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1.0 Introduction

This baseline human health risk assessment (BHHRA) work plan was prepared to describe the
protocol for evaluating potential human health risks of exposure to soil and overburden/shale
groundwater associated with the following three areas : Waste Water Treatment Plant No. 2
(WWTP2), the trace of the waste water sewer lines which extended from the former TNT Area C
(TNTC) to the former WWTP2 (referred to hereinafter as TNTC/WWTP2 SL), and the trace of
the steel sewer line that originated at WWTP2 and connected the former waste water treatment
plants (WWTP) (referred to hereinafter as the WWTPs SSL). These three areas are located at the
former Plum Brook Ordnance Works (PBOW), Sandusky, Erie County, Ohio. This work is being
conducted for the U.S. Army Corps of Engineers (USACE) under the Defense Environmental
Restoration Program (DERP)-Formerly Used Defense Sites (FUDS). Investigations at PBOW
under DERP-FUDS are being managed by the USACE Huntington District and technically
overseen by the USACE Nashville District. WWTP2, the TNTC/WWTP2 SL, and the WWTPs
SSL will be evaluated separately in the BHHRA.

This work plan is consistent with U.S. Environmental Protection Agency (EPA) guidance and
with the procedures established in the BHHRA for TNT Area A (TNTA) and TNTC soil (IT
Corporation [IT], 2001a), the BHHRA work plan for groundwater at PBOW (Shaw
Environmental, Inc. [Shaw], 2005a), the BHHRA work plan for Waste Water Treatment Plant
No. 1 (WWTP1) and Waste Water Treatment Plant No. 3 (WWTP3) (Shaw, 2009), and the
BHHRA work plan for the sewer lines extending from TNTA to WWTP1 and from TNT Area B
(TNTB) to WWTP1 (Shaw, 2010).

1.1 Facility Description and Location

PBOW is located approximately 4 miles south of Sandusky, Ohio, and 59 miles west of
Cleveland (Figure 1-1). Although located primarily in Perkins and Oxford Townships, the
eastern edge of the facility 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 areas surrounding PBOW are mostly agricultural and
residential. The facility is currently surrounded by a chain-link fence, and the perimeter is
regularly patrolled. Access by authorized personnel is limited to established checkpoints. Public
access is restricted. Hunting is allowed by permit on portions of PBOW during the annual deer

hunting season.
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1.2 Facility History and Background

The PBOW facility was constructed on property comprising 9,009 acres in early 1941 as a
manufacturing plant for 2,4,6-trinitrotoluene (TNT), 2,4-dinitroluene, and pentolite (International
Consultants Incorporated, 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, TNTB, and TNTC. Twelve process lines were used
in the manufacture of TNT: four lines at TNTA, three lines at TNTB, and five lines at TNTC.

After plant operations ceased, the manufacturing process lines were decontaminated by the Army
in late 1945. During decontamination, all structures, equipment, and manufacturing debris were
either removed and salvaged or removed and burned. After the property was certified as
decontaminated, 3,230 acres of the property were initially transferred to the Ordnance
Department, then to the War Assets Administration. In 1949, PBOW was transferred to the
General Services Administration. This transfer did not include the Plum Brook Depot area,
which consists of 2,800 acres. The Department of the Army reacquired the 3,230 acres in 1954.
In 1955, the Army completed further decontamination of the manufacturing process lines. 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. The Army

continued cleanup efforts until 1963.

Two property use agreements were entered into by the Army and the National Advisory
Committee for Aeronautics, the predecessor of the National Aeronautics and Space
Administration (NASA), in 1956 and 1958, respectively. Accountability and custody for the
entire portion of the former PBOW property (6,030 acres) that had been under the accountability
and custody of the Department of the Army were transferred to NASA on March 15, 1963.
NASA performed further decontamination efforts during 1964. The NASA decontamination
process included removing contaminated surface soil above the drain tiles, flumes, etc.;
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 covered with fill
material. 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 excavated
nitroaromatic-filled pipelines (Dames & Moore, Inc. [D&M], 1997).
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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 H. Glenn Research Center at Lewis Field,
Cleveland, Ohio. Most of the aerospace testing facilities built in the 1960s at PBOW are
currently on standby or inactive status. On April 18, 1978, NASA declared approximately 2,152
acres of PBOW as excess. This excess included former buffer areas that had not been used by the
Army and were thus not subject to decontamination efforts. The Perkins Township Board of
Education acquired 46 acres of the excess acreage and uses this area as a bus transportation area.
The General Services Administration retains ownership of the remaining excess acreage and
currently has a use agreement with the Ohio National Guard for 604 acres of this land. The
details of land transactions are listed in the site management plan (International Consultants

Incorporated, 1995).

1.3 WWTP2, TNTC/WWTP2 SL, and WWTPs SSL Description and History

During production in the 1940s, three WWTPs were used to process production waste water
from the three TNT manufacturing areas at PBOW. The wastes were accumulated in the settling
basins of the TNT manufacturing areas. These wastes were transported to the WWTPs via
aboveground and below-ground wood-stave sewer lines (USACE, 1995). Wood-stave pipes were
constructed of small wood slats (i.e., staves) joined together in a tongue-and-groove fashion and
reinforced with steel banding. Use of wood-stave pipes was not uncommon for water and sewage

conveyance during the late 1800s until the 1950s.

Three WWTPs (WWTP1, WWTP2, and WWTP3) at PBOW received waste water from TNT
manufacturing operations (Figure 1-2). WWTP1 is located nearest to TNTA and received waste
water from the settling basins at TNTA and from TNTB. WWTP2 received waste water from
TNTC via the wood-stave TNTC/WWTP2 SL and is located northeast of the West Area Red
Water Pond, east of Acid Area No. 2, and north of TNTC. WWTP3 is located between WWTP1
and WWTP2 and northwest of TNT Area B. This work plan addresses risks associated only with
WWTP2, the TNTC/WWTP2 SL, and the WWTPs SSL. WWTP2 is approximately 1.4 acres in
size. The lateral extent of influence was assumed to be 10 feet to either side of the sewer line
trace for both the TNTC/WWTP2 SL and the WWTPs SSL, resulting in approximate site sizes of
0.7 acre and 4.6 acres, respectively. Risks associated with the other WWTPs and their
corresponding sewer lines are being addressed under DERP-FUDS Project No. GOSOH001817.

The purpose of the plants was to reduce the volume of waste water discharged from each of the
manufacturing areas to the West Area Red Water Pond and the Pentolite Road Red Water Pond.
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The waste water that was received from TNT manufacturing areas consisted of spent sulfuric and
nitric acids and red water from the TNT purification process. Chemicals in the waste streams
included sodium salts of sulfite, sulfate, nitrite, nitrate, sulfonates of unwanted TNT isomers,
trinitrobenzoic acid, trinitrobenzaldehyde, trinitrobenzyl alcohol, nitrotoulenes, and
dinitrotoluenes (D&M, 1996).

Each of the WWTPs consisted of a neutral storage tank, an equalization tank, a condensate
storage tank, an evaporator building, an incinerator, and a thick liquor storage tank. WWTP1 and
WWTP2 also included a caustic storage tank and a raw waste storage tank. Both WWTP1 and
WWTP2 received waste water from the TNT manufacturing settling basins and neutralized the
slurry through a chemical depuration process. The liquid was thickened by evaporation and then
incinerated. The incinerator was located south and west of the storage tanks at WWTP2 (Figure
1-2). Ash from the incinerator was disposed of in the nearby Power House 2 Ash Pits (USACE,
2000). Although incineration is believed to be the main treatment process for the waste water,
historical design drawings suggest waste water may have been discharged directly to nearby
ponds during periods of high production (e.g., the West Area Red Water Pond and Pentolite
Road Red Water Pond). This is based on historical drawings showing the presence of a waste

water line leading from the raw waste storage tank to the West Area Red Water Pond.

The WWTPs SSL was constructed as a 4-inch-diameter steel sewer line. This sewer line
connected WWTP1 and WWTP2 to WWTP3. The layout of WWTP3 was similar to the other
WWTPs except that it did not have caustic storage or raw waste water storage tanks. The lack of
the caustic storage and raw waste water storage tanks at WWTP3 and the lack of sewer lines
directly connecting WWTP3 with any of the TNT manufacturing areas suggest it was used to
treat neutralized waste from WWTP1 and WWTP2. The steel sewer line was connected to the
evaporator buildings at all three WWTPs and is interpreted to have been used to transfer
neutralized waste to WWTP3 during periods of high productivity. Under a previous delivery
order, a geophysical survey was conducted at approximately 10 locations along the sewer line.
The purpose of the geophysical survey was to determine if the steel sewer line was still present.
Results of the geophysical survey indicate the steel sewer line is present and is located at an
estimated depth of 3 to 5 feet below ground surface (bgs). Subsequent trenching activities

verified the presence of the steel sewer line.
During PBOW operations, the sewer lines reportedly often became clogged with TNT residue,

and in some instances were completely plugged. The plugged lines were abandoned, and larger-

diameter bypass sewer lines were constructed around the blocked areas to provide continual
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drainage of the waste water (USACE, 1995). It is unknown whether clogging was an issue or if
bypass lines were constructed for either of the sewer lines (TNTC/WWTP2 SL or WWTPs SSL)
that are addressed by this work plan.

1.4 Groundwater Use and Site Use

Two groundwater aquifer systems are utilized for drinking water in the area, a carbonate aquifer
to the west and a shale aquifer to the east (Shaw, 2005b). PBOW is located within the transition
of the two systems. Approximately 170 private drinking water wells permitted by the Erie
County Health Department are located within 4 miles of PBOW. Permits are not required for
agricultural wells. The Erie County Health Department does not permit using surface water as
private drinking water. Lake Erie and Sandusky Bay are used for recreational swimming, fishing,
and boating. A shallow overburden groundwater system exists within the unconsolidated
material atop the bedrock under much of the site. This overburden system is hydraulically
connected to the shale and is referred to as the overburden/shale groundwater unit (Section
3.1.1).

Current use of the PBOW facility is classified as industrial for the purpose of identifying
plausible human receptors and exposure pathways for evaluation in the BHHRAs. Land use
adjacent to the PBOW facility is primarily rural residential/agricultural, and residential
development is a likely use if NASA were to excess property that includes the three sites under
the WWTP2 investigation. D&M (1997) describes potential future uses of all or portions of the

facility as follows:

o Industrial use may be continued (NASA activities and programs).
e Portions of the site may be used by hunters and fishermen for recreation.

o Portions of the site may be sold to state or local government or private individuals (no
land use restrictions were mentioned).

o Parts of the facility may be used in the future for residential or agricultural purposes.
o Parts of the facility may be used for training by the National Guard.

o Construction activities may be performed during development of any of the sites.

In summary, future site use of WWTP2 and the property traversed by the TNTC/WWTP2 SL
and the WWTPs SSL is considered to be industrial or residential for the purpose of developing

receptor and exposure scenarios. Hunting is permitted in each of these areas; therefore, future use
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of this property for hunting is evaluated in the BHHRAs. It is preliminarily assumed that
overburden/shale groundwater may be developed as a source of potable water in the future.
However, at most other PBOW sites, the volume of groundwater yielded by the overburden/shale
unit is insufficient for use as a potable source, and the groundwater does not meet drinking water
quality criteria because of natural contaminants in the water. Section 3.1.3 provides a more

detailed discussion of receptors and exposure scenarios.

1.5 Protocol for the Baseline Human Health Risk Assessment

The purpose of this work plan is to describe the protocol for evaluating risk to human health at
property along the former WWTP2, TNTC/WWTP2 SL, and WWTPs SSL traces. This work
plan is intended to serve as the template for the BHHR As report. Each BHHRA is a stand-alone
document, chapter, or section; for example, all the equations and values necessary for quality
control (QC) and replication of computations must be contained within the report itself.

The work plan is based on EPA, USACE, and Ohio Environmental Protection Agency (OEPA)

guidance, including, but not limited to, the following:

e Ohio Environmental Protection Agency (OEPA), 2009a, Use of U.S. EPA’s Regional
Screening Levels as Screening Values in Human Health Risk Assessments,
Technical Decision Compendium, Division of Emergency and Remedial Response,
August.

e Ohio Environmental Protection Agency (OEPA), 2009b, Human Health Cumulative
Carcinogenic Risk and Non-carcinogenic Hazard Goals for the DERR Remedial
Response Program, Technical Decision Compendium, Division of Emergency and
Remedial Response, August.

e U.S. Army Corps of Engineers (USACE), 1999, Risk Assessment Handbook,
Volume I: Human Health Evaluation, Engineer Manual EM 200-1-4.

e U.S. Environmental Protection Agency (EPA), 1989a, Risk Assessment Guidance for
Superfund, Volume I, Human Health Evaluation Manual (Part A), Interim Final,
Office of Emergency and Remedial Response, Washington, D.C., EPA/540/1-89/002.

e U.S. Environmental Protection Agency (EPA), 1991a, Risk Assessment Guidance for
Superfund Volume I: Human Health Evaluation Manual Supplemental Guidance,
Standard Default Exposure Factors, Interim Final, Office of Solid Waste and
Emergency Response, OSWER Directive : 9285.6-03.

o U.S. Environmental Protection Agency (EPA), 1992a, Guidance on Risk
Characterization for Risk Managers and Risk Assessors, Memorandum from F.
Henry Habicht II, Deputy Administrator, to Assistant Administrators, Regional
Administrators, February.
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e U.S. Environmental Protection Agency (EPA), 1997a, Exposure Factors Handbook,
Office of Research and Development, National Center for Environmental
Assessment, Washington, D.C., EPA/600/P-95/002Fa, August.

e U.S. Environmental Protection Agency (EPA), 2002, Supplemental Guidance for
Developing Soil Screening Levels for Superfund Sites, Office of Solid Waste and
Emergency Response, Washington, D.C., 9355.4-24, December.

e U.S. Environmental Protection Agency (EPA), 2004a, Risk Assessment Guidance for
Superfund, Volume I, Human Health Evaluation Manual (Part E-Supplemental
Guidance for Dermal Risk Assessment), Final, Office of Superfund Remediation and
Technology Innovation, Washington, D.C., EPA/540/R-99/005, July.

e U.S. Environmental Protection Agency (EPA), 2010a, ProUCL Version 4.1
Technical Guide, Draft, Office of Research and Development, Technology Support
Center Characterization and Monitoring Branch, Las Vegas, Nevada, EPA/600/R-
07/041, May.

o U.S. Environmental Protection Agency (EPA), 2010b, ProUCL Version 4.1 User
Guide, Draft, Office of Research and Development, Technology Support Center
Characterization and Monitoring Branch, Las Vegas, Nevada, EPA/600/R-07/038,
May.

e U.S. Environmental Protection Agency (EPA), 2011, ProUCL Version 4.1.01, Office
of Research and Development, Technology Support Center Characterization and
Monitoring Branch, Las Vegas, Nevada, February, on line at
http://www.epa.gov/esd/tsc/form.htm.

It should be noted that the protocol presented herein may differ slightly from that used in
previous BHHRAS as a result of updated risk assessment guidance and ongoing communication
with OEPA. The differences represent refinements or updates, particularly regarding levels of
documentation that were not available for the earlier BHHRASs. Their inclusion at this point in
time does not imply that the earlier BHHR As are deficient or that substantially different

conclusions would be drawn if they were performed using the present protocol.

Ideally, this work plan captures and solidifies all details of the protocol for a BHHRA regarding
the associated property. However, human health risk assessment knowledge and protocol are
dynamic, and improvements and refinements may occur frequently. Therefore, both USACE and
OEPA reserve the right to initiate discussion regarding future changes to the protocol. The need
for change is a matter of professional judgment, depending in part on the effect of the proposed
change on the projected outcome or conclusions of the BHHR As and the cost of changing the
protocol.
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1.6 Work Plan Organization
The remainder of this document describes the components of the BHHRA process and is

organized as follows:

o Chapter 2.0, Data Evaluation. Identifies data sources, evaluates data quality,
identifies chemicals of potential concern (COPC), and provides a background
screening and evaluation protocol. It is noted that the background screening protocol
differs from the current OEPA (2009c) guidance, as explained in Section 2.4.3.

e Chapter 3.0, Exposure Assessment. Presents a conceptual site exposure model
(CSEM), including contaminant sources, contaminant release mechanisms, receptors,
and exposure pathways; describes exposure-point concentrations (EPC); and presents
methods for calculating chemical intake and contact rates.

e Chapter 4.0, Toxicity Evaluation. Describes the potential for cancer and/or
noncancer human health effects, provides an estimate of the quantitative relationship
between the magnitude of dose or contact rate and the probability and/or severity of
adverse effects, identifies the toxicity values that are used in the BHHRAs, and
describes the development of dermal toxicity values.

e Chapter 5.0, Risk Characterization. Combines the output of the exposure
assessment and toxicity assessment to quantify the risk to each receptor at each site.
Risks associated with exposure to all appropriate media for each site will be
evaluated.

o Chapter 6.0, Uncertainty Analysis. Identifies uncertainties in all phases of the
BHHRASs and discusses their individual effects on the risk assessment results,
focusing on those issues that are most pertinent to WWTP2 and the sewer line traces
and/or those most likely to have the greatest effect on risk estimates.

e Chapter 7.0, Development of Risk-Based Remediation Criteria. Provides
risk-based remediation criteria (RBRC) based on the methodology of the BHHRAs.
RBRC:s are intended for consideration in the development of cleanup goals during the
feasibility study (FS) process.

Chapter 8.0, Summary and Conclusions. Provides a brief summary of the
BHHRA, including quantitative results, uncertainties, and pertinent site information.
Summary and discussion is focused on those results and issues that are most directly
relevant to the risk assess