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1.0 Declaration

1.1 Site Name and Location

TNT Area A
Former Plum Brook Ordnance Works
Sandusky, Ohio

1.2 Statement of Basis and Purpose

This Decision Document presents the selected final remedy for contaminated soil attributable to
releases associated with historical operations at TNT Area A (TNTA), located on the former
Plum Brook Ordnance Works (PBOW), Sandusky, Ohio. No action is recommended for TNTA
surface water. PBOW is an Army Defense Environmental Restoration Program (DERP) project
under the Great Lakes and Rivers Division (LRD) Formerly Used Defense Site (FUDS) program.
TNTA is identified as FUDS Project No. GOSOHO001813. The Louisville District Office of the
U.S. Army Corps of Engineers (USACE) is the LRD program management district for the LRD
FUDS program. Management support for PBOW is provided to the Louisville District Office by
the USACE Huntington District Office and technical oversight is provided by the USACE
Nashville USACE District Office. The remedy selection has been made in accordance with the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) as
amended by the Superfund Amendments and Reauthorization Act of 1986 (SARA), and to the
extent practicable, the National Oil and Hazardous Substances Pollution Contingency Plan
(NCP) under CERCLA (U.S. Environmental Protection Agency [EPA], 1990). The investigation,
reporting, and project decision process were conducted consistent with Guidance for Conducting
Remedial Investigations and Feasibility Studies Under CERCLA (EPA, 1988) and subsequent
guidance materials, including Guidance on Implementation of the Superfund Accelerated
Cleanup Model (SACM) under CERCLA and the NCP (EPA, 1992). This decision is based on
the Administrative Record (AR) file for TNTA.

This document has been prepared for the U.S. Department of the Army, the lead agency for
response actions at PBOW. The remedy for this site has been selected by the USACE. The State

of Ohio concurs with this remedy.
1.3 Assessment of Site

The response action selected in this Decision Document is necessary to protect public health,

public welfare, or the environment from actual or threatened releases of hazardous substances
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into the environment or from actual or threatened releases of pollutants or contaminants from this

site.

1.4 Description of the Selected Remedy

The remedy selected in this Decision Document addresses the contamination associated with
TNTA soil. The soil remedy includes excavation, alkaline hydrolysis, windrow composting,

ex situ chemical stabilization of material that is a hazardous waste due to elevated concentrations
of lead, and on-site/off-site disposal. Polychlorinated biphenyl (PCB) remediation waste will be
managed off site at a Toxic Substances Control Act (TSCA) approved treatment, storage, and
disposal facility (TSDF). It was estimated that a total of 17,157 cubic yards (cy) of contaminated
soil will need to be excavated, 4,777 cy of which are anticipated to be hazardous. Of the 4,777 cy
of hazardous materials, most is classified based solely on 2,4-dinitrotoluene (2,4-DNT)
concentrations that would otherwise exceed alternate land disposal restriction (LDR) treatment
standards for underlying hazardous constituents in contaminated soil (40 Code of Federal
Regulations [CFR] Parts 261.24 and 268.49). Based on existing data, only one location (Building
142, Bi-Tri-Nitrating House) comprising 30 cy, has PCB concentrations within this range and is

not also included in the volume estimate of materials that are hazardous with respect to lead.

It is anticipated that alkaline hydrolysis, coupled, if necessary, with windrow composting, will
reduce the 2,4-DNT concentrations to below LDR requirements and soil cleanup criteria (Section
2.8.1). Alternatively, windrow composting alone may be used to treat nitroaromatic-
contaminated soil. Windrow composting treats 2,4,6-trinitrotoluene (TNT) and DNTs by
reducing them to less toxic and less mobile compounds which bind to the soil matrix. Alkaline
hydrolysis effectively treats nitroaromatics in contaminated soils, especially TNT, by reducing
them to less toxic constituents. An estimated total of 3,803 cy of soil are anticipated to be treated
using alkaline hydrolysis/windrow composting, and an estimated 1,339 cy are anticipated to be
stabilized for hazardous levels of lead. An estimated 119 cy of soil will be disposed of at a
TSCA-approved TSDF as a PCB remediation waste.

The expectation is that a combination of alkaline hydrolysis and windrow composting, or
alternatively alkaline hydrolysis alone or windrow composting alone, will reduce the
concentrations of chemicals of concern (COC) to meet the remedial goals (RG) for on-site
disposal. Windrow composting will permanently treat the nitroaromatic-contaminated soil,
which represents the principal threat, by reducing its toxicity and mobility, and alkaline
hydrolysis will permanently treat the nitroaromatic-contaminated soil by reducing its toxicity.
Lead-contaminated (1,339 cy) materials will be segregated, stabilized, and taken to a

nonhazardous waste landfill. As mentioned, PCBs present at a concentration constituting a PCB
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remediation waste will be disposed of at a TSCA-approved TSDF. PCB-contaminated materials
that exceed the RG but at a concentration less than the criterion (50 milligrams per kilogram
[mg/kg]) for TSCA-regulated remediation waste will be segregated for placement at a
nonhazardous waste landfill. The PCB-contaminated and lead-contaminated materials will only
be disposed of at a nonhazardous waste landfill in accordance with the LDR and permit
requirements for the disposal facility. The Army has no knowledge of any Resource

Conservation and Recovery Act (RCRA) listed hazardous waste in TNTA soils.

1.5 Determinations

The Selected Remedy is protective of human health and the environment, complies with federal
and State of Ohio requirements that are either applicable or relevant and appropriate to the
remedial action, is cost effective, utilizes permanent solutions and treatment or resource recovery
technologies to the maximum extent practicable, and satisfies the requirement for treatment as a
principal element of the remedy. No soil contaminants will be left at levels to which direct
exposure would be considered nonprotective to human health and the environment, which is a
threshold criterion of the NCP under CERCLA. This remedy does not directly address
contamination in underlying groundwater. A separate Decision Document will address
groundwater for the three former TNT manufacturing areas and the two former Red Water Pond
Areas. However, the remediation of soil addressed by this Decision Document represents the

removal of a potential source of future groundwater contamination.

1.6 Decision Document Data Certification Checklist
The following information is included in the Decision Summary (Chapter 2.0) of this Decision

Document.

e COCs and their respective concentrations

o Baseline risk represented by the COCs

e Cleanup levels established for COCs and the basis for these levels
e How source materials constituting principal threats are addressed

o Current and reasonable anticipated future land use assumptions used in the baseline
risk assessment and Decision Document

o Potential land use that will be available at the site as a result of the Selected Remedy
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o Estimated capital, annual operation and maintenance, and total present worth costs,
discount rate, and the number of years over which the remedy cost estimates are
projected

o Key factors that led to selecting the remedy.

Additional information can be found in the AR file for this site.

1.7 State Concurrence

The State of Ohio has been involved with the decision-making process in remedy selection for
TNTA soils as part of the remedial investigation (RI)/feasibility study (FS) process. This
involvement includes, but is not limited to, document review comments, quarterly Project
Delivery Team meetings, quarterly Restoration Advisory Board meetings, and teleconferences as
needed. Representatives of the State of Ohio attended the November 30, 2009 Public Meeting at
which the Preferred Alternative for TNTA soils was presented. The State of Ohio made no
objection to the Selected Remedy during the meeting and provided no comments during the
public comment period which extended from November 30, 2009 through January 13, 2010. The
preferred remedy identified in the Proposed Plan has been identified as the Selected Remedy,

without revision, in this Decision Document.

The State of Ohio is expected to formally indicate concurrence with the Selected Remedy for
TNTA soils in a letter that will be issued after the Decision Document for TNTA soils is signed
by the U.S. Department of Defense (DoD). The concurrence letter will be appended to the
Decision Document in the AR.
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1.8 Authorizing Signature

This Decision Document presents the selected response action for soils at TNT Area A, Plum
Brook Ordnance Works, Sandusky, Ohio. The U.S. Army Corps of Engineers (USACE) is the
lead agency under the Defense Environmental Restoration Program (DERP) at the Plum Brook
Ordnance Works Formerly Used Defense Site, and has developed this Decision Document
consistent with the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA), as amended, and the National Oil and Hazardous Substances Pollution Contingency
Plan (NCP). This Decision Document will be incorporated into the larger Administrative Record
file for Plum Brook Ordnance Works, which is available for public view at Firelands Library,
Bowling Green State University Firelands Campus, Huron, Ohio. This document, presenting a
Selected Remedy with a present worth cost estimate of $4.02 million, is approved by the
undersigned, pursuant to Memorandum, DAIM-ZA, September 9, 2003, subject: Policies for
Staffing and Approving Decision Documents (DDs), and to Engineer Regulation 200-3-1,
Formerly Used Defense Sites (FUDS) Program Policy.

ﬂ/ S/m, Q@J’wy@ b =25 ~Ij

CHRISTINE A. GODF.
Acting Chief, Enviro tal Community of Practice
Directorate of Military Programs
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2.0 Decision Summary

2.1 Site Name, Location, and Description

This Decision Document describes the determination that remedial action is required at PBOW
TNTA. Only TNTA soil is covered by this Decision Document. The Decision Summary provides
an overview of information presented in greater detail in the Report of Findings (IT Corporation
[IT], 2001a), Human Health Risk Assessment (HHRA) (IT, 2001b), Ecological Risk Assessment
(ERA) (IT, 2001¢), Focused Feasibility Study (FFS) (Shaw Environmental, Inc. [Shaw], 2003),
FFS Addendum (Shaw, 2009a), and other documents on file as part of the AR for PBOW TNTA.
A summary of pertinent documents which are part of the AR for TNTA is provided in the text
box on the following page.

TNTA comprises 1 of 16 DoD projects at PBOW,; the other 15 DoD projects are identified in
Section 2.4. A recommendation for remediation of TNTA soil was prepared and presented to the
public on May 10, 2004. This remediation had been planned as part of an interim non-time-
critical removal action (NTCRA). However, it was subsequently decided that this action would
not be performed as an NTCRA. The preferred remedial alternative, as described in the Proposed
Plan (Shaw, 2009b), was presented to the public on November 30, 2009 during a public meeting
at the Bowling Green State University Firelands Campus Library in Huron, Ohio. The remedial
decision is recorded in this Decision Document in consultation with the Ohio Environmental
Protection Agency (Ohio EPA) and the community. The goal for this remedial action is to enable

the TNTA property to meet unrestricted land use criteria.

This Decision Document is being issued by the USACE in partnership with the State of Ohio and
is consistent with EPA (1999) guidance. As the lead agency for DoD environmental response
actions at PBOW, the USACE is responsible for planning and implementing remedial action at
the site. The partner support agencies include the Ohio EPA and the National Aeronautics and
Space Administration (NASA). The Ohio EPA provides regulatory review, comment, and
oversight. The environmental restoration of PBOW is being pursued by the USACE under the
LRD DERP-FUDS program. The Louisville District Office of the USACE is the LRD program
management district for the LRD FUDS program. Management support for PBOW is provided to
the Louisville District Office by the USACE Huntington District Office, and technical oversight
is provided by the USACE Nashville USACE District Office.

The FUDS program was established under DERP to clean up properties that were under the
jurisdiction of the Secretary of Defense and owned by, leased to, or otherwise possessed by the
United States at the time of actions leading to contamination or safety hazards caused by DoD.
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The Army is the executive agent for the FUDS program, and the USACE executes the program.
The cleanup mission for the FUDS program is to perform appropriate, cost-effective cleanup of
contamination caused by DoD and to protect human health, public safety, and the environment
(U.S. Army Environmental Command, 2004).

Primary Background Documents for TNTA

Dames & Moore, Inc. (D&M), 1997, TNT Areas Site Investigation Final Report, Plum Brook Ordnance Works, Plum
Brook Station/NASA, Sandusky, Ohio, prepared for U.S. Army Corps of Engineers, Nashville District/Huntington District,
April.

International Consultants Inc. (ICI), 1999, Community Relations Plan, Plum Brook Ordnance Works, Sandusky, Ohio,
September.

International Consultants Inc. (ICI), 1995, Site Management Plan, Plum Brook Ordnance Works, Sandusky, Ohio,
September.

IT Corporation (IT), 2001a, TNT Areas A and C Remedial Investigation, Volume 1 — Report of Findings, Final, Former
Plum Brook Ordnance Works, Sandusky, Ohio, November.

IT Corporation (IT), 2001b, TNT Areas A and C Remedial Investigation, Volume 2 — Human Health Risk Assessment,
Final, Former Plum Brook Ordnance Works, Sandusky, Ohio, November.

IT Corporation (IT), 2001c, TNT Areas A and C Remedial Investigation, Volume 3 — Ecological Risk Assessment, Final,
Former Plum Brook Ordnance Works, Sandusky, Ohio, November.

Morrison-Knudsen Corporation (MK), 1994, Site Inspection Report, Plum Brook Station, Sandusky, Ohio, January.

Shaw Environmental, Inc. (Shaw), 2009a, Addendum, TNT Area A, Focused Feasibility Study for Soil, Final, Former Plum
Brook Ordnance Works, Sandusky, Ohio, August.

Shaw Environmental, Inc., (Shaw), 2005, 2004 Groundwater Data Summary and Evaluation Report, Final, Former Plum
Brook Ordnance Works, Sandusky, Ohio, April.

Shaw Environmental, Inc., (Shaw), 2003, TNT Areas A and C Remedial Investigation, Volume 4 — Focused Feasibility
Study for Soil and Sediment, Final, Former Plum Brook Ordnance Works, Sandusky, Ohio, October.

(These documents may be viewed on line at the USACE Huntington District website:
http://www.Irh.usace.army.mil/projects/current/derp-fuds/pbow/documents.)

2.1.1 Site Location

PBOW is located approximately 4 miles south of Sandusky, Ohio, 7 miles southwest of Huron,
Ohio, and 59 miles west of Cleveland (Figure 2-1). The former PBOW facility property is
currently used by NASA as the Glenn Research Center, Plum Brook Station and is the home of
the center's four world class test facilities. None of these test facilities are located in TNTA, and
NASA has not conducted any known activities in this area to contribute to the environmental
contamination resulting from the former DoD actions on the property. Although located
primarily in Perkins and Oxford Townships, the eastern edge of the site extends into Huron and
Milan Townships. PBOW is bounded on the north by Bogart Road, on the south by Mason Road,
on the west by Patten Tract Road, and on the east by U.S. Highway 250. The area surrounding
PBOW is mostly agricultural and residential (IT, 2001a).
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2.1.2 Site Description

TNTA currently consists of an area of approximately 114 acres in the northeastern part of
PBOW, with Columbus Avenue bisecting the site (Figure 2-2). NASA constructed its
Administration Building on the east side of Columbus Avenue in the central portion of TNTA.
The NASA Administration Building and associated parking areas and one of the former TNT
process buildings (Building 121, Mono House) cover a small portion of the site. The rest of
TNTA is partially (less than 25 percent) wooded and consists predominantly of large, open areas
of grasslands. Controlled burning is used in the vicinity of TNTA. Much of the southeastern

portion of TNTA around the Administration Building is mown lawn.

Several aboveground features are still evident at TNTA, indicating that former PBOW facilities
were present. These include roads, fire hydrants, water valves, railroad beds, and sections of
former building pad foundations (Building 111, Mono House, and Building 142, Bi-Tri House).
Several below-ground features are also present: manholes, drains, and underground lines

(indicated by aboveground water valves).

TNTA is slightly hilly, generally increasing in elevation from southeast to northwest. Small
ditches transect the site, eventually draining into a small east-west tributary to Lindsley Ditch,
which is located just outside of TNTA to the north. The smaller ditches are dry during periods
with little rainfall. Former and current site buildings, as well as other features, are shown on
Figure 2-3.

Nitroaromatic compounds (i.e., explosives) are the major soil contaminants at TNTA. The
presence of nitroaromatic soil contamination is likely due to spills on the surface and leaks from
holding areas, flumes, and pipelines associated with former TNT manufacturing operations

conducted at the former government-owned, contractor-operated facility.

2.2 Site History and Statutory Authority

2.2.1 Site History

The PBOW facility was constructed on property comprising 9,009 acres in early 1941 as a
manufacturing plant for TNT, 2,4-DNT, and pentolite (ICI, 1995). Production of explosives at
PBOW began in December 1941 and continued until 1945. It is estimated that more than 1
billion pounds of nitroaromatic explosives were manufactured during the 4-year operating
period. The three explosive manufacturing areas were designated TNTA, TNT Area B (TNTB),
and TNT Area C (TNTC). Twelve process lines were used in the manufacture of TNT: four
lines at TNTA, three lines at TNTB, and five lines at TNTC. During the period of production, the
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PBOW facility was operated by the former Trojan Powder Company of Allentown,
Pennsylvania, as a contractor-operated, government-owned facility. A search of the records
identified no viable successor to the Trojan Powder Company.

The TNTA manufacturing site consisted of widely scattered buildings of wood frame
construction with asbestos and sheet metal coverings. It also included a series of buried and/or
overhead flumes and pipes used to transport various liquids associated with the manufacturing

process.

After plant operations ceased, the TNTA manufacturing process lines were decontaminated by
the War Department in late 1945. During decontamination, all structures, equipment, and
manufacturing debris were either removed and salvaged or removed and burned. After
decontamination, the property was initially transferred to the Ordnance Department, then to the
War Assets Administration after it was certified by the U.S. Army to be decontaminated. In
1949, PBOW was transferred to the General Services Administration (GSA). In 1955, the GSA
completed further decontamination of TNTA. This effort included removal of contaminated
surface and subsurface soil around the building and wooden and ceramic waste disposal lines
containing TNT. Thousands of pounds of TNT were discovered in catch basins; this TNT was
removed and burned at the burning grounds.

Two property use agreements were entered into by the Army and the National Advisory
Committee of Aeronautics, the predecessor of NASA, in 1956 and 1958, respectively. On March
15, 1963, accountability and custody of the entire PBOW property (6,030 acres) was transferred
to NASA by the Department of the Army. NASA performed further decontamination efforts
during 1964. The NASA decontamination process included removing contaminated surface soil
above the drain tiles, flumes, and other features; destruction of all buildings by fire; and removal
of all soil, debris, sumps, and above-grade portions of concrete foundations. Portions of the
concrete foundations located below grade were left buried, and some that had been previously
slightly above grade were likewise buried. All materials, including the soil in those areas, were
flashed; the area was then rough-graded. The decontamination process was also to have included
the burning of nitroaromatic-filled flumes that were excavated (D&M, 1997).

NASA has operated and maintained the former PBOW property since 1963, and the facility is
currently the NASA Glenn Research Center, Plum Brook Station. NASA operates the property
as a space research facility in support of their John Glenn Research Center at Lewis Field,
Cleveland, Ohio. Most of the aerospace testing facilities built in the 1960s at the site are
currently on standby or inactive status. On April 18, 1978, NASA declared approximately 2,152
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acres of PBOW as excess. The Perkins Township Board of Education acquired 46 acres of the
excess acreage and uses this area as a bus transportation area. The GSA retains ownership of the
remaining excess acreage and currently has a use agreement with the Ohio National Guard for
604 acres of this land. NASA presently controls approximately 6,400 acres. The details of land
transactions are listed in the Site Management Plan (ICI, 1995).

2.2.2 Statutory Authority

The PBOW property was acquired by DoD in 1941 for the U.S. Army Plum Brook Ordnance
Works and operated under their direction until late 1945; therefore, the PBOW is administered as
a FUDS site, and any contamination on the property that is a result of these activities is the

responsibility of the Army under the DERP-FUDS program, as described in Section 2.1.

Under CERCLA, the president delegated authority to DoD (Secretary of Defense) for cleanup of
active and formerly used defense sites. In addition, SARA (Section 211) required the Secretary
of Defense to carry out the DERP, which in turn delegated these authorities to the USACE,
thereby granting the USACE the authority to conduct removal/remediation projects such as
TNTA.

2.3 Community Participation

Community relations activities are required under the NCP, CERCLA, and FUDS. The objective
of this program is to provide a mechanism for the communication and exchange of information
among Army agencies, government agencies, and residents of local communities and those
adjacent to and downgradient from PBOW. In January 1997, a Restoration Advisory Board
(RAB), composed of approximately 20 local citizens with varying backgrounds, was established
to promote a two-way dialog to not only keep local citizens informed about site progress but also
to facilitate the opportunity for them to provide input to site decisions. Since its inception, the

RAB has been the basis for community involvement.

In compliance with CERCLA (Section 113), the USACE has developed the AR to provide
documentation as to how and why decisions specific to the remediation of the site are made. To
date, the investigations and assessments completed for TNTA are as follows: Report of Findings
(IT, 2001a), HHRA (IT, 2001b), ERA (IT, 2001c), FFS (Shaw, 2003), and the FFS Addendum
for TNTA (Shaw, 2009a). The AR contains these final documents as well as all others for the
PBOW site. Currently, the final reports are located in the AR, maintained at the USACE
Huntington District Office, 502 Eighth Street, Huntington, West Virginia, 25701. An electronic
copy of the AR is also maintained locally in the public repository at the Firelands Library,
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Bowling Green State University Firelands Campus, Huron, Ohio. Free public computer access is

available.

A community relations plan (ICI, 1999) was prepared that outlines the procedures through which
the community is involved with the restoration of PBOW. In addition to providing access to the
AR file, these procedures involve the following which are performed or initiated by the USACE

Huntington District:

e AR file maintenance

e Quarterly fact sheets and policy letters

e Bulletin boards for the RAB to post pertinent information within the community
e Project-specific exhibits for community functions

e Direct two-way communication with RAB members

o News releases

e Annual PBOW newsletter

o Exhibits at public activities.

The PBOW RAB received a Technical Assistance for Public Participation (TAPP) grant from
DoD on March 29, 2005. TAPP grants have a maximum of $25,000 per year and a lifetime
ceiling of $100,000. The purpose of the TAPP grant is to provide a mechanism for the RAB to
obtain professional technical assistance to help its members understand the restoration program.
Also, the RAB holds quarterly meetings which are co-chaired by a representative of the
community and the USACE point of contact. Through this communication process, the

community has had active involvement in the selection of the remedy for TNTA.

A recommendation for remediation of TNTA soil under an NTCRA was presented at the
Bowling Green State University Firelands Library on May 10, 2004. Notice of the NTCRA and
this meeting were published in the April 28, 2004 Sandusky Register. The public comment
period extended from May 11 through June 11, 2004. The proposed alternatives, including the
recommendation for excavation, windrow composting, ex situ chemical stabilization, and
on-site/off-site disposal, were presented at the public meeting. The USACE also used this
meeting to solicit a wider cross section of community perspectives as to the reasonably
anticipated future land use of TNTA. The public provided no substantive comments during the
public meeting, and no comments were received during the NTCRA public comment period.
However, it was subsequently decided for administrative reasons that this action would not be
performed as an NTRCA. A revised preferred remedial alternative was presented in the Proposed
Plan (Shaw, 2009b). This revision was based on the FFS Addendum (Shaw, 2009a). Notice of
the Proposed Plan for TNTA soil was published in the November 16, 2009 Sandusky Register,
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and the Proposed Plan was presented to the RAB and other interested members of the
community at a public meeting at Firelands Library on November 30, 2009. At this public
meeting for the Proposed Plan, representatives of the USACE and the Ohio EPA were present to
answer questions, address concerns, and receive additional community input. The public
comment period for the Proposed Plan extended from November 30, 2009 through January 13,
2010. The remedial decision is recorded in this Decision Document in consultation with the Ohio
EPA and the community. The TNTA soil FFS documents were made available to the public in
the AR file maintained at the Firelands Library, Bowling Green State University, Huron, Ohio,

and at the following website address: www.Irh.usace.army.mil/projects/current/derp-

fuds/pbow/documents. Community comments and concerns, as well as how the USACE

addressed these comments, are included in the Responsiveness Summary (Chapter 3.0).

2.4 Scope and Role of TNTA

The environmental investigation of PBOW has been divided into 16 areas of concern, also
referred to as DERP-FUDS projects, to address the potential concerns presented by each area
associated with former DoD activities. Separate closeout documents are required for each of the
16 DERP-FUDS projects. This current Proposed Plan specifically addresses contamination in
TNTA soils only.

Once a DERP-FUDS project is closed out, the site is available, if NASA or the GSA so decides,
for use by private or public interests and may be used as described in the specific closeout
document. The 16 DERP-FUDS projects and the status of each are briefly identified below. Soil

actions taken to date at the former PBOW are also summarized below.

TNTA. An FFS for soils was completed in 2003. A Proposed Plan, was presented to the public
on November 30, 2009. This current Decision Document describes the remedy for TNTA.

TNTB. An FS for soils was completed in 2001. An Action Memorandum for a NTCRA
regarding soils was presented to the public on March 28, 2002. The Action Memorandum was
finalized in June 2003, and the Removal Action was completed in December 2006. The final
report of the interim soil removal action was issued in 2007. A Proposed Plan recommending no
further action was presented during a July 16, 2009 public meeting; no comments were provided
during the subsequent public comment period. A no-further-action Decision Document was
signed on September 23, 2009, and State concurrence was received on September 29, 2009. The

project Closeout Report was signed on March 31, 2010.
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TNTC. An FFS for soils and sediment was completed in 2003. A Proposed Plan was submitted
in March 2009. A Decision Document was signed by DoD on December 7, 2009, and a
concurrence letter, dated January 15, 2010, was received from the State of Ohio. A remedial

action contract has been rewarded, and remediation is ongoing.

Red Water Pond Areas. An FFS for the Red Water Pond Areas soil was completed in
December 2002. Investigations found no action relative to soils at the West Area Red Water
Ponds Area necessary, so no remedial alternatives were developed in the FFS for this area.
Remedial alternatives regarding the Pentolite Road Red Water Ponds (PRRWP) Area were
developed and evaluated in the FFS. An Action Memorandum for a NTCRA regarding PRRWP
soils was presented to the public in September 2002. The interim removal action began in
January 2003, and the Action Memorandum was finalized in June 2003. During the NTCRA soil
removal, the need for additional excavation was recognized based on the discovery of a dark
seam of impacted soil. The USACE conducted field-scale and laboratory-scale treatability
studies to determine the best approach to address this additional contamination at the PRRWP
site. A composting action was selected and began in 2007 and was completed in September
2008. This project has returned to the normal CERCLA process (RI/FS phase). Post-NTCRA
delineation sampling was performed in spring and summer 2009. Because of residual human
health risks, additional delineation sampling was completed in November 2010. A soil
delineation report and risk evaluation is currently being prepared in support of an addendum to
the FFS, which is scheduled for completion in 2012.

Acid Areas 1, 2, and 3. The site investigations (SI) of the three acid areas were completed in
December 1998. An RI and risk assessments were completed for Acid Areas 2 and 3, in
September 2006 and February 2008, respectively. These two areas are currently in the feasibility
stage. The Acid Area 1 RI and risk assessments were completed July 2010. A feasibility study is
planned for Acid Area 1.

Reservoir No. 2 Burning Grounds. The RI began in 2004, and the Site Characterization
Report was issued in January 2006. An interim action was proposed through the Engineering
Evaluation and Cost Analysis process, but the decision was made to return to the normal
CERCLA process (RI phase) due to lack of evidence to demonstrate an imminent threat to justify
the removal action. Human health and ecological risk assessments were completed in February
2010. A data gap was identified early in the feasibility study process. Further delineation
sampling was performed in October 2010.
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Additional Burning Grounds. A Preliminary Assessment (PA) was performed in 1991. This
project includes five burning ground areas. NASA has agreed to take full responsibility for three
of these (Taylor Road, Snake Road, and Fox Road Burning Grounds). The other two (G-8 and
“Additional” Burning Grounds) require further records research review. Based on this review,

responsibility for these areas will be established.

Waste Water Treatment Plant Nos. 1 and 3. A limited SI was completed in July 2000. An
RI report and risk assessments are scheduled for 2011. This will include the associated

wastewater sewer lines from the former manufacturing areas.

Waste Water Treatment Plant No. 2. A PA performed in 1991 found a potential for
contamination of soil, surface water, sediment, and groundwater with acetone, pentaerythritol,
and tetraerythritol tetranitrate. An SI was performed in 1997. An RI and risk assessments were
recently funded which includes the associated wastewater sewer lines. Fieldwork is scheduled
for spring 2011.

Power House Ash Pit No. 2. A PA was performed in 1991. A final RI and risk assessment

reports were submitted in September 2010.

Ash Pits Nos. 1 and 3. A limited SI performed in July 2000 resulted in the recommendation
that a full SI be performed. A contract for an RI was awarded in June 2008, and fieldwork began

in December 2008. An RI report and risk assessments are currently under preparation.

TNT Loading Areas. A limited SI was completed in July 2000. The site was recommended for

no further action, and closeout was achieved with State concurrence in September 2006.

Pentolite Area Waste Lagoon. A limited SI was completed. The project was closed out in
September 2006 with no further action; the State of Ohio concurred.

Lower Toluene Tanks. A limited SI was completed in July 2000. The project was closed out
in September 2006 with no further action; the State of Ohio concurred.

Garage Maintenance Area. A limited SI was completed for the Locomotive Building Area in

July 2000 that resulted in the recommendations to proceed with further investigation. The

Locomotive Building Area is in the eastern portion of the Garage Maintenance Area. A final RI
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report was submitted in September 2010, and the final risk assessment reports are scheduled for
December 2010.

TNT Areas and Red Water Pond Areas Groundwater. A baseline human health risk
assessment of groundwater associated with the three former TNT areas and two former red water
ponds was finalized in September 2006, and an FS for groundwater associated with these areas
was completed in December 2008. The groundwater associated with these five areas is expected
to be addressed in a single Decision Document, scheduled for completion in 2012. Note that
groundwater associated with each of the other seven active DERP-FUDS projects will be

addressed in the separate Decision Document for that DERP-FUDS project.

Soil Actions. The soil actions undertaken at the PRRWP Area, TNTB, and TNTC and the
proposed actions at Reservoir No. 2 Burning Grounds and TNTA are being implemented by the
USACE under DERP-FUDS. To date, no other removal actions or response actions have been
recommended. The DERP-FUDS mandate is to address only those areas associated with DoD

activities.

2.5 Site Characteristics

2.5.1 Site Overview

TNTA currently consists of an area of approximately 114 acres in the northeastern part of
PBOW, with Columbus Avenue bisecting the site (Figure 2-2). NASA constructed its
Administration Building on the east side of Columbus Avenue in the central portion of TNTA.
The NASA Administration Building and associated parking areas and one of the former TNT
process buildings (Building 121, Mono House) cover a small portion of the site. The rest of
TNTA is partially wooded (less than 25 percent) and consists predominantly of large, open areas
of grasslands. Several aboveground features are still evident at TNTA and indicate that former
PBOW facilities were present. These include roads, fire hydrants, water valves, railroad track
line foundations, and sections of former building pad foundations (Building 111, Mono House,
and Building 142, Bi-Tri House). Several below-ground features are also present: manholes,
drains, and underground lines (indicated by aboveground water valves). TNTA is slightly hilly,
generally increasing in elevation from southeast to northwest. Lindsley Ditch and smaller
connecting ditches transect the site. The smaller ditches are dry during periods with little rainfall.

Former and current site buildings, as well as other features, are shown on Figure 2-3.
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As described in Section 2.2.1, nitroaromatic explosives were manufactured at PBOW from 1941
through 1945 as part of the World War II effort. Soils and potentially other PBOW media were
contaminated by nitroaromatic compounds and associated chemicals involved in the
manufacturing processes at TNTA as the result of surface spills and subsurface pipeline leaks.
Figure 2-4 depicts a simplified conceptual site model for contamination at TNTA. Note that

more detailed exposure models for human and ecological receptors are presented in Sections
2.7.1 and 2.7.2.

2.5.2 Investigation Overview

Soil, surface water, and sediment samples were collected during the 2000 RI (IT, 2001a), and RI
groundwater samples were collected beginning in 2001 (Shaw, 2005). Soil samples were also
collected in 1993 (MK, 1994) and 1994 (D&M, 1997). Surface water and sediment samples were
also collected in 1993 (MK, 1994). Activities and results related to soil sampling are summarized
in Section 2.5.2.1, and those of the surface water and sediment are summarized in Section
2.5.2.2. Because TNTA groundwater will be addressed in a separate Decision Document for
groundwater underlying the three TNT Areas and two Red Water Pond Areas, the groundwater

investigation is not described herein.

2.5.2.1 Soil Sampling

One surface soil sample was collected in the vicinity of TNTA (MK, 1994) in 1993, and 28 soil
samples were collected as part of the 1994 SI. Based on the results of these earlier samples and
on site history, a total of 430 field screening samples were collected during the 2000 RI and
analyzed for nitroaromatics using a modification of laboratory Method 8330 (IT, 2001a). Also,
49 confirmation samples were collected during the RI to support the screening results and to
conduct risk assessments. These confirmation samples were analyzed for target compound list

organics, target analyte list inorganics, and nitroaromatics.

During the RI, TNTA soil was investigated by process line or building type. The 27 process

areas and associated TNTA building areas investigated during the RI are listed below:

e DNT process buildings

Building 182, DNT sweating and graining building
Building 185, DNT nitrating building

Building 192, DNT sweating and graining building
Building 195, DNT nitrating building

o Wastewater settling tanks
- Building 187, wastewater disposal settling tank
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e Process line 1
- Building 111, mono house
- Building 112, bi-tri house
- Building 113, fortifier house
- Building 116, wash house
- Building 119, acid and fume recovery

e Process line 2
- Building 121, mono house
- Building 122, bi-tri house
- Building 123, fortifier house
- Building 126, wash house
- Building 128, nailing house
- Building 129, acid and fume recovery

e Process line 3
- Building 131, mono house
- Building 132, bi-tri house
- Building 133, fortifier house
- Building 136, wash house
- Building 139, acid and fume recovery

e Process line 4
- Building 141, mono house
- Building 142, bi-tri house
- Building 143, fortifier house
- Building 146, wash house
- Building 148, nailing house
- Building 149, acid and fume recovery.

The placement of samples within these areas was skewed during the RI toward specific locations
that were most likely to be contaminated, such as those of former storage tanks, drowning tanks,
catch basins, and underground pipelines associated with production. All soil sampling locations
are shown on Figure 2-5. The resulting COCs for TNTA soil are presented in Section 2.5.3.

2.5.2.2 Surface Water and Sediment Sampling

One collocated surface water and sediment sample was collected from Lindsley Ditch east of
TNTA in 1993 as part of the MK (1994) site investigation (location was not further specified).
As part of the 2000 RI, a total of 8 surface water and 10 sediment samples were collected within
TNTA and the immediate vicinity; all were from Lindsley Ditch and tributaries (Figure 2-6). The
results of the surface water and sediment samples indicate low levels of nitroaromatics were
present, but not at concentrations that would adversely affect these media; thus, no surface water
or sediment COCs were identified.
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2.5.3 Contamination Characterization of Soil
TNTA soil COCs include the following nine constituents:

e Nitroaromatics: 2-Amino-4,6-dinitrotoluene (2-ADNT), 4-amino-2,6-dinitrotoluene
(4-ADNT), 2-nitrotoluene, 4-nitrotoluene, 2,4-DNT, 2,6-DNT, and TNT

e PCBs: Aroclor 1260

e Metals: Lead.

Table 2-1 provides a data summary of the COCs in total soil, including frequency of detection,
concentration ranges, and the exposure point concentrations (EPC) used in the HHRA (Section
2.7.1).

2.5.3.1 Spatial Distribution and Potential Sources
Of the 27 building areas and process areas investigated (Section 2.5.2.1), those with one or more
detections of COCs at concentrations exceeding the respective soil RGs are identified as

requiring soil cleanup. Thus, the 18 building areas listed below require remediation.

Building Area 112
Building Area 116
Building Area 119
Building Area 126
Building Area 129

Building Area 133
Building Area 139
Building Area 141
Building Area 142
Building Area 143

e Building Area 111 e Building Area 131 e Building Area 146

Building Area 148
Building Area 182
Building Area 187
Building Area 192
Building Area 195

Concentrations of nitroaromatics exceeding RGs were detected in one or more samples from
each of the 18 areas listed below. The maximum detected concentration (MDC) of a
nitroaromatic compound and the maximum depth interval of RG exceedance for each area are
also given below. Specific contaminated areas within TNTA that have soil concentrations that

exceed at least one of the RG levels are identified on Figure 2-7 as “areas to be remediated.”

e Building Area 182 (MDC: 103 mg/kg total DNT; maximum depth interval: 6-7 feet
below ground surface [bgs])

e Building Area 192 (MDC: 3,201 mg/kg 2,6-DNT; maximum depth interval: 2-4 feet
bgs)

e Building Area 195 (MDC: 10,274 mg/kg 2,6-DNT; maximum depth interval: 4-6
feet bgs)
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e Building Area 187 (MDC: 580 mg/kg TNT; maximum depth interval 1.5-5 feet bgs)

e Building Area 111 (MDC: 12 mg/kg 2,4-DNT; maximum depth interval: 4-6 feet
bgs)

e Building Area 112 (MDC: 1,298 mg/kg TNT; maximum depth interval: 8-10 foot
bgs)

e Building Area 116 (MDC: 12.5 mg/kg 2-amino-4,6-dinitrotoluene [2-ADNTT;
maximum depth interval: 8-10 feet bgs)

e Building Area 119 (MDC: 1,407 mg/kg 2-nitrotoluene; maximum depth interval:
8-9 feet bgs)

e Building Area 126 (MDC: 170 mg/kg TNT; maximum depth interval: 8-10 feet bgs)

e Building Area 129 (MDC: 27.7 mg/kg 2,4-DNT; maximum depth interval: 2-3 feet
bgs)

e Building Area 131 (MDC: 278 mg/kg 2-nitrotoluene; maximum depth interval: 8-10
feet bgs)

e Building Area 133 (MDC: 18.8 mg/kg TNT; maximum depth interval: 3-3.5 feet
bgs)

e Building Area 139 (MDC: 40.8 mg/kg total DNT; maximum depth interval: 2-3 feet
bgs)

e Building Area 141 (MDC: 40.7 mg/kg TNT; maximum depth interval 1-2 feet bgs)

e Building Area 142 (MDC: 31.2 mg/kg TNT; maximum depth interval 2-3 feet bgs)

e Building Area 143 (MDC: 8.9 mg/kg TNT; 1.6-2.6 feet bgs)

e Building Area 146 (MDC: 2,385 mg/kg TNT; maximum depth interval 8-10 feet bgs)

e Building Area 148 (MDC: 13.2 mg/kg TNT; maximum depth interval 0.7-1.7 feet
bgs).

For purposes of soil volume estimation (see Section 2.5.3.3), contamination at each sampling
location having a nitroaromatic or PCB RG exceedance was assumed to extend out
approximately 10 feet in each direction, or to the nearest sample that does not exceed any of the
RGs (if that distance is less than 10 feet). In cases where an RG was exceeded by a factor of 10
or more, contamination was assumed to extend out 30 feet in each direction, rather than 10 feet.

Vertical extent of contamination was assumed to extend to the top of the deepest sample in
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which no RG exceedance was observed. If the deepest sample interval collected within a boring
had an RG exceedance, then contamination was assumed to extend to 10 feet below ground
surface (bgs) or to the top of bedrock, whichever is shallower. These distances for volume
estimation are based on professional judgment and the conditions found during the remediation
of similar sites, notably TNT Area B. For building areas with a lead RG exceedance, the extent
of contamination was assumed to be a 10-foot-wide strip around the perimeter of the foundation.
This strip was assumed to extend 2 to 3 feet below the surface, except in areas where
nitroaromatic or PCB contamination was specifically encountered (to which the above rules were

applied). Specific areas to be remediated are shown on Figure 2-7.

The highest concentrations of nitroaromatics were generally found in areas of former storage
tanks, drowning tanks, catch basins, or underground lines. Of these areas, the highest
nitroaromatic concentrations were typically found in shallow subsurface soils (1 to 3 feet bgs),

except for those associated with locations where underground storage lines had existed.

Concentrations of PCBs and lead exceeding RGs (refer to Section 2.8.1) were found only in
three TNTA building areas. The highest concentration of PCBs (69.8 mg/kg of Aroclor 1260) in
TNTA soils was found in a shallow subsurface soil sample at 2 to 3 feet below grade in Building
Area 139. The two other exceedances of the PCB RGs were in either shallow subsurface soil (at
2 to 3 feet below grade in Building Area 119) or in surface (Building Area 142). The source(s) of
these PCB concentrations is not apparent or known. Based on information obtained during
interviews with former employees at the Volunteer Army Ammunition Plant in Chattanooga,
Tennessee, waste oils were typically used around building foundations and tank cradles at that
facility to suppress vegetation. Such waste oil likely contained PCBs, as these were previously
included in many lubricants such as coolants, especially hydraulic fluids and cutting oils. This
same practice of applying waste oils around buildings and tank cradles may have been practiced
at PBOW. Alternatively, the PCBs found in TNTA soils may have originated from PCB-
containing paints, leaky transformers, spills, or equipment that leaked lubricants (e.g., hydraulic
fluid). Lead concentrations exceeding the RG were found only in the same three RI soil samples
that had exceedances of the PCB RG and are immediately adjacent to the building footprint in
each case. It appears that the lead contamination originated from building materials, as melted
pieces of lead were observed along with other debris (e.g., charred wood, metal fittings, rebar)
while excavating during the RI to locate the building foundations. The presence of this lead is
consistent with the construction materials reported for the buildings; specifically, floors were
lined with lead due to the strong acids used for the site. Additionally, lead flashing was typically
used around vents and eaves of buildings constructed during this time frame. The buildings were
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reportedly burned during the demolition process. Although most of the process equipment and
salvageable metal was likely removed prior to demolition, some evidently remained and resulted
in the melted pieces of lead. All available evidence indicates this contamination came from the
government-owned, contractor-operated facility.

2.5.3.2 Toxicity and Mobility of the Chemicals of Concern

The toxic characteristics of the nine COCs are presented in Section 2.7.1.3. In summary,
2,4-DNT, 2,6-DNT, TNT, lead, and Aroclor 1260 are regarded as carcinogens. Each of the seven
nitroaromatic COCs and lead have known adverse noncancer effects, as presented in Section
2.7.1.3.

Because the concentrations of nitroaromatics generally dissipate notably with depth, it does not
appear that these chemicals have been very mobile in soil. The relatively low concentrations
found in bedrock groundwater (Shaw, 2005) also provide evidence that nitroaromatics in soil are
not very mobile. PCBs and lead generally have low mobility. Although PCBs occur in both the
surface and subsurface, these compounds are not found in groundwater (Shaw, 2005); this
indicates that PCBs are bound to soil particles. RG exceedances for neither lead nor PCB were
found in soil at a depth greater than 3 feet below grade, indicating limited mobility of these
constituents in soil.

2.5.3.3 Quantity of Waste

The total volume of contaminated soil requiring remediation is estimated at 17,157 cy. Of this,
the FFS estimated that 4,777 cy will be classified as RCRA hazardous waste based on toxicity
characteristic. Most of this volume of hazardous waste is based solely on anticipated 2,4-DNT
toxicity characteristic leaching procedure (TCLP) testing results. It was estimated that 1,399 cy
will be characterized as hazardous due to lead concentrations. The Army has no knowledge of
any RCRA listed hazardous waste in TNTA soils. It is anticipated that an estimated 119 cy of
soil will be TSCA-regulated material based on its PCB concentration exceeding 50 mg/kg (40
CFR 761.61[a][4][i][A]). This 119 cy of material is also likely hazardous with respect to
2,4-DNT based on anticipated TCLP results. Approximately half (60 cy) of this TSCA-regulated

material is likewise anticipated to be hazardous with respect to lead.

2.5.3.4 Potential Human and Ecological Receptors at Risk
Human health and ecological risks are summarized in Sections 2.7.1 and 2.7.2, respectively. No
current human receptors appear to be at risk. Estimated noncancer hazards in the HHRA for the

future resident and construction worker, which would serve as appropriately conservative
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surrogates for future land use, exceeded the threshold goal. The recommendation for remediation

is based on potential future risks, assuming unrestricted land use.

Terrestrial ecological receptors were found to be potentially at risk in the ERA (IT, 2001c¢).
However, the FFS estimated that risks to ecological receptors would be substantially reduced by
remediating soil to the human health RG levels. Therefore, the FFS recommended no additional
action specifically for the protection of ecological receptors. The ERA indicated that aquatic
receptors such as the mallard and raccoon may potentially be adversely affected. However, large
uncertainties exist in the hazard estimations, which tend to be biased high, and the aquatic habitat
quantity and quality is very limited. For these reasons, it was determined that remediation is

unwarranted for surface water or sediment.

2.6 Current and Potential Future Land Uses

TNTA consists mostly of large, open grasslands with less than 25 percent wooded areas. These
grassy and wooded areas currently have no regular use, though portions are used for hunting
during specified times. Also, the NASA Administration Building and associated parking lots are
located on a small area within TNTA. At some point in the future, it is possible that NASA may
desire to either use or excess the property. If a decision were made to excess, the GSA would be
contacted to facilitate transfer of the property through their process. TNTA could potentially be
developed in the future, either for commercial/industrial or residential purposes. Residential land
use is consistent with the rural residential use of property adjacent to the former PBOW facility.
Other potential future uses for the site include training for National Guard, or the property may
be used for wildlife management. These uses are consistent with those of the adjacent property,
which is mostly rural residential. It is noted that a portion of the adjacent property previously
excessed by NASA (see Section 2.2.1) is used by the National Guard for training. The small
streams and ditches that transect TNTA (Section 2.1.2) are not large enough to support gamefish
and have no identified human uses; however, the streams provide aquatic habitat and a source of

water for wildlife.

2.7 Summary of Site Risks
Potential risks to human health and the environment were evaluated for TNTA. The purposes of

this section are as follows:

e Provide a brief summary of the relevant portions of the HHRA (Section 2.7. 1).
e Provide a brief summary of the ERA (Section 2.7.2).
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e Provide a discussion of the human health and ecological risk results (Section 2.7.3).
o State the basis for taking action at the site (Section 2.7.4).

2.7.1 Summary of Human Health Risks
The HHRA for TNTA soil, sediment, and surface water was completed in 2001 (IT, 2001b). The
identification of COCs, exposure assessment, toxicity assessment, and risk characterization are

described below. Only validated analytical data were used in the HHRA.

2.7.1.1 Identification of Chemicals of Concern

COCs were identified for TNTA soil as those chemicals that contributed most to an additional
cancer risk, referred to as an incremental lifetime cancer risk (ILCR), exceeding 1 x 107 or an
additional noncancer hazard index (HI) exceeding 1. The following chemicals were identified as
COC:s for total soil (combined surface and subsurface soil) and are discussed in Section 2.5.3:
TNT, 2,4-DNT, 2,6-DNT, 2-ADNT, 4-ADNT, 2-nitrotoluene, 4-nitrotoluene, Aroclor 1260, and
lead.

2.7.1.2 Exposure Assessment

Exposure assessment presents the exposure pathways evaluated, the populations potentially
exposed to the chemicals of potential concern (COPC), the data and assumptions used to
characterize EPCs, and assumptions about exposure frequency and duration included in the
exposure assessment. The mathematical output of the exposure assessment is the chronic daily
intake (CDI), which represents the level of exposure to a chemical that an individual would
receive under a given set of exposure assumptions. Exposure associated with the COPCs was
evaluated using the following human receptors as surrogates to represent all plausibly exposed
groups of people at TNTA under current land use, future land use, or both. The exposure
pathways for all environmental media and human receptors evaluated are depicted on Figure 2-8.

Each of the receptors is briefly described below.

Groundskeeper. The current groundskeeper represents a long-term, on-site outdoor worker
exposed to surface soil. Potential soil exposure pathways evaluated were incidental ingestion and

dermal contact with surface soil and inhalation of dust.

Indoor Worker. The indoor worker represents a long-term, on-site worker exposed to lower
levels of surface soil than an outdoor worker. The only pathway quantified for this receptor is the
incidental ingestion of surface soil. The inhalation route was evaluated but not quantified

because no volatile organic compounds were identified as COPCs in subsurface soil.
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Construction Worker. The construction worker represents a shorter-term worker potentially
exposed to total soil as well as surface water and sediment. The following pathways were
evaluated for the construction worker: incidental ingestion and dermal contact with soil,
inhalation of dust, dermal contact with surface water, incidental ingestion of sediment, and

dermal contact with sediment.

Hunter/Venison Consumer. A current hunter was assumed to be exposed to surface soil (via
incidental ingestion and dermally) and ingestion of venison from deer that fed on plants growing
on TNTA surface soil. Also, a young child (ages 1 through 6) venison consumer was assumed to
be exposed via the ingestion of venison taken from TNTA. ILCR and noncancer HI estimates

were performed separately for the adult and child.

Future On-Site Resident. A future on-site resident was assumed to be exposed to total soil,
surface water, and sediment. The following pathways were evaluated for the on-site resident:
incidental ingestion and dermal contact with soil, inhalation of dust, dermal contact with surface
water, and incidental ingestion and dermal contact with sediment. The on-site residential
scenario was evaluated using both an adult and a young child (ages 1 through 6 years). Cancer
risk was estimated as the sum of the risks calculated for the adult and the child. The child was
used for the noncancer evaluation to capture the greater conservativeness of the larger incidental

soil and sediment ingestion rates for the child, when normalized for body weight.

Exposure Point Concentrations. The EPCs are based on reasonable maximum exposure
assumptions (EPA, 1989); either the 95 percent upper confidence limit of the mean or the MDC,
whichever is less, was used (IT, 2001b). The EPC values for the COCs are included in Table 2-1.

2.7.1.3 Toxicity Assessment

The toxicity assessment provides information regarding the type and severity of adverse health
effects that could result from exposure to COPCs and a measure of the dose-response
relationship for each chemical. The dose-response relationships for oral, inhalation, and dermal
toxicity are expressed quantitatively as noncancer chronic reference doses (RfD) and cancer
slope factors (SF). The exception is lead, known to have neurological effects, especially with
respect to developing children. Lead exposure and risk is evaluated based on modeled blood-lead
concentrations. A residential soil concentration of 400 mg/kg was developed based on the model

and used in the HHRA to identify areas which had unacceptably high soil lead concentrations.

RfDs are chemical-specific values that have been developed by EPA for indicating the potential

for adverse noncancer health effects resulting from exposure. RfDs, which are expressed in units
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of milligrams per kilogram of body weight per day (mg/kg-day), are estimates of lifetime daily
exposure levels for humans, including sensitive individuals. SFs are developed by EPA and were
used to estimate excess lifetime cancer risks associated with exposure to potentially carcinogenic
chemicals. SFs, expressed in cancer incidence per mg/kg-day ([mg/kg-day]™"), were used in the
HHRA to provide an upper-bound estimate of the ILCR associated with exposure to
contaminants in TNTA media. A weight-of-evidence classification is placed on each SF by the

EPA’s Carcinogenic Assessment Group, as shown in Table 2-2.

These chemical-specific RfD and SF values were obtained from the EPA Integrated Risk
Information System (IRIS) database (EPA, 2000) or from other EPA sources if no values were
available from IRIS. Target organ information for noncancer effects and additional toxicity
information were likewise obtained from IRIS or other sources if not available on IRIS. Toxicity

values and associated information used in the HHRAs for the COCs are shown in Table 2-2.

2.7.1.4 Risk Characterization

Risk characterization is the process of applying numerical methods and professional judgment to
determine the potential for adverse human health effects to result from exposure to site-specific
contaminants. ILCR and noncancer HI values were calculated separately for each receptor and

exposure scenario.

For carcinogens, risks are generally expressed as the incremental probability of an individual
developing cancer over a lifetime as the result of exposure to the carcinogen. The ILCR
represents the “excess” risk posed by exposure to the specific carcinogen source in question. The
baseline cancer risk for the U.S. population has been estimated at approximately 30 percent.
EPA’s generally acceptable risk range (EPA, 1990; 1991a; 1999) is between 1 x 10 (1 in
10,000) and 1 x 10° (1 in 1,000,000). The Ohio EPA uses a goal of 1 x 10, For the sake of
illustration, if it were assumed that an individual had exactly a 30 percent chance (300,000 in
1,000,000) of developing cancer without a specific exposure, an additional exposure at an ILCR
of 1 x 107 (1 in 100,000) would result in an overall cancer risk of 300,010 in 1,000,000.

The ILCR is calculated from the following equation:

ILCR =CDI x SF Eq.1
where:

ILCR = incremental lifetime cancer risk of an individual developing cancer over a
lifetime (unitless)
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CDI
SF

chronic daily intake averaged over a 70-year lifetime (mg/kg-day)
slope factor ([mg/kg-day]™).

The potential for noncancer effects is evaluated by comparing an exposure level over a specified
time period (e.g., 30 years) with an RfD appropriate for that time period (i.e., chronic). An RfD
is the threshold level at which one could be exposed and not suffer any deleterious effect. The
ratio of exposure to the RfD is the hazard quotient (HQ). The HQ values were calculated for
PBOW as follows:

HQ = CDI/R{D Eq.2

where:

HQ noncancer hazard quotient
CDI = chronic daily intake (mg/kg-day)
RfD chronic reference dose.

Thus, a CDI less than the RfD results in an HQ of less than 1. The HI is calculated by adding the
HQ values of the COCs that affect the same target organ in a given environmental medium (e.g.,
soil) or across all media to which an individual is assumed to be exposed. An HI of less than or
equal to 1 indicates that adverse noncancer effects are unlikely to occur; an HI exceeding 1

indicates that adverse effects may potentially occur.

The following paragraphs summarize the risks associated with the COCs for the various
receptors to surface soil and total soil, which were the predominant contributors to the ILCR and
HI for the respective receptors. Risk characterization results for the COCs are presented in
Tables 2-3 through 2-8. Overall HHRA results for the various receptors, including all COPCs,

are summarized in Table 2-9.

Surface Soil. The site-related total ILCR for all receptors are less than the Ohio EPA ILCR
goal of 1 x 10 (refer to Section 2.8.2 for discussion of the ILCR goal). These include the
groundskeeper (6 % 107), indoor worker (3 x 10°®), hunter (4 x 107), and child venison consumer
(2 x 10™®) (Tables 2-3 through 2-6, respectively). Similarly, the total HI for the groundskeeper
(0.6), indoor worker (0.3), hunter (0.03) and child venison consumer (de minimis; no COPCs
identified) are all less than the HI goal of 1.

Total Soil. The site-related total ILCR (4 x 10™) from all construction worker exposure
pathways to total soil exceeds the 1 x 10 Ohio EPA goal, and the total HI (60) exceeds the

acceptable value of 1 (Table 2-7). The COCs that contribute most to the ILCR values (via
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potential ingestion and dermal exposure) are 2,4-DNT (2 x 10™) and 2,6-DNT (2 x 10™). The
COC:s that contribute most to the HI values (via potential ingestion and dermal exposure) are
2,6-DNT (38), 2,4-DNT (17), TNT (2), and 2-ADNT (2).

The site-related total ILCR (3 x 107%) and the site-related total HI (219) for potential exposures of
a future on-site resident to total soil pathways exceed the Ohio EPA cancer risk goal of 1 x 107
and HI goal of 1 (Table 2-8). Both the ILCR and HI are associated with the potential oral and
dermal exposures to total soil. The COCs that contribute most to the cancer risk are 2,4-DNT

(1 x 107%), 2,6-DNT (1 x 10?), and Aroclor 1260 (2 x 10™*). The HI is primarily associated with
2,6-DNT (139), 2,4-DNT (60), TNT (8), 2-ADNT (8), and 4-ADNT (2).

Sediment. No COCs were identified for TNTA sediment, which was found to present de
minimis risk levels.

Surface Water. No COCs were identified for TNTA surface water, which was found to present
de minimis risk levels.

Uncertainty Analysis. Numerous uncertainties, many of which are difficult to quantify, exist
throughout the risk assessment process and may affect the ILCR and HI estimates. An
uncertainty of high relevance for TNTA risk estimates is the degree to which the EPC values
used in the HHRA represent actual site conditions. EPA guidance states that the EPC should be
based on a conservative estimate of the arithmetic mean concentration (EPA, 1989). However, in
accordance with the agreed statistical approach used for TNTA and based on the nature of the
data sets, the MDC values were used as the EPCs for most of the COCs. For example, the
maximum 2,6-DNT concentration in surface soil (10,274 mg/kg) was used as the EPC (due to
the undefined data distribution), while the arithmetic mean concentration was 441 mg/kg. This
estimate of central tendency is 23 times lower than the maximum concentration and suggests that

using the maximum concentration is overly conservative.

Another related issue of uncertainty is the number of soil samples collected as laboratory data
versus those collected as screening data. A total of 430 screening samples were collected;
however, these were not of definitive quality that can be used for risk assessment. Therefore, the
HHRA was based only on the results of 49 confirmation samples. It is noted that the number of
samples used in the HHRA does not affect the derivation of RGs (Section 2.8.1), and the
screening sample concentrations were conservatively used in determining the extent of

contamination and estimation of remediation volumes (Section 2.5.3).
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2.7.2 Ecological Risk Summary

An ERA, composed of a screening-level ecological risk assessment (SLERA) and baseline
ecological risk assessment (BERA), was performed for TNTA (IT, 2001c). A SLERA is
composed of two main parts: the ecological site description and the selection of chemicals of
potential ecological concern (COPEC). The TNTA SLERA was performed to determine whether
contamination associated with a site may possibly adversely affect ecological receptors, based on
screening assumptions, and necessitate a BERA. Results of the TNTA SLERA indicated that a
BERA was necessary; therefore, a BERA was subsequently conducted. The BERA takes the
COPECs forward through the following ERA steps: exposure assessment, ecological effects
assessment, and ecological risk characterization. The results of the ERA are summarized below
following the EPA (1999) Record of Decision guidance format.

2.7.2.1 Identification of COPECs

COPECs were selected based on frequency of detection and a comparison to risk-based
screening ecological toxicity values for soil, surface water, and sediment. COPECs, as identified
for the various media, are presented in Tables 2-10 through 2-13. COCs were not formally
identified based on ecological risks, but COCs identified on the basis of human health risks were
also found to be among the major risk drivers for ecological risks. The beneficial ecological
implications of remediating based on these human health COCs are discussed in Section 2.7.3

and further presented in Section 2.8.1.

2.7.2.2 Ecological Exposure Assessment

The exposure assessment provides an estimate of the nature, extent, and magnitude of potential
exposure of assessment receptors to COPECs that are present at or migrating from the site,
considering both current and reasonably plausible future use of the site. The assessment receptors
are based on the types of habitat and wildlife present at the site, as well as other site conditions

that together are used to determine potential exposure pathways.

Ecological Exposure Setting. TNTA is composed of upland moderate and early old field,
early shrub thicket, moderate forest, emergent wetland, and scrub/shrub wetland vegetative
communities. Mammalian, avian, and herptilian wildlife species have been identified at PBOW,
some of which are expected to be present and/or have been observed at TNTA. Areas east of
TNTA are primarily old field and shrub, to the south and west are primarily forested, and to the
north are early shrub thicket. Surface water on the northern side of TNTA drains to ditches that

are tributaries to Lindsley Ditch, which flows to the north of the site and eventually into Plum
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Brook. Surface water in the southwest part of TNTA flows south, turns east, and eventually
drains into Lindsley Ditch. No federally listed threatened or endangered species are found in the
vicinity of PBOW. One Ohio plant species (bayberry — Myrica pensylvanica) listed as
endangered and one Ohio plant species (fringed gentian — Gentianopsis crinita) listed as
potentially threatened were found just south of the unnamed tributary to Lindsley Ditch (Figure
2-3). The status of these plants is listed in the Rare Native Ohio Plant Status List (Ohio
Department of Natural Resources, 2010). This location includes only the extreme northern
perimeter of TNTA in the eastern portion of the site and the adjacent off-site area (Figure 2-3).
No other rare, threatened, or endangered animals or plants have been observed at TNTA. Given
the nature of the surface waters at the site, they are not likely to support significant populations
of forage fish due to their shallow depth and intermittent nature. However, they do provide a

source of water for terrestrial animals.

Exposure Pathways. Exposure pathways consist of four primary components: source and
mechanism of contaminant release, transport medium, potential receptors, and exposure route. A
chemical may also be transferred between several intermediate media before reaching the
potential receptor. If any of these components are not complete, then the exposure pathway is
incomplete, and the contaminants in those media do not constitute an environmental risk at that
specific site. TNTA soil, surface water, and sediment exposure pathways are all regarded as

complete.

Ecological Receptors. Site biota are organized into major functional groups. For terrestrial
communities, the major groups are plants and wildlife, including terrestrial invertebrates,
mammals, and birds. For aquatic and/or wetland communities, the major groups are flora and
fauna, including vertebrates (water fowl and fish), aquatic invertebrates, and wetland/terrestrial
mammals. Species presence at the sites was determined during a literature review and site

reconnaissance prior to identification of target indicator receptor species.

The following seven indicator receptor species were selected to evaluate the potential terrestrial
effects for TNTA soil COPECs:

e Deer mouse (Peromyscus maniculatus) (small, omnivorous mammal)

e Short-tailed shrew (Blarina brevicauda) (small, insectivorous mammal)

o Eastern cottontail rabbit (Sylvilagus floridanus) (medium-sized herbivorous mammal)
e Marsh wren (Cistothorus palustris) (small insectivorous bird)

e White-tailed deer (Odocoileus virginianus) (large herbivorous mammal)

e Raccoon (Procyon lotor) (medium-sized omnivorous mammal)

e Red-tailed hawk (Buteo jamaicensis) (large, carnivorous bird).
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Potential impacts to terrestrial plants are considered qualitatively in the risk characterization.

The following two indicator receptor species were selected to evaluate the potential aquatic
effects for TNTA surface water and sediment COPECs:

e Raccoon (Procyon lotor) (medium-sized omnivorous mammal)
e Mallard duck (Anas platyrhynchos) (medium-sized aquatic omnivorous bird).

Potential effects to macroinvertebrates and phytoplankton (algae) were assessed qualitatively in
the risk characterization, using available surface water and sediment quality criteria for the
protection of aquatic life. Terrestrial and aquatic food web diagrams for the above receptors are

provided as Figures 2-9 and 2-10, respectively.

Exposure Routes. Ecological routes of exposure for biota may be direct or indirect. Direct
exposure routes include dermal contact, absorption, inhalation, and ingestion. Examples of direct
exposure include animals incidentally ingesting contaminated soil or sediment (e.g., during
burrowing or dust-bathing activities), animals ingesting surface water, plants absorbing
contaminants by uptake from contaminated sediment or soil, and the dermal contact of aquatic
organisms with contaminated surface water or sediment. Indirect exposure occurs when one
animal ingests (preys upon) another organism that has assimilated COPEC concentrations in its
tissues. The exposure levels experienced by the receptor depend on the concentrations of the
COPEC:s in the affected environmental media, concentrations in the prey items, and the

ingestion/uptake rates of these items into the receptor.

For terrestrial faunal receptors, the calculation of exposure levels relies upon determination of an
organism's direct and indirect exposure to COPECs found in surface water and soil. Direct
exposure estimates for terrestrial wildlife receptors in the TNTA ERA were based solely upon
ingestion of contaminants from these media. Indirect exposure estimates for terrestrial receptors
were based on consumption of other organisms. Indirect exposure was calculated using
bioaccumulation factors (BAF) or transfer factors. BAFs and transfer factors are chemical-
specific factors derived to estimate the relative concentration of a COPEC based on initial
concentration of an environmental medium or prey item. Exposure concentrations to the target
receptor can then be estimated based on the tissue concentrations of its prey items. Two different
soil depths were used to evaluate direct and indirect exposure. A soil of depth of 0 to 1 foot bgs
was used for direct exposure to nonburrowing animals, and a soil depth of 0 to 6 feet bgs was

used for direct exposure to burrowing animals, exposure to plants, and indirect food-chain
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exposure.

For aquatic faunal receptors (i.e., the raccoon and mallard), the calculation of exposure levels
depends on the COPEC concentrations in surface water and sediment and COPEC concentrations
in prey items. Estimated surface water and sediment ingestion rates were used to determine
direct exposure levels for these receptors. BAFs were used to calculate concentrations in prey
items based on concentrations of COPECs in sediment and surface water, and indirect exposure
levels from food-chain exposure were calculated using these BAFs in conjunction with estimated
plant and invertebrate ingestion rates. For benthic species exposed to organic COPECs in
sediment, calculations were performed to quantify pore water contaminant concentrations based
on the measured sediment concentration. Because exposure to benthic organisms usually occurs
as the result of their intensive contact with pore water, direct exposure was evaluated using pore

water concentrations derived from the measured sediment COPEC concentrations.

2.7.2.3 Ecological Effects Assessment

The ecological effects assessment includes the identification of assessment and measurement
endpoints. The assessment endpoints for TNTA are stated as “the protection of long-term
survival and reproductive capabilities for terrestrial invertebrates, herbivorous mammals,
omnivorous mammals, insectivorous mammals and birds, carnivorous birds, benthic

invertebrates, omnivorous aquatic mammals, and omnivorous aquatic birds.”

Measurement endpoints are frequently numerical expressions of observations (e.g., toxicity test
results or community diversity indices) that can be compared statistically to detect adverse
responses to a site contaminant (EPA, 1997a). In the TNTA ERA, appropriate benchmark values
were selected and reference toxicity values (RTV) were developed as measurement endpoints.

The RTVs derived for TNTA focus on the growth, survival, and reproduction of species and/or
populations and provide a reference point for the comparison of toxicological effects upon
exposure to a contaminant. TNTA RTVs were based on either a no-observed-adverse-effects
level (NOAEL) or a value estimated to approximate a NOAEL. The NOAEL is a dose of each
COPEC that produces no known adverse effects in the test species. In addition, the lowest-
observed-adverse-effects level (LOAEL) may be used as a point of comparison for risk
management decision making, or may be used to derive an estimated NOAEL when an
appropriate NOAEL has not been otherwise identified. In the ERA, both NOAEL-based and
LOAEL-based RTVs were derived. Other values, such as the dose at which 50 percent of test
organisms died (LDsp), were used when NOAEL or LOAEL values were not available. The
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hierarchy for toxicity values used in deriving NOAEL-based RTVs in the BERA were as
follows:

e Appropriate NOAEL
o Estimated NOAEL derived from an appropriate LOAEL (LOAEL divided by 10)
e Estimated NOAEL derived from an appropriate LDsy (LDso divided by 100).

To calculate a LOAEL-based RTV, the NOAEL (or estimated NOAEL) was scaled to body
weight (mammalian receptors only), and adjusted for the degree of relatedness between the test
species and indicator receptor species and duration of the study. In cases where data are
unavailable for a site-related COPEC, toxicological information for surrogate chemicals was
used. Similarly, LOAEL-based RTVs were developed as points of comparison. LOAEL toxicity
values used for LOAEL-based RTVs were as follows:

e Appropriate LOAEL
o Estimated LOAEL derived from an appropriate NOAEL (NOAEL multiplied by 10)
e Estimated LOAEL derived from an appropriate LDs (LDso divided by 10).

2.7.2.4 Ecological Risk Characterization

The risk characterization integrates information on exposure and effects of the COPECs on the
receptor populations. Potential adverse affects to terrestrial plants were qualitatively assessed by
comparing COPEC concentrations to plant toxicity benchmarks. Potential adverse impacts to
aquatic biota were qualitatively assessed by comparing surface water and sediment COPEC
concentrations to respective surface water and sediment quality criteria for the protection of
aquatic life. Ecological hazard quotients (EHQ) for terrestrial and aquatic wildlife were
calculated in the predictive assessment by dividing the receptor exposure rate by the RTV for

each contaminant.

Terrestrial Plant Impact Assessment. Screening benchmarks were exceeded by three
COPECS: TNT, lead, and zinc (Table 2-14). Each of these constituents exceeded the respective
screening criteria at several building area locations. However, no vegetative stress was found
associated with any of the locations associated with exceedances, and TNTA soil zinc

concentrations were consistent with those of background soil.

Aquatic Biota Surface Water Assessment. Although several of the COPECs had
maximum concentrations that exceeded some of the surface water benchmark values, the limited
and temporal nature of the aquatic habitat reduces the concern for potential impact to aquatic
biota. Surface water COPEC concentrations for aluminum, barium, cadmium, calcium, cobalt,

copper, iron, manganese, silver, zinc, and carbon disulfide exceeded some or all of the available
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benchmarks for the protection of aquatic life (Table 2-15). As up to four different benchmarks
are used for the surface water assessment, a weight-of-evidence approach was taken; the
observation that only aluminum, iron, and silver exceeded more than one of the benchmarks
further reduces concern for potential ecological impacts. The limited number of surface water
samples collected at TNTA resulted in the MDC for each of the inorganics being used as the
source-term concentration in these comparisons, resulting in likely overestimates of ecological

hazard.

Aquatic Biota Sediment Assessment. With respect to sediment, only the COPEC
concentrations for lead and nickel exceeded three or more of the six ecological screening values
(Table 2-16). Again, it is noted that aquatic conditions at TNTA are temporal and do not
constitute a major habitat type, lessening the concern for ecological impacts associated with both

surface water and sediment.

Predictive Risk Estimation for Terrestrial and Aquatic Wildlife. Quantitative risk
estimations for terrestrial and aquatic wildlife were performed through a series of quantitative
EHQ calculations. EHQs less than or equal to 1 present no probable risk. Generally, HQs
between 1 and 10 present a low potential for environmental effects; EHQs from 10 to 100
present a significant potential that effects could result from exposure; and EHQs of 100 or
greater present the highest potential for expected effects (Wentsel, et al., 1996). It is noted that
the Ohio EPA (2008) considers EHQs greater than 1.0 to be potentially significant.

The simple EHQ ratios were summed to provide conservative ecological hazard index (EHI)
estimates for all chemicals and exposure pathways for a given receptor. Note that for a given
receptor, it is scientifically defensible to sum only EHQs for those chemicals that have a similar
mode of toxicological action. The summation of EHQs into an EHI was performed, in part, to
determine whether or not individual COPEC EHQs should be segregated by mode of
toxicological action.

Conservative NOAEL-based/LOAEL-based EHIs for terrestrial receptors at TNTA were as
follows (Table 2-17):

e 812/101 for the deer mouse

o 189/38 for the cottontail rabbit
o 848/92 for the shrew

e 1,420/148 for the marsh wren
e 751/92 for the raccoon
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o 42/8 for the white-tailed deer
e 6/0.6 for the red-tailed hawk.

For each of the seven terrestrial receptors, a majority of the potential ecological risk was
associated with soil COPECs. TNTA soil risk drivers, listed in general decreasing order, are
Aroclor 1260, TNT, and lead.

Even though the predictive estimates also showed calcium to be a potential risk driver, the ERA
states that because calcium is a naturally occurring plant and animal macronutrient, it is unlikely
that calcium at the detected concentrations is truly a potential risk driver. Refer to Table 2-17 for
further information on terrestrial receptors and the corresponding risk drivers. Ingestion of
surface water added little potential risk to terrestrial receptors, although aluminum added a
LOAEL-based EHI of 2 to the deer.

NOAEL-based EHI values for aquatic receptors exposed to TNTA surface water and sediment
are 51 for the mallard and 86 for the raccoon; the respective LOAEL-based HI values are 6 and
10 for these receptors (Table 2-18). Virtually all of estimated risks for the mallard and raccoon
are associated with exposure to sediment. Note that both terrestrial and aquatic (i.e., sediment)
hazards have been estimated for the raccoon, as this receptor exhibits a combined terrestrial and
aquatic lifestyle; EHI values for the terrestrial and aquatic pathways may be summed for this
receptor. Sediment risk drivers, listed in general decreasing order of concern, are Aroclor 1260,
TNT, and 2-ADNT. The ingestion of benthic invertebrates was the exposure pathway resulting in

greatest potential ecological hazard to the raccoon and mallard.

Uncertainty Analysis. The results of the ERA are influenced to some degree by variability
and uncertainty. The uncertainty within the risk analysis can be reduced by using species-specific
and site-specific data, but detailed media, prey, and receptor field studies needed to obtain such
information are not cost effective. Because assessment criteria were developed based on
conservative assumptions, the results of the screening and predictive assessments are biased

toward overestimating rather than underestimating risks.

Species physiology, feeding patterns, and nesting behavior are poorly predictable; therefore, all
toxicity information derived from toxicity testing, field studies, or observation have substantial
associated uncertainties. Laboratory studies conducted to obtain site-specific, measured
information may have limited relevance to the actual exposure and uptake conditions on site; that

is, bioavailability, exposure, assimilation, and certain other parameters are generally greater
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under laboratory conditions as compared to field conditions.

Some of the other issues thought to contribute most heavily to uncertainty are the following:

e Assuming that COPECs are 100 percent bioavailable

o Using laboratory-derived or empirically estimated partitioning and transfer factors to
predict COPEC concentrations in plants, invertebrates, and sediment pore water

o Using octanol-water partition values without adjustment to estimate
macroinvertebrate bioconcentration factors for organic COPECs.

Other specific uncertainties likely to contribute to an overestimate of risks include assumptions
regarding the maximum COPEC concentrations used in the ERA and specific RTVs. For
example, the maximum TNT concentration in total soil (530 mg/kg) was used as the source-term
concentration (due to the undefined data distribution), while the arithmetic mean concentration
was 44 mg/kg. This estimate of central tendency is 12 times lower than the mean concentration
and suggests that use of the MDC is overly conservative for the estimation of central tendency
and likely introduces a corresponding high bias to estimates of risk. Also, the MDCs of
numerous COPECSs in surface water and sediment were used as the risk characterization source-
term concentrations due to the limited number of samples. The use of the maximum values in
these small data sets generally tends to introduce a high bias to the predictive risk estimates,

although for specific chemical data sets that may not necessarily be the case.

2.7.3 Discussion of Human Health and Ecological Risk Results

Site-related HI values exceeding the goal of 1 and ILCR values exceeding the goal of 1 x 10~ are
associated with exposure to TNTA total soil exposure under the construction worker and future
on-site resident scenarios. Therefore, human health COCs were identified and human health-
based RGs (see Section 2.8.1) were developed for COCs in total soil considering these scenarios.
Specifically, the RGs were derived based on potential residential exposure as the resident is the
most health-protective receptor. Exposure to surface soil under current use worker
(groundskeeper and indoor worker) and hunter scenarios resulted in risk and hazard estimates
that are less than the respective goals; thus, no human health COCs were identified specifically
for surface soil. Neither were human health COCs identified for surface water or sediment,
because the risks and hazards associated with these media did not exceed the HI and ILCR goals,
nor did they contribute appreciably to overall risks and hazards. Please note that COPC screening
(Section 2.7.1.2) and risk evaluation, as applicable, were duly performed for all chemicals

detected in all media, but that COCs were identified only for total soil.
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A weight-of-evidence approach was used to interpret the findings of the ERA. Soil COPEC
impacts to terrestrial plants were determined to be generally insignificant. Terrestrial receptors
were predicted to incur elevated EHIs, especially due to exposure to TNT, Aroclor 1260, and
lead in soil and to aluminum in surface water. However, considerable uncertainty is associated

with the ecological hazard estimates for terrestrial receptors.

Aquatic macroreceptors (raccoon and ducks) are predicted to have elevated hazards, primarily
from exposure to TNT, Aroclor 1260, and 2-ADNT in prey items. It is noted that COPEC
concentrations were based on the MDCs, instead of a more appropriate statistical value reflecting
an estimated average concentration, because of limited sample size. Also, limited aquatic habitat
quantity and quality at the site reduces the concern for impact to aquatic biota, and there is
considerable uncertainty associated with toxicity and estimates of concentrations in aquatic

insects that are prey items assumed to be contaminated through contact with sediment.

As presented in Section 2.8.1, remedial action objectives (RAO) have been developed for soil in
the FFS based on human health risks. Meeting the RAOs will consist of attaining human health-
based RG concentrations throughout TNTA. Because of uncertainties associated with ecological
toxicity, the fact that no areas of stressed vegetation have been observed, and the assessment that
human health-based RGs adequately address ecological concerns, RAOs based specifically on
ecological risk were not recommended in the ERA or FFS for soil. The major risk drivers for
terrestrial ecological risks also are predominant with respect to human health risks; therefore, the
attainment of RG concentrations for human health COCs will substantially reduce the estimates

of terrestrial ecological hazard. These reductions are further discussed in Section 2.8.1.

In conclusion, by implementing the soil response action to meet human health-based RGs, it is
expected that residual COCs at TNTA will be at soil concentrations that are protective of the
environment. Based on human health and ecological considerations, no remediation is required

for sediment or surface water.

2.7.4 Basis for Action

The response action selected in this Decision Document is necessary to protect the public health
and the environment from actual or threatened releases of 1) hazardous substances into the
environment, and 2) pollutants or contaminants from the site which may present an imminent

and substantial endangerment to public health or welfare.
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2.8 Remedial Action Objectives

The RAO identified in the TNTA FFS is as follows: prevention of human exposure via any
exposure route (ingestion, inhalation, or dermal contact) to site soil containing any of the nine
COCs (Table 2-19) at concentrations that exceed RGs.

The soil RGs were derived assuming future unrestricted land use. This assumption is appropriate
because the area surrounding the former PBOW facility is rural and residential. This is consistent
with the remedial objectives of other PBOW sites that have been remediated by the USACE.
Also, it is consistent with the cleanup goals used for PBOW sites remediated by NASA. The

derivations of the RGs for soil are described in Section 2.8.1.

2.8.1 Soil Remedial Goals

RGs for nitroaromatics, including 2-ADNT, 4-ADNT, 2,4-DNT, 2,6-DNT, TNT, 2-nitrotoluene,
and 4-nitrotoluene, are risk-based values using the residential scenario and chemical-specific
values from the HHRA. A chemical-specific, risk-based value of 1 mg/kg was selected as the RG
for Aroclor 1260, based on unrestricted use. It is noted that while this RG is risk-based, an
applicable requirement of 50 mg/kg also exists for PCBs (CFR 761.61(a)(5)(1)(B)(2)(iii), as
discussed in Section 2.9. The RG for lead (400 mg/kg) was based on the to be considered
criterion EPA (1998) residential screening level, which accurately represents acceptable risk-
based levels as indicated in the HHRA. RG values for soil are presented for the COCs in Table
2-19.

As discussed in Section 2.7.3, no COCs were identified and no RAOs were developed
specifically for ecological receptors. The major risk drivers for human health risks include those
that drive the potential for adverse ecological effects; therefore, it is anticipated that remediation
to human health-based RGs will also substantially reduce the potential ecological hazards to a
level protective of all ecological receptors. Following remediation which attains human health-
based RG concentrations, estimated potential ecological hazards will be greatly reduced; most
dramatically, for the rabbit, ecological hazard estimates associated with TNT are expected to be
reduced over 3,000-fold (Table 2-20).

2.8.2 Use of the Remedial Goals

The TNTA RGs are used for three purposes: 1) identify and estimate the extent of areas to be
remediated prior to the commencement of remediation efforts, 2) determine the limits of
excavation during confirmation sampling, and 3) determine whether a given batch of treated

material may be placed on site.
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The RGs were used as criteria for the purpose of identifying areas at TNTA requiring soil
remediation. They will also be used statistically during excavation and confirmation sampling as
part of a risk-based approach to aid in determining whether additional soil removal is required.
This will involve the averaging of samples from each excavation and comparing the analytical
results to the respective RGs. The exceedance of an individual RG for nitroaromatic COCs will
be acceptable for an area of an excavation as long as the overall PBOW 1 x 10~ cancer risk goal
(ILCR<I x 10) and noncancer hazard goal (HI<1) are not exceeded by the summed ILCR and
summed HI of all nitroaromatic COCs for the area represented by those samples. A cancer risk
goal of 1 x 10” was selected for remediation at PBOW, as this is the logarithmic midpoint of the
1 x10°to 1 x 10 cancer risk management range under CERCLA. It is noted that the State of
Ohio recognizes a risk-based cleanup goal of 1 x 10, but the Army recognizes the CERCLA
risk management range. Also, for selected Remedial Alternative 5 (Section 2.9), which is the
only alternative that may include on-site placement of materials treated for nitroaromatrics, the
RGs will be used to make determinations as to when materials have been adequately treated.
Even if an individual RG is exceeded for a batch of treated material, the material may be placed
on site as long as the average concentrations for the batch do not exceed the overall PBOW risk
goals (i.e., ILCR<1 x 107 and HI<1). The health effects of lead are evaluated separately from
those of other chemicals. Therefore, the comparison of lead concentrations in confirmation
samples to the lead RG (400 mg/kg) does not consider the summed cancer risks or noncancer
hazards of other COCs, and the cleanup for lead is met when the average concentration of lead
for an excavation does not exceed 400 mg/kg. Similarly, the cleanup goal for Aroclor 1260 is
met when the average concentration for an excavation does not exceed its RG. Because
Remedial Alternative 5 is not intended to treat lead or PCBs for on-site placement, the RGs for
lead and Aroclor 1260 are not used to determine post-treatment suitability for on-site placement

of treated materials.

As described in the previous paragraph, the remedial efforts will use the RGs as part of a risk-
based approach which results in a remediation that achieves the PBOW risk goals (i.e., ILCR<1
x 107 and HI<1). This approach considers additive noncancer effects of nitroaromatics and
additive carcinogenic effects, such that even if all COCs were hypothetically present at their
respective RGs, the PBOW risk goals would not be exceeded. Although the TNTA soil
remediation is designed using overall site risks focused on the PBOW cancer and noncancer risk
goals, CERCLA and the NCP require that not-to-exceed cleanup values be developed. Therefore,
to satisfy the CERCLA/NCP requirement, not-to-exceed cleanup levels are also included in
Table 2-19. These not-to-exceed values were derived using the RGs, the PBOW risk goals (i.e.,
ILCR<I1 x 10” and HI<1), and the following hypothetical scenarios: 1) For each COC, it is
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assumed that COC is the only COC present within the area being remediated; 2) post-excavation
confirmation samples are collected from each of four sidewalls and the excavation floor (total of
five samples), with four of these being nondetect and the fifth being detected at a concentration
that, when averaged with the other four samples, does not exceed the PBOW risk goals (i.e.,
ILCR<I x 107 and HI<1). It is emphasized that these not-to-exceed cleanup values are included
to meet the CERCLA/NCP requirement and that that cleanup will be based on use of the RGs
and the PBOW overall ILCR (<1 x 10®) and HI (<1), including cumulative risks and hazards.
Thus, this remediation approach is designed to achieve the PBOW goals and will comply with
the requirements of CERCLA and the NCP.

2.9 Description of Alternatives
A total of 18 building areas were identified that require remediation, as they each had at least one
COC present at a concentration that exceeds its RG level. These building areas and the specific

areas within them requiring remediation are depicted on Figure 2-7.

Five alternatives were initially evaluated in the FFS to mitigate risks associated with TNTA soil
in these areas. Subsequent to the final submittal of the TNTA FS, remediation efforts were begun
and completed at TNTB and the PRRWP Area. During the course of that remedial effort,
specific implementation and cost information was obtained that was not available at the time of
the TNTA FFS submittal. Therefore, the USACE determined that an addendum to the FFS

should be submitted to accomplish the following:

e Screen new remedial technologies that have been developed since the October 2003
FFS.

o Revise the technology screening and development of remedial alternatives to include
new information about technologies that have been implemented in recent remedial
actions at other areas of PBOW.

e Revise the costs.

e Revise the comparative analysis of remedial alternatives.

This addendum was completed in August 2009 (Shaw, 2009a). The following five remediation
alternatives were evaluated in the FFS Addendum for TNTA:

e Alternative 1 — No Action

e Alternative 2 — Excavation, Windrow Composting, and Off-Site Disposal
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e Alternative 3 — Excavation and Off-Site Treatment/Disposal

e Alternative 4 — Excavation, Windrow Composting, Ex Situ Chemical Stabilization,
and Off-Site Disposal

e Alternative 5 — Excavation, Alkaline Hydrolysis, Windrow Composting, Ex Situ
Chemical Stabilization, and Off-Site Disposal/On-Site Placement.

Each of the four action-based alternatives, Alternatives 2 through 5, require the excavation of an
estimated 17,157 cy of contaminated soil from the locations shown on Figure 2-7. Of this, an
estimated 12,380 cy will be disposed of without treatment at an appropriate nonhazardous solid
waste landfill. Landfills used for the disposal of nonhazardous soil in Alternatives 2 through 5
must be approved in advance by the EPA as appropriate facilities to receive CERCLA waste (40
CFR 300.440); the Ohio EPA will also be consulted. The remaining 4,777 cy are anticipated to
be a characteristic hazardous waste based on toxicity as determined by toxicity characteristic
leaching procedure (TCLP) testing and/or are anticipated to be a TSCA remediation waste. The
TSCA remediation waste will not be treated prior to disposal at a TSCA transportation, storage,
and disposal facility (TSDF). Approximately 119 cy of material are anticipated to be a TSCA-
regulated waste under 40 CFR 761.61(a)(5)(1)(B)(2)(iii1), with a PCB concentration exceeding 50
mg/kg. These 119 cy of material are also expected to be hazardous with respect to 2,4-DNT, and
approximately half of this material (60 cy) is expected to be hazardous based on lead
concentrations. Apart from the TSCA-regulated material, the hazardous material will require
treatment prior to disposal at a nonhazardous waste landfill (Alternatives 2 through 5) or on-site
placement (Alternative 5). Approximately 3,803 cy of this contaminated non-TSCA-regulated
soil are estimated to be hazardous prior to treatment based on elevated 2,4-DNT concentrations,
and 1,339 cy are estimated to be hazardous based on elevated soil lead concentrations.
Approximately 544 cy of the high-lead soil are also expected to contain concentrations of 2,4-
DNT sufficiently high to require treatment. The estimated volumes of hazardous soil were
calculated using the “20 times rule.” The 20 times rule calculation is made based on the mass of
TCLP solution used in an analysis being equal to 20 times the mass of the soil sample. Thus, the
theoretical maximum TCLP concentration (in milligrams per liter) is assumed to equal 1/20"™ the
concentration (in mg/kg) that was present in the original soil sample. The application of the 20
times rule to estimate volumes of hazardous soil is a conservative approach, and the actual

volumes of hazardous soil could be less.
The technologies associated with Alternatives 2 through 5 are not designed to treat PCBs.

Generally, areas with PCB concentrations that exceed RGs in TNTA soil are collocated with

elevated nitroaromatics concentrations. Where this is the case, the nitroaromatic- and PCB-
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contaminated soil will be treated and disposed of off site at a nonhazardous waste landfill,
provided that land disposal restriction (LDR) criteria are met, unless the PCB-contaminated
material is a TSCA-regulated material (i.e., PCB concentration >50 mg/kg). If areas with
elevated PCB soil concentrations at TNTA are encountered that do not have elevated
nitroaromatics, then this soil will be excavated and disposed of at a nonhazardous waste landfill

without treatment, again provided that LDR criteria are met.

No applicable or relevant and appropriate requirements (ARAR) were identified for Alternative 1
since no remedial action is proposed for this alternative. The RCRA staging pile requirements
(40 CFR 264.554) are an ARAR for Alternatives 2 through 5 because soil containing a hazardous
waste may be stockpiled on site for some time period during remedial action. The PCB
regulation at 40 CFR 761 is an ARAR for Alternatives 2 through 5 because PCBs have been
detected in soil at TNTA at a concentration > 50 parts per million within the proposed areas of
excavation. The PCB regulation defines a PCB remediation waste as a waste (e.g., soil) with
concentrations of PCBs > 50 parts per million that was disposed prior to April 18, 1978. The
alternative LDR treatment standards for contaminated soil (40 CFR 268.49) are an ARAR for
Alternative 5 because this alternative may involve placement of soil that was treated to remove a
hazardous waste back on site. The alternative LDR treatment standards for contaminated soil
only apply to excavated soil that was characterized as containing a hazardous waste at the time
the soil was excavated. The LDR requirements would not apply to the treated soil if it remained
within the contiguous area of contamination between the time it was excavated and placed back

on site.

The extent of soil excavation needed to attain RAOs will be confirmed in the field by sampling
and analysis of the excavation sidewalls. Additional soil excavation may be required laterally if
indicated by a comparison of the confirmation samples to the RGs and the PBOW cancer risk
goal (<1 x107), which is within the NCP 1 x 10 to 1 x 10 risk management range, and the
PBOW noncancer HI goal (<1). Section 2.8.2 provides further detail concerning selection of the
risk goals and presents further description of the use of RGs during excavation. The need for
additional removal of soil vertically is not anticipated, as the estimated depths of virtually all of
the excavations are expected to extend to either bedrock or the water table, whichever is
encountered first. If exceedances of the RGs and the PBOW cancer risk and noncancer HI goals
are encountered in samples collected from the floor of an excavation at a depth that is less than
the top of bedrock (competent shale) or the top of the water table, additional soil will be removed
until one of the following is encountered or attained: 1) the water table, 2) the top of bedrock, 3)
a depth of 10 feet bgs, or 4) average soil concentrations from the excavation floor meet the target
PBOW cancer risk goal of 1 x 10 and noncancer risk goal equal to an HI of 1. Characterization
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of the excavated soil as hazardous or nonhazardous waste will be confirmed by TCLP analysis

prior to disposal.

As described in the ecological risk characterization (Section 2.7.2.4), one Ohio endangered plant
species (bayberry — Myrica pensylvanica) was found in the extreme northern perimeter of TNTA
in the eastern portion of the site and the adjacent off-site area (Figure 2-7). Prior to the
implementation of Alternatives 2 through 5, a vegetation survey will be conducted in this area
within TNTA. If these species are found to be growing within the areas identified as requiring
remedial activities, the USACE will advise and coordinate with the Ohio EPA to develop an
appropriate remedial strategy that minimizes impacts to these species. If these species are found
within TNTA but not within the areas identified as requiring remediation, measures will be taken

as appropriate to ensure that remedial activities do not impact these species.

Alternative 1 — No Action. A no-action alternative is carried forward as required by the NCP
(40 CFR 300.430[¢e][6]). Under this alternative, no remedial action or monitoring would be
conducted for contaminated soil at the site. This alternative fails to meet the RAOs for soil at the

site.

The following estimated costs and durations are associated with Alternative 1:

Capital Cost: $0 K

Annual Operation and Maintenance Costs: $0 K

Present Worth Cost: $0 K

Time to Implement: 0 Months

Time to Achieve Remedial Action Objectives: (would not be met in the foreseeable future).

Alternative 2 — Excavation, Windrow Composting, and Off-Site Disposal. This
alternative includes the excavation of the contaminated soil from the areas depicted on Figure
2-7, TCLP testing, segregation of the hazardous lead-contaminated soil, segregation of
TSCA-regulated PCB-contaminated material, windrow composting of the soil that is hazardous
due to elevated levels of 2,4-DNT, off-site disposal of the composted materials and untreated
nonhazardous soil at a nonhazardous solid waste landfill, off-site disposal of the hazardous lead-
contaminated soil at a RCRA hazardous waste TSDF, and off-site disposal of the TSCA-
regulated PCB-contaminated material at a TSCA-approved TSDF.

The excavated soil would be hauled to an outdoor staging area and characterized as hazardous or
nonhazardous using the TCLP test. Materials that passed the TCLP criteria would be hauled to

the Erie County Landfill or other nonhazardous solid waste landfill without treatment. Although
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these materials are characterized as nonhazardous with regard to landfill disposal, they do not
meet remedial goals for on-site placement, as these materials may present a potential

environmental risk or hazard if left on site.

Soil that failed the TCLP testing for 2,4-DNT would be composted at the outdoor composting
areca established for TNTA, until TCLP criteria for 2,4-DNT and alternative LDR treatment
standards for underlying hazardous constituents in contaminated soil were met. This
contaminated soil would be blended with amendments, such as straw and manure, turned
occasionally with a windrow compost turner, and kept moist. The nitroaromatic compounds are
biodegraded and transformed into less toxic and less mobile compounds through a series of
sequential aerobic and anaerobic treatments, which are facilitated by mixing the soil with the

amendments and periodic turning of the compost.

Contaminated soils which failed the TCLP test for lead would be hauled off site to a RCRA
hazardous waste TSDF.

The following estimated costs and durations are associated with Alternative 2:

Capital Cost: $5.2M

Annual Operation and Maintenance Costs: $0

Present Worth Costs: $5.27M

Time to Implement: 18-24 Months

Time to Achieve Remedial Action Objectives: 18-24 Months

Alternative 3 — Excavation and Off-Site Treatment/Disposal. This alternative includes
the excavation of the contaminated soil from the areas depicted on Figure 2-7, TCLP testing,
segregation of soil that is hazardous due to elevated levels of 2,4-DNT and lead, segregation of
TSCA-regulated PCB-contaminated material, off-site disposal of nonhazardous soil at a
nonhazardous solid waste landfill, off-site treatment/disposal of hazardous soil at a RCRA
hazardous waste TSDF, and off-site disposal of the TSCA-regulated PCB-contaminated material
at a TSCA-approved TSDF.

The following estimated costs and durations are associated with Alternative 3:

Capital Cost: $4.7M

Annual Operation and Maintenance Costs: $0

Present Worth Costs: $4.7M

Time to Implement: 12-18 Months

Time to Achieve Remedial Action Objectives: 12-18 Months
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Alternative 4 — Excavation, Windrow Composting, Ex-Situ Chemical Stabilization,
and Off-Site Disposal. This alternative includes the excavation of the contaminated soil from
the areas depicted on Figure 2-7, TCLP testing, windrow composting of hazardous 2,4-DNT-
contaminated soil, segregation of TSCA-regulated PCB-contaminated material, chemical
stabilization of soil that is hazardous due to elevated concentrations of lead, off-site disposal of
the treated and untreated nonhazardous soil at a nonhazardous solid waste landfill, and off-site
disposal of the TSCA-regulated PCB-contaminated material at a TSCA-approved TSDF.

The excavated soil would be hauled to an outdoor staging area and characterized as hazardous or
nonhazardous using the TCLP test. Soil that passed the TCLP test would be hauled to the Erie

County Landfill or other nonhazardous solid waste landfill that can accept the wastes.

Soil contaminated with hazardous levels of both 2,4-DNT and lead would be composted first and
then chemically stabilized. Composting should not interfere with the lead stabilization process as

long as chemical stabilization is performed after composting.

Soil that fails the TCLP test for 2,4-DNT would be composted until TCLP criteria for 2,4-DNT
and alternative LDR treatment standards for underlying hazardous constituents in contaminated
soil were met. During composting, the contaminated soil would be blended with amendments,
such as straw and manure, turned occasionally with a windrow compost turner, and kept moist.
The nitroaromatic compounds are biodegraded and transformed into less toxic and less mobile
compounds through a series of sequential aerobic and anaerobic treatments, which are facilitated

by mixing the soil with the amendments and periodic turning of the compost.

Lead-contaminated soil under this alternative would be chemically stabilized using a reagent
such as MAECTITE® developed by Sevenson Environmental Services, Inc. MAECTITE is a
cost-effective technology because the chemical can be mixed into the soil using an excavator.
This technology has been used successfully in the past at PBOW to stabilize lead-contaminated
soil. After treatment, TCLP testing would be used to confirm that the stabilized material is

nonhazardous for lead.

All treated and nonhazardous untreated soil would be disposed of at a nonhazardous solid waste
landfill after alternative LDR treatment standards for underlying hazardous constituents in

contaminated soil were met.

The following estimated costs and durations are associated with Alternative 4:
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Capital Cost: $5.1M

Annual Operation and Maintenance Costs: $0

Present Worth Costs: $5.1M

Time to Implement: 19-25 Months

Time to Achieve Remedial Action Objectives: 19-25 Months

Alternative 5 — Excavation, Alkaline Hydrolysis, Windrow Composting, Ex Situ
Chemical Stabilization, and Off-Site Disposal/On-Site Placement. This alternative
includes the excavation of the contaminated soil from the areas depicted on Figure 2-7, TCLP
testing, segregation of the hazardous lead-contaminated soil, segregation of TSCA-regulated
PCB-contaminated material, segregation of the hazardous 2,4-DNT-contaminated soil,
segregation of the non-TSCA-regulated PCB-contaminated soil that exceeds the RG, alkaline
hydrolysis or window composting or a combination of both (if necessary), neutralization of the
treated soil (if necessary), chemical stabilization of the lead-contaminated soil (if necessary), oft-
site disposal of the TSCA-regulated PCB-contaminated material at a TSCA-approved TSDF, and
off-site disposal of the nonhazardous untreated soil at a nonhazardous solid waste landfill and
off-site disposal or on-site placement of the treated material. Treated soil that meets RGs, either
without composting or after composting, and that complies with the alternative LDR treatment
standards for underlying hazardous constituents in contaminated soil (provided the soil was hazardous

when generated) would be placed on site rather than disposed of at a landfill.

The excavated soil would be hauled to the outdoor staging area and characterized as hazardous
or nonhazardous using the TCLP test. Materials that pass the TCLP test would be hauled to the

Erie County Landfill or other nonhazardous solid waste landfill.

Soil that fails the TCLP testing for 2,4-DNT would be treated with an alkaline chemical mixture
(e.g., caustic soda and ferric chloride) at a treatment area, which would be established for TNTA,
until TCLP criteria for 2,4-DNT and alternative LDR treatment standards for underlying
hazardous constituents in contaminated soil were met. Chemicals would be mixed into the soil
using an excavator or wheel loader. The nitroaromatics are chemically reacted to less toxic
compounds. Alkaline hydrolysis is effective at treating TNT but is less effective in the treatment
of DNTs. Therefore, if necessary for on-site placement of alkaline-treated soil or to meet TCLP
or LDR criteria, this treated soil would be polished using windrow composting until TCLP/LDR
were met. If RGs were met, the composted material would be placed on site; if RGs were not

met, then the composted material would be disposed of off site.
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Alternatively, composting alone or alkaline hydrolysis alone may be employed rather than a
combination of alkaline hydrolysis and composting. Regardless, RGs would have to be met for

on-site placement.

Soil that fails TCLP for lead would be treated with a stabilization reagent (e.g., MAECTITE) to
immobilize the lead within the soil matrix. After treatment, TCLP testing would be used to
confirm that the stabilized soil is nonhazardous for lead. Treated and nonhazardous untreated soil
would be disposed of at a nonhazardous solid waste landfill. Treatment with the alkaline agent
(caustic soda) may irreversibly bind the lead to soil, even after neutralization. If this is the case,
stabilization would not be required, and the costs associated with this alternative would be

decreased.

The following estimated costs and durations are associated with Alternative 5:

Capital Cost: $4.0M

Annual Operation and Maintenance Costs: $0
Present Worth Costs: $4.0M

Time to Implement: 21-27 Months

Time to Achieve Remedial Action Objectives: 21-27 Months

Alkaline hydrolysis-treated soil may not require the addition of chemicals to neutralize the pH of
treated soil for placement back on site. Alkaline hydrolysis-treated soil at another site was not
chemically neutralized, and the soil pH at this site dropped to near neutral over a period of 3
months while staged on site. If chemical addition is not required for pH neutralization, a further

cost savings may be realized.

2.10 Comparative Analysis of Alternatives

Each of the five soil alternatives was evaluated with respect to the following nine criteria, as
required by the NCP at 40 CFR 300.430 (e)(9)(iii). Criteria 1 and 2 are the threshold criteria,
which must be met, criteria 3 through 7 are the primary balancing criteria, and criteria 8 and 9 are

the modifying criteria.

Threshold Criteria
1. Overall Protectiveness of Human Health and the Environment
2. Compliance with Applicable or Relevant and Appropriate Requirements

Primary Balancing Criteria
3. Long-Term Effectiveness and Permanence
4. Reduction of Toxicity, Mobility, or Volume of Contaminants through Treatment
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5. Short-Term Effectiveness
6. Implementability
7. Cost

Modifying Criteria
8. State Support/Agency Acceptance
9. Community Acceptance.

An analysis of each alternative against these criteria is presented in Table 2-21. A comparison

among the remedial alternatives with respect to these criteria is provided in this section.

Threshold Criteria. Each of the four action-based alternatives (i.e., Alternatives 2 through 5)
meets the threshold criteria for protection of human health and the environment and compliance
with ARARs. Alternative 1, no action, does not meet the threshold criterion for protection of

human health and the environment. Thus, Alternative 1 is not regarded as viable for TNTA and

1s not further discussed in this evaluation of alternatives.

Primary Balancing Criteria. Alternatives 2 through 5 are equally effective in the long term
because the contaminated soil would be treated and/or taken off site; under Alternative 5, the
treated material that meets the RGs would be placed on site. Alternatives 2, 4, and 5 meet the
preference for treatment technologies that result in a reduction in toxicity, mobility, or volume.
Alternative 3 relies only on off-site disposal, although the materials that are the most highly
contaminated may be treated at the RCRA/TSCA TSDF prior to disposal.

Each of the four action-based alternatives could be performed in less than 30 months upon
commencement of field remediation activities. Alternative 3 is estimated to take the shortest time
(12 to 18 months). Alternatives 2, 4, and 5 could all be performed within a similar time frame,
with estimates ranging from 18 to 27 months. Alternatives 2 through 5 can all be carried out
safely without appreciable risk to remediation workers, NASA employees, or nearby residents.
However, it should be noted that Alternative 5 requires the handling of hazardous chemicals
(e.g., caustic soda, ferric chloride). The increased chemical hazards associated with Alternative 5
can be mitigated by implementing the proper chemical storage and material handling procedures
and providing site workers with the appropriate personal protective equipment, safety training,
and supervision. Proper adherence to the safety and health plan would allow for safe

implementation of each alternative.

Each of the alternatives represents a proven technological approach and is regarded as

implementable. Windrow composting, the primary technology for Alternatives 2 and 4 and a
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potential polishing step in Alternative 5, has been used successfully at PBOW sites TNTB and
the PRRWP Area. Alternative 3 is implementable, as it is simply off-site disposal/treatment. One
of the primary technologies for Alternative 5, alkaline hydrolysis, is proven to work on even high

concentrations of nitroaromatics, especially TNT.

Costs of the four action-based alternatives are as follows, from least to most expensive:

e Alternative 5 — $4.0M
e Alternative 3 — $4.7M
e Alternative 4 — $5.1M
e Alternative 2 — $5.2M.

Alkaline hydrolysis-treated soil (Alternative 5) may not require the addition of chemicals to
neutralize the noncomposted soil for on-site placement. Alkaline hydrolysis-treated soil at
another site was not chemically neutralized, and the soil dropped to a near neutral pH over a
period of approximately 3 months while staged on site. If chemical addition is not required for
pH neutralization, a further cost savings may be realized. Lead in nitroaromatic-contaminated
soil that is treated via alkaline hydrolysis might be stabilized without further treatment because
the lead precipitates as lead hydroxide under conditions of elevated pH. If chemical addition is
not required for pH neutralization and/or if alkaline hydrolysis would effectively immobilize

lead, further cost savings under this alternative should be realized.

Modifying Criteria. Each of the technologies represented by the four action-based alternatives
has been presented to the State and public during the November 30, 2009 public meeting.
Neither the State nor the public expressed concern over any of these technologies during the
public meeting or the public comment period. Notably, both composting (used in Alternatives 2,
4, and 5) and alkaline hydrolysis (used in Alternative 5) have been presented to the State and
public in the past, and both of these technologies have been employed at different PBOW sites.

2.11 Principal Threat Waste

The NCP establishes a preference for methods that employ treatment that reduces toxicity,
mobility, or volume (300.430[e][9][ii][D]). This especially includes the expectation that
treatment will be used to address principal threats posed by a site when practicable
(300.430[a][1][111][A]). The term “principal threat wastes” refers to source materials, but does
not include contaminants dissolved or suspended in groundwater (EPA, 1991b). At TNTA, the
principal threat wastes are the highest soil concentrations of nitroaromatics that may serve as a

source for groundwater contamination or to which an individual may be directly exposed under a
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future land-use scenario (EPA, 1997b). The toxicity and mobility of these principal threat wastes
would be reduced through treatment, using alkaline hydrolysis (Alternative 5) and/or windrow
composting (Alternatives 2, 4, and 5), except possibly under Alternative 3. Although Alternative
3 utilizes off-site disposal, it is possible that the hazardous waste materials taken to the RCRA
Subtitle C TSDF will be treated there prior to disposal.

2.12 Selected Remedy

2.12.1 Rationale for Selection

The rationale for selecting Alternative 5, Excavation, Alkaline Hydrolysis, Windrow
Composting, Ex Situ Chemical Stabilization, and On-Site/Off-Site Disposal, for the soil response
action is provided in the FFS Addendum. Essentially, this alternative meets both of the threshold
evaluation criteria and provides the best overall set of tradeoffs in meeting the primary balancing
criteria. Notably, Alternative 5 meets the NCP statutory preference for treatment technologies
that permanently reduce the toxicity and mobility through treatment, and Alternative 5 is
estimated to be the least expensive alternative for TNTA. Also, the community has expressed a
preference for windrow composting and other treatment technologies over those remedial
approaches that rely primarily on landfill disposal, and NASA has expressed the desire to use

treated materials on site if these materials meet the RGs.

2.12.2 Description of Selected Remedy

The Selected Remedy involves the excavation of contaminated soil within proposed remediation
areas (Figure 2-7); segregation of the TSCA-regulated PCB-contaminated soil (i.e., >50 mg/kg);
off-site disposal of TSCA-regulated soil at a TSCA TSDF; TCLP testing; segregation of the
hazardous lead-contaminated soil and PCB-contaminated soil that exceeds the RGs; segregation
of the hazardous 2,4-DNT contaminated soil; alkaline hydrolysis or window composting or a
combination of both (if necessary); neutralization of the treated soil (if necessary); ex situ
chemical stabilization of the hazardous lead-contaminated soil; on-site disposal of treated
materials that meet RGs and alternative LDR treatment standards for underlying hazardous
constituents in contaminated soil; and off-site disposal of all untreated soil, non-TSCA-regulated
PCB-contaminated soil, and lead-stabilized soil as a nonhazardous waste in a Subtitle D landfill.
An estimated 17,157 cy of consolidated soil will be excavated, with 3,803 cy of consolidated soil
treated using alkaline hydrolysis/windrow composting and 1,339 cy of consolidated soil
chemically stabilized. Approximately 119 cy of soil has an elevated level of PCBs (>50 mg/kg),
which renders this material a TSCA remediation waste. This PCB-contaminated soil also

contains hazardous levels of 2,4-DNT, and a portion of it (approximately 60 cy) contains
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hazardous levels of lead. The 119 cy of PCB-contaminated soil will not be treated prior to

off-site disposal.

For cost estimating purposes in the FS, it was assumed that all 3,803 cy of soil identified as
hazardous with respect to 2,4-DNT will be treated using alkaline hydrolysis. Of the 3,803 cy of
soil that are treated with alkaline hydrolysis, it is assumed that 80 percent will meet the TCLP
criteria for 2,4-DNT, alternative LDR treatment standards for underlying hazardous constituents
in contaminated soil, and RGs for on-site placement. The remaining 20 percent (i.e., 761 cy) will
be treated with windrow composting as a polishing step until these criteria are met. These
conceptual design assumptions are not intended to limit the extent to which either alkaline
hydrolysis or composting are used during the remedial action (i.e., either alkaline hydrolysis or
composting may be used to a greater or lesser extent, or not at all, based on the contaminant
concentrations in the excavated soil). The goal of alkaline hydrolysis/windrow composting
treatment is to meet RGs so that treated soil is allowed to be placed back on site. Soil that cannot
be treated to meet RGs for all COCs will be managed as a nonhazardous waste for off-site
disposal provided it passes TCLP and complies with LDR requirements. If this soil does not pass
TCLP and/or does not comply with LDR requirements, then it will either be treated until these

criteria are met or be managed as hazardous waste.

Alkaline hydrolysis and windrow composting were selected to be used in tandem for a variety of
reasons. First, although windrow composting is effective at treating the DNTs and TNT, amino-
dinitrotoluenes (ADNT) are generated during the composting of TNT-contaminated materials.
Past experience at PBOW has shown that it is difficult to cost-effectively reduce ADNTs to RGs
using composting. Alkaline hydrolysis is very effective at treating TNT and has the added
benefit that ADNTSs are not generated during treatment. Alkaline hydrolysis is also effective at
treating 2,4-DNT unless the initial concentrations in soil are very high, but is somewhat less
effective at treating 2,6-DNT. Thus, if the TCLP, LDR, and/or RG criteria for the DNTs are not
met after alkaline hydrolysis, then windrow composting will likely be an effective polishing step

for the alkaline hydrolysis-treated soil.

The treatment area previously prepared at PBOW for windrow composting of PRRWP Area soils
will be used for alkaline hydrolysis and composting operations. The composting treatment area is
800 feet long by 260 feet wide and surrounded by an earthen berm to contain storm water runoft.
Treatment operations will be conducted in the open. The treatment area is graded and compacted

to a 2 percent slope to control storm water. The treatment area is not covered with an artificial
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surface such as asphalt or concrete. The windrows will be constructed within the treatment area,

and stockpiles of amendments, untreated soil, and treated compost will be staged in the area.

Storm water will be pumped from sumps on the lower end of the treatment area to a 260-foot-
long by 30-foot-wide by 3-foot-deep contact water retention basin. The basin is lined with 60-mil
plastic. Water in the basin will be applied to the windrows as needed to maintain the moisture
content of the compost. Excess water will be trucked off site to an industrial wastewater

treatment facility. No on-site treatment of contact water will be required.

Soil within the remediation areas will be excavated and screened to remove oversize material and
reduce particle size to increase the efficiency of the alkaline hydrolysis and composting
processes. The excavated soil will be trucked to the treatment area for screening. The screened
soil will be stockpiled at the treatment facility for treatment or disposal. Soil adhering to the
oversize material will be removed so that the oversize material can be returned to the excavation.
Any oversize material not appropriate for use as backfill will be disposed off site at an approved
disposal facility. Additionally, soil that is not a PCB remediation waste (i.e., less than 50 mg/kg
PCBs), but that exceeds the RG for total PCBs (1 mg/kg) were detected (up to 5 mg/kg) in a few
locations. PCB-containing soil from these locations will be segregated, as neither alkaline
hydrolysis nor windrow composting is expected to effectively treat this soil to meet RGs for
on-site placement. This soil will be treated if necessary for the other COCs to meet nonhazardous

criteria for off-site disposal.

The conceptual design of the alkaline hydrolysis technology was based on both previous
experience at Volunteer Army Ammunition Plant (Tetra Tech, Inc., 2008) and an alkaline
hydrolysis treatability study completed for PBOW. Alkaline hydrolysis will be implemented by
adding caustic soda and ferric chloride to the excavated soil. The soil will be neutralized before
placement back on site. Nitroaromatic-contaminated soil will be treated in 300-cy batches,
approximately 52 feet square by 3 feet deep per treatment cell. It is estimated that the
remediation field crew will have four or five treatment cells in process at the same time within
the treatment area. Nine or 10 batches will be required to complete treatment at TNTA.
Approximately 61 pounds of caustic soda will be required per cy of soil. Caustic soda pellets will
be spread across the soil in the treatment cell and mixed into the soil using an excavator and/or
wheel loader. Water is applied to the soil to promote dissolution of the caustic soda. A 30 percent
solution of ferric chloride is sprayed on the soil at the ratio of 1 gallon of ferric chloride solution
per cy of soil. The batch of soil is turned every other day and moisture is applied as necessary to
keep the soil near saturation. The hydrolysis reaction should be complete in about 7 days based

on the alkaline hydrolysis treatability study and previous field tests at Volunteer Army
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Ammunition Plant. At this point, ferrous sulfate may be added to the soil to neutralize the caustic
soda. It is assumed that another 3 days will be required with some additional mixing to lower the
pH of the soil. Approximately 108 pounds of ferrous sulfate will be required to neutralize all the
caustic soda applied to the soil based on the treatability study results. Alternatively, the soil may

be stored on site for a period of time to allow the soil pH to drop naturally to a near neutral level.

Composting amendments will be brought to the facility as needed so that large amounts of
amendments are not required to be stored on site. This minimizes the cost of amendment storage
as well as odor problems associated with manure, as the odor increases with storage duration.

Equipment, labor, and amendments needed to run the composting operation are available locally.

It is assumed that the compost will consist of 25 percent by volume (74.7 percent by weight)
contaminated soil, 72 percent by volume (19.6 percent by weight) straw, and 3 percent by
volume (5.7 percent by weight) chicken manure. The compost will be constructed into windrows
16 feet wide by 6 feet high. A typical treatment cycle for a batch of nitroaromatic-contaminated
soil that has not been subjected to alkaline hydrolysis may require 6 weeks: 5 weeks for
treatment and 1 week for curing and analytical testing. The typical composting cycle is expected
to be reduced for soil pretreated using alkaline hydrolysis. The treatment cycles for windrows

will be staggered so that the windrows do not complete the treatment cycle at the same time.

The compost will be turned periodically with the windrow turner to mechanically aerate the
material. After the compost is turned, microorganisms within the pile aerobically degrade
organic compounds until the available oxygen within the pile is utilized. Beyond this point,
further contaminant degradation is achieved through an anaerobic process. The periodic turning
of the compost pile permits the composting process to alternate between aerobic and anaerobic
treatment phases. This is the most effective approach to the biological degradation of

nitroaromatic explosives.

Lead-contaminated soil under this alternative will be chemically stabilized ex situ using a
reagent such as MAECTITE developed by Sevenson Environmental Services, Inc. MAECTITE
is a cost-effective technology because the chemical can be mixed into the soil using equipment
already on site, such as an excavator. This technology has been used successfully in the past at
PBOW to stabilize lead-contaminated soil. Chemical stabilization of lead-contaminated soil will
take place after either alkaline hydrolysis or composting, if these treatments are needed to reduce
the concentration of nitroaromatic compounds. Alkaline hydrolysis and composting should not

interfere with the lead stabilization process as long as chemical stabilization is performed after
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these other treatment operations. Alkaline hydrolysis may promote stabilization of lead in the
soil because the solubility of lead typically decreases with increasing pH. The lead-contaminated
material will be disposed of off site once it is treated sufficiently to pass the TCLP and comply
with alternative LDR treatment standards for underlying hazardous constituents in contaminated
soil. The treated lead-contaminated soil will not be disposed of on site because stabilization will

not reduce the total lead content, and the soil will still exceed the lead RG.

Precompliance (in-process) testing of the alkaline hydrolysis treated soil involves taking samples
for field pH measurements to determine if treatment is uniform throughout the batch.
Compliance testing for the alkaline hydrolysis technology will be performed in two phases. The
first phase takes place at the end of treatment with caustic soda and ferric chloride (around day
7). A composite sample will be collected from each 300 cy batch and analyzed for total
nitroaromatics, nitrate/nitrite, and TCLP 2,4-DNT. The second phase of compliance testing will
be performed at the end of soil neutralization (around day 10). A composite sample will be
collected from each 300-cy batch and analyzed for pH (field test) and nitrate/nitrite (off-site
laboratory).

Precompliance testing of the compost will consist of sampling the compost immediately after
formation and once a week during treatment. One composite sample will be collected from each
windrow each week and analyzed as follows: TNT colorimetric field test, total nitroaromatics
(off-site laboratory), and total PCBs.

If the precompliance results indicate that RG levels have been achieved, compliance samples will
then be collected to confirm the results of the definitive analyses used for precompliance testing.
Compliance testing for the chemical stabilization technology involves collecting two composite
samples from the entire volume of stabilized soil and analysis for TCLP lead. This sampling and
analytical strategy is proposed as the basis for estimating remedial costs. The actual sampling
and analytical strategy will be developed by the USACE, in consultation with the state, during
the remedial design. It is noted, consistent with 40 CFR 300.515(e)(2)(ii), that state concurrence

with this strategy is not a prerequisite for its implementation.

2.12.3 Estimated Costs of Selected Remedy

The overall estimated capital cost and present worth cost for the implementation of Alternative 5,
as presented in Section 2.9, is $4.0M. A detailed breakdown of the estimated costs for
implementing the Selected Remedy is provided in Table 2-22. The cost information in Table

2-22 is based on the best available information regarding the scope of the remedial alternative.
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Changes in the cost elements are likely to occur as the result of new information and data
collected during the engineering design of the remedial alternative. Major changes that may
affect the overall costs may be documented in the form of a memorandum in the AR, an

Explanation of Significant Difference, or a Decision Document Amendment.

2.12.4 Expected Outcome of Selected Remedy

The expected outcome of the Selected Remedy is that the TNTA property will have unrestricted
use with respect to soils, surface water, and sediment. Also, the Selected Remedy will result in
soil concentrations that are protective of environmental receptors. It is noted that this Decision
Document does not directly address contamination in underlying groundwater. Groundwater

underlying TNTA will be addressed in a subsequent Decision Document.

2.13 Statutory Determinations

Exposure to soil associated with TNTA may result in adverse human health effects and/or may
adversely affect environmental receptors as indicated by the HHRA and the ERA. Therefore,
remedial actions are necessary at TNTA.

Remedial Alternative 5 will be implemented for the remediation of TNTA soil as described in
the TNTA FFS Addendum, which is summarized as follows:

o Excavation of soil with concentrations that exceed the RGs

o Ex situ stabilization and disposal of soil exceeding the RG for lead at a RCRA
Subtitle C TSDF

o Disposal of TSCA-regulated PCB-contaminated soil at a TSCA TSDF

o Disposal of non-TSCA-regulated PCB-contaminated soil (i.e., exceeds the RG) at an
approved nonhazardous waste disposal facility

e Alkaline hydrolysis and windrow composting, as necessary, of all other excavated
soil

e On-site placement of treated materials that meet RGs for nitroaromatics.

If an RG is not met for a given batch of composted material, additional composting may be
performed until the RG is met. Alternatively, composted materials that do not meet RGs could be
disposed of off site at a nonhazardous waste landfill (e.g., Erie County Landfill), provided that an
alternative LDR treatment standards for underlying hazardous constituents in contaminated soil

are met.

KN11/PBOW/TNT A/DD/F-R1/E-TNTA DD.doc/3/24/2011 11:58 AM 2-49



This remedial alternative satisfies the following CERCLA 121 statutory requirements found at
NCP 300.430(f)(5)(i1). Documentation of the Selected Remedy meeting these requirements is
found in the paragraphs that follow:

e Protection of human health and the environment
e Compliance with ARARs and/or justification of an ARAR waiver
e Cost effectiveness

o Utilization of permanent solutions and treatment or resource recovery technologies to
the maximum extent practicable

o Preference for treatment as a principal element that reduces toxicity, mobility, or
volume.

Protection of Human Health and the Environment. The Selected Remedy is protective of
human health via the excavation of soil that had not met the RGs. The excavations will be
backfilled with treated and/or other clean materials. Treated materials that may be placed on site
meet stringent criteria for unrestricted land use. The Selected Remedy does not pose

unacceptable short-term risks and ecological risks.

Compliance with ARARSs. The Selected Remedy complies with all action-specific and
chemical-specific ARARs (Table 2-23). No location-specific ARARs were identified for TNTA.

Cost Effectiveness. The Selected Remedy was regarded as cost effective, as it meets the
RAOs and the nine NCP criteria at a feasible cost in comparison with the other remedial
alternatives. Additional overall PBOW remedial cost savings may be realized if similar

technologies are used at multiple PBOW sites.

Utilization of Permanent Solutions and Treatment. The Selected Remedy meets the
permanence and treatment criteria. The toxicities of the previously hazardous nitroaromatic-
impacted materials will be permanently reduced through alkaline hydrolysis and windrow
composting. Lead-contaminated materials will be permanently removed from TNTA and taken
to a RCRA Subtitle C TSDF. TSCA-regulated PCB materials will be taken to a TSCA TSDF
without prior treatment. Non-TSCA-regulated PCB-contaminated materials (<50 mg/kg) that
exceed RGs will be permanently removed off site at a nonhazardous waste landfill without

treatment.
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Treatment as a Principal Element. The Selected Remedy satisfies the requirement for
treatment by using alkaline hydrolysis and windrow composting of materials identified as

characteristic hazardous wastes.

Institutional Controls. Because the Selected Remedy will meet cleanup criteria that are based

on unrestricted land use, institutional controls will not be required.

Five-Year Reviews. No 5-year reviews will be required for the remediation of soil.

2.14 Documentation of Significant Changes

The Proposed Plan for TNTA was released on November 30, 2009. This Proposed Plan (Shaw,
2009b) identified Alternative 5 (excavation, alkaline hydrolysis, windrow composting, ex situ
chemical stabilization, and on-site/off-site disposal) as the Preferred Alternative for soil
remediation. No comments were submitted verbally during the Public Meeting, and no written
comments were submitted during the November 30, 2009 through January 13, 2010 comment
period. Therefore, it was determined that no significant changes to the Preferred Alternative

identified in the Proposed Plan are necessary or appropriate.
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3.0 Responsiveness Summary

The purposes of the Responsiveness Summary are to a) summarize information concerning the
views of the public and support agencies regarding the remedial alternatives and any general
concerns about the site that were submitted during the public comment period, and b) provide
documentation in AR as to how these public comments were integrated into the decision-making

process for remedy selection.

A presentation of the TNTA Proposed Plan for Soils was provided by the USACE to the
community during a November 30, 2009 public meeting jointly chaired by representatives of the
RAB and the USACE. As discussed in Section 2.3, this meeting was announced in the Sandusky
Register on November 16, 2009. Several members of the local community attended. The State of
Ohio was also represented at the public meeting, as was NASA. No comments or concerns were
expressed during the public meeting, and no comments were submitted during the public
comment period. Therefore, as stated in Section 2.14, the Preferred Alternative identified in the
Proposed Plan is appropriately identified, without change, as the Selected Remedy in this

Decision Document.
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Table 2-1

Summary of Chemicals of Concern and Exposure Point Concentrations
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

Medium: Total Soil

95% Upper

Frequency Minimum Maximum Confidence Statistical
of Detected Detected Limit of the Measure of

Chemical of Concern Units Detection | Concentration [ Concentration Mean EPC EPC
2-Amino-4,6-dinitrotoluene mg/kg 14/31 0.358 33.6 33.6 33.6 Max-sub
4-Amino-2,6-dinitrotoluene mg/kg 17/31 0.0915 16 9.77 9.77 UCL-sub
2,4-Dinitrotoluene mg/kg 18/29 0.165 8912 8912 8912 Max-sub
2,6-Dinitrotoluene mg/kg 18/31 0.0529 10274 10274 10274 Max-sub
2-Nitrotoluene mg/kg 10/31 0.235 582 582 582 Max-sub
4-Nitrotoluene mg/kg 10/31 0.249 484 484 484 Max-sub
2.,4,6-Trinitotoluene mg/kg 23/31 0.0875 530 259 259 UCL-sub
Aroclor 1260 mg/kg 19/31 0.0125 69.8 69.8 69.8 Max-sub
Lead mg/kg 30/30 3.15 11900 11900 11900 Max-sub

EPC - Exposure point concentration.
Max-sub - Maximum detected concentration in subsurface soil.
UCL-sub - Upper 95th percent confidence limit of the mean in subsurface soil.

mg/kg - Milligrams per kilogram.

The table shows the chemicals of concern (COC), which are the chemicals that contribute the majority of site risks. The EPCs are those
used in the human health risk assessment to estimate exposure and risks. Total soil is either surface soil or subsurface soil, whichever
data set would result in the higher EPC. The data sets shown for each of the COCs are associated with subsurface soil, as the

subsurface soil data set, in each case, resulted in the highest EPC.
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Table 2-2

COC-Specific Toxicity Values® Used in the Human Health Risk Assessment
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

Oral Target Dermal Inhalation Target Cancer

RfD Organs RfD RfD Organs Weight-of-Evidence Oral SF Dermal SF Inhalation SF
COC GAF  (mg/kg-day) (Oral) (mg/kg-day) (mg/kg-day, (Inhalation’ Group (/mg/kg-day] (/mg/kg-day, (/mg/kg-day)
Metals
Lead 0.1 ND NA NA ND NA B2 ND ND ND
Nitroaromatics
2-Amino-4,6-dinitrotoluene 0.6 6.00E-05 L, E 3.60E-05 ND NA D ND ND ND
4-Amino-2,6-dinitrotoluene 0.6 6.00E-05 L, E 3.60E-05 ND NA D ND ND ND
2,4-Dinitrotoluene 1 2.00E-03 N, E, L 1.80E-03 ND NA B2 6.80E-01 7.56E-01 ND
2,6-Dinitrotoluene 1 1.00E-03 N, E, L, K 9.00E-04 ND NA B2 6.80E-01 7.56E-01 ND
2-Nitrotoluene 1 1.00E-02 L, Spleen, K 1.00E-02 ND NA ND ND ND ND
4-Nitrotoluene 1 1.00E-02 L, Spleen, K 1.00E-02 ND NA ND ND ND ND
2,4,6-Trinitrotoluene 0.6 5.00E-04 L, E 3.00E-04 ND NA c 3.00E-02 5.00E-02 ND
PCBs
Aroclor 1260 0.9° ND NA ND ND NA B2 2.00E+00 2.00E+00 2.00E+00

GAF - Gastrointestinal absorption factor.

ND - No data.

NA - Not applicable.

COC - Chemical of concern.

mg/kg-day - Milligrams per kilogram per day.
RFD - Reference dose.

SF - Slope factor.

PCB - Polychlorinated biphenyls.

" Please see toxicity profiles in Appendix D of the Human Health Risk Assessment for documentation of the valu
P The GAF for Aroclor 1260 is not used to estimate a dermal slope factor (please see Appendix D of the Human Health Risk Assessment ).

Target Organs:
N - Nervous system, S - skin, CV - cardiovascular, L - liver, K - kidney, E - erythrocyte, Gl - gastrointestinal, | - immune system.

Weight of Evidence Group:
A - Human carcinogen; B1 - Probable human carcinogen (human data); B2 - Probable human carcinogen (animal data);
C - Possible human carcinogen; D - Not classifiable as to carcinogenicity to humans.

This table provides carcinogen and noncarcinogenic human health risk toxicity information which is relevant to the contaminants of concern in TNTC soil. This information was used in fhe
human health risk assessment. Dermal toxicity values are not available. Following U.S. Environmental Protection Agency guidance, dermal RfD and dermal SF values were derived inlfthe
risk assessment by either multiplying (RfD) or dividing (SF) the corresponding oral toxicity values by the GAF. This adjustment accounts for the fact that oral toxicity values are based gh
ingested doses which may not be absorbed at 100 percent, whereas dermal exposure is based on an estimate of the actual dose absorbed across the dermis.
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Table 2-3

COC Cancer Risk and Noncancer Hazard Index: Groundskeeper Exposure to Surface Soil
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

Exposure-
Point Total HI Total ILCR

Concentration Oral Oral Dermal Dermal Inhalation Inhalation All All
Chemical (mg/kg) HQ ILCR HQ ILCR HQ ILCR Pathways Pathways
Surface Soil
Metals
Lead 5.88E+02 NA NA NA NA NA NA NA NA
Nitroaromatics
2-Amino-4,6-dinitrotoluene 9.23E+00 1.51E-01 NA 2.55E-02 NA NA NA 1.76E-01 NA
4-Amino-2,6-dinitrotoluene 5.98E+00 9.74E-02 NA 1.65E-02 NA NA NA 1.14E-01 NA
2,4,6-Trinitrotoluene 1.52E+02 2.96E-01 1.59E-06 5.03E-02 2.69E-07 NA NA 3.47E-01 1.86E-06
Dinitrotoluene, total 7.36E+00 7.20E-03 1.75E-06 7.32E-04 1.78E-07 NA NA 7.93E-03 1.93E-06
PCBs
Aroclor 1260 2.48E+00 NA 1.73E-06 NA 1.06E-07 NA 3.47E-08 NA 1.87E-06

Total HI 0.552 0.093 NA 0.6

Surface Soil Sums Total ILCR 5.07E-06 5.53E-07 3.47E-08 6.E-06

COC - Chemical of concern.

HQ - Hazard quotient; HI - Hazard index; sum of the HQ values.

ILCR - Incremental lifetime cancer risk.

mg/kg - Milligrams per kilogram.

NA - Not applicable.

PCB - Polychlorinated biphenyl.

1) HIl values equal to or less than 1 are unlikely to result in adverse noncancer human health effects for any member of the exposed population and are
regarded as acceptable.

2) ILCR values equal to or less than 1x10° (1 in 100,000) are generally regarded by the Ohio Environmental Protection Agency (OEPA) as acceptable.
Risks less than 1x10° are regarded as very minimal, and risks greater than 1x10° are regarded by OEPA as requiring cleanup or further study if appropriate.
It is noted that the average lifetime cancer risk of the general American population is estimated as about 300,000 in 1,000,000.
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Table 2-4

COC Cancer Risk and Noncancer Hazard Index: Indoor Worker Exposure to Surface Soil
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

Exposure-
Point

Concentration Oral Oral
Chemical (mg/kg) HQ ILCR
Surface Soil
Metals
Lead 5.88E+02 NA NA
Nitroaromatics
2-Amino-4,6-dinitrotoluene 9.23E+00 7.53E-02 NA
4-Amino-2,6-dinitrotoluene 5.98E+00 4.87E-02 NA
2,4,6-Trinitrotoluene 1.52E+02 1.48E-01 7.94E-07
Dinitrotoluene, total 7.36E+00 3.60E-03 8.74E-07
PCBs
Aroclor 1260 2.48E+00 NA 8.67E-07

Total HI 0.3

Surface Soil Sums Total ILCR 3E-06

COC - Chemical of concern.

HQ - Hazard quotient; HI - Hazard index; sum of the HQ values.
ILCR - Incremental lifetime cancer risk.

mg/kg - Milligrams per kilogram.

NA - Not applicable.

1) HIl values equal to or less than 1 are unlikely to result in adverse noncancer human health
effects for any member of the exposed population and are regarded as acceptable.

2) ILCR values equal to or less than 1x10° (1 in 100,000) are generally regarded by the
Ohio Environmental Protection Agency (OEPA) as acceptable. Risks less than 1x10° are
regarded as very minimal, and risks greater than 1x10° are regarded by OEPA as requiring
cleanup or further study if appropriate. It is noted that the average lifetime cancer risk of the
general American population is estimated as about 300,000 in 1,000,000.
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Table 2-5

COC Cancer Risk and Noncancer Hazard Index: Adult Hunter Exposure
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

Exposure-
Point Venison Venison Total HI Total ILCR

Concentration Oral Oral Dermal Dermal  Consumption Consumption All All
Chemical (mg/kg) HQ ILCR HQ ILCR HQ ILCR Pathways Pathways
Surface Soil
Metals
Lead 5.88E+02 NA NA NA NA NA NA NA NA
Nitroaromatics
2-Amino-4,6-dinitrotoluene 9.23E+00 8.43E-03 NA 5.75E-04 NA NA NA 9.00E-03 NA
4-Amino-2,6-dinitrotoluene 5.98E+00 5.46E-03 NA 3.72E-04 NA NA NA 5.83E-03 NA
2,4,6-Trinitrotoluene 1.52E+02 1.66E-02 1.07E-07 1.13E-03 7.28E-09 NA NA 1.77E-02 1.14E-07
Dinitrotoluene, total 7.36E+00 4.03E-04 1.18E-07 1.65E-05 4.81E-09 NA NA 4.20E-04 1.22E-07
PCBs
Aroclor 1260 2.48E+00 NA 1.16E-07 NA 2.86E-09 NA 5.92E-08 NA 1.79E-07

Total HI 0.0309 0.0021 NA 0.03

Surface Soil Sums Total ILCR 3.41E-07 1.50E-08 5.92E-08 4.E-07

Note: Exposure is based on direct contact with soil and ingestion of venison from deer that grazed on vegetation grown in TNTA surface soil.

COC - Chemical of concern.

HQ - Hazard quotient; HI - Hazard index; sum of HQ values.
ILCR - Incremental lifetime cancer risk.

mg/kg - Milligrams per kilogram.

NA - Not applicable.

PCB - Polychlorinated biphenyl.

1) Hl values equal to or less than 1 are unlikely to result in adverse noncancer human health effects for any member of the exposed population and are
regarded as acceptable.

2) ILCR values equal to or less than 1x10° (1 in 100,000) are generally regarded by the Ohio Environmental Protection Agency (OEPA) as acceptable.
Risks less than 1x10° are regarded as very minimal, and risks greater than 1x10° are regarded by OEPA as requiring cleanup or further study if appropriate.
It is noted that the average lifetime cancer risk of the general American population is estimated as about 300,000 in 1,000,000.
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Table 2-6

COC Cancer Risk and Noncancer Hazard Index: Child Venison Consumer
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

Exposure-
Point Venison Venison
Concentration Consumption Consumption
Chemical (mg/kg) HQ ILCR
Surface Soil
Metals
Lead 5.88E+02 NA NA
Nitroaromatics
2-Amino-4,6-dinitrotoluene 9.23E+00 NA NA
4-Amino-2,6-dinitrotoluene 5.98E+00 NA NA
2,4,6-Trinitrotoluene 1.52E+02 NA NA
Dinitrotoluene, total 7.36E+00 NA NA
PCBs
Aroclor 1260 2.48E+00 NA 2.12E-08
Total HI NA

Surface Soil Sums Total ILCR 2.E-08

Note: Exposure is based on ingestion of venison from deer that grazed on vegetation
grown in TNTA surface soil.

COC - Chemical of concern.

HQ - Hazard quotient; HI - Hazard index; sum of HQ values.
ILCR - Incremental lifetime cancer risk.

mg/kg - Milligrams per kilogram.

NA - Not applicable.

PCB - Polychlorinated biphenyl.

1) HI values equal to or less than 1 are unlikely to result in adverse noncancer human
health effects for any member of the exposed population and are regarded as acceptable.
2) ILCR values equal to or less than 1x10° (1 in 100,000) are generally regarded by the
Ohio Environmental Protection Agency (OEPA) as acceptable. Risks less than 1x10° are
regarded as very minimal, and risks greater than 1x10° are regarded by OEPA as
requiring cleanup or further study if appropriate. It is noted that the average lifetime cancer
risk of the general American population is estimated as about 300,000 in 1,000,000.
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Table 2-7

COC Cancer Risk and Noncancer Hazard Index: Construction Worker Exposure to Total Soil
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

Exposure-
Point Total HI Total ILCR

Concentration Oral Oral Dermal Dermal Inhalation Inhalation All All
Chemical (mg/kg) HQ ILCR HQ ILCR HQ ILCR Pathways Pathways
Total Soil
Metals
Lead 1.19E+04 NA NA NA NA NA NA NA NA
Nitroaromatics
2-Amino-4,6-dinitrotoluene 3.36E+01 1.58E+00 NA 8.23E-01 NA NA NA 2.41E+00 NA
4-Amino-2,6-dinitrotoluene 9.77E+00 4.61E-01 NA 2.39E-01 NA NA NA 7.00E-01 NA
2-Nitrotoluene 5.82E+02 1.65E-01 NA 5.70E-02 NA NA NA 2.22E-01 NA
4-Nitrotoluene 4.84E+02 1.37E-01 NA 4.74E-02 NA NA NA 1.84E-01 NA
2,4,6-Trinitrotoluene 2.59E+02 1.47E+00 1.57E-07 7.62E-01 8.18E-08 NA NA 2.23E+00 2.39E-07
PCB
Aroclor 1260 6.98E+01 NA 2.83E-06 NA 5.29E-07 NA 6.83E-08 NA 3.43E-06
Semivolatile Organic Compounds
2,4-Dinitrotoluene 8.91E+03 1.26E+01 1.23E-04 3.93E+00 3.83E-05 NA NA 1.65E+01 1.61E-04
2,6-Dinitrotoluene 1.03E+04 291E+01 1.42E-04 9.06E+00 4.41E-05 NA NA 3.81E+01 1.86E-04

Total HI 455 14.9 NA 60

Total Soil Sums Total ILCR 2.67E-04 8.30E-05 6.83E-08 4.E-04

COC - Chemical of concern.

HQ - Hazard quotient; HI - Hazard index; sum of the HQ values.

ILCR - Incremental lifetime cancer risk.
mg/kg - Milligrams per kilogram.

NA - Not applicable.

PCB - Polychlorinated biphenyl.

1) HI values equal to or less than 1 are unlikely to result in adverse noncancer human health effects for any member of the exposed population and are regarded as

acceptable.

2) ILCR values equal to or less than 1x1G (1 in 100,000) are generally regarded by the Ohio Environmental Protection Agency (OEPA) as acceptable.

Risks less than 1x10° are regarded as very minimal, and risks greater than 1x18 are regarded by OEPA as requiring cleanup or further study if appropriate.
It is noted that the average lifetime cancer risk of the general American population is estimated as about 300,000 in 1,000,000.
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Table 2-8

COC Cancer Risk and Noncancer Hazard Index: On-Site Resident Exposure to Total Soil
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

On-Site
Exposure- Resident
Point Resident  Total HI Total
Concentration Oral Oral Dermal Dermal Inhalation Inhalation All ILCR - All
Chemical (mg/kg) HQ ILCR HQ ILCR HQ ILCR Pathways Pathways
Total Soil
Metals
Lead 1.19E+04 NA NA NA NA NA NA NA NA
Nitroaromatics
2-Amino-4,6-dinitrotoluene 3.36E+01 6.44E+00 NA 1.88E+00 NA NA NA 8.32E+00 NA
4-Amino-2,6-dinitrotoluene 9.77E+00 1.87E+00 NA 5.47E-01 NA NA NA 2.42E+00 NA
2-Nitrotoluene 5.82E+02 6.70E-01 NA 1.30E-01 NA NA NA 8.00E-01 NA
4-Nitrotoluene 4.84E+02 5.57E-01 NA 1.08E-01 NA NA NA 6.65E-01 NA
2,4,6-Trinitrotoluene 2.59E+02 5.96E+00 1.09E-05 1.74E+00 7.22E-06 NA NA 7.70E+00 1.82E-05
PCB
Aroclor 1260 6.98E+01 NA 1.97E-04 NA 4.67E-05 NA 1.33E-08 NA 2.43E-04
Semivolatile Organic Compounds
2,4-Dinitrotoluene 8.91E+03 5.13E+01 8.54E-03 8.97E+00 3.38E-03 NA NA 6.02E+01 1.19E-02
2,6-Dinitrotoluene 1.03E+04 1.18E+02 9.84E-03 2.07E+01 3.89E-03 NA NA 1.39E+02 1.37E-02
Total HI 185 34.1 NA 219
Total Soil Sums Total ILCR 1.86E-02 7.32E-03 1.33E-08 3.E-02

COC - Chemical of concern.

HI - Hazard index.

HQ - Hazard quotient.

ILCR - Incremental lifetime cancer risk.
mg/kg - Milligrams per kilogram.

NA - Not applicable.

PCB - Polychlorinated biphenyl.

1) HI values equal to or less than 1 are unlikely to result in adverse noncancer human health effects for any member of the exposed population and are regarded as
acceptable.
2) ILCR values equal to or less than 1x1G (1 in 100,000) are generally regarded by the Ohio Environmental Protection Agency (OEPA) as acceptable. Risks less

than 1x10° are regarded as very minimal, and risks greater than 1x108 are regarded by OEPA as requiring cleanup or further study if appropriate. It is noted that the
average lifetime cancer risk of the general American population is estimated as about 300,000 in 1,000,000.
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Table 2-9

Summary of Total Hazard Index and Total Cancer Risk from Site-Related Chemicals of Potential Concern
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

Groundskeeper Indoor Worker Construction Worker On-Site Resident
Total Total Total Total Total Total Total Total
Contaminant Source HI? ILCR® HI ILCR HI ILCR HI ILCR
Surface Soil 0.65 6.08E-06 0.028 2.71E-06 NA NA NA NA
Total Soil® NA? NA NA NA 60 3.51E-04 219 2.59E-02
Surface Water® NA NA NA NA 0.06 5.13E-09 0.03 9.79E-08
Sediment® NA NA NA NA NA 6.46E-08 NA 2.38E-07
Total across all media 0.06 6E-06 0.3 3E-06 60 4E-04 219 3E-02

*The hazard index (HI) is a measure of noncancer hazard for an exposed individual.

®The incremental lifetime cancer risk (ILCR) is the estimated extra cancer risk which an individual encounters based on exposure to a site.
“Total soil is combined surface and subsurface soil.

INA - Not applicable.

®The surface water and sediment were screened out, indicating minimal risk.

Notes:

1) Hl values equal to or less than 1 are unlikely to result in adverse noncancer human health effects for any member of the exposed population and are
regarded as acceptable.

2) ILCR values equal to or less than 1x10” (1 in 100,000) are generally regarded by the Ohio Environmental Protection Agency (OEPA) as acceptable.
Risks less than 1x10°® are regarded as very minimal, and risks greater than 1x107 are regarded by OEPA as requiring cleanup or further study if
appropriate. It is noted that the average lifetime cancer risk of the general American population is estimated as about 300,000 in 1,000,000.

3) Shading indicates an HI or ILCR value that exceeds the respective OEPA criteria for ILCR (1x107) or HI (1).

4) An on-site hunter and child venison consumer were also evaluated for TNT Area A. Cancer risks (less than 1x10°) and potential noncancer hazards
(less than 0.1) for these receptors were found to be very minimal.
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Table 2-10

Statistical Summary of COPECs in Surface Soil
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

Frequency Range of Range of Background Ecological Source
of Detections Detection Statistical  Arithmetic 95% Screening  Screening Term

Chemical Name (mg/kg) Detection Limits Distribution®  Mean UCL®  Criterion®  Criterion” COPEC?®' Concentration®
Inorganics
Calcium 12 - 12 1260 125000 NA L 2.70E+04 1.51E+05 5.23E+04 NA Y(a) 1.25E+05
Copper 12- 12 2.06 88.4 NA L 2.48E+01 7.08E+01 5.62E+01  6.00E+01 Y(a)(b) 7.08E+01
Lead 12- 12 7.24 588 NA L 1.08E+02 5.64E+02 4.86E+01  4.05E+01 Y(a)(b) 5.64E+02
Mercury (Inorganic) 7- 12 0.022 0.134 0.035 - 0.04 L 4.20E-02 6.96E-02 8.50E-02 5.10E-03 Y(a)(b) 6.96E-02
Sodium 12 - 12 99.6 381 NA L 2.00E+02 2.61E+02 NA NA Y(a)(b) 2.61E+02
Zinc 12 - 12 15.1 751 NA L 1.77E+02 6.42E+02 3.22E+02 8.50E+00 Y(a)(b) 6.42E+02
Nitroaromatics
2,4,6-Trinitrotoluene 8- 12 0.245 1515 0.091 - 0.1 L 1.94E+01 1.91E+04 NA Y(a) 1.52E+02
2,4—Dinitroto|ueneh 7- 12 0.0761 2.03 0.366 - 0.459 L 3.75E-01 6.65E-01 1.28E+00 Y(a) 6.65E-01
2,6-Dinitrotoluene” 4- 12 0.0529 0.694 0.366 - 0.459 L 2.28E-01 3.79E-01 3.30E-02 Y(a) 3.79E-01
2-Amino-4,6-Dinitrotoluene 7- 12 0.467 9.23 0.091 - 0.1 L 1.51E+00 3.39E+01 NA Y(a) 9.23E+00
2-Nitrotoluene 1- 12 0.374 0.374 0.182 - 0.2 u 1.20E-01 3.74E-01 NA Y(a) 3.74E-01
4-Amino-2,6-Dinitrotoluene 8- 12 0.132 5.975 0.091 - 0.1 L 1.18E+00 1.59E+01 NA Y(a) 5.98E+00
Dinitrotoluene, total” 6- 12 0.188 7.36 0.095 - 0.1 L 8.95E-01 6.97E+00 6.50E-01 Y(a) 6.97E+00
PCBs
Aroclor 1260 12- 12 0.00862 2.48 NA L 4.12E-01 6.09E+00 3.71E-01 Y(a) 2.48E+00

COPEC - Chemical of potential ecological concern; UCL - Upper confidence limit.

mg/kg - Milligrams per kilogram.

NA - Not applicable.

Surface soil is defined by samples taken from 0-2 feet below ground surface. These include four samples from 1.5 - 2.5 feet below ground surface.

L - Data are found to have lognormal distribution; N - Data are found to have normal distribution; U - Data are found to be nonparametric distribution.
P Calculated based on statistical distribution indicated (Section 2.2.2) of the ecological risk assessment (ERA).
¢ Background data for constituents in soil as presented in Table 2-9 of the ERA.
d Ecological screening criteria for constituents in soil as presented in Appendix C of the ERA.
¢ N - Chemical is not chosen as a COPEC:
(a) = Maximum detection is less than the ecological screening criterion.
(b) = Maximum detection is less than the background screening criterion.
"Y - Chemical is chosen as a COPEC:
(a) = Maximum detection is greater than the ecological screening criterion or no screening criteria are available.
(b) = Maximum detection is greater than the background screening criterion.
9 Source term concentration represents the minimum of the maximum detected concentration or the 95% UCL.
" Data for dinitrotoluene, total utilized for assessment since the total of the source term concentration is greater than the total of the source term concentrations for 2,4- and

2,6-dinitrotoluene.
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Table 2-11

Statistical Summary of COPECs in Total Soil
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

Frequency Range of Range of Background Ecological Source
of Detections Detection Statistical ~ Arithmetic 95% Screening  Screening Term

Chemical Name (mg/kg) Detection Limits Distribution®  Mean ucL® Criterion®  Criterion® COPEC?®' Concentration®
Inorganics
Calcium 31 - 31 1180 - 125000 NA L 1.90E+04 4.00E+04 5.23E+04 NA Y(b) 4.00E+04
Chromium 31 - 31 3.09 - 40.3 NA L 1.12E+01 1.35E+01 2.90E+01  4.00E-01 Y(a)(b) 1.35E+01
Copper 31 - 31 2.06 - 88.4 NA L 1.77E+01 2.39E+01 5.62E+01  6.00E+01 Y(a)(b) 2.39E+01
Lead 31 - 31 3.15 - 11900 NA L 5.05E+02 6.24E+02 4.86E+01  4.05E+01 Y(a)(b) 6.24E+02
Magnesium 31 - 31 235 - 19100 NA L 3.22E+03 4.96E+03 1.04E+04 NA Y(b) 4.96E+03
Mercury 19 - 31 0.021 - 0.134 0.034 - 0.043 u 3.75E-02 3.36E-02  8.50E-02 5.10E-04 Y(a)(b) 3.36E-02
Sodium 31 - 31 96.3 - 433 NA L 2.04E+02 2.32E+02 NA NA Y(a)(b) 2.32E+02
Zinc 31 - 31 12.8 - 751 NA L 1.12E+02 1.71E+02 3.22E+02  8.50E+00 Y(a)(b) 1.71E+02
Nitroaromatics
2,4,6-Trinitrotoluene 22 - 31 0.0875 - 530 0.0909 - 0.1 L 4.44E+01 3.20E+03 NA Y(a) 5.30E+02
2,4-Dinitrotoluene 19 - 30 0.0761 - 8912 0.352 - 0.459 U 3.03E+02 3.43E-01 1.28E+00 Y(a) 3.43E-01
2,6-Dinitrotoluene 15 - 31 0.0529 - 10274 0.352 - 0.459 U 4.40E+02 4.34E-01 3.30E-02 Y(a) 4.34E-01
2-Amino-4,6-dinitrotoluene 15 - 31 0.358 - 33.6 0.087 - 0.1 U 3.62E+00 7.57E-01 NA Y(a) 7.57E-01
2-Nitrotoluene 7 - 31 0.276 - 582 0.174 - 0.2 U 1.98E+01 2.00E-01 NA Y(a) 2.00E-01
3-Nitrotoluene 7 - 31 0.13 - 59 0.174 - 0.2 U 2.22E+00 2.00E-01 NA Y(a) 2.00E-01
4-Amino-2,6-dinitrotoluene 19 - 31 0.0915 - 16 0.087 - 0.1 U 2.25E+00 1.29E+00 NA Y(a) 1.29E+00
4-Nitrotoluene 7 - 31 0.249 - 484 0.174 - 0.2 U 1.59E+01 2.00E-01 NA Y(a) 2.00E-01
Dinitrotoluene, total" 18 - 31 0.114 - 2708 0.087 - 01 U 1.22E+02 6.41E-01 6.50E-01 Y(a) 6.41E-01
PCBs
Aroclor 1260 26 - 31 0.00862 - 69.8 0.076 - 0.0914 U 2.65E+00 1.32E-01 3.71E-01 Y(a) 1.32E-01

COPEC - Chemical of potential ecological concern; UCL - Upper confidence limit.
mg/kg - Milligrams per kilogram.

NA - Not applicable.

Total soil is defined by samples taken from 0-6 feet below ground surface.

L - Data are found to have lognormal distribution; N - Data are found to have normal distribution; U - Data are found to be nonparametric distribution.
P Calculated based on statistical distribution indicated (Section 2.2.2) of the Ecological Risk Assessment (ERA).
¢ Background data for constituents in soil as presented in Table 2-9 of the ERA.
“ Ecological screening criteria for constituents in soil as presented in Appendix C of the ERA.
¢ N - Chemical is not chosen as a COPEC:
(a) = Maximum detection is less than the ecological screening criterion.
(b) = Maximum detection is less than the background screening criterion.
(c) = Frequency of detection is less than 5%.
'Y - Chemical is chosen as a COPEC:
(a) = Maximum detection is greater than the ecological screening criterion or no screening criteria are available.
(b) = Maximum detection is greater than the background screening criterion.
9 Source term concentration represents the minimum of the maximum detected concentration or the 95% UCL.
" Data for 2,4-dinitrotoluene and 2,6-dinitrotoluene utilized for assessment since the total of the source term concentrations is greater than the source term concentration of total
dinitrotoluene.
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Table 2-12

Statistical Summary of COPECs in Surface Water

TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio
Frequency Range of Range of Ecological Source
of Detections Detection Statistical ~ Arithmetic 95% Screening Term
Chemical Name (mg/L) Detection Limits Distribution ~ Mean ucL® Criterion® COPEC?* Concentration®
Inorganics
Aluminum 8- 8 0.0726 2.88 NA L 7.33E-01 7.46E+00 8.70E-02 Y 2.88E+00
Barium 8- 8 0.0225 0.0539 NA L 3.13E-02 4.15E-02  4.00E-03 Y 4.15E-02
Cadmium 2- 8 0.0008 0.00078 0.003 - 0.003 u 1.32E-03 7.80E-04 6.60E-04 Y 7.80E-04
Calcium 8- 8 35.95 168 NA N 1.04E+02 1.43E+02 NA Y 1.43E+02
Cobalt 3- 8 0.0013 0.00619 0.005 - 0.005 L 2.92E-03 4.23E-03  5.00E-03 Y 4.23E-03
Copper 8- 8 0.0016 0.00628 NA L 3.62E-03 6.02E-03  5.00E-03 Y 6.02E-03
Iron 8- 8 0.0396 9.85 NA L 1.86E+00 7.08E+01 1.00E+00 Y 9.85E+00
Lead 6- 8 0.0015 0.00549 0.003 - 0.003 L 2.49E-03 3.90E-03 1.30E-03 Y 3.90E-03
Magnesium 8- 8 9.1 44.4 NA N 2.60E+01 3.48E+01 NA Y 3.48E+01
Manganese 8- 8 0.0249 1.03 NA L 2.26E-01 1.61E+00 1.20E-01 Y 1.03E+00
Potassium 8- 8 1.83 5.55 NA L 2.85E+00 3.83E+00 NA Y 3.83E+00
Selenium 1- 8 0.0026 0.00263 0.005 - 0.005 u 2.52E-03 2.63E-03 3.90E-04 Y 2.63E-03
Silver 3- 8 0.0008 0.000941 0.003 - 0.003 U 1.25E-03 9.41E-04 3.60E-04 Y 9.41E-04
Sodium 8- 8 7.71 54.3 NA L 1.72E+01 3.04E+01 NA Y 3.04E+01
Zinc 7- 8 0.005 0.0617 0.015 - 0.015 L 1.95E-02 5.92E-02 5.89E-02 Y 5.92E-02
Nitroaromatics
2-Amino-4,6-Dinitrotoluene 1- 8 0.002 0.00196  3E-04 - 3E-04 U 3.59E-04 1.96E-03 NA Y 1.96E-03
4-Amino-2,6-Dinitrotoluene 2- 8 0.0002 0.00234 3E-04 - 3E-04 U 4.11E-04 2.34E-03 NA Y 2.34E-03
Semivolatile Organics
Di-n-butyl phthalate 2- 8 0.0012 0.001735 0.011 - 0.012 U 4.46E-03 1.74E-03  1.00E-03 Y 1.74E-03
\Volatile Organics
Carbon disulfide 8- 8 0.001 0.0115 NA L 4.64E-03 1.13E-02 9.20E-04 Y 1.13E-02

COPEC - Chemical of potential ecological concern; UCL - Upper confidence limit.
L - Data are found to have lognormal distribution; N - Data are found to have normal distribution; U - Data are found to be nonparametric distribution.
mg/kg - Milligrams per kilogram.

NA - Not applicable.

# Calculated based on statistical distribution indicated (Section 2.2.2) of the ecological risk assessment (ERA).
b Ecological screening criteria for surface water as presented in Appendix C of the ERA.
N - Chemical is not chosen as a COPEC: Maximum detected concentration does not exceed screening criterion.

4y - Chemical is chosen as a COPEC: Maximum detected concentration exceeds screening criterion or no screening criteria are available.

¢ Source term concentration represents the minimum of the maximum detected concentration or the 95% UCL.
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Table 2-13

Statistical Summary of COPECs in Sediment
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

Frequency Range of Range of Background Ecological Source
of Detections Detection Statistical ~ Arithmetic 95% Screening Screening Term

Chemical Name (mg/kg) Detection Limits Distribution ~ Mean ucL® Criterion” Criterion® COPEC?"® Concentration'
Inorganics
Beryllium 10-10 0172 - 1.56 NA L 7.30E-01 1.25E+00  1.00E+00 NA Y(a)(b) 1.25E+00
Cadmium 5-10 0.164 - 1.16 0.733 - 0.807 L 4.41E-01 6.36E-01 NA 5.96E-01 Y(a) 6.36E-01
Calcium 10 - 10 2730 - 68700 NA L 2.99E+04 1.41E+05 5.23E+04 NA Y(a)(b) 6.87E+04
Lead 10-10 5.645 - 59 NA L 2.27E+01 4.97E+01 4.86E+01  3.10E+01 Y(a)(b) 4.97E+01
Mercury (Inorganic) 5-10 0.024 - 0.207 0.041 - 0.047 U 4.58E-02 2.07E-01 8.50E-02 1.74E-01 Y(@)(b) 2.07E-01
Nickel 10 - 10 722 - 117 NA L 4.23E+01 1.01E+02 5.51E+01 1.60E+01 Y(a)(b) 1.01E+02
Sodium 8-10 716 - 252 263 - 300 L 1.39E+02 1.84E+02 NA NA Y(a) 1.84E+02
Nitroaromatics
2,4,6-Trinitrotoluene 7-10 0.064 - 46 0.095 - 0.1 L 8.47E-01 1.36E+01 NA Y(a) 4.60E+00
2,4-Dinitrotoluene® 2-10 0.116 - 0.147 0.421 - 0.504 U 2.05E-01 1.47E-01 7.51E-02 Y(a) 1.47E-01
2,6-Dinitrotoluene’ 3-10 0.049 - 0.0844 0.423 - 0.504 U 1.76E-01 8.44E-02 2.06E-02 Y(a) 8.44E-02
2-Amino-4,6-Dinitrotoluene 5-10 0.063 - 2.92 0.091 - 0.1 U 6.70E-01 2.92E+00 NA Y(a) 2.92E+00
2-Nitrotoluene 1-10 0.168 - 0.168 0.174 - 0.2 u 1.01E-01 1.68E-01 NA Y(a) 1.68E-01
4-Amino-2,6-Dinitrotoluene 6 - 10 0.071 - 1.19 0.091 - 0.1 L 2.75E-01 1.18E+00 NA Y(a) 1.18E+00
Dinitrotoluene® 6 - 10 0.046 - 0576 0.091 - 0.1 L 2.10E-01 7.63E-01 NA Y(a) 5.76E-01
PCBs
Aroclor 1260 4-10 0.02 - 0.731 0.085 - 0.101 u 1.23E-01 7.31E-01 3.41E-02 Y(a) 7.31E-01
Semivolatile Organics
Benzo(a)anthracene 1-10 0.286 - 0.286 0.421 - 0.504 L 2.32E-01 2.45E-01 3.17E-02 Y(a) 2.45E-01
Benzo(a)pyrene 2-10 0.044 - 0.136 0.421 - 0.504 U 1.98E-01 1.36E-01 3.19E-02 Y(a) 1.36E-01
Chrysene 1-10 0.163 - 0.163 0.421 - 0.504 N 2.20E-01 2.33E-01 5.71E-02 Y(a) 1.63E-01
Fluoranthene 1-10 0.688 - 0.688 0.421 - 0.504 u 2.72E-01 6.88E-01 1.11E-01 Y(a) 6.88E-01
Phenanthrene 1-10 0.107 - 0.107 0.421 - 0.504 U 2.14E-01 1.07E-01 4.19E-02 Y(a) 1.07E-01
Pyrene 1-10 0.458 - 0.458 0.421 - 0.504 U 2.49E-01 4.58E-01 5.30E-02 Y(a) 4.58E-01

COPEC - Chemical of potential ecological concern; UCL - Upper confidence Limit.

L - Data are found to have lognormal distribution; N - Data are found to have normal distribution; U - Data are found to be nonparametric distribution.
mg/kg - Milligrams per kilogram.

NA - Not applicable.

2 Calculated based on statistical distribution indicated (Section 2.2.2) of the ecological risk assessment (ERA).
b Background data for constituents in soil as presented in Table 2-9 of the ERA.
¢ Ecological screening criteria for sediment as presented in Appendix C of the ERA.
9N - Chemical is not chosen as a COPEC: Maximum detected concentration does not exceed screening criterion.
(a) = Maximum detection is less than the ecological screening criterion.
(b) = Maximum detection is less than the background screening criterion.
€Y - Chemical is chosen as a COPEC: Maximum detected concentration exceeds screening criterion or no screening criteria are available.
(a) = Maximum detection is greater than the ecological screening criterion or no screening criteria are available.
(b) = Maximum detection is greater than the background screening criterion.
" Source term concentration represents the minimum of the maximum detected concentration or the 95% UCL.
9 Data for dinitrotoluene, total utilized for assessment since the total of the source term concentration is greater than the total of the source term concentrations for
2,4- and 2,6-DNT.
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Table 2-14

Terrestrial Plant Soil Benchmark Exceedances
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

Source-Term Surface

Benchmark Concentration

Soil Concentration® for Plants Benchmark
Constituent (mg/kg) (mg/kg) Exceeded?
Organics
2,4,6-Trinitrotoluene 152 30° Yes
Inorganics
Lead 564 50° Yes
Zinc 642 50°¢ Yes

495 percent upper confidence limit concentrations presented for COPECs in Table 2-10 of the ecological

risk assessment.

® Source: Talmage, S. S. et. al., 1999, “Nitroaromatic Munition Compounds: Environmental effects and

Screening Values,” Toxicology, Volume 161, pp. 1-156.

¢ Source: Efroymson, R. A., G. W. Suter Il, Wooten, A. C., and W. E. Will, 1997c, Toxicological Benchmarks
for Screening Potential Contaminants of Concern for Effects on Terrestrial Plants, 1997 Revision, Oak

Ridge National Laboratory. Report No. ES/ER/TM-85/R3.

COPEC - Chemical of potential ecological concern.
mg/kg — Milligrams per kilogram.
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Table 2-15

Aquatic Biota Surface Water Benchmark Exceedances
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 2)

Constituent Source -Term NAWQ” [Tier 11 °| State of Ohio® | Other® Benchmark
Concentration® (ug/L) (Mg/L) | (ug/L) (ug/L) (Mg/L) Exceeded?

Organics
Carbon disulfide 11.33 NA 8.89 NA 244 * Yes (1/2)
Inorganics
Aluminum 2,880 87 NA NA 1,900 * Yes (2/2)
Barium 41.5 NA 3.8 NA 5,800 * Yes (1/2)
Cadmium (hardness dependent) 0.78 3.4 NA 7.3 0.15* Yes (1/3)
Calcium 143,000 NA NA NA 116,000 * Yes (1/1)
Cobalt 4.23 NA 3.06 NA 51* Yes (1/3)
Copper (hardness dependent) 6.02 38 NA 30 0.23* Yes (1/3)
Iron 9,850 1,000 NA NA 158 * Yes (2/2)
Manganese 1,030 1,500 #| 80.3 NA <1,100 * Yes (1/3)
Silver 0.94 NA 0.36 NA 0.12 Yes (2/2)
Zinc (hardness dependent) 59.2 340 NA 390 46.7 Yes (1/3)

% COPECs and UCL concentrations from Table 2-12 of the Ecological Risk Assessment.

® National Ambient Water Quality (NAWQ) criteria for chronic exposure (federal) from 40 CFR 131.36, Quality Criteria for Water (Red Book)
(EPA, 1976), and EPA Health and Ecological Criteria Division recommendations (1997). Hardness of 400 mg/L assumed. Lowest effect
concentration (LEC) values (that are not criteria) are indicated with "#."

Values calculated using Great Lakes Water Quality Initiative Tier Il methodology, as summarized in Eco Update (EPA, 1996b) and Suter
and Mabrey (1994).

Ohio Water Quality Criteria for the protection of aquatic life (Lake Erie Basin; Title 3745-1-33, assuming a hardness of 400 mg/L CaCOs,).

o

o
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Table 2-15

Aquatic Biota Surface Water Benchmark Exceedances
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 2)

¢ Other references include the following:
« *indicates that the value is chronic LEC, or estimated lowest chronic value for daphnids and fish from Suter and Mabrey (1994).
« ** indicates that the value is a lowest observed effect concentration from Talmage, et. al. (1999).
" Number of benchmarks exceeded/number of benchmarks available shown in parentheses.
Notes: 1) Water hardness measurements ranged from 372 to 592 mg/L at West Area Red Water Ponds and from 284 to 488 mg/L at
Pentolite Road Red Water Ponds (IT, 2000). These values were assumed to be representative of TNT Area A.
2) NA - Not Available.
3) Hardness dependent criteria calculated for total water body concentration, not dissolved fraction, using average hardness of
approximately 400 mg/L CaCOs.

Sources: Suter, G.W., Il and J.B. Mabrey, 1994, Toxicological Benchmarks for Screening of Potential Contaminants of Concern for Effects
on Aquatic Biota, 1994 revision, DE-AC05-840R21400, Office of Environmental Restoration and Waste Management, U.S.
Department of Energy, Washington, D.C.

U.S. Environmental Protection Agency, 1997, National Recommended Water Quality Criteria, Office of Water, Washington, D.C.

U.S. Environmental Protection Agency, 1996, ECO Update: Ecotox Thresholds, Office of Emergency and Remedial Response,
EPA/540/F-95/038, OSWER-9345.0-12FSlI, January.

Mg/L — Micrograms per liter.

COPEC - Chemical of potential ecological concern.
UCL — Upper confidence limit.

mg/L — Milligrams per liter.
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Table 2-16

Aquatic Biota Sediment Benchmark Exceedances
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 2)

Source-Term | NOAA | NOAA | FDEP | FDEP | OMOE | OMOE
Concentration?| ER-L° | ER-M® | TEL® | PEL® | Low' |Severe?|Talmage et. al., SQC"|Benchmark

COPEC (mg/kg) (mg/kg) | (mg/kg) [ (mg/kg) [ (mg/kg) | (mg/kg) | (mg/kg) (mg/kg) Exceeded?'
Organics
Aroclor 1260 0.731 NA NA NA NA 0.005 0.24 NA Yes (1/1)
Benzo(a)anthracene 0.245 0.261 1.6 0.075 | 0.693 0.32 1,480 NA Yes (1/6)
Benzo(a)pyrene 0.136 0.43 1.6 0.089 | 0.763 0.37 1,440 NA Yes (1/6)
Chrysene 0.163 0.384 2.8 0.108 | 0.846 0.34 460 NA Yes (1/6)
Fluoranthene 0.688 0.6 5.1 0.113 1.49 0.75 1,020 NA Yes (2/6)
Phenanthrene 0.107 0.24 15 0.0867 | 0.544 0.56 950 NA Yes (1/6)
Pyrene 0.458 0.665 2.6 0.153 | 1.398 0.49 850 NA Yes (1/6)
Inorganics
Cadmium 0.636 1.2 9.6 0.68 4.21 0.6 10 NA Yes (1/6)
Lead 49.7 46.7 218 30.2 112 31 250 NA Yes (3/6)
Mercury 0.207 0.15 0.71 0.13 0.7 0.2 2 NA Yes (2/6)
Nickel 101 20.9 51.6 15.9 42.8 16 75 NA Yes (6/6)

4COPECs and 95% UCL concentrations are from Table 2-13 of the Ecological Risk Assessment.

PEffects Range - Low, developed by NOAA published by Long and Morgan (1990), updated by Long (1995), and summarized in Jones, et al.
(1996). Should be used only if no freshwater benchmarks available (e.g., OMOE, 1993).

°Effects Range - Medium, developed by NOAA published by Long and Morgan (1990), updated by Long (1995), and summarized in Jones, et al.
(1996). Should be used only if no freshwater benchmarks available (e.g., OMOE, 1993).

“Florida Department of Environmental Protection, threshold effects level, summarized in Jones, et al. (1996).

°Florida Department of Environmental Protection, probable effects level, summarized in Jones, et al. (1996).

'Ontario Ministry of the Environment (OMOE, 1993), Low = lowest effect level and is the 5th percentile of the screening level concentration.
90ntario Ministry of the Environment (OMOE, 1993), Severe = severe effect level and is the 95th percentile of the screening level concentration.
hTaImage, et al. (1999), Sediment Quality Criteria/Screening Benchmarks.
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Table 2-16

Aquatic Biota Sediment Benchmark Exceedances
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 2)

'Number of benchmarks exceeded/number of benchmarks available.
'NA - Not available.

Sources:

Jones, D.S., R.N. Hull, and G. W. Suter, I, 1996, Toxicological Benchmarks for Screening Potential Contaminants of Concerns for Effects on Sediment-Associated
Biota, ES/ER/TM-95/R2.

Long, E.R., D.D. MacDonald, S.L. Smith, and F.D. Calder, 1995, “Incidence of Adverse Biological Effects Within Ranges of Chemical Concentrations in Marine and
Estuarine Sediments, Environmental Management, Vol. 19, No. 1, pp. 81-97.

Long, E.R., and L.G. Morgan, 1990, The Potential for Biological Effects of Sediment-Sorbed Contaminants Tested in the National Status and Trends Program,
NOAA Tech. Memo NOS OMA 52, National Oceanic and Atmospheric Administration, Seattle, Washington.

mg/kg — Milligrams per kilogram.

COPEC - Chemical of potential ecological concern.
UCL — Upper confidence limit.
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Table 2-17

Terrestrial Receptors Ecological Hazard Index Summary
TNT Area A®
Plum Brook Ordnance Works, Sandusky, Ohio

Media Terrestrial Receptor
Deer Mouse Cottontail Shrew Marsh Wren Raccoon Deer Hawk
Soil ® EHI® 101-812 38-189 92-848 148-1,420 92-751 8.3-42 0.6-6
Risk Drivers: Aroclor-1260 TNT Aroclor-1260 Aroclor-1260 Aroclor-1260 TNT Aroclor-1260
(invert. intake) (plant intake) (invert. intake) (invert. intake) (invert. intake) (plant intake) (shrew intake)
TNT Lead Lead TNT (bird intake)
(plant intake) (invert. intake) (invert. intake) (plant intake)
Surface 0.2-1.7 0.2-1.8 0.1-1.1 0.2-1.2 0.2-2.1 2-17 0.003-0.01
Water EHI
Risk Drivers: Aluminum Aluminum Aluminum Magnesium Aluminum Aluminum Magnesium
(water intake) (water intake) (water intake) (water intake) (water intake) (water intake) (water intake)
Total
Receptor 101-814 38-191 92-849 148-1,421 92-753 10-59 0.6-6
EHI

@ Details presented in the ecological risk assessment.
®All receptors exposed to surface soil, except burrowing shrew exposed to surface and subsurface soil via ingestion of soil and ingestion of terrestrial
invertebrates, and deer exposed to surface and subsurface soil via ingestion of plants (e.g., tree leaves) that have translocated COPEC(S) via deep

feeder roots.

¢ Lower end of range is the CT EHI; upper end of range is RME EHI.

Notes :

(1) EHI values are generally interpreted as follows:
<1 — No probable adverse ecological effects

1 to 10 — Low potential for adverse ecological effects
10 to 100 — Substantial potential for adverse ecological effects
>100 — Highest potential for adverse ecological effects.
(2) Central tendency (CT) and reasonable maximum exposure (RME) approach assumptions include differences in exposure point concentrations,
toxicity values, interclass toxicity uncertainty factor, and method of calculation of site-specific soil- to-invertebrate biological accumulation factors.
(3) Risk driver percentage based on intake pathway indicated.

COPEC - Constituent of potential ecological concern.

EHI - Ecological hazard index.
TNT - 2,4,6-Trinitrotoluene.
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Table 2-18

Aquatic Receptors Ecological Hazard Index Summary
TNT Area A ®
Plum Brook Ordnance Works, Sandusky, Ohio

i Aquatic Receptor
Media
Mallard Duck Raccoon
Sediment EHI ° 6-51° 10 - 86
0,

(inver?t(e)b/?a-[(;\l i-gtake) 75% Aroclor-1260
(invertebrate intake)

Sediment Risk Drivers: 21% Aroclor-1260 7% TNT
(invertebrate intake) (invertebrate intake)

19% 2-Amino-4,6-dinitrotoluene
(invertebrate intake)

Surface Water EHI 0.01-0.05 0.05-0.4
Risk Drivers 41% Magnesium 85% Aluminum
(water intake) (water intake)
Total Receptor EHI 6-51 10 - 86

# Details presented in the ecological risk assessment.
® EHI — Ecological hazard index.

¢ Lower end of range is the CT EHI; upper end of range is RME EHI.

(1) EHI values are generally interpreted as follows:
<1 — No probable adverse ecological effects
1 to 10 — Low potential for adverse ecological effects
10 to 100 — Substantial potential for adverse ecological effects
>100 — Highest potential for adverse ecological effects.

(2) Central tendency (CT) and reasonable maximum exposure (RME) approach assumptions include

differences in exposure point concentrations; toxicity values; interclass toxicity uncertainty factors;

and method of calculation of site-specific surface water-to-fish and sediment-to-invertebrate biological
accumulation factors.

(3) Risk driver percentage is based on intake pathway indicated.

TNT - 2,4,6-Trinitrotoluene.
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Table 2-19

Remedial Goals for Total Soil
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

NTE
RG Cleanup Basis of
CcocC (mg/kg) Level® RG HQ of RG ILCR of RG

2-Amino-4,6-dinitrotoluene 1.3 19 RBRC" 0.32 NA
4-Amino-2,6-dinitrotoluene 1.7 19 RBRC 0.42 NA
2,4,6-Trinitrotoluene 8.0 166 RBRC 0.24 6E-7°
2-Nitrotoluene 31 3600 RBRC 0.043 NA
4-Nitrotoluene 9 3600° RBRC 0.012 NA
2,4-Dinitrotoluene 6.0 37 RBRC 0.04° 8E-6
2,6-Dinitrotoluene 1.5 37 RBRC 0.02° 2E-6
Aroclor 1260 1.0 5 RBRC NA 3.4E-6 (5E-8)'
Lead 400 2000 TBC® NA NA
Total HI/ILCR 1.0" 1.0E-5 (1.3E-5)'

& Cleanup level required by CERCLA and NCP that no single confirmation sample can exceed without additional
excavation. Value shown is the RG set at an HQ of 1(or ILCR of 1E-5 for dinitrotoluenes and Aroclor 1260) and multiplied
by five, assuming that a minimum of five samples will be collected from each excavation. It is also assumed that the four
nondetects are present at 0.2 mg/kg (one-half a reporting limit of 0.4 mg/kg) for averaging purposes. Refer to Section
2 8.2 of the text. These NTE values do not apply if there is more than one detection of a single COC from an excavation.

® RBRC values are described in the human health risk assessment (IT, 2001b). The specific HQ and ILCR values
selected for each COC are shown in the columns above. These were selected in the feasibility study (Shaw, 2003) to
result in a cumulative noncancer hazard index of 1 and a cumulative ILCR of 1E-5, which are the PBOW risk-based
goals.
¢ RG derived on the basis of noncancer effects; cancer risk is de minimis (<1E-6).

4 Because of rounding error, the calculated NTE cleanup level for 2-nitrotoluene is less than that for 4-nitrotoluene;
therefore the value for 2-nitrotoluene is also used for 4-nitrotoluene.

° RG derived on the basis of carcinogenicity; noncancer effects are de minimis (HQ<0.1).

"value shown in parentheses is the ILCR for the highest detected concentration (0.077 mg/kg) among the areas not
proposed for remediation based on the nitroaromatic RGs; this value is de minimis (i.e., <1E-6).
9 EPA Soil screening value for average lead concentration (EPA, 1998).

" Total HI reflects the additive effects of the nitroaromatics at the respective RG levels.

'Value outside of parentheses is for nitroaromatics at the RG levels and the maximum detected concentration among the
remaining samples for residual PCBs; value shown in parentheses is the total ILCR assuming the Aroclor 1260
concentration is equal to the RG.

COC - Chemical of concern.

HI - Hazard index; sum of HQ values.
HQ - Hazard quotient.

ILCR - Incremental lifetime cancer risk.
mg/kg - Milligrams per kilogram.

NA - Not applicable.

NTE - Not to exceed.

PCB - Polychlorinated biphenyl.

RBRC - Risk-based remediation concentration.
RG - Remedial goal.

TBC - To be considered criterion.
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Table 2-20

Implications of Human Health-Based Soil RGs on Ecological Receptors
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

Critical Scaled °
NOAEL-Based EPC for NOAEL-Based Lowest
Human Expected Ecological Critical ° Ecological Hazard Estimated Reported
Health Residual Hazard Ecological Quotient Using Reduction Detection
RG Conc.” Quotient Receptor Expected in Ecological Limit ¢
Chemical® (mg/kg) (mg/kg) (and receptor) (mg/kg) Residual Conc. Hazard ' (mg/kg)
2,4,6-Trinitrotoluene 8 0.05 134  rabbit 152 0.04 3040 0.1
Aroclor 1260 1 0.014 873 wren 2.48 5 177 0.08
Calcium® NA 14,500 109 wren 125,000 13 9 NA
Lead 400 69.5 338 wren 564 42 8 NA
Critical Scaled ®
LOAEL-Based EPC for LOAEL-Based Estimated Lowest
Human Expected Ecological Critical ° Ecological Hazard Ecological Reported
Health Residual Hazard Ecological Quotient Using Hazard Detection
RG Conc.” Quotient Receptor Expected Reduction Limit @
Chemical® (mg/kg) (mg/kg) (and receptor) ° (mg/kg) Residual Conc. Factor ' (mg/kg)
2,4,6-Trinitrotoluene 8 0.05 27 rabbit 152 0.009 3040 0.1
Aroclor 1260 1 0.014 87 wren 2.48 0.5 177 0.08
Calcium® NA 14,500 22 wren 125,000 3 9 NA
Lead 400 69.5 34 wren 564 4 8 NA

& Chemicals shown are those having the highest EHQ values in the Remedial Investigation Report Ecological Risk

Assessment (ERA) (IT, 2001c). Human health COCs are bolded.
P Residual concentrations in surface soil were estimated by removing the soil samples from the ecological data base that
were within the proposed excavation footprint and recalculating the exposure point concentration following
the methodology used in the ERA. Value shown for each chemical except 2,4,6-trinitrotoluene (TNT) is the remaining
maximum detected concentration; value shown for TNT is 0.5 X the maximum reporting limit. Dilution from clean backfill

was not considered in estimating the residual concentrations.

“Value and corresponding receptor shown are for the highest EHQ value among receptors evaluated in the ERA.

4Value shown is from the ERA.

¢ Estimated using the following scaling relationship:

one significant figure.

Scaled EHQ - Residual Conc. x (pre-remediation EHQ/pre-remediation EPC).
Note that calculations were performed using unrounded EHQ values, but that the resultant scaled quotients are rounded to

fEstimated by dividing pre-remediation EPC by expected residual concentration (note that EHQs are linear with concentration).
Ecological hazard reduction factors are rounded to the nearest whole number.

9 Although no RG was derived for calcium, the highest concentrations of calcium would be removed from the data set based on RG
exceedances of the human health COCs. Thus, the remaining maximum detected concentration of calcium would be 14,500 mg/kg.

Notes:

COC - Chemical of concern.

Conc. - Concentration.

EHQ - Ecological hazard quotient from ERA.

EPC - Exposure point concentration (original EPC used in ERA for surface soil exposure).
ERA - Ecological Risk Assessment.

LOAEL - Lowest-observed-adverse-effect level.
mg/kg - Milligrams per kilogram.

NA - Not applicable.

NOAEL - No-observed-adverse-effect level.

RG - Remedial goal.
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Table 2-21

Comparative Analysis of Remedial Alternatives
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 9)

Alternative 1: Alternative 2: Alternative 3: Alternative 4: Alternative 5:
No Action Excavation, Windrow Excavation and Off-Site Excavation, Windrow Excavation, Alkaline
Criteria Composting, and Off- Disposal Composting, Chemical Hydrolysis, Chemical
Site Disposal Stabilization, and Off-Site | Stabilization, On-Site
Disposal and Off-Site Disposal
Overall Protectiveness
Human Health Protection No reduction in risk. Reduces the Reduces the Reduces the Reduces the
concentration of COCs | concentration of COCs | concentration of COC to | concentration of COC to
to levels below RGs. to levels below RGs. levels below RGs. levels below RGs.
Environmental Protection No reduction in risk. Significantly reduces the | Significantly reduces the | Significantly reduces the | Significantly reduces the
hazard quotients hazard quotients hazard quotients hazard quotients

calculated for ecological | calculated for ecological | calculated for ecological | calculated for ecological
receptors, and lowers receptors, and lowers receptors, and lowers the | receptors, and lowers the

the likelihood of the likelihood of likelihood of contaminant | likelihood of contaminant
contaminant spread to contaminant spread to | spread to other media. spread to other media.
other media. other media.
Compliance with ARARs
Chemical-Specific ARARs | No chemical-specific Complies with TSCA Complies with TSCA Complies with TSCA Complies with TSCA
ARARSs. regulations (40 CFR regulations (40 CFR regulations (40 CFR regulations (40 CFR
761.61) 761.61) 761.61) 761.61)
Location-Specific ARARs No location-specific No location-specific No location-specific No location-specific No location-specific
ARARSs. ARARSs. ARARSs. ARARSs. ARARSs.
Action-Specific ARARs No action-specific Complies with all action- | Complies with all action- | Complies with all action- | Complies with all action-
ARARSs. specific ARARs. specific ARARs. specific ARARs. specific ARARs.
Other Criteria and Permits exposures to Prevents exposures to | Prevents exposures to | Prevents exposures to Prevents exposures to
Guidance soil exceeding the soil exceeding the soil exceeding the soil exceeding the soil exceeding the
USEPA 400 mg/kg USEPA 400 mg/kg USEPA 400 mg/kg USEPA 400 mg/kg USEPA 400 mg/kg
screening level for lead | screening level for lead | screening level for lead | screening level for lead in | screening level for lead
in soil. in soil. in soil. soil. in soil.
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Table 2-21

Comparative Analysis of Remedial Alternatives
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 9)

Criteria

Alternative 1:
No Action

Alternative 2:
Excavation, Windrow
Composting, and Off-

Site Disposal

Alternative 3:
Excavation and Off-Site
Disposal

Alternative 4:
Excavation, Windrow
Composting, Chemical
Stabilization, and Off-Site
Disposal

Alternative 5:
Excavation, Alkaline
Hydrolysis, Chemical
Stabilization, On-Site
and Off-Site Disposal

Long-Term Effectiveness and Permanence

Magnitude of Residual Risk

Existing risk will remain.

Residual risk will be
within the risk
management range.

Residual risk will be
within the risk
management range.

Residual risk will be
within the risk
management range.

Residual risk will be
within the risk
management range.

Adequacy and Reliability of
Controls

No controls over
remaining
contamination. No
reliability.

No long-term controls
required at site.

No long-term controls
required at site.

No long-term controls
required at site.

No long-term controls
required at site.

Reduction of Toxicity, Mob

ility, or Volume through Treatment

Treatment Process Used None Biological treatment of | No on-site treatment. Biological treatment of Chemical and biological
nitroaromatic nitroaromatic compounds | treatment of
compounds using using windrow nitroaromatic compounds
windrow composting. composting. Ex-situ using alkaline hydrolysis
chemical stabilization of | and windrow
lead. composting. Ex-situ
chemical stabilization of
lead.
Amount Destroyed or None 20% of contaminated No on-site treatment. 23% of contaminated soil | 23% of contaminated soil

Treated

soil treated on-site.

treated on-site.

treated on-site.
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Table 2-21

TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 3 0of 9)

Comparative Analysis of Remedial Alternatives

Criteria

Alternative 1:
No Action

Alternative 2:
Excavation, Windrow
Composting, and Off-

Site Disposal

Alternative 3:
Excavation and Off-Site
Disposal

Alternative 4:
Excavation, Windrow
Composting, Chemical
Stabilization, and Off-Site
Disposal

Alternative 5:
Excavation, Alkaline
Hydrolysis, Chemical
Stabilization, On-Site
and Off-Site Disposal

Irreversible Treatment

None.

Research has
demonstrated that a
high percentage (>80%)
of TNT-carbon is
irreversibly bound to the
soil through covalent
binding with humic
substances.

No on-site treatment.

Research has
demonstrated that a high
percentage (>80%) of
TNT-carbon is
irreversibly bound to the
soil through covalent
binding with humic
substances. Stabilization
may not be an
irreversible process, but
placement of stabilized
waste in an engineered
disposal cell minimizes
the possibility that
conditions conducive to
leaching will be created.

Alkaline hydrolysis
irreversibly transforms
NACs in soil to less toxic
end products. Research
has demonstrated that a
high percentage (>80%)
of TNT-carbon is
irreversibly bound to the
soil through covalent
binding with humic
substances. Research
has demonstrated that a
high percentage (>80%)
of TNT-carbon is
irreversibly bound to the
soil through covalent
binding with humic
substances. Stabilization
may not be an
irreversible process, but
placement of stabilized
waste in an engineered
disposal cell minimizes
the possibility that
conditions conducive to
leaching will be created.
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Table 2-21

Comparative Analysis of Remedial Alternatives
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 4 of 9)

Criteria

Alternative 1:
No Action

Alternative 2:
Excavation, Windrow
Composting, and Off-

Site Disposal

Alternative 3:
Excavation and Off-Site
Disposal

Alternative 4:
Excavation, Windrow
Composting, Chemical
Stabilization, and Off-Site
Disposal

Alternative 5:
Excavation, Alkaline
Hydrolysis, Chemical
Stabilization, On-Site
and Off-Site Disposal

Type and Quantity of
Residuals Remaining after
Treatment (all volumes are
based on in-place,
consolidated soil)

Contaminated soil
remains.

15,699 cy of treated and
untreated soil for offsite
disposal as a
nonhazardous waste at
a solid waste landfill.
1339 cy lead
contaminated soil for off-
site treatment & disposal
at a Subtitle C TSDF.
119 cy PCB remediation
waste for offsite
treatment and/or
disposal at TSCA
approved TSDF.

12,380 cy of untreated
soil for offsite disposal
as a nonhazardous
waste at a solid waste
landfill. 4,658 cy of 2,4-
DNT and lead
contaminated soil for
offsite treatment and
disposal at a hazardous
waste TSDF. 119 cy
PCB remediation waste
for offsite treatment
and/or disposal at TSCA
approved TSDF.

17,038 cy of treated and
untreated soil for offsite
disposal as a non-
hazardous waste at a
solid waste landfill. 119
cy PCB remediation
waste for offsite
treatment & disposal at
TSCA approved TSDF.

3,319 cy of treated saoll
placed back on site.
13,719 cy untreated soil
and lead contaminated
soil for off-site disposal
at a nonhazardous waste
landfill. 119 cy PCB
remediation waste for
offsite treatment and/or
disposal at TSCA
approved TSDF.

Short-Term Effectiveness

Community Protection

May present future risk
to community.

Normal safeguards
would be required
during transportation of
waste materials offsite.

Normal safeguards
would be required
during transportation of
waste materials offsite.

Normal safeguards would
be required during
transportation of waste
materials offsite.

Normal safeguards
would be required during
transportation of waste
materials offsite.
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Table 2-21

TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 5 0of 9)

Comparative Analysis of Remedial Alternatives

Criteria

Alternative 1:
No Action

Alternative 2:
Excavation, Windrow
Composting, and Off-

Site Disposal

Alternative 3:
Excavation and Off-Site
Disposal

Alternative 4:
Excavation, Windrow
Composting, Chemical
Stabilization, and Off-Site
Disposal

Alternative 5:
Excavation, Alkaline
Hydrolysis, Chemical
Stabilization, On-Site
and Off-Site Disposal

Worker Protection

No risk to workers

Safeguards would be
required to protect
workers from chemical
exposures during
windrow turning
operations. Dust
released during
excavation, screening,
amendment mixing, and
windrow turning may
require controls.

Dust released during
excavation and
screening may require
controls.

Safeguards would be
required to protect
workers from chemical
exposures during
windrow turning
operations. Dust released
during excavation,
screening, amendment
mixing, windrow turning,
and stabilization may
require controls.

Chemicals used in the
treatment process are
very corrosive. Material
handling processes must
be carefully designed to
protect workers from
chemical exposures.
Safeguards would be
required to protect
workers from chemical
exposures during
windrow turning
operations. Dust
released during
excavation, screening,
amendment mixing,
windrow turning, and
stabilization may require
controls.
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Table 2-21

Comparative Analysis of Remedial Alternatives
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 6 of 9)

Criteria

Alternative 1:
No Action

Alternative 2:
Excavation, Windrow
Composting, and Off-

Site Disposal

Alternative 3:
Excavation and Off-Site
Disposal

Alternative 4:
Excavation, Windrow
Composting, Chemical
Stabilization, and Off-Site
Disposal

Alternative 5:
Excavation, Alkaline
Hydrolysis, Chemical
Stabilization, On-Site
and Off-Site Disposal

Environmental Impacts

Continued impact from
existing conditions.

Design of staging piles
(contaminated soil and
amendments) would
require safeguards to
prevent migration of
contaminants.
Treatment area would
be bermed and a
contact water retention
system provided to
control stormwater run-
on and run-off.

Design of staging piles
would require
safeguards to prevent
migration of
contaminants.

Design of staging piles
would require safeguards
to prevent migration of
contaminants. Treatment
area would be bermed
and a contact water
retention system
provided to control
stormwater run-on and
run-off.

Design of staging piles
would require safeguards
to prevent migration of
contaminants. Treatment
area would be bermed
and a contact water
retention system
provided to control
stormwater run-on and
run-off. Hazardous
chemicals would be
managed to segregate
incompatible chemicals
and prevent uncontrolled
releases to the
environment.

Time Until Action is
Complete

Not applicable

18 to 24 months

12 to 18 months

19 to 25 months

21 to 27 months
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Table 2-21

Comparative Analysis of Remedial Alternatives
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 7 of 9)

Criteria

Alternative 1:
No Action

Alternative 2:
Excavation, Windrow
Composting, and Off-

Site Disposal

Alternative 3:
Excavation and Off-Site
Disposal

Alternative 4:
Excavation, Windrow
Composting, Chemical
Stabilization, and Off-Site
Disposal

Alternative 5:
Excavation, Alkaline
Hydrolysis, Chemical
Stabilization, On-Site
and Off-Site Disposal

Implementability

Ability to Construct and
Operate

No construction or
operation.

Technology well
developed and
implemented on a full-
scale basis at numerous
sites. Composting
previously implemented
at TNTB.

No significant issues.

Technologies well
developed and
implemented on a full-
scale basis at numerous
sites. Composting
previously implemented
at TNTB.

Alkaline hydrolysis using
caustic soda to treat
NACs in soil is a
relatively new process,
but has been field tested
at one site. Composting
is a contingency
component of remedial
alternative that will be
used to treat soil that
does not meet RGs or
LDR criteria after alkaline
hydrolysis. Composting
is a well developed
technology implemented
on a full-scale basis at
numerous sites.
Composting previously
implemented at TNTB.

Ease of Doing More Action
if Needed

May require amendment
of Decision Document if
future problems arise.

Does not preclude
additional remedial
action for soil.

Does not preclude
additional remedial
action for soil.

Does not preclude
additional remedial action
for soil.

Does not preclude
additional remedial
action for soil.
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Table 2-21

Comparative Analysis of Remedial Alternatives
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 8 of 9)

Criteria

Alternative 1:
No Action

Alternative 2:
Excavation, Windrow
Composting, and Off-

Site Disposal

Alternative 3:
Excavation and Off-Site
Disposal

Alternative 4:
Excavation, Windrow
Composting, Chemical
Stabilization, and Off-Site
Disposal

Alternative 5:
Excavation, Alkaline
Hydrolysis, Chemical
Stabilization, On-Site
and Off-Site Disposal

Ability to Monitor
Effectiveness

No monitoring required.

Effectiveness of
excavation is evaluated
by confirmatory soil
sampling and analysis.
Effectiveness of
composting is evaluated
by post-treatment
sampling and analysis of
compost

Effectiveness of
excavation is evaluated
by confirmatory soil
sampling and analysis.

Effectiveness of
excavation is evaluated
by confirmatory soil
sampling and analysis.
Effectiveness of
stabilization process
evaluated through
leaching tests.
Effectiveness of
composting is evaluated
by post-treatment
sampling and analysis of
treated soil.

Effectiveness of
excavation is evaluated
by confirmatory soil
sampling and analysis.
Effectiveness of
stabilization process
evaluated through
leaching tests.
Effectiveness of alkaline
hydrolysis and
composting is evaluated
by post-treatment
sampling and analysis of
treated soil

Ability to Obtain Approvals
and Coordinate with Other
Agencies

None required

OEPA approval of
disposal facility would
be required.

OEPA approval of
disposal facility would
be required.

OEPA approval of
disposal facility would be
required.

OEPA approval of
disposal facility would be
required.

Availability of Equipment,
Specialists, and Materials

None required

Equipment, technical
specialists, and
materials available
locally.

Equipment, technical
specialists, and
materials available
locally.

Equipment, technical
specialists, and materials
readily available.

Equipment, technical
specialists, and materials
readily available.

Availability of Technologies | None required Available Available Available Available
Cost

Capital Cost None $5.2 million $4.7 million $5.1 million $4.0 million
Annual O&M Cost None None None None None
Present Worth Cost None $5.2 million $4.7 million $5.1 million $4.0 million
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Table 2-21

Comparative Analysis of Remedial Alternatives
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 9 of 9)
Alternative 1: Alternative 2: Alternative 3: Alternative 4: Alternative 5:
No Action Excavation, Windrow Excavation and Off-Site Excavation, Windrow Excavation, Alkaline
Criteria Composting, and Off- Disposal Composting, Chemical Hydrolysis, Chemical
Site Disposal Stabilization, and Off-Site | Stabilization, On-Site
Disposal and Off-Site Disposal
State Acceptance Not acceptable State has not expressed | State has not expressed | State has not expressed | State has not expressed
opposition. opposition. opposition. opposition.
Community Acceptance | Not acceptable Community has not Community has not Community has not Community has not
expressed opposition. expressed opposition. expressed opposition. expressed opposition.
ARAR - Applicable or relevant and appropriate requirement.
CcocC - Contaminant of concern. RCRA - Resource Conservation and Recovery Act.
cy - Cubic yard. RG - Remedial goal.
mg/kg -  Milligrams per kilogram. ROD - Record of decision.
O&M - Operation and maintenance. TNT - Trinitrotoluene.
OEPA - Ohio Environmental Protection Agency. TSDF - Treatment, storage, and disposal facility.
USEPA - U.S. Environmental Protection Agency.
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Table 2-22

Cost Estimate of Selected Remedy (Alternative 5)
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 14)

Alternative 5 SIIA TNT Area A
Excavation/Alkaline Hydrolysis/Windrow Composting/ Plum Brook Ordnance Works
Stabilization/On-Site & Off-Site Disposal Date: 1/18/2011

Cost Estimate

Scope:

1. Prepare work plans and closeout report, and complete procurement.

2. Mobilize/demobilize equipment and personnel.

3. Prepare site for remedial activity.

4. Excavate contaminated soil, perform confirmation sampling & characterize waste.

5. Alkaline hydrolysis and neutralization of soil that is hazardous due to 2,4-DNT TCLP.
6. Windrow composting of alkaline hydrolysis treated soil.

7. Maectite chemical stabilization of soil that is hazardous due to lead TCLP.

8. On site disposal of soil treated via alkaline hydrolysis and windrow composting.

9. Off-site disposal of non-hazardous waste.

10. Site restoration.

Treatability Study, Work Plans, Reports and Procurement

Includes:

1. Labor to generate work plans, including engineering specifications and Health and Safety Plan, along with
the Final Report.

2. Procure equipment and materials.

3. Treatability study to test effectiveness w/PAHs and optimize neutralization approach.

Service Unit Unit Cost Subtotal
Work Plans and Final Report 1 $15,000.00 /Is $15,000.00
Procurement 1 $10,000.00 /Is $10,000.00
Subtotal $25,000.00
2.0 Mobilization/Demobilization of Equipment and Personnel

Includes:
1. Mobilization and demobilization of local equipment and personnel.
2. Set-up/tear down office trailer.

Assumptions:
1. Labor and equipment are available locally.
2. Pressure washer to be purchased for use during project.

Service/Materials Unit Unit Cost Subtotal

Labor/Equipment:

Mobe/Demobe 1 $5,000.00 /Is $5,000.00
Office Trailer (set up/tear down) 1 $500.00 /Is $500.00
Pressure Washer 1 $500.00 /Is $500.00

Subtotal $6,000.00

3.0 Site Preparation

Includes:
1. Existing site can be used and no additional site preparation costs are required.
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Table 2-22

Cost Estimate of Selected Remedy (Alternative 5)
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 14)

4.0 Excavation of Contaminated Soil

Includes:

1. Excavation of soil with contaminants exceeding RGOs.

2. Screen oversize material.

3. Collect confirmatory samples to verify extent of excavation.
4. Staging and characterizing waste stream.

Assumptions and Calculations:

1. Cubic yards of consolidated soil excavated = 17157
2. Swell factor for soil upon excavation = 1.3

3. Cubic yards of unconsolidated soil = 22304
4. Density of unconsolidated soil (tons/cy) = 1.1

5. Mass of unconsolidated soil (tons) = 24535
6. Capacity of screening plant (tons/hr) = 100
7. Excavator: hydraulic backhoe, 1 cy bucket.

8. Excavator output (cy/day) = 600
9. Days to excavate soil = 45

10. Dump truck capacity (cy) = 12

11. Dump truck haul distance (mi.) = 0.5
12. Dump truck output (cy/day) = 250
13. No. of required dump trucks per day = 2

14. Soil sample collected for waste characterization / cy = 300
15. No. of soil samples collected for waste characterization = 75

16. Number of excavation crew = 2

17. Number of screening crew = 3

18. Lineal foot of excavation per confirmation sample = 20

19. Resampling factor for confirmation sampling = 1.1
20. No. of confirmatory samples from excavated area = 366
21. Excavation area (ft%) = 51984
22. Cost multiplier for 1-week turnaround on analytical data = 1.25
23. Fraction of excavation work performed in Level C PPE = 0.10
24. Labor productivity factor for Level C work = 0.67
25. Days excavation crew in Level C = 5

26. Days screening crew in Level C = 4

27. Perimeter of excavation area (ft) = 4063
28. Excavation area (sf) = 51984
29. Volume of pit water requiring offsite disposal ( gal) = 20000

30. Standard work week is 5 days per week at 8 hours per day. Thus, assuming 22 working days per 31 day month.

Service/Materials Unit Unit Cost Subtotal
Labor:

Site Superintendent 360 $49.00 /hr $17,640.00
QA (Sampling) Coordinator 360 $36.00 /hr $12,960.00
H&S Coordinator 360 $49.00 /hr $17,640.00
Chemist (home office) 20 $51.00 /hr $4,590.00
Equipment Operator 45 $406.00 /day $18,270.00
Equipment Operator 35 $406.00 /day $14,210.00
Equipment Operator 35 $406.00 /day $14,210.00
Laborers 80 $341.60 /day $27,328.00
Truck Drivers 90 $341.60 /day $30,744.00
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Table 2-22

Cost Estimate of Selected Remedy (Alternative 5)
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 3 of 14)

4.0 Excavation of Contaminated Soil (continued)

Equipment:
Excavator 3 $4,000.00 /mo $12,000.00
100-ton/hr Screening Plant 7 $1,800.00 /wk $12,600.00
Radial Stacking Conveyor 7 $1,222.00 /wk $8,554.00
Dozer 2 $3,500.00 /mo $7,000.00
Dump Truck 3 $3,890.00 /mo $11,670.00
Dump Truck 3 $3,890.00 /mo $11,670.00
3000 gal. Water Truck 45 $402.00 /day $18,090.00
21,000 gal Frac Tank 14 $1,400.00 /mo $19,600.00
150 gpm Pump 3 $2,439.00 /ea. $7,317.00
300 gpm Pump 3 $3,749.00 /ea. $11,247.00
Office Trailer 3 $800.00 /mo $2,400.00
Porta Jon 3 $175.22 /mo $525.66
Generator 3 $170.35 /mo $511.06
P/U Truck 3 $1,800.00 /mo $5,400.00
Analytical:
TCLP Extraction 75 $12.88 /ea $966.00
SVOCs (8270C) 441 $300.00 /ea $132,300.00
NACs (8330) 441 $197.50 /ea $87,097.50
Lead 441 $30.00 /ea $13,230.00
PCBs 441 $103.75 /ea $45,753.75
NAC field analyses 366 $40.00 /ea $14,640.00
Lead field analyses 3 $4,200.00 /mo. $12,600.00
Shipping 118 $40.00 /ea $4,720.00
Materials & Services:
Level D PPE 173 $10.00 /day $1,730.00
Level C PPE 22 $35.00 /day $770.00
PID rental 3 $974.00 /mo. $2,922.00
CGl rental 3 $380.00 /mo. $1,140.00
Pit Water Disposal 20 $1.62 /kgal $32.40
Subtotal $604,078.00
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Table 2-22

Cost Estimate of Selected Remedy (Alternative 5)
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 4 of 14)
5.0 Alkaline Hydrolysis with Neutralization

Includes:

1. Treat the 2,4-DNT contaminated soil with caustic soda pellets and 30% ferric chloride solution.
2. Neutralize alkaline hydrolysis treated soil with ferrous sulfate.

3. Temporary storage for the caustic soda pellets, 30% ferric chloride, and ferrous sulfate.

Assumptions and Calculations:

1. Volume of consolidated 2,4 DNT soil to be treated (cy) = 3803

2. Swell factor for soil upon excavation = 1.3

3. Cubic yards of unconsolidated soil = 4944

4. Soil shall be treated via alkaline hydrolysis using caustic acid in 300 cy batches within the treatment area.

5. Each 300 cy area = 52 ft Wide 52 ft Long

6. Batch size (cy) = 300

7. Soil to be spread out to a depth of (ft) = 3

8. Treatment chemical requirements based on treatability study conducted by Shaw E&I Technology Dev. Lab

9. Caustic soda, NaOH pellets = 61 Ib/cy soil

10. Water, used to saturate soil with water = 37 gallcy sall

11. Ferric chloride 30% solution = 1 gallcy soll

12. NaOH mol wt = 40 Ib/lb mol

13. Ferrous sulfate needed to neutralize NaOH = 108 Ib/cy soil

14. Number of days for completed treatment with neutralization = 10

15. Number of batches = 17

16. Number of batches during one treatment cycle = 5

17. Number of treatment cycles = 4

18. Standard work week is 5 days per week at 8 hours per day. Thus, assuming 22 working days per 31 day month.

19. Number of field days = 40

20. Number of field crew = 8

21. Mass of caustic soda (Ib) = 301584

22. Volume of ferric chloride, 30% solution (gal) = 4944

23. Density of 30% ferric chloride solution (Ib/gal) = 10.77

24. Volume of water (gal) = 182928

25. Confirmation sampling for alkaline hydrolysis prior to neutralization shall consist of nitroaromatics, nitrate
and nitrite, and pH, one sequence per batch.

26. Upon neutralization with the citric acid confirmation sampling shall be performed for nitrate and nitrite,
and pH, one sequence per batch.

27. Temporary storage is required for the caustic soda pellets, 30% ferric chloride, and ferrous sulfate preventing

exposure to inclement weather and release into the environment. The duration for the alkaline hydrolysis is
20 days. Therefore assume equipment rental for 1.5 months.

28. The caustic soda pellets come in 2000 pound super sacks at approximately 4-feet by 4-feet by 3-feet high.

29. Number of caustic soda super sacks (ea) = 151

30. Required storage capacity for caustic soda pellets (cf) = 7248

31. The 30% ferric chloride solution comes in 330 gallon totes at approximately 46.5-inches by 46.5-inches by
48-inches high.

32. Number of 30% ferric chloride solution totes (ea) = 15

33. Required storage capacity for 30% ferric acid solution (cf) = 901

34. The ferrous sulfate comes in 2,000 pound super sacks at 4-feet by 4-feet by 3-feet high or a 48 cubic feet pallet.
35. Number of ferrous sulfate super sacks or pallets (ea) = 268

36. Required storage capacity for ferrous sulfate (cf) = 12864

37. Temporary storage shall be provided utilizing a 48-foot swing open-door land-sea cargo trailer. The trailer is
45.42-feet long by 8.25 -feet wide by 9-feet high. 40 super sacks per trailer. The monthly rental is $100/mo.

38. Available capacity in the Land-Sea Cargo Trailer (cf) = 1920

39. Number of Land-Sea Cargo Trailers for caustic soda pellets (ea) 8
40. Number of Land-Sea Cargo Trailers for 30% ferric chloride solution (ea) = 2
41. Number of Land-Sea Cargo Trailers for ferrous sulfate (ea) = 7
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Table 2-22

Cost Estimate of Selected Remedy (Alternative 5)
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

Service/Materials
Labor:

Site Superintendent
QA (Sampling) Coordinator
H&S Coordinator
Sampling Technician
Equipment Operator
Equipment Operator
Equipment Operator
Equipment Operator
Equipment Operator
Equipment Operator
Laborer
Laborer

Equipment:
Dozer
Excavator
Excavator
Front End Loader
Fork Lift
Fork Lift
4000 gal. Water Truck
21,000 gal Frac Tank
Air Monitoring
Office Trailer
Porta Jon
Generator
P/U Truck

Materials:
Caustic Soda
Ferric Chloride 30% Solution
Water
Ferrous Sulfate
Level C PPE
PID rental
CGl rental
Chem Storage - NaOH pellets
Chem Storage - 30% FeCl;

Chem. Storage - FeSO,*7H,0

Analytical:
Pre-Compliance Sampling:
pH meter

NACs (8330)
TCLP 2,4-DNT
E300 - Nitrite and Nitrate

E300 - Nitrite and Nitrate

Unit

320
320
320
320
40
40
40
40
40
40
40
40

NNNNNBENNNMNNNNDNDDN

301584
53247
183
535930
320
2.0
2.0
16
4

14

1

Compliance Sampling for Alkaline Hydrolysis:

17
17
17

17

(Page 5 of 14)

5.0 Alkaline Hydrolysis with Neutralization (continued)

Unit Cost

$49.00
$36.00
$49.00
$28.00
$406.00
$406.00
$406.00
$406.00
$406.00
$406.00
$341.60
$341.60

$3,500.00
$4,000.00
$4,000.00
$5,000.00
$6,480.00
$6,480.00

$402.00 /day
$1,400.00 /mo

$750.00
$800.00
$175.22
$170.35
$1,800.00

$0.45
$0.15
$9.40
$0.109
$35.00
$974.00
$380.00
$100.00
$100.00

$100.00

$1,800.00

$145.00
$173.00
$15.00

$15.00

Compliance Sampling Following Neutralization with Ferrous Sulfate:

Subtotal
[hr $15,680.00
/hr $11,520.00
[hr $15,680.00
[hr $8,960.00
/day $16,240.00
/day $16,240.00
/day $16,240.00
/day $16,240.00
/day $16,240.00
/day $16,240.00
/day $13,664.00
/day $13,664.00
/mo $7,000.00
/mo $8,000.00
/mo $8,000.00
/mo $10,000.00
/mo $12,960.00
/mo $12,960.00
$804.00
$5,600.00
lls $1,500.00
/mo $1,600.00
/mo $350.44
/mo $340.70
/mo $3,600.00
/b $135,712.80
/lb $7,987.05
/1000 gal $1,720.20
/lb $58,416.37
/day $11,200.00
/mo. $1,948.00
/mo. $760.00
/mo. $1,600.00
/mo. $400.00
/mo. $1,400.00
lea $1,800.00
lea $2,465.00
lea $2,941.00
lea $255.00
lea $255.00
Subtotal

Brenntag - Pgh
Brenntag - Pgh

Crown Technology

$478,184.00
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Table 2-22

Cost Estimate of Selected Remedy (Alternative 5)
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 6 of 14)

6.0 Windrow Composting of Contaminated of Soil

Includes:
1. Rental of composting equipment.
2. Procurement & stockpiling of composting amendments.
3. Mix and compost soil and amendments.
4. Pre-compliance testing: after compost formation & at end of treatment.
5. Pre-compliance testing using definitive field analysis for NAC.
Assumptions:
1. Laydown area is 260’ feet wide x 800 feet long.
2. 75% of laydown area is available for windrows ad 25% is available for stockpiling amendments.
3. Compost recipe is 25% soil, 2.9% agricultural amendment (manure) and 72.1% bulking amendment (straw).
4. Widrows are spaced 5 feet apart from one another.
5. There is a 35-foot space at each end of the windrow allotting for movement of the windrow turner.
6. Duration per batch (wk) = 2
7. The windrows will be staggered by 1 week.
8. Fraction of alkaline hydrolysis treated soil to be composted = 20%
9. Volume of alkaline hydrolysis treated soil to be composted (cy) = 761
10. Fraction of remaining soil treated via alkaline hydrolysis only = 80%
11. Volume of remaining alkaline hydrolysis treated soil (cy) = 3042
12. Swell factor for soil upon excavation = 1.3
13. Volume of unconsolidated soil to be treated (cy) = 989
14. Compost treatment duration (weeks) = 6
15. Each windrow is 6 feet high x 16 feet wide x 530 feet long, trapezoidal configuration.
16. Capacity of windrow turner (tons/hr) = 3,200
17. Operating life of flails (hrs) = 25
18. Number of flails on windrow turner = 172
19. Volume of compost per windrow (cy) = 1,178
20. Per windrow the soil volume is, at 25% (cy) = 294
21. Per windrow the manure volume is, at 2.9% (cy) = 34
22. Per windrow the straw volume is, at 72.1% (cy) = 849
23 . Number of required windrows (ea) = 3.4
24. VVolume of manure (cy) = 115
25. Volume of straw (cy) = 2852
26. Compost additive volume correction factor = 0.8
27. Total volume of compost prior to treatment (cy) = 3,165
28. Bulk density of compost (tons/cy) = 0.368
29. Number of field crew = 6
30. Tractor and straw blower are in-use 1 day/week and on stand-by the rest of the week.
31. Pre-compliance testing shall weekly per windrow and consist of:
- EnSys TNT 20, one per batch. Number of samples = 8
- EnSys TNT 20, no. of samples per kit = 19
- Total NAC, one per batch. Number of samples = 8
32. Compliance testing shall be performed per windrow and upon compost treatment. Sampling shall consist of:
- Total Semivolatiles. Number of samples = 4
- Total NACs. Number of samples = 4
-TCLP 2,4-DNT. Number of samples = 4
33. Standard work week is 7 days per week at 8 hours per day. Thus, assuming 30 working days per month.
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Table 2-22

Cost Estimate of Selected Remedy (Alternative 5)
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 7 of 14)

6.0 Windrow Composting of Contaminated of Soil (continued)

Service/Materials Unit Unit Cost Subtotal
Labor:
Site Superintendent 336 $49.00 /hr $16,464.00
QA (Sampling) Coordinator 336 $36.00 /hr $12,096.00
H&S Coordinator 336 $49.00 /hr $16,464.00
Windrow Turner Operator 42 $567.20 /day $23,822.40
Equipment Operator 42 $406.00 /day $17,052.00
Equipment Operator 42 $406.00 /day $17,052.00
Equipment Operator 42 $406.00 /day $17,052.00
Laborer 42 $341.60 /day $14,347.20
Environmental Tech 42 $200.00 /day $8,400.00
Equipment:
Windrow Turner (6' x 19") 2 $45,000.00 /mo $90,000.00
Dozer 2 $3,500.00 /mo $7,000.00
Excavator 2 $4,000.00 /mo $8,000.00
Wheel Loader 2 $5,000.00 /mo $10,000.00
Tractor 48 $50.00 /hr $2,400.00 In-use
Tractor 288 $30.00 /hr $8,640.00 Stand-by
Straw Blower 48 $40.00 /hr $1,920.00 In-use
Straw Blower 288 $20.00 /hr $5,760.00 Stand-by
21000 gallon Frac Tank 2 $1,400.00 /mo $2,800.00
21000 gallon Frac Tank 2 $1,400.00 /mo $2,800.00
Trash/Pump Hose 2 $3,749.00 /ea $7,498.00
Office Trailer 2 $800.00 /mo $1,600.00
Porta Jon 2 $175.22 /mo $351.00
Generator 2 $170.35 /mo $340.70
P/U Truck 2 $1,800.00 /mo $3,600.00
Spectrophotometer 2 $3,012.00 /Is $6,024.00
Materials:
Repl. Flails for Windrow Turner 1032 $9.50 /ea $9,804.00
Straw 2852 $11.25 /cy $32,085.00
Manure 115 $25.00 /cy $2,875.00
Water 1027 $9.40 /kgal $9,653.80
Level C PPE 252 $35.00 /day $8,820.00
Air Monitoring Screening Kits 1 $2,500.00 /Is $2,500.00
Moisture/Temp Probes 1 $700.00 /ea $700.00
Analytical:
Pre-Compliance Sampling:
EnSys Kit (TNT 20) 1 $572.00 /ea $572.00
- 19 samples per kit
Total NACs 8 $145.00 /ea $1,160.00
Compliance Sampling:
TCLP Semivolatiles 4 $175.00 /ea $700.00
Total NACs 4 $145.00 /ea $580.00
TCLP 2,4-DNT 4 $175.00 /ea $700.00
Subtotal $371,633.00
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Cost Estimate of Selected Remedy (Alternative 5)
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 8 of 14)

7.0 Chemical Stabilization of Lead-Contaminated Soil

Includes:
1. Stabilization of lead contaminated soil utilizing Maectite chemical stabilization technology.

Assumptions and Calculations:

1. Volume of in-place lead contaminated soil to be stabilized (cy)= 1339

2. Swell factor for soil upon excavation = 1.3

3. Volume of unconsolidated lead-contaminated soil (cy) = 1741

4. Density of soil (ton/cy) = 1.1

5. Lead contaminated soil remains in-place for chemical stabilization.

6. An excavator will make depressions in the soil for Maectite chemical application.

7. The excavator will turn the soil and the chemical for ample mixture.

8. Time required to stabilize soil (days) = 5

9. The lump sum price for the Maectite chemical and technician is $10,000 per Serverson Environmental.
10. Number of field crew = 1

11. Standard work week is 5 days per week at 8 hours per day. Thus, assuming 22 working days per 31 day month.
12. The 590 cy of in-place lead soil included 582 cy of in-place soil also containing 2-4, DNT.
13. Volume of in-place soil to receive treatment via alkaline 582
hydrolysis and Maectite chemical stabilization (cy) =
14. All soil treated via Maectite chemical stabilization shall be disposed offsite.

15. Volume of soil to receive Maectite chemical stabilization only (cy) = 757
Service/Materials Unit Unit Cost Subtotal
Labor:
Site Superintendent 40 $49.00 /hr $1,960.00
QA (Sampling) Coordinator 40 $36.00 /hr $1,440.00
H&S Coordinator 40 $49.00 /hr $1,960.00
Sampling Technician 40 $28.00 /hr $1,120.00
Equipment Operator 5 $406.00 /day $2,030.00
Equipment:
Excavator 0.6 $4,000.00 /mo $2,400.00
Office Trailer 0.6 $800.00 /mo $480.00
Porta Jon 0.6 $175.22 /mo $105.13
Generator 0.6 $170.35 /mo $102.21
P/U Truck 0.6 $1,800.00 /mo $1,080.00
Materials:
Maectite Chemical Stabilization 1 $10,000.00 /Is $10,000.00 (Serverson tech incl)
Level D PPE 5 $10.00 /day $50.00
PID rental 0.6 $974.00 /mo. $584.40
CGl rental 0.6 $380.00 /mo. $228.00
Analytical:
TCLP Extraction 1 $10.30 /ea $10.00
Lead 1 $24.00 /ea $24.00
SVOCs (8270C) 1 $175.00 /ea $175.00
NACs (8330) 1 $145.00 /ea $145.00
PCBs 1 $83.00 /ea $83.00
Shipping 1 $40.00 /ea $40.00
Subtotal $24,017.00
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Cost Estimate of Selected Remedy (Alternative 5)
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 9 of 14)
8.0 On-Site Disposal

Includes:

1. Load treated compost, truck to site, spread compost with dozer

2. Load alkaline hydrolysis treated soil and stockpile for use as backfill material. The material shall be
used as backfill and is addressed in Section 10.0.

3. Confirmation testing under contaminated soil stockpiles.

Assumptions and Calculations:
Composted material (treated via alkalyne hydrolysis and windrow composting):

1. Total volume of compost before treatment (cy) = 3,165
2. Bulk density of compost (tons/cy) = 0.368
3. Weight of treated compost, non-haz waste (ton) = 1165
4. Loader output (cy/day) = 1735
5. Days to load treated compost = 3

6. Dump truck capacity (cy) = 12

7. Dump truck haul distance (mi.) = 0.5
8. Dump truck output (cy/day) = 300
9. No. of dump trucks per day = 6

10. Dozer (D-6H) capacity (cy/day) = 595
11. Number of dozers = 2

12. Days to spread treated compost = 3

13. The loading and hauling activities shall be performed consecutively. The spreading activity shall
commence 2 days after loading/hauling commences.

14. The duration to load, haul, and spread composted material (days) = 5

Remaining treated soil via alkaline hydrolysis only:

15. Volume of alkaline hydrolysis treated soil (cy) = 3,042

16. Less the volume of lead soil treated via alkaline 582 (Shall be disposed
hydrolysis and Maectite chemical stabilization (cy) = off-site.)

17. Volume of alkalyne hydrolysis treated soil for on-site disposal (cy) = 2,460

18. Swell factor for soil upon excavation = 1.3

19. Volume of unconsolidated soil used as backfill material (cy) = 3199

20. Loader output (cy/day) = 1735

21. Days to load alkaline hydrolysis treated soil = 3

22. Dump truck capacity (cy) = 12

23. Dump truck haul distance (mi.) = 0.5

24. Dump truck output (cy/day) = 300

25. No. of dump trucks per day = 6

26. The treated soil via alkaline hydrolysis only shall be stockpiled prior to use as backfill material as part
of Site Restoration.
27. The loading and hauling activities shall be performed consecutively.

28. The duration to load, haul, and spread composted material (days) = 3
Service/Materials Unit Unit Cost Subtotal
Labor:
Site Superintendent 64 $49.00 /hr $3,136.00
QA Coordinator 64 $36.00 /hr $2,304.00
Equipment Operator 6 $406.00 /day $2,436.00
Equipment Operator 3 $406.00 /day $1,218.00
Equipment Operator 3 $406.00 /day $1,218.00
Laborer/Qiler 6 $293.00 /day $1,758.00
Laborer/Qiler 3 $293.00 /day $879.00
Laborer/Qiler 3 $293.00 /day $879.00
Truck Drivers 36 $341.60 /day $12,297.60
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Cost Estimate of Selected Remedy (Alternative 5)
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 10 of 14)

8.0 On-Site Disposal (Continued)

Equipment:
Wheel Loader 1 $5,000.00 /mo $5,000.00
Dump Truck (6 ea) 2 $3,890.00 /mo $7,780.00
Dozer (2 ea) 1 $3,500.00 /mo $3,500.00
Office Trailer 1 $800.00 /mo $800.00
Porta Jon 1 $175.22 /mo $175.22
Generator 1 $170.35 /mo $170.35
P/U Truck 1 $1,800.00 /mo $1,800.00

Material:
PID rental 1 $974.00 /mo. $974.00
CGl rental 1 $380.00 /mo. $380.00
Level D PPE 60 $10.00 /day $600.00
Subtotal $47,305.00
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Table 2-22

Cost Estimate of Selected Remedy (Alternative 5)
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 11 of 14)

9.0 Off-Site Disposal

Includes:
1. Dispose non-treated soil at a non-hazardous facility.

Assumptions and Calculations:

1. Consolidated volume of D008 soil for haz disposal (cy) = 0
2. Consolidated volume of D030 soil for haz disposal (cy) = 119 Soil haz 2,4-DNT+Pb+PCB
3. Consolidated volume of PCB soil for haz disposal (cy) = 0 Soil haz Pb+PCB
4. Total volume of consolidated hazardous soil (cy) = 119
5. Total volume of unconsolidated hazardous soil (cy) = 155
6. Consolidated (in-place) volume of treated soil (cy) = 4231
7. Unconsolidated volume of treated soil (cy) = 5500
8. Weight of treated soil (tons) = 6050
10. Consolidated volume of untreated soil (cy) = 12807
11. Unconsol vol untreated soil for non-hazardous disposal (cy) = 16649
12. Weight of untreated soil (ton) = 18314
13. Consolidated volume of lead -contaminated soil treated 1339
via Maectite chemical stabilization (cy) =
14. Swell factor for soil upon excavation = 1.3
15. Volume of unconsolidated lead-contaminated soil via 1741

Maectite chemical stabilization for non-hazardous
disposal (cy) =

16. Total volume of non-haz waste for disposal (cy) = 18390
17. Weight of lead-contaminated soil via 1915
Maectite chemical stabilization (ton) =
18. Total weight of non-haz waste for disposal (tons) = 20229
19. Non-haz waste transportation cost ($/hr) = 72
20. Non-haz waste disposal costs ($/ton) = 24.5 Erie County Landfill
21. Non-haz waste regulatory fees ($/ton) = 0 included in disposal
22. Haz waste transportation cost ($/ton) = 35
23. D008 Haz waste disposal cost ($/ton) = 75 EO Environmental
24. D030 Haz waste disposal cost ($/ton) = 150 EO Environmental
25. PCB Haz waste disposal cost ($/ton) = 75 EO Environmental
26. Haz waste regulatory fees ($/ton) = 10
27. No. of field crew = 4
28. Load capacity of a 20 ton truck (tons) = 15
29. Round trip travel time to non-haz waste landfill (hr) = 1
30. Loads of non-haz waste or trips (hrs)= 1349
31. Output of wheel loader (cy/day) = 550
32. No. of wheel loaders on site = 2
33. No. of field days = 17
34. No. of truckloads of stormwater for off-site disposal = 4
35. Volume of water truck (gal) = 4000
36. Volume of stormwater requiring off-site disposal (gal) = 16000
37. Stormwater shall be analyzed for TCLP semivolatiles prior to transport.
38. At one sample per truckload, number of samples (ea) = 4

39. Excavated soil is staged in 500 ton piles.
40. One 10-point composite sample shall be collected from each 500-ton pile as part of compliance testing.
41. Standard work week is 5 days per week at 8 hours per day.
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Table 2-22

Cost Estimate of Selected Remedy (Alternative 5)
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 12 of 14)

9.0 Off-Site Disposal (continued)

Service/Materials Unit Unit Cost Subtotal
Labor:
Site Superintendent 136 $49.00 /hr $6,664.00
QA Coordinator 136 $36.00 /hr $4,896.00
H&S Coordinator 136 $49.00 /hr $6,664.00
Equipment Operator 17 $406.00 /day $6,902.00
Equipment Operator 17 $406.00 /day $6,902.00
Laborer/Qiler 17 $293.00 /day $4,981.00
Laborer/Qiler 17 $293.00 /day $4,981.00
Materials:
Level D PPE 68 $10.00 /day $680.00
Equipment:
Wheel Loader 1.0 $5,000.00 /mo $5,000.00
Wheel Loader 1.0 $5,000.00 /mo $5,000.00
Office Trailer 1.0 $800.00 /mo $800.00
Porta Jon 1.0 $175.22 /mo $175.22
Generator 1.0 $170.35 /mo $170.35
P/U Truck 1.0 $1,800.00 /mo $1,800.00
Disposal Costs:
Transportation (Non-Haz Waste) 1349 $72.00 /hr $97,128.00 truck & driver
Disposal Cost (Non-Haz waste) 20229 $24.50 /ton $495,610.50
Transportation (Haz Waste) 171 $35.00 /ton $5,985.00
Disposal Cost (D008 haz waste) 0 $85.00 /ton $0.00
Disposal Cost (D030 haz waste) 171 $160.00 /ton $27,360.00
Disposal Cost (PCB haz waste) 0 $85.00 /ton $0.00
Stormwater Disposal 16000 $0.25 /gal $4,000.00 Enviro-Tank Clean
Analytical:
Compliance Sampling:
TCLP SVOC/NAC/metals 18 $400.00 /ea $7,333.73

Stormwater Sampling:
TCLP 2,4-DNT 4 $175.00 /ea $700.00

Subtotal $693,733.00
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Table 2-22

Cost Estimate of Selected Remedy (Alternative 5)
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 13 of 14)
10.0 Site Restoration

Includes:

1. Backfill excavated areas with alkaline hydrolysis treated soil and clean backfill.
2. Re-seed site.

3. Perform road repair.

Assumptions and Calculations:

1. Required volume of consolidated soil for excavated area (cy) = 17157

2. Compaction factor = 1.15

3. Volume of soil required for backfill (cy) = 19731

4. Volume of alkaline hydrolysis treated soil (cy) = 3199 (less the lead contaminated soil)
5. Volume of required clean backfill (cy) = 16532

6. Cost of clean backfill soil delivered to site ($/cy) = 12

7. Output of front-end loader (cy/day) = 550

8. Field days required to backfill soil = 31

9. No. of field crew = 3

10. Upon completion of remedial action, soil samples shall be taken within the laydown area to determine if any soil
removal is required.
11. The laydown area shall be divided into 4 quarters and a 5-point composite collected (4 samples total).

12. No. of soil samples (ea) = 4
13. Allow 1 week for reseeding site and road repair.
14. Task duration (days) = 36
15. Standard work week is 5 days per week at 8 hours per day. Thus, assuming 22 working days per month.
Service/Materials Unit Unit Cost Subtotal
Labor:
Site Superintendent 288 $49.00 /hr $14,112.00
QA Coordinator 288 $36.00 /hr $10,368.00
H&S Coordinator 288 $49.00 /hr $14,112.00
Equipment Operator 31 $406.00 /day $12,586.00
Equipment Operator 31 $406.00 /day $12,586.00
Laborer 31 $341.60 /day $10,589.60
Reseeding 1 $5,000.00 /area $5,000.00
Road Repair 1 $175,000.00 /Is $175,000.00 Erie Blacktop
Equipment:
Dozer 2 $3,500.00 /mo $7,000.00
Wheel Loader 2 $5,000.00 /mo $10,000.00
Office Trailer 2 $800.00 /mo $1,600.00
Porta Jon 2 $175.22 /mo $350.44
Generator 2 $170.35 /mo $340.70
P/U Truck 2 $1,800.00 /mo $3,600.00
Material:
Backfill 16532 $12.00 /cy $198,384.36 delivered to site
PID rental 2 $974.00 /mo. $1,948.00
CGl rental 2 $380.00 /mo. $760.00
Level D PPE 108 $10.00 /day $1,080.00
Analytical:
SVOCs 4 $175.00 /ea $700.00
NACs (8330) 4 $145.00 /ea $580.00
Shipping 4 $40.00 /ea $160.00
Subtotal $480,857.00
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Table 2-22

Cost Estimate of Selected Remedy (Alternative 5)
TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 14 of 14)

11.0 Overall Cost

Total Capital Cost $2,730,807.00
Contingency (30%) $819,242.00
PM Multiplier (7.5%) $204,811.00
Fee/Profit (10%) $273,081.00
Total Cost $4,028,000.00

*This is an order-of-magnitude engineering cost estimate that is expected to be within +50 to -30 percent of the actual
project cost.
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Table 2-23

Applicable and Relevant or Appropriate Requirements for the Preferred Alternative
Alternative 5: Excavation, Alkaline Hydrolysis, Chemical Stabilization,

Windrow Composting, and Off-Site Disposal/On-Site Placement

TNT Area A, Former Plum Brook Ordnance Works, Sandusky, Ohio

Authority Medium Requirement Status Synopsis of Requirement Action to be Taken to Attain
Requirement

us Sall Federal Land Disposal | Applicable Rules specify treatment The proposed remedy will

Environmental Restriction Alternative standards for contaminated comply with the treatment

Protection Treatment Standards soil that contains a hazardous | standards for contaminated soil

Agency (EPA), for Contaminated Soil waste. that is placed back on site unless

Region 5 (40 CFR 268.49) the soil remains within the
contiguous area of
contamination.

us Sail Federal Special Applicable Rule identifies requirements The proposed remedy will

Environmental Provisions for Cleanup for temporary storage of solid, | comply with these requirements

Protection — Staging Piles (40 non-flowing remediation by observing the standards and

Agency (EPA), CFR 264.554) waste that is notin a design criteria for staging piles.

Region 5 containment building.

us Sail Federal Toxic Applicable Rules define what a PCB The proposed remedy will

Environmental Substances Control Act remediation waste is and how | comply with these requirements

Protection (TSCA) Regulations PCB wastes must be by identifying PCB remediation

Agency (EPA), (40 CFR 761) managed. wastes.

Region 5
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Figure 2-4

Simplified Site Conceptual Model

TNT Area A

Former Plum Brook Ordnance Works, Sandusky, Ohio

RECEPTOR @
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Sources Mechanism Sources
Basins, .
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) Leaks
Lines

@ - Complete exposure pathway

W — Complete exposure pathway, but

groundwater is not directly addressed in
this Decision Document.

a See Figures 2-8 through 2-10 for more
complete exposure models of human,

terrestrial biota, and aquatic biota receptors.
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Figure 2-8

Receptor

] Scenarios
Human Health Conceptual Site Exposure Model
TNT Area A, Plum Brook Ordnance Works, Sandusky, Ohio & %
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3= Complete exposure route quantified in the risk assessment
1 = Although theoretically complete, this pathway is not quantified as explained in risk assessment.
2 = There is no plausible pathway for exposure to this medium.
3 = Contact with this medium, although plausible, is not part of this receptor’s normal or expected activities; therefore contact would be sporadic and is not quantified.
4 = Pathway not quantified because no volatile compounds were identified as chemicals of potential concern (COPC).
5 = Pathway not quantified because no volatile compounds were identified as COPC, and for reasons explained in the risk assessment.
G = Receptor evaluated for exposure to deep groundwater only; groundwater is not directly addressed in this Proposed Plan.
F = No current exposure. Exposure of future industrial worker to groundwater would be representative of future groundwater exposure for this receptor.
W = Complete pathway evaluated in the groundwater risk assessment; groundwater is not directly addressed in this Proposed Plan.
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Figure 2-9

Simplified Terrestrial Food Web Site Model
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio
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Notes: Exposure to soil/surface water are implied receptor exposure routes
Raccoon also presented on aquatic food web.
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Figure 2-10

Simplified Aquatic Food Web Site Model
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio
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Environmental
Protection Agency

John R. Kasich, Governor
Mary Taylor, Lt. Governor
Scott J. Nally, Director

Ms. Christine A. Godfrey

Acting Chief, Environmental Community of Practice
Directorate of Military Programs

441 G Street, NW

Washington, D.C. 20314-1000

RE: Ohio EPA Concurrence on Decision Document for Soils, TNT Area A, Plum
Brook Ordnance Works, Sandusky, Ohio

Dear Ms. Godfrey:

Ohio EPA has reviewed the Decision Document for Soils, TNT Area A, Plum Brook
Ordnance Works. The site is located within the NASA Plumbrook Station, four miles
south of Sandusky, Ohio. Ohio EPA has been involved in the investigation of this Area
of Concern, reviewing and concurring in work plans, analytical data, and investigation

reports.

The former TNT Area A, manufacturing site consisted of an area approximately 114
acres in size and currently houses the Administration Building with associated parking
areas, and one of the former TNT process buildings. The balance of the site is partially
wooded and consists predominantly of large, open areas of grasslands. Other
aboveground features include roads, fire hydrants, water valves, railroad beds, and

sections of former building pad foundations.

Soil and other media were contaminated by nitroaromatic compounds and associated
chemicals such as lead and PCBs involved in the former manufacturing processes.

Results of the surface water sampling indicated low levels of nitroaromatics, but not at
concentrations that would adversely affect TNT Area A surface water; thus, no surface

water chemicals of concern were identified.

This Proposed Plan was public noticed in the November 16, 2009, Sandusky Register,
and the Proposed Plan was presented to the community at a public meeting on
November 30, 2009, and a comment period from November 30, 2009, through

January 13, 2010.

50 West Town Street, Suite 700 614 | 644 3020
P.O. Box 1049 614 | 644 3184 (fax)

Columbus, OH 43216-1049 www.epa.ohio.gov




Ms. Christine A. Godfrey
Page 2 of 2

The selected remedy is Alternative 5, Excavation, Alkaline Hydrolysis, Windrow
Composting, Ex Situ Chemical Stabilization and On-Site/Off-Site Disposal. This
alternative meets the NCP statutory preference for treatment technologies that
permanently reduce the toxicity and mobility through treatment, and is estimated to be
the least expensive alternative. The community has expressed a preference for
windrow composting and other treatment technologies over those remedial approaches
that rely primarily on landfill disposal, and NASA has expressed the desire to use
composted materials on site if these materials meet the remediation goals.

The expected outcome represents a permanent remedy which has been reviewed and
accepted by both the State and community. Therefore, the Ohio Environmental
Protection Agency concurs with the Decision Document for TNT Area A.

If you have any questions regarding this letter, please contact Paul Jayko
(DERR/NWDO) at (419) 373-3038.

Sincerely,

By
/Sc&ott . Mly

Director

PAJ/cs
pc: File, DERR, NWDO, NASA-PBOW
Bob Dworkin, USACE
ec; Cindy Hafner, Chief, DERR, CO
Pete Whitehouse, Asst. Chief, DERR, CO
Mark Navarre, Legal, CO
Justin Burke, ACRE, CO
Richard Meadows, USACE




Richard.l.Meadows@USACE.army.mil

Headquarters, U.S. Army Corps of Engineers
Attn: Bob Dworkin

CEMP-CED “Dworkin”

441 G Street, NW

Washington, DC 20314-1000
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