., individual 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 MI.

Each FU represents an area where potenhal human health exposure generally would be

uniform because of consxstent 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 Transportatton to and Located in the northeastern area of the MI,
Typtcal storage m closed conststmg of about 20 large warehouses, with
Warehouses warehouses interspersed roadways and radroad tracks

2 Southeast 53 Golf, other recreation
Golf Course/
Recreational
Area

3 Southwest 92 Transportation to and
Open Area storage in open-sided

warehouses, painting
and sandblasting,
open storage

4 Northern end 193 Open storage, and
Open Areas transportatton to and

storage tn closed
warehouses

5 Newer 109 Transportatton to and
Warehouses storage m closed

warehouses

6 Admmmtrative 33 Offtces, equipment
and storage and
Resldent=al maintenance, on-
Areas base housing

Located _nthe southeastern comer of the MI1,
consisting of golf course (Parcel 3). This FU also
includes a baseball field and a small playground m
the southeastern corner. This FU includes two

construcled ponds and two concrete-hned drainage
ddches from the ponds leading to the off-site area

Located m the southwestern corner of the MI,
conststmg of vaned type of parcels and sttes.

Located in the north-central to northwest area of
the MI, covering a large area.

Located in the south-central area of the MI and
includes 10 large warehouse buildings.

Located along the property boundary of the Depot
along the Airways Boulevard. This FU includes the
old Residential Unit Area, parking lots, and other
asphalt-paved areas.

1.4 SOILS GNV_,003673629-RAL1295DOC
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The followmg parcels, depicted on Figure 1-3, were not studied in this FS due to completed
or planned removal actions:

Soils m Parcels 28 and 35 within FU3 are contaminated with metals and polycychc

aromatic hydrocarbons (PAHs) from pamting 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 &eldrin (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 m 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 Admmistrahve 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 historical waste handling activities were
conducted in these areas.

1.3.3 ConstituentFate andTransport by ChemicalGroup

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 (FUT), although it covers the entire MI, and will be addressed in a

separate FS report. Nature and extent fmdings 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 chermeals of potential concern (COPCs) identified for consideration in the FS for

soils include two metals (lead and arsenic), PAHs, dieldrin, PCBs, and tetrachlorodibenzo-p-

dzoxins (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 hxed in

the interior of the soft 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.

GNV_003673629-RAL1295 DOC SOILS 1-S
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The adsorption of arsemc onto clays, iron oxides, and'orgamc (hun'uc) material is also an

important transport pathway Figure 1-5 shows the distrflmtion of detected arsemc

concentrations across the MI. None of the inorgamc chemtcals detected in the surface soil

was detected in the subsurface softs 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 pe_ticlde at the Depot. Figure 1-6

shows the distribution of detected dieldrin concentrations, across the MI. This pesticide is

not expected to volatilize significantly. I_eldrin-type pesticides (e.g. DDT, 1,1,1-Dichloro-

2,2-bls(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 parhculate en-usslons 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 bghtly to soil parhculates. 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 soils deeper than 2 ft are essentially

free of dieldrin. Thus, surface runoff and airborne partacu]ate emissions are the potential

migration pathways for the chlorinated pesticides.

Use of these chlonnated peshcides 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 Dtsease Registry, 1992).

PCBs

PCBs are chlorinated organic compounds that are similar to chlorinated pesticMes detected

in the surface softs at the Depot. Aroclor-1260 was the only PCB detected in surface soil but

it was not detected m subsurface soft. PCBs are characterized by low water solubility, low
volahlity, and a tugh affinity for organic matter. PCBs are also slow to break down in the

environment. At very tugh temperatures, these chemicals could form poly-chlorinated

dibenzofurans and, to a lesser extent, dibenzo-p-dioxins. S;Lmilar to chlorinated pesticides,

PCBs tend to remain bound to soft particles. The primary migrahon pathways are surface
runoff with soil erosion and dust ermssion.

PCBs were detected infrequently in surface softs and were not detected in subsurface soils,

sediments, or surface water at the Depot. They were not fotmd to rmgrate through ditches or

to the groundwater. EPA has developed three sets of toxictty 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 risk limits of I to 100 in I 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, partacularly when mixed with asphalt-type materials, and represent a

broad class of compounds ranging from low-molecular-weight components, such as
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naphthalene, to high-molecular-weight compounds, such as dibenz(a,h)anthracene. Sohibflity,

volafihty, biodegradability, and toxicity vary widely across ttus class of compounds.

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

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

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

and behavior of the waste itself. Low-molecular-weight PAHs can migrate from spills and

continuous releases of tars and oils, but as weathering occurs, the rate of release decreases.

Higher-molecular-weight PAHs would persist in the vicinity of the original release.

Low-molecular-weight PAHs have higher water solubility and are more likely to be released

into groundwater than higher-weight PAH compounds, which have an increased tendency

for adsorption to soil or other organic matter. A primary fate and transport mechanism is
migration of adsorbed PAHs with surface soils and sediment. Erosion of soil and movement

of suspended sediments may result in migration of PAHs to surface water. However, because

of the low solubility of adsorbed PAHs, they would not partition significantly to water.

Photolysis and biodegradation are two common attenuation 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 softs, but is not

relevant for subsurface sods. Blodegradahon 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

n'ucroorgamsms, or accumulated to relatively high levels in soils.

Dioxins

The aromatic heterocyclic compound 2,3,7,8-tetrachlorodibenzo-p-dloxin (TCDD) was not

directly detected in the site samples. The reported TCDD equivalents were based on higher

chlorinated (hepta and octa) isomers, converted to the TCDD equivalent concentrations.

These chemicals have no commercial use and are released into 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-hves, 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 m

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 commumcations 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

limats. 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.
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A future residential risk scenario was performed for comparison purposes only. The results

will not be used for site management decisions because this is unlikely to be a suitable

future reszdential szte. It is unhkely that this industrial facthty will be used for future

residential purposes for several reasons. For example:

• The MI is currently zoned light-industrial;

• Depot redevelopment plans do not include future restdential development;
• The large warehouses are still valuable for commercial uses; and

• Industrial/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. Cherrucals 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 visztmg the facility or living nearby any of the szx 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 nsk_ 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 Results

The Human Health Risk Assessment (HHRA) compares site- and cherrucal-specific risk

estunates with the acceptable health risks and hazard index (HI) levels. Acceptable risk levels

(risks) for NPL sites range from I to 100 excess lifetime cancer risks (ELCRs) per I million.

The acceptable target HI for non-carcinogemc cheImcals i_ 1.0. Table 1-1 summarizes the

risks and His across the MI for surface soil (FUs I 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, szte chermcals contributing to these excess risks and HI

are listed as chemicals of concern (COCs) 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 _ddressed 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. _e 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 soft 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; ta'ther, they

are addressed as a separate issue related to blood uptake models. Health-based protective

target concentrahons 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 mdnstrial workers or future residents. The

calculated RGOs address target risks of I m I 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 (#g/dL) m 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

arseruc, which contribute cumulative risks above I in 10,000 (10 "4)and/or HI>I.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 residentml cumulative risks above 104 and HI > 1.0 and lead above residential child

health protective levels.

PCBs and TCDD are COPCs in FU4. PCBs were detected in I of 22 samples in FU6, in

the area wfuch was remediated as part of the removal action near the cafeteria m 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.

A separate 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 hmit 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

G NV_003673629- RAL1295 DOC SOILS 1-9
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the golf course may be used as a golf course, baseball held, playground, and soccer field.

It may notbe used as a future residential area under the assumed exposure condEtions
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 hu_rnan health and ecological protechon
for the MI are as follows:

Ecological receptors are hmited at this urban site. Any receptors present are not being

threatened on the basis of site contamination conditions and thus do not reqmre
protection.

• Current exposures from all me&a are limited to workers m 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 doing 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 ("significant" is defined as

risks in excess of I 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, winch are located along railroad tracks and asphalt-paved

roads, will likely decrease in concentration with time.

Future exposures to lead concentrations are considered for tins FS. Health-based

protectwe concentrations for lead in surface soil are calculated on the basis of blood-lead

levels in workers. The target concentrations were exceeded in surface softs in some areas

of the site. Some of the areas with excess lead also have elevated chromium and zinc,

winch appear to be from paint sandblasting material finpacting limited areas of the MI.

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 comer
of FU3;

2)

3)

Southern comer around Building P-949 in FU4; southern end of Building 702 (for

future residential scenario); and northwest corrter of Building 770 (for future

residential scenario); and

Sump-bottom grit in Buildings 251 and 265 in _6, 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 usfilg the lead model of EPA's

Technical Review Workgroup (TRW) for Lead (EPA, 1996).
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Table 6-8 in the RI 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 fuJure residential

child, calculated on the basis of target blood-lead levels of 10 #g/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
RAOs.

The primary COC in surface soil for workers _s 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 dehrution of a release under CERCLA 101(22). Since the presence of

PAHs is 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 _ 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 FU1 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 smls 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 nurnber 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.

If 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 FU5 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 FU6 - 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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TABLE1-2

Remedial Goal Options for Surface Soil

Memphis Depot Main Instal/atton 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

Arsemc 3b 549 2b 197

Lead a 1536 1536 300 300

Pesticides 0.27 77 0 21 168

Dteldrin

Semivolatiles 5 NC 4 3 NC

Benzo(a)Anthracene 0.5 NC 0.41 NC

Benzo(a) Pyrene 5 NC 4.3 NC

Benzo(b) Fluoranthone 52 NC 43 NC

Benzo(k)Fluoranthene 516 NC 428 NC

Chrysene 0.5 NC 0.43 NC

D=benz(a,h)Anthracene 5 NC 4 28 NC

Indeno(1,2,3-c,d)Pyrene 5 NC 4 28 NC

Note' Stte average lead concentrattons should be compared with target onteda

a Lead target values were calculated using blood-lead uptake models.

bArsentc background value of 20 pg/kg is the target value (RGO) in Section 2.

NC A value not calculated

TR Target Risk
THI Target Hazard Index
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2.0 Identificationand Screeningof
Technologies

This section describes the initial steps in development of potential remedial alternahves for

surface soils at the Depot. This section begins by developmg a hst of apphcable or relevant

and appropriate requirements (ARARs). Next, remedial act*on objectives are defmed so that

various technolog*es can be identified and screened to meet the ob]echves. 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, reqturements, criteria, or lunitations that are

determined to be legally applicable or relevant and appropriate requn:ements. There are

three types of ARARs. chemical-specific, action-specific, and location-specific.

2.1.1 Chemical-specificARARs

Chemical-specific ARARs are health- or risk-based requirements or methodologies that
result m the estabhshment 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 cherrucal-specffic ARARs for the surface soil at the MI are as follows:

• There are no chemical-specific ARARs for the softs. 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 nsk assessment for comparison purposes,
but were not mcluded as ARARs for the screening of alternatives due to the lack of risks

indicated dunng the risk assessment.

Sediments do not have ARARs.

2.1.2 Action-specificARARs

Action-specific ARARs are usually technology- or activity-based requirements or limitations

on actions taken with respect to hazardous waste. The action-specific ARARs for the softs 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 Nahonal Pollutant Discharge Elimination System (NPDES). These substantive

requirements include discharge limitations (both technology- and water quality-based),

certain rnonitonng requirements, and best management practices. For an on-site

discharge from a CERCLA site, these substantive requirements must be identified and

GNV/003673633-SLH2039DOC SOILS 2-1



510 37
M EM PHIS DEPOT MAIN INSTALLATION SOKS FS 7/3/00

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 permit and there are

associated monitoring reqmrements, in the form of surface water samples for surface

water discharges. Any discharges to surface wate; must comply with these existing

monitoring reqmrements.

• The excavation, on-site ex situ solidfficahon, 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 &ffer 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 variance,

alternative treatment levels based on data from actual treatment of soft, or best

management practices (BMPs) for debris, become the "treatment standard" that must be

met. To deterrrune if the soils are to be disposed of in a hazardous or solid waste landhll,

a toxicity characteristic leaching procedure (TCLP) test is conducted on representative

soil samples to determine ff 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 is defined as

any person engaged in off-site transportation of hazardous waste w_thin 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 from the site) and not the administrative

requirements (e.g., submittal of a Notice of Intent, a Storm Water Pollution Prevention

Plan, and Notice of Termination). The Phase II rule was published on December 8, 1999,

and addresses construction activities disturbing greater than I acre and less than 5 acres

of land. The effective date of the rule is February 7, 2000; however, operators of small

construction activities (less than 5 acres) are not required to obtain permit coverage until

March 10, 2003. Remedial actions at the MI may dtsturb 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 dl_sposal areas on the site must comply

with Tennessee Rule 1200-1-7, which includes requirements for control of access, cover,

momtoring, run-on, run-off, and erosion control, _md 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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2.1.3 Location-specific ARARs 5 10 :3

Location-specific ARARs identify requirements that must be addressed during remedial

activities because the achvifies 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 locainon-speciflc 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 the site

(less than ½ nule). The closest junsdictlonal wetland habitats to the Depot are the various

wetlands associated with Nonconnah Creek, approximately I 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 permitted are

manufacturing, wholesaling, or warehousIng. Accordmg to Section 24 of the Memphis and

Shelby County zonIng regulation, single family, or multi-farmly 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 m
perpetuity, or be returned to the United States (24 CFR 51D).

2.2 RAOs

RAOs are medlmn-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 cousldered m the baselme rrsk assessment satisfies the requirement that an

alternative is developed that eliminates or minimizes long term management.

RAOs 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 nsk-based criteria.

• For protechon of future on-site residents

GNV/003673633-S LH2039 DOC SOILS 2-3
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- Prevent direct contact/ingest]on of surface sods contaminated with dieldrin and

arsenic in excess of HHRA criteria for residents; and

Prevent direct contact/ingestion of surface soils contaminated with lead in excess of

risk-based criteria for protection of resident]al children.

Table 2-1 summarizes RAOs for surface smls.

2.3 GeneralResponseActions

GRAs describe remedial achvit]es that potentially satisfy the RAOs and goals, either

independently or m combination with other GRAs. GRAs to be considered for surface soil at

the MI include the following:

• No action

• Inst]tut]onal 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 C,RA. These technologies are discussed
and screened for potential effectiveness below.

2.4 IdentificationandScreeningof TechnologyTypesand
ProcessOptions

2.4.1 Identificationand InitialScreeningof Technologies

Table 2-3 identifies and describes potent]ally apphcab[e technologies and process options for

soil remediat]on. As part of the imtial screening process, certain technologies and/or

process options are identified as clearly inappropriate for the physical features of the site

and/or the chemical characterist]cs of the surface soft. These inappropriate technologies are
shaded in Table 2-3 and are not evaluated further.

2.4.2 Evaluationand Selectionof RepresentativeTechnologies

Technologies and process options retained after prelin_Lnary screening are further evaluated

on the basis of their relat]ve effectiveness, difficulty to implement, and cost. These factors
are evaluated as follows:

The judgment of the relative effect]veness of a technology is based on its estimated

capab_hty to meet one or more of the RAOs, its estLmated protectiveness of human

health and the environment during operation, and its estimated reliabzhty to function

considering the contaminants and site conditions;

• The difficulty in implementing a technology considers both the technical and

administrative aspects of construction and operation; and

24 SOILS G NV/003673633-S LH2039 DOC
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• The cost evaluahon focuses on relative capEtal (initial) and operation and maintenance

(O&M) costs. Detailed cost analyses are not performed at this level of screening.

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 effechveness,

implementability, or cost are shaded m the table and were not evaluated further.

2.4.3 Selection of Representative Process Options

Technologies and process ophons that were retained after the secondary ',screening were

further evaluated, relative to other process ophons withm the technology type, to identify

one representative option for use in the developing altemahves. 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 lirrut 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, inshtutional 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 representahve process options for surface softs.

Table 2-6 summarizes the GRAs and associated process options for surface soil retained

after the screerung process. These process options are used to develop remedial altemahves
m Section 3.

GNV/003673633-S LH2039 DOC SOILS 2-5
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TABLE2-2

General Response Actions and Typical Goals Met

Memphis Depot Main Installatton Soils FS 7/3/00

Medium General Response Action Remedial Goals Met

Surface Soil No Actton

Instttutional Controls

Containment

Removal

Treatment

Dtsposal

Rehes on natural attenuation of contammant concentrations

Reduces the hkehhood of direct contact with or mgestton or
mhalatton of conlammated sod.

Minimizes the exposure to contaminated soil Confmes
contamination for possible removal or treatment and reduces
mobd]ty of contarnmat_on

Prevents d_rect contact wtth or ingestion or inhalatton of
contaminated soil or sediment. Ehminates chance of release of

contamEnants to groundwater

Reduces mobthty, tox_ctty, or volume of contaminated media.

Mmtmlzes the hkehhood of exposure to contaminants by placing
them m a controlled envtronment.
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TABLE 2-6

ScreenJng Summary of GRAs and Process Options Retained for Alternative Development

Memphis Depot Main Installatton Sotls FS - 7/3/00

510 53

General Remedial

Medium Response Action Technology Type Process Option

Surface So_l No Action None

Institutional Controls Access and Use Restrictions

Containment Capping

Surface Controls

Removal

Treatment

Disposal

Excavation

In-s=tu Biolog=cal Treatment

In-sltu Physical-Chemical Treatment

Other In-sltu Treatment

Ex-sptu Phys=cal/Chemlcel Treatment

Ex-sltu Thermal Treatment

Land Apphcahon

Landfill

None

Deed Restrictions

Fences

Native Soil

Grading

Revegetat_on

Erosion Control

Dwerslon and Coliechon Systems

Excavation

Phytoremediatlon

B_oremedlat_on Enhancements

Sohdff_catlon/Stabd_zahon

Natural Attenuation

Soil Washing

Sohdfflcatlon/Stabd_zation

Thermal Deeorphon

Land Application

RCRA Landfill

Non-RCRA Landfill
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3.0 Developmentand Screening of Alterna ves

This section develops preliminary and potential remedial alternatives for surface soil at the

MI. This alternahve development phase of the FS process occurs in three segments:

• Development of preliminary alternatives (Section 3.1);

• Screening of the preliminary alternatives to arrxve 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 winch 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 prehminary 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 effectaveness, implementability, and cost to develop
a smaller list of final alternatives that are carried forward for detailed evainatlon m
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 revolve 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 remedial 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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• Remedial actions that use permanent solutions, alternative treatment technologies, or

resource recovery technologms are to be assessed.

Based on an evaluation of process options retained after the screening processes presented

m Section 2, appropriate technology process options were combmed to provide preliminary
remedial altemahves These are shown m Table 3-1.

In this sechon, preliminary alternatives are initially developed that address sEte 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 t,_chnologles. 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 conslderahon of other similar remedial alternatives that may also be suitable.

Rather, they are proposed as the most common and unplementable on the basis of recent

expenence m the remediation mdustry. For example, phytoremedlahon is relatively less

proven than bioremediation, so it is not specifically included in an alternative. If, during the

process of remedy selection and unplementatlon, this or other technologies emerge as better

applications than those developed herem, each should be reevaluated.

3.1.1 Alternative 1 - No Action

The no action alternative would leave contaminated surface soil m place. Some

biodegradation of dieldrin and chermcal reactions with subsurface materials would be

expected to occur naturally over time However, this contammant reduction would not be

monitored as part of this alternative.

3.1.2 Alternative2 - InstitutionalControls

Alternative 2 would leave contaminated soil in place, but would mvolve deed restrictions

hmiting the use/sale of the property or porhons of the property; regulation of intrusive

achvities during which potenhal 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 m_d chemical reactions with

subsurface materials would be expected to occur naturally over twne.

3.1.3 Alternative3 - Soil Containment

Alternative 3 involves the placement of a soil or pavement protective cover over

contaminated surface soft to act as a physical barrier against direct contact. Natural clean

soil, asphalt, concrete or other material from off-site would be placed over contaminated

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 Alternative4 - In-situSoil Treatment 5 10

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 stabilizing chemical to fix (immobilize) the constituents. These

stabihzing 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 hmit site use during implementation.

3.1.5 Alternative5 - Excavationand Ex-situBiologicalTreatment

Alternative 5 also includes treatment for pesticide- and metal-contaminated surface soils,

but the soft is excavated first and treated in piles or reactor cells. For dieldrin, the technology

is similar to composting: combining constituents, mducers, and electron acceptors (oxygen)
to enhance aerobic biodegradation. For arsemc- and lead-impacted soft, chemicals are

physically bound or enclosed within a stabihzed 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 Alternative6 - Excavationand Ex-situThermalTreatment

Alternative 6 also includes treatment for pesticide- and metal-contaminated surface soils,

but the soil is excavated first and treated in piles or reactor ceils. For dieldrin, the soil _s

heated to target temperatures (up to 1,000 degrees Fahrenheit [°F]) to volatilize water and

organic chermcals. A carrier gas or vacuum system transports volafihzed water and organics

to the gas treatment system. For arsenic- and lead-impacted soil, chemicals are physically
bound or enclosed within a stabilized mass (solidlhcation), or chemical reactions are

induced between the stabilizing agent and chemicals to reduce their mobility (stabihzation).

All treated material would be returned to the excavated areas or otherwise incorporated
into the upper soil horizon on-site.

3.1.7 Alternative7- Excavation,Transportation,andOff-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 initial screening process

and presents the list of potential alternatives for more detailed screening.

5?
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Retained for Eliminated from
Alternative Further Evaluation Consideration Key Screening Comments

1 _"

2 v'

3 _'

4 _'

5 _'

6 v'

7 _'

Keep per CERCLA

Controlsare v_able

Cover =swable

Viable and includestreatment

Viable and includes treatment

V_ableand includes treatment

Permanent removal

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

Alternatzve 1, No Action, _s retained per CERCLA requirements.

Alternatzve 2, Institutional Controls, and Alternative 3, Soil Containment, are both viable and are

therefore retained.

Alternatzve 4, In-situ Soil Treatment; Alternative 5, Excavation and Bmlogical Treatment; and
Alternatzve 6, Excavation and Thermal Treatment, have simalaribes. In Alternative 4, the soil is

treated in place. Alternatives 5 and 6 involve excavation and ex-sltu treatment to immobilize

the metals-contaminated soil with fixabon. However, the pesticide-contaminated soil is

treated biologically ex-sltu in Alternabve 5 and thermally ex-situ in Alternative 6. All three

alternatives satisfy the CERCLA preference for treatment. They are all retained for further

screening.

Alternahve 7, Excavation, Transportation, and Off-site Dzsposal, IS retained as the alternative

that permanently removes the risk from the site by transh._rring it to an off-site facility.

3.3 Screening of Potential Alternatives

3.3.1 ScreeningCriteria
This section defines each of the screening criteria used for this phase of the screening

process -- relative effectiveness, implementability, and cost. Potential alternatwes 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 safeguaids human health by reducing

potential human exposure to contaminated media, and protects the environment by

preventing further transport of the consbtuents. Alternatives that meet th_s criterion are
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considered effective; alternatives that are relatively less effective or not effective are
elmxinated from further conslderahon.

3.3.1.2 Implementability

Implementability refers to the technical and administrative feasibility of irnplement_ng the
ophon.

Technicalfeasibdzty 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 momtoring of

techracal components after the remedial action is complete, if such monitoring is reqmred.

Administrahvefeasibility 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 techmcal specialists. Options

that are techmcally or administratively difficult may be eliminated from further
consideration.

3.3.1.3 Cost

Cost refers to the present worth of construchon and long-term O&M costs. At this stage of

analysis, costs are discussed quahtatively. Detailed cost analyses for the fmal alternatives

remaining after screening appear in Section 4.

3.3.2 Alternative1 - 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 contaminated areas, but with "no action" there are no
assurances or controls.

3.3.2.2 Evaluation

Alternative I 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 lin'ut potential exposure, the no achon 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 nahtral attenuation processes to

remediate dieldrin contamination at the site, and on existing land use controls to prevent

residential use. Dieldrin is 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. Lmplementability is not an issue for the no action alternative because

nothing is implemented.

Cost. Alternative I has no assooated costs.
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3.3.3 Alternative2- InstitutionalControls

3.3.3.1 Description

The inshtuhonal controls alternative leaves contaminated surface sod in place, but revolves

deed restrictions prohibiting the future use/sale of the property or porhons of the property

for residenhal use. These restrichons 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 Alternahve 2, organic dieldrin contaminahon at the site is expected to attenuate over

time. However, dieldrin is known to be persistent and is not expected to attenuate rapidly.

Institutional controls do not guarantee any reduction in the toxicity, mobility, or volume of

arsenic and lead contammation at the rote, except that future pavement would reduce the

moblhty of contaminated soil. Otherwise, under tl-us alternative, the potenhal pathways

continue to exist and COCs could conhnue to migrate.

Effectiveness.The institutional controls alternative relies primarily on natural attenuation

processes to remediate dieldrin contamination at the site. Lead or arsenic contamination is

not remediated under these conditions. The time required for constituents to attenuate

below target levels is difficult to predict; therefore, protectiveness depends on preventing

access to the site constituents. Long-term protectiveness is uncertain.

Implementability. Institutional controls involve legal instrtLments 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 re tatively 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 Alternative3- Soil Containment

3.3.4.1 Description

The soil containment alternative includes some instituhonal controls, but also involves the

placement of a cover material over contaminated soft to act as a physical barrier against

direct contact. Pavement can be incorporated into areas reqmring 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 implementation plans. Under this

alternative, site soil containment systems have to be inspected penodically for disturbance.

Biodegradation of dieldrin and chermcal reactions with subsurface materials is expected to
occur naturally over time.
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3.3.4.2 Evaluation 5 1 0

With Alternative 3, organic dzeldrin contarnmation at the szte is expected to attenuate over

time. However, dzeldrin is known to be persistent and is not expected to attenuate rapidly.

The soil cover or pavement provides a barrier, preventing direct exposure to contamination.

It does not guarantee any reduction in the toxicity or volume of 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. Soft containment relies primarily on a physical barrier

preventing exposure to contaminated soil. Natural attenuation processes may remedlate

dieldrin contamination at the site, but the time required for constituents to attenuate below
target levels _s difficult to predzct.

Implementability. Inshtuti°nal controls involve legal instruments such as deed restrictions

and long-term custodial care. These services are not difficult to obtain, but long-term care is
not always reliable.

Material from off-site is used for the soil cover or pavement. Dust control would be

considered, and surface controls are necessary to prevent erosion damage to a soft cover.

Routine O&M is required to maintain integrity of the cover, as well as periodic site

inspections and cover evaluahons to verify access hmitations 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 requzring extensive transport. Some ongoing maintenance
costs are associated with site inspechon and maintenance of cover material.

3.3.5 Alternative4- In-situ Soil Treatment

3,3.5.1 Description

The inositu soil treatment alternative leaves contaminated soil in place and provides in-situ
treatment for pesticide- and metal-contaminated soils. In thts alternative, the soil is treated

to increase the bioremediation rate or immobilize constituents. Alternative 4 includes

several potential processes. For example, soil 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 filled in place to achieve

aeration. Tilling the soil also provides a method for introducing amendments, such as
nutrients and rrucroorgamsms, to the soil. This latter method is referred to as "land

treatment." Either of the above methods may be used alone or m combination to achieve the

best condztlons for in-situ bioremediation at a particular site.

61
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Metal-contammated soil is treated with a stabilizing cherr_cal to fix (immobilize) the soil.

These stabihzing agents physically bind constituents withm a stabdxzed mass. Chemicals

may be applied usmg methods smular to those used for fE,rtilizer and filled into the sod.

This technology is known as "stabilization."

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

3.3.5,2 Evaluation

With Alternative 4, dzeldrm contamination at the site attenuates over tune 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 alternative effectively safeguards human health through treatment of
contaminated soil. The in-situ sod treatment alternative relies on enhanced bioremedzation

processes to remediate dieldrin contamination at the szte. The rate of enhanced

biodegradation zs relatively high in comparison to natural degradahon processes, but may

still require several years to implement. Land treatment and aeration may have faster results

than sunply enhanced biodegradation. In pilot studies, in- SEtu bioremediatlon of pesticides

in soil has achieved cleanup efficiencies exceeding 80 percent (Venire, 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 contaminahon. The in-situ sod treatment may

take 2 to 3 years to reduce the volume and toxicity of dieldrin contamination and several
months to stabihze lead or arsenic contamination.

Implementability. For enhanced biodegradation, the use of water-based solutions or the

irrigahon of dry powders may increase the mobility of some constituents. For land

treatment, depth of treatment _s 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 requrred, especially for runoff from the site.

Monitoring of the biological 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 wzthin this treatment may result in a significant increase in volume.

Substantwe requirements of the NPDES permit must also be addressed with this alternatwe.

These include control of sedunent runoff in stormwater during the removal/remedial

actions, and may include collecting stormwater samples to verdy if any contamination is

migrating offsite during these actions. Additionally, the szte 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

concentrations, quantity of soil treated, depth of contaminahon, soil characteristics, amount

of debris, characteristics of any residual, site preparation, and equipment needs.
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Typically, costs for m-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 Alternative5 - Excavationand Ex-situBiologicalTreatment

3,3.6,1 Description

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

for pesticide- and metal-contaminated soils, but the soil is excavated first and treated m

piles or reactor cells to biodegrade or immobihze 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

mLxed with bulking agents, soil amendments, or wood chips, hay, manure, or vegetative

wastes. Thts mixture could then be formed into piles and aerated (biopiles), mechanically

agitated, or placed into long piles and turned periodically. This method is referred to as
"composting."

Excavated soil could be placed mto lined beds and penodically tilled to achieve aeration.

Contaminated soil would be treated in lifts. This method is 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 bmreactor. After treatment, the soil is dewatered.

This method is referred to as "slurry phase biological treatment."

Excavated soil could be rmxed with a specially cultivated fungus, such as wtute rot fungus.

This mixtttre 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 hx

(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 arsemc is reduced due to treatments. A site-based pilot study has shown

success with bioremediation of pesticide-contaminated soil (Venture, 1999). Because soil is
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excavated, the potential pathways for chemical rmgration are removed during the period of
treatment.

Effectiveness. This alternative effectively safeguards hun-tan health through treatment of
contaminated soil.

Stmilar to Alternative 4 m effectiveness, the excavation and ex-situ btolog]cal treatment

altemahve relies on enhanced bioremediation processes on excavated soil to remediate

dieldrin contaminahon at the site. Because blodegradation ts enhanced by the ex-situ

rmxing, it should occur at higher rates.

Composting or slurry phase biological treatment may produce faster results than

landfarming or fungal bioremedlation

This alternative relies on the physical/chemical treatment process of stabilization to

m_nobilize lead and arsemc contamination. The excavation and biological treatment

alternative may take several weeks to a few years to reduce the volume and toxicity of
dieldrin contammahon and several months to stabihze lead or arsenic contamination.

Implementability. All contaminated soil is excavated and treated.

Both composting and landfarming requtre a large amount of space to implement. Further,

composting results m a volumetric increase in material, and landfarming may require the

use of dust controls. Slurry phase treatment requires a stzing of soil particles before the

slurry can be placed in the reactor. White rot fungus may be subject to compehtion from

native bacterial populations, toxicity inhibition, and cherrdcal sorptton.

The stabilization process can result in solidified material that may affect future use of the

site. Some processes of this treatment may produce 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/remedial

achons, and may include collecting stormwater samples to verify if any contamination is

rmgrating off-site during these actions. Additionally, the site must be reasonably re_rned to

its pre-action status, by replacing sod and performing other landscaping as necessary.

Cost. Costs for this alternative are moderate to moderately high and depend on initial and

target concentrations, the quantity of soil treated, the depth of contarmnation, 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
dtstance.

Typical costs for ex-sltu 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 fiom $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 trea ted with the landfarming

technique, with shallow contaminated soil, a small difference between initial and target
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concentrations, adequate soil moisture, high permeablhty, the presence of nncroorganisms,
and low requirements for materials and momtoring.

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 nmoff costs are

assumed to be rrununal, 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 excavatzon and ex-situ thermal treatment alternative also includes treatment for

pestiade- and metal-contaminated soils, but the dieldnn-contaminated soil is excavated and

thermally treated in enclosed ovens, piles, or reactor cells. Metal-contaminated soil is treated

the same as m Alternative 5. All treated material is then incorporated into the upper soil
horizon on-site.

For dieldrin, the sod 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 partzculate is removed with

conventional equipment, such as wet scrubbers or fabric filters. Constituents may be

removed through condensation and carbon adsorption or in a secondary combnst_on

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 chermcal to fix (nmmobihze) the soil.

These stabilizing agents physically bind chemicals withm 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 "solidhfication/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 mobihty of the lead and arsenic is reduced due to

treatments. Because soil is excavated, the potential pathways for chemical migration are
removed dunng the period of treatment.

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

Similar to Altemahves 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 tune
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This alternatwe relies on the physical/chen-ucal treatment process of stabilization to
immobihze lead and arsemc contamination. The excavation and thermal treatment

alternative may take several weeks to a year to reduce the volume and toxicity of dleldrm
contamination and several months to stabihze lead or arsenic contamination.

Implementability. All contaminated soil is excavated and treated.

Thermal treatment requires specific soil s_zes 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 m'ne required as a result of binding.

The capacity of HElD ovens _s limited, and their installation at a site reqmres substantial

mobilization and setup time. Off-gases, even when treated, may be unacceptable to the

community or local regulators.

The stabilization process can result in sohdifled material that may affect future use of the

site. Some processes of this treatment may produce a significant increase m volume.

Substantive requirements of the NPDES permit must also be addressed with this alternative.

These mchide control of sediment runoff m stormwater during the removal/remedial

actions, and may include collecting stormwater samples *.overify 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 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 charactenstlcs, 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 soft 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.

Typical 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 initml and .target 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-vegetation and the size of the site, but are

assumed to average $5,000 per acre.
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3.3.8 Alternative7 - Excavation,Transportation,andOff-site Disposal

3.3,8,1 Description

The excavation, transportation, and off-site disposal alternative removes all contaminated

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 possibility for COC
nugrabon or exposure.

Effectiveness. Alternative 7 effectwely safeguards human health through the removal and

controlled disposal of contaminated soil. This alternative relies on excavation to remove

contaminatmn 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 alternahve may take several months
to implement.

Implementability. Implementation requires the use of on-rote heavy equipment, an off-site

landfill facility that can be used for soft disposal, transportation to the facihty, and

containers for contaminated soil. Confirmation sampling is required after excavation.

Substantive requirements of the NPDES permit must also be addressed with this altematwe.

These mchide 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 replacmg 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-perrnitted 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 facihty.

Costs for preventing sednnent 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 Summaryof AlternativesScreening

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
screerung.
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Retained for Eliminated from
Alternative Further Evaluation Consideration Key Screening Comments

1 _"

2 _'

3

4

5

6

7

Keep per CERCLA

Qu,ck and mexpenswe

Cover could be an element of future
infrastructure

Proven by prior tests

Expenswe and dlfftcult to rmplement

Expenstve and dlfftcult to ,mplement

Costly, but qu,cker than treatment

Thus, the final hst of alternatives retained for further analFsis are as follows:

• Alternative 1: No Action (required per CERCLA)
• Alternative 2: Institutional Controls

• Alternative 3: Soil Containment

• Alternative 4: In-sltu 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

This sechon 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 screenmg of alternatives presented in Section 3

and precedes the actual selection of alternatives in the Proposed Plan. Different alternative

actions may be selected for the various FUs because of differences m the distribution and

concentration of contaminants in the surface soil at each FU.

The final surface soil alternatives retained for detailed analys_s m Section 3 are described

and evaluated in this section. The components of this evaluation include the following:

• Further definition of each alternative, includmg volumes, technologies, and associated

performance requtrements;

• 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

alternahve 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 evaluahon

criteria, and identify alternative-specific issues within the criteria. 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 mcluded 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 maxnnum extent practicable; and

GNV/003673649-SLH2046DOC SOILS a-1



MO 79_
MEMPHPS DEPOT MAIN INSTALLATION SOILS FS - 7/3/00

-j

• Satisfy the preference for treatment that reduces toxicity, mobd*ty, or volume as a

principal element or explain why this is not attainable.

Since these requirements must be specihcally addressed m the ROD, the alternatives are

evaluated to show how remedial actions support these requirements. An alternat*ve will

not necessarily fulfill all reqmrements.

There are also statutory (CERCLA 121(b)(1)(A)) considerations that emphasize evaluating

long-term effect*veness 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 maintenance costs;

• Potential for future remedial act*on costs if the alternative were to fail; and

• Potential 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 techmcal and policy considerations The

alternatives are evaluated in comparison to these criteria, which are grouped into the

following categories: threshold, balancing, and modifying.

4.2.1 Threshold Criteria

Threshold cntena must be met or complied with by the selected remedial action alternative.

These criteria mchide overall protect*on of human health and the environment, and

compliance with ARARs.

4.2.1.1 Overall Protectiveness (Criterion 1)

Under this criterion, each alternative is evaluated to deteiTnine 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 alternat*ve, the

evaluation includes the following determinations:

• How the source of contamination is to be reduced or controlled; and

• How the site-related risks to human health and the e*_vironment are to be reduced and

whether target levels are attained.

4.2.1.2 Compliance with ARARs (Criterion 2)

Remedial actions for the cleanup of hazardous substances must comply wzth the

requirements, criteria, standards, and hmitat*ons under federal or more stringent state

environmental laws that are legally applicable, or relevant and appropriate, to the
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510
hazardous substances or clrcumstances at a site. _egulahons considered during this FS
include the following:

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

Occupational Safety and Health Admimstration (OSHA) - Apphcable to the protechon
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 warehousmg.

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 achons 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 reliabihty of controls used to manage remairung 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.

72
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4.2.2.2 Reduction of Toxicity, Mobility, or Volume through Treatment (Criterion 4)

The statutory preference is to select a remedial action that employs treatment to reduce the

toxloty, mobility, or volume of hazardous substances. This critenon addresses the

anticipated performance of the technologies that may be used to achieve treatment goals.

Alternatives that do not include treatment technologies are not considered to reduce the

toxicRy, mobility, or volume of chemicals. This criterion considers the following:

• 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 pnncipal threat is addressed through treatment;

• Degree to which the treatment will be irreversible;

• Type and quantity of residuals that will remain following treatment; and

• 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 rmght 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 actueving remedial objectives.

4.2.2.4 Implementability (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 materials; and

• Availability of technologies.
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4.2.2.5 Cost (Criterion 7) - _--_0_-'_ _

Prelmlinary 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

estunates are intended to aid m 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 zs an urnportant element m

the decision to select and to nnplement. Concerns of state regulators and the local

community must be addressed during the selechon process and are generally termed
"modifying cnteria."

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
m selection of the remedy.

4.2.3.2 Community Acceptance (Criterion 9)

Commumty 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 prehminary design calculations and drawings,
as well as addressmg the limitations, assumptions, and nncertaintles 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:

• Alternative 2:

• Alternative 3:

• Alternative 4:

• Alternative 7:

No Action (required to be retained per CERCLA)
Institutional Controls

Soil Containment

In-situ Soil Treatment

Excavation, Transportation, and Off-site Disposal
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In the detailed analyses presented m this section, these all ematives 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 m Section 2 (Table 2-1): industrial, unhmited recreational, and residential. The

need for remedial achon 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
industrial land use scenario.

Unlimited Recreational: Only FU2 was evaluated for unlunited recreational land use,

and was found to be acceptable for unlimited recreational use without lunitation other

than fishing and swimming in the two lakes, whKh are currently prohibited. After

transfer of the property, the hshing/swimming prohibition will be monitored by the

owner of the property.

Residential: All FUs require some remedial activity if future residential use (mcludmg

day care operations) is perrmtted. Existing zonmg 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 m 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 contaminated surface soil are summarized in

Table 4-2 to show the general magnitude of remediation requrred 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

Thas alternative includes no remedial achvities, but is reqmred by CERCLA to be retamed

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 eyisting land use controls) would

be implemented. If the existing restrictions were ever modified, 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 (> 1,536 mg/kg), and

Not add any protective layer of institutional controls prohibiting remdential

development in FU1 through 6, due to the concentrations of dieldrin exceeding

residential risk-based criteria (> 0.21 mg/kg), arsenic exceeding background (_>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,lace, but would provide deed restrictions, in

addition to the existing land use controls, limiting the future use by the Depot.
1/.

Deed (including lease) restrictions would prevent certain land uses where dieldrin, arsenic,

and/or lead in the surface soils pose an unaccepfable 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 m 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 restnchon 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
FU Residential Land Use a Industrial Land Use Site Controls

1 X

2 X Xb

3 x

4 X X (lead-contaminatedareas [_> X°
1,536 mg/kg] only)

5 X

6 X

a Includes day care restrichon bContinuation of slgnage preventing swimming and fishingin lakes,cSite controls
(fencing and slgnage) as part of the mdustnal use deed restnctlons.

Institutional controls contemplated for this alternahve 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/szgnage, future occupants of FU4

could remove the fencing and risk exposure to the lead-contaminated surface soil;
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• Prevent future residential land use in FU1 through 6, eliminating the risks associated

with that land use scenario;

• Prevent casual access from adjacent off-site residents through maintenance of a

boundary fence surrounding FU2;

• Prevent day care operations in FU1 through 6; and

• Prevent fishing and swimming in the lakes in FU2.

Applying contemplated institutional controls would resutt in the following in each FU:

• FU1 is acceptable for industrial use without controls; however, it has numerous areas of

surface soil contamination (total of 206,300 square feet [ft2][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.

• FU2 is acceptable for unlimited recreational use without controls; however, it has

numerous areas of surface soil contamination (total of 1,960,200 ft 2 [Figure 4-2]) that

present unacceptable risks under a future residential land use scenario. With

institutional controls in place to prevent future residential development, FU2 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 ft 2 [Figure 4-3]) that would present unacceptable risks

under a future residential land use scenario. With institutional controls in place to

prevent residential development, FU3 could be used for industrial purposes with no
further action.

• FU4 has 7,200 ft 2 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 2 including the 7,200 ft 2 exceedmg

industrial critena [Figures 4-4]) that would present urLacceptable 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 ft 2 of lead-contaminated surface soil.

• FU5 is acceptable for industrml use without controls; however, it has some areas of

surface soil contamination (total of 39,500 ft 2 [Figure 4-5]) that would present

unacceptable risks under a future residential land use scenario. With institutional

controls m place to prevent residential development, ]=U5 could be used for industrial

purposes with no htrther action.

• FU6 is acceptable for industrial use without controls, but has a small area of arsenic (400

ft 2 [Figure 4-6]) contamination that would present unacceptable risks under a future

residential land use scenario. With inshtutional controls in place to prevent residential

development, FU6 could be used for industrial purpo.,_es 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 achvities m the identified portion ot FU4 because of lead surface soil

contamination; and
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No future residentxal 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 dieldrin contamination m the surface, soils are

adequately defined.

An annual evaluation of administrative controls is necessary to prevent future land use
changes.

Periodic 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 mstalled 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 apphcable 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 Area to be Deed Restrictions Area to be

Preventing Cover Covered Preventing Cover Covered Preventing Cover Covered
FU Disturbance (ft2) Disturbance (ft2) Disturbance (ft2)

1 NR NR ...... X 206,300

2 ...... NR NR X 1,960,200

3 NR NR ...... X 5,500

4 X a 7,200 ...... X 386,200 _

5 NR NR ...... X 39,500

6 NR NR ...... X 400

NR Not required

a Includes site contro/s (fencing and s=gnage)
b Includes the 7,200 ft 2 included in Industrial Use.
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Implementahon of this altemahve would'

Be marginally protechve 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 margmally protechve m FU1 through 6 for fuhxre residential 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 contaminated soil.

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

FU1 is acceptable for industrial use without a cover; however, it has numerous areas of

surface soil contaminabon (total of 206,300 ft 2 [Figure 4-1]) that would requtre a soil

cover or pavement to be protective for a future residential land use scenario. With the

covers installed and instituhonal controls in place, the FU would be acceptable for

future residenhal use; however, long-term control to prevent future residents from

disturbing the covers would be difficult.

• FU2 is acceptable for unlimited recreational use without a cover or controls; however, _t

has numerous areas of surface soft contamination (total of 1,960,200 ft 2 [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 ft 2 = 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 residenhal land use scenario;

however, long-term control to prevent future residents from disturbing the covers

would be difficult. Future residenhal development in this FU would be difficult because

the majority of the area would be covered.

• FU3 is acceptable for industrial use without a cover; however, it has areas of surface soil

contamination (total of 5,500 ft 2 [Figure 4-3]) that would require a cover of soil or

pavement to be protectwe for exposure for a future residential land use scenario. With

the covers installed and instituhonal 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 difhcult.

FU4 has 7,200 ft 2 of lead-contaminated surface soil that would require a cover of soil or

pavement to be protective for exposure under an industrial land use scenario. Also, FU4

has an additional area of surface soil contamination 0:otal of 386,200 ft 2 including the

7,200 ft 2 exceeding industrial critena [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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FU5 is acceptable for industrial use without a cover; however, it has some areas of

surface soft contamination (total of 39,500 ft 2 [Figure 4-5]) that would require a soil cover

or pavement to be protective for exposure for future resxdential land use scenario. With

the covers installed and mstituhonal 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 industrial use without a cover; however, _t has a small area of

arsemc (400 ft 2 [Figure 4-6]) contamination that would requ:re a soil cover or pavement
to be protective for exposure for a fut:tre residential land use scenario. With the covers

installed and institutional controls in place, the FU would be acceptable for future

residenhal 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 identihed as exceeding the RGOs would be covered as follows:

- For industrial activihes in portions of FU4, excessive lead; and

- For residential use m FU1, 2, and 5, excessive dieldrin and arsenic; m FU3, excessive

arsenic and lead; in FU4, excessive arsenic, lead, and dieldrin; and m FU6, excessive
arsemc.

• The extents of lead, arsemc, and dieldrin contamination m the surface soils are

adequately defined.

• Maintenance of the cover would be required.

• An annual evaluation of administrative and other controls is necessary to prevent
disturbance to the cover.

Periodic 5-year rewews 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 penod.

4.3.4 SurfaceSoil Alternative4 - In-situ Soil Treatment

This alternative includes treatment of contaminated surface soils (bloremediation 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 included 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 restrictmns 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 stabihze 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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stabilizing chermcal for lead and arsenic unhl dieldrin is -_educed to RGOs. The treatments

would be applied to individual areas within an FU that e <ceed levels acceptable for

applicable land use. Biological amendments would be used to enhance the biotreatment of

the surface soil to effechvely reduce dieldrin concentrations. Stabilization would effectively
immobilize lead and arsenic contamination.

Table 4-2 shows the areas of surface soil requiring treatment for each COC. This alternative

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 (ft 2) (ft 2) Restrictions (ft 2) (ft 2)

1 NR NR NR .< 45,300 a 176,000 a

2 NR NR NR X 56,600 b 1,960,200 _

3 NR NR NR X 5,500 NR

4 X c 7,200 NR X 274,700 d.e 121,500 d

5 NR NR NR X 7,500 32,000

6 NR NR NR X 400 NR

NR Not required

a 15,000 ft 2 of FU1 contains both arsenic and dieldrin; therefore, the 15,000-ft 2 area must recetve both sod
stabthzatton and remedtatton treatment Total area m FU1 = 206,30(] f_

b The 56,600-ft 2 area contains arsemc and d_e]drin, therefore the area must recewe both soil stabd_zatton and
remedlatton treatment. Total area m FU2 = 1,960,200 ft2

c Includes site controls (fencing and stgnage).

'_10,000 ft2 of FU4 contains both arsenic and dteldrm; therefore, the 10,000-ft 2 area must receive both sotl
stabdlzabon and remedlabon treatment. Total area m FU4 = 386,200 ft2

e Includes the 7,200 ft 2 included m Industnal Use.

Implementation of this alternative would:

• Be fully protective m FU4 for mdustrial use by eliminating risk of exposure to surface

soil areas with lead exceedmg levels acceptable for industrial 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:

FU1 is acceptable for industrial use without treatment; however, it has numerous areas

of surface soil contamination (total of 206,300 ft 2 [Figure 4-1]) that would requrre

treatment to reduce exposure for fub.tre residential land use scenario. Dieldrin-

contaminated soil would be treated with an enhanced bioremediation process that

would reduce dieldrin contamination to levels acceptable for future residential use.

Arsenic-contaminated soil would be treated with a chemical admixture that would
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stabihze contaminated SOil, decreasing risk to levels acceptable to future residential use.

Areas that have both dieldrin and arsenic contamination in the soil w'0uld require both

processes; bioremediation would be nnplemented first, after which the soi_would be

stabilized. At the completion of treatment, the FU would be acceptable for future
residential use.

FU2 is acceptable for unlimited recreational use without treatment; however, it has

numerous areas of dieldrin and arsenic surface soil contamination (total of 1,960,200 ft 2

[Figure 4-2]) that would require treatment to reduce exposure for future residential land

use scenario. Because the dieldnn contamination is so widespread (1,960,200 ft 2 = 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.

FU3 is acceptable for industrial use without treatment; however, it has areas of surface

soil contamination (total of 5,500 ft2; Figure 4-3) that would reqmre 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 ft 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 soil contamination (total of 386,200 ft 2 including the 7,200 ft 2 exceeding

industrial criteria [Figure 4-4]) that would require treatment to reduce exposure for
future residential land use. Dieldrin-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 reqmre 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.

FU5 is acceptable for industrial use without treatment; however, it has some areas of

surface soil contamination (total of 39,500 ft 2 [Figure 4-5]) that would require treatment
to reduce exposure for future residential land use. The contaminated soil would be

treated as described previously in FU1. 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 ft 2 ]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 adn'uxture that would stabihze 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 m developing the cost esbmate for this alternatwe were as follows:

• Areas ldentihed as exceeding the RGOs would be treated as follows.

- For industrial achvlhes in portions of FU4, excessive lead; and

- For future residential use in FU1, 2, and 5, excessi'_ e dieldrin and arsemc; in FU3,

excessive arsemc and lead; in FU4, excessive arsenic, lead, and dieldrin; and in FU6,
excessive arsemc.

• The extent of lead, arsemc, 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 fertihzer

distributor. 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-contaminated surface soils would be effectively treated in approxtmately 3
years. Arsenic- and lead-contaminated soils would be treated in about 6 months

independently, or an additional 3 months after treatment of dieldrin.

An annual evaluation of treatment applicability and effectiveness would be performed

until treatment was complete.

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

4.3.5 SurfaceSoil Alternative7 - Excavation,Transportation,andOff-site
Disposal

This alternative includes the excavation, transportation, and off-site disposal of
contaminated surface soft. 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 con;:aminated soil, I ft of clean

backfill would be placed in all areas excavated, and the entire area landscaping would be
restored to its ongmal 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 requzred to confirm that RGOs were met.

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. 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 _$tabilization Bioremediation

FU Restrictions (ft2) (ft2) Restrictions (ft2) (ft2)

1 NR NR NR X 4_,_00 a 176,000 a
•t'_

2 NR NR NR X 56,600 b 1,960,200 b

3 NR NR NR X 5,500 NR

4 X c 7,200 NR X 274,700 d,e 121,500 d

5 NR NR NR X 7,500 32,000

6 NR NR NR X 400 NR

NR Not required

a 15,000 ft2 of FU1 contains both arsenic and dieldrin; therefore, the 15,000-ft 2 area must receive both soil
stablhzabon and remedlabon treatment Total area m FU1 = 206,300 ft 2

b The 56,600-ff 2 area contains arsemc and d_eldnn; therefore the area must recewe both soil stabd=zatlonand
remed=at_on treatment. Total area in FU2 = 1,960,200 ft2.

c Includes site controls (fencing and slgnage)

d 10,000 ft2 of FU4 contains both arsenic and dieldrin; therefore, the 10,000-ft 2 area must recewe both sod
stablhzatlon and remedlatlon treatment. Total area in FU4 = 386,200 ft2.

e Includes the 7,200 ft2 included m 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 m the

following in each FU:

FU1 is acceptable for industrial use without soil remediation; however, it has numerous

areas of surface soil contamination (total of 206,300 ft 2 [Figure 4-1]) that would require
remediation to reduce exposure for future residential land use. Contaminated soil

removal and clean backhll replacement would be reqmred to eliminate risk of exposure
exceeding limJts 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 ft 2 [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 ft 2 = 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

residenbal 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 risk 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 remediat7 on; however, it has areas of

surface soil contaminahon (total of 5,500 ft 2 [Figure 4-3]) that would require remediahon

to reduce exposure for future residential land use. Contaminated soil removal and clean

backfill replacement over a total area of 5,500 ft 2 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 soft that would require removal and clean backfill

replacement over a total area of 7,200 ft 2 to eliminate iisk 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 w ould require remediahon 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 2 (including the 7,200 ft 2

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 fut_xre residential use.

• FU5 is acceptable for mdustnal use without remediation; however, it has some areas of

surface soil contamination (total of 39,500 ft 2 [Figure 4-5]) that would require

remediation to reduce exposure for future residential land use. Contaminated soil

removal and clean backfill replacement would be req_nred to eliminate the risk of

exposure exceeding lnnits 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 ft 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 risk 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 m developing the cost estimate for this alternative were as follows:

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

- For industrial activities m portions of FU4, excessive lead; and

- For future residential use m FU1, 2, and 5, excessive d_eldrin and arsenic; in FU3,

excessive arsenic and lead; in FU4, excessive arsenic, lead, and dieldrin; and in FU6,
excessive arsenic.

• The extent of lead, arsenic, and dieldrin contamination in the surface soils are

adequately defined.

• Contaminated softs 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 reqmre special handling and disposal at a

RCRA Subhtle 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 dzsposed 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.

• Excavated dieldrin-contaminated soils would be non-hazardous and would be disposed
of at a local non-hazardous RCRA Subtitle D landfill.

" 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 FU5 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 spht into two separate
tables (Tables 4-6A and B) to address the industrial and residential scenarios in FU4.

4.4.1 SurfaceSoilAlternative1 - NoAction

Alternative i 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 industrial

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 altemahve provides no reduction in toxicity, mobdlty, or volume of the contaminated

soil through treatment.

There would be no additional risks posed to the community, remediation workers, or the

environment as a result of this alternative bemg Lrnplemeated.

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 is not likely to be accepted by the regulatory agenaes or the commumty 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 Conttrols

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 contaminated area m FU4 by

fencing, signs, and periodic oversight. Deed restrictions prohibiting residential use would

be added to the existing zoumg 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 residenhal 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, mob_hV¢, or volume of the contaminated

soil through treatment.

There is no increase m risk 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 would 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 i=n and Residential Use in FUl

FU1 through 6 Combined through 6 Combined

Capital Cost $14,000 $19,000

Annual O&M Cost $3,800 $4,300

30-year PresentWorthCost $71,100 $83,000
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The capital cost is primarily for establishing deed restrictions and fencing. The annual O&M

cost is for overseemg the continuation of and adherence to controls, and maintenance.

4.4.3 Surface Soil Alternative3 - Soil Containment

The containment alternative is protective of human health and the environment by

preventing residential and mdustrial worker exposure to contaminated soil.

ARARs do not apply to cover installation since actmns would not mvolve the disposal of

waste. Controls that would be required include deed restrictions and'iencing. These

controls would complement the existing zoning and land use controls described in Section
4.2.1, prohibzting reszdential use in all FUs.

For this alternahve to remain effective over the long term, the cover would require careful

maintenance of landscaping and controls that would help prevent industrial worker or

reszdential intrusmn 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 toxiczty, mobility, or volume of the contaminated

soil through treatment. The cover reduces the mobility of contaminants by physical
containment.

S_te 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 i 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 restnchons and fencing. The annual O&M cost is for maintaining
integrity of the cover and overseeing the continuation of and adherence to controls.

4.4.4 SurfaceSoil Alternative4 - In-situSoil 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.

Thzs alternative complies with ARARs. It would be conducted entirely in-situ and would

not revolve 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 residential

development.

This alternative remains effective after completion because the treatments destroy dieldrin

and/or immobilizes lead and arsenic. Treatment is rehable and permanent. No monitormg

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.

Bioremedlation is an irreversible process that reduces the toxicity of dieldrm-contaminated

soil. Stabilization is also irreversible by fixing arsenic and lead in the soil matrix so it will

not be ingested or inhaled. This alternative meets the statutory preference for using

treatment as a principal element since the principal threal"s are addressed through
treatment.

Site engmeering controls would be required to minirruze fugitive dust and stormwater

releases during site preparation and treatment activities. 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 Temporary controls would be

required to prevent exposure or disturbance to contaminated soil during the treatment

period. Bloremedlation is expected to take 3 years, and stabilization should be completed
within 6 months.

The in-sltu 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 reqmred during tmplementation of the

bioreme&ation to adjust treatment additives and applicalion 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 capital cost is prlrnarily for the first year of

treatment and establishing controls. The annual O&M cost is primarily for continuing
biological treatment and adherence to controls.

4.4.5 SurfaceSoil Alternative7 - Excavation,Transportation,and Off-site
Disposal

Excavation, transportation, and off-site disposal is proteclive 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.

This alternative does comply with ARARs. Land disposal restrictions are potential ARARs

for disposal of hazardous waste and would require special handhng, 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

4-20 SOILS GNV/OO3673649-SLH2046 DOC



MEMPHIS DEPOTMAN INSTALLATIONSOILS FS- 7/3J(X)

510 91
disposal and if they exceed TCLP criteria, they would be disposed of as a hazardous waste.

If tfus 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 implementatmn 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 moblhty of contaminants
by physical containment.

Site engineering controls would be required to minimize fugitive dust and stormwater releases

during penods 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 actmn

could be enhanced by enlarging the excavated area if more contamination were discovered.

The 30-year present worth cost and capital cost of this alternative is 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 exceedmg industrial RGOs in

FU4. All remedy costs are capital costs; this alternative has no annual O&M cost.

4.5 ComparativeAnalysisof SurfaceSoilAlternatives

In the following analysis, the alternatives are evaluated m 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 Protectionof HumanHealthand the Environment

4.5.1,1 General

All of the alternatives protect human health and the enviromnent except Alternative I (No
Action).

4.5.1.2 Industrial Use

FU1, 2, 3, 5, and 6 are acceptable for an industrial land use scenano without any action. FU4
has some lead in the surface soil in excess of human health cnteria, which would be

remediated in preparation for industrial use. Alternative I is not protective of the industrial

worker in FU4, but all other alternatives provide adequate protection because they protect
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the mdustrlal worker from lead exposure. Alternative 2 achieves protection by estabhshmg

inst|tutional and site controls lmutmg 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 dieldrin,

arsemc, and/or lead in surface soil. Alternative I is not pl'otectwe, but all other alternatives

provide some protection because they protect the future iesident from dieldrin, lead, and

arsemc exposure. Alternative 2 (Instituhonal Controls), is designed to prevent future

residential use at most FUs and is therefore not apphcable 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 bioremedlation and the lead/arsenic soil by
stabilization; and Alternative 7 removes the dieldrin and lead/arsenic softs from the MI of

the Depot.

4.5.2 Compliancewith ARARs

All alternatives meet all respective ARARs except for Alternative I (No Action) for which

there are no ARARs; however, existmg land use restrictions on Depot property would have

to be modified to pernut future residential use of the property.

4.5.3 Long-term Effectivenessand Permanence

4.5.3.1 General

Alternatives 4 (In-situ Soil Treatment) and 7 (Excavation, Transportation, and Off-site

Disposal) afford the tughest degree of long-term effectiveness and permanence; Alternative

4 provides treatment to reduce the toxicity of dieldnn-contaminated surface soil and the

fixation of lead- and arsenic-contaminated surface soil to levels acceptable for intended land

use. Alternahve 7 removes all contamination with unacceptable risk. Both alternatives

reduce risk to levels in accordance with RAOs, but Alternative 7 can be implemented m 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 Alternatr/e 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 unplement than bioremedlation

treatment but about the same amount of ttrne as institutional controls, removal, or

stabilization. Long-term mamtenance of the cover and 5-year reviews are required as long

as hazardous substances, pollutants, or contaminants rein ain at the site; present worth costs

use 30 years as a costing period. Alternative 2 (Institutional Controls) is not as effective

compared to the other active alternatives for the long tem_ because there is no physical

barrier between potential receptors and contaminated sol[, except fences and signs.

Alternative 2 reqtures long-term maintenance and 5-year reviews are required as long as
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hazardous substances,pollutants,or contaminants remain atthe site;presentworth costs

use 30 years as a costingperiod.

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 remediatlon

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 it contains the material off-site m a regulated landffil facility.

Alternative 3 is less effective because it leaves the lead m 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 reqmres continued momtoring and control. Alternative I 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) prowde some long-term

effectiveness for future residents. Alternatives 4 and 7 are the most effective because they

treat or remove contamination, 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 material off-site in a regulated landfill

fao-hty, but the chemicals are not destroyed. Alternative 3 is less effective because it 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 is not completely effective at reducing future

residential risk because the existing restrictions could be lifted or altered at some tnne in the
future.

4.5.4 Reductionof Toxicity, Mobility,or Volume through Treatment

4.5.4.1 General

Alternative 4 is the only action that includes treatment of surface soil to reduce the risks

posed by soil contamination. Enhanced bioremediafion 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 mobihty 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 Alternahve 7 (Excavation, Transportation, and Off-sile Dxsposal) reduce the mobility of

chemicals, the reduction 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 bloremediation

and stabilizahon to treat dieldrin, lead, and arsenic in the surface soil. No other alternatives

use treatment technologies.

4.5.5 Short-TermEffectiveness

4.5.5.1 General

Alternative 2 (Inshtutional Controls) has the greatest short-term effectiveness because it

presents the least risk to workers, the community, and the environment. Alternative 2 rs the

quickest way to short-term protection (within 6 months). Alternative 3 (Soll Containment)

requires some engineering controls during construction ot the cover to minimize impacts

from fugitive dust emissions and stormwater runoff. It also takes longer to implement,

although less than I 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 transportabon 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 I 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) and environment (stormwater) and

can be implemented quickly (much less than I year) for lead (FU4). Alternatives 4 and 7

both present limited risk during lrnplementation because of short-term exposure to dust

during treatment, or excavation and transport within the area of elevated lead in FU4,

respechvely. Alternative 4 for the lead only (FU4) can be implemented in the same

timeframe as Alternative 7 (withm 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 mmrmal _;ks to workers (dust) and

environment (stormwater) and can be implemented quickly (much less than I year) for

lead. Alternahves 4 and 7 both present lirmted 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. Alternahve 4 takes longer to implement (over 3 years)
than Alternative 7 (less than 6 months).
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4.5.6 Implementability 5/0

4.5.6.1 General ".

Altemative 2 (Institutional Controls) is the simplest to implement. Additional remedial

achon can be readily unplemented if more effectiveness becomes necessary, as long as
significant Industrial 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 significant materials and handling.

The materials and equipment required are common and would be available locally.
Expansion of the cover is relatively easy if the areal limits of remediation need to be

extended. Momtoring is necessary to ensure the cover is not disturbed. Construction

reqmrements for Alternative 7 (Excavation, Transportation, and Off-site Disposal) are also

sunple 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 soil In excess of human health cnteria, which would be remediated in

support of continued industrial use. Alternative I has no implementability issues.

Alternative 2 is simplest to unplement 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 achvities during implementation for lead-nnpacted soils, requiring
signihcant matenais 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
mterfering 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 I 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 reqmre extensive intrusive achvities and are the most

difficult to unplement, 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 I (No Action) Alternative 2 (Institutional

Controls) is typically the least expensive of the active remediatlon alternatives because it is

a fixed cost for all FUs. Costs for tfus alternatwe 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 estabhshing the land use restnch,ms 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-sitlt 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 m_plement at FU4 for a present

worth cost of $83,000. If FU4 is remediated by Alternahve 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

remed|ation 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 O&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.

PresentWorth Total Present
Capital Cost O&M Cost Worth Cost

FU1

Alternatwe3, SoEIContainment

Alternative 4, In-situSoil Treatment

Altematwe 7, Excavation,Transportation,
andOff-stteDisposal

FU2

Alternative 3, SoilContainment

Alternative 4, In-situSodTreatment

$305,000 $63,000 $368,000

$146,000 $249,000 $395,000

$608,000 $0 $608,000

$2,799,000 $576,000 $3,375,000

$1,608,000 $1,762,000 $3,370,000
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Present Worth Total Present

Capital Cost O&M Cost Worth Cost

$5,097,000 $0 $5,097,000Alternative 7, Excavation, Transportat=on,
and Off-site Disposal

FU3

Alternative 3, Sod Containment $18,000

Alternative 4, rn-sttu Soil Treatment $5,000

Alternative 7, Excavation, Transportation, $106,000
and Off-site Disposal

FU4

Alternative 3, Sorl Containment $560,000

Alternative 4, In-sltu Soil Treatment $113,000

Alternative 7, Excavation, Transportation, $1,293,000
and Off-site Disposal

FU5

Alternative 3, Soil Containment $67,000

Alternative 4, In-sttu Sod Treatment $26,000

Alternative 7, Excavation, Transportatfon, $152,000
and Off-stte Disposal

FU6

Altematwe 3, Soil Containment $15,000

Alternattve 4, In-sltu Soil Treatment $5,000

Alternative 7, Excavation, Transportatton, $33,000
and Off-site Dtsposal

$18,000 $36,000

")_$17 000 $22,000

$0 $106,000

$112,000 $672,000

$718,000 $831,000

$0 $1,293,000

$18,000 $85,000

$44,000 $70,000

$0 $152,000

$18,000 $33,000

$3,000 $8,000

$0 $33,000

4.5.8 State Acceptance

State acceptance is likely for all alternatives except Alternative I (No Action) and

Alternative 3 (Soft Containment) for both residential and industrial use scenarios.

4.5.9 Community Acceptance

The community may be willing to accept all alternatives except no action, and may be less

wilhng 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 w_thAlternateLand Uses for Each FU

Memphis Depot Main Installation Soils FS- 7/3/00 5 _ 0 9 8

COCs for Alternate Land Uses

Unlimited
FU Industrial Recreational Residential

1 (20 Typical Warehouses) None NI

2 (Golf Course) NI None

3 (SW Open Area) None NI

4 (N and Open Area) Lead NI

5 (Newer Warehouses) None NI

6 (Admimst ration/Residential) None NI

D_eldrin, Arsenic

Dieldrin, Arsenic

Arsenic, Lead

Arsenic, Lead, Dieldrin

Dieldrin, Arsenic

Arsenic

None No COCs for this land use. FU is acceptable for th_sland use without remedtatlon.
NI Land use scenano not Intended for this FU
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Appendix A

Risk Calculations
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FIGURE A-1

Blood Level DIstnbution Probabihty Percent Plot for 655 ,ug/g Lead Concentration in Soil (FU3 Child). Ages 0-12 Months
Memphis Depot Main Installation Soils FS

2O 22 24 Z6
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FIGUREA-2

Blood Level Dtstributlon Probability Percent Plot for 919 ,ug/g Lead Concentration in So_l(FU4 Chdd).Ages 0-12 Months
Memphis Depot Main Installation Soils FS

GNVI003673587-S LH2O_3 DOC SOILS 2
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FIGURE A-3

Blood Level Drstnbutlon ProbabJhty Percent Plot for 295 ,ug/g Lead Concentration in Soil (Target Soil Lead (:3oncentrahon):

Ages 0-12 Months

Memphis Depot Maxn Installatton Sotls FS

14 16 18

GNV/C_3673587-S LH20_3 DOC SOILS 3
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Lead Concentrations within FU3 Around Old Paint Shops

_,oX_,or_ u__
3SS ISB31A ISGAO15 _N

; ---3"S'S_-- iS'B31S ,SGAO2O __ _.

I
LowerDepth I PatamName

1!LEAD
I_LEAD

-AnaValue proJQual Units Detected

....... 51 4-- .... IMG/KG_ _ _TRLJE
I 37 3 = _MG,/KG TRUE

_-3'SS- _SS31A _ :SGAO11 !N ...... _._- _- ........... = __ =
_3 SS- 'SS31B }SGk0_2 -- --N_ ....... i- _ llLEAD = . 664_ ....... |]MG/KG TRUE

0 83 LEAD 85 5_- ...... _IG/KG_ "TRUE

i- 3SS ,SS3tD- ISGB(}58_--}N- __ i ....... 05] I_LEAD __ 2_= MG]KG j TRUE-t
Average soil concentrations around Site 31 | - 188 _- - - _--- - "- il...................... j .......
Maximum So8 Concentrations around Site 31 664

I 3'ss S_,2B RHA_- 0_

! 3:-_---- ss325---F_A6¥_" _

I o--

I_EAD i 415o,= TMG_K_-_-T_-L/_
E.AD- t 670= I MG/KG I -- -?hUE

llLEAD 663= MG/KG l---- TRUE
11LEAD 7661 = MG/KG!___ TRUE
1 LEAD
_L_AD -} i_9%" I TRUE

t05_--iM-_k6- i T_U_

" I"L D 1156----t ..... I 1i t56o=. _67k-c--_,, -j_'_A_Av_ve_ragesjILconcentratlons around Site 32

Maximum Soil Concentrations around Site 32 4150

3 SB33A SGAO31 i -- 0_SOAO 
! o,°

t 3SS - iSS33C ISGA027 N

L 3SS iSS33D ISGIA'-_---i N O_

L 3'SS SS33G IMIA333 IN i .... O

MIA335 IN 1 .+

3 SS ISS33J |M A336 _ I 0

t 3ss _ss33_ tM,_EE INN I ¢
_- 3SS ISS33L MIA326 0_

3 SS SS33M }MIA327 iN 0 _

_--_ s-s" "-ss--_3_ -;MIX330 -_- ! 0,
_,vera_-soi/_o_ce-n_rrations around S ire--3-3

Maximum Soil Concentrations around Site 33

LEAD [ 46 9'= _-I TRUE_

1 LEA_- _ 1297 [MG/KG I T--_

2LEAD ' 32 = __MG/KG I -TRUEILEAD | 200= MG/KG TRUE'

LEAD } _- IMG/KG I TRUE

LEAD I -'------3,_'6' _-_ ........ _MG/KG_-- - TRUE,
-- _--=- { ....... ..........
LEAD _ 900= !MG/KG t TRUE'

.......... 4-......... _-- t ---_
LEAD tO = IMG/KG TRUE,

LEAD I 1830t= |MG/KG TRUE;
LEAD

LEAD

LEAD

114'= !MG/KG TRUE

_. 62 3= IMG/KG L __- TRUE'

1830

I 3 SS SS34D RHA038 _.N _ O ILEAD 1 060 = I MG/;&G_ --" TRUE"

L-T---- _....................................
Average soil concentrations around Site 34 _ _

Maximum Soil Concentrations around Site 34 960

T
i" 0 IlLEAD _" 24 6= --_I TRUE,i L

0, ltLEAD '

I j__ ,

_----_3__. ISS89B tSGB039

L_3ss _ss66c _G__5O I.N

L _ss _-

', 0 tlLEAD i
139_= }MG/KG--_ --_TRUE'

227f= ------'_ MG/KG-i .........

IN 0 1 EAD 2470 =

IN ' 30 2'= !MG/_" r--- -_:R_JE0 I_LEAD _.._L_

I 3$4.._S _SS89__.._J- _SGA259 _N I _--- _i_ llLEAD I 2250:= IMG/I<G -'P TRUE

3SS 'SS89K ,_MIA153 IN _ ................' 0 ......... _['_EAD I 39 9'.= _5/KG I TRUE

i 3SS tsSagL IMIA155 IN ..... I 0' I_'LE_,D ' 647,= _I---_R_E

256,= -_-M-'G/KGL__3 s S_.. !SS89M IMIA15E IN 0 _ 1LEA_-- D----- {i ........... I TRUE

'lAverage soil concentrations around Site 89 _1
232= MG/KG ! TRU&551 -

Maximum Soil Concentrations around Site 89

Overall average around Paint Shops

2470

492

GNV/0036735q&Slh2026 xls SOILS
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Lead Concentrations within FU4 Around Building 949 ISite 83} and Buildin 9 702 (Site 79) ¢ '

I u..I M_t,x I St.Uo.JO I s=.p_ee I sampleT_tpe I UpperOepth I LowerOepth I PararrlRame I AnaVelue ProjQual I Unite t,'Detected I

4 SS FS79A MIA2.83AVG. LN 0 _ 1 LEAD 360 45 = ,MG/KG - jFRUE

4SS - --'F-S7"98-_-_M--1__86_V-G ;N ' - 0 .... "i LEAD 701 5 = - MG/KG---- _'TRU-E

4 SS ,FS79C ,MIA289AVG IN -- T---- 0 I_LEAD ___ _ 88 9,= 'MG/KG , TRUE

4 SS- _SE_9A_S_G_A441-- ,N _ 0 1,LEAD l 32 9 = _MGJKG ' TRUE

_-- 4 SS_ -- [SB79B -- JSGB137 _N 0 t,LEAD j 208 = IMG/KG I TRUE
4'S-S-- -- _ ISB79C -- ISGA449 _N i" 0 ltLEAD I 271= 'MG/KG t TIqUE

4, S_'- iSS79A----"1S-_A314- _N 1,LEAD ! -
- _0 ---- 1060-- - TMG/_----_TR_E

, 4 SS :SS79B SGA315 IN _ 0 IlLEAD ..... 105,= IMG/KG _ TRUE

{ 4SS _SS79D ,MIA277 _ ......... '- _' 17LEAD -_-Z iMG/KG { TR{JE
,i_-4TS S--- _Mi_80 _ ...... 0....... E-AD 506'= " -

IMG/KG { TRUE
_ 0, -- I_I_EAD --- 83 9 = IMG/KG TF/tJE'

2881 -t

Maximum Concentration ail"OU n d Site 79 1060 _'--_ I "-_

_ , ] J , ; ,
k.IIA246AVG IN .............. _._LEAD 320 2!= -- TRUE,t

I 01 LEAD

0, LEAD TRUE_
0 _ LEAD

I ,ILL'% , 1880,=
t ..........

0' _lJLEAD 14 7 =
J _ 0; 2430!=

I_LEAD [

%, LEAD 1T20;= TRO_
0 LEAD 2800=
01 LEAD" _9___[MG/KG ..... T_RUEi

LEAD 210'_J EMG/KG ::

0 LEAD L IMG/KG i TRU_
24 9 TRUE_

jMiA239 I 0 1 LEAD I _ ......

_SS_ =MIA240 t ..... -_- 1 LE_ [ 12 5 J MG/KG t TRUE'
i!_AD F - 22LJ .... _JMGIKG I TRUE I

41S S_ --'_f_"41 'N } 0"--" I_LE'AD ! 21 8'= i.MM_ TRUE I
41SS SS83K --_2"_ j 0 IILEAD i 802i= tMG/KG I TRUE,

I 4SS _SS83L MIA2.43 _-N ........ t _'--_-_ _'_- -I_LEAD -- _188_J "...... IMG/KG { --- TIqU'E _

41SS !8S83M MIA244 iN _ 0 1[LEAD i- 300_ .... ¢ *
I---'-4_S--'-:'S--SB3--hI"-- _ __1 0 "I_AD != " _JMG__G, TRUE_

L.dDo.o.n, ,,on.,oo.dS,,.8, -'_Average

Maximum Concentration around Site83

GNV/003673594- Sih2026 xls SOILS
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I UnitI MatrixI StatlonlDI SamplelD I SampleType I Upp_r_pthI LowerDepthI ParamNameI A,aVM.. I P,mO.=I U,_ I _t_ted I
3SB SB31A SGA01E N 4 6LEAD ....... 226= MG/KG TRUE

3SB SB31A 'SGA017"- .........................IN 8 -- -- 10 LEAD .... 266= ---:MG/KG _+ + TRU.E,

___3SB -- S B31A SGA018 N 18 20 LEAD 11 1_= MG/KG TRUE

3 SB SB31A SGA019 CN 38 40 LEAD .......... 2 - _ "-" tMG/K-G + -- TR[JE

3SS SB31B ,SGA021 -!N- _.- - i -- - 4_ " -- -- 6tLEAD 23= ,MG/KG . TRUE

3 SB SB31B +SGA022 ;N 8 10 LEAD ___ ~ * "--2-6-2"=- .... _MG/KG '..... TRUE

3SB SB31B ISGA024 'N 38' 40 LE_--A[3 ' .... 75'= MG/KG TRUE

3SB SB31B SGB140 "FNN 18 20 LEAD 63= iMG_G_-- - :tRUE
I _+ ..............

3 SB ,SB32A IRHA013 N 3 5 LEAD 9 1_= MG/KG r TRUE

3SB SB32A TLRHA0-14- -IN _ - t ....

L_ 3_sB J§B+33A +.. _SGAO32 ;N . _: 48

3 SB iSB33A ISGA033 IN 8

[--+ 3'SB .SB33A ISGA035 IN 4_- -33'

L- .......... U_

3'SB _S333C SGA043 iN ' 8

ISB3-3C ISGA044 Ti_ _ 18i

_--IS-633C ISGAOX5_--IN_ ..... 38j

3[SB SB34A RHA022 N 3 i
_'-_SS_ A--- IRHA023 }N _ ,

I 31S_'---_34 B RHA026 IN

I 31SB SB343 |RHA028 IN

3_SB_ _SB_4B --_RRA029 iN

3'SB 'S334C iRHA0----_

! 3 SB TSB+34+6-_RI:I_,b34FD1lED

i 18i

31SB _SB89A tSGA374

F 3'S-E---_SS89B _GA376------

SB "]SB893 iSGA377

_iSg_g Is_
[----3_ -" ISB855---_S-Gk_78 -

__ iSB89C [SGA379

1__0LEAD "169_= + _MG/KG- I- -- TRUI:'

6 LEAD 30,= ;MGiKG I TRUCE'

-- _I.EAD _ 1 1!= + " ,MGd_" TRUE--
T I

_LEAD._ --q-

2p;++A_D___ t
40LEAD

201LEAD _L ....

40_LEAD

EILEADi10'LEAD +

151LEAD

5_LEAD

10!LEAD i
151LEAD i

201LEAD
"I-- 18

5_LEAD

! 101LEAD I

20 4= tMG/KG I TRUE

-_-§_- IMG_KGI TRUE

19 3:= IMG/_,G I TRUE,

_o--K:-----_G+-_- - T.UEI

2B 91= ----_M G/K G___ --_T--R [JE_

13,= {MG/KG t TRUE,,
9 1 = IMG/KG TRUE _

731= JMG/KG TRUE I

8{= --- -I_IG/K G TRUE <`

1374= ,MG/KG TRUE,,

9 2i= {MG/KG TRUE I

79,= IMG/KG I TRUE9 = MG/KG TR'UE,

13Et= ! MGPKG I TRU-----_

__241: __ +MC_KGJ__T_U_E'
15iLEAD I 68_= ]MG/KG _ TRUE_

-- + 20_LEAD ------:!- "7_- ]MG/KG + TRUEJ
5'LEAD 11 11= IMG/KG { TRUE'

5 LEAD I _1_ _--- IMG/KG TRUE;

- - I_0_L-EA[) _ I 142 = IMGRKG TROE

--- --5_EAD -- P ---- _76 = _+.__MG/KG TRUE'

10 LEAD I 20 3= IMG/KG i TRUE:

#LEAD I tMG/KG I
_tE_,6 I 25 I+= TRUE

.... 17-2!5 IMG/KG I TRUE

--10_I_=EA [) ..... i 24 7 _ "T IM GJK-G TRUE

_!LEAD I Y¢6!=, iMG_<G-+ TRU--_"
20 7+= tMG/KG i TRUE'+ 3SB ;SB89D )SGA381 I0: LEA-D

84= ___KG-I TRUE
l 3 SB " I_SB89E JMIA146 _ -+ 5 LEAD t ..............

- 3_SE ]SB89E"" -FMIA147F-D--+FD ` -,; ......... 5'LEAD -- 1.... 7_54_---- MG/K_ TRUE
F---- US+ ++" SB8+---+++E rl_iA149 +N B' 10:LEAD "+ 416'= _G/_-_--TRUE

t 3SB +M, 131iml

...... ++: +:L+D ,[--_S-B_ ,SB89E+SB89E-_ M]AI50 _ --+ +++ -+ 4 + 46:_= |MG/K----+q--_T_

!3 SB _SB89E 1MIA152 IN

[ 3_SS---'-_ FS33A IMIA337AVG IN

3:SS IFS33B IMIA340AVG IN 4
}--- 3 SS- +FS33C + I+MiA343-AVG-{ N--_ ..... ;-

F_3_SS -iFS_b---iMIA346AVG |N +

04

38'LEAD t 1 7,= _MG/KG _---_E'

llLEAD 113 0_Mh-.'dKG_ TRUE

_LEAD I 211 15 = iMG/KG TRLI+E

I_LEAD - _ :__ _ I_1311=---+----[M_G ! ...... +T.RU-_E

I+I_EAD , 502 5_-.... !MG_G j TRUE
1!LEAD T--_ -2385= IMC_ZGj YRU_

0

o,

__.+' 3SSl ._ FS33E .:,MIA349AVG +N ] 04

[ 3 SS _FS89Q !M{_-AVG iN i 0:

l 3 SS IFSB9R ._'MIA167AVG "_N

1 LEAD ++ _ 138.= IMG/KG TRUE 4
i+!L_ MG/KG
I+L'E _+_. -+_- _" :_+AD | 436 05r--+ ...... "+- -+- TRUE,

484 05' L- __ ,MG/KG ; TRUE

} 3 SS fFS89S IMJA170AVG IN

i 3SS ,SB31A _SGA01E IN+ __
+ 3SS ISB31A- {SGA4B7FD1 !FD

[_'ESS ISB32A {RHA012 +N

+ +3 SS ____SB323A ISGA031 "--" IN- -

L 3 SS ____$8333 ISGA036 +N

__3SS . 'S333S ISGA483FD1 tFD

t 0

1',LEAD 61 25 = IMG/KG + TRUE

0 __ llLEAD_ _ . !+ 51 4_= MG/KG __TRU_E

,_, 0 IlLEAD _ 572:= +MG/KG TRUE
0' 1 LEAD TRUE;

4 (_+ _ 4150_= IMGRKG TRUE

+........ 6:_____+:__+ _:LEA+P : T 469= +MG/KG + TRUE

+_........ ()+ 1+LEAD + ---+O 11------ tMG/KG 1-R LJE

L_ 3SS _33C :_SGA041 tN .... : ......... 0 IlLEAD I __ 16 1J--.... IMG/KG TRUE

__3SS _ JSB34A_ __ j R_-A():_ -- +N ! 0+ _ ..... I_+LEAD _=__ _ " 94 II_____ -_MG-]I_-G_- _ TRUE'

GNV/O03673594-SIh2026 xls SOILS
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/

I Unltl __.__xt St_tlonlD I SamplelD ] SampleType I UpperDepth I LowerDepth _l P_ar_amName I AnaValue I Pr°jOual I Units'] Detected I

' 3SS.. [SB34B _RHA036 N _ 0 .... 1}LEAD 702 = - [MG/KG. S*.,TRUE
__._ 3SS ~_ISB34C IRHA037- ,N_ ......... 0 _LEAD I -

3SS 'SS3_IA _ __S.GA01-1 N I -0_ ltLEAD

! 3SS _SS31B 'SGA012 - N "-_" _ O 0 83 LEAD

_._._ 3 SS ISS31C ]SGA300FD1 3FD .... i ........ 0- 1j LEAD
; 3'SS ISS31D -- "ISGB058" _N - " OE IlLEAD

3SS ISS_B }RHA015 N } 0" --- I_LEAD

3SS ISS320 tRHA016 -- 0 I}LEAD

i__2_ss .js____________ IN F o 1LEAD

J_ 3'SS {SS_2G ,_RHAO21FD 1 }FD
---- I _ 0 ___ llLEAD

0 ltLEAD
I 3SS ISS33A JSGA025 _ I 0 _I-EAD

l 3SS ' SS33S _-{SGB067 JN [ 02! 1 21LEAD___ 31SS "_SS-_-7 ......... 01 1 LEAD

__D - - SGA028 iN 0; :JLEAD1LEAD

! 3 SS {SS33E--- "ISGB068 N l 0; _D

3SS SS33F SGA030 jN ..... {
--S_S____ 1'LEAD

} 3 IA333 IN .... L 1i LEADLEA[)' 3_-SS _SS_H _MIA334-

3SS I

MIA328FD FD I

_RHAO_ .N _

_GA250 "_

1 -EAD
!LEAD

.EAD

!LEAD

LEAD

0' " LEAD

I LEAD
LEAD

(_ LEAD

0_........ _ LEAD

OI LEAD
0_ LEAD
0, LEAD

93 6 = fMG/KG TRUE

664 = MG/KG TRUE

.... 855= _MG/KG TRUE

I- - ___6-- ,MG/KG TRUE

71 2 = IMG/KG I TRUE

205_= IMGPKG TRUE
T 678 = - - -IMG/KG TRUE

693 _=- 2 __ _M_G/KG TRUE'
766 = IMG/KG _ TRUE

_- 119'= ---_ LMG/KG I TRUE

--i-- 105 = Mt,Mj__G_GI TRUE

5631= MG/KG [" TRUE'

I 1291=

I 9001=

__j 10;=

j 1830]=1141=

_G/KG I

r
_IGPKG TRUE,

_C_G TRUE

TRUEI

TRUF,

TRUE

TRUEI

jSGA253 tN t

i 3_S _SS89H JSGA257 - _N .....

_____3SS _j_91 ISGA255- _- .... -- i
3,S_-- ISS59J !SGA259 iN --

L_ 3_SSJSS89L MIA155 IN ]

I 8ss _�h--_q_,A15_ - ;_N

i TRUE,

2371=

2470 = TRUE

302,= IMG/KG ] TRUE

OF_ I_LEAD _ 225_= _MG/KG _ TRUE
"0 ...... li L'E-AD I 1_310!= -- -___G-] -- TRUE'

_' IlLEAD i 64 7{= I-MG/KG i TRUE

I IlLEAD i 2561= tMG/KG L TR_

i O'_ IlLI_AD 232 = --- IMC_K6_-= 1:RUE'

Average Lead Concentraitons Across FU3 = 249

149
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I unlqMatrixJ StationlDI SamplelD I SampleType I UpperDepthI LowerDepth I ParamNameI A==V_,_I P'°JO=_'I U.,_ I _,.¢.d I
4 SB SB79A ISGA442 _N 4 6 LEAD 319 = EMG/KG _ TRUE

, 4 SS SE79A [SGA443 N 8 10 LEAD " -- I__
'SBTi)A - " ISGA4TI4---- 'N ........ 18 20 LEAD- ] -_-- _ 25173 =--__.1'-- _MG/KG..M.G/KG__r_' TRu_TRUEL_ 4 SB

i _ -S'B- !SB79B ISGA447 ,N .... i ..... 8 10 LEAD T_ 215 = _MG/KG 'L TRUE

_ 4SB ISBTSB ..... SGA448 ,_N -- , 18 20tLEAD ........ -14"8= "- "LMG/I<G __ TRUE
, 4 SB {SB79B ;SGB138 ,N 4 55 LEAD 143 = IMG/KG , TRUE

, ___4SB _SB=79C I.S..GA4__50 ,N ........ __ 41 6_LEAD I 384'-- ] MG/KG_.j - 1-RUE;

4SB SB79C SGA451 N 8' -1-04LEAD ! 19 6= !MG/KG ' TRUE
_4'_$8 __ S B79_ -'_SGA452 _} I 18' 20 LEAD - ", " 17= _ - - JMG_<G ,: T-RUE

[ 4 SB _S_8795 ---IMi_25 N _ 4' -- 6_LEAd - ----q ...... 12 1 = iMG/KG | TRUE
;'---4SB - ISBfEE)----TMIA_6- _- --- ', 8 _ -:f-6EEA-D-_ 8 = IMG/}<G3-- TI_UE

, 4S'6_S_'Ai2T" LN , 16_ 18LEAD -_---_-_-- 65'= IMG/KG I TRUE

_--4,SB--_SB83A ISG-_-_ _,N -- _ -_9 _3ILEAD" _--- -_2_;- " qiVIG/KG l- -- _U_E _

, 4_SB jSB_A _- _SGB121 IN } 4 8 LEAD _ 8 8 = MG/KG i TRUE

i'_ SB- -" "[SBS_ !N 4 - 65 LEA[3-----_-_ 363 = I MG/KG ! TRUE

_ -_EB838 _SGA403 {N ,_ 9' 11tLEAD I 262,-------" _/K-G- _" TRUE

I 4'.SS IFS79A MIA283AVG IN _ 0 --_lJLEAD I 36045= {MG/KG ! TRUE

.... 4!SS--- ]FS798 IMIA286AVG JN ...... _--- ltLEAD t - :7_ -_G-/KG_ TRUE!

_---qFS79C IMIA289AVG IN { 0; I LEAD I 889!= - --_;--- TRUE:

F---41SS --_F-s_O iM]A246AVG N 0 _ llLEAD I 3202=

F 4_SS-----[FS;8315_ IN ...... I 0 ..... --_A_D ..... -_----_9 _- .... ]_l_T--* TRUE'

} 41SS---IfS_Q---T_IA252AV_I3 .... [ 0 ( ltL--_EAD J --87()51J=--- _MG/K_-?RUE_

_8:3R ._MIA25SAVG iN ------_ 0! 1}LEAD i 495 J -_I_[G-[- TRUE

4iSS FS_ N_ -_---_-- 0 --'-_*_LEAD --_J- --_MG/KG I TRUEI

t 4_*F_S--S___ FS83T IMIA261AVG '" -. _ .... 0 ItL_--~_. 1995= -iMG_(3 t TRUE'

I 4!SS IS8798 _SGB137 IN -- t 0t -'_-_-D--- -- i _._ --_m-_.MG/KG t TRUE

| 4'SS ISB83A _SGA398 _N { 0' 1 LEAD I 47'= 1M_G-_ ...... "r-F(LJE

S883B SGA401 N _ 0 llLEAD 2430 = IMG/KG TRUE,

4;SS .LSS34E ISRGHA039 {NN- I --_EAD , 340__ IM G/KG| TRU E:

4 SS {SS34.E _,_._180FD1 IFD I '-'_70_--_-_AD t- 505 = MG/KG I TRUE

I --4_SS79A ISGA314 "iN---_- ...... 0 -----I_AD } - _06_- -_ .... _MG/KG_ TI_UE'

L_SS _.SS'/�E_- !SGB097 -- IN ....... _ -- "()........... i]LEA[_- $ 22'= _MG/KG TRU-_

' 4'SS IS_9-E --- I'M_A280 LN , 0 1EEAD _ 506 = MG/KG _ TRUE

F-- _SS !SS79F IMIA281 _N ' g_ I_LEAD I 839 = JMG]KG , TRUE'

_4_S'S -- !SS79E --_A282F_ ED - ' -- =-0'- ..... }LEAD "-----_ -- _80_8 ÷--_ " - IMG/KG'F-- TRLIE'

I---4'SS !SSB3A ISGA284 IN 1 07_ ltLEAD "_ 675 --f= IMG/KG TRUE
1---_ .... _"....... _ ..................... _ ......... _ .......
k..__4 ss SS83B ISGB075 'N 0 1{LEAD 1720= MG/KG TRUE

4,SS ISS83C j SGA286 N ' 0 ---- I_E-EAD 2800 = _/KG T" TRUE

t 4_SS ISS83E j_M-IA2_ "" ,N { 0 IlLEAD 1 210J 'MG/KG _ TRUE
H---- _....... + .................... l--
I 4 SS {SS83F IMIA237 ,N { 0' IlLEAD i 120J {MG/KG I _TRUE

_---"4rSS ISS82G iM_N-- "_- J 6_- ........ _ 249-J_-- IMG/KG }'-'_ TRUE

[-- = 4!SS- - qSS83H -- -IMIA23E-- - -N .... 0 ........... YLEAD- - " - - 25 J ..... _M_MG_G-_- - ---TR-U-E:

I---4'SS-_SS831 IMIA240 ---IN .... _, - O_- lqLEAD = _ - 22:J IMG_G',- -:rRU-E'

L___S_; - ,SS83M IM A244_N ..... I 0' - - YLEAD ..... _....... 300 = iMG/KG _ TRUE

I 4_$8 ,SS83N MIA245 N , 0 1 LEAD 437 = MG/KG : TRUE

Average Lead Across FU4 = 332
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Remedial Goal Options for Lead

Memphis Depot Main Installation So#s FS

RBRG = PbS =
P bBad.tt. cen,rat, goat- P bBadalt* AT

(BKSF * IRs * AFs * EFs)

J/£ ,

¢"

where,

P b Baault, central, goal
i

PbBIetal,O95, goal

1.645

* efetal I maternalGSD,,adult

Exposure

Parameter Description

RBRG Risk-Baaed Remedial Goals (RBRGs) expressed in mg/kg; or
PbS = Soll Lead Concentration (mg/kg)

PbBadult,cemral.goat Goal for central estimate of Blood Lead Concentration expressed Ir
ug/dl;

PbBa_ust,0 Typical Blood Lead Concentration (ug/dL) in adults, (i.e., women of
chdd-beanng age) in absence of exposures to the site

Goal for 95%blood lead concentration (ug./dL) in fetuses fromPbB_t_,095.goal
exposures to women workers of chddbeanng age

BKSF BIokinetic Slope Factor expressed in (ug/dL) per (ug/day) or day/dl,

IR=

AFs

EFs

AT

GSD 1645i,adult

Rfetaymaternal

Intake rate for soil, including both indoor and outdoor soil-denvod

dust (g/day) (60 mg/day)

Absolute gastrointestinal absorption fraction for ingested lead in

soil and lead in dust derived from soft (d=menslooless)

Exposure Frequency for contact with assessed soils and/or dust

derived part from site soils (days/year)

Averaging time; 365 days/year

Geometric standard deviation of the Reponses to lead exposure,

on-site and offsde (umtless) 1 8-uniform population, 2 1 -
heterogeneous population

Constant proportionality between fetal blood lead concentration at

b_rth and maternal blood lead concentratton (dJmens=onless)

Adult

Worker Source 1

1536 Calc.

4 23 Calc.

1.7 A

10 A

0.4

0.05

012

25O

365

2.63

09

A

A

A

B

B

A

A

1Sources

A. USEPA 1996. Recommendabons of the Technical Review Workgroup for Lead for an Intenm Approach tc
Assessing Risks Assoc=ated with Adult Exposures to Lead m SOIL December 1996

B USEPA 1991 Human Health Evaluation Manual. Part B: "Development of Risk-based Prehmmary Remedml
Goals" Off=ce of Sohd Waste and Emergency Response OSWERDirechve92857-01B. December13,1991

G NV/003673596-Sih2027 xts SOILS
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TABLE 6-13

Calculationof a Soil Risk-Based Concentrattonfor Lead Using the Bowers Adult Blood Lead Mode'

1

lit"PbB - BPbB_-(Aw, BSF } xIw x Cw)-(V_ xAa xtres x Ch; a) ]+CbgC_/d

=] (Is/d XAs/d Xt,ng ) ]

$/d

where,

PbB = PbB OSHA

exp[Zo os x ln(GSD)]

Exposure

Parameter

Cs/d

PbB

BPbB

BSF

Aw

Iw

Cw

Va

Aa

ires

Cbg a

Is/d

As/d

tinfl

Cbg s/d

PbBosHA

Z0.05

GSD

Construction

Worker

Description Values Source 1

Sod Risk-Based Concentration (RBC) expressed m mg/kg; 1087 Calc.

Target Blood Lead Concentration expressed m ug/d]; 8 65 Calc.

Background Blood Lead Concentration expressed in ug/dL; 3.1 A

Blood-Lead Slope Factor expressed in (ug/dL) per (ug/day) or 0 375 A
day/dl;

Water Absorption Factor (unitless), 0 08 A

Water Ingeshon Rate expressed in L/day; 1 B

Water Lead Concentration expressed in ug/L, 15 C

20 BVentilation Rate During Wakm 9 Hours expressed in m 3/day,

Fraction for Lung Deposition and Absorption (unitless), 0.32 A

Fraction of Time Spent on Site for Resplrabon (unitless), 0.230 A

0.2 ABackground A_r Lead Concentrahon expressed in ug/m 3;

So_l/Dust Ingestion Rate expressed in g/day, 0.48 B

Sod/Dust Absorption Factor (unitless), 0.08 A

Fraction of Time Spent on Sde for Ingestion (unitEess); 0.340 A

Background Soil or Dust Concentration expressed m mg/kg; 26.5 D

Blood Lead Level recommended by OSHA for protection of 30 E
workers of reproducbve age expressed m ug/dl,

o
95 '/oconfidence interval for Z, a normally dtstnbuted random 1 6449 A
vanable (undless); and,

Geometnc Standard Deviation for paired environmental 2 1 A
concentratton/blood lead data (unltless)

Adapted from Bowers et al (1994).

1Sources

A. Bowers, T.S, B.D Beck, and H S Karam. 1994. "Assessing the Relationship Between Environmental Lead

Concentrations and Adult Blood Lead Levels " RiskAna/ysls, VoI 14, No 2, 1994.

B USEPA. 1991 Human Health Evaluation Manual, Part B' "Development of Risk-baaed Preliminary Remedlat

Goals" Offlce of Sohd Waste and Emergency Response OSWERDirectlveg2B5.7-O1B December13,1991.

C. Safe Drinking Water Act

D Clolkesz, E J , M K Amlstadle, and N.C Thurman June 1993. Metals In Pennsylvan;a Soils. Agronomy Series

Number 128. Agronomy Department, The Pennsylvania State University, University Park, Pennsylvania.
E. Occupabonal Safety and Health Administration

G NVrsO3673596-Sth2027 xls SOILS
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EXPOSUREEQUATION5

Calculation of a Soil Risk-BasedConcentrationfor Lead Usingthe BowersAdultBlood LeadModel

[- "PbB - B PbB x "]

I , -B-_ J -(Aw XIw XCw)-(Va xAa Xtres XCbga) ]

Cs/d =I +Cbg s/d

I (Is/d XAs/d Xt,r_) ]

where,

Exposure
Parameter

C_d

PbB = PbB 0SHa

exp[Zo os x ln(GSD)]

Description

Soil Risk-Based Concentration (RBC) expressed in mg/kg;

Construction

Worker

Values

6,130

PbB Target Blood Lead Concentration expressed in pg/dl; 13 164

BPbB Background Blood Lead Concentrabon expressed in pg/dL, 3.1

BSF Blood-Lead Slope Factor expressed in (pg/dL) per (/Jg/day) or day/dl, 0 375

A_ Water Absorption Factor (unitless), 0 08

Iw Water Ingestion Rate expressed in L/day; 2

C. Water Lead Concentration expressed in pg/L; 15

Va Vent=latlon Rate During Waking Hours expressed In m3/day; 20

Aa Fraction for Lung Deposltron and Absorption (unltless), 0 32

tres Fraction of Time Spent on Site for Respiration (umtless); 0 111

Cbg a Background Air Lead Concentration expressed in ,ug/m3; 0 1

I_d Soil/Dust Ingestion Rate expressed in g/day; 0 1

A=jd Soil/Dust Absorption Factor (unitless), 0 08

t_ng Fraction of Time Spent on Site for Ingestion (umtless), 0.500

Cbg s_d Background Soil or Dust Concentration expressed in mg/kg, 32 2

Blood Lead Level recommended by OSHA for protection of workers of
PbBosHA reproductive age expressed tn pg/dl, 30

95% confidence interval for Z, a normally distributed random variable
Z00s (umtless); and, 1 6449

Geometnc Standard Dev_atton for pa_red environmental concentratJon/blood

lead data (undless)
GSD 1.65

Adapted from Bowers et a] (1994)

GNV/003673596-SIh2027xls SOILS
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Appendix B

Cost Estimates
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CI'I2MHILL

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

PREPAREDFOR:
Defense Logistics Agency, Memphis

Environmental Protection Agency Region IV

Tennessee Department of Environment and Conservation

Corps of Engineers, Huntsville

PREPAREDBY: CH2MHILL

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 m 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 Reme&al Investigatzon Report (CH2M HILL, 2000).

For the evaluation m this TM, several exposure scenarios were evaluated for FU2 usmg the

upper confidence hmit at 95 percent above the mean value (UCL 95 percent) as exposure

point concentrahons (EPCs). Table 1 lists 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

GNV/003673627-SLH2036 DOC SOILS C-1
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diamond, soccer field, and/or a pubhc jogging trail. FU2 was also evaluated as a future

industrial facility and as a resldenhal 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 golf course only. Therefore ttus scenario was reevaluated in this TM to

compare risks from exposure to the entire FU2.

Exposure assttmphons are based on the typical behavior of a golfer while golfing. Golfers

have been reported to place golf tees into thetr mouths, to hck golf balls, or to touch thetr

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 milhgrarns per day (mg/day) is assumed for a golfer, and 100 percent of
this ingested sod 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 [cm2]) available for contact with soils

includes hands, half of the arms, and half of the legs. An adherence factor of I milligram per
square centimeters (mg/cm 2) 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 is

conservatively assumed to be 100 rag/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) is assumed for exposure to soil adherence.

Child Playground User

Exposure of a child in the playground was evaluated using the exposure assumptions hsted

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 is 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 em 21s 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 soft ingestion rate during the ball game is assumed to be 200

rag/day. The assumed clothing is a typical baseball uniform consisting of long pants, short-
sleeved sfurt, socks, shoes, and a cap. A skin surface area of 2,080 cm 2 is assumed to be

available for sod 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 conservabve. Exposure factors are listed in detail m
Table 3.

Cumulative 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

scenarios 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 durabon 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

ingesbon 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 cm2).

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

cmR/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 residenbal adults and children. Adults are asstwned 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
includes 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 m
Tables 2 and 3.

RiskEvaluationResults

In this risk evaluation, an acceptable nsk range is I to 100 in a million (1ff6 to 10-4), and an

acceptable HI is equal to or less than 1.0. Based on these assumptions, the following
observations can be made for FU2 future alternative land use (including golf course,
playground and baseball diamond), based on the COPCs and EPCs listed in Table 1.

GNV/003673627-SLH2036DOC SOILS C-3



510 244
REV SED EVALUAT ON OF RECREATIONAL LAND USE SCENARIOS AT FU2, MEMPHIS DEPOT

1 Risks to a future jogger using the golf course as a jogging trarl area are within the U.S.

Environmental Protection Agency's (EPA's) acceptable risk criteria Thus the potential

risks from such future use are negligible.

2. Risks to a child usmg the FU2 for a playground are within acceptable 1Lmits.

. Any area of the golf course may be used as a baseball field or soccer field under current

condihons, as the nsks and His to both of these receptors is within the acceptable risk
criteria.

4. Risks and His to a cumulative recreational adult are within acceptable lirmts, under the

conservative assumptions.

5. Risks and His to future industrial worker from converting FU2 to industrial area are
within acceptable hmits.

. Without remediatmg the surface soft concentrabons, 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

held, 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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TABLE0-1

COPCs and EPCs Used for IndustrialWorker Risk Estimations at FU2

Chemical Name No. of Analyses No. of Detects Mean Maximum RME (EPC)

Metals and Pesticides (mg/kg) (mg/kg) (mg/kg)

Arsenic 27 27 22 101 29 3

Chromium 27 27 19 40.3 21 5

Copper 27 27 25 55 4 30 9

Manganese 13 13 770 1860 983

Nickel 27 27 21 57 6 25 9

Lead 27 27 47 167 75 9

Alpha-chlordane 32 1 0 10 1 4 0 23

Gamma-chlordane 39 2 0.11 1.4 0 27

Dleldnn 42 40 0 71 10 2.21

DDE 41 26 0.28 2 0.80

DDT 41 24 0.42 6.7 0.96

Semlvolahles

Benzo(a)anthracene 30 13 0 17 0.92 0 25

Benzo(a)pyrene 30 11 0.16 0.93 0 26

Benzo(b)fluoranthene 30 11 0 18 1.1 0.28

RME Reasonable maximum exposure concentratron (UCL95 percent estimahon)
EPC Exposure point concentration
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TABLE0-2

Relative Risk Summaries for Recreattonal/Alternattve Uses for the Depot Golf Course

Health Risk at UCL95 Percent

Exposure Scenario ELCR HI

Adult Jogger (30 years)

Adult Jogger (16 years)

Chtld at Playground

Baseball Player -Chtld (6-14 years)

Cumulative RecreatloneP

Youth Soccer Player (6-16 years)

Industnal Worker - Adult

Resldenttal - Adult

Resldenttal - Chdd

Golfer - Adult

6.9E-06 0 02

3 7E-06 0.019

5.9E-06 0 08

7.7E-07 0.008

1.0E-05 0.11

6 0E-06 0 05

3.0E-05 0.1

2.3E-04 0.27

1,4E-04 1.9

1.1E-05 0 03

ELCR Excess hfettme cancer risk
HI Hazard index

UCL Upper confEdence hmtt

aCumulatwe recreational mcludes exposures as a child at playground, youth-baseball player, and adult logger
(14 years)
Bold values exceed ELCR of 10 .4 or HI of 1
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