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1.0 Introduction

Chemical contamination related to former U.S. Department of Defense (DOD) activities has been
documented at the former Plum Brook Ordnance Works (PBOW) located near Sandusky, Ohio
(U.S. Amy Corps of Engineers [USACE], 2000a,b). PBOW operated from 1941 to 1945 as a
manufacturing plant for 2.4,6-trinitrotoluene (TNT), dinitrotoluenes (DNT), and pentolite. Some
of the areas used by the DOD were decontaminated in the 1950s and 1960s; other areas have
been decommissioned but not decontaminated. The site is currently owned by the National
Aeronautics and Space Administration (NASA) and is operated as the Plum Brook Station of the
Lewis Research Center, which is headquartered in Cleveland, Ohio. In 1978 NASA declared
approximately 2,152 acres of land as excess (IT Corporation [IT], 1997). The Perkins Township
Board of Education acquired 46 acres of the excess for use as a bus transportation center. The
Ohio National Guard has an agreement with the U.S. Army's General Services Administration to
use 604 acres of the facility. The areas surrounding PBOW are predominantly 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 except during the annual deer hunting season.

Two deep, or bedrock, groundwater aquifer systems are utilized for drinking water in the area, a
carbonate aquifer to the west and a shale aquifer to the east (USACE, 2000a,b). PBOW is
located within the transition of the two systems. Upwards of 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 groundwater system within the
unconsolidated material atop the bedrock exists under much of the site. The shallow
groundwater system is not used for drinking water, but it is sufficiently near the surface that

exposure of a construction worker while excavating a ditch or trench is possible.

However, all risk evaluation of groundwater is deferred to the site-wide groundwater delivery

order.

In this risk assessment work plan (RAWP), the term “facility” refers to the entire former PBOW
property, and the term “site” refers to an area within PBOW under investigation, in this case,
TNT Area A or TNT Area C. Current site use of the PBOW facility is classified as industrial for
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the purpose of identifying plausible human receptors and exposure pathways for evaluation in the
risk assessment (RA). USACE (20002,b) describes potential future uses of all or portions of the

facility as:

e Continued industrial use (NASA activities and programs)
» Recreational use of portions of the site by hunters and fishermen

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

 Parts of the facility may be used for residential or agricultural purposes
» Parts of the facility may be used for training by the National Guard
¢ Construction activities may be performed during development of any of the sites.

In summary, future site use of TNT Areas A and C is considered to be industrial or residential for
the purposes of developing receptor and exposure scenarios. It is assumed that groundwater may
be developed as a source of potable water. Earlier investigations summarized by USACE
(2000a,b) indicate that soil at TNT Areas A and C is heavily contaminated with nitroaromatic

compounds, particularly in the areas of the former process houses.

The purpose of this RAWP is to describe the protocol for evaluating risk to human health at TNT
Areas A and C. This RAWP is intended to serve as the template for the RA report. AnRA isa
stand-alone document, chapter or section; i.e., all the equations and values necessary for quality

control (QC) and replication of computations must be contained within the report itself.

The RAWP is based on U.S. Environmental Protection Agency (EPA), USACE, and Ohio
Environmental Protection Agency (OEPA) guidance, including, but not limited to, the following:

* Ohio Environmental Protection Agency (OEPA), 1993, Closure Plan Review
Guidance for RCRA Facilities, Interim Final, OEPA Division of Hazardous Waste
Management, September 1.

« 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, DC, EPA/540/1-89/002.

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

« U.S. Environmental Protection Agency (EPA), 1992a, Supplemental Guidance to
RAGS: Calculating the Concentration Term, Office of Solid Waste and Emergency
Response, Washington, DC, Publication 9285.7-081.

» U.S. Environmental Protection Agency (EPA), 1992b, Dermal Exposure
Assessment: Principles and Applications, Interim Report, Office of Research and
Development, Washington, DC, EPA/600/8-91/011B, including Supplemental
Guidance dated August 18, 1992.

« U.S. Environmental Protection Agency (EPA), 1992¢, "Guidance on Risk
Characterization for Risk Managers and Risk Assessors," Memorandum from F.
Henry Habicht II, Deputy Administrator, to Assistant Administrators, Regional
Administrators, February 26, 1992.

» U.S. Army Corps of Engineers (USACE), 1995, Risk Assessment Handbook,
Volume I: Human Health Evaluation, Engineer Manual EM 200-1-4.

It should be noted that the writing of this RAWP coincides with the second draft of RAs
performed for the Red Water Ponds Areas and TNT Area B. Therefore, this RAWP captures the
“lessons learned” from the previous efforts, which should reduce the extent of revision necessary
following regulatory review. However, it should be noted that the protocol presented herein may
differ slightly from that used in the previous RAs, as a result on ongoing communication with
OEPA, the primary regulatory authority for PBOW. The differences represent refinements or
upgrades, particularly regarding levels of documentation, that were not available for the earlier
RAs. Their inclusion at this point in time does not imply that the earlier RAs are deficient or that
substantially different conclusions would be drawn if they were redone using the present

protocol.

Ideally, this RAWP captures and solidifies all details of the protocol for RAs at TNT Areas A
and C. However, RA knowledge is dynamic, and improvements and refinements 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 judgement,
depending in part on the effect of the proposed change on the projected outcome or conclusions
of the RA and the cost of changing the protocol.

The remainder of this document is organized as follows. Section 2.0, Data Evaluation, describes

the selection of chemicals of potential concern (COPC) for each medium of interest, and
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estimation of source-term concentrations (STC) for each COPC in each medium. (Please note: to
increase clarity, the acronym COPC will be used for the singular, and COPCs will be used for the
plural.) COPCs are chemicals that are identified as site-related (Section 2.1.5), potentially
capable of contributing significantly to risk (Section 2.1.6), and are carried forward to
quantitative evaluation in the RA. The STC is a conservative estimate of the average
concentration of a COPC, statistically calculated (Section 2.2) from the analytical results of all
samples for a particular environmental medium, such as surface soil. It is the concentration to
which receptors are exposed during direct contact with the medium, such as dermal contact with
surface soil. The STC is also used as the input concentration for transport models that estimate
concentrations in indirect media. For example, the STC in soil is input into the dust loading

equation (Equation 3.1, Section 3.2.1) to estimate the concentration of a COPC in dust-laden air.

Section 3.0, Exposure Assessment, describes the exposure scenarios and the rationale by which
plausible receptors are selected, the pathways by which they may be exposed, the exposure-point
concentrations (EPC) of COPCs, and the estimated dose or contact rates for each of the COPCs.
The EPC is the concentration of chemical in an environmental medium to which receptors are
exposed. Since it is calculated as a conservative estimate of average, it is identical to the STC
when used for direct exposure pathways, such as dermal contact with surface soil. Itis
calculated with transpdrt models for indirect exposure. In the example in the previous paragraph,
the output from the dust loading equation is the EPC in air of a COPC identified in soil. Itis
assumed to reflect a conservative estimate of average because it is based on the STC, which is a

conservative estimate of average.

Section 4.0, Toxicity Evaluation, describes the adverse health effects associated with each of the
COPCs, and the dose-response evaluation, i.e., the relationship between dose or contact rate and

the magnitude of the adverse effect.

Section 5.0, Risk Characterization, combines the output of the exposure analysis and the toxicity
analysis to quantify cancer risk and noncancer hazard to each receptor, identifies chemicals of
concern (COC), identifies applicable or relevant and appropriate requirements (ARAR) for the
COCs and develops risk-based remediation criteria (RBRC) for the COCs. (Please note: to
increase clarity, the acronym COC will be used for the singular, and COCs will be used for the
plural.) COCs are the chemicals that contribute significantly to unacceptable risk or hazard
estimates. ARARs are standards, criteria, guidelines or recommended concentrations from

relevant federal and state environmental laws. They may or may not be entirely or partially risk
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based. RBRCs are concentrations which, if left in place, will not result in unacceptable risk

estimates for the receptor scenario on which they are based.

Section 6.0, Uncertainty Analysis, describes the uncertainty associated with the components of
the RA. Section 7.0, Summary and Conclusions, briefly summarizes the RA protocol and results
and interprets the results, in light of the uncertainty about their estimation, to draw realistic
conclusions regarding risk to human health. Section 8.0, References, presents the references

used in the preparation of this document.
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2.0 Data Evaluation

2.1 Identification of Chemicals of Potential Concern

COPCs are chemicals that are identified as site-related, potentially capable of contributing
significantly to risk, and are carried forward to quantitative evaluation in the RA. The following
subsections describe their identification. Prior to initiation of an RA, a list of chemicals present
in site samples will be compiled. This initial list includes all chemicals detected in any site

medium. COPCs are selected from this list as follows.

2.1.1 Sorting the Analytical Data

Prior to initiation of an RA, a list of chemicals present in site samples will be compiled. This
initial list includes all chemicals detected in any site medium. The data for each chemical will be
sorted by medium. Surface soil and subsurface soil are considered separate media. Surface and
subsurface soil data are combined to assess exposures under the construction worker and
residential site-use scenarios, which involve excavation and mixing of surface and subsurface
soil. Combined surface and subsurface soil data are termed “total soil” in the RA. The
combination is formed by selecting as COPCs for total soil each COPC identified in either
surface or subsurface soil. The higher STC estimated for the chemical in surface or subsurface
soil will be selected as the STC for total soil. This approach to total soil accounts for the
likelihood that surface and subsurface soil would not be perfectly blended for receptor exposure,
but that exposure to either may predominate, at least for a period of time or at different locations

within the exposure unit (EU).

Soil samples are taken from a sampling interval defined by the upper and lower depths of that
interval. For example, a sample may be taken from 0.25 to 1.25 feet below ground surface (ft
bgs), in which case 0.25 ft bgs is the upper end of the sampling interval and 1.25 ft bgs is the
lower end. Ideally, surface soil should be defined as samples taken from 0 to 1 ft bgs, and
subsurface soil should be defined as samples taken from 1 to 10 ft bgs for direct exposure
pathways. A preview of the data, however, reveals that some samples were taken from depth
intervals that crossed the 1 ft ideal lower end of the interval for surface soil. For example, some
samples were taken from 0.5 to 1.5 ft bgs or 1 to 2 ft bgs. Also, there were fewer surface soil
samples than subsurface soil samples. At TNT Area A, only one soil sample fell within the ideal
0 to 1 ft bgs interval. Therefore, to deal logically and consistently with sampling depth intervals
that crossed 1 ft bgs and to increase the size of the surface soil data sets, surface soil is redefined

as samples whose lower end of the sampling interval is less than or equal to 2 ft bgs. Subsurface
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soil is redefined as samples whose lower end of the sampling interval is greater than 2 ft bgs but
not greater than 10 ft bgs, regardless of the upper end of the sampling interval. For example, a
soil sample at TNT Area C taken from 1.3 to 2.3 ft bgs is classified as a subsurface soil sample.
The 10 ft bgs limit for subsurface soil reflects the maximum practical depth for direct exposure;
1.e., it is unlikely that future development or construction activity would require excavation
beyond 10 ft bgs.

TNT Areas A and C are approximately 113 and 119 acres in size, respectively (USACE, 2000a,
b). USACE noted that the size of these areas may require special care to ensure that “hot spots,”
areas of unusually high contaminant concentrations, are adequately identified and evaluated. It is
reasonable to expect that a groundskeeper or hunter may be exposed randomly and uniformly
across the entire site as a result of his normal duties or activities. Therefore, it is appropriate to
include all the surface soil data from across the entire site in the data set for these receptors. A
hot spot analysis is not relevant for these receptors, because the high concentrations are
appropriately averaged with lower concentrations in development of the STC. A construction
worker, on the other hand, may be exposed to a much smaller area during excavation, building or
installation of underground utilities. Likewise, a resident is unlikely to be exposed randomly and
uniformly across the entire site, because a homestead may consist of as little as one-quarter acre.
It is possible, when a reasonable exposure area for a given receptor is less than the entire area
from which samples are taken, for the larger clean or lightly contaminated areas to obscure the
risk associated with continuous exposure to small, heavily contaminated areas. This situation

may give rise to the need for a hot spot, or EU, analysis.

The need for an EU analysis, as well as the number of EUs to analyze, is largely a matter of
judgement. If the STCs approximate the maximum detected concentrations (MDC), and the risk
estimates are clearly within acceptable limits, there is probably no need for an EU spot analysis.
However, if either of these conditions is not met, an EU analysis is probably required. This
would consist of separating the analytical data spatially into a number of reasonably sized EUs
(e.g., perhaps quarter-acre units for residential exposure), and developing STCs and risk
estimates for each. An EU is an area over which a receptor would be uniformly and randomly
exposed. The EU approach ensures that areas of unusually high risk are not overlooked. The
additional information provided by EU analysis may permit limiting remediation to a small
number of circumscribed areas, thereby reducing cost and increasing efficiency without

sacrificing protectiveness.
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2.1.2 Evaluating Data Quality

The quality of the analytical data will be evaluated to select data for inclusion in the RA. Data
quality is expressed by the assignment of qualifier codes during the analytical laboratory QC
process or during third-party data evaluation. Some of the more common qualifiers and their
meanings are (EPA 1989a):

U - Chemical was analyzed for but not detected; the associated value is the sample
quantitation limit.

J - Value is estimated, probably below the contract-required quantitation limit.

N - The analysis indicates an analyte for which there is presumptive evidence to make a
tentative identification.

NJ - The analysis indicates a “tentatively identified analyte” and the reported value
represents its approximate concentration.

R - QC indicates that the data are unusable (chemical may or may not be present).

B - Inorganic chemicals: the concentration is less than the contract-required detection
limit but greater than the instrument detection limit. Organic chemicals: the
concentration in the sample is not sufficiently higher than concentration in the
blank, using the five-times, ten-times (5x, 10x) rule: A chemical is considered a
nondetect unless its concentration exceeds five times the blank concentration. For
common laboratory contaminants (acetone, 2-butanone [methyl ethyl ketone],
methylene chloride, toluene, and the phthalate esters), the sample concentration
must exceed ten times the blank concentration to be considered a detection.

“J”, “N” and “NJ” qualified data, and “B” qualified inorganic chemical data are used in the RA;
“R” data and “B” qualified organic chemical data are not. The handling of “U” qualified data
(nondetects) in the RA is described below. The use of data with other less common qualifiers is
evaluated on a case-by-case basis. Generally, data for which the identity of the chemical is
unclear are not used in the RA. If confidence is reasonably high that the chemical is present, but

the actual concentration is somewhat in question, the data generally are used in the RA.

Occasionally, chemicals may be analyzed under two different analytical programs. For example,
polynuclear aromatic hydrocarbons (PAH) are often included in EPA Method 8270B for
semivolatile organic compounds (SVOC) as well as Method 8310, which is specific for PAHs.
2.4-DNT and 2,6-DNT are often included in Method 8330 for explosives and Method 8270B for
SVOCs. Only the results from one analytical method for each chemical will be used in the RA.
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The method chosen for each chemical will be the one that provides the greater sensitivity as

reflected in lower reporting limits.

2.1.3 Frequency of Detection

As stated above, if confidence is high that a given chemical is present, the data generally are used
in the RA. For most chemicals, their identification at concentrations above levels in blanks
(considering the 5x, 10x rule; see above) is presumptive evidence of their presence. However,
chemicals that are reported infrequently, e.g., in less than 5 percent of the samples, may be
artifacts in the data that do not reflect the presence of the chemical in question. Generally,
chemicals that are reported only at low concentrations in less than 5 percent of the samples from
a given medium are dropped from further consideration, unless their presence is expected based
on historical information about the site. Chemicals detected infrequently at high concentrations

may identify the existence of “hot spots™ and are retained in the evaluation.

2.1.4 Identifying Site-Related Chemicals

Identifying site-related chemicals is a matter of professional judgement that must be exercised
for each chemical individually. Most organic chemicals are included in the list of site-related
chemicals because most organic chemicals of interest are not naturally occurring. However,
there are theoretically possible exceptions, including pesticides and herbicides present in soil in
agricultural areas in which these chemicals are or were used in crop production. PAHs in soil, a
class of organic compounds which form from natural or anthropogenic combustion of organic
matter, including fossil fuels, and are generally ubiquitous in the environment, may be another
exception. Plum Brook Station under NASA operation routinely performs controlled burning in
various areas of the former PBOW facility. This burning may release PAHs to the atmosphere
that travel downwind and deposit on soil at other areas such as TNT Areas A and C. In addition,
any class of organic compound may be considered to be anthropogenic background if site
concentrations are comparable to upgradient concentrations. For example, if concentrations of
2,4-DNT in the water in a creek meandering across TNT Area A are comparable to upgradient
concentrations, it is probably appropriate to conclude that 2,4-DNT is not a site-related chemical.
Although the chemical is clearly related to former PBOW activities and its presence in other
media such as soil or groundwater may reflect activities that took place at that particular site, its
presence in the creek probably does not. Since the 2,4-DNT in the creek does not reflect
activities at TNT Area A, it is inappropriate to select the compound as a site-related chemical for
TNT Area A and to develop RBRCs for it, because remediation at TNT Area A will not address

the source of the contamination. Site-specific background data sufficient to develop background
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screening criteria (BSC) (see below) are required to declare any organic chemical to be present at
background levels, i.e., to be selected as a background chemical rather than as a site-related
chemical. As a practical matter, background data sufficient for developing BSC are available
only for inorganic chemicals. Therefore, no organic chemicals, including pesticides, herbicides
or PAHs, will be judged to be present at background levels and deselected from the list of site-
related chemicals. In other words, all organic chemicals will be subject to risk-based screening
for selection as COPCs. Organic chemicals judged to be present at background levels will be

discussed in the uncertainty section.

Resolving the site-related issue for metals is more difficult, because metals are naturally present
in most environmental media. Historical data regarding site activities, processes, disposal
practices, and inadvertent releases can provide much useful information, particularly to confirm
the selection of a metal as a site-related chemical. Eliminating a metal from the site-related
chemical list, however, requires confidence in the adequacy of the historical data. Frequently the
historical data are incomplete; therefore, statistical techniques are often used as tools to aid the
exercise of professional judgement. The statistical techniques generally involve comparing the

site data with background data. This is frequently done in two steps.

The first step is considered a screening step, in which the MDC of site data is compared with its
BSC. The upper tolerance limit (UTL) of the background data set (see below) is generally
adopted as the BSC. It is a theoretical upper bound on background concentration. A chemical
whose MDC is less than or equal to its BSC is designated a background chemical and is not
subjected to risk-based screening or included in the quantitative risk assessment. A chemical
whose MDC exceeds the UTL may be designated a site-related chemical and subjected to risk-
based screening, or a more rigorous statistical an