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COMPLETION OF INDEPENDENT TECHNICAL REVIEW

Jacobs Engineering Group, Inc. has completed the Final Focused Feasibility Study, Acid
Area 2, Former Plum Brook Ordnance Works, Sandusky, Ohio. Notice is hereby given
that an independent technical review has been conducted that is appropriate to the level of
risk and complexity inherent in the project, as defined in the Quality Control Plan. During
the independent technical review, compliance with established policy principles and
procedures, utilizing justified and valid assumptions, was verified. This included review
of assumptions; methods, procedures, and material used in analyses; alternatives
evaluated; the appropriateness of data used and level of data obtained; and reasonableness
of the results, including whether the product meets the customer’s needs consistent with
law and existing Corps policy.
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EXECUTIVE SUMMARY

This Focused Feasibility Study (FFS) for contaminated soil at Acid Area 2 (AA2) at the former
Plum Brook Ordnance Works (PBOW) was prepared for the U.S Army Corps of Engineers by
Jacobs Engineering Group Inc (Jacobs). The purpose of this FFS is to develop and evaluate
alternatives to address contaminated soil at AA2, and to provide the basis for selection of a
preferred alternative. It has been prepared in accordance with Guidance on Conducting
Remedial Investigations and Feasibility Studies Under CERCLA.

PBOW was operated from 1941 to 1945 as a manufacturing plant for trinitrotoluene,
dinitrotoluene, and pentolite. Production of explosives began in December 1941 and continued
until 1945. The acid areas were used to produce oleum, sulfuric acid, nitric acid, and mixed
acids for the manufacture of TNT. AA2 is adjacent to the western PBOW site boundary and is
surrounded on the north, east, and south by NASA controlled property, which is fenced and
maintained by security on a 24-hour basis. The area to the west outside of the NASA facility is
currently being used for farming. Current on-site human populations include occasional workers
and visitors. There are no facilities being operated by NASA within 4000 ft of AA2. The AAZ2 site
has the potential to be declared excess by the government and made available to the public for
unrestricted use.

Soil contamination at AA2 is present within the vicinity of former process facilities and storage
tanks as a result of activities conducted by the Army in support of the former ordnance works.
Surface soil and subsurface soil contamination at concentrations above the U.S. Environmental
Protection Agency Regional Screening Levels are limited to polychlorinated biphenyls (PCBs),
polynuclear aromatic hydrocarbons (PAHs), and metals, which are widespread but at generally
low concentrations. The PCB contamination is generally limited to the surface soil.
Concentrations of PCBs in surface soil range as high as 49 mg/kg (combined aroclors).
Concentrations in the subsurface soil range only as high as 2.6 mg/kg (combined aroclors).

A baseline human health risk assessment (BHHRA) and a screening level ecological risk
assessment (SLERA) were prepared to evaluate the potential for adverse effects to human and
ecological receptors from exposure to site contamination. The objective of the BHHRA was to
evaluate the potential for cancer and noncancer human health effects posed to current and
potential future receptors. While PBOW is currently classified for industrial use, future
residential use was considered in the risk assessment to support evaluation of all plausible
receptor scenarios. Accounting for natural background concentrations of metals and the
isolated detections of elevated concentrations of some contaminants of concern, potential risks
from exposure to contaminants detected in site environmental media appear to be limited to
PCBs and PAHs; however, PAHs were eliminated as site-related contaminants because there is
no history of their use for AA2 operations and because there are other likely sources. PAH
concentrations at Acid Area 2 all fall within global background levels for urban areas compiled
by the Agency for Toxic Substances and Disease Registry.

Remedial action objectives (RAOs) were developed based on the outcome of the BHHRA and
SLERA. RAOs were developed only for residential land use of soil because soil is the only
medium posing an unacceptable risk to human receptors from site-related contamination. A
cleanup goal of 2 mg/kg for total combined PCBs is recommended for AA2 soil because it is
protective for cancer and non-cancer health effects for all current and future receptors and is
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consistent with 40 CFR 761.61. PCBs 1254 and 1260 in surface soil at 0 to 18 inches are the
only chemicals of concern.

A remediation technology screening was conducted to identify technologies that could meet the
remedial objectives. Technology categories considered include excavation and disposal, ex-situ
remediation, in-situ remediation, and incineration. A literature search was conducted to identify
potential technologies available for remediation of PCB-contaminated soil for each of these
technology categories. Established, demonstrated, and emerging technologies were evaluated
to ensure selection of optimal technologies. Technologies/process options that were carried
forward from the screening process to formulate alternatives were excavation, disposal, in-situ
chemical reduction, ex-situ on-site enhanced bioremediation, and incineration.

Based on the selected technologies, four remedial action alternatives were developed that are
considered capable of meeting the RAOs for the site. In addition to these four alternatives, the
no action alternative, Alternative 1, was considered in accordance with CERCLA.

Alternative 2, Excavation and Off-Site Disposal, would involve excavation of the contaminated
soil, waste characterization, and transportation to appropriate off-site disposal facilities.
Excavation to a depth of 18 inches would be conducted using a bulldozer. Soil removal would
progress both laterally and vertically as needed based on verification sampling to meet RAOs.

Alternative 3, In-Situ Remediation, involves the use of MuniRem®, which is based on a
relatively new emerging technology that stimulates the production of sulfate free radicals, which
are capable of degrading PCBs. The MuniRem® powder would be spread over the surface
area to be remediated and then mixed with the soil. Several passes with a tiller would likely be
required to ensure thorough mixing. The tilled area would be sprayed with water as needed to
encourage agent mixing and maximum reaction with the contaminant. ~Soil would be
remediated in 9-inch lifts to be effective.

Alternative 4, Ex-Situ Remediation, involves excavation and on-site remediation of soil using
enhanced bioremediation. The remediated soil would be worked in windrows to affect both
aerobic and anaerobic conditions as needed to degrade the PCBs. This approach would
consist of adding manure, nutrients, and moisture to the soil as well as periodic aeration. The
windrows would be mixed to aerate and stimulate microbial activity. Anaerobic conditions would
be created by adding molasses. Contaminated soil would be excavated and transported to the
on-site remediation areas. The remediated soil would be tested to verify that PCB remediation
goals had been achieved and then placed back in the excavation, graded, and seeded.

Alternative 5, Excavation and Incineration, involves excavation of the contaminated soil, waste
characterization, and transportation to an approved facility for incineration. Excavation to a
depth of 18 inches would be conducted using a bulldozer. Soil removal would progress both
laterally and vertically as needed based on verification sampling to meet RAOs. Transportation
of waste soil would be conducted by rail.

The alternatives were compared against the threshold and balancing criteria defined in the
National Contingency Plan (NCP) to evaluate the expected performance of remedial actions.
These CERCLA criteria encompass three broad elements of effectiveness, implementability,
and cost.
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Alternative 1, No Action, offers no reduction in risk at the site and is therefore, unacceptable
since it does not meet remedial objectives.

A comparison of the distinctive components shown in Table ES-1 indicates that Alternative 2,
Excavation and Off-site Disposal, is the second lowest cost alternative and has the greatest
potential to meet the project objectives since it is a proven method. This alternative; however,
will not meet the statutory preference for reducing the toxicity, mobility, and contaminant volume
through treatment. Alternative 2 offers the least amount of time required to remediate the site at
6 months.

Alternative 3, In-situ Chemical Reduction, has the potential to meet the statutory preference for
reducing the toxicity, mobility, and contaminant volume through treatment; however the cost is
approximately $300,000 higher than Alternative 2 and there are uncertainties with the
effectiveness and implementation for this technology. The cost could be significantly more
expensive if some of the process variables have significant increases. Alternative 3 could be
tested in a small scale pilot test at the site for approximately $91,000.

Alternative 4, Enhanced Bioremediation, represents the least expensive option which has the
potential to meet the statutory preference for reducing the toxicity, mobility, and contaminant
volume through treatment. This alternative has been demonstrated to be effective on a small
scale test at the Savannah River Site; however there are uncertainties with implementation in
the winter months and remediation effectiveness with elevated concentrations of highly
chlorinated PCB aroclors. The cost for Alternative 4 is $9,000 less than Alternative 2; however,
the cost could be significantly more expensive if some of the process variables have significant
increases. Alternative 4 would require significantly more time to remediate than alternatives 2
and 3, which is estimated at 15 months. The cost for a small scale pilot test is estimated at
$258,000.

Alternative 5, Excavation and Incineration, Is the only technology that is both demonstrated to
be effective to satisfy the statutory preference for reducing toxicity, mobility, and contaminant
volume through treatment; however, this technology is an order of magnitude more expensive
than any of the other alternatives and would require the greatest amount of time to implement.

Table ES-1
Criteria Excavation & In Situ Munirem® Ex-Situ Enhanced Excavation &
Disposal Bioremediation Incineration
Reduction in Toxicity, No Yes Yes Yes
Mobility, or Volume
Proven Technology Yes No No Yes
Implementation Issues/ No Yes Yes No
Uncertainties
Duration (months) 6 8-20 15-26 24
Cost (MM) 2.02 2.33-4.33 2.01-2.94 19.7
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1.0 INTRODUCTION

This Focused Feasibility Study (FFS) for contaminated soil at Acid Area 2 (AA2) at the former
Plum Brook Ordnance Works (PBOW) in Sandusky, Ohio is being managed by the Corps of
Engineers, Huntington District (CELRH) and technically overseen by the Corps of Engineers,
Nashville District (CELRN). Jacobs Engineering Group Inc. (Jacobs) is conducting this work
under contract DACW62-03-D-0004, Delivery Order 0010.

1.1 PURPOSE AND ORGANIZATION OF THE REPORT

The purpose of this FFS is to develop and evaluate alternatives to address contaminated soil
at AA2, and to provide the basis for selection of a preferred alternative. This FFS has been
prepared in accordance with the Comprehensive Environmental Response, Compensation
and Liability Act (CERCLA) Guidance on Conducting Remedial Investigations and Feasibility
Studies Under CERCLA (USEPA, 1988).

This report is organized as follows:
Section 1.0 - Introduction, summarizes the history of the facility, site description, previous

actions, site risks, regulatory initiatives, and applicable or relevant and appropriate
requirements (ARARsS).

Section 2.0 - Remedial Action Objectives, presents remedial action objectives (RAOs) and
goals, and soil volume estimates.

Section 3.0 - Screening _of Remedial Technologies and Process Options, presents the
technology screening and development of process options.

Section 4.0 - Development of Remedial Alternatives, describes the remedial alternatives
developed for evaluation against the CERCLA criteria.

Section 5.0 - Detailed Analysis of Remedial Alternatives, describes the CERCLA FS criteria
and presents the detailed analysis of alternatives relative to effectiveness, implementability,
and cost.

Section 6.0 - Comparative Analysis of Alternatives, evaluates the alternatives relative to one
another against the CERCLA criteria.

Section 7.0 - References
The main text of this report is supported by the following appendices:
Appendix A - Contaminant Delineation Summary Report, provides the data collected to

further evaluate the extent of contamination and provides interpretive maps used to calculate
soil volumes.
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Appendix B - Supporting Cost Information, provides detailed back-up cost information for
each alternative.

Appendix C - Enhanced Bioremediation Study Report — Savannah River Site, copy of actual
report that provides the technical detail and basis for Alternative 4.

Appendix D — Response to Comments on the Draft Focused Feasibility Study

1.2  SITE DESCRIPTION AND BACKGROUND

The following sections provide abbreviated descriptions of the Plum Brook facility and the AA2
site. More complete descriptions can be found in the Final Site Characterization Report
(Jacobs, 2007a).

1.2.1 Facility Location and History

PBOW was operated from 1941 to 1945 as a manufacturing plant for trinitrotoluene (TNT),
dinitrotoluene (DNT), and pentolite. Production of explosives began in December 1941 and
continued until 1945. It is estimated that more than one billion pounds of explosives were
manufactured during the four-year operating period. The site is currently controlled and
maintained by the National Aeronautics and Space Administration (NASA) and is operated as
the Plum Brook Station of the John Glenn Research Center. NASA acquired control of the
former PBOW in 1963 and presently utilizes about 6,400 acres for conducting space research.
PBOW is located south of Sandusky, Ohio (Figure 1-1). The AA2 site is located in the
northwestern portion of PBOW, adjacent to Patrol Road and approximately one mile west of
Acid Area 3 (Figure 1-2).

The acid areas were used to produce oleum, sulfuric acid, nitric acid, and mixed acids for the
manufacture of TNT. AA2 contained eight buildings (Bldgs. 701-704, Bldgs. 706-708, and a
maintenance shop and warehouse building on the eastern edge of the site), 24 above-ground
storage tanks, and a rail line (Figure 1-3). No information was obtained during the previous
records reviews to indicate the type of process conducted at each building. Identification of
three storage areas was determined from the drawings: Oleum Storage, Concentrating Mix
Storage, and Sulfuric Acid Sales, as shown on Figure 1-3. Additional detail on the processes
and facilities at the former AA2 site are provided in the Final Site Characterization Report
(Jacobs, 2007a).

This site was not developed or contaminated prior to the establishment of the Plum Brook
Ordnance Plant by the DOD. Since being excessed by the DOD, all above-ground facilities,
including process buildings and storage tanks, have been removed from AA2 and the sites
have not been used by NASA since acquiring the Plum Brook facility. NASA acquired the site
from the DOD and has controlled access to the site which ensures no other party has
contaminated the site. Based on aerial photography, the facilities at AA2 were dismantled
between 1958 and 1968. Much of the demolition debris was transported to one of several
onsite burning grounds for incineration. Incineration activities have been documented to have
ceased in 1962, so it is likely that demolition of the AA2 facilities was completed by 1962,
preceding the acquisition of PBOW by NASA in 1963. All above-ground facilities including
process buildings and storage tanks have been removed from AA2 and the sites have not
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been used by NASA, nor was any dumping or spilling recorded on this site, since NASA
acquired the Plum Brook facility. The entire body of evidence regarding this site, including the
finding of contamination and the history of ownership and use indicates that DOD must have
caused the contamination found.

1.2.2 AA2 Site Description

The AA2 site physical features include two drainage ditches running west to east: one on the
northern perimeter of the site, and one on the southern perimeter of the site. A storm sewer
system was constructed at the site, as evidenced by existing drainage grates, manhole
covers, and open holes with brick lining. The remains of an old railroad grade with a few
railroad ties and loose track are still evident at the site. Former building foundations are
present on the north side of the site. There is evidence of concrete footers and/or concrete
slabs present at the site based on refusal during drilling operations within the footprint of some
of the former facilities. The extent of sub-grade building materials still in place is unknown. A
paved service road completes a loop around the perimeter of the site. AA2 covers
approximately 25 acres. The ground surface is relatively flat, with minimal slope toward the
east and southeast. Elevations at the site range from 639.6 ft amsl near the southeastern
portion of the site to 643.8 ft amsl in the western portion. The majority of the site is covered
with small trees and brush, with occasional open grass areas with limited brush. The more
densely wooded areas tend to be located in the eastern third and western third of the site, with
the open areas concentrated in the central portion of the site. The areas outside of the site
boundary are heavily wooded.

1.2.3 Surrounding Land Use, Populations, and Ecosystems

AA2 is adjacent to the western site boundary and is surrounded on the north, east, and south
by NASA controlled property, which is fenced and maintained by security on a 24-hour basis.
The area surrounding the site to the north, east, and south is wooded and is not being utilized
by NASA. The area to the west, outside of the NASA facility, is currently being used for
farming.

Current on-site human populations include occasional workers or visitors. There are no
facilities being operated by NASA within 4000 ft of AA2. The AA2 site has the potential to be
declared excess by the government and made available to the public for unrestricted use.

1.3 SUMMARY OF THE REMEDIAL INVESTIGATION

An in-depfh description of the source, nature, and extent of contamination is provided in the
Final Site Characterization Report (Jacobs, 2007a). This subsection summarizes the results
relevant to the evaluation of remedial alternatives for soil.

Contamination at AA2 was detected during surface and subsurface soil investigations
performed as part of the Site Investigation (Sl) in 1998 (IT Corporation, 1998), during the
Remedial Investigation (RI) conducted from 2004 through 2006, and during the FS delineation
sampling conducted from 2008 through 2010. A total of 202 surface soil samples and 35
subsurface soil samples have been collected from AA2.
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Soil contamination at AA2 is present within the vicinity of former process facilities and storage
tanks, (Figure 1-4, Figure 1-5, and Appendix A, Figures A-1 through A-5). Surface soil and
subsurface soil contamination at concentrations above the U.S. Environmental Protection
Agency (USEPA) Regional Screening Levels are limited to polychlorinated biphenyls (PCBs),
polynuclear aromatic hydrocarbons (PAHs), and metals (Figures 1-4 and Figure 1-5).

The PCB contamination is generally limited to the surface soil. Only three of the 35
subsurface soil samples had PCB concentrations exceeding the PRGs, all of which were
limited to the 3 to 5 ft interval. No PRG exceedances were identified from the 5 to 10 ft
interval. Concentrations of PCBs in surface soil range as high as 49 mg/kg (combined
aroclors). Concentrations in the subsurface soil only range as high 2.6 mg/kg (combined
aroclors).

The metals contamination was limited to lead in surface soil at 2 locations. The PAH
contamination included benzo(a)pyrene, benzo(a)anthracene, benzo(b)flouranthene,
benzo(k)flouranthene, dibenz(a,h)anthracene, indeno(1,2,3-cd)pyrene and is primarily limited
to surface soil. Based on the human health risk assessment discussed below, PCBs are the
only contaminant warranting remedial action.

The primary site contaminants; PCBs, PAHs, and lead are generally fixed to soil and sediment
are thus not susceptible to leaching in shallow groundwater. The primary release mechanism
for site contaminants is the removal of the vegetative layer. Removal of the vegetative layer is
unlikely to occur by natural processes. Some form of construction or other human activity
would be required for this release mechanism. If the contaminated soil were to be exposed,
fugitive dust, localized to the immediate site, and dermal contact would represent the primary
routes of exposure.

Release of site contaminants by leaching into the shallow groundwater has low potential
based on the chemical affinity with soil for these compounds. The absence of these
compounds in the subsurface soil supports this conclusion. Lateral migration of contaminants
through the shallow groundwater and discharge into the drainage ditches is an unlikely
exposure route. These contaminants were not detected in the surface water. Release of
contaminants into the deeper bedrock groundwater is unlikely because of the absence of
contaminants in the shallow groundwater. The more conductive silt deposits near the surface
would serve as a preferential flow path for lateral migration of any contaminated groundwater
toward the drainage ditches.

1.4 SUMMARY OF SITE RISKS
1.4.1 Human Health Risk Assessment

A baseline human health risk assessment (BHHRA) was completed to evaluate human health
risks from potential exposure to soil, groundwater, surface water, and sediment associated
with AA2 (Jacobs, 2008a). The BHHRA was prepared in accordance with the Baseline
Human Health Risk Assessment and Ecological Risk Assessment Work Plans (Jacobs,
2007b) and was consistent with USEPA and Ohio EPA (OPEA) guidance and other risk
assessments performed for PBOW.
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The objective of the BHHRA was to evaluate potential for cancer and noncancer human
health effects posed to current and potential future receptors. This objective was met through
the process of data evaluation, exposure assessment, toxicity assessment, risk
characterization, and uncertainty analysis.

PBOW is currently classified for industrial use, but future residential use was considered in the
risk assessment to support evaluation of all plausible receptor scenarios. Groundskeeper,
construction worker and hunter scenarios were evaluated under the current site-use
assumptions. Groundskeeper, construction worker, indoor worker, hunter (including a child
venison consumer) and on-site residential scenarios were evaluated as plausible future
exposure scenarios. This FFS is based on future unrestricted land use (i.e., residential).
Results of the risk assessment for the nonresidential exposure scenarios are presented in
Table 1-1.

The adult and child residential receptors were evaluated for exposure to surface and
subsurface soil, groundwater, surface water and sediment. Total hazard index (HI) estimates
summed across all media for the adult and child residential receptors were 7 and 31,
respectively. HI sums for surface water and sediment were below 1; therefore, remedial action
for these media is not required. Total HI estimates for surface soil were 1 and 10 for the adult
and child, respectively. The surface soil contaminants of concern (COCs) were PCB-1254 for
the adult, and aluminum, arsenic, iron, thallium, and PCB-1254 for the child. Total Hl
estimates for subsurface soil were 0.5 and 4 for the adult and child, respectively. The
subsurface soil COCs were aluminum, arsenic, iron, manganese, thallium, and PCB-1254 for
the child. There were no HI COCs for adult exposures to subsurface soil. Total HI estimates
for groundwater were 6 and 10 for the adult and child, respectively. The groundwater COCs
for the HI were aluminum, arsenic, barium, iron, manganese, thallium, vanadium, cyanide,
benzene, bromomethane, and nitrobenzene for the adult, and aluminum, arsenic, barium,
chromium, iron, manganese, thallium, vanadium, cyanide, 1,1,2-trichloroethane, 2-
methylnaphthalene, benzene, bromomethane, nitrobenzene, and total xylenes for the child.

The total incremental lifetime cancer risk (ILCR) estimates summed across all media for the
adult and child residential receptors were both 3E-4. ILCR sums for surface water and
sediment were 5E-6 and 7E-6 for the adult and child, respectively. ILCR estimates for surface
soil for adult and child residential receptors were 1E-4 and 2E-4, respectively. The surface soil
COCs were arsenic, PCB-1254, PCB-1260, benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, and dibenz(a,h)anthracene for the adult, and arsenic, PCB-1254, PCB-
1260, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, and
dibenz(a,h)anthracene for the child. ILCR estimates for subsurface soil for adult and child
residential receptors were 5E-5 and 7E-5, respectively. The subsurface soil COCs were
arsenic, PCB-1260.  benzo(a)anthracene, benzo(a)pyrene,  benzo(b)fluoranthene,
dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene for both the adult and child. ILCR
estimates for groundwater for adult and child residential receptors were 1E-4 and 7E-5,
respectively. The groundwater COCs for the ILCR were 1,1,2-trichloroethane, arsenic, bis(2-
ethylhexyl)phthalate, and benzene for the adult and 1,1,2-trichloroethane, arsenic, and
benzene for the child.
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Based on analytical results, metals, PAHs, and PCBs appear to be widespread but generally
at low concentrations in environmental media at AA2, with isolated areas of elevated PAH or
PCB contamination. All inorganic constituents detected in environmental media were carried
through the risk assessment to provide a conservative estimate of potential risks associated
with exposure to site media. However, the maximum detected concentrations (MDCs) for
arsenic and iron in surface soil and aluminum, arsenic, iron, and manganese in subsurface
soil were lower than their respective background criteria. The MDC for aluminum exceeded its
background criterion, which was based on the maximum concentration detected in
background samples. The exposure point concentration (EPC) for aluminum was well below
its background criterion. There are no site-specific background data for the PAHs, and
several were selected as COCs. PAH concentrations at AA2 all fall within global background
levels for urban areas compiled by the Agency for Toxic Substances and Disease Registry
(ATSDR, 1995). Additionally, PCBs were not consistently detected in the subsurface soil
samples; therefore, no further action is recommended for subsurface soil.

Cancer risk and noncancer hazard estimates for exposure to surface water were below 1E-6
and 1, respectively, for any receptor evaluated. Cancer risk estimates were within the cancer
risk range of 1E-6 to 1E-4 for the construction worker and adult and child residential receptors
for exposures to sediment.

The major contaminants in deep groundwater were metals, benzene, and bromomethane.
Detection of metals in deep groundwater appears to be associated with sediment entrained in
the samples. Specifically, samples with elevated turbidity had higher levels of metals
detections while concentrations of metals in samples with low turbidity levels and filtered
samples had low concentrations or were nondetect. Benzene may also be associated with
background due to the presence of natural petroleum-derived compounds present in the
vicinity of PBOW. Bromomethane may be an artifact of the analytical process caused by
laboratory equipment (off-gassing of o-rings), but could not be eliminated during data
validation (SW846/5030B, Section 3.1 and SW846/5030C, Section 6.2.5). This compound is also
naturally occurring in the environment, and was only detected sporadically in groundwater
(one of 14 deep groundwater samples at AA2). Given the likely association of groundwater
COCs with turbidity and background levels and the uncertainty of the association of
bromomethane with site activities, no further action is recommended for groundwater at AA2.

Accounting for natural background concentrations of metals and the isolated detections of
elevated concentrations of some COCs, potential risks are limited to exposure to PCB 1254
and 1260 in surface soil.

1.4.2 Ecological Risk Assessment

A screening level ecological risk assessment (SLERA) was prepared to evaluate the potential
for adverse effects to ecological receptors from exposure to hazardous substance releases at
AA2 (Jacobs, 2008b). The SLERA was prepared in accordance with the Baseline Human
Health Risk Assessment and Ecological Risk Assessment Work Plans (Jacobs, 2007a), and is
consistent with USEPA and OEPA — Division of Emergency and Remedial Response (OEPA,
2003) guidance and with the procedures established for other Ecological Risk Assessments at
PBOW.
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Ecological surveys were performed in the Spring and Fall of 2006. The predominant
community types observed at AA2 were Upland Old Fields, Shrub Thickets, Successional
Woods, and Lowland Woods. During the ecological survey, AA2 was examined for vegetative
stress, including plants displaying stunted growth, poor foliage growth, tissue discoloration,
and a loss of leaf coverage. Vegetative stress attributable to chemicals was not observed.
Based on site reconnaissance information, it does not appear that significant ecological
threats exist at the site as there is no definitive absence of biota or animal life in areas
expected to support these ecological components. No threatened or endangered species
were found in AA2.

The primary objective of the SLERA was to evaluate the potential for adverse effects posed to
ecological receptors as a result of possible hazardous substance releases. The objective was
met by characterizing the ecological communities in the vicinity of the site, determining the
particular hazardous substances released, identifying pathways for receptor exposure, and
estimating the magnitude of the potential for adverse effects to identified receptors. The
SLERA addresses the potential for adverse effects to the vegetation, wildlife, aquatic life,
threatened and endangered species, and wetlands and other sensitive habitats associated
with the site. There is limited habitat for fish in the area of concern (AOC) as the small
streams within and adjacent to the area are intermittent.

Impacts from soil contaminants of potential ecological concern (COPECS) to terrestrial plants
are considered to be generally insignificant as no vegetative stress was observed on site.
Terrestrial receptors are predicted to incur elevated hazards from exposure to contaminants of
ecological concern (COECs) PCB-1260, 2,4 dinitrotoluene, aluminum, and lead in soil, based
on no observed adverse effect level - NOEL-based hazard quotient (HQ) approaches.
Estimated hazards are above 1,000 for some receptors using the NOEL-based approach;
however, the estimated HQs that are above 1,000 using the NOEL-based approach are
considered unrealistic and toxicologically impossible (Tannenbaum et al, 2003).

The uncertainties associated with the SLERA likely resulting in an overestimation of the
potential for adverse ecological effects include: assuming that COPECs are 100 percent
bioavailable; use of laboratory-derived or empirically-estimated partitioning and transfer
factors to predict COPEC concentrations in plants, invertebrates, prey species, and sediment
pore water; use of laboratory-derived toxicity reference values (TRVs); and use of the HQ
method to estimate risks to populations or communities. Many conservative assumptions and
modeling approaches were used in the predictive assessment, and that actual hazards to
wildlife may be orders of magnitude lower than predicted herein. As indicated earlier,
estimated HQs greater than 1000 should be considered particularly suspect.

Based on uncertainties associated with estimates of EPCs and potential COEC toxicity and
the fact that no rare, threatened, or endangered (RTE) wildlife species have been confirmed at
the site, remedial actions solely to address ecological concerns do not appear to be
warranted. Although HQs are estimated to be above 100 for the mallard using the NOEL-
based approach, neither remedial action nor further study appear to be warranted for surface
water and sediment at the site based on uncertainties associated with estimating COEC
concentrations in aquatic insects and the limited amount and poor quality of aquatic habitat
available to support waterfowl.
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1.5 REGULATORY INITIATIVES
1.5.1 Compliance with ARARs

The National Contingency Plan (NCP) at 40 Code of Federal Regulations (CFR)
300.430(f)(1)(ii)(B) requires that on-site remedial actions selected under Section 104 of
CERCLA must attain any federal environmental or more stringent state proposed
environmental or facility siting standards, requirements, criteria, or limitations that are
determined to be legally applicable or relevant and appropriate to conditions, contaminants,
and/or actions at the site, unless waived pursuant to 40 CFR 300.430(f)(a)(ii)(C). The
following is a general discussion of requirements for the identification of ARARs.

The CERCLA process for the identification of State ARARs is as follows: The lead agency
(USACE) formally requests potential ARARs from the support agency (the State) no later than
the time at which site characterization data is available (completion of the Rl). The support
agencies are required to provide potential ARARs in writing to the lead agency within 30
working days of receipt of the request for ARARs. (See 40 CFR 300.400(g)(6). 40 CFR
300.515 (d) the 30 day requirement is in CFR 300.515 (d)(2) which leads to 40 CFR
300.515(h)(2).) By definition, only those state standards that are "identified by a state in a
timely manner and that are more stringent than federal requirements" are ARARs. When
identifying ARARs, the citation to the statute or regulation from which the requirement is
derived must be included. The citation should specifically address "a hazardous substance,
pollutant, contaminant, remedial action, location or other circumstance found at a CERCLA
site". During the FS, the lead and support agencies must identify their ARARs related to
specific actions no later than the early stages of the comparative analysis.

The USACE (with support from a knowledgeable regulatory compliance personnel and Office
of Counsel) will review the ARARs that are submitted and determine which ARARs are truly
ARARs for this site. The USACE team will review and confirm the final list of ARARs and
provide them to the contractor for inclusion in the proposed plan and the ROD. As the lead
agency on non-NPL FUDS sites, USACE has the final decision on ARARs.

ARARs generally are divided into location-, chemical-, and action-specific requirements.
Location-specific ARARs restrict actions or contaminant concentrations in certain
environmentally sensitive areas. Chemical-specific ARARs are promulgated health- or risk-
based numerical values or methods used to determine acceptable concentrations of
chemicals that may be found in, or discharged to, the environment. Action-specific ARARs
are technology- or activity-based requirements or limitations on actions taken with respect to
hazardous substances.

CERCLA 121(c)(1) provides that on-site remedial response actions must only comply with the
substantive (and not administrative) requirements of regulations identified as ARARs. The
NCP at 40 CFR 300.400(e)(1) also exempts on-site actions from having to obtain federal,
state, or local permits; however, on-site actions must still be in compliance with any
substantive promulgated permit requirements.

In addition to ARARs, the NCP at 40 CFR 300.400(g)(3) states that federal or state non-
promulgated advisories or guidance “may, as appropriate,” be identified as to-be-considered
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(TBC) guidance for contaminants, conditions, and/or actions at the site. TBCs are not ARARs
because they are neither promulgated nor enforceable, but may be used at the discretion of
the lead agency.

1.5.2 Method and Organization of the ARARs Analysis

Federal and State of Ohio regulations and guidance documents were reviewed to identify
potential location-, chemical-, and action-specific ARARs and TBCs for the proposed
alternatives in this FFS. The final determination of ARARs and TBCs rests with the U.S Army
Corps of Engineers (USACE) as the lead federal agency.

A detailed analysis of federal requirements and ARARs proposed by the State of Ohio was
conducted as described in section 1.5.1 to determine their potential applicability or relevance
and appropriateness in relation to conditions, contaminants, and/or actions at AA2. The only
ARAR identified is 40 CFR 761.61, identifying and properly managing soil that is a bulk PCB
remediation waste. No chemical-specific ARARs were identified.
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2.0 REMEDIAL ACTION OBJECTIVES
2.1 INTRODUCTION

This section identifies RAOs for AA2, addresses remedial goals (RGs) and risk-based
remediation levels (RBRLs), and summarizes the soil remediation areas and volumes. RAOs
are site-specific statements that define the purpose of remediation. RAOs specify the
contaminants and media of interest, exposure pathways and receptors, and an acceptable
contaminant level or range of levels for each exposure route. RBRLs are a subset of RGs and
are numerical cleanup objectives that provide for the protection of human health and the
environment and are developed based on the media, receptors, exposure routes, and COCs
specified in the RAO statements when there are no ARARs. They are developed during the
FS phase of the CERCLA process, and are finalized in the decision document. RGs may be
based on ARARs, RBRLs, or other information such as reference doses developed by the
USEPA.

2.2 REMEDIAL ACTION OBJECTIVES FOR SOIL

This section describes the development of cleanup goals for AA2 soil. The development of
cleanup goals for AA2 is consistent with EPA guidance and the process described in Final
TNT Areas A and C Remedial Investigation, Former Plum Brook Ordnance Works, Sandusky,
Ohio, Volume 4 — Focused Feasibility Study for Soil and Sediment (Shaw, 2003).

These cleanup goals were developed to support remedial action decisions for the protection of
human health and the environment. Cleanup goals address the preliminary COCs presented
in the BHHRA (Jacobs, 2008a) that pose an unacceptable risk and may warrant corrective
action. Cleanup goals were developed only for residential land use of soil because soil is the
only medium posing an unacceptable risk to human receptors from site-related contamination,
and it is assumed that AA2 may be released for unrestricted future land use. This assumption
is appropriate because the area surrounding the former PBOW is rural and residential, and
other PBOW sites have been remediated to meet residential clean-up criteria. The potential
for adverse effects to ecological receptors was also evaluated and it was determined that
remedial actions based on ecological considerations do not appear warranted (Jacobs,
2008b).

The RAO for AA2 is:
¢ Remedial actions will be taken to prevent adverse residential exposure via ingestion,
dermal contact, and inhalation of PCB 1254 and 1260 at concentrations exceeding the
AA2 RG in surface soil.
2.2.1 Selection of COCs
The first step in development of cleanup goals is selection of COCs identified in the BHHRA.
As presented in Risk Assessment Guidance for Superfund, Volume 1, Human Health

Evaluation Manual Part B — Development of Risk-Based Preliminary Remediation Goals
(USEPA, 1991), COCs based on cancer risks are selected for any medium for which the total
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ILCR for a given receptor summed across all chemicals and exposure pathways exceeding
the cancer risk range. The OEPA has required that an individual contaminant of potential
concern in a given medium to be selected as a cancer-based COC, it must have an ILCR
summed across all exposure pathways exceeding the mid point of the cancer risk range.
COCs based on noncancer hazards are selected for any receptor for which the total HI
summed across all chemicals and exposure pathways exceeds 1. Table 2-1 summarizes the
HI and cancer risk estimates for the AA2 COCs identified in the BHHRA.

The potential for adverse impacts to ecological receptors were evaluated in the SLERA for
AA2 (Jacobs, 2008b). Many conservative assumptions and modeling approaches were used
in the predictive assessment, and actual hazards to wildlife may be orders of magnitude lower
than predicted. Based on uncertainties in the SLERA associated with estimates of EPCs and
potential COPEC toxicity, and on the fact that no RTE wildlife species have been confirmed at
the site, remedial actions solely to address ecological concerns do not appear to be warranted
at this time. . While remediation implemented at AA2 based on human health risk results will
also reduce the calculated ecological HQs, there is no reason to believe that site ecological

39

receptors are not being sufficiently protected with the site ‘as is’.

The potential for adverse health effects associated with potential exposure to soil at AA2 were
predicted in the BHHRA for several naturally occurring and anthropogenic constituents;
however, with the exception of PCBs, these constituents are not related to historical process
activities and are not pervasive in soil samples collected at AA2. Therefore, it is appropriate
to develop cleanup goals only for PCB 1254 and 1260 in surface soil, which are suspected to
be site-related contaminants and pose an unacceptable noncancer or cancer risk to potential
future residential receptors.

2.2.2 Methods for Derivation of AA2 Cleanup Goals

RBRLs are risk- or hazard-specific concentrations of chemicals developed for the COCs in
media selected by the criteria described above. RBRLs for cancer COCs were calculated
using the following equation (USEPA, 2000):

RBRL,, = 22 Cel R Eq. 1
ILCR

where:
RBRL,, = risk-based remediation level for a given COC, receptor and source medium

(calculated)

EPC,, = exposure point concentration of the COC in the given medium

TR = target risk level (1E-5)

ILCR,,, = cumulative incremental lifetime cancer risk for all site-related COCs for a
receptor and source medium combination
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RBRLs for noncancer COCs were calculated as follows (USEPA 2000):
EPC, THI
RBRL('()(' = #)( Eq' 2
o HI

cum

where:
RBRL,, = risk-based remediation level for a given COC, receptor and source medium

(calculated)

EPC,, = exposure point concentration of the COC in the given medium

THI = target hazard index (1)

HI,, = cumulative hazard index, specific to a target organ effect, for all site-related
COCs for a receptor and source medium combination

2.2.3 Calculated Cleanup Goals

RBRLs for AA2 were developed for a cumulative ILCR level of 1E-5 and a cumulative HI level
of 1 using equations 1 and 2 from the previous section. The EPC, ILCR, and HI terms are
from the AA2 BHHRA (Jacobs 2008). Table 2-2 presents the RBRL'’s derived for AA2 surface
soil for unrestricted residential land use.

For cancer risk-based RBRLs (Eq. 1), the ILCR resulting from the 6-year child resident
exposure duration and the ILCR resulting from the 24-year adult exposure duration calculated
in the BHHRA are summed as described in Section 3.1.3 of the BHHRA per current risk
assessment guidance (EPA, 1991; 2002; 2011). This yields a combined child/adult resident
ILCR based on 30 total years of exposure. The child and adult are summed because cancer
risks are regarded as cumulative throughout an individual’s lifetime.

The same cancer slope factor is used for Aroclor 1254 and Aroclor 1260, which means that
the two COCs have the same cancer potency. Accordingly, if the summed child/resident ILCR
value and the respective exposure point concentration term for each Aroclor shown in Table
2-1 are inserted into Equation 1 with a target cancer risk level of 1E-5, a cancer-based RBRL
of 2 mg/kg results for each of these PCB mixtures.

For noncancer risk-based RBRLs (Eqg. 2), the HI resulting from the 6-year child resident
exposure duration is used, because childhood exposure results in a higher HI. Thus, the HI for
the child will result in a more protective RBRL value than would the adult HI. Please note that
because of differences in toxicological responses to cancer-based and noncancer-based
effects, the child and adult HI values are not summed in the same way as ILCR values
(described above for Equation 1).

Of the two COCs, only Aroclor 1254 has associated noncancer effects, as evaluated in the

BHHRA. Thus, the EPC of 16 mg/kg and HI of 13 for the resident child (Table 2-1) are
inserted into Equation 2 to yield a noncancer-based RBRL of 1 mg/kg.
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As described above and shown in Table 2-2, there are two possible RBRLs for Aroclor 1254:
2 mg/kg based on cancer effects and 1 mg/kg based on noncancer effects. For health
protectiveness, the lower of the two is selected as the Aroclor 1254 RG. The RBRL for Aroclor
1260 is 2 mg/kg. However, Aroclor 1254 has the same cancer potency and the same cancer-
based RBRL as Aroclor 1260. As such, even though the noncancer-based RBRL is selected
as the RG for Aroclor 1254, the cancer-based effects of Aroclor 1254 contribute to a
receptor’s overall ILCR and must be considered in the derivation of an RG for Aroclor 1260.
Therefore, the RG for combined Aroclor 1254/1260 is 2 mg/kg.

Application of the combined RG for Aroclor 1254/1260 is contingent on the RG for Aroclor
1254 not being exceeded. For example, if a location has an Aroclor 1254 concentration of 1.5
mg/kg and an Aroclor 1260 concentration of 0.2 mg/kg, the location is in exceedance of an
RG. This is because the Aroclor 1254 concentration exceeds the Aroclor 1254-specific RG of
1 mg/kg, even though the summed Aroclor 1254/1260 concentration (1.7 mg/kg) it does not
exceed the combined Aroclor 1254/1260 RG of 2 mg/kg. Another location may have a higher
summed Aroclor 1254/1260 concentration (e.g., Aroclor 1260 at 1.7 mg/kg; Aroclor 1254 at
0.3 mg/kg), but may not be in exceedance of either of the RGs. In summary, if the
concentrations in soil at a location exceed either the combined Aroclor 1254/1250 RG or the
chemical-specific RG for Aroclor 1254, the location is in exceedance of an RG and thus does
not meet the RAO.

Aroclor 1254 and Aroclor 1260 are the only PCBs detected in AA2 soil during the Sl and Rl
investigations. If during the remedial action another PCB is detected in a confirmation soil
sample, this PCB will be regarded as site related unless information suggests otherwise (e.g.,
review of analytical data; discovery of additional site-related information, etc.). Unless there is
information to indicate that this additional detected PCB is substantially less carcinogenic than
1254/1260, the concentration of this additional Aroclor will be added to those of Aroclor 1254
and Aroclor 1260 to determine the total Aroclor concentration, and this value will be compared
to the summed Aroclor 1254/1260 RG of 2 mg/kg.

2.3 SOIL REMEDIATION AREA AND VOLUME

The area of contaminated soil requiring remediation is based on the contaminant delineation
study performed as part of the FFS, as presented in Appendix A. AA2 contains three
contamination areas as shown in Figure 2-1. From west to east these areas are 56,390 sq ft,
26,466 sq ft, and 44,849 sq ft respectively. The total area of contaminated soil is estimated at
127,705 sq ft. Confidence in the delineated boundary varies by location, as some areas may
require additional delineation; however, there appears to be adequate definition to evaluate
remedial alternatives. Verification sampling results at the time of remediation may result in
additional expansion of the contaminated area, as is common with soil remediation projects.

The vertical extent of contamination is less clear since the delineation effort focused on
surface soil only. Based on the Rl sampling results, there is limited contamination below 36
inches and, therefore, extensive delineation of the subsurface was not warranted. Only one of
the 35 subsurface samples exceeded the remediation goal of 2 mg/kg for PCBs. PCBs are
hydrophobic and have a low aqueous solubility. Conversely, PCBs bind to organic matter in
soils and often do not migrate to depths greater than a few inches from the surface. The
PCBs that have been detected at depth at AA2 are more likely due to regrading of the site
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after demolition and removal of the AA2 process facilities.

The total volume of soil requiring remediation is estimated to be 14,189 cubic yards (CY) in-
place or 16,375 CY after excavation, accounting for expansion. This is a conservative
estimate based on a depth of 36 inches. It is possible that PCBs will not be detected below 18
inches over much of the contamination areas. Verification sampling results at the time of
remediation may result in a reduction of the soil volume. It is possible that the vertical extent
of contamination is less than half of this 36-inch estimate, but it is unlikely that the lateral
extent of contamination is twice the current delineated area; therefore, the estimated volume
of soil is believed to be conservative and should allow for an adequate evaluation of remedial
alternatives.

This volume estimate represents a critical component of the cost estimates, which are a key

component of the detailed remedial alternatives evaluation. Additional volume and area
calculations affecting the cost estimates are provided in Appendix B.
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3.0 SCREENING OF REMEDIAL TECHNOLOGIES AND PROCESS OPTIONS
3.1 SCREENING PROCESS

The objective of remediation at AA2 is to provide for protection of current and potential future
human receptors from exposure to PCB-contaminated soil. The FFS approach is used when
conditions are well defined and the remedial options to address site contamination are
reasonably limited and straightforward. Accordingly, the screening for this FFS began with the
identification and evaluation of technologies/process options to address PCB soil
contamination, rather than starting with a broad spectrum of general response actions and
technology types. Potentially viable technologies/process options were screened, and those
carried forward from the screening were used to develop a range of alternatives to meet the
RAOs for the site.

3.2 REMEDIAL TECHNOLOGY SCREENING SUMMARY

A remediation technology screening was conducted to identify technologies that could meet
the remedial objectives. Technology categories considered included excavation and disposal,
ex-situ remediation, and in-situ remediation. Established, demonstrated, and emerging
technologies were evaluated to ensure selection of optimal technologies/process options.

Initially, a literature search was conducted to identify potential technologies available for
remediation of PCB-contaminated soil within the technology categories listed above.
Established, demonstrated and emerging technologies frequently proposed for remediation of
media contaminated with PCBs (USEPA, 1997; UDSHHS and ATSDR, 1993) are listed below.

Established Technologies

Technologies Associated with Institutional Controls
Containment

Incineration

Landfilling

Demonstrated Technologies
Thermal Desorption
Dehalogenation

Solvent Extraction

Soil Washing

Emerging Technologies
Solidification/Stabilization
Enhanced Bioremediation
Vitrification

Some of these technologies deserve no further consideration based on their inability to
address the site cleanup goals of reducing total combined PCB concentrations in soil below 2
mg/kg. Containment and institutional controls were screened out because they do not
address the long-term reduction in contaminant concentrations and potential future exposures.
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Solidification/Stabilization techniques such as Cement Based Stabilization and Activated
Carbon were screened out as neither approach would meet the project goals of reducing total
combined PCB concentrations in soil to below 2 mg/kg. Vitrification is not practical for this site
due to the high cost of these methods. Likewise, the high costs associated with Thermal
Desorption make this a non-viable alternative (USEPA, 2001). Soil Washing and Solvent
Extraction are not being considered for this site because they do not destroy PCBs.
Additionally, Solvent Extraction could cost as much as $805/ton (USEPA, 1997), and may not
achieve the remedial goal of 1 mg/kg total combined PCBs.

The remaining technologies that were screened further are grouped into four broad
categories: Chemical Dehalogenation, Bioremediation, Incineration, and Removal. A review
of the existing published literature indicates that the following remediation technologies are
either mature, have the greatest potential for success at PBOW, or show excellent promise as
an emerging technology that are worth the investment to explore further development:

Chemical Dehalogenation

Technology 1 — Alkaline Hydrolysis

Technology 2 — Palladized Nanoscale Iron (NanoFe)
Technology 3 — Chemical Oxidation

Technology 4 — Chemical Reduction

Technology 5 — Alkali Metal Polyethylene Glycolate
Technology 6 — Base Catalyzed Dehalogenation

Bioremediation
Technology 7 — Windrow Composting
Technology 8 — Enhanced Bioremediation

Incineration
Technology 9 — Incineration

Contaminant Removal
Technology 10 — Excavation/Landfilling

An important criterion for selection of the most appropriate technologies is the application
mode: whether in-situ or ex-situ remediation. In-situ remediation eliminates the costs
associated with digging and hauling contaminated material and reduces or avoids earth
moving costs and construction of storage or remediation areas. Ex-situ remediation is more
practical for some applications. The advantages or disadvantages of each are discussed in
the technology screening in the following sections.

3.2.1 Alkaline Hydrolysis

Calcium oxide (CaO) is also known as lime or "quicklime.” Early tests to degrade PCBs with
lime were regarded as unsuccessful, and reductions in PCB concentrations were attributed to
volatilization due to the heat produced by quicklime application (Davila, et al., 1993,
Eisenhaus, et al., 1991). Lime can be hydrated to make it more reactive. Hydrated lime
[Ca(OH),] is made by adding 32 percent water to CaO in a hydrator. Hydrated lime can also
be amended with activated carbon to produce an effective sorbent for vapor phase PCBs
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(Licata, et al.,1996).

Researchers at the U.S. Army Engineer Research and Development Center (ERDC)
degraded PCBs using hydrated lime application in multiple lab tests (Medina, et al., 2007)
through alkaline hydrolysis. PCB concentrations decreased from 22.6 mg/kg to 6.78 mg/kg in
one experiment and from 2.33 mg/kg to 1.3 mg/kg in another test; however, the experimental
results did not meet the project remediation goals, and the authors were unable to fully explain
the mechanism or identify all the breakdown products.

The application of this technology would involve in-situ addition of hydrated lime to the PCB-
contaminated soils. The soils would be wetted and tilled to elevate the pH, suppress dust,
homogenize the soil lime mixture, and catalyze the lime hydrolysis reactions. Multiple
intervals of mixing and additional lime and water applications may be required to initiate the
degradation process. Reaction time should be rapid, and remediated soil samples can be
collected after approximately 24 hours.

Research conducted by Western Michigan University (Cassidy, 2010) confirms that there is no
clear mechanism for the alkaline chemical destruction of PCBs. This study identified that the
reduction in PCB concentrations from hydrated lime application was due to encapsulation of
the PCBs with a coating of precipitated Ca(OH)2. This encapsulation masked the PCBs
during laboratory analysis. The study demonstrated that once the soil pH was reduced, the
encapsulation was reversible, and there was no degradation of the PCBs.

Research was conducted by ERDC in 2011 using both 2% NaOH and a mixture of NaOH/zero
valent iron, which resulted in only a 20% reduction in PCBs in soils (Waisner, 2011).

3.2.2 Palladized (palladium catalyzed) Nanoscale Iron

NanoFe consists of extremely small (107 to 10° meter) particles of zero valent iron
(Mikszewski, 2004). These particles have a high surface area to volume ratio and are
extremely reactive with reducible chemicals due to their high surface energies, zero valency,
and unique structure. Palladium (Pd), an uncommon element, can be added to NanoFe to
increase the reactivity of the material. This process is accomplished by soaking the freshly
prepared NanoFe in an ethanol solution with 1 wt percent ([Pd(C,H30,).]s) which causes the
reduction and deposition of Pd and Fe on the surface of the particles (Wang and Zhang,
1997).

The Pd/Fe bimetallic complex has been shown to completely degrade PCBs to biphenyl in a
short period (17 hours) (Grittini, et al, 1995). Experimental evidence indicates that the
palladium reduces the oxidation of the iron to enhance reactivity of the nano particles (Wang
and Zhang, 1997). Additionally, the palladium releases hydrogen which displaces chlorine on
the PCB molecule (Korte, 2000). One factor that may reduce the reaction rates is the lack of
availability of the PCB molecules to the NanoFe, since the PCBs need to be desorbed from
the soil particles. Addition of an innocuous surfactant may stimulate release of the PCBs from
the organic soil particles to make them available for dechlorination by the NanoFe, however
this would need to occur in an aqueous environment which would require significant
engineering at the site or transportation to a facility.
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3.2.3 Chemical Oxidation

Various chemical oxidants have been tested on PCBs. Limited studies with permanganate
and ozone have shown that they were not effective at degrading PCBs, while limited success
was achieved using Fenton’s reagent (Fe/H,O,) and Ozone/H,O, (ITRC, 2005). ISOTEC of
West Windsor, NJ completed a field test using Fenton’s reagent to degrade PCB
concentrations from 35 percent to 99 percent at 10 of 12 locations, however, this data has
apparently not been published. A study by the IT Corp. found that chemical oxidation was
effective at degrading the dichlorobiphenyls (90 percent) and trichlorobiphenyls (81 percent)
and were somewhat effective at degrading tetrachlorobiphenyls, but more highly chlorinated
PCBs were unaffected (USEPA, 1994).

Although the Interstate Technology & Regulatory Council (ITRC) reported that PCBs were
recalcitrant to degradation by activated persulfate oxidation alone, this technique has been
demonstrated in laboratory tests. When persulfate is activated by heating (30-100 °C) or
using ultraviolet radiation, sulfate free radicals (SO, ") are formed. Transition metal catalysts
can also be used to stimulate the production of these free radicals. The sulfate free radicals
are able to initiate reactions to degrade organic contaminants. Research has shown that lime
and persulfate can be combined to form sulfate free radicals to degrade PCBs (ITRC, 2005).
ERDC was also able to reduce Aroclor 1254 by 90% using heat activated sodium persulfate in
an aqueous solution (Waisner, 2011). Studies by Lawrence Livermore Labs found that Direct
Chemical Oxidation was capable of reducing Arochlor 1242 from 45 mg/kg to low ppb levels.
All of these ex-situ techniques would involve large capital expenditures.

Several oxidation experiments were conducted by ERDC personnel at the USACE, Vicksburg
(Medina, 2007). Experiments with lime persulfate showed a loss of 73 percent of the PCBs
(22.6 mg/kg to 6.21 mg/kg and 22.6 mg/kg to 6.38 mg/kg) in bench scale tests. Fenton’s
oxidation tests resulted in a 78.4 percent removal of PCBs, but the reaction is vigorous and
produces significant heat. Neither of these results was able to meet the project remediation
goals. A similar study by Western Michigan University (Cassidy, 2010) using PCB
contaminated sediment from the Kalamazoo River and employing a lime-persulfate mix in
slurry reactor vessels, showed a reduction of PCB concentrations by as much as 77 percent.
It is unknown how effective lime-persulfate would be if utilized on an in-situ basis.

A significant challenge to implementing this technology is the inherent heterogeneity present
in soils or sediments. The heterogeneous nature of the soils results in uneven distributions of
contaminants in these media. Uneven distribution of contaminants means that
uncontaminated soil may be remediated along with contaminated soil, thus increasing
remediation costs. During in-situ remediation, reactions between the reagent(s) and the
contaminant(s) often produce reactant products that reduce soil porosity and permeability
preventing efficient distribution of the reagents throughout the contaminated material. This
problem can be alleviated by more thorough mixing or slurrying of the soils when possible.

3.2.4 Chemical Reduction

Little data is available on the chemical dehalogenation of PCBs. Gas-phase chemical
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reduction of PCBs has been demonstrated by a Canadian company, Ecologic, using
hydrogen at temperatures 2850 °F. The process required application in an anaerobic reactor,
which was claimed to prevent formation of dioxins and furans. The process degraded PCBs
to methane, hydrogen chloride, and minor amounts of benzene and ethylene. Cost data is
not available and no recent contact information was found in a search for Ecologic.
Additionally, PCBs were chemically dehalogenated in a reactor using activated elemental
sodium, but this technology is slow and cost prohibitive. This company is apparently no
longer in operation, which suggests there may not have been a significant market for this
technology.

Zero-valent magnesium (ZVMG) has been tested on PCB contaminated soil in a bench scale
study conducted by RemQuest. The RemQuest product is AMTS (Activated Metal Treatment
System). AMTS was used in varying concentrations and at varying percent water content in
the soil. The product reduced PCB concentrations by 85% using dry soil at a ratio of 1 ml
AMTS to 1 g soil. Percent reductions decreased as the ratio of AMTS to soil was reduced and
as the water content was increased. Effective treatment of soil at Plum Brook would require
drying the soil and applying the agent at the ratio of 1 ml per gram of soil. Based on an
estimate of 17240 tons of soil needing remediation, approximately 4 million gallons of AMST
would be required, which is not practical. The AMTS agent costs $25 to $30 gallon.

MuniRem®, manufactured by PLANTECO Environmental Consultants, is a relatively new
emerging technology that stimulates the production of sulfate free radicals (SO,™) which are
capable of degrading PCBs (see discussion on Chemical Oxidation above). MuniRem® has
been demonstrated in several field studies to effectively degrade explosives, but has not been
field tested for PCBs; however, the effectiveness of sulfate free radicals in degrading PCBs
has been demonstrated.

3.2.5 Alkali Metal Polyethylene Glycolate

Chemical dehalogenation using alkali metal polyethylene glycolate (APEG) involves removing
chlorine atoms from the PCB molecule. Soil preparation for this technology involves
suspending the contaminated media in a liquid phase in a reactor vessel. A dechlorinating
reagent is added and sometimes the mixture is heated to catalyze or enhance the reaction. It
may be necessary to capture hazardous vapor emissions. APEG reagents can dechlorinate
PCBs in soils and liquids. Potassium polyethylene glycolate (KPEG) and sodium polyethylene
glycolate (NaPEG) are common reagents used for the APEG process. Limitations of this
technology include (USDHHS and ATSDR,1993):

e The process requires high chemical doses (50 percent per weight of soil)

Reagent recycling is necessary for process economics

Three to twelve hours of application time is required to obtain a high degree of
dehalogenation

Chlorinated phenols are not completely dechlorinated

Partially dehalogenated byproducts remain

Remediated soil requires neutralization

The process has shown to be more effective for liquids than soils
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3.2.6 Base Catalyzed Dechlorination

Base Catalyzed Dechlorination (BCD) involves replacement of the PCB chlorine atoms with
hydrogen. The PCB-contaminated media must be pretreated to reduce it to approximately ¥2-
inch in size. The soil and base (such as sodium bicarbonate) are placed in a reactor and
heated to approximately 300 to 330 °C (572 to 626 °F) under a nitrogen atmosphere. The
PCBs are vaporized from the soil and some dechlorination occurs. The vaporized organic
compounds are then condensed and a patented catalyst, another base (sodium hydroxide),
and a hydrogen donor such as fuel oil are added to the condensed material for dechlorination.
The treated condensate is separated and the water is treated with activated carbon and the oil
is combusted.

The process uses low cost chemicals and the waste is completely dechlorinated to less than 1
mg/kg. Process times are as short as 1 to 3 hours. Costs range from $335 to $865/ton
(USEPA, 1997). EPA’s attempt to use this technology to remediate liquid PCB waste at the
Warren County, NC Landfill was unsuccessful due to improper sizing of the reactor vessel.
The technology is currently being used in Australia.

3.2.7 Windrow Composting

Windrow composting is an ex-situ technique used to produce large volumes of compost.
Organic waste is generally spread in long rows known as windrows in open air or within a
ventilated building. The waste is usually periodically watered and/or turned to increase both
porosity and oxygen content. Frequent turning and watering speeds the decomposition of the
waste, promotes the development of compost, and enhances the growth of the microbial
consortia living in the composted material.

Studies were conducted by USACE personnel to determine if windrow composting could
degrade PCBs. PCB-contaminated dredge spoil was mixed with wood chips and biosolids
and placed in windrows (2-4m W x 0.5-1.0m H x 50-60m L). The windrows were periodically
watered and turned for three months. PCB concentrations were reduced, but published data
appear to indicate that losses were generally by less than 50 percent (Myers and Bowman,
2000). Because this technique results in aerobic conditions in the compost, it is not likely to
be suitable for more highly chlorinated PCBs, which are resistant to aerobic degradation
(USEPA, 1993). It is possible that PCB losses were due to volatilization in the compost where
exothermic reactions can raise the temperatures to 160 °F. A potentially more effective form
of windrow composting, referred to as “Enhanced Bioremediation” is discussed below.

3.2.8 Enhanced Bioremediation

Bioremediation is an increasingly popular remediation technique that uses indigenous or
exogenous microorganisms to degrade, accumulate, or precipitate contaminants. Research
has shown that less chlorinated PCBs may be susceptible to aerobic bioremediation, but more
highly chlorinated congeners are resistant to degradation under these conditions. More highly
chlorinated PCBs can be partially degraded under anaerobic reducing conditions, and their
lesser chlorinated metabolites may then be degraded under aerobic conditions (USEPA,
1993).
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Four ex-situ approaches are generally used for bioremediation of PCBs: landfarming,
slurrying, soil heaping and composting. Landfarming uses earth moving equipment to move
the contaminated soils, mix in nutrients, and stimulate biodegradation. Slurrying involves
mixing the PCB-contaminated soils with water and possibly nutrients in slurry tanks. Soil
heaping (sometimes called biopiles) involves creating large piles of contaminated material and
possibly bulking agents and nutrients with soil aeration (bioventing). Composting is a
thermophilic process that is discussed above (windrow composting). Climate can affect each
of these techniques as can space requirements and availability of water and electricity
(USEPA, 1993). It is also possible to conduct in-situ bioremediation, and this process has
been shown to be effective for perchlorate and explosive compounds; however, no data have
been found to suggest it has been tested on PCBs (O’Niell and Nzengung, 2005).

Enhanced bioremediation utilizes windrow composting techniques, but includes amendments
that enable biodegradation in an anaerobic environment. This technique was used at the
Savannah River Site (SRS) to remediate soils contaminated with PCBs at concentrations of
0.005-5.52 mg/kg (see referenced website http://www.clu-
in.org/PRODUCTS/NEWSLTRS/tnandt/view.cfm?issue=0303.cfm#2 and report in Appendix
C). The technique consisted of adding nutrients and moisture to the soil as well as periodic
aeration. Contaminated soils were placed in two remediation areas, each with a volume of
approximately 600 CY spread in two 15 ft x 125 ft windrows. The windrows were mixed twice
each week to aerate and stimulate microbial activity. Anaerobic conditions were created by
adding organic matter (molasses and manure), nutrients (boron, calcium, cobalt, copper, iron
potassium, magnesium, manganese, molybdenum, phosphorous, sulfur, and zinc) and
maintaining moisture content at approximately 18 percent. This technique made it possible to
continually cycle the soil conditions from aerobic to anaerobic and enhance microbial activity.

PCB reductions to levels below the remedial goal objective were accomplished; however, the
starting concentrations were not as high as they are at AA2. The study also showed that
anaerobic conditions are needed to degrade the more highly chlorinated aroclors such as
PCB-1254 and PCB-1260, which represent the only aroclors detected at AA2. This approach
differs from composting in that composting is an aerobic and thermophilic process and
commonly involves the addition of bulking agents, such as straw or other plant matter. This
approach cycles between aerobic and anaerobic conditions with the addition of molasses and
maintains a mesophilic condition at temperatures below 105 °F.

It is not certain if this technology can lower the high PCB concentrations at AA2 to levels
below the clean-up goals. It is also uncertain if the soil types at AA2 would respond as
favorably as the soils at the SRS. A treatability study or pilot test would be required to
evaluate the effectiveness at AA2 and to determine the amount of amendments needed and
the duration of remediation. If the technology were determined to be effective only for soils
with lower PCB concentrations, the soils with higher concentrations could be segregated and
disposed off-site.

Another similar study was conducted in 1998 under the sponsorship of the New Hampshire -
Department of Environmental Services, Green Mountain Laboratories, Inc. (GML) and the
USEPA (SAIC, 2005). These parties agreed to carry out a Superfund Innovative Technology
Evaluation (SITE) project to evaluate the effectiveness of GML’s Bioremediation Process for
the remediation of PCB contaminated soils at the Beede Waste Oil/Cash Energy Superfund
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site in Plaistow, New Hampshire. The remediation process involved inoculation/augmenting of
the PCB contaminated soils with bulk microbial inoculum and nutrients, and allowing the
microbes to aerobically degrade the PCBs. The bulk inoculum was produced on site by the
developer using animal feed-grade oatmeal as the substrate, shredded pine needles that
provided certain specific co-metabolite compounds, nutrients, and a proprietary consortium of
microorganisms capable of degrading the PCBs to their eventual endpoints of carbon dioxide
and mineral halides. Soil was placed in 10 controlled plot areas up to 18 inches deep, mixed
with varying combinations of inoculum, and allowed to sit for approximately 2 months. The
only maintenance performed on the test plots involved irrigation to maintain moisture contents.

The results of this field-scale treatability study indicate no removal/degradation of the PCBs. In
September 2000, GML carried out a limited number of preliminary bench-scale tests at the
Middlebury College in Middlebury, Vermont to reestablish the viability of its process. At the
conclusion of the bench-scale tests, GML conceded that, at best, the tests were inconclusive
and, at the worst, had failed. The project was terminated at that time. The study does not
indicate whether oxygen content of the soils was monitored; however, based on the test set
up and mechanics, it is unlikely that anaerobic conditions were created during the study.

Additional studies in bacterial metabolism of PCBs have been conducted (Pieper and Seeger,
2008). The research summarized in this report indicates that most bacteria have a limited
range of PCB congeners that can be effectively degraded. The actual mechanics involved in
the degradation process, resulting metabolites, and impact of metabolites in the process is
complex and still relatively unknown.

Landfarming was used in Saginaw, Michigan for a pilot-scale study for dredged material
contaminated with PCBs (Meyers and Horner, 2003). No amendments were added to the
dredged sediment. The sediment was turned on a periodic basis, tilled, and allowed to
interact with the climate at the site for approximately one year. PCB reductions of 75 percent
were observed in all three test cells. The report does not indicate the specific aroclors
involved or whether this technique would be successful in degrading the more highly
chlorinated aroclors. The cost for this process is relatively inexpensive, but the time involved
is considerably longer than other remediation methods.

3.2.9 Incineration

Incineration is a proven technology; however, this practice has the potential to produce
dioxins/furans. In 2004 the EPA increased the technical criteria for incineration of PCBs to
include a minimum of 1200 °C for 2 seconds, with 99.9 percent combustion efficiency, while
maintaining oxygen in the stack gas. The complete consumption of oxygen in the combustion
process is what has contributed to past production of dioxins/furans during PCB incineration.

Obtaining a 99.9 percent combustion efficiency with a soil medium is difficult. Because of
these new requirements, there has been a drastic reduction in facilities that are TSCA
permitted. These requirements have also resulted in cost increases for this technology. In
addition, the lack of TSCA permitted facilities for PCBs has also resulted in increased shipping
distances. The AA2 soils would have to be shipped via rail to Texas.
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3.2.10 Excavation/Landfilling

Excavation and landfilling, either full or partial, is often a costly method of disposal but may be
acceptable in some situations. The extent of contamination should be fully delineated to
ensure that disposal of uncontaminated soil is minimized. Once the excavation area has been
delineated on maps, the site should be surveyed and marked to identify excavation areas on
the ground. A triad approach using a mobile lab for on-site analysis may be warranted at
some sites based on the soil volumes and site heterogeneity. On-site analysis can be used to
guide excavation activities to keep cost down while ensuring successful removal.

A bulldozer would be used to excavate to depths of less than 12 inches and a backhoe,
trackhoe or loader to remove deeper soils. The excavated material may be stockpiled on site
if a mobile lab is not used. Dust mitigation efforts such as soil wetting may be required as well
as tarping of the stockpile. Additionally, fencing and other security measures may be
instituted for safety purposes. The soils would be transported to a chemical waste landfill for
disposal either during excavation or once excavation is completed.

3.3 SUMMARY OF TECHNOLOGY SCREENING

Most of the technologies discussed above have been eliminated from consideration because
they can not meet the remediation goal of 2 mg/kg for total combined PCBs or because the
process is too difficult, impractical, or expensive to implement. Maximum PCB concentrations
of 49 mg/kg at AA2 will require a reduction of up to 96 percent in order to meet the
remediation goals.

Hydrated lime was eliminated because it does not permanently degrade PCBs. Palladized
NanoFe is shown to effectively and quickly degrade PCBs; however, it has been eliminated in
part because of the measures needed to ensure interaction of the agent with the PCBs, but
primarily because there is no commercial product readily available on the market. Chemical
oxidation using lime-persulfate was eliminated because the maximum demonstrated reduction
is 77 percent when utilized in a slurry reactor vessel. In-situ applications of lime-persulfate
would likely be less effective.

APEG was eliminated because of the impractical measures needed for process set up and the
cost implications of an APEG to soil ratio of 50 percent. BCD was eliminated because of the
impractical measures needed for process set-up and the lack of a vendor available in the
United States. Windrow composting without amendments was eliminated because it does not
effectively degrade the more highly chlorinated aroclors such as 1254 and 1260, which are
present at AA2.

The four remaining technologies that are under consideration are excavation/off-site disposal,
in-situ chemical reduction using MuniRem®, ex-situ on-site enhanced bioremediation, and
incineration. Only off-site disposal and incineration are proven methods for reducing risk at
the site; however, the disposal option does not address the CERCLA statutory preference for
remedial actions that “employ treatment technologies that permanently and significantly
reduce the volume, toxicity, or mobility of hazardous substances, pollutants, and contaminants
as a principle element”.

G:\Transfer\JPyle\Plum Brook\Final\Cover, TR, ES, Text\4 AA2 Final FFS.doc Page 23



Final Focused Feasibility Study Report
Acid Area 2, PBOW
November 2012

The chemical reduction process using MuniRem® has not been field demonstrated and is
therefore unproven and has a high degree of uncertainty regarding effectiveness and cost to
implement. The use of on-site enhanced bio-remediation has been field demonstrated, but at
concentrations an order of magnitude lower than those found at AA2. There is a high degree
of uncertainty regarding the effectiveness and costs associated with this technology. Both of
these technologies would require a pilot study to determine if the target goals can be
achieved, to determine the amount of materials and agents needed to be effective, to fine tune
the processes needed to effectively treat AA2 soil, and to more accurately determine the cost
of remediation. These technologies have been further developed in the following alternatives
discussions to provide a comparison with the more proven technologies of excavation/off-site
disposal and incineration.

G:\TransfenJPyle\Plum Brook\Final\Cover, TR, ES, Text\¢ AA2 Final FFS.doc Page 24




Final Focused Feasibility Study Report
Acid Area 2, PBOW
November 2012

4.0 DEVELOPMENT OF REMEDIAL ALTERNATIVES

Based on the selected technologies described in Section 3, four remedial action alternatives
were developed that are considered capable of meeting the RAOs for the site. In addition to
these four alternatives, the option to leave the site in its current state (no action) is also
evaluated. The no action alternative is considered in accordance with CERCLA requirements
to provide a baseline for comparison with other alternatives. The alternatives evaluated are
as follows:

Alternative 1 — No Action

Alternative 2 — Excavation and Off-Site Disposal

Alternative 3 — In-situ Remediation, MuniRem®

Alternative 4 — Ex-situ Remediation, Enhanced Bioremediation
Alternative 5 - Incineration

Each of these alternatives is described in the following sections.
4.1 ALTERNATIVE 1: NO ACTION

The no action alternative would leave the property in its current state. The no action
alternative provides a comparative baseline against which other alternatives are evaluated.
Under this alternative, no remedial action would be taken and contaminants would be left “as
is” without the implementation of containment, removal, remediation, or other remedial
actions. This alternative does not provide for the monitoring of environmental media and does
not provide any physical or administrative institutional controls such as fencing or deed
restrictions to reduce the potential for human exposure.

4.2  ALTERNATIVE 2: EXCAVATION AND OFF-SITE DISPOSAL

This alternative would involve excavation of the contaminated soil, waste characterization, and
transportation to appropriate off-site disposal facilities. The contaminated area would be
marked in the field based on the delineation sampling. Initial excavation to a depth of 18
inches would be conducted using a bulldozer and excavator. Soil removal would progress
both laterally and vertically as needed based on verification sampling.

Verification samples would be collected from the excavation floor using the USACE guidance
for incremental sampling approach. A total of 30 to 100 incremental samples will be collected
from each sample unit, to be determined based on the statistical approach outlined in the
USACE Interim Guidance 09-02 (July, 2009). The sample unit will be defined as a 20 ft by 20
ft area, consistent with the sample area currently being used at other remediation sites at
Plum Brook for excavation verification. Excavation wall samples will also be collected using
the incremental sampling approach. Each unit area will be defined by 20 linear feet of
exaction wall, consistent with current site practices as negotiated with the OEPA. Samples
will be analyzed on-site using a portable GC unit. Duplicate samples will be sent to an off-site
laboratory at a rate of 10% for quality assurance.
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The cost estimate for Alternative 2 discussed later in this document is based on an excavation
to 36 inches; however, excavation would be conducted in 18-inch lifts to potentially reduce soil
volumes.

Soil would be characterized to ensure that the waste meets the requirements for the disposal
facility, and transported in accordance with state, federal, and local requirements to the
appropriate disposal facility.

Soil backfill material would be selected from either on-Base or off-Base sources. Soil backfill
would be used to regrade the excavated site. Once the backfill material is placed and graded,
the site would be reseeded.

As a component of this alternative, ambient air monitoring would be performed at the
perimeter of the excavation area. The purpose of air monitoring is to protect the health of site
workers, and to assess off-site migration of contaminants.

4.3  ALTERNATIVE 3: IN-SITU REMEDIATION, MUNIREM®

Alternative 3 involves in-situ remediation using MuniRem® powder. MuniRem® would be
spread over the surface area to be remediated and then mixed into the soil with a
tiller/rotovator. Several passes with the tiller would likely be required to ensure thorough
mixing of the agent. The tilled area would be sprayed with water as needed to encourage
agent mixing and maximum reaction with the contaminant. Soil would be remediated in 9-inch
lifts to be effective. The soil would be remediated within the footprint of the contaminated
area. This method would also incorporate the procedures outlined in Alternative 2 for vertical
and horizontal delineation of the contaminated area and depth.

Prior to full-scale remediation of the AA2 soil, a test plot would be remediated to evaluate
optimum soil to MuniRem® proportions, optimum moisture content, frequency and amount of
mixing required, and length of time needed to meet remediation goals. Frequent samples
would be collected and analyzed on-site during this phase to evaluate progress and
effectiveness of the various parameters.

Assuming that the in-situ alternative is effective, the contaminated area would be subdivided
into 10 equal sized areas from left to right or right to left and designated as areas 1-10. The
soil from areas 1 and 10 would be excavated and stockpiled on a liner and covered adjacent
to areas 5 and 6.  Soil from area 2 would be moved into the Area 1 excavation in 9-inch lifts
and evenly spread over the Area 1 excavation. This soil would be remediated with
MuniRem® as described above. While this area is being tilled and remediated, soil from area
9 would be moved into area 10 for similar remediation. Tiller and excavator would rotate sides
and slowly add lifts and work from area to area until areas 5 and 6 have been excavated. At
that point the stockpiled soil from areas 1 and 10 would be placed in areas 5 and 6 for
remediation.

Samples of the tilled soil would be collected and field screened to evaluate the effectiveness

of the remediation. Field screening will incorporate the incremental sampling methodology to
ensure more accurate results. Based on field screening results, additional rounds of
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remediation may be required to achieve the remediation objectives. The soil would be left in
place and graded for final seeding of the area.

4.4  ALTERNATIVE 4: EX-SITU REMEDIATION, ENHANCED BIOREMEDIATION

This alternative would involve excavation and on-site remediation of soil using enhanced
bioremediation. This alternative would involve working the soil in windrows to affect both
aerobic and anaerobic conditions as needed to degrade the PCBs. This approach would
consist of adding nutrients and moisture to the soil as well as periodic aeration. Contaminated
soils would be placed in an area capable of handling 9200 CY of soil. This would involve
using the existing compost area at Pentolite Rd and development of a new pad at the AA2
site. The new area would be 296 ft wide by 260 ft long, capable of accommodating 13
windrows each 12 ft wide by 200 ft long, and 6 ft high. Ten similar windrows would be
accommodated at the existing pad. The windrows would be mixed three times each week to
aerate and stimulate microbial activity. Anaerobic conditions would be created by adding
molasses. Moisture content would be maintained at approximately 18 percent.

Contaminated soil would be excavated and transported to the on-site remediation areas. This
method would also incorporate the procedures outlined in Alternative 2 for vertical and
horizontal delineation of the contaminated area and depth. The remediated soil would be
tested to verify PCB remediation goals had been achieved and then placed back in the
excavation, graded, and seeded. Testing would incorporate the incremental sampling
methodology to ensure accurate results.

45  ALTERNATIVE 5: INCINERATION

This alternative would involve excavation of the contaminated soil, waste characterization, and
transportation to a TSCA permitted incinerator. The contaminated area would be marked in
the field based on the delineation sampling and vertical and lateral delineation verification will
be conducted as outlined in Alternative 2. The cost estimate for Alternative 5 discussed later
in this document is based on an excavation to 36 inches; however, excavation would be
conducted in 18-inch lifts to potentially reduce soil volumes.

The excavated soil would be loaded into roll-off boxes at the site and transported to a rail yard
in Willard, Ohio for rail shipment to the Triad Rail Spur in Houston, Texas. The roll-off boxes
would be off-loaded and transported by truck to the TSCA incinerator managed by Veolia
Environmental Services, in Port Arthur, Texas.

Veolia Services can handle approximately 15 roll-off boxes per week. A maximum of six roll-
off boxes can be stacked on a single flat bed rail car; therefore, this alternative would utilize a
shipment rate of two railcars per week, or 12 roll-off boxes per week.

Soil backfill material for the excavation at the site would be selected from either on-Base or

off-Base sources. Soil backfill would be used to regrade the excavated site. Once the backfill
material is placed and graded, the site would be reseeded.
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As a component of this alternative, ambient air monitoring would be performed at the
perimeter of the excavation area. The purpose of air monitoring is to protect the health of site

workers, and to assess off-site migration of contaminants.
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5.0 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES

This section describes the criteria used for the detailed and comparative analysis of
alternatives, and presents the results of the detailed analysis. Statutory requirements that
guide the FS evaluation under CERCLA 40 CFR 300.430(e)(9)(iii), state that a remedial action
must be protective of human health and the environment; attain ARARs or define criteria for
invoking a waiver; be cost effective; and, use permanent solutions to the maximum extent
practicable. CERCLA requires that nine criteria, as defined in the NCP, be used to evaluate
the expected performance of remedial actions. The criteria are categorized as threshold,
balancing, and modifying criteria, and encompass three broad elements of effectiveness,
implementability, and cost.

5.1 EVALUATION CRITERIA
5.1.1 Threshold Criteria

According to 40 CFR 300.430(f)(1)(i)(A), two threshold criteria must be satisfied for an
alternative be considered.

e Overall Protection of Human Health and the Environment. This criterion requires
that the alternative adequately protect human health and the environment. The
evaluation under this criterion focuses on whether an alternative achieves
adequate protection, and draws on assessments conducted under other evaluation
criteria  including long-term effectiveness and permanence, short-term
effectiveness, and compliance with ARARs.

e Compliance with ARARs. Congress specified in CERCLA 121 (d) that remedial
actions for cleanup of hazardous substances must comply with the substantive
requirements, criteria, standards, or limitations under federal or more stringent
state environmental laws that are applicable or relevant and appropriate to the
hazardous substances at a site [40 CFR 300.430(e)(9)(iii)(B)] unless a waiver is
granted. Evaluation under this criterion summarizes which requirements that are
applicable or relevant and appropriate to an alternative and describes how the
alternative meets those requirements.

5.1.2 Balancing Criteria
The balancing criteria evaluate alternatives in terms of the following five aspects.

e Long-Term Effectiveness and Permanence. This criterion assesses the
effectiveness of the remedial action over the long term, including the magnitude of
residual risk, the adequacy and reliability of controls, and operations and
maintenance (O&M) requirements [40 CFR 300.430(e)(9) (iii)(C)].

e Reduction of Toxicity, Mobility, or Volume through Treatment. This criterion
evaluates the degree to which the alternative addresses the USEPA's preference
for the use of treatment technologies that permanently and significantly reduce the
toxicity, mobility or volume of contamination.
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e Short-Term Effectiveness. This criterion evaluates the effect of implementing the
alternative relative to potential risks to the general public, potential threat to
workers, and time required until protection is achieved [40 CFR
300.430(e)(9)(iii)(E)].  Potential impacts are examined, as well as appropriate
mitigative measures for maintaining protectiveness for the community, workers,
environmental receptors, and potentially sensitive resources.

e Implementability. This criterion addresses the technical and administrative
feasibility of implementing an alternative, and the availability of materials and
services required for implementation [40 CFR 300.430(e)(9)(iii)(F)].

e Cost. This criterion weighs the capital cost, annual O&M, and the combined net
present value [40 CFR 300.430(e)(9)(iii)(G)]. Each alternative is evaluated to
determine its projected costs within a +50 to -30 percent range. The cost
evaluation includes the direct and indirect capital costs. Direct capital costs include
construction; equipment and material; transportation and disposal, chemical
analyses; and contingency allowances. Indirect capital costs include engineering
and design expenses.

5.1.3 Modifying Criteria

The CERCLA modifying criteria, state acceptance and community acceptance, allow for the
influences of the state and community. Public comments on the Proposed Plan will be
addressed in the ROD.

e State Acceptance. This criterion requires the consideration of any comments by
the state regarding any action to be performed [40 CFR 300.430(e)(9)(iii)(H)].

e Community Acceptance. This criterion requires the consideration of any
comments by the community regarding any action to be performed [40 CFR
300.430(e)(9)(iii)(1)].

5.2 ALTERNATIVE 1: NO ACTION
5.2.1 Overall Protection of Human Health and the Environment

The NCP requires that the no action alternative be carried through the FS analysis in order to
provide a baseline for comparison against the other alternatives. This alternative would not be
protective of human health because no action would be taken to reduce the concentrations of
contaminants in soil to meet OEPA risk management criteria or to prevent current or future
receptors from exposure to the contaminants.
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5.2.2 Compliance with ARARs
No ARARs were identified for this alternative.
5.2.3 Long-Term Effectiveness and Permanence

This alternative would not result in any permanent reduction of risk from site contamination,
and no periodic review would take place to evaluate future site conditions.

5.2.4 Reduction of Toxicity, Mobility, or Volume through Treatment

This alternative would not employ any treatment component that would permanently or
significantly reduce the toxicity, mobility, or volume of contaminants in soil.

5.2.5 Short-Term Effectiveness

There would be no short-term impacts from this alternative as no remedial action would be
taken.

5.2.6 Implementability

This alternative is technically feasible, as no implementation is required. This alternative is not
administratively feasible as it is likely that OEPA would require action to be taken to address
PCB-contaminated soil at AA2. There are no issues related to the availability of services and
materials for this alternative, as no services or materials would be required.

5.2.7 Cost

There is no cost associated with implementation of this alternative.

5.3 ALTERNATIVE 2: EXCAVATION AND OFF-SITE DISPOSAL

5.3.1 Overall Protection of Human Health and the Environment

This alternative would be expected to effectively reduce risks to human health and the
environment by removing contaminated soil from AA2 and disposing of this soil at a local

permitted off-site disposal facility. Contaminants would be removed from the site by this
alternative to allow unrestricted use.
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5.3.2 Compliance with ARARs

No chemical-specific ARARs were identified for this alternative. The alternative would be
expected to comply with the requirements stated in 40 CFR 761.61, identifying and properly
managing soil that is a bulk PCB remediation waste.

5.3.3 Long-Term Effectiveness and Permanence

This alternative would result in all soil with contaminant concentrations above cleanup levels
being excavated and disposed of in an off-site landfill. Excavated soils would be disposed of
consistent with 40 CFR 300.440 in a properly permitted treatment storage and disposal facility
(TSDF). Since the soil has been characterized as RCRA non-hazardous, it would be
disposed of directly into a sanitary landfill. Sanitary landfills are lined and capped such that
the residential human health hazard presented by the soils would be controlled, thus reducing
the calculated risk values that are driving remedial action at the AA2 site. Even after closure
of the sanitary landfill, the soils would be controlled as part of landfill management.
Accordingly, this alternative would not require future action to manage the risk of
unremediated waste or residuals associated with site soil. This alternative would be expected
to be an effective, reliable, and permanent option for addressing contaminated soil at AA2.

5.3.4 Reduction of Toxicity, Mobility, or Volume through Treatment

This alternative does not involve treatment to reduce the toxicity, mobility, or volume of site
contamination. All soil with contaminant concentrations above cleanup levels would be
excavated and disposed at a local sanitary landfill. While this alternative would not satisfy the
USEPA’s preference for treatment, the excavated soil would likely be homogenized by the
process, which would more evenly distribute the concentrations and perhaps reduce the
overall maximum concentrations. Placement of soil excavated from AA2 in a sanitary landfill
would ultimately reduce the potential for contaminant migration, although not through
treatment.

5.3.5 Short-Term Effectiveness

Worker exposure to contaminants during implementation of this alternative would be
controlled by implementation of a site-specific HSP. Adherence to the HSP would prevent
contact with and inhalation of contaminants through the use of controls such as chemical-
resistant clothing and respiratory protection. Exposure of the surrounding community and
environment to site contaminants would also be controlled by minimizing run-off and dust
emissions, and implementing perimeter air monitoring. Physical risks to members of the
community would be minimal, as the site is in a fenced, restricted area; however, truck traffic
would increase. The time required to implement this alternative is estimated to be 6 months
after mobilizing to the site.

5.3.6 Implementability
No significant technical or operational difficulties would be anticipated in implementing this

alternative. The alternative consists of well-established excavation and soil-handling
processes, and the services and materials needed for its implementation are readily available.
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5.3.7 Cost

The total capital cost for Alternative 2 is estimated to be $2,022,000. Table 5-1 presents a
summary of the cost estimate for this alternative. Supporting information is provided in
Appendix B.

5.4 ALTERNATIVE 3: IN-SITU REMEDIATION, MUNIREM®
5.4.1 Overall Protection of Human Health and the Environment

This alternative is not field tested and its ability to provide overall protection, accordingly, is
uncertain. It would require a pilot test to determine if it is effective in reducing PCBs and to
determine if it can be evenly distributed throughout the soil to effectively remediate the soil.
Field screening and confirmation sampling would be used to verify that the remediated soil left
in place meets the contaminant concentration thresholds for residential land use. Remediated
soils would remain on site under this alternative.

5.4.2 Compliance with ARARs

No chemical-specific ARARs were identified for this alternative. The alternative would be
expected to comply with the requirements stated in 40 CFR 761.61, identifying and properly
managing soil that is a bulk PCB remediation waste.

5.4.3 Long-Term Effectiveness and Permanence

This alternative would result in all soil with contaminant concentrations above soil risk-based
thresholds being remediated. Remediated soil meeting the thresholds for residential land use
would be left at the site. No future action would be required for the site as the risk associated
with contaminants would be removed. This alternative would be expected to be a permanent
reduction in PCB concentrations in soil at AA2.

As with all emerging technologies, there are uncertainties in the effectiveness of this product
when not used in a controlled laboratory environment. There are also uncertainties relative to
the ability to adequately mix the product with all of the soil and effectively introduce the
product to the interior portions of soil clumps. Additional soil working or smaller lifts may be
required. Prior to full-scale implementation of this technology at AA2, an in-situ pilot study
should be performed on a small test plot at the site prior to finalizing the proposed plan.
Minimal capital would be required to conduct this study.

5.4.4 Reduction of Toxicity, Mobility, or Volume through Treatment

The toxicity, mobility, and volume of hazardous contaminants would be reduced or eliminated
by treatment with Munirem® through the process of chemical reduction, which would
effectively degrade the PCBs in soil. Treatment of soil on-site would also reduce the volume of
waste requiring off-site disposal. This alternative satisfies the USEPA’s preference for the use
of treatment to reduce the toxicity, mobility, or volume of contamination.
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5.4.5 Short-Term Effectiveness

Worker exposure to contaminants during implementation of this alternative would be
controlled by following a site-specific HSP. Adherence to the requirements of the HSP would
prevent contact with and inhalation of contaminants through administrative and engineering
controls, and the use of PPE. Exposure of the surrounding community and environment to
site contaminants would also be controlled by minimizing run-off and dust emissions, and
covering soil stockpiles. Physical risks to members of the community would be minimal as the
site is in a fenced, restricted area. The time required to implement this alternative is estimated
to be 8 months after mobilizing to the site.

As with all emerging technologies, there are uncertainties in the effectiveness of this product
when not used in a controlled laboratory environment. There are also uncertainties relative to
the ability to adequately mix the product with all of the soil and effectively introduce the
product to the interior portions of soil clumps. Additional soil working or smaller lifts may be
required. Prior to full-scale implementation of this technology at AA2, an in-situ treatability
study should be performed on a small test plot at the site prior to finalizing the proposed plan.
Minimal capital would be required to conduct this study.

5.4.6 Implementability

Because of the high clay content in the soil, there are uncertainties regarding the ability to
reduce soil clumps to a size that would allow for effective remediation. This technology may
require excessive soil working and excessive residence times to effectively reduce the PCB
concentrations below the action levels. In order to manage this uncertainty, field screening
would be required to evaluate real-time reduction of PCB concentrations and to determine if
elaborate measures are needed to overcome these potential problems.

All other elements associated with this alternative are easily implemented, and the services
and goods necessary are readily available. This alternative would not trigger RCRA LDR
remediation standards for soil since the soil would not be removed from the AOC.

5.4.7 Cost

The total capital cost for Alternative 3 is estimated to be $2,327,000 based on the following
criteria:

$60 of Munirem® per ton of soil per Manufacturers recommendation

Effective treatment can be achieved using 9” lifts

Effective treatment can be achieved tilling the soil on three separate occasions
Residence time for agent to effectively treat the soil is 72 hours

Table 5-2 presents a summary of the cost estimate for this alternative. Supporting information
is provided in Appendix B.
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There are uncertainties relative to the cost of this alternative. Based on discussions with the
Munirem® vendor (PLANTECO), PCBs degrade readily within in a few days; however, it is not
clear what the duration would need to be to effectively remediate the AA2 soil. Increased
treatment time would result in an increase in cost.

This cost estimate also assumes that the soil could be effectively remediated in 9-inch lifts
with three passes of the rototiller. If the Munirem® cannot be effectively mixed down to 9
inches, shorter lifts would be required which would increase the costs. Likewise, if additional
passes with the rototiller are required or if there is an increase in the required residence time,
costs would increase accordingly. If all of these variables were doubled, including the amount
of Munirem® needed, the cost of remediation would increase to $4,330,000 and the time
required would increase to 20 months. Cost sheets for this estimate are provided in the back-
up materials section in Appendix B.

The cost to conduct a pilot test is estimated at $91,000. This estimate is based on conducting
a test on a 20 ft x 100 ft plot over a period of 2 weeks. Treatment verification samples would
be collected on a daily basis. The cost includes a post-study performance evaluation report.
Cost sheets for this estimate are provided in the back-up materials section in Appendix B.

5.5 ALTERNATIVE 4: EX-SITU REMEDIATION, EHNANCED BIOREMEDIATION
5.5.1 Overall Protection of Human Health and the Environment

This alternative would be expected to effectively reduce site risks by remediating
contaminated soil, thereby significantly reducing contaminant concentrations. Field screening
and confirmation sampling would be used to verify that the remediated soil meets the
thresholds for residential land use.

5.5.2 Compliance with ARARs

No chemical-specific ARARs were identified for this alternative. The alternative would be
expected to comply with the requirements stated in 40 CFR 761.61, identifying and properly
managing soil that is a bulk PCB remediation waste.

5.5.3 Long-Term Effectiveness and Permanence

This alternative would result in all soil with contaminant concentrations above soil risk-based
contaminant concentration thresholds being remediated; therefore, no future action would be
required for the site as the risk associated with contaminants would be removed. This
alternative is considered to be permanent.

There are uncertainties relative to the effectiveness of this technology. The soil remediated at
the SRS (Section 3.2.8; Appendix C) did not have PCB concentrations as high as the soil at
AA2. In order for this technology to be successful at AA2, a reduction of up to 96 percent
would be required. It is unclear what the optimum ratios of amendments to soil would be for
the AA2 soil. It is also unclear what the optimum aerobic/anaerobic cycle time would be for
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AA2 soil. Prior to full-scale implementation of this technology, an on-site treatability study
should be performed to evaluate effectiveness and to optimize the process variables.

5.5.4 Reduction of Toxicity, Mobility, or Volume through Treatment

The toxicity, mobility, and volume of hazardous contaminants would be reduced or eliminated
by enhanced bioremediation, which would effectively degrade the PCBs in soil. Remediation
of soil on-site would also reduce the volume of waste requiring off-site disposal. This
alternative would satisfy the USEPA’s preference for the use of treatment to reduce the
toxicity, mobility, or volume of contaminants.

5.5.5 Short-Term Effectiveness

Worker exposure to contaminants during implementation of this alternative would be
controlled by following a site-specific HSP. Adherence to the requirements of the HSP would
prevent contact with and inhalation of contaminants through administrative and engineering
controls, and the use of PPE. Exposure of the surrounding community and environment to
site contaminants would also be controlled by minimizing run-off and dust emissions, and
covering soil stockpiles. Physical risks to members of the community would be minimal as the
site is in a fenced, restricted area; however, truck traffic would increase. The time required to
implement this alternative is estimated to be 15 months.

There are uncertainties relative to the effectiveness of this technology. The soil remediated at
the SRS (Section 3.2.8; Appendix C) did not have PCB concentrations as high as the soil at
AA2. In order for this technology to be successful at AA2, a reduction of up to 96 percent
would be required. It is unclear what the optimum ratios of amendments to soil would be for
the AA2 soil. It is also unclear what the optimum aerobic/anaerobic cycle time would be for
AA2 soil. Prior to full-scale implementation of this technology, an on-site pilot study should be
performed to evaluate effectiveness and to optimize the process variables prior to finalizing
the proposed plan. More capital would be required to conduct this study than the in-situ
alternative because of the cost associated with use of a windrow turner. A rental option could
be exercised for the pilot study, or a dozer could be used as an alternative to mix the
amendments in with the soil.

5.5.6 Implementability

Composting in windrows has been conducted successfully at both Plum Brook and SRS;
however, there are inherent uncertainties. The use of molasses in the winter months would
likely require delivery in a conditioned tanker. Also adequate mixing of soil with molasses may
not be feasible or may require additional turning. The anaerobic conditions needed to
degrade highly chlorinated PCBs, such as are present at AA2, may be impractical to maintain
for sufficient periods of time.

Because of these potential issues, it is uncertain if this alternative can be an effective, reliable,
and permanent option for addressing contaminated soil at AA2.
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5.5.7 Cost

The total capital cost for Alternative 4 is estimated to be $2,013,000. Table 5-3 presents a
summary of the cost estimate for this alternative. Supporting information is provided in
Appendix B.

There are uncertainties associated with the cost of this alternative. Based on discussions with
the technical team at SRS (Section 3.2.8; see Appendix C), the process should take 12
weeks; however, because of the higher PCB concentrations at AA2, it is not clear what
duration would be needed to effectively remediate the AA2 soil. This cost estimate is based
on 12 weeks of application per batch. Increased application time would result in an increase
in cost.

If the process time and required amendments were doubled, the cost of remediation would
increase to $2,948,000 and the time required would increase to 26 months. Cost sheets for
this estimate are provided in the back-up materials section in Appendix B.

The cost to conduct a pilot test is estimated at $258,000. This estimate is based on
excavating 200 yds of soil and transportation to the existing Pentolite Rd composting facility.
A single 200’ windrow will be worked for a period of three months. Treatment verification
sampling will be performed on a weekly basis. The cost includes a post-study performance
evaluation report. Cost sheets for this estimate are provided in the back-up materials section
in Appendix B.

5.6 ALTERNATIVE 5: INCINERATION
5.6.1 Overall Protection of Human Health and the Environment

This alternative would be expected to effectively reduce site risks by removing the
contaminants from the site and would also reduce or eliminate contaminants through
remediation. Field screening and confirmation sampling would be used to verify that the
remediated soil meets the thresholds for residential land use.

5.6.2 Compliance with ARARs

No chemical-specific ARARs were identified for this alternative. The alternative would be
expected to comply with the requirements stated in 40 CFR 761.61; identifying and properly
managing soil that is a bulk PCB remediation waste.

5.6.3 Long-Term Effectiveness and Permanence

This alternative would result in all soil with contaminant concentrations above soil risk-based
contaminant concentration thresholds being removed from the site and remediated; therefore,

no future action would be required for the site as the risk associated with contaminants would
be removed. This alternative is considered to be permanent.
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5.6.4 Reduction of Toxicity, Mobility, or Volume through Treatment

The toxicity, mobility, and volume of hazardous contaminants would be reduced or eliminated
by the process of incineration, which would effectively degrade the PCBs in soil. This
alternative would satisfy the USEPA’s preference for the use of treatment technologies.

5.6.5 Short-Term Effectiveness

Worker exposure to contaminants during implementation of this alternative would be
controlled by following a site-specific HSP. Adherence to the requirements of the HSP would
prevent contact with and inhalation of contaminants through administrative and engineering
controls, and the use of PPE. Exposure of the surrounding community and environment to
site contaminants would also be controlled by minimizing run-off and dust emissions, and
covering soil stockpiles. Physical risks to members of the community would be minimal as the
site is in a fenced, restricted area; however, truck traffic would increase. The time required to
implement this alternative is estimated to be 24 months.

5.6.6 Implementability

Incineration has been conducted successfully for many years and continues to be a proven
technology; however, the requirements imposed by the USEPA in 2004 have significantly
raised the level of difficulty, the required quality assurance measures to ensure dioxins/furans
are not produced, and the associated costs.

5.6.7 Cost

The total capital cost for Alternative 5 is estimated to be $19,723,000. Table 5-4 presents a
summary of the cost estimate for this alternative. Supporting information is provided in
Appendix B.
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6.0 COMPARATIVE ANALYSIS OF ALTERNATIVES

This section presents the comparative analysis of alternatives, which evaluates the relative
expected performance of the alternatives against the 9 CERCLA evaluation criteria. The
purpose of the comparative analysis is to identify relative advantages and disadvantages of the
alternatives so that key tradeoffs that would affect alternative selection can be identified. These
criteria comparisons are summarized in Table 6-1 and are addressed in detail below.

6.1 OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

Alternative 1 does not employ removal, containment, or remediation actions and therefore would
retain the unsafe levels of PCBs that would endanger residential receptors in the future. It fails
to provide protection of human health. It does not present a danger to the environment.
Alternative 2, Excavation and Off-Site Disposal, would remove the contaminated soil from AA2
and dispose of this soil at a local permitted off-site disposal facility. This would make the site
protective for human health and the environment. Alternatives 3 and 4, by treatment of the
contamination to reduce the contamination to safe levels, would leave the site protective of
human health and the environment. Alternative 5, Incineration, would remove the contaminated
soil from AA2 and burn away the unsafe levels of PCBs, which would protect human health and
the environment and permanently reduce the risk through contaminant destruction.

6.2 COMPLIANCE WITH ARARS

All of the action alternatives would comply with location- and action-specific ARARs. No
chemical-specific ARARs were identified.

6.3 LONG-TERM EFFECTIVENESS AND PERMANENCE

No long-term controls would be required for the successful implementation of Alternatives 2
through 5, as these alternatives are considered permanent. Alternatives 2 and 5 would provide
for the best long-term effectiveness and permanence at the site, as all PCB-contaminated soil
above risk-based threshold contaminant concentrations would be excavated and removed from
the site. Alternative 2; however, would not permanently eliminate the risk as the contaminants
would not be destroyed, but would be managed at another facility.

Because of uncertainties associated with an emerging technology as well as site-specific
implementation challenges at AA2, Alternative 3 may not be an effective, reliable, and
permanent option for addressing PCB-contaminated soil. While Alternative 4 has been
demonstrated at another site, it is not certain if the enhanced bioremediation technology would
be effective at AA2. An on-site treatability study would be required prior to implementation for
Alternatives 3 and 4.
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6.4 REDUCTION OF TOXICITY, MOBILITY, OR VOLUME THROUGH TREATMENT

Alternative 1 does not employ treatment and would have no effect on the toxicity, volume, or
mobility of soil contamination. Although Alternative 2 would remove contamination from the site,
this alternative does not result in any reduction of contaminant mass. It would potentially reduce
concentrations through mixing at the disposal site and, ultimately, limit the potential for migration
— but not through treatment. Alternatives 3 and 4, if successfully implemented, would satisfy
the statutory preference for selecting remedial actions that employ treatment technologies that
permanently and significantly reduce the toxicity, mobility, or volume of hazardous substances
as their principal element. Alternative 5 is the only proven technology being considered to
permanently destroy PCBs.

6.5 SHORT-TERM EFFECTIVENESS

Implementing a site-specific HSP and minimizing off-site migration of contaminants would
minimize potential risks to workers and the surrounding community. There would be some
risks, however, due to the heavy equipment operating on site and the presence of
contaminants. Implementation of Alternatives 2, 4 and 5 would result in the greatest amount of
truck traffic.

No threatened or endangered animal or plant species would be affected or destroyed by
Alternatives 2, 3 4, or 5. There would be short-term disturbances to ecological habitats as a
result of the proposed remediation (e.g., tree and brush clearing and excavation); however,
once the action was completed, the site would be restored with a vegetative cover and
displaced species would be expected to recolonize the area over time.

Because of uncertainties associated with an emerging technology as well as site-specific
implementation challenges at AA2, Alternative 3 may not be an effective, reliable, and
permanent option for addressing PCB-contaminated soil. ~While Alternative 4 has been
demonstrated at another site, it is not certain if the enhanced bioremediation technology would
be effective at AA2.

Alternatives 2 and 3 would require the least amount of time to execute, at 6 months and 8
months respectively. Implementation of Alternatives 4 and 5 would require the greatest amount
of time to implement at approximately 15 and 24 months respectively.

6.6 IMPLEMENTABILITY

There is no implementation involved with Alternative 1. There are no appreciable technical,
operational, or administrative difficulties anticipated for implementation of Alternatives 2 and 5.
Alternatives 3 and 4 may require specific soil handling procedures. Alternative 3 may require
the use of smaller lifts, additional tilling, additional residence time, and soil wetting. Alternative 4
may require an increase of amendments, additional residence time, and stop-work conditions
during the winter months. In order to manage these uncertainties, a field-scale pilot study would
be required for both alternatives prior to finalizing the proposed plan to determine optimum
process parameters.
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6.7 COST

No cost would be incurred as a direct result of implementation of Alternative 1, as no action would
be performed.

The cost estimates for Alternatives 2 through 5 were prepared in a similar manner. The costs are
based on estimates provided by regional companies including local sanitary waste landfills, and
cost factors from R.S. Means cost data publications applied to quantities in Appendix B. The cost
for sampling and analysis of waste soil and confirmatory samples for the site are estimated based
on recent quotes. Indirect costs (professional services) are based on the projected level of effort
required to perform a detailed design and field oversight for each alternative.

The total cost for Alternative 2 is estimated at $2,022,000. This estimate includes planning
documents, site preparation, staging area set up, mobilization, excavation, waste transportation
and disposal, site restoration, and demobilization.

The total cost for Alternative 3 is estimated between $2,327,000 and $4,330,000 depending on the
amount of time required, the amount of agent needed, and the thickness of the individual lifts. This
estimate includes planning documents, site preparation, staging area set up, mobilization, in-situ
remediation, site restoration, and demobilization. The cost for an on-site pilot study is estimated at
$91,000 which is not included in the cost estimate above.

The total cost for Alternative 4 is estimated between $2,013,000 and 2,948,000 depending on
the amount of time required and the amount of amendments needed. This estimate includes
planning documents, site preparation, staging area set up, mobilization, ex-situ remediation, site
restoration, and demobilization. The cost for an on-site pilot study is estimated at $258,000
which is not included in the cost estimate above.

The total cost for Alternative 5 is estimated at $19,723,000. This estimate includes planning
documents, site preparation, staging area set up, mobilization, excavation, waste transportation
and incineration, site restoration, and demobilization.

The uncertainties associated with the costs are as follows:

e |t is uncertain how much chemical agent would be required for Alternative 3. An
increase in the amount of agent would result in higher costs.

e |t is not clear what the optimal duration for implementation of Alternative 3 would be to
effectively remediate the AA2 soil. Increased time above the amount assumed for the
estimate would result in an increase in cost.

e It is uncertain whether remediation through Alternative 3 could be effective in 9-inch lifts
with three passes of a rototiller. Shorter lifts and additional passes with the rototiller
would increase costs.

e Because of the higher PCB concentrations at AA2, it is not clear what the optimal

duration and amount of amendments needed for Alternative 4 to effectively remediate
the soil. Increased time and amount of amendments would result in an increase in cost.
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6.8 CONCLUSIONS

The comparative analysis indicates that Alternative 2, Excavation and Off-site Disposal, is one
of the lowest cost alternatives and has the greatest potential to meet the project objectives since
it is a proven method. This alternative; however, will not meet the statutory preference for
reducing the toxicity, mobility, and contaminant volume through treatment.

Alternative 4 represents the least expensive option which has the potential to meet the statutory
preference for reducing the toxicity, mobility, and contaminant volume through treatment. This
alternative has been demonstrated to be effective on a small scale test at the Savannah River
Site; however there are uncertainties with implementation in the winter months and remediation
effectiveness with elevated concentrations of highly chlorinated PCB aroclors. A small-scale
test, with minimal up front capital cost, should first be performed prior to finalizing the proposed
plan to further evaluate this alternative.

Alternatives 2 and 5, Excavation/Disposal and Excavation/Incineration, are the only alternatives
that have been demonstrated to be effective that have no significant implementation issues.
Alternative 2 does not satisfy the statutory preference for reducing toxicity, mobility, and
contaminant volume through treatment. Alternative 2 is the least expensive option and requires
the least amount of time (6 months) to remediate the site. Alternative 5 meets the statutory
preference for reducing the toxicity, mobility, and contaminant volume through remediation, but
requires the most time to implement (24 months) and is not cost competitive with the other
alternatives.

Alternative 3 and Alternative 4 are similar in having the potential to reduce toxicity and
contaminant volume and to allow the treated soil to remain on site; however, both alternatives
have inherent process uncertainties and consequently a high degree of uncertainty regarding
the cost. Alternative 3 would likely be more expensive than Alternative 4; however, Alternative 3
could be tested in a small scale pilot test at the site for considerably less cost than a pilot scale
test for Alternative 4. If Alternatives 3 or 4 were to be considered, a pilot should be performed
prior to finalizing the proposed plan.

Alternative 1 offers no reduction in risk at the site and is therefore, unacceptable since it does
not meet remedial objectives.

Alternatives 2, 3, and 4, would cost approximately $143, $164, and $142 per CY of remediated
soil, respectively, with Alternatives 3 and 4 potentially costing as high as $305 and $208 per CY
respectively. For comparison purposes, many of the technologies that were screened out in
Section 3 had an estimated per cubic yard cost ranging from $343 to $1490 escalated to current
value (USEPA, 2001). Alternative 5 would cost an estimated $1,390 per CY. The major
difference between these three alternatives is that Alternative 2 is a proven method to reduce
risk at the site but does not permanently deal with the contamination, while Alternatives 3 and 4
offer the potential for permanent reduction in the toxicity, mobility, or volume of contaminants,
but have a high degree of uncertainty, potential implementation issues, and would require site
testing before full-scale implementation. Testing should be conducted prior to finalizing the
proposed plan.
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The uncertainty in the total volume of soil requiring remediation is inherent to all of the
alternatives. Overall costs for each alternative could rise if it is determined that the
contamination zone is larger than estimated; however the volume estimates are believed to be
conservative.
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Tables



Table 1-1. Summary of Noncancer Hazards and Cancer Risk Estimates from
Potential Non Residential Exposures at Acid Area 2,
Plum Brook Ordnance Works, Sandusky, OH

Groundskeeper Risks From Exposure to Surface Soil

Construction Worker Risks From Exposure to Surface Soil

Excess Cancer Excess Cancer
Exposure Route | Hazard Quotient Risk Exposure Route | Hazard Quotient Risk
Ingestion 9.E-01 4.E-05 Ingestion 5.E+00 5.E-06
Dermal Contact 1.E-01 6.E-06 Dermal Contact 2.E+00 2.E-06
Inhalation 2.E-03 3.E-09 Inhalation 3.E-03 1E-10
Total 1.E+00 5.E-05 Total 7.E+00 7.E-06

Construction Worker Risks From Exposure to Subsurface

Adult Hunter Risks From Exposure to Surface Seil Seil
Excess Cancer Excess Cancer
Exposure Route | Hazard Quotient Risk Exposure Route | Hazard Quotient Risk
Ingestion 5.E-02 3.E-06 Ingestion 2.E+00 2.E-06
Dermal Contact 6.E-02 3.E06 Dermal Contact 6.E-02 8.E-07
Inhalation NA NA Inhalation NA NA
Total 1.E-01 6.E-06 ) Total 2.E+00 3.E-06

Construction Worker Risks From Exposure to Surface

Adult Hunter Risks From Ingestion of Venison Water
Excess Cancer Excess Cancer
Exposure Route | Hazard Quotient Risk Exposure Route | Hazard Quotient Risk
Ingestion 6.E-04 9.E-09 Ingestion NA NA
Dermal Contact NA NA Dermal Contact 4.E-03 8.E-09
Inhalation NA NA Inhalation NA NA
Total 6.E-04 9.E-09 Total 4E-03 8.E-09
Child Risks From Ingestion of Venison Construction Worker Risks From Exposure to Sediment
~ Excess Cancer Excess Cancer
Exposure Route | Hazard Quotient Risk Exposure Route | Hazard Quotient Risk
Ingestion 1.E-03 3.E-09 Ingestion 6.E-01 4 E-07
Dermal Contact NA NA Dermal Contact 3.E-02 1.E-07
Inhalation NA NA Inhalation NA NA
Total 1.E-03 3.E-09 Total 7.E-01 5.E-07

Indoor Worker Risks From Exposure to Groundwater

Excess Cancer
Exposure Route | Hazard Quotient Risk
&wm 2.E+00 5.E-05
Dermal Contact 2.E-02 8.E-07
Inhalation NA NA
Total 2.E+00 5.E-05

Indoor Worker Risks From Exposure to Surface Soil

Excess Cancer
Exposure Route | Hazard Quotient Risk
Ingestion 5.E-01 2.E-05
Dermal Contact NA NA
Inhalation NA NA
Total 5.E-01 2.E-05
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Table 2-2. Risk Based Remediation Levels (RBRLs) for
Residential Exposures to Surface Soil at Acid Area 2,
Former Plum Brook Ordnance Works, Sandusky, Ohio

Adult
RBRL for RBRL for
Noncancer Cancer
Analyte Units | Endpoint” Endpoint”
PCB-1254 mg/Kg 13 5
PCB-1260 mg/Kg NA 5
Child
RBRL for RBRL for
Noncancer Cancer
Analyte Units | Endpoint® | Endpoint”
PCB-1254 mg/Kg 1 -+
PCB-1260 mg/Kg NA 4

RGO = Remedial Goal Option
a Target Hazard Index 1.0
b Target Cancer Risk 10-5




Table 5-1 Cost Estimate Summary - Alternative 2

Alternative 2

Excavation and Off-site Disposal COST ESTIMATE SUMMARY

Site: PBOW, Acid Area 2 Description: This alternative would involve excavation of the contaminated

Location: Sandusky, Ohio soil, waste characterization, and transportation to a local landfill.
h Lo The excavation would be backfilled witl local clean soil, re-

Phase: Feasibility Study (-30% to +50%) graded, and seeded.

Base Year: 2011

Date: April

Capital Costs:

DESCRIPTION QTY UNIT UNIT COST NOTES
Submittals/Implemenation Plans 1 LS $ 40,403 see cost worksheet B-1, Appendix B
Mobilize equipment and personnel 1 LS $ 38,064 see cost worksheet B-2, Appendix B
Clearing & Grubbing 1 LS $ 17,137 see cost worksheet B-3, Appendix B
Waste characterization sampling 1 LS $ 30,143 see cost worksheet B-4, Appendix B
Excavation, transportation, and disposal 1 LS $ 854,490 see cost worksheet B-5, Appendix B
Verification sampling 1 LS $ 75,767 see cost worksheet B-6, Appendix B
Backfill excavation, grade site, seed 1 LS $ 270,561 see cost worksheet B-7, Appendix B
Monthly Facilities Charges 1 LS $ 7,458 see cost worksheet B-8, Appendix B
Site Management 1 LS $ 179,617 see cost worksheet B-9, Appendix B
De-mobilization 1 LS $ 27,152 see cost worksheet B-10, Appendix B
SUBTOTAL $ 1,540,792
Contingency 25% $ 385,198 10% scope, 15% bid
SUBTOTAL $ 1,925,990
Project Management 5% 96,300

TOTAL CAPITAL COST $2,022,290




Table 5-2 Cost Estimate Summary - Alternative 3

Alternative 3

In-Situ Remediation, MuniRem®

COST ESTIMATE SUMMARY

TOTAL CAPITAL COST

$2,327,095

Site: PBOW, Acid Area 2 Description: This alternative would involve in-situ remediation. Soil will be
Location: Sandusky, Ohio excavtgd in 9" lifts, spread ir? an ajaf:ent area within the
Phase:  Feasibity Study (:30% t0 +50%) rotoler, Rometated sl il be compactad n place. Aftr
Base Year: 2011 remediation of all soil, the site will be graded and seeded.
Date: April

Capital Costs:

DESCRIPTION QTY UNIT UNIT COST NOTES
Submittals/Implemenation Plans 1 LS $ 43,703 see cost worksheet B-11, Appendix B
Mobilize equipment and personnel 1 LS $ 37,734 see cost worksheet B-12, Appendix B
Clearing & Grubbing 1 LS $ 16,660 see cost worksheet B-13, Appendix B
In-situ remediation 1 LS $ 1,330,975 see cost worksheet B-14, Appendix B
Verification sampling 1 LS $ 29,905 see cost worksheet B-15, Appendix B
Site Restoration 1 LS $ 28,656 see cost worksheet B-16, Appendix B
Monthly Facilities Charges 1 LS $ 10,868 see cost worksheet B-17, Appendix B
Site Management 1 LS $ 248,637 see cost worksheet B-18, Appendix B
Demobilization 1 LS $ 25,887 see cost worksheet B-19, Appendix B
SUBTOTAL $ 1,773,025
Contingency 25% $ 443,256 10% scope, 15% bid
SUBTOTAL $ 2,216,281
Project Management 5% 110,814




Table 5-3 Cost Estimate Summary - Alternative 4

Alternative 4
Ex-situ Rem

ediation, Enhanced Bioremediation

COST ESTIMATE SUMMARY

Site:
Location:
Phase:
Base Year:
Date:

PBOW, Acid Area 2 Description:
Sandusky, Ohio

Feasibility Study (-30% to +50%)

2011

April

This alternative would involve excavation of the contaminated
soil, transportation to an on-site facility for remediation using
enhanced bioremediation in windrows, and backfill of the
excavation using the remediated soil.

Capital Costs:

DESCRIPTION QTY UNIT
Submittals/Implemenation Plans 1 LS
Mobilize equipment and personnel 1 LS
Clearing & Grubbing 1 LS
Ex-situ Remediation 1 LS
Verification sampling 1 LS
Backfill excavation, grade site, seed 1 LS
Monthly Facilities Charges 1 LS
Site Management 1 LS
De-mobilization 1 LS
SUBTOTAL
Contingency 25%
SUBTOTAL
Project Management 5%
TOTAL CAPITAL COST

UNIT COST NOTES

$ 49,533 see cost worksheet B-20, Appendix B
$ 39,384 see cost worksheet B-21, Appendix B
$ 21,243 see cost worksheet B-22, Appendix B

$ 573,707 see cost worksheet B-23, Appendix B
$ 29,365 see cost worksheet B-24, Appendix B
$ 306,013 see cost worksheet B-25, Appendix B
$ 20,378 see cost worksheet B-26, Appendix B
$ 466,917 see cost worksheet B-27, Appendix B
$ 27,537 see cost worksheet B-28, Appendix B
$ 1,534,077
$ 383,519 10% scope, 15% bid
$ 1,917,596

95,880

$2,013,476




Table 5-4 Cost Estimate Summary - Alternative 5

Alternative 5
Incineration COST ESTIMATE SUMMARY
Site: PBOW, Acid Area 2 Description: This alternative would involve excavation of the contaminated

Location: Sandusky, Ohio soil, transportation to a TSCA permitted facility for incineration.

Phase: Feasibility Study (-30% to +50%)
Base Year: 2011
Date: August

Capital Costs:

DESCRIPTION QTY UNIT UNIT COST NOTES
Submittals/Implemenation Plans 1 LS $ 40,403 see cost worksheet B-29, Appendix B
Mobilize equipment and personnel 1 LS $ 38,064 see cost worksheet B-30, Appendix B
Clearing & Grubbing 1 LS $ 16,667 see cost worksheet B-31, Appendix B
Waste Charaterization 1 LS $ 30,143 see cost worksheet B-32, Appendix B
Excavation, transportation, and incineration 1 LS $ 14,141,087 see cost worksheet B-33, Appendix B
Verification sampling 1 LS $ 76,757 see cost worksheet B-34, Appendix B
Backfill excavation, grade site, seed 1 LS $ 270,550 see cost worksheet B-35, Appendix B
Monthly Facilities Charges 1 LS $ 29,832 see cost worksheet B-36, Appendix B
Site Management 1 LS $ 356,661 see cost worksheet B-37, Appendix B
De-mobilization 1 LS $ 27,152 see cost worksheet B-38, Appendix B
SUBTOTAL $ 15,027,316
Contingency 25% $ 3,756,829 10% scope, 15% bid
SUBTOTAL $ 18,784,145
Project Management 5% 939,207

TOTAL CAPITAL COST $ 19,723,352
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CONTAMINANT DELINEATION SUMMARY REPORT

Feasibility Study at Acid Area 2

Former Plum Brook Ordnance Works
Sandusky, Ohio
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INTRODUCTION

The U.S. Army is conducting investigations of the environmental impacts at previously owned
U.S. Department of Defense (DOD) properties. This work is being performed by the U.S. Army
Corps of Engineers (USACE) under the Defense Environmental Restoration Program (DERP).
Chemical contamination related to DOD activities has been documented at the former Plum
Brook Ordnance Works (PBOW) located near Sandusky, Ohio. The PBOW site is a formerly
used defense site under DERP, currently being managed by the Corps of Engineers, Huntington
District (CELRH) and technically overseen by the Corps of Engineers, Nashville District
(CELRN).

PBOW was operated from 1941 to 1945 as a manufacturing plant for trinitrotoluene (TNT),
dinitrotoluene (DNT), and pentolite. The site is currently controlled and maintained by the
National Aeronautics and Space Administration (NASA) and is operated as the Plum Brook
Station (PBS) of the John Glenn Research Center, which is located at Lewis Field, Cleveland,
Ohio.

A Remedial Investigation (RI) of Acid Area 2 (AA2) was performed from October 2004 through
June 2006 by Jacobs Engineering Group (Jacobs) under contract DACW62-03-D-0004,
Delivery Order 0004. The work included an investigation of soil, sediment, surface water and
groundwater. The RI identified soil contamination, which exceeds the USEPA Region 9 PRGs
for PCBs, PAHs, and lead. A Baseline Human Health Risk Assessment (BHHRA) and
Screening Level Ecological Risk Assessment (SLERA) were conducted in 2007. Results of
these studies show an unacceptable risk due to elevated concentrations of PCBs in soil. A
Feasibility Study (FS) of AA2 is being conducted by Jacobs Engineering Group (Jacobs) under
contract DACW62-03-D-0004, Delivery Order 0010. This work includes engineering services to
conduct additional delineation sampling for surface soil contamination and evaluation and cost
estimating for various remedial alternatives. This report addresses the findings of the
subsequent delineation studies conducted at AA2 during the period November 2008 through
August 2010.

Data collected during November 2004 show elevated concentrations of PCBs in the vicinity of
former process buildings and storage tanks. Additional information regarding site background,
previous investigations, and environmental setting for AA2 are provided in the Final Site
Characterization Report.

The objectives of this delineation study are to further define the boundary of surface soil
contamination exceeding the risk based action levels. This information is needed to determine
the volume of impacted soil which directly affects the cost for the various remedial alternatives
being evaluated as part of the FS.

INVESTIGATION PROCEDURES

The delineation study was conducted during over six separate mobilizations from November
2008 through August 2010. All field work was performed in accordance with the Final Site-Wide
Sampling and Analysis Plan (SWSAP) and the Final Site-Specific Field Sampling Plan for AA2
(SWFSP). All work was performed in accordance with the Final Site-Wide Safety and Health
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Plan and the Final Site-Specific Safety and Health Plan Addendum for AA2. Modified Level D
PPE was used for soil sampling activities, safety glasses, steel-toed boots, nitrile gloves, and
tyvek coveralls as needed.

Surface soil samples were collected on a 50 ft grid spacing north, south, east, and west of the
RI samples with PCB concentrations exceeding the risk based action level of 1 mg/kg combined
(total) aroclors. Samples were collected from a depth of 6 to 12 inches. Soil sampling was
performed utilizing a hand auger equipped with dedicated disposable stainless steel sleeves.
Samples were extruded from the sleeve and homogenized in a dedicated disposable glass bowl
using a stainless steel spoon. Dedicated disposable spoons and bowls and/or certified clean
sample bags were used for each sample.

All sampling equipment was cleaned prior to use; first with an alginox wash, then a potable
water rinse, and a final ASTM Type 2 DI water rinse. Equipment was then individually wrapped
in aluminum foil to ensure no contaminants were introduced. The hand auger was
decontaminated between each sample using the same procedure.

All soil sampling locations were surveyed using conventional methods. The northing, easting,
and ground elevation correspond to Ohio State Plane North NAD83.

Sample packaging, shipping, and documentation procedures described in the Site-Wide
Sampling and Analysis Plan (SAP) were followed during the field investigation of the AA2 site.
Samples were packaged and shipped to the analytical laboratories via Federal Express. Chain
of custodies were completed and maintained throughout the collection, shipping and laboratory
analysis phase.

No soil investigation derived waste (IDW) was generated, since all remaining soil was returned
to the borehole after collection of an environmental sample. Decontamination fluid was
containerized and sampled at the conclusion of the sampling event. Two 55-gallon drums of
liquid IDW are staged at an indoor temperature-controlled facility, awaiting IDW
characterization.

ANALYTICAL LABORATORY ANALYSIS AND DATA EVALUATION

All soil samples were analyzed for PCBs only. Empirical Laboratories performed the analysis of
PCB aroclors. Empirical Laboratories provided complete data packages including the laboratory
quality control documentation and raw data required by the SAP. Each data package included a
case narrative describing the analytical methods used and documenting any quality control
problems encountered. Jacobs evaluated 100 percent of the sample data collected. The data
evaluations were performed in accordance with the requirements of the SAP, the guidance in
“USEPA Contract Laboratory Program National Functional Guidelines for Organic Data
Review,” and “USEPA Contract Laboratory Program National Functional Guidelines for
Inorganic Data Review.”

A Chemical Data Quality Report was prepared which summarizes the Jacobs’ data evaluation in
terms of precision, accuracy, representativeness, comparability, and completeness, and is
included with this report. The qualifiers applied as part of the data evaluation are defined in the
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Chemical Data Quality Report and the limitations implied by the qualification were considered
when reviewing the data.

The PCB results for the 2008-2010 sampling events are definitive and are acceptable for the
intended data usages. The primary laboratory reporting limits were below the Region 9 PRG
values for all samples with non-detect results.

SOIL INVESTIGATION RESULTS

A total of 202 surface soil samples have been collected from the site dating back to the 1998 SI.
A total of 35 subsurface soil samples have been collected as part of the 1998 Sl and the 2004
RI sampling event. No subsurface soil samples have been collected as part of this delineation
effort, since there is limited PCB contamination in the subsurface soil. PCB concentrations in
surface soil range as high as 49 mg/kg. Soil contamination is generally concentrated around
the former process buildings and storage tanks as shown in Figures A-1 through A-5.

CONCLUSIONS AND RECOMMENDATIONS

Sufficient data has been collected to approximate the area of contamination for remedial
evaluation purposes and to develop cost estimates for the various alternatives. Additional
confirmation sampling will be required during remedial activities to verify contaminant extent.
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1.0 INTRODUCTION

This Chemical Data Quality Report (CDQR) presents an evaluation of the quality and usability of the
analytical data generated in support of the remedial investigation at Acid Area 2 (AA2) at the former
Plum Brook Ordnance Works (PBOW). Jacobs Engineering Group, Inc. (Jacobs) performed this
remedial investigation for the U.S. Army Corps of Engineers (USACE) Nashville District under
contract number DACW62-03-D-0004, Task Order 0010.

Both primary and quality assurance (QA) environmental samples were collected by Jacobs and were
submitted to approved laboratories for chemical analyses. Jacobs provided data quality evaluation
services for the primary data. This CDQR covers Jacobs’ evaluation of the primary data.

This evaluation meets and completes the requirement of Step 2 “data verification” of the project data
quality assessment (DQA) process. Completion of this step completes Jacob’s portion of the
requirement in the DQA process. A description of the DQA process is included in Section 8.2.2 of
the approved Quality Assurance Project Plan (QAPP). As specified in the QAPP, the findings of this
evaluation were discussed in terms of data precision, accuracy, representativeness, sensitivity, and
completeness.

1.1 REPORT ORGANIZATION

The CDQR has been organized into four sections and two attachments:

e Section 1: Report organization and data quality program including analytical laboratory used,
analytical samples included in the evaluation, analytical protocols/methods employed, data
evaluation procedures followed, and summary of data reporting formats.

e Section 2: Definitions of qualifiers that may be assigned to data based on this evaluation.

e Section 3: Statement of the project overall data quality and summary of qualifiers applied to the
data as a result of this evaluation.

e Section 4: Data quality narratives.

e Attachment 1: - Sample information tables including field and laboratory identification (ID) cross-
reference.

e Attachment 2: Test result tables with review qualifiers applied.
1.2 DATA QUALITY ASSURANCE PROGRAM

In order to verify compliance with project objects, it was required that certain measurements of
chemical constituents in environmental samples be made that met definitive data quality standards.
This CDQR is applicable to those data.

Definitive data standards are specified by the U.S. Environmental Protection Agency (USEPA) in
“Data Quality Objectives Process for Superfund,” EPA540-R-93-071, USEPA Office of Emergency
and Remedial Response, September 1993. Definitive data are defined as follows:



Chemical Data Quality Report Page 1-2

“Definitive data are generated using rigorous analytical methods, such as approved
USEPA reference methods. Data are analyte-specific, with confirmation of analyte
identity and concentration. Methods produce tangible raw data (e.g.,
chromatograms, spectra, digital values) in the form of paper printouts or computer-
generated electronic files. Data may be generated at the site or at an off-site
location, as long as the QA/quality control (QC) requirements are satisfied. For the
data to be definitive, either analytical or total measurement error must be
determined.”

Specific project data quality objectives (DQO) and procedures to achieve the DQOs are documented
in the approved project Sampling and Analysis Plan (SAP) Addendum. Key elements of the quality
program relating to this evaluation include:

e Use of approved, USACE-validated laboratories.

e Use of a sampling program designed to meet the project objectives.

e Use of appropriate analytical methods and measurement parameters.
e Evaluation of reported QA/QC to verify compliance with DQOs.

e Use of appropriate analytical data reporting formats.
These elements are discussed in the following paragraphs.
1.2.1 Project Analytical Laboratories

The analytical laboratory employed on this project was originally evaluated by the USACE
Hazardous, Toxic, and Radioactive Waste - Center of Expertise (HTRW-CX) and held a current
letter of validation from HTRW-CX to perform sample analyses in support of the USACE HTRW
Program. Subsequent to this certification, the laboratory has since received and maintains current
Department of Defense (DoD) Environmental Laboratory Accreditation Program (ELAP) certification.
These validations confirm their ability to produce reliable and defensible data. The primary
analytical laboratory that was used was:

Empirical Laboratories

Contact: Ms. Sonya Gordon, Project Manager (PM)
621 Mainstream Drive, Suite 270

Nashville, TN 37228

Phone: (615) 345-1115

1.2.2 Sampling Program Design/Project Samples

The sampling program was designed to collect samples representative of site conditions at the time
of sampling and to generate data of sufficient quality and quantity to make the intended decisions.
Project analytical samples were collected using standardized, USACE approved procedures
documented in the SAP. The SAP was approved by the USACE prior to collection of the associated
project samples and included the basis for selecting the sampling locations, sample collection
procedures, frequency and type of samples collected, and the analytical parameters for each
sample. There were no known deviations to the sample collection procedures presented in the SAP.
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Definitive data measurements were required for the samples collected in support of this
investigation. The investigation utilized the USEPA Target Analyte List/Target Compound List
(TAL/TCL) of analytes as the constituents of concern. The rationale for required analytical
measurements and resulting data use is specified in the project QAPP.

Project samples included in this evaluation consist of 174 surface soil sample and 12 field duplicate
(FD) samples collected from November 2008 to August 2010. The laboratory reported the analyses
in several sample delivery groups (SDG). The SDGs included in this evaluation are:

e SDG # 0811206
e SDG # 0904132
e SDG # 0904149
e SDG # 0905018
e SDG # 0906007
e SDG # 0911185
e SDG # 1008273

A listing of specific project samples contained in each SDG, along with a cross reference of sample
field ID numbers to laboratory ID numbers, is included with this report as Attachment 1.

1.2.3 Project Analytical Methods and Measurement Parameters

In order to obtain definitive data and promote data comparability, the laboratory was required to
perform testing within the guidelines of standardized, USEPA and USACE approved methods and
procedures included in the following protocols:

e “Test Methods for Evaluating Solid Waste,” SW-846, 3" Edition, Update Ill, USEPA,
November 1986, (SW-846).

e “Shell for Analytical Chemistry Requirements,” Appendix |, from EM 200-1-3 “Requirements for
the Preparation of Sampling and Analysis Plans” USACE HTRW-CX, February 2001.

The project included collection of definitive data for all soil, sediment, surface water, and
groundwater samples for all measurement parameters. Specific analytical methods used in the
analysis of each project sample were included in the laboratory case narratives included in each
SDG and are summarized below for each primary sample type.

Soil Samples

e Polychlorinated biphenyls (PCB) by SW846/3540C/8082 or SW846/3546/8082.

1.2.3.1 Deviations from Planned Analytical Procedures

The only deviation from the QAPP prescribed analytical methods was for the PCB soil preparatory
method. The QAPP requires soxhlet extraction by SW846/3540C. Empirical Laboratories had
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previously requested permission to perform soxtherm extraction by SW846/3541. This minor
modification was approved in advance with Jacobs and the Nashville District Chemist. This
modification to the preparatory method for PCBs will not adversely affect data comparability with the
initial soils data from the site.

1.2.4 Data Evaluation Procedure

The quality of this data has been evaluated following the “data verification/data validation” procedure
included in the QAPP as Step 2 of the five-step USACE DQA process. The procedure was derived
from the USACE “Shell for Analytical Chemistry Requirements” and the USACE Engineering Manual
EM 200-1-10 “Guidance for Evaluating Performance-Based Chemical Data” and considers the
project DQOs, project QAPP guidance, DoD Quality Systems Manual Version 4.1 guidance, QC
requirements of the analytical methods, and informed professional judgment of the evaluator.
Qualified Jacobs personnel, experienced in the evaluation of analytical data quality, performed data
evaluation.

A brief description of the procedure followed in this evaluation is presented below.

Data Verification Procedure

At a minimum, the following data quality issues were addressed in this evaluation with respect to
100 percent of the sample data.

e Review of chain-of-custody and sample receipt forms to evaluate sample receipt data, damaged
sample containers, etc.

e Review of laboratory testing methods, detection limits, holding times, data qualifiers, etc.
e Review of field QC blank data to detect contamination from outside sources.

e Review of field QC duplicates to evaluate data reproducibility.

¢ Review of laboratory QC including laboratory blanks, spike recoveries, and duplicates.

¢ Verification of calibrations as summarized by the laboratory on the USEPA Contract Laboratory
Program- (CLP) like reporting forms and within their case narratives.

¢ Qualification of unusable data as rejected and attachment of appropriate qualifiers to usable
data.

e Presentation of data evaluation findings in terms of the data quality parameters precision,
accuracy, representativeness, sensitivity, and completeness.

Data quality parameters were evaluated as follows:

e Precision: Precision is defined as the degree to which two or more measurements are in
agreement. Precision is measured by comparing duplicate sample results and is expressed as
the relative percent difference (RPD) between native and FD samples results, native and
laboratory replicate samples results, matrix spike (MS) and matrix spike duplicate (MSD)
recoveries, and/or laboratory control sample (LCS) and laboratory control sample duplicate
(LCSD) recoveries.
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Field precision is measured by comparing FD sample results. FD samples are collected by
taking two sequential aliquots of the same soil/sediment sample or aqueous sample, and
submitting the samples to the laboratory for analysis as two separate samples. The maximum
allowable RPD for soil and sediment samples, when concentrations in the native and field
duplicate sample are greater than five times the reporting limit (RL), is 50 percent. Results that
exceed the allowable RPD are qualified as estimated in both the native and FD sample.

Laboratory precision is measured by the analysis of MS/MSD samples, LCS/LCSD samples,
and/or laboratory replicate samples. Precision objectives for respective analyses are listed in
the Plum Brook QAPP. For organic analyses where MS/MSD RPD values exceed the accepted
criteria, results in the parent sample are qualified as estimated. For inorganic analyses where
the MS/MSD or laboratory replicate RPD values exceed the accepted criteria, results in the
associated preparatory or analysis batch are qualified as estimated. For LCS/LCSD RPD values
that exceed criteria, all samples in the associated batch are qualified as estimated.

e Accuracy: Accuracy is defined as the degree to which the detected value represents the true
value. Accuracy is frequently used synonymously with bias. The term bias describes the
systematic or persistent error associated with a measurement process. Accuracy is assessed
through the collection and analysis of blanks (field and laboratory) and other QC samples or
spikes.

Accuracy in the field is assessed through the collection and analysis of equipment blanks (EB).
Contamination in blanks indicates that false positive results or results that are biased high may
exist for samples associated with the affected blanks. During data review, sample data are
qualified as non-detect based on EB results when the analyte in the associated sample is less
than five times the result in the EB.

Accuracy in the laboratory is measured by a variety of means including sample holding times
and preservation; instrument calibration; analysis of QC samples such laboratory blanks, MS
samples and LCS samples; internal standard (IS) areas; and surrogate recovery in organic
analyses. Laboratory blank qualifications are applied in the same manner as field blank
qualifications. Accuracy is quantitatively measured by calculating percent recoveries for MS
samples, LCS samples and surrogates.

e Representativeness: Representativeness expresses the degree to which data collected for a
sample accurately and precisely represent the in situ conditions of the sample.
Representativeness is a qualitative parameter that is dependent upon the proper design of the
sampling program and proper laboratory protocol. Sampling plans are designed to provide data
representative of the areas of investigation.

e Completeness: Completeness is calculated by comparing the number of valid measurements
obtained to the number of measurements planned for the samples.

e Sensitivity: By evaluation of laboratory detection limits, reporting units, and the overall
performance of the chosen methods.

1.2.5 Data Reporting Formats

1.2.5.1 Laboratory Data Packages and Analytical Results

The laboratory reported field sample and supporting QC data in a format consistent with the CLP
data reporting requirements. This “CLP-like” format included most applicable report summary forms
and was sulfficient to complete Step 2 of the DQA process. In a few cases the raw quantitation
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reports had to be reviewed to evaluate dilutions, manual integrations, and to check for proper
quantitation.

The supplied reports did include chromatograms and other raw data that are necessary to complete
a third party validation of the DQA process for all parameters of interest. However, third party
validation is not currently planned for AA2.

The complete analytical data packages received from the project laboratories and evaluated in this
review are available from Jacobs upon request from the CELRN.

1.2.5.2 Data Quality Non-Conformances

Data quality non-conformances identified as a result of this review are presented in Section 4.0,
Data Quality Narratives. The data quality narratives are detailed explanations of the findings of this
evaluation in terms of precision, accuracy, representativeness, sensitivity, and completeness. They
are intended to present a compilation of laboratory QC results found outside project acceptance
criteria and provide an assessment of the potential impact those results had on the analytical data.
Typically, the bulk of the project analytical protocol requirements are fulfilled and, therefore, are not
summarized in the narratives.

Tabular presentations of the analytical sample results were included in the SDG. The respective
laboratory test results tables were compiled into Data Summary Tables from the Electronic Data
Deliverable (EDD) and were included with this report as Attachment 2. In addition, the validation
qualifiers were applied to sample data to indicate data use limitations based on the findings of this
evaluation.
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2.0 DATA QUALIFIER DEFINITIONS

The following definitions provide explanations of the data qualifiers that may be assigned to results
based on this evaluation. The data qualifier definitions are consistent with those used within the
USEPA NFG referenced in Section 1.2.3 of this report.

U- The analyte was analyzed for but not detected (ND). The value preceding the U is the
Contract Required Quantitation Limit (CRQL).

J- The ID of the analyte is acceptable, but the QA criteria indicate that the quantitative values
may be outside the normal expected range of precision (i.e., the quantitative value is
considered estimated).

UJ-  This flag is a combination of the U and J qualifiers. This indicates that the analyte is not
present and the reported value is considered to be an estimated CRQL.

R- Data are considered to be rejected and shall not be used. This flag denotes the failure of
QC criteria such that it cannot be determined if the analyte is present or absent from the
sample.
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3.0 DATA EVALUATION SUMMARY
3.1 OVERALL ASSESSMENT OF PROJECT DATA QUALITY

In general, QA/QC results associated with this data indicated that the data met “definitive data”
standards and were of known quality. QC data demonstrated that the QA mechanisms were
effective in ensuring measurement data reliability within expected limits of sampling and analytical
error and were considered, as qualified, representative of actual site conditions at the time sampled.

Data reported are acceptable for the uses as intended with the required qualifications and
limitations. The data users are urged to review the Data Quality Narratives and associated data
qualifications before utilizing this data for decision-making.

Summary Of Required Data Qualifications

This section provides a summary of qualifiers applied to the data as a result of this evaluation.
Attachment 2 includes tabular presentations of the analytical sample results with data qualifiers
applied based on the findings of this evaluation. The data qualifier definitions applied during this
review are presented in Section 2.0. Section 4.0, Data Quality Narratives, contains discussion of the
evaluation findings along with an assessment of the impact on project data. Data qualified as
estimated due to detection at a level below the laboratory quantitation limit but above the method
detection limit (MDL) were not included in this summary since they were not qualified due to QC
non-conformance.

Soil Data

Several soil results were qualified as estimated (coded “J” or “UJ”) due to QC non-conformances
detailed in Section 4.1, below. No data was rejected. The PCB results can be used for decision
making without further qualification.
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4.0 DATA QUALITY NARRATIVES

The findings of this data quality evaluation are presented below in terms of precision, accuracy,
representativeness, sensitivity, and completeness.

4.1 SOIL DATA
4.1.1 Soil Data Precision

4.1.1.1 Field QC Duplicate Precision Review

Twelve FD soil samples were collected with the PCB samples. RPD values were found to be in
control with the exception of the results noted below.

Specific Findings

FD RPD: The detected results for Aroclor 1254 in samples PBOW-08-SO-AA2-SB45-A/D, PBOW-
08-SO-AA2-SB58-A/D, PBOW-09-S0O-AA2-SB108-A/D, and PBOW-09-SO-AA2-SB138-A/D; and
the detected results for Aroclor 1260 in samples PBOW-08-SO-AA2-SB58-A/D, PBOW-09-SO-AA2-
SB103-A/D, and PBOW-09-SO-AA2-SB108-A/D exceeded the RPD limit of 50 percent and were
qualified as estimated (coded “J”) due to potential sample inhomogeneity. Aroclor concentrations
and RPD values are summarized in Table 4-1.

4.1.1.2 Laboratory Duplicate Precision Review

Project laboratory duplicate precision indicators were found to be in control for each analytical
method, with the exceptions noted below as Specific Findings. Each exception was evaluated to
determine whether it had any impact on data use or resulted in data qualification.

Specific Findings

LCS/LCSD RPD: All LCS/LCSD RPD results were within accepted criteria; no qualifiers were
required.

MS/MSD RPD: All MS/MSD RPD values were within accepted criteria; qualifiers were not required.

Second Column Confirmation RPD: The second column confirmation for Aroclor 1254 results in
three soil samples were found to exceed the RPD criteria of 40 percent. Based on interferences in
the samples leading to high RPD between the primary and confirmatory result values, results were
qualified as estimated ( coded “J”) to indicate the potential imprecise measurement. The column
RPD outliers are detailed in Table 4-2.
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4.1.2 Soil Data Accuracy

4.1.2.1 Field Data Accuracy Review

Samples were collected using dedicated sampling equipment; therefore, EB samples were not
required for the samples.

4.1.2.2 Laboratory Data Accuracy Indicators Review

Project accuracy indicators were found to be in control for each analytical method, with the
exceptions noted below as Specific Findings. Each exception was evaluated to determine whether it
had any impact on data use or resulted in data qualification. Instances were dilutions caused
surrogate or spike recoveries to be diluted out are not discussed as findings if qualification was not
deemed necessary.

Specific Findings

Hold Time: Several results for Aroclor 1254 for samples collected on 11 November 2008 and
12 November 2008 were not correctly identified or quantitated in the original sample analysis if they
were analyzed at a dilution due to high Aroclor concentrations. The diluted sample extracts were
reanalyzed specifically for Aroclor 1254 ,17 to 18 days past the 40 day hold time for sample extracts.
The Aroclor 1254 results in these samples are qualified as estimated (coded “J”) with a possible low
bias because they were analyzed after the 40 day hold time for sample extracts, but within 80 days
of sample extraction. Affected samples and Aroclor 1254 results are summarized in Table 4-3.

Sample Temperature: Samples were received within temperature range; qualifications based on
sample receipt were not required.

Initial Calibration Results: Allinitial calibration results were within acceptance criteria; qualifications
were not required.

Continuing Calibration Results: All continuing calibration results were within acceptance criteria;
qualifications were not required.

Calibration Verification Results: All calibration verification results were within acceptance criteria;
qualifications were not required.

LCS/LCSD Recovery Results: The recovery for Aroclor 1260 in two extraction batches exceeded
the upper control limit of 125 percent. Detected results for Aroclor 1260 in samples associated with
these two batches were qualified as estimated (coded “J”) with a possible high bias. The results
associated with high LCS recoveries are summarized in Table 4-4.

MS/MSD Recovery Results: The recoveries for Aroclor 1260 in the MS/MSD samples analyzed on
sample PBOW-08-SO-AA2-SB52-A were higher than the upper control limit of 125 percent. The
detected result for Aroclor 1260 in sample PBOW-08-SO-AA2-SB52-A was qualified as estimated
(coded “J”) with a possible high bias due to the high MS/MSD recoveries (Table 4-5).
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Laboratory Blank Results: Aroclor 1254 and Aroclor 1260 were detected at low levels in on or more
laboratory blanks. Aroclor 1254 and 1260 results in associated samples that were less than five
times the blank value (adjusted for dilutions and percent solids) were qualified as non-detect (coded
“U”) with the DL being elevated to the result value, and the RL elevated to five times the blank value
(if that value was greater than the original RL). Results qualified as non-detect due to laboratory
blank concentrations are summarized in Table 4-6.

Surrogate Standard Recoveries: Surrogate results were not evaluated in samples analyzed at
1:5 dilutions or greater because they could not be accurately evaluated, and results were not
qualifed based on surrogate recovery outliers in these diluted samples. The recoveries for the
surrogates tetrachloro-m-xylene and/or decachlorobiphenyl were less than their respective lower
quantitation limits in several samples. Aroclor results in these samples were qualified as estimated
(coded “J” for detects and “UJ” for non-detects) with a possible low bias. These samples are
summarized in Table 4-7.

4.1.3 Soil Data Representativeness

Samples collected as part of the soil sampling event followed the Plum Brook AA2 Field Sampling
Plan and, with the exception of the hold time exceedances described above in Section 4.1.2,
represent as much as possible the in situ field conditions. The impact is most likely minimal
because PCBs are stable and are generally minimally impacted by hold time exceedances. Results
associated with these outliers have been qualified as estimated (coded “J” or “UJ”), as appropriate.

4.1.4 Soil Data Sensitivity

PCB samples were analyzed at dilutions in several samples in order to bring results within the
respective method or instrument calibration range. PCB analyses analyzed at dilutions due to high
concentrations (e.g., above the calibration range) resulted in elevated DLs and RLs for all Aroclors
in the sample. In all cases, however, the DLs for the nondetect Aroclors were below the Region IX
preliminary remediation goals.

4.1.5 Soil Data Completeness

In general, the data collected during this sampling event met the established DQOs and can be
considered valid for decision making purposes. Data for specific results were qualified as estimated
(coded “J”) for noncompliance with established criteria.

All of the planned samples were collected, and all of the planned sample analyses were performed,
resulting in a 100 percent field completeness for the soil sampling event. None of the data were
rejected, resulting in a 100 percent analytical data completeness.
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Attachment 1
Table 1-1
Acid Area 2 Sample Summary
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&

Laboratory Date Time 3

Location Sample ID SDG Sample ID Sampled | Sampled | Type Matrix (%
AA2-SB029 PBOW-08-SO-AA2-SB29-A 0811206 0811206-17 11/11/08 15:11 N1 SO X
AA2-SB030 PBOW-08-SO-AA2-SB30-A 0811206 0811206-18 11/11/08 15:22 N1 SO X
AA2-SB031 PBOW-08-SO-AA2-SB31-A 0811206 0811206-19 11/11/08 15:34 N1 SO X
AA2-SB032 PBOW-08-SO-AA2-SB32-A 0811206 0811206-16 11/11/08 14:58 N1 SO X
AA2-SB033 PBOW-08-SO-AA2-SB33-A 0811206 0811206-23 11/11/08 16:07 N1 SO X
AA2-SB034 PBOW-08-SO-AA2-SB34-A 0811206 0811206-20 11/11/08 15:46 N1 SO X
AA2-SB035 PBOW-08-SO-AA2-SB35-A 0811206 0811206-21 11/11/08 15:56 N1 SO X
AA2-SB035 PBOW-08-SO-AA2-SB35-D 0811206 0811206-22 11/11/08 15:56 FD1 SO X
AA2-SB036 PBOW-08-SO-AA2-SB36-A 0811206 0811206-24 11/11/08 16:20 N1 SO X
AA2-SB037 PBOW-08-SO-AA2-SB37-A 0811206 0811206-04 11/11/08 10:58 N1 SO X
AA2-SB038 PBOW-08-SO-AA2-SB38-A 0811206 0811206-01 11/11/08 10:05 N1 SO X
AA2-SB039 PBOW-08-SO-AA2-SB39-A 0811206 0811206-03 11/11/08 10:41 N1 SO X
AA2-SB040 PBOW-08-SO-AA2-SB40-A 0811206 0811206-02 11/11/08 10:24 N1 SO X
AA2-SB041 PBOW-08-SO-AA2-SB41-A 0811206 0811206-12 11/11/08 13:53 N1 SO X
AA2-SB042 PBOW-08-SO-AA2-SB42-A 0811206 0811206-15 11/11/08 14:33 N1 SO X
AA2-SB043 PBOW-08-SO-AA2-SB43-A 0811206 0811206-14 11/11/08 14:21 N1 SO X
AA2-SB044 PBOW-08-SO-AA2-SB44-A 0811206 0811206-13 11/11/08 14:08 N1 SO X
AA2-SB045 PBOW-08-SO-AA2-SB45-A 0811206 0811206-10 11/11/08 13:37 N1 SO X
AA2-SB045 PBOW-08-SO-AA2-SB45-D 0811206 0811206-11 11/11/08 13:37 FDA1 SO X
AA2-SB046 PBOW-08-SO-AA2-SB46-A 0811206 0811206-09 11/11/08 13:21 N1 SO X
AA2-SB047 PBOW-08-SO-AA2-SB47-A 0811206 0811206-05 11/11/08 11:16 N1 SO X
AA2-SB048 PBOW-08-SO-AA2-SB48-A 0811206 0811206-08 11/11/08 12:14 N1 SO X
AA2-SB049 PBOW-08-SO-AA2-SB49-A 0811206 0811206-07 11/11/08 12:01 N1 SO X
AA2-SB050 PBOW-08-SO-AA2-SB50-A 0811206 0811206-06 11/11/08 11:31 N1 SO X
AA2-SB051 PBOW-08-SO-AA2-SB51-A 0811206 0811206-37 11/12/08 10:46 N1 SO X
AA2-SB052 PBOW-08-SO-AA2-SB52-A 0811206 0811206-36 11/12/08 10:37 N1 SO X
AA2-SB053 PBOW-08-SO-AA2-SB53-A 0811206 0811206-35 11/12/08 10:28 N1 SO X
AA2-SB054 PBOW-08-SO-AA2-SB54-A 0811206 0811206-34 11/12/08 10:17 N1 SO X
AA2-SB055 PBOW-08-SO-AA2-SB55-A 0811206 0811206-29 11/12/08 9:39 N1 SO X
AA2-SB056 PBOW-08-SO-AA2-SB56-A 0811206 0811206-30 11/12/08 9:48 N1 SO X
AA2-SB057 PBOW-08-SO-AA2-SB57-A 0811206 0811206-31 11/12/08 9:57 N1 SO X
AA2-SB058 PBOW-08-SO-AA2-SB58-A 0811206 0811206-32 11/12/08 10:09 N1 SO X
AA2-SB058 PBOW-08-SO-AA2-SB58-D 0811206 0811206-33 11/12/08 10:09 FD1 SO X
AA2-SB059 PBOW-08-SO-AA2-SB59-A 0811206 0811206-25 11/12/08 8:55 N1 SO X
AA2-SB060 PBOW-08-SO-AA2-SB60-A 0811206 0811206-28 11/12/08 9:31 N1 SO X
AA2-SB061 PBOW-08-SO-AA2-SB61-A 0811206 0811206-27 11/12/08 9:21 N1 SO X
AA2-SB062 PBOW-08-SO-AA2-SB62-A 0811206 0811206-26 11/12/08 9:08 N1 SO X
AA2-SB63 PBOW-09-SO-AA2-SB63-A 0904132 0904132-20 4/14/09 15:55 N1 SO X
AA2-SB64 PBOW-09-SO-AA2-SB64-A 0904132 0904132-21 4/14/09 16:00 N1 SO X
AA2-SB65 PBOW-09-SO-AA2-SB65-A 0904132 0904132-22 4/14/09 16:10 N1 SO X
AA2-SB66 PBOW-09-SO-AA2-SB66-A 0904132 0904132-23 4/14/09 16:15 N1 SO X
AA2-SB67 PBOW-09-SO-AA2-SB67-A 0904132 0904132-24 4/14/09 16:25 N1 SO X
AA2-SB68 PBOW-09-SO-AA2-SB68-A 0904132 0904132-25 4/14/09 16:30 N1 SO X
AA2-SB69 PBOW-09-SO-AA2-SB69-A 0904149 0904149-01 4/15/09 9:00 N1 SO X
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AA2-SB70 PBOW-09-SO-AA2-SB70-A 0904149 0904149-02 4/15/09 9:08 N1 SO X
AA2-SB71 PBOW-09-SO-AA2-SB71-A 0904149 0904149-03 4/15/09 9:15 N1 SO X
AA2-SB72 PBOW-09-SO-AA2-SB72-A 0904149 0904149-04 4/15/09 9:30 N1 SO X
AA2-SB72 PBOW-09-SO-AA2-SB72-D 0904149 0904149-05 4/15/09 9:30 FDA1 SO X
AA2-SB73 PBOW-09-SO-AA2-SB73-A 0904149 0904149-06 4/15/09 9:38 N1 SO X
AA2-SB74 PBOW-09-SO-AA2-SB74-A 0904149 0904149-07 4/15/09 9:45 N1 SO X
AA2-SB75 PBOW-09-SO-AA2-SB75-A 0904149 0904149-08 4/15/09 9:50 N1 SO X
AA2-SB76 PBOW-09-SO-AA2-SB76-A 0904149 0904149-09 4/15/09 10:00 N1 SO X
AA2-SB77 PBOW-09-SO-AA2-SB77-A 0904149 0904149-10 4/15/09 10:08 N1 SO X
AA2-SB78 PBOW-09-SO-AA2-SB78-A 0904149 0904149-11 4/15/09 10:15 N1 SO X
AA2-SB79 PBOW-09-SO-AA2-SB79-A 0904149 0904149-12 4/15/09 10:25 N1 SO X
AA2-SB80 PBOW-09-SO-AA2-SB80-A 0904149 0904149-13 4/15/09 10:30 N1 SO X
AA2-SB81 PBOW-09-SO-AA2-SB81-A 0904149 0904149-14 4/15/09 13:55 N1 SO X
AA2-SB82 PBOW-09-SO-AA2-SB82-A 0904149 0904149-15 4/15/09 14:05 N1 SO X
AA2-SB83 PBOW-09-SO-AA2-SB83-A 0904149 0904149-16 4/15/09 14:15 N1 SO X
AA2-SB83 PBOW-09-SO-AA2-SB83-D 0904149 0904149-17 4/15/09 14:15 FD1 SO X
AA2-SB84 PBOW-09-SO-AA2-SB84-A 0904149 0904149-18 4/15/09 14:30 N1 SO X
AA2-SB85 PBOW-09-SO-AA2-SB85-A 0904149 0904149-19 4/15/09 14:38 N1 SO X
AA2-SB86 PBOW-09-SO-AA2-SB86-A 0904149 0904149-20 4/15/09 14:45 N1 SO X
AA2-SB87 PBOW-09-SO-AA2-SB87-A 0904149 0904149-21 4/15/09 14:58 N1 SO X
AA2-SB88 PBOW-09-SO-AA2-SB88-A 0904149 0904149-22 4/15/09 15:08 N1 SO X
AA2-SB89 PBOW-09-SO-AA2-SB89-A 0904149 0904149-23 4/15/09 15:15 N1 SO X
AA2-SB90 PBOW-09-SO-AA2-SB90-A 0904149 0904149-24 4/15/09 16:30 N1 SO X
AA2-SB9I1 PBOW-09-SO-AA2-SB91-A 0904149 0904149-25 4/15/09 16:35 N1 SO X
AA2-SB92 PBOW-09-SO-AA2-SB92-A 0904149 0904149-26 4/16/09 8:50 N1 SO X
AA2-SB93 PBOW-09-SO-AA2-SB93-A 0904149 0904149-27 4/16/09 9:00 N1 SO X
AA2-SB94 PBOW-09-SO-AA2-SB94-A 0904149 0904149-28 4/16/09 9:10 N1 SO X
AA2-SB94 PBOW-09-SO-AA2-SB94-D 0904149 0904149-29 4/16/09 9:10 FD1 SO X
AA2-SB95 PBOW-09-SO-AA2-SB95-A 0904149 0904149-30 4/16/09 9:20 N1 SO X
AA2-SB96 PBOW-09-SO-AA2-SB96-A 0904149 0904149-31 4/16/09 9:30 N1 SO X
AA2-SB97 PBOW-09-SO-AA2-SB97-A 0904149 0904149-32 4/16/09 9:40 N1 SO X
AA2-SB98 PBOW-09-SO-AA2-SB98-A 0904149 0904149-33 4/16/09 9:50 N1 SO X
AA2-SB99 PBOW-09-SO-AA2-SB99-A 0904149 0904149-34 4/16/09 11:20 N1 SO X
AA2-SB99 PBOW-09-SO-AA2-SB99-D 0904149 0904149-35 4/16/09 11:20 FD1 SO X
AA2-SB100 PBOW-09-SO-AA2-SB100-A 0904149 0904149-36 4/16/09 11:35 N1 SO X
AA2-SB101 PBOW-09-SO-AA2-SB101-A 0904149 0904149-37 4/16/09 11:50 N1 SO X
AA2-SB102 PBOW-09-SO-AA2-SB102-A 0904149 0904149-38 4/16/09 12:55 N1 SO X
AA2-SB103 PBOW-09-SO-AA2-SB103-A 0904149 0904149-39 4/16/09 13:12 N1 SO X
AA2-SB104 PBOW-09-SO-AA2-SB104-A 0904149 0904149-40 4/16/09 13:25 N1 SO X
AA2-SB105 PBOW-09-SO-AA2-SB105-A 0904149 0904149-41 4/16/09 13:40 N1 SO X
AA2-SB106 PBOW-09-SO-AA2-SB106-A 0905018 0905018-19 4/30/09 13:15 N1 SO X
AA2-SB107 PBOW-09-SO-AA2-SB107-A 0905018 0905018-20 4/30/09 13:25 N1 SO X
AA2-SB108 PBOW-09-SO-AA2-SB108-A 0905018 0905018-21 4/30/09 13:35 N1 SO X
AA2-SB108 PBOW-09-SO-AA2-SB108-D 0905018 0905018-22 4/30/09 13:35 FD1 SO X
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AA2-SB109 PBOW-09-SO-AA2-SB109-A 0905018 0905018-23 4/30/09 13:50 N1 SO X
AA2-SB110 PBOW-09-SO-AA2-SB110-A 0905018 0905018-24 4/30/09 14:00 N1 SO X
AA2-SB111 PBOW-09-SO-AA2-SB111-A 0905018 0905018-25 4/30/09 14:10 N1 SO X
AA2-SB112 PBOW-09-SO-AA2-SB112-A 0905018 0905018-26 4/30/09 14:15 N1 SO X
AA2-SB113 PBOW-09-SO-AA2-SB113-A 0905018 0905018-27 4/30/09 14:30 N1 SO X
AA2-SB114 PBOW-09-SO-AA2-SB114-A 0905018 0905018-28 4/30/09 14:37 N1 SO X
AA2-SB115 PBOW-09-SO-AA2-SB115-A 0905018 0905018-29 4/30/09 14:48 N1 SO X
AA2-SB116 PBOW-09-SO-AA2-SB116-A 0905018 0905018-30 4/30/09 14:55 N1 SO X
AA2-SB117 PBOW-09-SO-AA2-SB117-A 0905018 0905018-31 4/30/09 15:20 N1 SO X
AA2-SB118 PBOW-09-SO-AA2-SB118-A 0905018 0905018-32 4/30/09 15:30 N1 SO X
AA2-SB119 PBOW-09-SO-AA2-SB119-A 0905018 0905018-33 4/30/09 15:40 N1 SO X
AA2-SB120 PBOW-09-SO-AA2-SB120-A 0905018 0905018-34 4/30/09 15:53 N1 SO X
AA2-SB121 PBOW-09-SO-AA2-SB121-A 0905018 0905018-35 4/30/09 16:00 N1 SO X
AA2-SB121 PBOW-09-SO-AA2-SB121-D 0905018 0905018-36 4/30/09 16:00 FD1 SO X
AA2-SB122 PBOW-09-SO-AA2-SB122-A 0905018 0905018-37 4/30/09 16:10 N1 SO X
AA2-SB123 PBOW-09-SO-AA2-SB123-A 0905018 0905018-38 4/30/09 16:20 N1 SO X
AA2-SB124 PBOW-09-SO-AA2-SB124-A 0905018 0905018-39 4/30/09 16:35 N1 SO X
AA2-SB125 PBOW-09-SO-AA2-SB125-A 0905018 0905018-40 4/30/09 16:45 N1 SO X
AA2-SB126 PBOW-09-SO-AA2-SB126-A 0905018 0905018-41 4/30/09 16:58 N1 SO X
AA2-SB127 PBOW-09-SO-AA2-SB127-A 0905018 0905018-42 4/30/09 17:05 N1 SO X
AA2-SB128 PBOW-09-SO-AA2-SB128-A 0905018 0905018-43 4/30/09 17:15 N1 SO X
AA2-SB128 PBOW-09-SO-AA2-SB128-D 0905018 0905018-44 4/30/09 17:15 FD1 SO X
AA2-SB129 PBOW-09-SO-AA2-SB129-A 0905018 0905018-45 4/30/09 17:25 N1 SO X
AA2-SB130 PBOW-09-SO-AA2-SB130-A 0905018 0905018-46 5/1/09 10:30 N1 SO X
AA2-SB131 PBOW-09-SO-AA2-SB131-A 0905018 0905018-47 5/1/09 10:40 N1 SO X
AA2-SB132 PBOW-09-SO-AA2-SB132-A 0905018 0905018-48 5/1/09 10:48 N1 SO X
AA2-SB133 PBOW-09-SO-AA2-SB133-A 0905018 0905018-49 5/1/09 11:00 N1 SO X
AA2-SB133 PBOW-09-SO-AA2-SB133-D 0905018 0905018-50 5/1/09 11:00 FD1 SO X
AA2-SB134 PBOW-09-SO-AA2-SB134-A 0905018 0905018-51 5/1/09 11:08 N1 SO X
AA2-SB135 PBOW-09-SO-AA2-SB135-A 0905018 0905018-52 5/1/09 11:15 N1 SO X
AA2-SB136 PBOW-09-SO-AA2-SB136-A 0905018 0905018-53 5/1/09 11:25 N1 SO X
AA2-SB137 PBOW-09-SO-AA2-SB137-A 0905018 0905018-54 5/1/09 11:35 N1 SO X
AA2-SB138 PBOW-09-SO-AA2-SB138-A 0905018 0905018-55 5/1/09 11:45 N1 SO X
AA2-SB138 PBOW-09-SO-AA2-SB138-D 0905018 0905018-56 5/1/09 11:45 FD1 SO X
AA2-SB139 PBOW-09-SO-AA2-SB139-A 0905018 0905018-57 5/1/09 11:52 N1 SO X
AA2-SB140 PBOW-09-SO-AA2-SB140-A 0905018 0905018-58 5/1/09 12:55 N1 SO X
AA2-SB141 PBOW-09-SO-AA2-SB141-A 0905018 0905018-59 5/1/09 13:05 N1 SO X
AA2-SB142 PBOW-09-SO-AA2-SB142-A 0905018 0905018-60 5/1/09 13:25 N1 SO X
AA2-SB143 PBOW-09-SO-AA2-SB143-A 0905018 0905018-61 5/1/09 13:40 N1 SO X
AA2-SB144 PBOW-09-SO-AA2-SB144-A 0905018 0905018-62 5/1/09 13:55 N1 SO X
AA2-SB145 PBOW-09-SO-AA2-SB145-A 0905018 0905018-63 5/1/09 14:03 N1 SO X
AA2-SB146 PBOW-09-SO-AA2-SB146-A 0905018 0905018-64 5/1/09 14:15 N1 SO X
AA2-SB147 PBOW-09-SO-AA2-SB147-A 0906007 0906007-22 5/28/09 14:12 N1 SO X
AA2-SB148 PBOW-09-SO-AA2-SB148-A 0906007 0906007-23 5/28/09 14:22 N1 SO X
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AA2-SB149 PBOW-09-SO-AA2-SB149-A 0906007 0906007-24 5/28/09 14:29 N1 SO X
AA2-SB150 PBOW-09-SO-AA2-SB150-A 0906007 0906007-25 5/28/09 14:45 N1 SO X
AA2-SB151 PBOW-09-SO-AA2-SB151-A 0906007 0906007-26 5/28/09 14:52 N1 SO X
AA2-SB152 PBOW-09-SO-AA2-SB152-A 0906007 0906007-27 5/28/09 15:05 N1 SO X
AA2-SB153 PBOW-09-SO-AA2-SB153-A 0906007 0906007-28 5/28/09 15:20 N1 SO X
AA2-SB154 PBOW-09-SO-AA2-SB154-A 0906007 0906007-29 5/28/09 15:25 N1 SO X
AA2-SB155 PBOW-09-SO-AA2-SB155-A 0906007 0906007-30 5/28/09 15:35 N1 SO X
AA2-SB156 PBOW-09-SO-AA2-SB156-A 0906007 0906007-31 5/28/09 15:57 N1 SO X
AA2-SB157 PBOW-09-SO-AA2-SB157-A 0906007 0906007-32 5/28/09 16:07 N1 SO X
AA2-SB158 PBOW-09-SO-AA2-SB158-A 0906007 0906007-33 5/28/09 16:15 N1 SO X
AA2-SB159 PBOW-09-SO-AA2-SB159-A 0906007 0906007-34 5/28/09 16:20 N1 SO X
AA2-SB160 PBOW-09-SO-AA2-SB160-A 0906007 0906007-35 5/28/09 16:30 N1 SO X
AA2-SB161 PBOW-09-SO-AA2-SB161-A 0906007 0906007-36 5/28/09 16:40 N1 SO X
AA2-SB162 PBOW-09-SO-AA2-SB162-A 0906007 0906007-37 5/29/09 11:45 N1 SO X
AA2-SB163 PBOW-09-SO-AA2-SB163-A 0906007 0906007-38 5/29/09 11:50 N1 SO X
AA2-SB164 PBOW-09-SO-AA2-SB164-A 0906007 0906007-39 5/29/09 11:57 N1 SO X
AA2-SB165 PBOW-09-SO-AA2-SB165-A 0906007 0906007-40 5/29/09 12:05 N1 SO X
AA2-SB166 PBOW-09-SO-AA2-SB166-A 0906007 0906007-41 5/29/09 10:34 N1 SO X
AA2-SB167 PBOW-09-SO-AA2-SB167-A 0906007 0906007-42 5/29/09 10:45 N1 SO X
AA2-SB168 PBOW-09-SO-AA2-SB168-A 0906007 0906007-43 5/29/09 11:00 N1 SO X
AA2-SB169 PBOW-09-SO-AA2-SB169-A 0906007 0906007-44 5/29/09 11:15 N1 SO X
AA2-SB170 PBOW-09-SO-AA2-SB170-A 0906007 0906007-45 5/29/09 11:25 N1 SO X
AA2-SB171 PBOW-09-SO-AA2-SB171-A 0906007 0906007-46 5/29/09 11:35 N1 SO X
AA2-SB172 PBOW-09-SO-AA2-SB172-A 0911185 0911185-16 11/17/09 11:35 N1 SO X
AA2-SB173 PBOW-09-SO-AA2-SB173-A 0911185 0911185-17 11/17/09 11:45 N1 SO X
AA2-SB174 PBOW-09-SO-AA2-SB174-A 0911185 0911185-18 11/17/09 11:50 N1 SO X
AA2-SB175 PBOW-09-SO-AA2-SB175-A 0911185 0911185-19 11/17/09 11:55 N1 SO X
AA2-SB176 PBOW-09-SO-AA2-SB176-A 0911185 0911185-20 11/17/09 12:00 N1 SO X
AA2-SB177 PBOW-09-SO-AA2-SB177-A 0911185 0911185-21 11/17/09 12:07 N1 SO X
AA2-SB178 PBOW-09-SO-AA2-SB178-A 0911185 0911185-22 11/17/09 12:15 N1 SO X
AA2-SB179 PBOW-09-SO-AA2-SB179-A 0911185 0911185-23 11/17/09 14:25 N1 SO X
AA2-SB180 PBOW-09-SO-AA2-SB180-A 0911185 0911185-24 11/17/09 14:30 N1 SO X
AA2-SB181 PBOW-09-SO-AA2-SB181-A 0911185 0911185-25 11/17/09 14:35 N1 SO X
AA2-SB182 PBOW-09-SO-AA2-SB182-A 0911185 0911185-26 11/17/09 14:45 N1 SO X
AA2-SB183 PBOW-09-SO-AA2-SB183-A 0911185 0911185-27 11/17/09 16:50 N1 SO X
AA2-SB184 PBOW-09-SO-AA2-SB184-A 0911185 0911185-28 11/17/09 16:55 N1 SO X
AA2-SB185 PBOW-09-SO-AA2-SB185-A 0911185 0911185-29 11/17/09 17:00 N1 SO X
AA2-SB186 PBOW-09-SO-AA2-SB186-A 0911185 0911185-30 11/17/09 17:10 N1 SO X
AA2-SB187 PBOW-09-SO-AA2-SB187-A 0911185 0911185-31 11/17/09 17:15 N1 SO X
AA2-SB188 PBOW-10-SO-AA2-SB188-A 1008273 1008273-28 8/29/10 10:40 N1 SO X
AA2-SB189 PBOW-10-SO-AA2-SB189-A 1008273 1008273-29 8/29/10 10:55 N1 SO X
AA2-SB190 PBOW-10-SO-AA2-SB190-A 1008273 1008273-30 8/29/10 11:00 N1 SO X
AA2-SB191 PBOW-10-SO-AA2-SB191-A 1008273 1008273-31 8/29/10 11:15 N1 SO X
AA2-SB192 PBOW-10-SO-AA2-SB192-A 1008273 1008273-32 8/29/10 11:30 N1 SO X
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AA2-SB193 PBOW-10-SO-AA2-SB193-A 1008273 1008273-33 8/29/10 11:40 N1 SO X
AA2-SB194 PBOW-10-SO-AA2-SB194-A 1008273 1008273-34 8/29/10 11:45 N1 SO X
AA2-SB195 PBOW-10-SO-AA2-SB195-A 1008273 1008273-35 8/29/10 13:20 N1 SO X
AA2-SB196 PBOW-10-SO-AA2-SB196-A 1008273 1008273-36 8/29/10 14:20 N1 SO X
AA2-SB197 PBOW-10-SO-AA2-SB197-A 1008273 1008273-37 8/29/10 14:30 N1 SO X
AA2-SB198 PBOW-10-SO-AA2-SB198-A 1008273 1008273-38 8/29/10 14:35 N1 SO X
AA2-SB199 PBOW-10-SO-AA2-SB199-A 1008273 1008273-39 8/29/10 17:00 N1 SO X
AA2-SB200 PBOW-10-SO-AA2-SB200-A 1008273 1008273-40 8/29/10 17:05 N1 SO X
AA2-SB201 PBOW-10-SO-AA2-SB201-A 1008273 1008273-41 8/29/10 17:10 N1 SO X
AA2-SB202 PBOW-10-SO-AA2-SB202-A 1008273 1008273-42 8/29/10 17:25 N1 SO X

Data Source:

Jacobs, 30 March 2011, Plum Brook Site Environmental Evaluation (SEE) Database

FD1 = field duplicate sample

N1 = primary environmental sample
PCB = polychlorinated biphenyl
SDG = sample delivery group

SO = soil matrix
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Appendix B



Alternative 2 Capital Cost Sub-Element
Planning Documents

COST WORKSHEET B-1

Site: PBOW, Acid Area 2 Prepared By: AFH Checked By: BL
Location Sandusky, Ohio Date: 4/27/2011 Date: 4/27/2011
Phase FS (-30% to +50%)
Base Year 2011
Work Statement: Prepare planning documents to include Remedial Action Work Plan (RAWP), Quality Assurance Project
Plan (QAPP), and Health and Safety Plan (HASP). Includes two review cycles with comment
incorporation.
Cost Analysis:
UNIT UNIT
DESCRIPTION QTY UNIT RATE TOTAL NOTES
Labor
Senior Engineer 30 Hr $ 120 $3,600  All documents
Task Manager 70 Hr $ 107 $7,490  All documents
QA Specialist 10 Hr $ 85 $850  All documents
Geologist 30 Hr $ 85 $2,550 RAWP only
Chemist 20 Hr $ 85 $1,700 RAWP and QAPP
Project Engineer 140 Hr $ 90 $12,600 All documents
Health and Safety 40 Hr $ 85 $3,400 HASP only
GIS / CADD Specialist 40 Hr $ 73 $2,920 RAWP only
SUBTOTAL $35,110
Materials / Service
shipping 36 ea $  45.00 $1.620 includes 6 shipments per submittal, draft and final, 3
documents
SUBTOTAL $1,620
TOTAL $36,730
Prime Contractor Profit 10% $3,673
TOTAL UNIT COST $40,403




Alternative 2 Capital Cost Sub-Element
Mobilization COST WORKSHEET B-2

Site: PBOW, Acid Area 2 Prepared By: RGH Checked By: BL

Location Sandusky, Ohio Date: 4/27/2011 Date: 4/27/2011

Phase FS (-30% to +50%)

Base Year 2011

Work Statement: Mobilize personnel and equipment to the site. This will include packing documents, small equipment

items, and field office supplies. Procurement and field planning is included in this estimate. Travel to
the site for contractor personnel. Set-up of site facilities.

Cost Analysis:

UNIT UNIT
DESCRIPTION QTY UNIT RATE TOTAL NOTES
Labor
Senior Engineer 10 Hr $ 120 $1,200 subcontract SOWs, field planning
Task Manager 10 Hr $ 107 $1,070 subcontract SOWs, field planning
Geologist 20 Hr $ 85 $1,700 subcontract SOWs, field planning
Chemist 30 Hr $ 85 $2,550 subcontract SOWs, field planning
Project Engineer 30 Hr $ 90 $2,700 subcontract SOWs, field planning
Contracts Mgr 30 Hr $ 95 $2,850 subcontract packages
Procurement Specialist 60 Hr $ 55 $3,300 subcontract packages
Site Manager 80 Hr $ 100 $8,000 field planning
Equipment Operator 27 Hr $ 42 $1,134 equipment mobilization
SUBTOTAL $24,504
Materials / Service
mobilize personnel 1 LS $ 1,000 $1,000
site office materials and supplies 1 LS $ 1,000 $1,000
Deliver & Set up trailer 1 LS $ 2,825 $2,825
Install Utilities 1 LS $ 2,575 $2,575
SUBTOTAL $7,400
Equipment
Mobilize Equipment 9 ea $ 300.00 $2,700 2 dozers, 2 dump trucks, front end Iqader, water
truck, compactor, tractor, portable toilet
SUBTOTAL $2,700
TOTAL $34,604
Prime Contractor Profit 10% $3,460

TOTAL UNIT COST $38,064




Alternative 2 Capital Cost Sub-Element
Site Clearing COST WORKSHEET B-3

Site: PBOW, Acid Area 2 Prepared By: RGH Checked By: BL

Location Sandusky, Ohio Date: 4/26/2011 Date: 4/27/2011

Phase FS (-30% to +50%) Revised: 3/12/2012

Base Year 2011

Work Statement: Clear site of brush and small trees, grub and remove stumps. Remove an occassional larger tree and
stump.

Cost Analysis:

UNIT UNIT

DESCRIPTION QTY UNIT RATE TOTAL NOTES
Materials / Service
Cut and chip light trees 2.57 Ac $ 3,416 $8,779  $1400/acre equipment, 48 hrs/acre labor @ $42/hr
Grub and remove stumps 257 AC $ 1,679 $4,315  $1175/acre equipment, 12 hrs/acre labor @ $42/hr
Brush hog 1.10 AC $ 452 $497  $200/acre equipment, 6 hrs/acre labor @ $42/hr
Remove larger trees and stumps 1 LS $ 1,988 $1,988 15 trees removed and left on sight lump sum cost
SUBTOTAL $15,579
TOTAL $15,579
Prime Contractor Profit 10% $1,558
TOTAL UNIT COST $17,137

Assunptions

assumes clearing additional 25% beyond current delineation
assumes wooded area is 70% of area to be cleared
assumes brush hogging is 30% of area.

Assumes 5 larger trees per acre of wooded area




Alternative 2 Capital Cost Sub-Element COST WORKSHEET B-4

Waste Characterization

Site: PBOW, Acid Area 2 Prepared By: AFH Checked By: BL

Location Sandusky, Ohio Date: 4/26/2011 Date: 4/27/2011

Phase FS (-30% to +50%) Revised: 3/12/2012

Base Year 2011

Work Statement: Collect waste characterization samples at a rate of 1 : 500 tons of soil. Each sample will be a composite

of four samples collected on 30' grid centers. Samples will be analyzed off-site for PAH, TCLP Lead,
and ph. One represenative sample from the site will be analyzed for ignitability, flashpoint, and reactivity
for cyanide / sulfide.

Cost Analysis:

DESCRIPTION

Labor

Geologist

Environmental Scientist

Chemist
Data Mgmt
SUBTOTAL

Materials / Service
sampling materials
sample shipping
off-site analysis
off-site analysis (other)
SUBTOTAL

Travel
airfare
lodging

per diem
vehicle
SUBTOTAL

TOTAL

Prime Contractor Profit

TOTAL UNIT COST

UNIT UNIT
QTY UNIT RATE TOTAL NOTES
37 Hr $ 85 $ 3,145 8 hrs grid set-up, 17 hours collect and ship samples, 12

hours travel

37 Hr $ 70 $ 2590 8 hrs grid set-up, 17 hours collect and ship samples, 12
hours travel
25 Hr $ 85 $ 2,125 lab coordination, data validation
11 Hr $ 75 $ 825 data management
$ 8,685
1 LS $ 8,728 $8,728  see backup table
7 ea $ 250 $1,750
34 ea $ 165 $5,610 (PAH, TCLP Lead, ph)
1 ea $ 100 $100 flashpoint, ignitability, reactivity
$16,188
2 ea $ 350.00 $700 geologist and env scientist
10 ea $ 77.00 $770 8 days each
10 ea $ 46.00 $460 8 days each
1 wk $ 600.00 $600
$2,530
$27,403

10% $2,740

$30,143

Assumptions

waste characterization samples will be collected from material in-place prior to excavation rather than from stockpiles
team of two can collect 48 hand augered samples per day
two of the 4 grabs per composite will be collected from 6" to 12" and 2 from 12" to 18"




Excavation and Disposal

Alternative 2 Capital Cost Sub-Element

COST WORKSHEET B-5

Site: PBOW, Acid Area 2 Prepared By: RGH Checked By: BL

Location Sandusky, Ohio Date: 4/27/2011 Date: 4/27/2011
Phase FS (-30% to +50%) Revised: 3/13/2012

Base Year 2011

Work Statement: Excavate contaminated soil and transport to the local landfill for disposal. Soil will initially be

excavated to a depth of 18". Additional 9" lifts will be removed in areas where verification samples
show remaining contamination. Excavation will proceed as warranted by verification samples.

Cost Analysis:

DESCRIPTION

Labor
Operator
Operator
Operator
SUBTOTAL

Materials / Service
waste disposal (landlill charges)
SUBTOTAL

Equipment

105 HP Dozer, 150' Haul
Front end loader

18 CY Dump truck, hauling
SUBTOTAL

TOTAL

Prime Contractor Profit

TOTAL UNIT COST

QTY UNIT
721 Hr
721 Hr
802 Hr

17240 ton
16375 CY
16375 cY
16375 CY

UNIT
RATE

£

42

©

2.45
2.45
5.20

©“ &

10%

UNIT
TOTAL

$30,261
$30,261
$33,700
$94,222

$517,200
$517,200

$40,119
$40,119
$85,150
$165,388
$776,809

$77,681

$854,490

NOTES

Dozer, .044 hrs per CY (RS Means)
Front end loader, .044 hrs per CY (RS Means)
18 CY Dump Truck, 0.049 hrs per CY (RS Means)




Alternative 2 Capital Cost Sub-Element
Excavation Verification Sampling COST WORKSHEET B-6

Site: PBOW, Acid Area 2 Prepared By: AFH Checked By: BL

Location Sandusky, Ohio Date: 4/26/2011 Date: 4/27/2011

Phase FS (-30% to +50%) Revised: 7/30/2012

Base Year 2011

Work Statement: Collect excavation verification samples from the exacvation floor and side wall using the USACE

incremental sampling guidance. Floor sample unit areas will be 400 sq ft and wall sample unit areas will
be 20 linear feet. Samples will be analyzed on-site for PCBs using a potable GC unit. QA samples will
be sent off-site for PCB analysis at a rate of 1:10 to verify the portable GC results.

Cost Analysis:

UNIT UNIT
DESCRIPTION QTY UNIT RATE TOTAL NOTES
Labor
Geologist 142 Hr $ 85 $ 12,070 8 hrs grid set-up, 98 hours collect and ship samples, 36
hrs travel, 3 trips

Environmental Scientist 142 Hr $ 70 $ 9,940 8 hrs grid set-up, 33 hours collect and ship samples, 36
' hrs travel, 3 trips

Chemist 288 Hr $ 85 $ 24.480 220 hrs on-site PCB analysis, 32 hrs data validation 36
' hours travel, 3 trips

Data Mgmt 12 Hr $ 75 $ 900 data mgmt

SUBTOTAL $ 46,490

Materials / Service

sampling materials 1 LS $ 3,980 $3,980 see backup table

Sample shipping 16 ea $ 125 $2,000

off-site analysis 78 ea $ 88 $6,864 PCBs only

SUBTOTAL $12,844

Equipment

Portable GC Unit and supplies $9,545

SUBTOTAL $9,545

Travel

airfare 9 ea $ 350.00 $3,150 geologist, env scientist and chemist, 3 trips
lodging 22 ea $ 77.00 $1,694 3 days each trip (geo & env.), 4 days each (chem)
per diem 22 ea $ 46.00 $1,012 3 days each trip (geo & env.), 4 days each (chem)
vehicle 3 wk $ 600.00 $1,800

SUBTOTAL $7,656

TOTAL $68,879

Prime Contractor Profit 10% $6,888

TOTAL UNIT COST $75,767

Assumptions
team of two can collect 16 grab samples per hr with hand shovel
Cost of portable GC unit split between AA2 and AAS projects




Alternative 2 Capital Cost Sub-Element
Backfill and Site Restoration COST WORKSHEET B-7

Site: PBOW, Acid Area 2 Prepared By: RGH Checked By: BL
Location Sandusky, Ohio Date: 4/27/2011 Date: 4/27/2011
Phase FS (-30% to +50%) Revised: 3/13/2012

Base Year 2011

Work Statement: Backfill excavation with clean soil (local source), compact, grade site, and seed.

Cost Analysis:

UNIT UNIT

DESCRIPTION QTY UNIT RATE TOTAL NOTES
Labor
Operator 196.5 Hr $ 42 $8,253 Dozer, .012 hrs per CY (RS Means)
Operator 147.38 Hr $ 42 $6,190 Compactor, .009 hrs per CY (RS Means)
Operator & Crew 851 Hr $ 27 $22,987 Grading, seeding, fertilizing, .048 hrs per SY (RSM)
SUBTOTAL $37,430
Materials / Service
Backfill (delivered) 16375 CcY $ 10 $163,750 Quote from Barnes Nursery
Seed, straw, fertilizer 17737 SY $ 02 $3,547
SUBTOTAL $167,297
Equipment
105 HP Dozer, spread soil 16375 CY $ 1.19 $19,486 RS Means
Compactor 16375 CcY $ 0.96 $15,720 RS Means
Grader, seeder 17737  SY $ 034 $6,031 RS Means
SUBTOTAL $41,237
TOTAL $245,964
Prime Contractor Profit 10% $24,596

TOTAL UNIT COST $270,561




Alternative 2 Capital Cost Sub-Element
Facilities COST WORKSHEET B-8

Site: PBOW, Acid Area 2 Prepared By: RGH Checked By: AH
Location Sandusky, Ohio Date: 4/27/2011 Date: 4/27/2011
Phase FS (-30% to +50%) Revised: 3/13/2012

Base Year 2011

Work Statement: Trailer rental, utilities, and office equipment

Cost Analysis:

UNIT UNIT
DESCRIPTION QTY UNIT BRATE TOTAL NOTES
Materials / Service
Trailer rental 6 MO $ 360 $2,160 RS means
Utilities 6 MO $ 770.0 $4,620 RS Means
SUBTOTAL $6,780
Prime Contractor Profit 10% $678

TOTAL UNIT COST $7,458




Alternative 2 Capital Cost Sub-Element

Site Management

COST WORKSHEET B-9

Site: PBOW, Acid Area 2 Prepared By: AFH Checked By: BL
Location Sandusky, Ohio Date: 4/27/2011 Date: 4/27/2011
Phase FS (-30% to +50%) Revised: 3/13/2012

Base Year 2011

Work Statement: Coordination and oversight of field activities

Cost Analysis:

DESCRIPTION

Labor
Site Manager
SUBTOTAL

Travel
airfare
lodging

per diem
vehicle
SUBTOTAL

TOTAL

Prime Contractor Profit

TOTAL UNIT COST

QTY UNIT
1300 Hr
6 ea
156 ea
156 ea
6 mo

RATE

UNIT UNIT

TOTAL

100 $130,000

$130,000

350 $2,100
77 $12,012
46 $7,176
2,000 $12,000
$33,288

$163,288

10% $16,329

$179,617

NOTES

50 hr per week, 6 months

one trip per month
26 days per month
26 days per month




Alternative 2 Capital Cost Sub-Element COST WORKSHEET B-10

Demobilization

Site: PBOW, Acid Area 2 Prepared By: RGH Checked By: BL

Location Sandusky, Ohio Date: 4/27/2011 Date: 4/27/2011

Phase FS (-30% to +50%)

Base Year 2011

Work Statement: Demobilize personnel and equipment from the site. Disconnect utilities and demob trailer. Close

procurements and document project activities.

Cost Analysis:

UNIT UNIT
DESCRIPTION QTY UNIT RATE TOTAL NOTES
Labor
Geologist 10 Hr $ 85 $850 project documentation
Chemist 20 Hr $ 85 $1,700 project documentation
Project Engineer 20 Hr $ 90 $1,800 project documentation
Contracts Mgr 20 Hr $ 95 $1,900 close contacts
Procurement Specialist 40 Hr $ 55 $2,200 close contracts
Site Manager 60 Hr $ 100 $6,000 project documentation
Equipment Operator 27 Hr $ 42 $1,134 equipment demobilization
SUBTOTAL $15,584
Materials / Service
Demobilize personnel 1 LS $ 1,000 $1,000
Trailer Pick-up 1 LS $ 2,825 $2,825
Dissconnect Utilities 1 LS $ 2575 $2,575
SUBTOTAL $6,400
Equipment
Demobilize Equipment 9 ea $ 300.00 $2.700 2 dozers, 2 dump trucks, front end Iqader, water
truck, compactor, tractor, portable toilet
SUBTOTAL $2,700
TOTAL $24,684
Prime Contractor Profit 10% $2,468

TOTAL UNIT COST $27,152




Alternative 3 Capital Cost Sub-Element COST WORKSHEET B-11

Planning Documents

Site: BPOW, Acid Area 2 Prepared By: AFH Checked By: BL

Location Sandusky, Ohio Date: 4/27/2011 Date: 4/27/2011

Phase FS (-30% to +50%)

Base Year 2011

Work Statement: Prepare planning documents to include Remedial Action Work Plan (RAWP), Quality Assurance Project
Plan (QAPP), and Health and Safety Plan (HASP). Includes two review cycles with comment
incorporation.

Cost Analysis:

UNIT UNIT
DESCRIPTION QTY UNIT RATE TOTAL NOTES
Labor
Senior Engineer 40 Hr $ 120 $4,800  All documents
Task Manager 70 Hr $ 107 $7,490  All documents
QA Specialist 10 Hr $ 85 $850  All documents
Geologist 30 Hr $ 85 $2,550 RAWP only
Chemist 20 Hr $ 85 $1,700 RAWP and QAPP
Project Engineer 160 Hr $ 90 $14,400  All documents
Health and Safety 40 Hr $ 85 $3,400 HASP only
GIS / CADD Specialist 40 Hr $ 73 $2,920 RAWP only
SUBTOTAL $38,110
Materials / Service
shipping 36 ea $  45.00 $1,620 includes 6 shipments per submittal, draft and final, 3
documents
SUBTOTAL $1,620
TOTAL $39,730
Prime Contractor Profit 10% $3,973

TOTAL UNIT COST $43,703




Alternative 3 Capital Cost Sub-Element
Mobilization COST WORKSHEET B-12

Site: BPOW, Acid Area 2 Prepared By: RGH Checked By: BL

Location Sandusky, Ohio Date: 4/27/2011 Date: 4/27/2011

Phase FS (-30% to +50%)

Base Year 2011

Work Statement: Mobilize personnel and equipment to the site. This will include packing documents, small equipment

items, and field office supplies. Procurement and field planning is included in this estimate. Travel to
the site for contractor personnel. Set-up of site facilities.

Cost Analysis:

UNIT UNIT
DESCRIPTION QTY UNIT RATE TOTAL NOTES
Labor
Senior Engineer 10 Hr $ 120 $1,200 subcontract SOWs, field planning
Task Manager 10 Hr $ 107 $1,070 subcontract SOWs, field planning
Geologist 20 Hr $ 85 $1,700 subcontract SOWs, field planning
Chemist 30 Hr $ 85 $2,550 subcontract SOWs, field planning
Project Engineer 30 Hr $ 90 $2,700 subcontract SOWs, field planning
Contracts Mgr 30 Hr $ 95 $2,850 subcontract packages
Procurement Specialist 60 Hr $ 55 $3,300 subcontract packages
Site Manager 80 Hr $ 100 $8,000 field planning
Equipment Operator 27 Hr $ 42 $1,134 equipment mobilization
SUBTOTAL $24,504
Materials / Service
mobilize personnel 1 LS $ 1,000 $1,000
site office materials and supplies 1 LS $ 1,000 $1,000
Deliver & Set up trailer 1 LS $ 2,825 $2,825
Install Utilities 1 LS $ 2,575 $2,575
SUBTOTAL $7,400
Equipment
Mobilize Equipment 8 ea $ 300.00 $2,400 dozer, dump truck (8CY), front_ end loader, wa_ter
truck, compactor, tractor, rototiller, portable toilet
SUBTOTAL $2,400
TOTAL $34,304
Prime Contractor Profit 10% $3,430

TOTAL UNIT COST $37,734




Alternative 3 Capital Cost Sub-Element

Site: BPOW, Acid Area 2 Prepared By: RGH Checked By: BL
Location Sandusky, Ohio Date: 4/26/2011 Date: 4/27/2011
Phase FS (-30% to +50%) Revised: 3/14/2012
Base Year 2011
Work Statement: Clear site of brush and small trees, grub and remove stumps. Remove an occassional larger tree and
stump.
Cost Analysis:
UNIT UNIT
DESCRIPTION QTY UNIT RATE TOTAL NOTES
Materials / Service
Cut and chip light trees 2.54 Ac $ 3,416 $8,668  $1400/acre equipment, 48 hrs/acre labor @ $42/hr
Grub and remove stumps 254 AC $ 1,679 $4,260  $1175/acre equipment, 12 hrs/acre labor @ $42/hr
Brush hog 1.09 AC $ 452 $492  $200/acre equipment, 6 hrs/acre labor @ $42/hr
Remove larger trees and stumps 1 LS $ 1,725 $1,725 13 trees removed and left on sight lump sum cost
SUBTOTAL $15,145
TOTAL $15,145
Prime Contractor Profit 10% $1,515
TOTAL UNIT COST $16,660

Assunptions

assumes clearing additional 25% beyond current delineation
assumes wooded area is 70% of area to be cleared
assumes brush hogging is 30% of area.

Assumes 5 larger trees per acre of wooded area




Alternative 3 Capital Cost Sub-Element

In-situ Treatment

COST WORKSHEET B-14

Site: BPOW, Acid Area 2 Prepared By: RGH Checked By: BL

Location Sandusky, Ohio Date: 4/27/2011 Date: 4/27/2011

Phase FS (-30% to +50%) Revised: 3/14/2012

Base Year 2011

Work Statement: Contaminated areas will be subdivided into 10 equal areas. Soil from areas 1 and 10 will be excavated

and stockpiled adjacent to areas 5 and 6. Soil from the remaining areas will be excavted in 9" lifts,
spread in an ajacent excavated area and treated with Munirem® powder using a rototiller. Treated soil
will be compacted in place.

Cost Analysis:

DESCRIPTION

Labor

Install silt fence

Operator (excavation)

Operator (stockpile soil)
Operator (stockpile soil)
Operator (return stockpiled soil)
Operator (return stockpiled soil)
Operator (spreading)

Operator (soil tilling)

Operator (compaction)
SUBTOTAL

Materials / Service
Munirem® powder
Silt Fence
SUBTOTAL

Equipment

105 HP Dozer, 150' Haul

Front end loader (stockpile soil)
8 CY Dump truck, hauling
Front end loader (stockpile soil)
8 CY Dump truck, hauling
Dozer, Spreading

Rototiller

Compactor

SUBTOTAL

TOTAL
Prime Contractor Profit

TOTAL UNIT COST

QTY UNIT
74 ft
721 Hr
144 Hr
118 Hr
144 Hr
118 Hr
197 Hr
46 Hr
147 Hr
17240 ton
3703 ft

16375 CY
3275 CY
3275 CY
3275 CY
3275 CY
16375 CcY

511  MSF
16375 CcY

UNIT
RATE

PR IR ST SR ST S T SN

9P P P P P h LBh B

27
42
42
42
42
42
42
42
42

60
0.4

2.45
2.45
1.79
2.45
1.79
1.19
0.70
0.96

10%

UNIT
TOTAL

1,999
30,261
6,052
4,952
6,052
4,952
8,253
1,931
6,190
70,642

R R - A A A -

£

1,034,400
1,481
1,035,881

©» o

40,119
8,024
5,862
8,024
5,862

19,486

358

15,720

103,455

L A R - - A A -

£

1,209,978

$ 120,998

$ 1,330,975

NOTES

.02 hrs per linear ft

Dozer, .044 hrs per CY (RS Means)

Front end loader, .044 hrs per CY (RS Means)

8 CY Dump Truck, 0.036 hrs per CY (RS Means)
Front end loader, .044 hrs per CY (RS Means)

8 CY Dump Truck, 0.036 hrs per CY (RS Means)
Dozer, .012 hrs per CY (RS Means)

0.03 Hrs per MSF per 9" lift, till three times per batch
0.009 Hrs per CY

quoted $60 of Munirem to treat one ton of soil
includes cleared area increased by 25%

127.7 MSF contaminated area x (4) 9" lifts




Alternative 3 Capital Cost Sub-Element
Verification Sampling COST WORKSHEET B-15

Site: BPOW, Acid Area 2 Prepared By: AFH Checked By: BL

Location Sandusky, Ohio Date: 4/26/2011 Date: 4/27/2011

Phase FS (-30% to +50%) Revised: 7/28/2012

Base Year 2011

Work Statement: Collect excavation verification samples from the exacvation floor and walls consistent with the procedure

outlined in Alternative 2. Collect verification samples from the treated soil. Analyze samples on-site for
PCBs. Samples will be analyzed at a rate of 2 samples per batch or 1 per 205 tons of treated soil.
Each sample will consit of 10 individaul grab samples evenly distrubuted from the treatment area. QA
samples will be sent off-site for PCB analysis at a rate of 1:10 to verify the portable GC results.

Cost Analysis:

UNIT UNIT
DESCRIPTION QTY UNIT RATE TOTAL NOTES
Labor
Chemist 40 Hr $ 85 $ 3,400 data validation
Data Mgmt 18  Hr $ 75 $ 1,350 data mgmt
SUBTOTAL $ 4,750

Materials / Service

sampling materials 1 LS $ 3,980 $3,980 See table B-4

Sample shipping 11 ea $ 125 $1,344

off-site analysis 86 ea $ 88 $7,568 78 delineation and 8 treatment (PCBs only)
SUBTOTAL $12,892

Equipment

Portable GC Unit and supplies $9,545

SUBTOTAL $9,545

TOTAL $27,187

Prime Contractor Profit 10% $2,719

TOTAL UNIT COST $29,905

Assumptions
sampling and analysis duties will be handled by the site manager, site manager will need to be of a technical background
Cost of portable GC unit split between AA2 and AA3 projects




Alternative 3 Capital Cost Sub-Element
Site Restoration COST WORKSHEET B-16

Site: BPOW, Acid Area 2 Prepared By: RGH Checked By: BL
Location Sandusky, Ohio Date: 4/27/2011 Date: 4/27/2011
Phase FS (-30% to +50%) Revised: 3/14/2012

Base Year 2011

Work Statement: Grade site, and seed.

Cost Analysis:

UNIT UNIT

DESCRIPTION QTY UNIT RATE TOTAL NOTES
Labor
Operator & Crew 681 Hr $ 27 $18,389 Grading, seeding, fertilizing, .048 hrs per SY (RSM)
SUBTOTAL $18,389
Materials / Service
Seed, straw, fertilizer 14189 SY $ 02 $2,838
SUBTOTAL $2,838
Equipment
Grader, seeder 14189 SY $ 034 $4,824 RS Means
SUBTOTAL $4,824
TOTAL $26,051
Prime Contractor Profit 10% $2,605

TOTAL UNIT COST $28,656




Alternative 3

Capital Cost Sub-Element

COST WORKSHEET B-17

Facilities
Site: BPOW, Acid Area 2 Prepared By: RGH Checked By: AH
Location Sandusky, Ohio Date: 4/27/2011 Date: 4/27/2011
Phase FS (-30% to +50%) Revised: 3/14/2012
Base Year 2011
Work Statement: Trailer rental, storage, utilities, and office equipment
Cost Analysis:
UNIT UNIT

DESCRIPTION QTY UNIT RATE TOTAL NOTES
Materials / Service
Trailer rental 8 MO $ 360 $2,880 RS means
Storage 8 MO $ 105 $840 RS means
Utilities 8 MO $ 770.0 $6,160 RS Means
SUBTOTAL $9,880
Prime Contractor Profit 10% $988
TOTAL UNIT COST $10,868




Site Management

Alternative 3 Capital Cost Sub-Element

COST WORKSHEET B-18

Site: BPOW, Acid Area 2 Prepared By: AFH Checked By: BL
Location Sandusky, Ohio Date: 4/27/2011 Date: 4/27/2011
Phase FS (-30% to +50%) Revised: 3/14/2012

Base Year 2011

Work Statement: Coordination and oversight of field activities

Cost Analysis:

Labor
Site Manager
SUBTOTAL

Travel
airfare
lodging

[per diem
vehicle
SUBTOTAL

TOTAL

Prime Contractor Profit

TOTAL UNIT COST

DESCRIPTION

QTY UNIT
1733 Hr
7 ea
208 ea
208 ea
8 mo

UNIT UNIT

RATE TOTAL
105 $182,000
$182,000
350 $2,450
77 $16,016
46 $9,568
2,000 $16,000
$44,034
$226,034

10% $22,603

$248,637

NOTES

50 hr per week, 8 months

one trip per month
26 days per month
26 days per month




Alternative 3 Capital Cost Sub-Element
Demobilization

COST WORKSHEET B-19

Site: BPOW, Acid Area 2 Prepared By: RGH Checked By: BL

Location Sandusky, Ohio Date: 4/27/2011 Date: 4/27/2011

Phase FS (-30% to +50%)

Base Year 2011

Work Statement: Demobilize personnel and equipment from the site. Disconnect utilities and demob trailer. Close

procurements and document project activities.

Cost Analysis:

DESCRIPTION QTY UNIT

Labor

Chemist 20 Hr
Project Engineer 20 Hr
Contracts Mgr 20 Hr
Procurement Speciaslist 40 Hr
Site Manager 60 Hr
Equipment Operator 27 Hr
SUBTOTAL

Materials / Service

Demobilize personnel 1 LS
Trailer Pick-up 1 LS
Disconnect Utilities 1 LS
SUBTOTAL

Equipment

Demobilize Equipment 8 ea
SUBTOTAL

TOTAL

Prime Contractor Profit

TOTAL UNIT COST

P P P hH PhH P

©® P &P

UNIT
RATE

85
90
95
55
100
42

1,000
2,825
2,575

300.00

10%

UNIT
TOTAL

$1,700
$1,800
$1,900
$2,200
$6,000
$1,134
$14,734

$1,000
$2,825
$2,575
$6,400

$2,400

$2,400

$23,534

$2,353

$25,887

NOTES

project documentation
project documentation
close contracts

close contracts
project documentation
equipment Demob

2 dozers, 2 dump trucks, front-end loader, water
truck, compactor, tractor, portable toilet




Alternative 4 Capital Cost Sub-Element COST WORKSHEET B-20

Planning Documents

Site: BPOW, Acid Area 2 Prepared By: AFH Checked By: BL

Location Sandusky, Ohio Date: 4/27/2011 Date: 4/27/2011

Phase FS (-30% to +50%)

Base Year 2011

Work Statement: Prepare planning documents to include Remedial Action Work Plan (RAWP), Quality Assurance Project
Plan (QAPP), and Health an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>