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Executive Summary

This report presents the results of the focused feasibility study (FFS) performed for contaminated
soil at TNT Area A (TNTA) and contaminated soil and sediment at TNT Area C (TNTC) located
at the former Plum Brook Ordnance Works (PBOW) in Sandusky, Ohio. The U.S. Army Corps
of Engineers contracted Shaw Environmental, Inc. (Shaw), formerly IT Corporation (IT), to
conduct this FFS under Delivery Orders 003 and 004 of Contract Number DACA62-00-D-0002.
The purpose of this FFS is to select, evaluate, compare, and recommend remedial alternatives
that address the soil and sediment contamination at TNTA and TNTC.

The 9,009-acre PBOW site was built in early 1941 as a manufacturing plant for
2,4,6-trinitrotoluene (TNT), dinitrotoluene (DNT), and pentolite. Twelve process lines were
used in the manufacture of TNT at PBOW, with four lines at TNTA, three lines at TNTB, and
five lines at TNTC. The three lines at TNTB are not included as part of this FFS.

Located in the northeastern part of PBOW, TNTA occupies approximately 114 acres of land and
Columbus Avenue bisects the site. TNTA is partially wooded (less than 25 percent) and consists
predominantly of large open areas of grasslands. The National Aeronautics and Space
Administration Engineering/Administration building is located on a portion of TNTA.

TNTC is located in the southwestern portion of PBOW and occupies approximately 119 acres of
land. Currently, TNTC is mostly overgrown with trees and brush. However, some of the roads,
building foundations, and remnants of utilities from former TNT manufacturing operations are
still recognizable at both TNTA and TNTC.

Fieldwork for the remedial investigation was conducted from June through October 2000.
Surface and subsurface soil samples were collected at TNTA (430 samples) and TNTC (385
samples) for screening analysis of nitroaromatic compounds. To supplement the screening
analysis, confirmation soil samples were collected at TNTA (49 samples) and TNTC (30
samples). Locations for confirmation soil sample collection were based on the screening results
and were used to support the development of human health and ecological risk assessments for
both sites. To further investigate possible contaminant migration, 20 surface water samples (9 at
TNTA, 10 at TNTC, and 1 off site) and 30 sediment samples (10 at TNTA, 15 at TNTC, and 5
off site) were collected. Confirmation soil samples and all surface water and sediment samples
were analyzed for nitroaromatic compounds, volatile organic compounds, semivolatile organic
compounds, target analyte list metals, and polychlorinated biphenyls (PCB).
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A baseline human health risk assessment separately evaluated the human health risks associated
with TNTA and TNTC. Potential cancer and noncancer risks associated with exposure to TNTA
total soil (i.e., combined surface and subsurface soil) under the residential and construction
worker scenarios were found to exceed the respective Ohio Environmental Protection Agency
(OEPA) cancer and noncancer risk management ranges. The highest cancer and noncancer risks
were estimated for the resident. No cancer or noncancer risks exceeding the respective OEPA
risk management ranges were associated with exposure to surface water and sediment at TNTA.
Nine chemicals of concern (COC) were identified for total soil at TNTA; these COCs and their
respective remedial goal options (RGO) are listed in Table ES-1 on the following page.

Potential cancer and noncancer risks associated with exposure to TNTC total soil under the
residential and construction worker scenarios were found to exceed the respective OEPA risk
management ranges. Also, cancer aﬁd noncancer risks to the groundskeeper, indoor worker, and
hunter exposed to surface soil were found to exceed the respective OEPA risk management
ranges. The highest TNTC soil cancer and noncancer risks were estimated for the resident.
Potential risks associated with exposure to sediment under the residential and construction
worker scenarios also exceeded the OEPA criteria for noncancer risk. This elevated noncancer
risk was based on 1 of 14 sediment sampling locations; the highest sediment risks were estimated
for the construction worker. No cancer or noncancer risks exceeding the respective OEPA risk
management ranges were associated with exposure to TNTC surface water. Thirteen COCs were
identified for soil and three COCs for sediment at TNTC; these COCs and their respective RGOs
are listed in Table ES-1.

Potential ecological risks were evaluated separately for TNTA and TNTC in the screening-level
ecological risk assessment. Elevated ecological hazard quotients (EHQ) were estimated for
terrestrial receptors (mice, rabbits, shrews, and wrens) and aquatic receptors (raccoons and
mallards) based on constituents detected in soil and sediment at both TNTA and TNTC. EHQs
were not elevated for exposure associated with TNTA or TNTC surface water. EHQs are not
risk measures and cannot, by themselves, justify a remedial action. Because remediation of
TNTA and TNTC is recommended based on human health risks, an evaluation of the ecological
protectiveness of the cleanup to human health risk RGOs was performed. This evaluation
indicates that further study or remediation (beyond that proposed to address human health risks)
on the basis of ecological concerns is unwarranted.

Based on the results of the human health risk assessment, remedial action objectives (RAO) were
developed for soil and sediment. Note that RAOs were not developed for groundwater, as
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groundwater will be evaluated at a later date. RAOs for soil and sediment at TNTA and TNTC
are presented below:

Remedial actions will be taken at TNTA to prevent human exposure via any exposure
route (ingestion, inhalation, or dermal contact) to total soil containing any of the
COCs in the following table at concentrations that exceed the RGOs. RGOs for
TNTA are listed in the second column of the table.

Remedial actions will be taken at TNTC to prevent human exposure via any exposure
route (ingestion, inhalation, or dermal contact) to total soil and sediment containing
any of the COCs in the following table at concentrations that exceed the RGOs.
RGOs for TNTC are listed in the third and fourth columns of the following table.

Table ES-1

RGOs for TNTA and TNTC

Chemical of Concern

TNT Area A
Soil

RGO (mg/kg)

TNT Area C
Soil

RGO (mgikg)

TNT Area C
Sediment

RGO (mg/kg)

Nitroaromatics

2-amino-4,6-DNT

1.7

5.0

4-amino-2,6-DNT

1.3

5.0

2,4-DNT

6.5

2,6-DNT

GO~ |

1.0

2-Nitrotoluene

4-Nitrotoluene

2,4,6-TNT

VO |W[=]OY |~ |
b PO B ol B

41

Polychlorinated Biphenyls

Aroclor 1254*

Aroclor 12602

1

Metais

Lead

| 400

| 400

Polynuclear Aromatic Hydrocarbons (PAH)"

Benzo(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Dibenz(a,h)anthracene

1
1
1
1

Indeno(1,2,3-cd)pyrene

1

Note: “-* indicates the compound was not identified as a contaminant of concern in the given

medium.

2RGO value shown is for total PCB.

®RGO value is based on total polynuclear aromatic hydrocarbon (PAH) concentration of the

PAH COCs listed.

mg/kg - Milligrams per kilogram.

PCB
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In order to achieve the RAOs for soil and sediment, the following process options and
technologies were screened In the FFS based on an evaluation of effectiveness, implementability,
and cost:

Capping

Excavation

Off-site and on-site disposal
Ex situ chemical stabilization
In situ chemical oxidation
Windrow composting.

Based on the results of the technology screening, the following five alternatives were developed
for detailed analysis in the FFS:

e Alternative 1 — No Action.

» Alternative 2 — Excavation, Windrow Composting, and On-Site/Off-Site
Disposal. Excavation of contaminated soil. Windrow composting of nitroaromatic-
and PAH-contaminated soil (23,887 cubic yards), followed by on-site disposal of
treated compost. Off-site treatment and/or disposal of hazardous lead- and PCB-
contaminated soil (736 cubic yards) at a Subtitle C hazardous waste treatment,
storage, and disposal facility (TSDF).

o Alternative 3 — Excavation, Ex situ Stabilization, and Off-Site Disposal.
Excavation of contaminated soil. Ex situ chemical stabilization of soil classified as a
hazardous waste (5,633 cubic yards), followed by disposal of stabilized soil and
nonhazardous soil (18,871 cubic yards) in a Subtitle D industrial waste landfill.
Disposal of PCB-contaminated soil (119 cubic yards) at a hazardous waste TSDF.

o Alternative 4 - Excavation and Off-Site Disposal. Excavation of
contaminated soil. Disposal of nonhazardous soil (18,871 cubic yards) at a Subtitle D
industrial waste landfill. Off-site treatment and/or disposal of hazardous
nitroaromatic-, lead-, and PCB-contaminated soil (5,752 cubic yards) at a Subtitle C
hazardous waste TSDF.

o Alternative § - Excavation, Windrow Composting, Ex Situ Stabilization,
and On-Site/Off-Site Disposal. Excavation of contaminated soil. Windrow
composting of nitroaromatic- and PAH-contaminated soil (23,887 cubic yards),
followed by on-site disposal of treated compost. Ex situ chemical stabilization of
hazardous lead-contaminated soil (617 cubic yards), followed by off-site disposal at a
Subtitle D industrial waste TSDF. Disposal of PCB-contaminated soil (119 cubic
yards) at a hazardous waste TSDF.
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All of the alternatives, with the exception of Alternative 1, would permanently treat/remove
contaminated soil, thereby reducing human health risks to within the risk management range.
Alternatives 2 through 5 may also benefit ecological receptors by significantly reducing the
EHQs associated with soil contamination at the sites. Alternatives 2 through 5 may provide a
corollary benefit to long-term groundwater and surface water quality by removing or mitigating
the most significant source areas that contribute to contamination in these media. Alternative 1
does not employ removal, containment, or treatment response actions that would mitigate the

impact of source areas on receptors or other environmental media.

All of the alternatives, with the exception of Alternative 1, would comply with the chemical-,
location-, and action-specific applicable or relevant and appropriate requirement (ARAR).
Alternative 1 would not comply with the chemical-specific ARAR for total PCBs. Action- and
location-specific ARARS are not applicable for Alternative 1 because no action would be taken.

All of the alternatives, with the exception of Alternative 1, would reduce the magnitude of
residual risk at the sites to levels within the risk management range. No long-term controls
would be required at the sites for Alternatives 2 though 5.

Alternatives 2 and 5 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. Alternatives 5 and 2 would treat
the vast majority of the contaminated soil excavated at TNTA and TNTC (99.5 and 97.0 percent,
respectively). In contrast, Alternative 3 would treat only 23 percent of the contaminated soil
excavated from TNTA and TNTC. Alternatives 1 and 4 would not employ on-site treatment as
an element of the alternative, although some off-site treatment would be required under
Alternative 4 to comply with land disposal restrictions (LDR).

The composting component of Alternatives 2 and 5 provides essentially irreversible treatment by
coupling biodegradation and biotransformation processes to reduce the toxicity and mobility of
soil contaminants. Alternative 3 employs chemical stabilization to reduce the mobility of
contaminants. While chemical stabilization is not an irreversible process, the combination of
stabilization and off-site disposal at an industrial landfill should prevent the contaminants in the
treated soil from leaching back into the environment. Although Alternative 4 would remove
contamination from the site, it would not result in any total reduction of contaminant mass. The
disposal of excavated soil in an appropriate TSDF would minimize the potential for
contaminants to leach into the environment. Alternative 1 would have no effect on the toxicity,
volume, or mobility of soil contamination.
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Alternatives 2 through 5 would all provide adequate safeguards for site workers and the

community during remediation. Only small volumes of contaminated soil excavated under

Alternatives 2 and 5 would require off-site management. All the contaminated soil excavated

under Alternatives 3 and 4 would require off-site management. No threatened or endangered

animal or plant species will be significantly affected or destroyed by remedial actions at TNTA

and TNTC. In the event threatened and/or endangered plant species are later discovered in the

proposed remediation areas, care will be taken to minimize disturbance. There will be short-term

disturbances to ecological habitat as a result of the proposed remediation; however, the re-

establishment of vegetative cover following the action will allow displaced species to recolonize

these disturbed areas.

Remedial time frames for the various alternatives are presented in the table below. The remedial

duration is presented for each site individually as well as a combined time interval for

remediating both sites during one field event. The combined time period for both sites under
each alternative is less than the sum of the individual time intervals for each site because the
combined time period accounts for efficiencies in executing remedial tasks concurrently.
Alternative 1 would not require any time, as no remedial action would be taken. Alternatives 4
and 3 would have the second and third shortest remedial durations. Alternative 2 would have the
next to longest remedial duration and Alternative 5 would require the longest period of time to

complete.
Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5
Site (months) {months) (months) {(months) (months)
TNTA 0 30to 36 1610 22 12t0 18 311037
TNTC 0 22 to 28 13to 19 10to 16 2310 29
Combined 0 41 to 47 20to0 26 16 to 22 42 to 48

All of the technologies in these alternatives are well developed and have been implemented on a

full-scale basis on numerous projects. Equipment, technical specialists, and materials are
available for all the alternatives. The effectiveness of the alternatives can be monitored by
sampling and analysis of excavation areas and treated soil. All of the alternatives would require
the approval of OEPA for disposal of material off site. None of the alternatives would preclude
additional actions if the technologies were not completely effective.

Remedial costs for TNTA and TNTC are presented in the table below. Costs are presented for

each site individually as well as a combined cost for remediating both sites during one field
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event. The combined cost of each alternative is less than the sum of the individual site costs
because the combined costs account for the economies of scale in executing concurrent remedial
actions. Of Alternatives 2 through 5, Alternative 3 is the lowest cost alternative. Chemical
stabilization of the hazardous fraction of the excavated soil allows all soil (expect PCB
remediation waste) to be disposed off site as a nonhazardous waste. The cost to stabilize the
hazardous soil is less than the differential between hazardous and nonhazardous waste disposal
costs. Alternative 4 is the second lowest cost alternative. Alternatives 2 and 5 are the two
highest cost alternatives. Alternative 2 is slightly lower in cost than Alternative 5 because there
is not enough lead-contaminated soil at elevated concentrations for the increased costs of
chemical stabilization to offset the cost of disposal as a hazardous waste. The table shows that a
cost savings can be realized with Alternatives 2 and 5 when remediation is conducted
concurrently, although the actual savings would be significantly less than the difference between
the combined cost and the sum of the individual costs because certain cost elements (e.g.,
concrete treatment slab, fabric structure, treatment equipment) would be double counted in
adding costs for TNTA and TNTC.

Site Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5
TNTA $0 $7,688,000 $4,655,000 $4,923,000 $7,815,000
TNTC $0 $5,377,000 $3,102,000 $3,119,000 $5,504,000
Combined $0 $10,987,000 $7,096,000 $7,736,000 $11,099,000

Although the public has not yet had an opportunity to comment officially on the remedial
selection process at TNTA and TNTC, the Restoration Advisory Board (RAB) has been
presented with some preliminary information on the various remedial options that are under
consideration at these sites. Verbal comments received from members of the RAB at periodic
public meetings indicate a clear preference for alternatives that include windrow composting as a
component of the remedy. The public has also indicated a concern for remedial alternatives that
would involve significant off-site management of contaminated soil, particularly at local
landfills.

The comparative analysis of remedial alternatives indicates that Alternative 2: Excavation,
Windrow Composting, On-Site and Off-Site Disposal should be selected as the recommended
remedial alternative for both TNTA and TNTC. The alternative meets the threshold criteria of
protection of human health and the environment, and it complies with all ARARs.

Alternative 2 is selected over Alternatives 3 and 4 because it utilizes on-site treatment to a high
degree, satisfying the statutory preference for alternatives that employ treatment technologies

ES-7

KN3WPBOW\TNTA&C\FS\Final\A&C FS Txt\09/30/03(3:23 PM)



that permanently and significantly reduce the toxicity, mobility, or volume of hazardous
substances as their principal element. The composting technology used in Alternative 2 results
in an irreversible biodegradation and biotransformation of the nitroaromatic and PAH
contaminants in soil, while chemical stabilization does not destroy the contaminants and the
process may be reversible under the right conditions. Soil contaminated with high
concentrations of nitroaromatic compounds may also be difficult to successfully stabilize. As
previously mentioned, preliminary comments from members of the RAB indicate a strong
preference for composting over other technologies discussed, in particular those requiring
significant management of contaminated soil off-site.

Alternative 2 is selected over Alternative 5 because it is more cost effective to chemically
stabilize the small volume of lead-contaminated soil at an off-site TSDF than at an on-site batch
treatment plant. This approach also precludes the disposal of contaminated soil at local landfills,
because the soil shipped off site is a hazardous waste and must be treated at a Subtitle C TSDF to
meet requirements of land disposal restrictions prior to disposal.
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1.0 Introduction

This report presents the results of the focused feasibility study (FFS) for TNT Area A (TNTA)
and TNT Area C (TNTC) soil and sediment at the former Plum Brook Ordnance Works (PBOW)
in Sandusky, Ohio. The U.S. Army Corps of Engineers (USACE) is conducting studies under
the Defense Environmental Restoration Program (DERP) to determine the environmental impact
of suspected hazardous waste sites at previously owned U.S. Department of Defense properties.
PBOW is an Army DERP project currently managed and technically overseen by the
Huntington, West Virginia, and Nashville, Tennessee, USACE District Offices.

The FFS was completed in a manner consistent with U.S. Environmental Protection Agency
(USEPA) remedial investigation (RI)/feasibility study (FS) guidance, the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) Guidance for Conducting
Remedial Investigations and Feasibility Studies Under CERCLA (USEPA, 1988) and subsequent
guidance materials, including Guidance on Implementation of the Superfund Accelerated
Cleanup Model (SACM) under CERCLA and the NCP (USEPA, 1992). The FFS was completed
in compliance with the requirements of the statement of work for delivery orders 003 and 004 of
contract number DACA62-00-D-0002.

1.1 Purpose

The purpose of this FES is to provide an evaluation of remediation alternatives to address
contaminated soil at TNTA and TNTC within PBOW. Groundwater at TNTA and TNTC will be
addressed in future area-specific and downgradient groundwater studies and is therefore not
addressed as part of this FFS.

The FFS is based on the RI report of findings (IT Corporation [IT], 2001a), baseline human
health risk assessment (BHHRA) (IT, 2001b), and screening level ecological risk assessment

(SLERA) (IT, 2001c). These documents comprise the first three volumes of a four-volume set;
the FFS is the fourth volume.

1.2 Summary of Site Conditions

The 9,009-acre PBOW site was built in early 1941 as a manufacturing plant for
2,4,6-trinitrotoluene (TNT), dinitrotoluene (DNT), and pentolite (International Consultants
Incorporated, 1995). The site is located approximately 4 miles south of Sandusky, Ohio, and 59
miles west of Cleveland (Figure 1-1). Although primarily in Perkins and Oxford Townships, the
eastern edge of the site extends into Huron and Milan Townships. PBOW is bounded on the
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north by Bogart Road, on the south by Mason Road, on the west by County Road 43, and on the
east by U.S. Highway 250. The area surrounding PBOW is mostly agricultural and residential.

The PBOW site is currently owned by the National Aeronautics and Space Administration
(NASA) and is operated as the Plum Brook Station of the John Glenn Research Center at Lewis
Field. Most of the acrospace testing facilities built at the site in the 1960s are in standby or
inactive status. On April 18, 1978, NASA declared approximately 2,152 acres of PBOW as
excess property. The Perkins Township Board of Education acquired 46 acres of the excess
acreage and uses this area as a bus transportation center. The General Services Administration
retains the remainder of the 2,152 acres and currently has a use agreement with the Ohio
National Guard for 604 acres of the land. NASA presently controls approximately 6,400 acres
and is using the site to conduct space research as a satellite operation of the John Glenn Research
Center at Lewis Field in Cleveland, Ohio. The details of these land transactions are listed in the
site management plan (International Consultants Incorporated, 1995) and can be found at the
NASA Plum Brook Station.

TNTA occupies approximately 114 acres of land in the northeastern part of PBOW, with
Columbus Avenue bisecting the site (Figure 1-2). NASA constructed its administration building
on the east side of Columbus Avenue in the central portion of TNTA. The NASA
Administration Building and associated parking areas cover a small portion of the site and one of
the former TNT process buildings (Building 121, Mono House). The rest of TNTA is partially
wooded (less than 25 percent) and consists predominantly of large, open areas of grasslands.
Several aboveground features are still evident at TNTA that indicate former PBOW facilities
were present. These include roads, fire hydrants, water valves, railroad track line foundations,
and sections of former building pad foundations (Building 111, Mono House, and Building 142,
Bi-Tri House). Several below-ground features are also present: manholes, drains, and
underground lines (indicated by aboveground water valves). TNTA is slightly hilly, generally
increasing in elevation from southeast to northwest. Lindsley Ditch and smaller connecting
ditches transect the site. The smaller ditches are dry during periods with little rainfall.

Soil at TNTA generally consists of glacially derived clayey silts or silty clays with some bedrock
shale fragments. Sand found at many of the former building locations is a fill material that was
used to cover the building area after demolition activities. Bedrock at TNTA is encountered at
depths ranging from 4 feet below ground surface (bgs) (Building 192, DNT Sweating &
Graining House) to 19.50 feet bgs (Building 116, Wash House). Overburden groundwater at
TNTA is believed to be a discontinuous water table made of horizontal, discontinuous lenses that
have limited lateral and vertical migration pathways. Depth to the overburden groundwater,
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therefore, depends upon the amount of local rainfall and the volume of residual material above
the bedrock.

TNTC occupies approximately 119 acres of land in the southwestern portion of PBOW, as
shown on Figure 1-2. Presently, the area is mostly overgrown with trees and brush. Several
aboveground features are still evident at TNTC that indicate former PBOW facilities were
present. These include roads, fire hydrants, water valves, a water valve control well, railroad
track line foundations, and former building pad foundations (Building 667, Maintenance Shop;
Building 689, Acid & Fume Recovery; and Building 657, Wastewater Settling Basin). Several
below-ground features are also present: manholes, drains, and underground lines (indicated by
aboveground water valves). There are no NASA buildings on the site, and NASA does not
currently use the area. One building present on the site was constructed and used by the USEPA
to do testing in the 1980s. The building is near the former Wash House (Building 606) in
Process Line 10. TNTC is transected by several small intermittent streams that are tributaries to
Pipe Creek.

Like TNTA, soil at TNTC generally consists of glacially derived clayey silts or silty clays with
some bedrock shale fragments. Sand found at many of the former building locations is thought
to be a fill material used to cover the building area after demolition activities. The average depth
to bedrock at TNTC is generally deeper below the ground surface than at TNTA. Depths ranged
from 7 feet (Building 621, Mono House) to 17 feet bgs (Building 681, Acid & Fume Recovery
House). Overburden groundwater at TNTC is also believed to be a discontinuous water table
with limited lateral and vertical migration pathways, similar to TNTA. Depth to the overburden
groundwater, therefore, depends upon the amount of local rainfall and the volume of residual
material above the bedrock. The ditches and streams on TNTA and TNTC are too small to
support fishing. However, TNTA and TNTC provide habitat for deer and other wildlife.

Production of explosives at PBOW began on December 16, 1941, and continued until 1945. It is
estimated that more than 1 billion pounds of nitroaromatic explosives were manufactured during
the 4-year operating period. Twelve process lines were used in the manufacture of TNT at
PBOW, with four lines at TNTA, three lines at TNT Area B (TNTB), and five lines at TNTC.
The three lines at TNTB are not included as part of this FFS because soil remediation activities
have already been conducted.

Significant remediation activities have been performed at TNTA and TNTC since 1941. The
U.S. Army began decontamination and decommissioning procedures at all TNT and DNT lines
in September 1945. Typical decontamination and decommissioning methods involved removing
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and relocating any explosives waste in a building or structure to a burning ground for open
burning. Buildings and structures were demolished and burned where possible. Steam lines and
drain lines were flushed and dismantled, but no records were found indicating the washout
location. By December 1945, it was estimated that 65 percent of the necessary decontamination
was complete (Morrison-Knudsen Ferguson Corporation, 1994).

From January 1 to June 30, 1946, the USACE assumed responsibility for maintenance and
custodial activities. Further decontamination activities were conducted, and the extent of
contamination was certified (Morrison-Knudsen Ferguson Corporation, 1994).

From 1954 through 1958, the USACE through Ravenna Arsenal performed additional
decontamination efforts. Significant subsurface contamination was removed from TNTA,
including underground flumes and sewer lines. Approximately 16,000 Ibs of TNT were removed
from TNTA. The decontamination procedures were also to be conducted at TNTC, but no
documentation has been found that this was accomplished (Dames & Moore, Inc., 1997).

1.3 Summary of the Remedial Investigation

Four hundred thirty surface and subsurface soil samples were collected for screening analysis of
nitroaromatics at TNTA, and 385 were collected at TNTC. The screening samples were
submitted to a fixed-base laboratory and analyzed using a modified Method 8330, as described in
Chapter 3.0 of the report of findings (IT, 2001a).

To supplement the screening analysis, 49 confirmation soil samples were collected from TNTA,
and 30 confirmation soil samples were collected from TNTC. The confirmation sampling
locations were selected based on the results of the screening samples. The purpose of the
confirmation sampling was to verify the results of the screening analyses. Specifically, the
modified Method 8330 used for nitroaromatic analyses has the potential for reporting false
positive results. Therefore, the confirmation samples were selected from locations that had the
widest range of nitroaromatic concentrations present. A small percentage (approximately 15
percent) of the confirmation samples were collected from screening locations that did not have
detections of nitroaromatics. In addition, the confirmation samples provided key information on
soil heterogeneity and its effect on contaminant distribution. Specifically, it was discovered that
the confirmation samples yielded analytical results for nitroaromatic compounds that were both
higher and lower than the co-located screening sample results, and there were roughly equal
numbers of higher and lower results. This data suggests that the differences in the screening and
confirmation results may be linked more to the highly variable nature of the contaminant
distribution than to differences in analytical technique. Confirmation samples were analyzed
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using standard laboratory methods (SW-846) and were independently validated. Because only
the confirmation samples were validated, the screening soil samples were not used in the
BHHRA and SLERA. The screening results were, however, subsequently used along with the
confirmation data in estimating the volume of soil requiring remedial action, as the larger
combined data set should result in more accurate volume estimates.

Surface water and sediment samples were collected to further investigate possible contaminant
migration. Nine surface water samples were collected from TNTA, 10 surface water samples
from TNTC, and 1 surface water sample from off site. A total of 30 sediment samples were
collected: 10 from TNTA, 15 from TNTC, and 5 from off-site locations. Surface water and
sediment samples were analyzed by GPL Laboratory for nitroaromatic compounds using USEPA
Method 8330 (Modified), for volatile organic compounds using Method 8260B, for semivolatile
organic compounds (SVOC) using Method 8270C, for target analyte list metals using Methods
6010B/7470A, and for polychlorinated biphenyls (PCB) using Methods 3540B/8082. These
surface water and sediment samples were independently validated and were used in the BHHRA
and SLERA. For additional information, please refer to the RI report of findings (IT, 2001a). RI
field activities were conducted from the last week of June through mid-October 2000.

1.4 Summary of Risk Assessment

1.4.1 Summary of Human Health Risks

A BHHRA was performed to evaluate the potential risk to plausible receptors exposed to
contaminants in various media at TNTA and TNTC (IT, 2001b). Following risk assessment
guidance (USEPA, 1989), only validated samples were used to evaluate risks. Therefore,
confirmation soil samples were used in the BHHRA, but the screening samples were not because
their analytical results were not independently validated. As a result, some of the building areas
were not specifically evaluated in the BHHRA. Also, some of the areas evaluated as not
exceeding Ohio Environmental Protection Agency (OEPA) risk management levels based on
confirmation samples have screening samples that, based on the exposure assumptions used in
the BHHRA, clearly exceed the OEPA risk management criteria (incremental lifetime cancer
risk [ILCR] > 1E-5 or hazard index [HI] > 1).

The following receptors were selected as representative of current and future land-use scenarios:
groundskeeper, indoor worker, construction worker, hunter, child venison consumer, and a future
on-site resident. Environmental source media evaluated in the risk assessment include surface
soil, total soil, surface water, and sediment. Note that “total soil” is the term given to the
combination of surface and subsurface soil data. The combination was formed by selecting as
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chemicals of potential concern (COPC) for total soil each COPC identified in either surface or
subsurface soil. The higher source-term concentration estimated for the chemical in surface or
subsurface soil was selected as the source-term concentration for total soil.

Chemicals of concern (COC) were selected in the BHHRA based on estimated risks to the
receptors. For carcinogenic COCs, the BHHRA used the USEPA (1990) risk management range
- for ILCR of 1E-6 to 1E-4 for COC selection. OEPA policy, however, defines a total ILCR of
1E-5 summed across chemicals for a given receptor as the upper limit of the risk management
range for which further action is not required. Therefore, COC:s listed in the FFS were selected
to comply with OEPA policy. The results of the BHHRA for the TNTA and TNTC areas and the
COCs selected based on the OEPA risk-based criteria are presented in subsections 1.4.1.1 and
1.4.1.2.

As mentioned, screening samples were not evaluated in the BHHRA, but some of the building
areas had screening samples with concentrations that exceed remediation goal objectives (RGO).
Also, some of the building areas evaluated in the BHHRA did not exceed the upper limits of the
OEPA risk management range for cancer (ILCR<1E-5) and noncancer risks (HI < 1) but had
individual samples that exceed an RGO. Risks associated with these types of building areas are
presented in Section 1.4.1.3.

1.4.1.1 BHHRA Summary of TNTA

Total HI and ILCR estimates for each receptor and each source medium for TNT A are
summarized in Table 1-1. The groundskeeper, indoor worker, child venison consumer, and
hunter were evaluated for exposure only to surface soil. Total HI estimates for these receptors
are below the OEPA noncancer risk management criterion of 1. Total ILCR estimates for these
receptors likewise are below or within the upper bound of the OEPA cancer risk management
range (1E-5). It is concluded that exposure to surface soil meets the OEPA risk management
criteria for noncancer hazard and cancer risk for the groundskeeper, indoor worker, child venison
consumer, and adult hunter.

The construction worker and future on-site resident were evaluated for exposure to total soil,
surface water, and sediment. Total HI estimates summed across all media for these receptors (61
and 219, respectively) exceed the OEPA noncancer HI criterion of 1 (Table 1-1). Also, total
ILCR estimates summed across all media for the construction worker (4E-4) and future resident
(3E-2) exceed the OEPA cancer risk management range (ILCR > 1E-5). However, HI sums for
surface water and sediment are below 0.1, defined as the point of departure for significant
contribution to noncancer hazard. Also, ILCR sums for surface water and sediment are below
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1E-6, defined as the point of departure for significant contribution to cancer risk. Therefore, it is
concluded that only contaminants in total soil contribute significantly to cancer risk and
noncancer hazard for the construction worker and future on-site resident.

The following nine chemicals were identified as COCs for TNTA total soil (surface and
subsurface):

2-amino-4,6-dinitrotoluene (2-ADNT)
4-amino-2,6-dinitrotoluene (4-ADNT)
2-Nitrotoluene (2-NT)

4-Nitrotoluene (4-NT)

2,4,6-TNT

2,4-DNT

2,6-DNT

Aroclor 1260

Lead.

RGOs developed for all nine COCs are presented in Section 2.2.2.

Human health risks were also evaluated in the BHHRA, individually, for each former building
area of TNTA at which confirmation soil samples were collected. Cancer risks and noncancer
hazards were estimated for the construction worker and future on-site resident for each former
building area. This information is presented in Table 1-2. The shading on Table 1-2 indicates
that exposure to soil in the area of the former building exceeds OEPA risk management criteria.
Entries that are not shaded indicate areas around former buildings that do not exceed either the
OEPA cancer or noncancer risk management range, based on the results of the BHHRA. Refer
to Section 1.4.1.3 for further evaluation of specific confirmation and surface soil sampling
locations.

1.4.1.2 BHHRA Summary of TNTC

Total HI and ILCR estimates for each receptor and each source medium for TNTC are
summarized in Table 1-3. The groundskeeper, indoor worker, and hunter were evaluated for
exposure only to surface soil. The total ILCR estimates for the groundskeeper (5E-4), indoor
worker (2E-4), and hunter (3E-5) exceeded the upper bound of the OEPA cancer risk
management range (1E-5). Total HI estimates for the groundskeeper (95), indoor worker (41),
and hunter (5) exceeded the OEPA noncancer risk management HI criterion of 1.

The construction worker and future on-site resident were evaluated for exposure to total soil,
surface water, and sediment. The total ILCR values summed across all media for the
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construction worker (5E-5) and future on-site resident (3E-3) exceeded the upper limit of the
OEPA risk management range. Total HI estimates summed across all media for the construction
worker (374) and future on-site resident (1250) far exceeded the OEPA risk management HI
criterion of 1.

The following 10 COCs were identified for surface soil at TNTC:

2-ADNT

4-ADNT

2,4,6-TNT

2,4-DNT

2,6-DNT
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a,h)anthracene
Aroclor 1260.

The following 13 COCs were identified for total soil at TNTC:

2-ADNT

4-ADNT

2,4,6-TNT

2,4-DNT

2,6-DNT
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Dibenz(a,h)anthracene
Indeno(1,2,3-cd)pyrene
Aroclor 1254

Aroclor 1260

Lead.

As is noted from Table 1-3, cancer risks and noncancer hazards associated with future residential
exposure are greater than those for the construction worker or the four receptors used solely to
evaluate surface soil. Because it is the desire of NASA to release the site without land-use
restrictions, RGOs were developed only for the more conservative residential scenario (Section
2.2.3.1) and for total soil. It is noted that each of the surface soil COCs is also a total soil COC;
use of the total soil RGOs for surface soil is, therefore, conservative.
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The human health risks were also evaluated for each former building area of TNTC at which
confirmation soil samples were collected. Cancer risk and noncancer hazard were estimated for
the construction worker and future on-site resident for each former building area (Table 1-4).
The shading on Table 1-4 indicates that exposure to soil in the area of the former building
exceeds OEPA risk management criteria. Entries that are not shaded indicate areas around
former buildings that do not exceed either the OEPA cancer or noncancer risk management
range, based on the results of the BHHRA. Refer to Section 1.4.1.3 for further evaluation of
specific confirmation and surface soil sampling locations.

Surface water is not implicated as a significant contributor to noncancer hazard or cancer risk for
either receptor, as surface water noncancer hazards and cancer risks are de minimis (i.e., HI <0.1
and ILCR<1E-6). The construction worker and future on-site resident are also exposed to
sediment, which contributed significantly to noncancer hazard for both receptors. Three COCs
were identified for sediment at TNTC. All three chemicals are nitroaromatic compounds (2-
ADNT, 4-ADNT, and 2,4,6-TNT). RGOs were developed for these three sediment COCs
(Section 2.2.3.2).

1.4.1.3 Additional Human Health Risk Issues for Determining Remediation
Areas

Two issues must be addressed in the risk management of TNTA and TNTC:

1) Some of the areas that do not exceed the OEPA cumulative risk criteria (i.e.,
unshaded areas in Tables 1-2 and 1-4) have individual confirmation samples that
exceed an RGO (refer to Section 2.2).

2) The BHHRA evaluated the confirmation samples but not the (nonvalidated) screening
samples.

The following paragraphs present the risk evaluation of confirmation and screening samples
related to the two issues listed above, which are not specifically addressed in the BHHRA. Hls
are derived using RGOs based on individual samples as described in Appendix A. RGOs are
described and presented in Section 2.2. It is necessary to use them in the following paragraphs
so that risk-related issues are appropriately characterized in the FFS.

Areas That Do Not Exceed Risk Management Criteria But Have RGO

Exceedances. Three building areas are included in the first category presented above:
Building Area 611, Building Area 626, and Building Area 693.
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e Building Area 611. 2-ADNT (1.97 mg/kg) and 4-ADNT (1.46 mg/kg) marginally
exceeded the respective RGOs (1.7 and 1.3 mg/kg) in 1 of 9 samples. This screening
sample, AB0383, had an associated TNT concentration of 0.662 mg/kg. Each of
these concentrations is the maximum detected concentration (MDC) for Building
Area 611. The HI associated with these MDC values would be 0.9 (Appendix A),
which is less than the OEPA risk management criterion of 1. A confirmation sample
was also collected from the same depth and location as Sample AB0383. The
concentrations of 2-ADNT (0.182 mg/kg), 4-ADNT (0.192 mg/kg), and TNT (0.0956
mg/kg) in this confirmation sample were far less than the RGO values. It is noted
that no HI could be calculated in the BHHRA because no noncancer site-related
COPCs were identified for Building Area 611 based on the confirmation samples
alone.

e Building Area 626. 2-ADNT is the only COC that exceeds its RGO in Building
Area 626. In Building Area 626, the RGO (1.7 mg/kg) for 2-ADNT is exceeded in 1
of 18 samples at a concentration of 2.67 mg/kg. It was detected in only one other
Building Area 626 sample and at a much lower concentration (0.237 mg/kg). The
single exceedance (Sample AB0431) of 2-ADNT (2.67 mg/kg) was collocated with
the only Building Area 626 detection of 4-ADNT (0.784 mg/kg). If these
concentrations are combined with the TNT concentration detected in this sample
(1.41 mg/kg), the resultant HI equals 0.9 (Appendix A), which is less than the OEPA
risk management criterion of 1. It is noted that the HI of Building Area 626 as
calculated in the BHHRA (including all chemicals evaluated, not just the COCs) is
equal to the OEPA risk management criterion.

e Building Area 693. 2-ADNT, 4-ADNT, and TNT were each detected at
concentrations exceeding the respective RGOs in 1of 9 Building Area 693 samples.
The 4-ADNT (2.26 mg/kg) and TNT (8.07 mg/kg) exceedances were both detected in
the same sample (AB0443), with an associated 2-ADNT concentration of 1.28 mg/kg.
The resultant HI (Appendix A) for Sample AB0443 of 1 (1.1 prior to rounding)
equals the OEPA risk management criterion. 2-ADNT exceeded its RGO only in
Sample AB0408, at a concentration of 2.29 mg/kg. 4-ADNT (0.275 mg/kg) and TNT
(0.33 mg/kg) were also detected in Sample AB0408 but at concentrations below the
respective RGOs. The resultant HI for Sample AB0408 is 0.6 (Appendix A), which
is less than the OEPA risk management criterion. The HI values for these two
individual samples are consistent with the BHHRA, in which an HI of 0.9 was
calculated (Table 1-4).

Areas Represented by Screening Samples Only. The second category above includes 9
TNTA and 13 TNTC building areas. No confirmation samples were collected at any of these
areas; instead, they were investigated during the RI using screening samples only. Of these 22
“screening only” building areas, only one had a sample with an RGO exceedance that clearly
exceeds either of the OEPA risk management criteria; this building area (Building Area 133) is
proposed for remediation. Sixteen others had no RGO exceedances and five building areas had
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at least one sample that marginally exceeded an RGO. Risk evaluation is limited to these latter
five areas and is presented below.

e Building Area 113. TNT at 10.8 mg/kg marginally exceeds the RGO (8 mg/kg) in
one of nine screening samples. The detected concentrations of 2-ADNT and 4-
ADNT in this sample (AA0121) (0.52 mg/kg and 1.05 mg/kg, respectively) are the
MDCs for-Building Area 113. The HI associated with these concentrations of TNT
and the ADNT isomers would be 0.7.

o Building Area 123. 2-ADNT at 1.69 mg/kg marginally exceeds the RGO (1.3
mg/kg) in one of six screening samples. The detected concentrations of 4-ADNT and
TNT in this sample (AA0167) (1.01 mg/kg and 0.451 mg/kg, respectively) are the
MDC:s for Building Area 123. The HI associated with these concentrations of TNT
and the ADNT isomers would be 0.7.

e Building Area 128. 2-ADNT at 1.50 mg/kg marginally exceeds the RGO (1.3
mg/kg) in one of five screening samples. The detected concentrations of 4-ADNT
and TNT in this sample (AA0146) (0.912 mg/kg and 1.24 mg/kg, respectively) are
the MDCs for Building Area 128. The HI associated with these concentrations of
TNT and the ADNT isomers would be 0.6.

e Building Area 132. 2-ADNT marginally exceeded the RGO (1.3 mg/kg) in two of
twelve screening samples, AA0OOS2 (at 1.65 mg/kg) and AA0054 (at 1.57 mg/kg).
TNT and 4-ADNT were detected in Sample AA0052 at 5.04 and 1.18 mg/kg,
respectively. The HI associated with concentrations of TNT and the ADNT isomers
in sample AA0052 would be 0.9; all three of these concentrations are MDCs for
Building Area 132. TNT and 4-ADNT were detected in Sample AA0054 at 4.08 and
1.01 mg/kg, respectively. The HI associated with concentrations of TNT and the
ADNT isomers in sample AA0054 would be 0.8

e Building Area 691. 4-ADNT marginally exceeded the RGO (1.3 mg/kg) at 1.72
mg/kg in one of eight screening samples. The HI for this sample would, therefore, be
0.4. 2-ADNT was not detected in this sample (AB0021), and TNT was not detected
in any Building Area 691 samples. 2-ADNT was detected in only one screening
sample, at a concentration of 0.156 mg/kg. If this concentration of 2-ADNT is
combined with the exceedance of 4-ADNT found at AB0021, the resulting HI would
be 0.5.

Each of the above samples has an associated HI value less than the OEPA risk management
criterion of 1. Note that, in each building area, the MDCs were used for HI estimations. This
adds conservativeness to the HI estimates for these areas. Additionally, each exceedance of an
RGO for these samples is marginal.
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1.4.2 Summary of Ecological Risks

A SLERA has been performed as part of the RI for TNTA and TNTC (IT, 2001c). Results of
this assessment indicate that the impact of contaminated soil on terrestrial plants is insignificant,
and the limited aquatic habitat at the site reduces the concern for impact to aquatic biota.
Terrestrial receptors (especially mice, rabbits, shrews, and wrens) and aquatic receptors
(especially mallards and raccoons) were predicted to incur elevated hazards, based on estimated
ecological hazard quotients (EHQ), from exposure to TNT, 4-ADNT, 2-ADNT, lead, and
Aroclor 1260 in soil; 4-ADNT, 2-ADNT, TNT, Aroclor 1260, and selenium in sediment; and
aluminum and iron in surface water. Details on the underlying assumptions (e.g., dietary factors,
wildlife area use factors, basis for the toxicity data used) of the estimated EHQs are provided in
the SLERA (IT, 2001c). It is important to note that ecological hazard quotients are not risk
measures and therefore, by themselves, cannot justify either a removal action or a remedial
action. In the RI, removal action objectives (RAQO) based solely on ecological risk were not
recommended, due to uncertainties of toxicity, and limited aquatic habitat at the site. Also, no
rare, threatened, or endangered animal species have been confirmed at the site, and no rare,
threatened or endangered plant species (found only at TNTC) were in areas of the site proposed
for remediation. Further ecological risk assessment study would be required to document and/or
provide compelling weight of evidence for realistic measures of ecological risk that might
warrant removal or remedial actions at the sites based solely on ecological concerns. As
mentioned in Section 1.4.1 and described in Chapter 2.0, remediation of the site is based on
potential human health risks. Therefore, an evaluation of the protectiveness to ecological
receptors based on human health remedial RGOs was performed (Section 2.3) which indicates
that further study or remediation on the basis of ecological concerns alone is unwarranted.

1.5 Nature and Extent of Contamination

The following sections discuss the findings of the TNTA and TNTC RI. All soil analytical
results are presented on Figures 1-3 through 1-19 for TNTA and Figures 1-20 through 1-34 for
TNTC. The discussion below is limited to those sites that exceed either OEPA cancer risk or
noncancer risk criteria or have one or more samples with concentrations of COCs that exceed
RGOs. Analytical results for other sites can be found in the RI report of findings (IT, 2001a).

As mentioned in Section 1.4.1, only independently validated data were used in the BHHRA. For
soils, this means that the analytical results of only confirmation samples were used to evaluate
risks in the BHHRA. However, no confirmation samples were collected from some building
areas. Also, at some of the building areas, exposure associated with the concentrations found in
confirmation samples did not result in risks that exceeded OEPA risk management levels, but
concentrations associated with either individual confirmation or screening samples clearly
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exceeded the RGOs. Therefore, the following building areas are proposed for potential
remediation based on either the results of the BHHRA or a comparison of the confirmation and
screening samples to the RGOs for TNTA and TNTC:

TNTA

TNTC

. Building areas with risks exceeding the OEPA risk management criteria (cumulative

ILCR > 1E-5 or cumulative HI > 1) as shown in the BHHRA are:

e Building 112 e Building 131 e Building 146 e Building 195
e Building 119 e Building 139 e Building 182
e Building 126 e Building 141 ¢ Building 192

. Building areas not shown in the BHHRA to exceed OEPA risk management criteria

(because either the confirmation samples were not collected or they exhibited
relatively low concentrations) but with analytical results in at least one sample (either
confirmation or screening) that exceed RGOs are:

e Building 111 e Building 129 e Building 142 o Building 148
e Building 116 ¢ Building 133 e Building 143

It is noted that each of the TNTA building areas listed above had at least one sample
with concentrations that would have exceeded either or both of the OEPA risk
management criteria for camulative risk (i.e., ILCR >1E-5 and HI > 1).

. Building areas with risks exceeding the OEPA risk management criteria (cumulative

ILRC > 1E-5 or cumulative HI > 1) as shown in the BHHRA are:

¢ Building 603 e Building 629 ¢ Building 686 e Building 696
¢ Building 606 ¢ Building 682 ¢ Building 689
¢ Building 616 e Building 683 e Building 692

. Building areas not shown in the BHHRA to exceed OEPA risk management criteria

(because the confirmation samples exhibited relatively low concentrations) but with

analytical results in at least one sample (either confirmation or screening) that exceed
RGOs are:

e Building 602 e Building 626 e Building 657 e Building 693
Building area 602 is proposed for remediation because one of the screening samples

(ABO377) has concentrations that clearly would have exceeded the OEPA risk
management criterion for cumulative noncancer risk (HI > 1). Potential risks
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associated with Building Areas 626 and 693 are discussed in Section 1.4.1.3; all
samples at both of these areas are within OEPA risk management criteria. Building
areas 626 and 693 are proposed for remediation because of their clear exceedances of
at least one RGO in one or more samples. However, the USACE recommends that
Building Areas 626 and 693 be further discussed by the project team (i.e., USACE,
OEPA, and the Restoration Advisory Board [RAB]) prior to commencement of site
remediation so that an appropriate risk management decision can be made. Even
though Building 657 meets OEPA risk management criteria, it is proposed for
remediation based on a marginal exceedance of the RGO for polynuclear aromatic
hydrocarbons (PAH), which is based on OEPA policy rather than risk. Additionally,
several building areas with COC concentrations that marginally exceed one or more
RGOs, but are less than the OEPA risk management criteria, are not proposed for
remediation (refer to Section 1.4.1.3 and Appendix A); these areas are not discussed
in the following subsections. ’

1.5.1 TNTA

Findings of the current RI are summarized by medium and by TNT process line in the following
subsections.

1.5.1.1  Soil

As mentioned in Section 1.3, a total of 430 screening and 49 confirmation soil samples were
collected from TNTA during the RI. The confirmation samples were collected from
depth/location pairings at which screening samples were already taken. In some cases, one of
the samples (e.g., screening sample) at a given depth/location was found to exceed an RGO but
the other sample collected (e.g., confirmation sample) from this same depth/location pairing was
not. Based on areview of the analytical data, it was determined that these differences are, in
general, likely attributable to soil heterogeneity. For purposes of soil volume estimations, the
higher-concentration sample at such depth/location pairings was assumed to be representative of
COC concentrations at that location. Note that groundwater levels are presented in the following
discussions to demarcate the transition from vadose zone to saturated soil. This information is
used in Section 2.4 to calculate remedial soil volumes.

DNT Process Buildings. Three of the four DNT process buildings investigated at TNTA
showed elevated concentrations of nitroaromatics in surface and/or subsurface soils. These were
Building 182 (DNT Sweating and Graining House), Building 192 (DNT Sweating and Graining
House), and Building 195 (DNT Nitrating Building).

e Building 182. One or more nitroaromatic compounds (DNT, and 2,4-DNT and 2,6~
DNT [both as a SVOCs]) in 3 of the 16 soil samples collected were detected at
concentrations significantly above RGOs to a depth of 7 feet bgs (Figure 1-3). The
depth of contamination above RGOs is believed to extend to bedrock, which was
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encountered at 7 feet bgs during sampling activities. Groundwater was encountered
during September 2000 drilling of temporary piezometer GW-09 immediately above
the bedrock. Groundwater was measured in the piezometer at a depth of 5.40 feet bgs
before sampling.

Building 192. One or more nitroaromatic compounds (DNT, 2,4-DNT and 2,6-
DNT [both as SVOCs], 2,4,6-TNT, and 4-ADNT) in 6 of the 28 soil samples
collected were detected at concentrations above RGOs, to a depth of 4 feet bgs
(Figure 1-4). The depth of contamination above RGOs is believed to extend to
bedrock, which was encountered at 4 feet bgs during sampling activities.
Groundwater was encountered during September 2000 drilling of temporary
piezometer GW-07 immediately above the bedrock at a depth of 3.8 feet bgs.

Building 195. One or more nitroaromatic compounds (2,4-DNT, 2,4-DNT and 2,6-
DNT [both as SVOCs], 2,4,6-TNT, and 4-ADNT) in 4 of the 20 soil samples
collected were detected at concentrations above RGOs, to a depth of 6 feet bgs
(Figure 1-5). The ultimate depth of contamination above RGOs is not precisely
known, as samples below this depth were not collected. Contamination likely extends
to bedrock, which was encountered at 7 feet bgs during sampling activities.
Groundwater was not encountered during October 2000 or August 2001 drilling
activities.

Process Line 1 Buildings. Four of the five TNT manufacturing buildings of process line 1
showed elevated concentrations of nitroaromatics and/or lead and PCB contamination in surface
and/or subsurface soils. These include Building 111 (Mono House), Building 112 (Bi-Tri
House), Building 116 (Wash House), and Building 119 (Acid and Fume Recovery).

Building 111. Three nitroaromatic compounds (2A-4,6-DNT, 4-ADNT, and 2-4-
DNT) were detected above RGOs in 1 soil sample, AA0361, a screening sample
collected at a depth of 4 to 6 feet bgs (Figure 1-6). The sample collected from this
same borehole at a depth of 8 to 10 feet bgs (AA0362) had no RGO exceedances, nor
did a confirmation sample collected from this same location at 8 to 10 bgs (AA0469).
Also, a confirmation sample (AB0468) collected from this same location at 4 to 6 feet
bgs had no RGO exceedances. Bedrock was encountered during October 2000
drilling activities at a depth of 10 feet bgs. Groundwater was encountered at 6 feet
bgs in the boring (A-361/362) for installation of temporary piezometer GW-01.

Building 112. One or more nitroaromatic compounds (2A-4,6-DNT, 4-ADNT, 2,4-
DNT, and 2,4,6-TNT) were above RGOs in 11 of the 34 soil samples collected
(Figure 1-7). Contamination is present over a widespread area and up to depths of at
least 10 feet bgs. Bedrock was encountered during October 2000 drilling of GW-02
at a depth of 15 feet bgs, and groundwater was measured in GW-02 at a depth of 9.54
feet bgs.

Building 116. Two nitroaromatic compounds (2A-4,6-DNT and 4-ADNT) were
detected above RGOs in 1 of 21 soil samples. This screening soil sample, AA0404,
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was collected at a depth of 8 to 10 feet bgs (Figure 1-8). No RGO exceedances were
present in the confirmation sample collected from 8 to 10 feet bgs at this same
location (A0473). Bedrock was encountered during October 2000 drilling activities
at a depth of 19.5 feet bgs. A lens of groundwater was encountered at 3.5 feet bgs in
boring A-472/473 during installation of temporary piezometer GW-04.

Building 119. One or more nitroaromatic compounds (2,4-DNT, 2,4-DNT and 2,6-
DNT [both as SVOCs], 2A-4,6-DNT, 4-ADNT, 2,4,6-TNT, 2-NT, and 4-NT) were
detected above RGOs in 6 of the 35 soil samples collected (Figure 1-9). Lead and
PCB Aroclor 1260 were also detected above RGOs in one of the samples (AA0440)
at a depth of 2 to 3 feet bgs, but were not above RGOs in the sample collected from
the same borehole at a depth of 4 to 6 feet bgs (AA0465). Nitroaromatic
contamination was detected above RGOs as deep as 9 feet bgs at Building 119.
Concentrations of 2-NT and 4-NT were above RGOs at depths of 4 to 9 feet bgs. The
depth of contamination above RGOs is interpreted as extending to bedrock, which
was encountered at 9 feet bgs during October 2000 sampling activities. Groundwater
was not encountered during drilling of temporary piezometer GW-03, but
groundwater was subsequently measured at a depth of 1.62 feet bgs.

Process Line 2 Buildings. Two of the five TNT manufacturing buildings of process line 2
showed elevated concentrations of nitroaromatics in surface and/or subsurface soils. These were
Building 126 (Wash House) and Building 129 (Acid and Fume Recovery).

Building 126. One or more of the nitroaromatic compounds (2A-4,6-DNT, 4-
ADNT, and 2,4,6-TNT) were detected above RGOs in 9 of the 40 soil samples
collected (Figure 1-10). Contamination extends to a depth of at least 10 feet bgs,
which was the greatest depth at which soil samples were collected. Bedrock was not
encountered during drilling of temporary piezometer GW-06, which was installed to a
depth of 15 feet bgs, but groundwater was subsequently measured in temporary
piezometer GW-06 at an approximate depth of 12.9 feet bgs. In October 2000
groundwater was encountered during drilling of subsurface boring A-371/372 (Figure
1-10) at a depth of 8 feet bgs.

Building 129. One nitroaromatic compound (2,4-DNT) was detected above its
RGO in 1 of 16 soil samples collected (Figure 1-11). The detection above the RGO
was from a depth of 2 to 3 feet bgs in screening sample AA0303, but 2,4-DNT was
not detected in the confirmation sample at 2 to 3 feet bgs from this same location
(AA0452) nor in samples collected at this location from greater depths. Bedrock was
not encountered during October 2000 drilling of boring A-371/372, which was
advanced to a total depth of 10 feet bgs. Perched groundwater was encountered in
this boring at 7 feet bgs.

Process Line 3 Buildings. Three of the five TNT manufacturing buildings of process line 3
showed elevated concentrations of nitroaromatics and/or lead and PCB contamination in surface
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and/or subsurface soils. These were Building 131 (Mono House), Building 133 (Fortifier
House), and Building 139 (Acid and Fume Recovery).

Building 131. Two or more nitroaromatic compounds (2A-4,6-DNT, 4-ADNT, 2,4-
DNT and 2,6-DNT [both as SVOCs], 2,4-DNT, DNT, 2,4,6-TNT, 2-NT, and 4-NT)
were detected above RGOs in 4 of the 10 soil samples collected (Figure 1-12).
Contamination extends to a depth of at least 10 feet bgs, the greatest depth at which
soil samples were collected. Bedrock was not encountered during drilling activities.
Perched groundwater was measured in October 2000 temporary piezometer GW-08 at
a depth of 6.04 feet bgs.

Building 133. Three nitroaromatic compounds (2A-4,6-DNT, 4-ADNT, and 2,4,6-
TNT) were detected above RGOs in 1 of the 9 soil samples collected (Figure 1-13).
This sample, AA0348, was collected at a depth of 3 to 3.5 feet bgs. Samples
collected at 4 to 6 feet bgs (AA0393) and 8 to 10 feet bgs (AA0394) from this same
borehole had no RGO exceedances. Bedrock was not encountered during drilling for
collection of these samples. Groundwater was encountered at 6 feet bgs in the
September 2000 boring A-393/394.

Building 139. 4-ADNT, DNT, lead, and Aroclor 1260 were detected above RGOs
in 1 of the 17 soil samples collected (Figure 1-14). This confirmation sample,
AA0432, was collected at 2 to 3 feet bgs and is the only confirmation sample
collected from Building Area 139. Screening soil samples were collected from the
same location as AA0432 at depths of 2 to 3 feet bgs (AA0040), 4 to 6 feet bgs
(AA0375), and 8 to 10 feet bgs (AA0376); no RGO exceedances were observed in
these. It is noted that screening samples were not analyzed for lead or PCBs;
therefore, contaminant depth is not known for Aroclor 1260 and lead. Aroclor 1260
was detected above both its RGO of 1 mg/kg and the Toxic Substances Control Act
regulatory limit of 50 mg/kg. This soil would be classified as a bulk PCB
remediation waste, per the regulatory requirements described in Section 2.4. Soil
boring A-375/376 was advanced to 10 feet bgs in October 2000, and no groundwater
or bedrock was encountered.

Process Line 4 Buildings. Five of the six TNT manufacturing buildings of process line 4
showed elevated concentrations of nitroaromatics in surface and/or subsurface soils. These were
Building 141 (Mono House), Building 142 (Bi-Tri House), Building 143 (Fortifier House),
Building 146 (Wash House), and Building 148 (Nail House).

Building 141. Two or more nitroaromatic compounds (2A-4,6-DNT, 4-ADNT, 2 4-
DNT 2,6-DNT, and 2,4,6-TNT) were detected above RGOs in 3 of the 17 soil
samples collected for the RI (Figure 1-15). These exceedances were observed only in
surface (0 to 1 foot bgs) and near-surface (1 to 2 feet bgs) soil. All three samples
cxhibiting exceedances were from the drowning tank area; samples collected at 4 to 6
feet bgs and 8 to 10 feet bgs in the vicinity of the drowning tank had no RGO
exceedances. Thus, nitroaromatic contamination may extend to a depth of 4 feet bgs
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near the drowning tank. Bedrock and groundwater were not encountered during
drilling activities conducted by IT in October 2000. Bedrock is estimated to be at a
depth of 12 feet bgs.

e Building 142. Four nitroaromatic compounds (2,4,6-TNT, 2A4,6-DNT, 4-ADNT,
and 2,6-DNT), lead, or PCB (Aroclor 1260) were detected above RGOs in 6 of 27
soil samples (Figure 1-16). Lead and Aroclor 1260 were detected in the conﬁrmatlon
surface soil sample (AA0427) at 0 to 1 foot bgs, but not in the subsurface
confirmation sample collected from the same boring (AA0428) at 2 to 4 feet bgs. All
RGO exceedances were within the top 3 feet of soil. October 2000 soil boring A-
379/380 was advanced to 10 feet bgs and did not encounter bedrock. Groundwater
was detected at 4 feet bgs.

e Building 143. Three nitroaromatic compounds (2,4,6-TNT, 2A-4,6-DNT, and 4-
ADNT) were detected above RGOs in 1 of the 21 soil samples collected (Figure 1-
17). This sample, AA0035, was a screening sample collected at 1.6 to 2.6 feet bgs.
No RGO exceedances were found in screening samples collected from this same
location in surface soil (AA0330) or at depth intervals of 4 to 6 feet bgs (AA0381) or
8 to 10 feet bgs (AA0382). Neither were RGO exceedances detected in a
confirmation sample (AA0431) collected from this same location at 1.5 to 2.5 feet
bgs. Nitroaromatic contamination may extend to a depth of 4 feet bgs. Bedrock was
not encountered at this boring, but groundwater was detected in October 2000 at a
depth of 7 feet bgs.

e Building 146. One or more of 4 nitroaromatic compounds (2,4,6-TNT, 2A-4,6-
DNT, 4-ADNT, and 2,4-DNT) were detected above RGOs in 13 of the 34 soil
samples collected (Figure 1-18). Contamination extends to a depth of at least 10 feet
bgs, the greatest depth at which samples were collected. Groundwater was not
encountered during drilling of bedrock monitoring well TNTA-BEDGW-001, which
encountered bedrock at a depth of 55 feet. Monitoring well TNTA-BEDGW-001 was
installed near the northwest corner of the former Wash House.

e Building 148. Three nitroaromatic compounds (2,4,6-TNT, 2A-4,6-DNT, and 4-
ADNT) were detected above RGOs in 1of the 10 soil samples collected (Figure 1-19).
This sample, AA0Q77, was collected at a depth interval of 0.7 to 1.7 feet bgs; a
confirmation sample, AA0433, collected from this same location at 0.7 to 1.7 feet bgs
exhibited no RGO exceedances. Nitroaromatic contamination extends to a depth of at
least 1.7 feet bgs. Total depth of nitroaromatic contamination is not known because
no sample was collected at a depth greater than 2 feet bgs.

1.5.1.2 Surface Water and Sediment

No COCs were identified for TNTA surface water or sediment, based on the results of the
BHHRA.
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1.5.2 TNTC
Findings of the current RI are summarized by medium and by TNT process line in the following
sections.

1.5.2.1 Soil

As mentioned in Section 1.3, a total of 385 screening and 30 confirmation soil samples were
collected from TNTC during the RI. The confirmation samples were collected from
depth/location pairings at which screening samples were already taken. In some cases, one of
the samples (e.g., screening sample) at a given depth/location was found to exceed an RGO but
the other sample collected (e.g., confirmation sample) from this same depth/location pairing was
not. Based on a review of the analytical data, it was determined that these differences are, in
general, likely attributable to heterogeneity. For purposes of soil volume estimations, the higher-
concentration sample at such depth/location pairings was assumed to be representative of COC
concentrations at that location. Note that groundwater levels are presented in the following
discussions to demarcate the transition from vadose zone to saturated soil. This information is
used in Section 2.4 to calculate remedial soil volumes.

Process Line 8 Buildings. Four of the five TNT manufacturing buildings of process line 8
showed elevated concentrations of nitroaromatics, lead, PCBs, and/or PAHs in surface and/or
subsurface soils. These were Building 682 (Bi-Tri House), Building 683 (Fortifier House),
Building 686 (Wash House), and Building 689 (Acid and Fume Recovery).

¢ Building 682. 1.ead or one or more nitroaromatic compounds (2,4,6-TNT, 2-
ADNT, 4-ADNT, 2,4-DNT, and 2,6-DNT [both as SVOCs]) were detected above
RGOs in 9 of the 30 soil samples collected (Figure 1-20). RGO exceedances were
exhibited in samples collected at depth intervals down to 2.5 feet bgs, with lead
exceeding its RGO in 1 of 3 confirmation samples (ABO455 at 0.5 to 1.5 feet bgs).
Nitroaromatics were also detected in a stone-lined drainage ditch north of the
building. September 2000 soil boring C-369/370 encountered groundwater at 8 feet
bgs, and groundwater was measured in October 2000 temporary piezometer GW-02
at 9.57 feet bgs. Bedrock was detected at a depth of 15 feet bgs in the boring for
temporary piezometer GW-02.

e Building 683. Three or more nitroaromatic compounds (2,4,6-TNT, 2A-4,6-DNT,
4-ADNT, DNT, and 2,4-DNT and 2,6-DNT [both as SVOCs]) were detected above
RGOs in 4 of the 10 soil samples collected (Figure 1-21). All of the samples were
located in a boring near the drowning tank. Contamination extends to a depth of at
least 10 feet bgs, the greatest depth at which soil samples were collected.
Groundwater was encountered during drilling of borehole C-399/400 at a depth of 9
feet bgs, and bedrock was detected at a depth of 15 feet bgs during the drilling of
temporary piezometer GW-08.
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Building 686. Nitroaromatics, lead, Aroclor 1260, and PAHs were detected above
RGOs in 16 of the 34 soil samples collected (Figure 1-22). The lead RGO was
exceeded in 1 of the 4 confirmation samples (surface soil sample AB0438), and the
Aroclor 1260 concentrations exceeded the RGO in 2 of the 4 confirmation samples
(surface soil samples AB0437 and AB0438). Nitroaromatics contamination was
distributed throughout the area from the surface to depths of at least 4 feet bgs.
Groundwater was encountered in September 2000 at 3 feet bgs during drilling of
boring C-371/372. In October 1994, groundwater was encountered at 3.5 feet and
bedrock was detected at 12.2 feet bgs in overburden monitoring well TNTC-MWO06.

Building 689. Two or more nitroaromatic compounds (2A-4,6-DNT, 4-ADNT, and
DNT) and Aroclor 1260 were detected above RGOs in 3 of the 17 soil samples
collected (Figure 1-23). Nitroaromatic contamination extends to a depth of at least 6
feet bgs. The total depth is not known, as soil samples were not taken below 6 feet
bgs. Aroclor 1260 exceeded the RGO in 1 of 2 confirmation soil samples; the RGO
exceedance was in surface soil sample AB0426, but the 4 to 6 foot bgs sample
(AB0460) from the same location did not exceed the RGO. September 2000 soil
boring C-3401/402 encountered groundwater at 8 feet bgs, and groundwater was
measured in October 2000 temporary piezometer GW-02 at 9.6 feet bgs. Bedrock
was detected at a depth of 15 feet bgs in the boring for temporary piezometer GW-02.

Process Line 9 Buildings. Three of the six TNT manufacturing buildings of process line 9
showed elevated concentrations of nitroaromatics, lead, and/or PAHs in surface and subsurface
soils. These were Building 692 (Bi-Tri House), Building 693 (Fortifier House), and Building
696 (Wash House).

Building 692. Two or more nitroaromatic compounds (2A-4,6-DNT, 4-ADNT, 2,4-
DNT and 2-6-DNT [both as SVOCs], and 2,4,6-TNT) were detected above RGOs in
8 of the 22 soil samples collected (Figure 1-24). Nitroaromatic contamination
extends to a depth of at least 6 feet bgs at the location of screening sample AB0405.
RGO exceedances were not observed in the sample collected at 8 to 10 feet bgs
(AB0406) from this same borehole nor in the confirmation sample collected at this
same location from 4 to 6 feet bgs (AB0469). September 2000 soil boring C-405/406
encountered groundwater at 8 feet bgs, and groundwater was measured in October
2000 temporary piezometer GW-06 at depth of 9.50 feet bgs. Bedrock was detected
at a depth of 15 feet bgs in the boring for temporary piezometer GW-06.

Building 693. Nitroaromatic compounds (2A-4,6-DNT, 4-ADNT, and/or 2,4,6-
TNT) were detected above RGOs in 2 of the 10 soil samples collected (Figure 1-25).
Nitroaromatic contamination extends to a depth of at least 10 feet, but groundwater
was encountered at a depth of 7 feet bgs in the September 2000 soil boring C-407/408
(temporary piezometer GW-07). Bedrock was not detected at a depth of 10 feet bgs
in the boring. Note that human health risks associated with these exceedances are
less than the OEPA risk management criteria (refer to Section 1.4.1.3).
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Building 696. Nitroaromatics, lead, and/or PAHs were detected above RGOs in 11
of the 35 soil samples collected (Figure 1-26). Contamination extends to a depth of at
least 3 feet bgs, but the total depth of nitroaromatic contamination is not known.
PAHs were observed at concentrations exceeding the RGO in 2 of the 4 confirmation
samples (AB0445 at O to 1 foot bgs and AB0446 at 2 to 2.5 feet bgs). Groundwater
and bedrock were not encountered during installation of the September 2000 boring
C-373/374, drilled to a total depth of 10 feet bgs. Groundwater was not encountered
in August 2001 temporary piezometer GW-18, but bedrock was detected at a depth of
12 feet bgs.

Process Line 10 Buildings. Three of the five TNT manufacturing buildings of process line
10 showed elevated concentrations of nitroaromatics in surface or subsurface soils. These were
Building 602 (Bi-Tri House), Building 603 (Fortifier House), and Building 606 (Wash House).

Building 602. 4-ADNT is the only COC detected above its RGO, in 1 of the 17 soil
samples collected (Figure 1-27). It exceeded the RGO in screening sample AB0377,
collected at 5 to 7 feet bgs. Nitroaromatics were not detected in the sample collected
from this same boring at a depth of 8 to 10 feet bgs (AB0378), nor was 4-ADNT
detected in a confirmation sample collected from this same location and depth
(AB0465). Total depth of the nitroaromatic contamination is interpreted as extending
to groundwater, which was encountered at a depth of 6 feet bgs in September 2000
boring C-377/378.

Building 603. One or more nitroaromatic compounds (DNT, 2,4-DNT and 2,6-
DNT [both as SVOCs], 2A-4,6-DNT, and 2,4,6-TNT) were detected above RGOs in
4 of the 11 soil samples collected, to depth intervals as great as 8 to 10 feet bgs
(AB0464) (Figure 1-28). Groundwater was encountered at 8 feet bgs during drilling
of September 2000 soil boring C-379/380. Groundwater was measured in temporary
piezometer GW-04 at 6.9 feet bgs.

Building 606. Two nitroaromatic compounds (2A-4,6-DNT and 4-ADNT) were
detected above RGOs in 1 of the 17 soil samples collected (Figure 1-29). These
exceedances were exhibited in sample AB0447, collected at a depth of 1 to 2 feet bgs.
No deeper samples were collected at the location of AB0447. Groundwater was
encountered during drilling of September 2000 soil boring C-381/382 (boring south
of catch box) at a depth of 6 feet bgs. Groundwater was measured in August 2001
temporary piezometer GW-17 at 6.9 feet bgs. Bedrock was encountered in the
temporary piezometer boring at a depth of 8 feet bgs.

Process Line 11 Buildings. Of the six TNT manufacturing buildings of process line 11,
only Building 616 (Wash House) showed elevated concentrations of nitroaromatics in soils.

Building 616. Three nitroaromatic compounds (2A-4,6-DNT, 4-ADNT, and 2,4,6-
TNT) were detected above RGOs in 10 of the 43 soil samples at depths to 10 feet bgs,
and PAH compounds were detected above RGOs in 1 of the 6 confirmation samples
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(AB0432 at 0 to 1 foot bgs) (Figure 1-30). Nitroaromatics exceedances of RGOs
were observed at depths up to 4 feet bgs. Groundwater was encountered during
drilling of September 2000 soil boring C-361/362 at a depth of 8 feet bgs.
Groundwater was measured in temporary piezometer GW-05 at a depth of 0.90 feet,
and bedrock was encountered at a depth of 16.55 feet bgs.

Process Line 12 Buildings. Two buildings and the wastewater settling basins of process
line 12 showed elevated concentrations of nitroaromatics, lead, and/or PCBs in surface and
subsurface soils. These were Building 626 (Wash House), Building 629 (Acid and Fume
Recovery), and Building 657 (Wastewater Settling Basins).

Building 626. One nitroaromatic compound (2A-4,6-DNT) was detected above its
RGO in 1 of the 18 soil samples collected (Figure 1-31). This screening sample,
AB0074, was collected at a depth of 2.5 to 3.5 feet bgs. No nitroaromatics were
detected in a second screening sample collected from the same depth and location
(ABO0431), and no deeper samples were collected at this location. Contamination is
interpreted as extending to a depth of at least 3.5 feet bgs in this boring. Groundwater
was encountered at 8 feet bgs in the September 2000 boring C-395/396. Probe
refusal (bedrock) was encountered during drilling of temporary piezometer GW11 at
a depth of 8.5 feet bgs. Note that human health risks associated with sample AB0074
are less than the OEPA risk management criteria (refer to Section 1.4.1.3).

Building 629. Nitroaromatics were detected above RGOs in 8 of the 25 soil
samples collected (Figure 1-32) to a depth of 10 feet bgs. Total PCBs were detected
in 2 of 4 confirmation samples (AB0430 and AB0475, both collected at 2.5 to 3.5 feet
bgs), and lead exceeded its RGO in 1 (AB0430) of 4 confirmation samples.
Therefore, PCB and lead contamination extends to a depth of at least 3.5 feet bgs, and
nitroaromatics contamination extends from the surface to depths of at least 10 feet
bgs (bedrock). Groundwater was not encountered during drilling of soil boring C-
363/364 nor during the installation of temporary piezometer GW-01. Probe refusal
(bedrock) was encountered during drilling of the temporary piezometer at a depth of
10 feet bgs.

Building 657. A total of 14 soil samples were collected from the Wastewater
Settling Basins (Figure 1-33). PAHs were the only COCs that exceeded an RGO.
This RGO exceedance was observed in the only confirmation sample, AB0468,
collected at a depth of 3 to 5 feet bgs. Therefore, contamination extends to a depth of
at least 5 feet bgs, but the total depth that exceeds RGOs is not known because only
one confirmation sample was collected. Groundwater was not encountered in the
September 2000 boring during sample collection, but probe refusal was obtained at a
depth of 7 feet bgs.
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1.5.2.2 Surface Water and Sediment
No COCs were identified for surface water at TNTA based on the results of the BHHRA. COCs

were detected above RGOs in sediment at TNTC at only one sample location (Figure 1-34). 4-
ADNT, 2A-4,6-DNT, and 2,4,6-TNT were detected above RGOs at sample location SD00S.

1-23
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2.0 Identification of Remedial Action Objectives at TNT
Area A and TNT Area C

2.1  Introduction

This chapter identifies the RAOs for TNTA and TNTC, provides remediation volumes estimates
based on the RAOs and analytical results, and identifies applicable or relevant and appropriate
requirements (ARAR) associated with the chemicals, environmental media, and potential actions
associated with the remediation of site materials. RAOs are cleanup objectives that are
developed during the FFS and finalized in the record of decision to protect human health and the
environment. They consist of medium-specific goals for protecting human health and the
environment. RAOs provide the basis for the identification, detailed analysis, and selection of
remedial alternatives.

RAO:s developed for the protection of human health and the environment specify the following:

e COCs to be addressed
e Relevant exposure routes and receptors

e Chemical concentration limits specific to COCs, environmental media, and specific
locations at the site, referred to as RGOs.

Separate RAOs were developed for TNTA and TNTC. The RAO for TNTA is:

e Remedial actions will be taken to prevent human exposure via any exposure route
(ingestion, inhalation, or dermal contact) to total soil containing any of the COCs at
concentrations that exceed TNTA RGOs.

The RAO for TNTC is:

e Remedial actions will be taken to prevent human exposure via any exposure route
(ingestion, inhalation, or dermal contact) to total soil or sediment containing any of
the COCs at concentrations that exceed TNTC RGOs.

Section 2.2 presents and describes the derivation of RGOs for TNTA and TNTC. Post-
remediation ecological hazards, based on cleanup to RGOs, are evaluated in Section 2.3. The
RGOs are used in Section 2.4 to provide estimations of the area and volume of contaminated
media. Section 2.5 identifies action-specific ARARs associated with potential remedial
alternatives.
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2.2 Remedial Goal Options

RGOs are selected to address human health concerns based on chemical- and medium-specific
ARARs, “to be considered” (TBC) criteria, and risk-based remediation criteria (RBRC); these
terms are briefly described below: '

e Chemical-and medium-specific ARARs — Enforceable regulatory chemical- and
medium-specific concentrations. Note that ARARs are further defined in Section 2.4.

e TBCs — Nonenforceable chemical- and medium-specific gnidance or advisories. One
example is the USEPA (1998) average concentration of 400 mg/kg for lead used as a
screening level for residential soil.

e RBRCs - Risk-based concentrations derived from the BHHRA exposure and toxicity
assessments. These provide important perspective relating contaminant
concentrations to specific risk levels. Because it is the desire of NASA to release the
property for unrestricted use, RBRCs based on the more conservative exposure
assumptions (i.e., residential use for soils; construction worker assumptions for
TNTC sediments) were used in the FFS.

RGOs were developed for each COC in total soil at TNTA and in total soil and sediment at
TNTC. The first step of RGO development was to perform a comprehensive search for any
chemical-specific ARARs for COCs in soil and sediment. A legally enforceable ARAR was
found to exist only for PCBs in soil (1 mg/kg); this ARAR was used as an RGO for combined
Aroclor 1254 and Aroclor 1260. Section 2.5.3 discusses the pertinent PCB regulations and how
they apply to remedial actions at TNTA and TNTC. The USEPA (1998) 400 mg/kg screening
level for lead in soil, which is a TBC criterion, was adopted as the RGO for lead in TNTA and
TNTC soils. The derivation of RGOs for other COCs is described in Section 2.2.1. All RGOs
for TNTA and TNTC are provided in Sections 2.2.2 and 2.2.3, respectively.

Future residential land use was considered in the development of the RGOs, consistent with the
desire of all stakeholders (NASA, OEPA, and the RAB) to release the property for unrestricted
use, including potential residential development. Therefore, remediation of soil proposed in the
FFS focuses on meeting these residential-based RGOs. The construction worker scenario
represents the more conservative exposure scenario for TNTC sediment (refer to Section 2.2.3.2
and Appendix B) and is used in the FFS for sediment.

2.2.1 Derivation of Risk-Based Remediation Concentrations
The RBRC:s selected as RGOs for nitroaromatics are COC-, receptor-, and medium-specific

concentrations based on a cumulative target cancer risk level of 1E-5 and a cumulative target HI
value of 1 for each target organ. The primary noncancer COCs identified in TNTA and TNTC
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are nitroaromatics, all of which have a common target organ, the erythrocyte. The only other
COCs at TNTA and TNTC having recognized noncancer effects are lead and Aroclor 1254.
Neither lead nor Aroclor 1254 has noncancer effects that are regarded as additive with those of
the nitroaromatics; more details about assumptions regarding the additivity of hazard are
provided in the BHHRA (IT, 2001b). The derivation of RBRCs incorporates all the exposure
and toxicity assumptions and data used in the BHHRA.

A sum-of-ratios approach (SRA) was used to develop TNTA total soil RBRCs (Appendix B).
The SRA separately considers cumulative cancer and noncancer effects of the COCs and
provides the flexibility necessary so that the target cumulative risk values (i.e., ILCR = 1E-5, HI
= 1) are divided among the COCs in appropriate proportions. The proportions are generally
selected so that the remediation effort, costs, and/or time required to meet the RAO are
minimized.

A detailed discussion of the SRA is provided in Appendix B. Briefly, in the SRA, chemical-
specific concentrations are back-calculated using the output from the risk assessment, setting a
target HI of 1 for noncarcinogens affecting the same target organ and a target ILCR of 1E-5 for
carcinogens. The calculations are typically first made using the same relative proportions that
were identified in the BHHRA as exposure point concentrations. These proportions may then be
adjusted to accommodate site-specific concerns and minimize remediation.

Properly balancing the RBRC:s is a critical component of the SRA. For example, it may be
judged appropriate to adjust the RBRC upward for a given noncancer COC “A”; however, this
adjustment decreases the remaining portion of the target HI for the other noncancer COCs
affecting the same target organ as COC “A.” Also, a given COC (e.g., TNT and the DNT
isomers) may elicit both cancer and noncancer adverse effects. A determination must be made as
to which type of effect is the “risk driver,” cancer or noncancer, and whether a given
concentration considered as a potential RBRC appreciably affects both cancer and noncancer
risks. Simultaneous spatial evaluation of the analytical data is also necessary to select RBRCs
that will help to minimize the remediation costs, efforts, and/or time expended to most
effectively meet RAO:s.

2.2.2 TNTA RGOs

RGOs for TNTA total soil were derived based on potential residential use. As mentioned in
Section 2.2.1, the PCB ARAR of 1 mg/kg was selected as the RGO for combined Aroclors 1254
and 1260 for TNTA, and the TBC criterion of 400 mg/kg was selected as the RGO for lead.
Note that Aroclor 1254 was not detected in TNTA total soil, but it is being treated as a COC
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because the ARAR-based RGO is for combined PCBs. Site-specific RBRCs were selected as
RGO:s for the remaining COCs, all of which are nitroaromatics (Table 2-1). The RGOs for
TNTA differ somewhat but are comparable to the RGOs developed for TNTB. The following
paragraphs briefly present the nitroaromatic RBRCs. Appendix B describes the derivation of the
RBRCs for TNTA in greater detail.

Cancer Effects. 2,4-DNT, 2,6-DNT, TNT, and Aroclor 1260 are the only carcinogenic COCs
identified for TNTA. All three of the nitroaromatic COCs elicit both cancer and noncancer
effects. The cancer effects for the DNTs (combined ILCR of 3E-2) in the BHHRA exceed the
OEPA target ILCK (1E-5) by a factor of nearly 3,000, whereas the noncancer effects for
combined DNTs (hazard quotient [HQ] = 199) exceeds the OEPA noncancer target HI by a
factor of 199. Therefore, cancer effects are clearly the risk-driving effects for 2,4-DNT and 2,6-
DNT.

The ILCR for TNT in the BHHRA (3E-5) exceeds the OEPA target ILCR (1E-5) by a factor of
approximately 3, whereas the noncancer HQ (8) exceeds the OEPA noncancer target HI by a
factor of 8. This means that the noncancer effects of TNT more heavily influence human health
risks than do its cancer effects, although the magnitude of the difference of noncancer versus
cancer impact (with respect to the risk-based criteria of HI=1 and ILCR=1E-5) is not as great for
TNT as it is for the DNT isomers. However, it is necessary to consider whether the contribution
of TNT to cancer risk may be appreciable depending on the magnitude of the TNT RBRC
selected based on noncancer effects.

A target ILCR of 1E-5 corresponds to a combined DNT RBRC of 7.5 mg/kg (Appendix B). A
TNT RBRC of 8 mg/kg was selected based on noncancer effects as discussed under “Noncancer
Effects” below. This TNT concentration corresponds to a de minimis ILCR of 5.6E-7; therefore,
the DNT isomers are the only TNTA COCs quantitatively considered for cancer effects. A
spatial evaluation ‘was performed on all of the TNTA analytical results. This evaluation revealed
that 2,4-DNT was far more prevalent than 2,6-DNT in the O to 7.5 mg/kg range. It was then
determined that a 22,4-DNT RBRC of 6 mg/kg and a 2,6-DNT RBRC of 1.5 mg/kg (a combined
total of 7.5 mg/kg) would most effectively help to minimize the remediation effort at TNTA.

Additionally, the cancer effects of Aroclor 1260 are additive with those of TNT and the DNT
isomers. However, the sample with the maximum remaining Aroclor 1260 concentration would
have an associated ILCR that is de minimis (refer to Appendix B). Even at the total PCBs
ARAR of 1 mg/kg, the associated ILCR would be 3E-6; this risk level combined with a total
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DNT concentration of 7.5 mg/kg (if the two concentrations were to occur in the same location)
would round to 1E-5, the OEPA risk management criterion.

Noncancer Effects. Based on a review of site-specific TNTA analytical data, as well as
confirmation samples collected during the remediation action performed at TNTB, it was
determined that RBRCs should be selected to maximize the allowable residual concentrations of
2-ADNT and 4-ADNT. If all of the target HI (=1) was apportioned to the ADNT isomers, the
combined ADNT RBRC would be 4.0 mg/kg; many TNTA samples exhibited combined ADNT
concentrations ranging from 1 to 4 mg/kg. It was also determined from a spatial and quantitative
evaluation of TNTA data, with the goal of minimizing the remediation effort necessary to meet
the RAO, that an RBRC of 1.3 mg/kg for 2-ADNT, an RBRC of 1.7 mg/kg for 4-ADNT, and an
RBRC of 8 mg/kg for TNT should be selected for TNTA soil. The RBRC:s selected for 2-
nitrotoluene (31 mg/kg) and 4-nitrotoluene (9 mg/kg) were likewise selected with the goal of
minimizing the effort required to meet the RAO for TNTA; these values are associated with de
minimis risk (i.e., HQ < 0.1). Combined, the HI for the noncancer COC RBRCs (1.0) meets the
OEPA target HI. [t is noted that the 2,4-DNT and 2,6-DNT RBRCs, selected on the basis of
cancer effects, are regarded as de minimis with respect to noncancer effects (HQ values of 0.04
and 0.02, respectively).

Note on Isomer-Specific RBRCs. The TNTA RBRCs for the ADNT and DNT isomers are
similar but are not the same as for TNTC (Section 2.2.3.1); caution should be taken that these
values are not confused. Refer to the table below for clarification.

TNTARBRC | TNTC RBRC
coc (mg/kg) (mg/kg)
2-ADNT 13 1.7
4-ADNT 1.7 1.3
2,4-DNT 6.0 6.5
2,6-DNT 15 1.0

2.2.3 TNTCRGOs
RGOs were derived for TNTC total soil and sediment separately and are presented in subsections
2.2.3.1 and 2.2.3.2, respectively.

2.2.3.1 Total Soil

RGOs for TNTC total soil were derived based on potential residential use. As mentioned in
Section 2.2.1, the PCBs ARAR of 1 mg/kg was selected as the RGO for combined Aroclor 1254
and 1260 for TNTC, and the TBC criterion of 400 mg/kg (EPA, 1998) was selected as the RGO
for lead. Also, at the direction of OEPA, an RGO of 1 mg/kg for the combined PAH COCs was
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selected. Site-specific RBRCs were selected as RGOs for the remaining COCs, all of which are
nitroaromatics (Table 2-2). The RGOs for TNTC differ somewhat but are comparable to the
RGOs previously developed for TNTB. The following paragraphs briefly present the
nitroaromatic RBRCs. Appendix B describes the derivation of the RBRCs for TNTC in greater
detail.

Cancer Effects. 2,4-DNT, 2,6-DNT, TNT, Aroclor 1254, and Aroclor 1260 are the
carcinogenic COCs for TNTA total soil. As mentioned, an ARAR-based RGO was selected for
the PCBs. All three of the nitroaromatic COCs and Aroclor 1254 elicit both cancer and
noncancer effects. As discussed in Section 2.2.2, the noncancer effects of TNT are more
dominant than are its cancer effects (i.e., with respect to a given concentration resulting in an
exceedance of the OEPA risk criteria). Based on the noncancer effects of TNT (see discussion
below under “Noncancer Effects”), an RBRC of 8 mg/kg was selected for TNT.

Because the TNT RBRC of 8 mg/kg results in a de minimis ILCR (i.e., <1E-6), the DNT isomers
are the only TNTC nitroaromatic COCs quantitatively considered for cancer effects (refer to
Appendix B). A target ILCR of 1E-5 corresponds to a combined DNT RBRC of 7.5 mg/kg. A
spatial evaluation was performed on all of the TNTC analytical results. This evaluation revealed
that 2,4-DNT was far more prevalent than 2,6-DNT in the O to 7.5 mg/kg range. It was then
determined that a 2,4-DNT RBRC of 6.5 mg/kg and a 2,6-DNT RBRC of 1.0 mg/kg (total of 7.5
mg/kg) would most effectively help to minimize the remediation effort at TNTC.

Additionally, the cancer effects of Aroclors 1254 and 1260 are additive with those of TNT and
the DNT isomers. However, the samples with the maximum remaining Aroclor 1254 and
Aroclor 1260 concentrations would have associated ILCRs that are de minimis (refer to
Appendix B). Even at the total PCBs ARAR of 1 mg/kg, the associated ILCR would be 3E-6;
this risk level combined with a total DNT concentration of 7.5 mg/kg (if the two concentrations
were to occur in the same location) would round to 1E-5, which does not exceed the OEPA risk
management criterion.

Five PAHs were also identified as COCs. However, RBRCs were not developed for these for the
following reasons: (1) PAHs were less prevalent than the nitroaromatic COCs, especially in
subsurface soil; (2) PAHs are not known to have been used at the site other than presumably in
paving materials, lubricants, and fuels for vehicles; (3) controlled vegetation burning may
provide an ongoing source of PAHs in surficial soils (note that PAHs are more prevalent in
TNTC surface soil than in TNTC subsurface soil); (4) naturally occurring petroliferous rock may
be a natural source: of PAHs in TNTC soil; (5) given the contribution of the DNT isomers to
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cancer risk associated with TNTC soils, the RBRCs for PAHs would have been less than the
analytical reporting limits and could not be regarded as reliable quantifications.

Noncancer Effects. Based on a review of site-specific TNTC analytical data, as well as
confirmation samples collected during the remediation action performed at TNTB, it was
determined that RBRCs should be selected to maximize the allowable residual concentrations of
2-ADNT and 4-ADNT. If all of the target HI (=1) were apportioned to the ADNT isomers, the
combined ADNT RBRC would be 4.0 mg/kg; many TNTC samples exhibited combined ADNT
concentrations ranging from 1 to 4 mg/kg. It was also determined from a spatial and quantitative
evaluation of TNTC data, with the goal of minimizing the remediation effort necessary to meet
the RAO, that an RBRC of 1.7 mg/kg for 2-ADNT, an RBRC of 1.3 mg/kg for 4-ADNT, and an
RBRC of 8 mg/kg for TNT should be selected for TNTC total soil RBRCs. Combined, the HI
for the noncancer COC RBRCs (1.0) meets the OEPA target HI. It is noted that the 2,4-DNT
and 2,6-DNT RBRCs, selected on the basis of cancer effects, are regarded as de minimis with
respect to noncancer effects (HQ values of 0.04 and 0.01, respectively).

Note on Isomer-Specific RBRCs. The TNTC RBRCs for the ADNT and DNT isomers are
similar but are not the same as for TNTA (Section 2.2.2); caution should be taken that these
values are not confused. Refer to the table below for clarification.

TNTARBRC | TNTC RBRC
coc (mg/kg) (mg/kg)
2-ADNT 1.3 1.7
4-ADNT 1.7 1.3
2,4-DNT 6.0 6.5

2 6-DNT 15 1.0

2.2.3.2 Sediment

A single sediment sample (AB1009) had high concentrations of 2-ADNT (11.2 mg/kg), 4-ADNT
(12.8 mg/kg), and especially TNT (1,496 mg/kg). These concentrations resulted in sediment HI
values for the resident (6) and construction worker (14) that exceeded the OEPA risk
management criterion (HI = 1) (IT, 2001b). It is noted that, when rounded to one significant
figure, the ILCR associated with this elevated TNT concentration equaled the upper limit of the
OEPA cancer risk management range (i.e., 1E-5) for the resident and equaled the lower end of
the OEPA cancer risk management range (i.e., 1E-6) for the construction worker. Therefore, the
derivation of RGCss focuses on noncancer effects.

Noncancer RBRC:s were derived for TNTC sediment using the SRA, as described in Appendix
B. Separate RBR(Cs were derived for the construction worker and potential resident, assuming
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an HQ of 0.333 for each of the three COCs (Table 2-3). Because exposure to the construction
worker was assumed to be more intense over a short period, the noncancer risks associated with
the construction worker are estimated to be greater than for the resident, and the construction
worker RBRC:s are accordingly lower. For conservativeness, the construction worker RBRCs
are proposed as R(GOs for sediment:

2-ADNT - 5 mg/kg
e 4-ADNT -5 mg/kg
e TNT -41 mg/kg.

Concentrations in the 14 other sediment samples were much lower than these RGO levels. The
second highest concentration of each sediment COC occurs in Sample AB1015 (2-ADNT - 3.25
mg/kg; 4-ADNT --2.79 mg/kg; and TNT - 2.9 mg/kg). These concentrations result in HI values
of 0.4 for the construction worker and 0.2 for the resident; associated cancer risks would be de
minimis. Concentrations of these COCs in the other remaining sediment samples were much
lower than in Sample AB1015 (TNT and combined ADNTs were each less than 0.8 mg/kg).
Therefore, it was cetermined that existing concentrations of these COCs in TNTC sediment are
unlikely to represent a human health risk except in the vicinity of Sample AB1009.

2.3 Residual Ecological Hazards

As mentioned in Section 1.4.2, EHQs estimated for TNTA and TNTC soils, sediment and
surface water in the SLERA were found to be elevated (IT, 2001c). These estimates are
associated with a considerable degree of uncertainty and are not, by themselves, appropriately
definitive to recommend ecologically based RAOs. However, the SLERA suggests that
proposed remediation based on human health-based RGOs for TNTA soils and TNTC soils and
sediment be evaluated to determine whether the proposed action is either protective of the
environment or significantly reduces EHQs. This section integrates the EHQs and the human
health RGOs to provide a semiquantitative assessment of the reduction in potential ecological
hazard effected by human health risk-based remediation. As mentioned in Section 2.2 regarding
the BHHRA, only the confirmation soil samples were evaluated in the SLERA because the
screening soil samples were not independently validated. Also, the screening samples were
analyzed only for nitroaromatics; only one of the ecological “risk drivers,” TNT, is a
nitroaromatic. Therefore, only the confirmation samples were used in this residual risk reduction
evaluation.

Tables 2-4 through 2-7 present estimated residual ecological hazards for chemicals found to be
ecological “risk drivers” for at least one of the receptors evaluated for the respective
environmental media. The receptor with the highest (i.e., “critical”) EHQs value from the
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SLERA for each medium is shown in the tables. Estimated post-remediation residual
concentrations are based on the maximum detected concentration (or one-half the reporting limit
if not detected) among the confirmation samples in areas not proposed for remediation; revised
EHQ values were simply scaled as described in the footnotes to the tables. Using the estimated
residual concentrations and scaled HQ estimation approach, the following reductions in HQ
based on no-observed-adverse-effect level (NOAEL) values are observed (similar reductions
may be observed for lowest-observed-adverse-effect level [LOAEL] values).

e TNTA surface soil —~ EHQ reductions range from a factor of 8 (lead) to a factor of
3,040 (TNT). If the HQ values from the SLERA are added together and compared to
the sum of the estimated post-remediation HQ values, the overall HQ reduction is 24-
fold. Mote that different receptors (rabbit and wren) are included on Table 2-4, so the
24-foldl reduction in EHQ does not refer to any particular receptor. Also, potential
ecological hazards of different chemicals are not necessarily additive, so this overall
24-folcl reduction in HQ does not connote a 24-fold reduction in ecological hazard but
is included only for numerical comparisons. This last comment applies to each of the
following bullets as well.

e TNTA total soil — EHQ reductions range from a factor of 1 (i.e., no reduction for
calcium, which is not a human health COC) to a factor of 10,600 (TNT). If the HQ
values for Aroclor 1260 are not considered (because the estimated residual Aroclor
1260 concentration [0.0768 mg/kg] is far less than the PCBs ARAR of 1 mg/kg), the
estimated overall post-remediation reduction of the remaining summed HQ values is
S-fold.

e TNTC total soil - EHQ reductions range from a factor of 4 (lead) to a factor of
29,300 (TNT). If the EHQ values from the SLERA are added together and compared
to the sum of the estimated post-remediation HQ values, the overall HQ reduction is
41-fold.

e TNTC sediment — EHQ reductions range from a factor of 1 (Aroclor 1260, selenium,
and aluminum) to a factor of 517 (TNT). If the HQ values from the SLERA are
added together and compared to the sum of the estimated post-remediation HQ
values, the overall reduction is 9-fold. The exposure point concentrations for
aluminum and selenium are less than background screening concentrations. If the
contributions of aluminum and selenium are not considered in this comparison, then
the estimated post-remediation reduction is 28-fold. Note that different receptors
(mallard duck and raccoon) are included on Table 2-7, so the estimated 28-fold
reduction in HQ does not refer to any particular receptor.

While some of the COCs are still estimated to have potential EHQs greater than a value of 1, this
finding is not considered significant for the following reasons:
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e Many of the estimated EHQs greater than 1 are due to detection limit issues. Further
reduction in the human health RGOs to protect ecological receptors is not warranted,
due to the fact that many of the RGOs are already near the analytical limit of
detection (final column of Tables 2-4 through 2-7).

e Some of the estimated EHQs greater than 1 are actually due to metal concentrations
near or below site-specific background concentrations. For example, background
calcium in soil is 52,300 mg/kg, and residual levels of calcium are estimated to be
14,500 mg/kg for surface soil and 31,000 mg/kg for total soil at TNTA; background
selenium in soil is 2 mg/kg, and the residual level of selenium in sediment is
estimated to be 1.84 mg/kg at TNTC; background aluminum in soil is 15,500 mg/kg,
and the residual level of aluminum in sediment is estimated to be 11,004 mg/kg at
TNTC. Note: Because background sediment data were not available, background
soil data were used as a surrogate (IT, 2001c).

o The estimated EHQs in Tables 2-4 through 2-7 incorporate additional safety factors,
such as the use of an 8-fold modifying factor to account for species-to-species
extrapolation and a conservative site-foraging factor of 100 percent. In reality,
wildlife are not expected to spend 100 percent of their time at either TNTA or TNTC,
and thus exposures to COCs would be reduced if more realistic values were selected
for these parameters.

e EHQs are not measures of the probability that a wildlife receptor will develop a
toxicological endpoint of concern, such as mortality or reproductive impairment.
Additionally, EHQs in excess of 1 do not necessarily indicate that even a single
individual of a species will demonstrate the associated effect endpoint. Thus, EHQs
of 1 or lower are not necessarily a requirement to demonstrate acceptable ecological
impacts.

e Bioaccumulation of COCs in the food chain was estimated using simple empirical
models, and actual uptake is expected to be less than estimated. For example, uptake
of Aroclor 1260 in earthworms from soil was estimated to be 27.3-fold but is likely
much lower. Using a more realistic Aroclor 1260 uptake factor for earthworms
would result in lower estimated exposures for earthworm-consuming wildlife, such as
the wren, used in the ecological risk assessment (ERA).

In conclusion, given the reasons presented above, the proposed human health RGOs (Tables 2-1
through 2-3) are expected to result in residual COC soil and sediment concentrations that are
protective of the environment. No additional aquatic RGOs are needed for surface water at
TNTA or TNTC or sediment at TNTC because (1) there is very limited aquatic habitat at the
sites and (2) the acuatic habitat that is present is of low quality and is not expected to support or
attract fish or wildlife species.
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2.4 Area and Volume Estimates of Contaminated Media

Identifying samples with COC concentrations above RGOs is the first step in determining area
and volume estimates of contaminated media. Concentration data for the media of concern at
TNTA and TNTC are shown in the shadowboxes on Figures 1-3 through 1-34. COC
concentrations that exceed RGOs are shaded on the figures. There exists some uncertainty
concerning the extent of contamination at locations where circumambient data at concentrations
below RGOs are not available to completely delineate the boundaries of areas requiring
remediation. At these locations the following rules were used to estimate remedial soil volumes:

e If the concentration of any COC at the lateral limit of the sampling data is greater
than the RGO but less than 10 times the RGO, a 10-foot buffer was added to the
lateral extent in that direction.

o If the concentration of any COC at the lateral limit of the sampling data is greater
than 10 times the RGO, a 30-foot buffer was added to the lateral extent in that
direction.

e If the concentration of any COC at the vertical limit of the sampling data is greater
than the RGO but less than 10 times the RGO, a 5-foot buffer was added to the
vertical extent.

e If the concentration of any COC at the vertical limit of the sampling data is greater
than 10 times the RGO, the vertical extent was assumed to be the depth to the water
table orr bedrock, whichever is encountered first.

e If the concentration of lead on one side of a former building location is greater than
the RGO, the extent of contamination was assumed to be a 10-foot wide strip around
the perimeter of the foundation. This 10-foot-wide strip was assumed from surface to
a depth of 2 to 3 feet, except in areas where contamination was specifically
encountered (to which the above rules were applied).

Areas of nitroaromatic and PAH contamination exceeding RGOs are shown in red on the
shadowbox figures, while lead and PCB contamination areas are shown in green.

The estimated areas and volumes of contaminated soil potentially requiring remediation at each
building at TNTA and TNTC are shown on Tables 2-8 and 2-9, respectively. The volume of
contaminated soil at TNTA that may require remediation is estimated to be 16,328 cubic yards.
Of this total, 3,990 cubic yards (24 percent) might be classified as a hazardous waste upon
excavation because the soil contains 2,4-DNT or lead at concentrations that exceed the “20 times
rule.” Section 2.5.1 describes how the “20 times rule” is used to classify contaminated soil for
waste management. Additionally, another 119 cubic yards of soil with concentrations of total
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PCBs greater than 50 mg/kg would be classified as a PCB remediation waste upon excavation.
Section 2.5.3 presents an overview of the Toxic Substances Control Act (TSCA) regulations that
govern the management of PCB wastes.

The volume of contaminated soil at TNTC that may require remediation is estimated to be 9,205
cubic yards. Of this total, 2,310 cubic yards (25 percent) might be classified as a hazardous
waste upon excavation because the soil contains 2,4-DNT or lead at concentrations that exceed
the “20 times rule.”

In TNTC sediment, the concentrations of COCs were elevated above RGOs in only one sample,
SDO009 (Figure 1-34). This sample exceeded an RGO by more than an order of magnitude. It
was assumed that s0il would be removed in the vicinity of the sample for a total of 30 feet
upstream, 30 feet downstream, 10 feet in width, and to a depth of 2 feet below sediment surface.
Therefore, the volume of contaminated sediment potentially requiring remediation is estimated to
be 44 cubic yards (Table 2-9). Based on the analytical data presented in Figure 1-31, the
contaminated sediment would be classified as nonhazardous upon excavation.

It is important to note that there is significantly more analytical data for the nitroaromatic COCs
than for lead, PAHSs, or PCBs. As aresult, there is a greater degree of uncertainty about the
accuracy of the remedial volumes concerning these constituents.

2.5 ARARs Associated with Potential Remediation Activities
ARARs are defined in the USEPA CERCLA guidance document (USEPA, 1988) as follows:

e “Applicable requirements” means those cleanup standards, standards of control, and
other substantive environmental protection requirements, criteria, or limitations
promulgated under federal or state law that specifically address a hazardous
substarnce, pollutant, contaminant, remedial action, location, or other circumstance at
a CERCLA site.

e “Relevant and appropriate requirements” means those cleanup standards, standards of
control, and other substantive environmental protection requirements, criteria, or
limitations promulgated under federal or state law that, while not “applicable” to a
hazardous substance, pollutant, contaminant, remedial action, location, or other
circumstance at a CERCLA site, address problems or situations sufficiently similar to
those encountered at the CERCLA site that their use is well suited to the particular
site.

A requirement may fall into one of these categories but not both. There is more discretion in the

determination of rclevant and appropriate requirements. It is possible that only a specific part or
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parts of a requirement will be considered relevant and appropriate in a given case. When the
analysis results in a determination that a requirement is both relevant and appropriate,
compliance with that requirement is mandatory to the same extent as for applicable requirements.

ARARSs can be separated into three categories: chemical-specific, action-specific, and location-
specific. Chemical-specific ARARs were addressed in Section 2.2.

Tables C-1 and C-2 in Appendix C present a list of location- and action-specific ARARs that
were evaluated for their potential applicability to remedial areas and remedial actions under
consideration at TNTA and TNTC. For each potential ARAR, the tables list a description of the
regulatory requirement, the prerequisite that invokes the regulation, the federal and/or Ohio
regulatory citation, and a determination on the applicability of the ARAR for the sites. No
location-specific ARARs were determined to be applicable to the remediation of soil at TNTA
and TNTC because areas of special significance (e.g., wetlands, sites containing cultural .
resources, habitats of endangered, threatened, or rare species) do not exist within the proposed
remedial areas of TNTA and TNTC.

Several action-specific ARARs were determined to be applicable to remedial actions under
consideration. Three of the more important action-specific ARARSs are discussed in the
following sections.

2.5.1 Toxicity Characteristic Leaching Procedure Limits

Samples of excavated soil will be analyzed using the toxicity characteristic leaching procedure
(TCLP) test to determine if the generated waste exhibits a hazardous characteristic that would
require it to be classified as a hazardous waste (40 Code of Federal Regulations [CFR] Part
261.24). Of the COCs present in soil at TNTA and TNTC, only 2,4-DNT and lead are on the
TCLP list, at regulatory levels of 0.13 milligrams per liter (mg/L) and 5.0 mg/L (in TCLP
extract), respectively. Because TCLP data are not available for soil at TNTA and TNTC, the
total concentration data for 2,4-DNT and lezad in soil were used to estimate the volume of soil
that would be a hazardous waste upon excavation using the “20 times rule.” The “20 times rule”
calculates the minimum concentration of a hazardous constituent in a solid sample necessary to
fail the TCLP test based on the assumption that 100 percent of the constituent leaches from the
sample during the TCLP extraction procedure. The calculation is performed by multiplying the
TCLP regulatory level for a constituent by 20, the volume ratio of TCLP extract to sample. The
“20 times rule” concentrations for 2,4-DNT and lead in soil are 2.6 mg/kg and 100 mg/kg. These
pseudo-regulatory levels were compared to 2,4-DNT and lead concentrations in soil to estimate
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the volumes of excavated soil that may have to be managed as a hazardous waste (Tables 2-8 and
2-9).

2.5.2 Land Disposal Restrictions

Land disposal restrictions (LDR) are applicable in the event that the excavated material is a
hazardous waste (40 CFR 268.49). For hazardous wastes, the concentrations of underlying
hazardous constituents (UHC) must be characterized to determine if the waste will require
treatment prior to land disposal. Typically, the concentrations of UHCs in hazardous waste must
not exceed the universal treatment standards (UTS) for the material to be land disposed without
treatment. However, contaminated soil is a special case under the LDRs. Alternate treatment
standards (ATS) have been created for contaminated soil because USEPA acknowledges that soil
is a more difficult matrix to treat than the process wastes that the UTSs were originally created to
address. The ATSs for contaminated soil allow the concentrations of UHCs to be up to 10 times
the UTSs before treatment is required prior to land disposal. Nonmetal UHCs in contaminated
soil or sediment that exceed the ATS must be treated to achieve a 90 percent reduction in
concentration, capped at 10 times the UTS (40 CFR 268.49). For soil contaminated with metals,
treatment must achieve a 90 percent reduction in constituent concentrations as measured in
TCLP extract from the treated medium, capped at 10 times the UTS (40 CFR 268.49).

Tables 2-10 and 2-11 compare the MDCs of the COCs and other potential UHCs at TNTA and
TNTC to the ATSs for contaminated soil. This comparison is used to determine if treatment of
excavated material may be required prior to disposal. The MDCs of nonmetals are compared
directly to the ATSs on the table, and the MDCs of metals are compared to 20 times the ATS.
As shown in Table 2-11, the MDCs of lead, 2,4-DNT, and 2,6-DNT are greater than the
applicable ATS, indicating that treatment may be required for some material excavated at TNTA.
As shown in Table 2-10, the MDCs of chromium and lead are greater than the applicable ATSs
at TNTC. To add some conservatism to the remedial cost estimates in this FFS, it is assumed
that all soil identified in Tables 2-8 and 2-9 exceeding the “20 times rule” would require
treatment to meet the ATSs. The LDRs do not apply to soil or sediment that is classified as
nonhazardous based on TCLP test results.

2.5.3 PCB Waste Regulations

The management of solid waste contaminated with PCBs must comply with USEPA and OEPA
regulations. Waste containing PCB concentrations greater than or equal to 50 parts per million
(ppm) is defined by USEPA as a PCB remediation waste (40 CFR 761.3).
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The USEPA provides for three different approaches to the management of PCB remediation
waste: (1) self-implementing on-site cleanup and disposal, (2) performance-based disposal, and
(3) risk-based disposal. Self-implementing on-site cleanup and disposal is a procedure the
USEPA designed for a site of moderate size where there should be low residual environmental
impact from remedial activities. The procedure may be less practical for larger or
environmentally diverse sites. An advantage of the self-implementing cleanup for smaller site
owners is that the USEPA has prescribed cleanup levels based on the future use of the site (i.e.,
high occupancy or low occupancy), so that a risk assessment is not required. In addition, due to
the structured nature of a self-implementing cleanup, it may be conducted without prior written
approval from the USEPA. The provisions of the self-implementing cleanup approach are not
binding upon cleanups conducted under other authorities, such as actions conducted under
Section 104 or Section 106 of CERCLA, cr Section 3004(u) and (v) or Section 3008(h) of the
Resource Conservation and Recovery Act (RCRA).

Under a performance-based disposal, the USEPA provides disposal options for management of
PCB remediation waste once it is generated. Approved disposal options are identified in
Table C-2 of Appendix C.

A risk-based disposal is one that does not follow the provisions of either the self-implementing
or performance-based approach. A detailed application must be submitted to the USEPA
documenting the cleanup plan for the site. Cleanup activities under a risk-based approach may
not be conducted without prior written approval from the USEPA.

OEPA Regulation 3745-270-48 states that the total concentrations of all PCBs in hazardous
waste must be reduced to the UTS of 10 mg/kg in order to comply with LDRs. Under the
alternative LDR treatment standards for contaminated soil (OEPA 3745-270-49), concentrations
of UHCs in soil are allowed to be 10 times the UTS. Therefore, contaminated soil with PCB
concentrations less than or equal to 100 mg/kg does not require treatment prior to land disposal.
Contaminated soil with PCB concentrations greater than 100 mg/kg must be treated to reduce the
concentrations of PCBs in the soil by 90 percent, or to 100 mg/kg, whichever is higher.

If the total PCB concentration is below 50 mg/kg, then the soil is not regulated under the TCSA
and can be disposed in a nonhazardous waste landfill. For example, the Port Clinton landfill can
accept soil contaminated with PCBs up to a concentration of 25 mg/kg.

The highest PCB concentration in soil at TNTA is 69.8 mg/kg (Aroclor 1260). This
concentration was detected at Building 139 (Figure 1-14). All other detections of PCBs in soil
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and sediment at TNTA and TNTC are below 25 mg/kg. Therefore, with the exception of the
PCB-contaminated soil at Building 139 at TNTA, the soil and sediment would not be PCB
remediation wastes (based on currently available data) and could be managed as a nonhazardous
waste, unless classified as a hazardous waste for other reasons. All PCB concentrations in soil
are below 100 mg/kg. Therefore, none of the PCB remediation waste would require treatment to
comply with the LDRs.
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3.0 Screening of Remedial Action Technologies

3.1 Introduction

This section discusses the screening of the technologies and process options used to assemble the
remedial alternatives for soil and sediment at TNTA and TNTC. The steps involved in this
screening are defined in Guidance for Conducting Remedial Investigations and Feasibility
Studies Under CERCLA (USEPA, 1988) and include:

e Identifying volumes or areas of contaminated media to which remedial actions might
be applied, taking into account the RAOs and the chemical and physical
characteristics of the site.

* Identifying and screening technology process options to eliminate those that cannot
be implemented at the site.

e Assembling the representative technology process options into alternatives
representing a range of treatment and disposal combinations, as appropriate (Chapter
4.0).

3.2 Identification of Soil Areas Requiring Remedial Action

A detailed discussion of the methodology of estimating the areas and volumes of contaminated
soil and sediment that require remediation was provided in Section 2.4. The areas of soil and
sediment that require remedial action are presented on Figures 1-3 through 1-19 for TNTA and
on Figures 1-20 through 1-34 for TNTC. The estimated areas and volumes of soil and sediment
requiring remedial action are presented in Table 2-8 for TNTA and Table 2-9 for TNTC.

It should be noted that it is difficult to accurately estimate remedial aréas and volumes within
TNTA and TNTC due to the extensive and extremely variable nature of the contaminant
distribution at these sites. At the extreme, TNT can be present within the soil as a solid lump, or
nugget. This variability is further demonstrated by comparing analytical results from screening
and confirmation samples that are collocated. At a number of locations, concentration data from
screening and confirmation samples present significantly different results. As will be discussed
in the next section, this variability severely limits the applicability of some in situ technologies
that are not particularly effective at sites where the contaminant distribution is highly
nonuniform and unpredictable.

Despite the large number of soil samples collected at both sites, there are still locations where the
lateral or vertical extent of contamination is not completely defined. The lack of circumambient
data completely defining the extent of soil cxceeding RGOs generates a significant degree of
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uncertainty in the volume estimates of contaminated soil requiring remedial action. The degree
of uncertainty varies from one building area to another depending on the extent to which the
contaminant data are bounded by nondetects. This uncertainty can be qualitatively evaluated by
an inspection of the data in the shadowboxes on Figures 1-3 through 1-34.

In those areas where contamination has not been completely delineated, an assumption that
contamination does not extend beyond the limits of the existing data would result in significantly
underestimating the volume of contaminated soil. A relatively conservative approach was used
at TNTB to estimate contaminated soil under similar circumstances, and that approach did not
closely predict the actual volume of soil excavated to achieve RAOs. As a result, the rules used
in this FFS (presented in Section 2.4) to estimate contaminated volumes beyond the limits of data
in areas of uncertainty have been modified from those used at TNTB to increase the volume
estimates. The difficulty in implementing any particular set of rules to extrapolate contaminant
concentrations beyond existing data lies iri the fact that the relationship (if one exists) between
concentration data and contaminant distribution is not known. Therefore, any set of rules
employed to estimate volume will be somewhat arbitrary and subject to error.

The screening of technology process options below will not be presented separately for TNTA
and TNTC because the COCs at both sites are nearly identical and include the same classes of
chemical compounds: nitroaromatic compounds, PCBs, lead, and PAHs.

3.3 Screening of Technology Process Options

Technology process options were chosen to represent a wide array of possible technologies that
could be used in site remediation, such as bioremediation, physical process options, chemical
process options, and institutional controls. In the following subsections, the technologies will be
evaluated for their effectiveness in achieving RAOs, their implementability, and their relative
cost. In Chapter 4.0 the most feasible technology options will be assembled into remedial
alternatives.

3.3.1 Capping

3.3.1.1 Effectiveness

Capping was considered for this site because the contaminated medium is almost exclusively
soil, with only a small area of contaminated sediment in TNTC. Caps are placed over
contaminated soils to serve as a barrier to human and ecological receptors that may be exposed to
the surface and subsurface soils. Also, a cap constructed with low-permeability materials would
reduce the infiltration of precipitation through contaminated soils, thereby limiting the transport
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of contaminants to groundwater. Caps are effective in eliminating exposure to contaminated
soil.

3.3.1.2 Implementability

Although the construction of caps over areas of contaminated soil is technically and
administratively implementable at TNTA and TNTC, the numerous and discontinuous
contaminated soil locations make capping less practical.

3.3.1.3 Cost

The costs associated with this option are moderate and involve site grading and construction of
caps at various locations on the site. The operation and maintenance (O&M) costs are expected
to be low.

3.3.1.4 Summary

Capping could be effective in achieving the RAOs at TNTA and TNTC, but the numerous and
discontinuous contaminated soil locations make capping less practical. Therefore, it will not be
included in any remedial alternatives.

3.3.2 Excavation

3.3.2.1 Effectiveness

This process could achieve the RAOs for soil by excavating the source of contamination. The
excavation of contaminated materials would eliminate the contamination at the site, but it does
not address the final disposition of the excavated material. Therefore, waste management of

excavated materials will be required in order to meet the RAOs.

3.3.2.2 Implementability

Excavation of contaminated material is administratively and technically implementable at this
site. This option involves using heavy equipment for effective removal of contaminated material
from areas defined in Section 2.4.

3.3.2.3 Cost

The overall costs associated with this option would be low to moderate. The capital costs
associated with this option depend upon the extent of contaminated material present at the site.
There are no O&M costs associated with this option, because it is a one-time event.
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3.3.2.4 Summary

Excavation can be effective in achieving RAOs for soil by removing contaminated soil present at
TNTA and TNTC. This option is feasible and will be retained for inclusion in remedial action
alternatives in Chapter 4.0.

3.3.3 On-Site and Off-Site Disposal

3.3.3.1 Effectiveness

On-site disposal would be an effective option for contaminated soil that had been treated to
concentrations below RGOs. Off-site disposal would be an effective option for the management
of treated and/or untreated soil that has been excavated from the site.

3.3.3.2 Implementability
This option is administratively and technically implementable at TNTA and TNTC.
Nonhazardous and hazardous waste disposal facilities have been identified in the area.

3.3.3.3 Cost

The cost for on-site disposal of treated soil would be low. The cost for off-site disposal of
contaminated soil would depend on the amount of soil excavated, and on the cost per ton charged
by the off-site landfill for disposal of the waste, which in turn depends on the characteristics of
the waste. The cost would be moderate if the contaminated soil is classified as nonhazardous
waste and high if the contaminated soil is classified as hazardous waste.

3.3.3.4 Summary

On-site disposal would be the most cost-effective way to manage soil treated to concentrations

below RGOs. Off-site disposal of contaminated soil is an effective and implementable process
option to achieve RAOs for contaminated s0il at TNTA and TNTC. The processes are retained
for further development of alternatives in Chapter 4.0.

3.3.4 Ex Situ Chemical Stabilization

3.3.4.1 Effectiveness

Chemical stabilization is effective in immobilizing COCs in soil. Contaminated soil is excavated
and then mixed with stabilizing agents in a batch mixer or pug mill. A treatability study would
be required to determine mix recipe before full-scale implementation. Stabilization does not
transform or remove the COCs from soil, it only hinders their environmental transport.
Therefore, stabilization needs to be combined with other waste management options like off-site
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disposal in a nonhazardous waste landfill or capping of the stabilized soil. In this case, off-site
disposal will be more appropriate, because of potential future residential land uses at TNTA and
TNTC.

3.3.4.2 Implementability

This process is technically and administratively implementable at this site. A batch mixer or pug
mill would be set up on site to mix the excavated soil with the stabilizing agents. Stabilized soil
would then be transported off site to a nonhazardous waste landfill.

3.3.43 Cost

The cost associated with ex situ stabilization is moderate and depends on the amount of
excavated material requiring treatment, the amount of stabilizing agents required, and labor costs
associated with the implementation.

3.3.4.4 Summary
The feasibility of this process option warrants further development in Chapter 4.0.

3.3.5 In Situ Chemical Oxidation

3.3.5.1 Effectiveness

In situ chemical oxidation (ISCO) would be implemented by the application of an oxidizing
chemical such as potassium permanganate to contaminated soil to convert the COCs into less
toxic reaction products. The effectiveness of this technology hinges on the ability to uniformly
deliver enough oxidizing reagent to contaminated areas within the subsurface to completely react
with the contaminants of interest. It is unlikely, given the heterogeneous soil characteristics at
these sites, that such a uniform delivery of chemical reagent could be achieved. The highly
variable distribution of nitroaromatic compounds within subsurface soil at TNTA and TNTC
(including the presence of TNT as crystalline nuggets) would make it impossible to effectively
treat a large area of soil. Additionally, ISCO would not effectively treat lead-contaminated soil,
and a secondary technology would be required to address this contaminant.

3.3.5.2 Implementability

The chemical oxidant would be delivered to the subsurface soil either by percolation or by direct
injection. The amount of oxidant required is typically a function of the soil oxidant demand
(SOD), as the chemical oxidant does not selectively oxidize only the nitroaromatic compounds.
Naturally occurring chemicals in soil that are in reduced form (e.g., humic substances, ferrous
iron) will also be oxidized and will add to the total oxidant demand. At most sites where ISCO is
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used, the SOD controls the mass of oxidant applied because the background SOD is usually
significantly higher than the contaminant oxidant demand. However, this is likely not the case at
TNTA and TNTC, due to the unpredictable occurrence of TNT as a large mass (nugget effect).
Because the contaminant distribution is not predictable within the subsurface soil, oxidant
demand would have to be based on both the background SOD and the maximum concentrations
of nitroaromatic compounds detected in soil in order to ensure that all the soil is effectively
treated. Under these conditions, sodium permanganate, which can be applied at higher aqueous
concentrations than potassium permanganate, would likely be the most effective oxidant, given
the nitroaromatic contaminants of interest and the high concentrations detected in soil at some
locations. This situation would lead to the application of large amounts of concentrated sodium
permanganate solution across the site.

The reaction products formed from the oxidation process are an additional concern. Manganese
dioxide (MnQy) is a byproduct of the reaction of sodium permanganate. Although MnO; is
insoluble under oxidizing conditions, the introduction of large quantities of manganese into the
subsurface is problematic and could potentially lead to manganese contamination of
groundwater. In addition, the sodium (or potassium) permanganate would react with reduced
metal species in soil converting them from: an immobile to a more mobile state. For example, if
trivalent chromium were present at the site as part of the natural soil matrix, introduction of
sodium (or potassium) permanganate would oxidize trivalent chromium resulting in the
formation of hexavalent chromium. The formation of hexavalent chromium is a major concern
for chemical oxidation applications because of its higher mobility and toxicity compared to
chromium in a reduced state. These metals issues could make regulatory acceptance of ISCO
difficult.

3.3.5.3 Cost

The cost of treating contaminated soil using ISCO would be high. The cost mainly depends on
the quantity of chemical oxidant needed. The required quantity of oxidant is driven by the
concentrations of COCs in soil, cleanup levels that need to be achieved, and the SOD. For the
reasons described in the previous two sections, the large amount of oxidant required to
effectively treat the contaminated soil make this technology cost prohibitive.

3.3.5.4 Summary

ISCO cannot be implemented for treatment of nitroaromatic-contaminated soil at TNTA and
TNTC in a cost-effective manner. Therefore, this technology option will be excluded from
further consideration in the FFS.
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3.3.6 Windrow Composting

3.3.6.1 Effectiveness

Windrow composting is an effective treatment process to achieve RAOs for nitroaromatic
compounds and PAHs in soil at TNTA and TNTC. Organic compounds are biodegraded or
biotransformed into less toxic products. Composting of explosives such as TNT and 2,4-DNT in
soil has been successfully demonstrated. The primary advantage of composting is that the
treated soil can be placed back on site as a soil cover or amendment and does not have to be
managed off site as a waste material. The main drawbacks to composting are the significant
increase in the volume of the media treated and the increased time and cost required to achieve
RGOs in comparison to ex situ chemical stabilization. Because lead cannot be biodegraded into
a less toxic substance, a second remedial technology or waste management approach would be
required in those areas with lead contamination above the LDRs.

3.3.6.2 Implementability

This process is technically and administratively implementable at TNTA and TNTC. It requires
a temporary building or an overhead cover structure to keep the compost from getting too wet
during rain events. The amendments required for composting should be readily available from
local sources. The time period required to achieve RAOs is longer for this technology than for
some of the others previously mentioned.

3.3.6.3 Cost

The cost for composting the soil would be high. The main factors contributing to the capital cost
are the construction of a cover structure and the purchase of composting amendments and
operating labor. Also, the contaminated media must be excavated to implement the treatment.
Operating costs can be more significant for windrow composting, depending upon the remedial
duration required to achieve RGOs for the COC:s in soil.

3.3.6.4 Summary

Composting of contaminated soil at TNTA and TNTC is a potentially feasible process option for
attaining RGOs in site soil. Therefore, the process is retained for further development as a
remedial alternative in Chapter 4.0.
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4.0 Development and Detailed Analysis of Remedial
Alternatives

4.1 Introduction

The goal of this chapter is to introduce, assess, and communicate the relative costs and benefits
of the remedial alternatives selected for careful consideration. Chapter 5.0 provides the
comparison and recommendation of a preferred alternative for the sites. The evaluation criteria
for this analysis are provided by USEPA in Guidance for Conducting Remedial Investigations
and Feasibility Studies under CERCLA (USEPA, 1988). These criteria are based upon the
National Oil and Hazardous Substances Pollution Contingency Plan (NCP), Title 40 CFR,
Section 300.430 (USEPA, 1990). The results of this analysis will likely be presented in the
proposed plan and record of decision, or other public information documents, following the
consideration of state and federal regulatory and community input.

The RI/FS guidance (USEPA, 1988) provides nine evaluation criteria for assessing alternatives
within the context of a comprehensive FS. These criteria cover regulatory, technical, cost,
institutional, and community considerations. Generally, the two threshold criteria are:

e Protection of human health and the environment
¢ Compliance with ARARs.

The five balancing criteria are:

Long-term effectiveness and permanence

Short-term effectiveness

Reduction in toxicity, mobility, and volume

Technical and administrative implementability

Alternative cost including capital, O&M, and present value costs.

The final two criteria, which often are evaluated subsequent to the initial publication of the FS,
are:

e State acceptance
e Community acceptance.

The first seven criteria will be fully evaluated in this FFS. The final two criteria will be
discussed briefly in the FFS, as some unofficial public feedback on potential remedial options
has already been obtained through preliminary presentations given at the regular public meetings
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of the PBOW RAB. The last two criteria will be officially evaluated through working-level
discussions with state and federal regulators, as well as through the solicitation of community
input from more formal public outreach activities. Once all of the FFS criteria have been
adequately considered and a remedial alternative is recommended, the proposed removal action
will be presented to OEPA and the public in an action memorandum. The action memorandum
will be presented at a RAB meeting, where comments will be solicited from the public. Once
approved, the action memorandum will be the basis for executing the interim removal action for
soil at TNTA and TNTC.

The following five alternatives were selected for evaluation:

e Alternative 1 —~ No Action

¢ Alternative 2 —~Excavation, Windrow Composting, and On-Site or Off-Site Disposal
e Alternative 3 — Excavation, Ex Situ Stabilization, and Off-Site Disposal

e Alternative 4 — Excavation and Off-Site Disposal

e Alternative 5 —Excavation, Windrow Composting, Ex Situ Stabilization, and On-Site
or Off-Site Disposal.

4.2 Alternative 1 - No Action

4.2.1 Description

A no-action alternative is required by the NCP to be carried forward as a baseline for detailed
comparison. Under this alternative, no remedial action or monitoring would be conducted for
contaminated soil at the site. Thus, this alternative fails to meet the RAOs for soil or sediment at
TNTA and TNTC.

4.2.2 Overall Protection of Human Health and the Environment

This alternative would not protect human health and may not protect the environment (refer to
Section 1.5 for interpretation of SLERA results) because no action would be taken to reduce the
concentrations of COCs in soil to meet OEPA risk management criteria or to prevent current or
future receptors from exposure to COCs.
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4.2.3 Compliance with ARARs

The no-action alternative would not comply with the chemical-specific ARAR for total
PCBs in soil. Location- and action-specific ARARs are not applicable to this alternative
because no remedial action would be taken.

4.2.4 Long-Term Effectiveness
This alternative would not result in any permanent reduction of risk to human health or the
environment. No periodic review would take place to evaluate future site conditions.

4.2.5 Reduction of Toxicity, Mobility, or Volume
This alternative does not employ any remedial component that would permanently or
significantly reduce the toxicity, mobility, or volume of contaminants in soil.

4.2.6 Short-Term Effectiveness
There are no short-term impacts from this alternative because no remedial action is
taken.

4.2.7 Implementability
There are no technical or administrative implementation issues associated with this alternative.

4.2.8 Cost
There is no cost impact associated with this alternative.

4.2.9 State Acceptance
It is highly unlikely that OEPA would accept the no-action alternative to address soil
contamination at TNTA and TNTC because this alternative does not protect human health.

4.2.10 Community Acceptance

It is highly unlikely that the community would accept the no-action alternative to
address soil contamination at TNTA and TNTC because this alternative does not
protect human health.
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4.3 Alternative 2 — Excavation, Windrow Composting, and On-Site or Off-Site
Disposal

4.3.1 Description

This alternative involves the excavation of contaminated soil within proposed remediation areas,
windrow composting of soil contaminated with nitroaromatic compounds and PAHs, off-site
disposal of soil with concentrations of lead above RGOs in a RCRA Subtitle C treatment,
storage, and disposal facility (TSDF), off-site disposal of PCB-contaminated soil (2 50 mg/kg
total PCBs) in a TSCA-approved TSDF, and surface placement of treated compost back on site.

Windrow composting has been used in the past to treat a variety of organic contaminants,
including nitroaromatic compounds and PAHs. In particular, windrow composting has been
used within the past 10 years at several sites to effectively treat nitroaromatic-contaminated soil
that has been impacted by the production or handling of TNT-based munitions. The technology
has been implemented on a full-scale basis to treat TNT-contaminated soil at the Umatilla Depot
in Hermiston, Oregon; the Naval Surface Warfare Center in Crane, Indiana; the Joliet Army
Ammunition Plant in Elwood, Lllinois; and the U.S. Naval Submarine Base in Bangor,
Washington.

Composting can be distinguished from other types of bioremediation processes by the use of
bulking agents, such as wood chips and straw, to increase the porosity of the soil or sediment.
Manure, yard wastes, and wood-processing wastes are often added to increase the amount of
nutrients and readily degradable organic matter. Occasionally, other easily degradable carbon
sources (e.g., molasses, acetate, glucose) are added to sustain microorganisms capable of

degrading hazardous constituents. Inorganic fertilizers may be added to supplement available
nutrients (USEPA, 1996).

Composting utilizes solid-, liquid- and gas-phase processes. The solid phase provides physical
support for biofilm growth, a source of organic and inorganic nutrients, a sink for metabolic
products, and thermal insulation. The liquid phase provides a matrix for the interchange of
gases, nutrients, and metabolic products. The gas phase delivers oxygen and provides a sink for
gaseous metabolic products, such as carbon dioxide and ammonia. The gas phase also serves as
the primary heat sink, through evaporative cooling (USEPA, 1996).

The composting process is mediated by microbial populations that are classified as either
mesophiles or thermophiles. Mesophilic microbes are those with an optimum temperature range
of 25 to 40 degrees Celsius (°C). Thermophiles have an optimum temperature range of 40 to
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60°C. Significant degradation of TNT has been reported within both temperature regimes,
although slightly higher removals have been demonstrated under thermophilic conditions
(Williams et al., 1992).

Combposting can biologically degrade organic contaminants via aerobic, anaerobic, or a
combination of anaerobic and aerobic processes. Research on TNT degradation using
composting has shown that a combined anaerobic/aerobic process is the most effective in
detoxifying TNT-contaminated soil. The first step in the biological degradation of TNT involves
the reduction of one of the three aromatic nitro groups to an amino group through nitroso and
hydroxylamino intermediates. Figure 4-1 shows the specific case of the reduction of an aromatic
nitro group during the fermentation of glucose (Daun et al., 1998).

The sequential reduction of all three nitro groups, converting TNT to 2,4,6-triaminotoluene
(TAT), can only be achieved under strict anaerobic conditions (Preuss et al., 1993). Figure 4-2
depicts the transformation processes that are involved in degradation of TNT in an
anaerobic/aerobic composting system (Bruns-Nagel et al., 2000). Studies have shown that, in
addition to the transformation of TNT to TAT, degradation of TNT may proceed through the
condensation of amino-dinitrotoluenes to azoxy-tetranitrotoluenes (Achtnich et al., 1999).

Significant mineralization of TNT via composting has not been demonstrated. This may be
explained by the rareness of polynitroaromatic compounds in nature and the resistance of the
highly oxidized trinitro-substituted aromatic ring to oxidative microbial attack (Rieger and
Knackmuss, 1995). However, TNT degradation and transformation products can be stabilized
through interaction with organic and inorganic soil components. The reduction of TNT in the
presence of clay and humic substances has been shown to significantly increase the removal rate
of nitroaromatics from soil. The TNT metabolites hydoxyamino-dinitrotoluenes and TAT
Strongly bind to clay minerals and humic substances (Daun et al., 1998).

Three different types of interactions between TNT metabolites and soil are possible: physical
sorption, sequestration, and covalent binding to soil organic matter. Only if TNT and its
metabolites are bound through covalent linkages are they considered to be an integral part of the
humus. When bound to humic materials in this manner, they are not considered to represent a
potential future threat to the environment.

Composting studies using '*C ring-labeled TNT have demonstrated significant binding of TNT
transformation products to the humic substances (fulvic acid, humic acid, and humin) present in
compost (Achtnich et al., 1999; Drzyzga et al., 1998; Bollag et al., 2002). The studies reported
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that the immobilized (unextractable) fraction of the "*C-TNT ranged from 82 to 84 percent. All
three studies used a combination anaerobic/aerobic treatment approach.

The nature of the bonding mechanism between TNT metabolites and the humic materials in the
compost has been investigated using "*N-nuclear magnetic resonance spectroscopy of *N-
labeled TNT (Achtnich et al., 1999; Bruns-Nagel et al., 2000; Bollag et al., 2002). These studies
found significant evidence of covalently bound N. The Bruns-Nagel study found that the major
portion (58 percent) of the >N was strongly bound to the humic fraction of the soil: 23 percent as
heterocyclic structures, 15 percent covalently bonded, 15 percent as amino functions, and 2
percent as nitro functions.

The recent research has demonstrated that, after incorporation of the partially or fully reduced
TNT into humic materials, the pollutant is practically indistinguishable from the soil organic
matter. Furthermore, it can be assumed that mineralization of the bound residue would occur at a
rate similar to that of the mineralization of the natural humus. Even if some covalently bound
molecules are subsequently released and become bioavailable, this process should not occur to
an extent that would cause toxic effects (Bollag et al., 2002).

Critical process parameters that impact the effectiveness of a composting process include
porosity of the compost material, free air space, moisture content, particle size, temperature,
carbon to nitrogen ratio, and pH. Bulking agents are typically added to the contaminated soil to
increase the porosity of the composted material. Adequate porosity is needed to provide a
conduit for air, water, and nutrients throughout the compost as well as to afford space for the
growth of microbial communities. Compost bulk density typically ranges from 0.5 to 0.7 tons
per cubic yard. Free air space is the portion of the porosity occupied by gas. Free air space is
necessary for the maintenance of aerobic conditions within the compost. The gas/liquid ratio
within the void space has a profound impact on the efficiency of the treatment process (Ro et al.,
1998).

Proper moisture content is required for nutrient transport and maintenance of the microbial
communities. Constructing a compost shelter or covering the piles with a water-impermeable
fabric will prevent infiltrating rainfall from creating excessive moisture conditions within the
compost. Adequate moisture levels can be maintained by periodically adding water to the
compost to replace losses from evaporation. The recommended moisture content for composting
is between 40 and 65 percent of saturation (USACE, 2002). The moisture content of the
compost should be checked 2 to 3 times per week during treatment. The water usage in windrow
composting is typically 1 gallon per cubic yard of compost per day. This results in an estimated
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water usage rate of 4,450 gallons per day for the proposed composting operation described later
in this section.

Particle size is important because it affects the surface area available for microbial activity as
well as the pore space available for oxygen and nutrient transport. A particle size from 1.3 to 5
centimeters is reported in the scientific literature to be optimum for composting (Forster and
Wase, 1987), and USACE specifications recommend a particle size range of 2 to 10 centimeters
(USACE, 2002). Larger particles reduce the surface area for microbial growth and may cause
contaminants to become occluded such that they are not accessible for degradation. Wet clays,
for example, can be difficult to mix with amendments and lumping can result. Lumping limits
oxygen transfer rates and contaminant availability, resulting in incomplete treatment. Excavated
soil is typically screened prior to mixing with amendments to remove large objects, and a
shredder or crusher may be used to reduce the size of oversize material to facilitate treatment.
Excavated material is typically screened down to 2 inches. Material between 2 and 6 inches can
be crushed for treatment. Material larger than 6 inches is stockpiled for disposal. TNT is
sometimes found as nodules in contaminated soil that can be difficult to treat via composting.
Researchers at the Idaho National Engineering and Environmental Laboratory have used acetone
to dissolve chunks of TNT. The resulting acetone/TNT slurry is then added back to the compost
pile. The acetone is biodegradable and provides an additional carbon source for microbial
growth.

The type of temperature control employed depends on the composting process used. The
compost temperature in static piles and in-vessel composting is controlled by adjusting airflow
through the compost. Compost temperature during windrow composting is controlled by the
frequency of windrow turning and by minimizing the impact of climatic effects through
sheltering or covering the compost. USACE specifications recommend that the compost
temperature be maintained between 54 and 60°C for optimum treatment efficiency. Microbial
activity is substantially reduced at temperatures above 71°C. Temperature control is particularly
important in locations such as northern Ohio, where the impact of winter temperatures on the
effectiveness of composting operations must be considered. Low ambient temperatures will
impact the process if the amendments and/or soil become frozen prior to blending. The initial
self-heating phase may be longer or may not occur if one or more of the components is at or near
freezing. This problem can be overcome by staging amendments in large piles during cold
weather or by using engineering controls such as a small heated amendment staging area to heat
a 1 to 2 day supply of amendments prior to mixing. The temperature of the windrows should be
monitored on a daily basis.
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Compost microorganisms require adequate levels of carbon sources and other nutrients,
including nitrogen, phosphorus, sulfur, and other trace minerals. Among these, carbon and
nitrogen are usually the limiting substrates. Optimal carbon to nitrogen (C/N) ratios for different
composting materials are reported to range from 20:1 to 40:1 (USACE, 2002), although a lower
C/N ratio was effectively used during the composting project at Naval Surface Warfare Center in
Crane, Indiana. If the C/N ratio is too low, nitrogen will be lost as ammonia, which may reach
toxic levels and raise the compost pH.

The optimum pH for composting has been reported in the scientific literature to range from 6.0
to 8.5 (Fitzpatrick, 1993). At higher pH, nitrogen will be lost as ammonia and essential elements
such as calcium and magnesium may not be available to microorganisms due to precipitation as
insoluble metal hydroxides or carbonates. At lower pH, metals such as aluminum, copper, and
zinc may be leached from minerals and may stop the composting process (Ro et al., 1998).
USACE specifications recommend that the compost pH be maintained in the range of 5.5 to 9.0,
and preferably within 6.5 to 8.5 (USACE, 2002).

Composting has typically been implemented using one of the three following processes: in-
vessel composting, static pile composting, and windrow composting. In-vessel composting
involves the placement of compost material in a large containment vessel equipped with a
temperature-controlled aeration system. In-vessel systems may be equipped with a mechanism
that periodically mixes the compost. In static pile composting, the material to be composted is
formed into a pile and aerated by blowing air into the pile through perforated pipes. Static piles
are not mechanically mixed, and the aeration system is used to control temperature. In windrow
composting, the material to be composted is formed into long parallel rows. The rows are
watered occasionally and are periodically turned to promote aeration and control temperature
using a specialized piece of equipment called a windrow turner. Of the three types of
composting processes, windrow composting has proven to be the most cost effective for soil
remediation, due to its lower capital and operating costs. Therefore, windrow composting was
selected as the representative composting technology for development in this FFS.

The windrow composting facility will be located within the area of contamination at either
TNTA or TNTC. The selection of a site will be made during the remedial design (RD) phase of
the project. The windrow composting treatment area will be constructed substantially in
accordance with Section 02741A of the USACE specification, with a few modifications. The
optimum size of the treatment facility is influenced by the trade-offs between fixed and variable
project costs. Although assumptions conceming the size of the composting facility are used in
this FFS to enable remediation costs to be estimated, the actual size of the treatment facility will
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be optimized during the RD. For this FFS, a preliminary optimization analysis was performed to
assist in the preparation of a design basis. The optimization analysis evaluated the effect that the
major cost elements (e.g., building size, equipment size, and operating labor) had on the overall
cost of the project. The results of this analysis indicated that it is more cost effective to utilize
large windrows and more than one treatment building to reduce the project duration, thereby
decreasing costs from operating labor.

The preliminary design basis proposes that the treatment area will consist of two 72-foot wide by
400-foot long temporary fabric structures in which the windrows will be formed. The temporary
structures will have a compacted earthen base. The windrow dimensions will be 7 feet high by
20 feet wide by 330 feet long. Each treatment building will house 2 parallel windrows, with
aisles approximately 10 feet wide between and around the windrows. A 35-foot long open area
beyond the ends of the windrows will allow the windrow turner to turn around inside the
treatment building. A large door will be constructed on each end of the building to allow the
windrow turner to move between buildings.

Stockpiles of contaminated material, oversize material, treated compost, and amendment storage
will be located outside of the fabric structures. Liners and covers will be provided for stockpiled
materials and amendments as required by the Section 02741 A of the USACE specifications. The
treatment area, material stockpiles, and amendment storage areas will be surrounded by an
earthen berm designed to prevent run-on from a 25-year flood and run-off from a design storm
equal to a 25-year, 24-hour rainfall event (4 inches of storm water). The total estimated volume
of contaminated soil and sediment from TNTA and TNTC is 25,533 cubic yards (consolidated
basis). Once this soil is excavated, the total volume of unconsolidated material is estimated to be
33,193 cubic yards (30 percent swell). It is assumed that the bermed area will be large enough to
accommodate the volume of contaminated soil from either TNTA or TNTC, but not both at the
same time.

Contact water will be transferred from collection sumps within the containment area to a lined
retention pond. The contact water retention pond will be designed to contain 130 percent of the
combined volume of the design storm event plus the maximum reuse water required. Water in
the retention pond will be pumped to a storage tank to be reused for moisture control in the
composting process to the extent possible. Excess water above that required for the composting
process will be treated as necessary to comply with discharge criteria. The actual discharge
terminus (publicly owned treatment works or direct discharge to surface water) will be
determined during the RD.
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Due to some uncertainty in the extent of contaminated soil at the sites within TNTA and TNTC,
it is proposed that a pre-excavation soil investigation be conducted to more definitively target
remediation areas and provide a more complete characterization of all COC (e.g., lead, PAHs,
and PCBs). In addition to better defining the total volume of soil to be treated, the additional
sampling and analysis will also better delineate areas where lead concentrations are sufficiently
high that the soil should be segregated for off-site treatment and disposal. After this work is
completed, soil within the remediation areas will be excavated and screened to remove oversize
material and reduce particle size to increase the efficiency of the composting process. The
excavated soil will be trucked to the composting treatment area for screening. The screened soil
will be stockpiled at the compost facility for treatment or disposal. Soil adhering to the oversize
material will be removed so that the oversize material can be returned to the excavation. Any
oversize material not appropriate for use as backfill will be disposed off site at an approved
disposal facility.

Amendments will be brought to the facility as needed so that large amounts of amendments are
not required to be stored on site. This minimizes the cost of amendment storage as well as odor
problems associated with manure, as the odor increases with storage duration. The amendments
will be premixed in a tub grinder and discharged along the windrow footprints in the treatment
building. Contaminated soil will be added to the premixed amendments, and the compost
materials will be mixed with the windrow turner.

It is assumed that the compost will consist of 25 percent by volume (74.7 percent by weight)
contaminated soil, 72 percent by volume (19.6 percent by weight) straw, and 3 percent by
volume (5.7 percent by weight) chicken manure. The composition of the compost is based on
the treatment mix used at the Naval Surface Warfare Center in Crane, Indiana. The actual
compost mix used at PBOW will be based on the cost of amendments readily available in the
surrounding area and the results of a composting optimization study conducted on contaminated
soil from TNTA and TNTC. Based on the compost recipe stated above, the bulk density of the
blended compost mixture would be approximately 760 pounds per cubic yard (Ib/cy). Therefore,
each linear foot of windrow will contain 0.84 cy (1,854 1b) of soil. The total volume of soil
treated in a windrow would be 278 cy, with a total capacity of 1,112 cy of soil per treatment
cycle in both buildings. A treatment cycle for each batch is assumed to require 3 weeks, 2 weeks
for treatment and 1 week for curing and analytical testing. If additional time for post-treatment
curing is required, the windrow will be moved outside the treatment building and covered with
plastic sheeting. The treatment cycles for windrows will be staggered so that the windrows do
not complete the treatment cycle at the same time.
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The compost will be turned periodically with the windrow turner to mechanically aerate the
material. After the compost is turned, microorganisms within the pile aerobically degrade
organic compounds until the available oxygen within the pile is utilized. Beyond this point,
further contaminant degradation is achieved through an anaerobic process. The periodic turning
of the compost pile permits the composting process to alternate between aerobic and anaerobic
treatment phases. This is the most effective approach to the biological degradation of
nitroaromatic explosives.

Precompliance testing of the compost will consist of sampling the compost immediately after
formation and at the completion of treatment. Immunoassay or colorimetric analyses may be
utilized for the detection of some nitroaromatic contaminants during precompliance testing if this
proves to be more cost effective than fixed-based laboratory analyses. For the purpose of
estimating cost, it is assumed that one precompliance sample (pre- and post-treatment) will be
collected for analysis for every 50 cubic yards of compost. The precompliance sample that is
submitted for analysis from each sampling station will actually be a composite of several
samples that traverse the width and depth of the windrow.

If the precompliance results indicate that cleanup levels have been achieved, compliance samples
would then be collected to confirm the results of the definitive analyses used for precompliance
testing. For cost estimating purposes in this FFS, it assumed that one compliance sample would
be collected for every 150 cubic yards of treated compost. ‘'The compliance sample would be a
composite of several samples collected within the sampling station that traverse the width and
depth of the windrow. The actual sampling and analytical strategy employed during remediation
would be subject to negotiation between the OEPA and the USACE.

The soil data from TNTA and TNTC indicate that lead and PCB concentrations in soil within
some areas may exceed levels that would be acceptable for return to the site after composting.
Although composting will not effectively treat these contaminants, the concentrations of these
chemicals would nevertheless be reduced in the final treated compost. The blending that occurs
during the addition and mixing of amendments and the periodic turning of the windrows would
serve to level out to some degree the concentrations of these chemicals throughout the treated
compost. At this time, it is difficult to accurately estimate the volume of lead- and PCB-
contaminated soil that may need to be managed using an alternate remedial approach because the
amount of analytical data available for lead and PCBs is not as extensive as that for nitroaromatic
compounds. The data currently available indicates that the volumes of soil with elevated lead
and PCB concentrations are relatively small compared to the total volume of soil requiring
remediation.
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For cost estimating purposes in this FS, it is assumed that soil with lead concentrations greater
than 1.33 times the LDR (1.33 x 150 = 200 mg/kg) would be segregated from the remaining
excavated soil prior to composting. A lead concentration of 150 mg/kg is used because the
LDRs limit the concentration of metals in contaminated soil to 10 times the UTS (40 CFR
268.49). The UTS for lead is 0.75 mg/L by TCLP (40 CFR 268.48). Using the “20 times rule”
as a conservative estimate of the UTS on a total mass basis, the maximum allowable lead
concentration in soil under the LDRs would be 150 mg/kg (0.75 ppm x 20 x 10). A
concentration limit with a factor of 1.33 times the LDR is used because the contaminated soil is
estimated to constitute approximately 75 percent by weight of the compost mixture once
amendments are added to the soil.

The segregated lead-contaminated soil would be disposed off site as a hazardous waste at a
Subtitle C TSDF. Likewise, soil contaminated with PCBs at a concentration above 50 mg/kg
would be segregated from other excavated soil prior to composting. The PCB-contaminated soil
would be disposed off site as a PCB remediation waste at a Subtitle C TSDF. For cost
estimating purposes, it is assumed that hazardous waste or PCB remediation waste will be
disposed of at an EQ Environmental, Inc. TSDF in Belleville, Michigan.

Treated compost that meets the cleanup goals would be trucked back to the area of
contamination and spread on the ground surface to assist in the revegetation of the excavated
areas after they are backfilled with clean soil. The compost would not be suitable for use as
structural backfill because it lacks sufficient compressive strength. Because the compost cannot
be used as backfill and the volume of the compost is greater than the volume of the contaminated
soil originally excavated from the contaminated areas, locations within PBOW outside the areas
of contamination may need to be identified for the surface placement of the excess treated
compost (in excess of that required to cover excavated areas). Remediation areas within TNT
Manufacturing Area B and the Red Water Pond Areas might be suitable as additional surface
disposal locations for treated compost.

4.3.2 Overall Protection of Human Health and the Environment

Alternative 2 will protect human health by excavating contaminated soil with concentrations of
COC above the RGOs. Ecological receptors may also benefit, in that removal of the most highly
contaminated soil will lower the EHQs calculated for various receptors in the ecological risk
assessment. Although the soil removal will mitigate the migration of soil contaminants to
groundwater, it is unclear at the present time if the current soil RGOs will provide adequate
protection for groundwater. This evaluation cannot be performed until the future area-specific
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and downgradient groundwater investigations are completed. As a result, additional remedial
actions for soil may be required in the future.

The alternative provides adequate protection against the potential hazards of contaminants in
excavated soil through the combination of treatment and waste management technologies. Once
the contaminated soil is excavated, the soil will be biologically treated via windrow composting
to reduce the concentrations of nitroaromatic compounds and PAHs to levels acceptable for
placement back on site (RGOs). Any soil that cannot be treated to RGOs will be disposed of off
site at an OEPA-approved TSDF.

4.3.3 Compliance with ARARs

The alternative will comply with the chemical-specific ARAR for total PCBs in soil. The
location- and action-specific ARARs were considered for Alternative 2 are presented in
Appendix A. None of the location-specific ARARs presented in Table A-1 were identified as
applicable for this remedial alternative. The alternative will comply with all action-specific
ARARSs, in particular the regulations that deal with the identification, storage, and disposal of
hazardous waste.

4.3.4 Long-Term Effectiveness

The long-term effectiveness of Alternative 2 is achieved through the removal and treatment of
soil contaminated with COC at concentrations above the RGOs. As previously discussed, the
alternative will be effective in protecting potential human receptors from direct exposure to COC
in soil. The alternative may also benefit ecological receptors by significantly reducing the EHQs
associated with soil contamination at the sites. The removal and treatment of the most highly
contaminated soil will also reduce the mass transport of soil contaminants to groundwater,
although the ultimate effectiveness of the alternative in protecting groundwater cannot be
adequately evaluated at this time. This issue will be addressed after additional data are collected
during the future area-specific and downgradient groundwater investigations.

The alternative will not require the maintenance of any long-term controls at the site to manage
residual risk from direct exposure to soil.

4.3.5 Reduction of Toxicity, Mobility, or Volume

Alternative 2 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. The excavation and treatment of
contaminated soils by windrow composting would reduce the toxicity and mobility of
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nitroaromatic compounds and PAHs in soil through a combination of biological degradation and
immobilization via covalent binding with humic substances in the compost.

Under this alternative, 24,797 cubic yards of nitroaromatic-contaminated soil (consolidated
basis) would be treated and placed back on site at TNTA and TNTC; 617 cubic yards of lead-
contaminated soil (consolidated basis) would be disposed of in a Subtitle C TSDF (treatment
may be required at the TSDF to comply with land disposal restrictions); 119 cubic yards of PCB-
contaminated soil (consolidated basis) would be disposed of off site in a TSCA-approved TSDE.
Although composting would reduce the concentrations of PCBs in soil, the treatment efficiencies
are not high enough for the process to achieve RGOs for soil classified as a PCB remediation
waste (>50 mg/kg total PCBs). Tables 2-8 and 2-9 provide a detailed breakdown of excavated
soil volumes on a site-by-site basis.

4.3.6 Short-Term Effectiveness

The implementation of Alternative 2 does not present any significant health threats to the
community. The excavation and treatment of contaminated soils would be performed within the
confines of PBOW at a sufficient distance from the property boundaries that the nearby
community should not be affected. The composting process would be managed to minimize the
generation of dust or nuisance odors during remediation. Proper decontamination and waste
transportation practices will be followed to prevent the spread of contamination when equipment
or waste materials leave the site.

Alternative 2 does not present site workers with any unusual health or safety concerns for a
remediation project. A hazard evaluation will be performed prior to the commencement of the
removal action and a health and safety plan will be followed during site activities to ensure that
risks to workers are minimized. Remediation workers would be supplied with any protective
gear required to conduct operations in a safe manner. The temporary enclosure under which
composting operations are performed will be designed to ensure that adequate airflow exists to
provide a safe environment for remediation workers.

Environmental impacts during remediation will be mitigated primarily through measures
designed to ensure that contamination is not spread during remedial activities. These measures
include such as dust controls during excavation and treatment, decontamination procedures for
equipment and personnel, and storm water run-off and run-on controls. Storm water controls
would include actions such as: erection of an enclosure over the compost treatment area,
covering piles of contaminated soil and amendments to prevent run-off, berming the treatment
and staging areas to control run-on and run-off, constructing a contact water basin to collect and
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reuse storm water, and providing wastewater treatment equipment to treat storm water that
cannot be reused in the treatment process (if required to comply with discharge criteria).

It is estimated that 41 to 47 months would be required to complete remedial activities under
Alternative 2 at both TNTA and TNTC in one field event, from the initiation of work plans to
backfilling excavated areas and disposal of treatment residuals. If the two sites were remediated
in two separate field events, the estimated remedial duration would be 30 to 36 months for
TNTA and 22 to 28 months for TNTC. The combined time period for both sites is less than the
sum of the individual time intervals for each site because the combined time period accounts for
efficiencies in executing remedial tasks concurrently. Tables 4-1, 4-2, and 4-9 provide additional
detail on the individual work elements involved in the execution of this alternative.

4.3.7 Implementability

A composting optimization study would be completed prior to the initiation of site activities.
This study would evaluate the cost and availability of various amendments that could be obtained
locally for use in the treatment process and, based on this evaluation, determine the most cost-
effective compost mixture to treat the soil.

Windrow composting is a reliable technology, as it has been implemented at a number of
remediation sites to treat soil contaminated with nitroaromatic explosives, PAHs, and other
chemicals, such as pesticides. Composting technology has also been widely used in the
treatment of agricultural wastes and the management of treatment residuals from municipal
wastewater treatment plants. As a result, a number of contractors are experienced in
implementing the technology, and equipment is readily available. Composting amendments
should be readily available in the surrounding agricultural areas.

Treatment equipment may be either leased or purchased, depending upon the relative economics
of each option. It is recommended that composting equipment be purchased, as it will be
required on site for a period of time that would make it economically advantageous to purchase
rather than lease. The composting equipment could also be used on other projects that involve
treatment of soil contaminated with nitroaromatic explosives, PAHs, or pesticides, thus
spreading these costs across multiple projects. Additionally, it is recommended that the USACE
purchase (rather than lease) a fabric enclosure to cover the windrows during treatment. This type
of structure could be disassembled and reused at other sites.
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Compliance sampling of the sidewall and bottom areas of the excavation and analysis of the soil
samples for COC can be used to monitor the effectiveness of excavation in removing soil
contaminated above RGOs.

The effectiveness of the composting process is monitored by periodic sampling and analysis of
the compost during and after the treatment process. Immunoassay or colorimetric analytical
methods may be utilized during precompliance testing to lower analytical costs, although field
test kits may not be available for all the nitroaromatic COCs. Standard fixed-base laboratory
analyses would be used for final compliance sampling after treatment is complete for each batch
of compost. The treatment process could be extended for any composted material that fails
compliance testing. Alternatively, the compost could be disposed of off site at an approved
TSDF if the compliance results of the treated compost are significantly elevated above the RGOs
such that further biological treatment would not be cost-effective.

The alternative does nothing to preclude additional remedial action for soil if it is later
determined that this is required to protect groundwater.

Alternative 2 does not present any unusual regulatory requirements that would compromise the
administrative feasibility of the remedial approach. OEPA would need to approve the disposal
facility used for any waste materials managed off site.

4.3.8 Cost

The detailed cost evaluations for the implementation of Alternative 2 for TNTA and TNTC are
presented in Tables 4-1 and 4-2. The estimated capital cost for Alternative 2 is $7.7 million for
TNTA and $5.4 million for TNTC. These costs are calculated assuming that the temporary
treatment structure and the major items of capital equipment are purchased rather than leased.
This is the more economical approach, given the duration of time estimated to complete
remediation at each site.

The total capital cost to implement Alternative 2 at both TNTA and TNTC during one
remediation event is $11.0 million. A detailed cost evaluation for the two sites combined is
presented in Table 4-9. This combined cost is less than the sum of the individual costs for
TNTA and TNTC because it accounts for the economies of scale in completing both projects at
one time. In order for the cost estimate for each area to be complete and independent, the
estimate must account for the purchase of all structures and equipment. Therefore, the sum of
the individual alternatives for TNTA and TNTC would double these costs.
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Appendix B provides supporting calculations used to estimate remedial costs. A contingency of
30 percent has been added to the cost estimates for both sites to account for uncertainty in the
estimated volume of soil requiring remediation and to provide an allowance for cost elements
that are not identifiable at the present time. Due to the relatively short time frame over which the
remedial alternative would be completed, all costs associated with its implementation are
classified as capital costs. Accordingly, there are no O&M costs for this alternative, and the
present value cost is equivalent to the capital cost.

4.3.9 State Acceptance
This criterion will be evaluated in the action memorandum for the removal action, after a public
meeting has been conducted and the public comment period has concluded.

4.3.10 Community Acceptance

The RAB for PBOW holds periodic meetings at which the USACE and NASA provide updates
on the progress of environmental restoration and solicit questions and comments from the public.
During several of these meetings, potential remedial options for cleanup of TNT-contaminated
soil at TNTA, TNTB, and TNTC at PBOW have been presented and discussed. It should be
noted that some members of the RAB have expressed a clear preference for windrow composting
over chemical stabilization and/or direct disposal for the management of nitroaromatic
contaminants in soil.

This criterion will be evaluated in more detail in the action memorandum for the removal action,
after a public meeting has been conducted and the public comment period has concluded.

4.4 Alternative 3 - Excavation, Ex Situ Stabilization, and Off-Site Disposal

4.4.1 Description

Alternative 3 combines excavation, ex situ stabilization, and off-site disposal in order to achieve
the RAO:s for soil at TNTA and TNTC. The proposed approach is to excavate all the areas in
which the concentrations of COCs in soil exceed the RGOs defined in Chapter 2.0. The total
estimated volume of contaminated soil and sediment from TNTA and TNTC is 25,533 cubic
yards (consolidated basis). Once this soil is excavated, the total volume of unconsolidated
material is estimated to be 33,193 cubic yards (30 percent swell).

Due to some uncertainty in the extent of contaminated soil at the sites within TNTA and TNTC,
it is proposed that a pre-excavation soil investigation be conducted to more definitively target
remediation areas and provide a more complete characterization of all COC (e.g., lead, PAHs,
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and PCBs). In addition to better defining the total volume of soil to be treated, the additional
sampling and analysis will also better delineate areas where lead concentrations are sufficiently
high that the soil should be segregated for off-site treatment and disposal. After this work is
completed, soil within the remediation areas will be excavated and screened to remove oversize
material and reduce particle size to increase the efficiency of the stabilization process. The
excavated soil will be trucked to the treatment area for screening. The screened soil will be
stockpiled at the treatment facility for chemical stabilization or disposal. Soil adhering to the
oversize material will be removed so that the oversize material can be returned to the excavation.
Any oversize material not appropriate for use as backfill will be disposed off site at an épproved
disposal facility.

As described earlier, the number of COCs exceeding RGOs and their concentration ranges vary
from area to area within TNTA and TNTC. Therefore, following excavation of the contaminated
soil, representative soil samples from each area would be analyzed using the TCLP test. Based
on existing soil data from TNTA and TNTC, the unconsolidated volume of excavated soil that
may be classified as a characteristic hazardous waste due to 2,4-DNT and lead concentrations is
estimated at 6,180 cubic yards (consolidated basis). This volume is 25 percent of the total
excavated soil. Another 119 cubic yards of consolidated soil from Building 139 at TNTA may
be classified as a PCB remediation waste because PCBs have been detected at concentrations
greater than 50 mg/kg.

Section 2.5.1 summarizes the applicable regulations used to determine if the excavated soil is a
hazardous waste. Soil that passes the TCLP tests may be disposed in a nonhazardous waste
landfill. Under this alternative, any soil classified as hazardous waste would be stabilized on site
to achieve nonhazardous waste classification prior to land disposal in a Subtitle D industrial
waste landfill. It is estimated that, of the 25,533 cubic yards of soil and sediment that would be
excavated under this approach, 19,234 cubic yards (consolidated basis) would be shipped
untreated for disposal at a nonhazardous waste landfill, while the remaining 6,180 cubic yards
would require stabilization prior to disposal at a nonhazardous soil waste landfill. The 119 cubic
yards of PCB remediation waste would be shipped to a hazardous waste landfill for treatment
and disposal. For cost estimating purposes, it is assumed that all nonhazardous soil will be
disposed of at the Erie County Landfill. It is assumed that hazardous waste or PCB remediation
waste will be disposed of at an EQ Environmental, Inc. TSDF in Belleville, Michigan.

Chemical stabilization would be used to treat the excavated soil classified as a hazardous waste.
A stabilization treatability/optimization study would be completed prior to full-scale
implementation to identify the most cost-effective stabilization agents for the COCs in soil. The
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treatability study would also specify the stabilization mix recipe (mass ratio of reagents to soil)
for the range of contaminant concentrations that are anticipated, based on the soil data. For cost
estimating purposes in this FFS, it is assumed that activated carbon and portland cement would
be used to stabilize the contaminated soil. Activated carbon is used to bind the nitroaromatic
contaminants that could otherwise be difficult to stabilize due to their water solubility. The
assumed mass ratios of carbon to soil and cement to soil in the stabilization mix are 0.02 (2 Ibs
carbon per 100 lbs soil) and 0.08 (8 Ibs cement per 100 1bs soil), respectively. These ratios are
considered to be conservative, and the actual amount of activated carbon and cement required
could be less.

During full-scale remediation, the stabilization reagents would be mixed with the soil ex situ to
stabilize the chemical contaminants, thereby decreasing the mobility of the COCs in the
stabilized waste matrix. The stabilizing agents are mixed with the excavated soil in a 10-cubic-
yard trailer-mounted batch mixing system. This size system is typically used for small to
moderate volumes of contaminated soil. Larger projects would utilize a pug mill operating in a
continuous mixing mode. A representative sample of the stabilized soil would be taken for every
150 cubic yards of soil treated. The samples would be tested for hazardous characteristics using
the TCLP test. If the soil tests nonhazardous and complies with the LDR requirements, it would
be disposed in a nonhazardous waste landfill. If the soil tests hazardous or does not comply with
LDR requirements, it would be reprocessed until it complies with regulatory requirements for
nonhazardous disposal.

It is important to understand that stabilization does not reduce the concentrations or transform the
COC:s in the soil; it only alters the physical availability of contaminants. Therefore, it is not
recommended that the stabilized soil be used as fill material for a site to be released for
unrestricted use. Instead, the stabilized soil would be disposed of in a nonhazardous waste
landfill.

4.4.2 Overall Protection of Human Health and the Environment

Alternative 3 would protect human health by excavating contaminated soil with concentrations
of COCs above the RGOs. Ecological receptors may also benefit, in that removal of the most
contaminated soil would result in lowering EHQs calculated for various receptors in the SLERA.
Although the soil removal would mitigate the migration of soil contaminants to groundwater, it
is unclear at the present time whether the current soil RGOs will provide adequate protection for
groundwater. This evaluation cannot be performed until the future area-specific and
downgradient groundwater investigations are completed. As a result, additional remedial actions
for soil may be required in the future.
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The alternative provides adequate protection against the potential hazards of contaminants in
excavated soil through the combination of treatment and waste management technologies. Once
the contaminated soil is excavated, soil classified as hazardous based on TCLP testing would be
chemically stabilized to render it nonhazardous. The stabilized soil and nonhazardous untreated
soil would then be disposed of in a Subtitle D landfill approved by OEPA to accept industrial
waste. Contaminated soil classified as a PCB remediation waste would be disposed of at a
TSCA-approved TSDF.

4.4.3 Compliance with ARARs

The alternative would comply with the chemical-specific ARAR for total PCBs in soil. The
location- and action-specific ARARs that were considered for Alternative 3 are presented in
Appendix A. None of the location-specific ARARs (Table A-1) were identified as applicable for
this remedial alternative. The remedial alternative would comply with all the action-specific
ARARs (Table A-2), in particular the regulations that deal with the identification, storage, and
disposal of hazardous waste.

4.4.4 Long-Term Effectiveness

The long-term effectiveness of Alternative 3 is achieved through the removal and treatment of
soil contaminated with COCs at concentrations above the RGOs. As previously discussed, the
alternative would be effective in protecting potential receptors from direct exposure to COCs in
soil. The removal and treatment of the most highly contaminated soil would also reduce the
mass transport of soil contaminants to groundwater, although the ultimate effectiveness of the
alternative in protecting groundwater cannot be adequately evaluated at this time. This issue will
be addressed after additional data are collected during the future area-specific and downgradient
groundwater investigations. Soil that is highly contaminated with nitroaromatic compounds may
be difficult to stabilize effectively. A portion of the most contaminated soil might require
treatment offsite using a different treatment technology (i.e., incineration).

The alternative will not require the maintenance of any long-term controls at the site to manage
residual risk from direct exposure to soil.

4.4.5 Reduction of Toxicity, Mobility, or Volume

Alternative 3 would not comply with 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. The treatment of contaminated
soils by chemical stabilization would reduce the mobility of nitroaromatic compounds and lead
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in soil. However, it should be noted that most of the contaminated soil (77 percent) would not be
treated prior to disposal.

Under this alternative, 6,180 cubic yards of stabilized soil would be disposed of in a Subtitle D
landfill; 19,234 cubic yards of nonhazardous soil would be disposed of, untreated, at a Subtitle D
landfill; 119 cubic yards of PCB-contaminated soil would be disposed of off site in a TSCA-
approved TSDF.

4.4.6 Short-Term Effectiveness

The implementation of Alternative 3 would not present any significant health threats to the
community. The excavation and treatment of contaminated soils would be performed within the
confines of PBOW at a sufficient distance from the property boundaries that the nearby
community should not be affected. The stabilization process would be managed to minimize the
generation of dust and volatile emissions during remediation. Proper decontamination and waste
transportation practices will be followed to prevent the spread of contamination when equipment
or waste materials leave the site.

Alternative 3 does not present site workers with any unusual health or safety concerns for a
remediation project. A hazard evaluation will be performed prior to the commencement of the
removal action and a health and safety plan will be followed during site activities to ensure that
risks to workers are minimized. Remediation workers would be supplied with any protective
gear required to conduct operations in a safe manner.

Environmental impacts during remediation will be mitigated primarily through measures
designed to ensure that contamination is not spread during remedial activities. These measures
include dust controls during excavation and treatment, decontamination procedures for
equipment and personnel, and storm water run-off and run-on controls. Storm water controls
would include actions such as covering piles of contaminated soil to prevent run-off, berming the
treatment and staging areas to control run-on and run-off, construction of a contact water basin to
collect and reuse storm water, and providing wastewater treatment equipment to treat storm
water that cannot be reused in the treatment process, if required to comply with discharge
criteria.

It is estimated that 20 to 26 months would be required to complete remedial activities under
Alternative 3 in one field event, from the initiation of work plans to backfilling excavated arcas
and disposal of treatment residuals. If the two sites were remediated in two separate field events,
the estimated remedial duration would be 16 to 22 months for TNTA and 13 to 19 months for
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TNTC. The combined time period for both sites is less than the sum of the individual time
intervals for each site because the combined time period accounts for efficiencies in executing
remedial tasks concurrently. Tables 4-3, 4-4, and 4-10 provide additional detail on the individual
work elements involved in the execution of this alternative.

4.4.7 Implementability

A stabilization treatability/optimization study is recommended prior to full-scale implementation
to determine the appropriate ratio of stabilization chemicals to soil over the range of contaminant
concentrations anticipated.

Chemical stabilization has been used at numerous sites to immobilize contaminants in soil both
as an in situ and ex situ technology. As a result, a number of contractors are experienced in
implementing this technology, and equipment and materials are readily available.

Compliance sampling of the sidewall and bottom areas of the excavation and analysis of the soil
samples for COCs can be used to monitor the effectiveness of excavation in removing soil
contaminated above RGOs.

The stabilization process is monitored after treatment is complete by TCLP testing to
demonstrate that the leachable concentrations of contaminants in samples of the stabilized matrix
are below the maximum levels permissible in the land disposal restrictions. The compressive
strength of the stabilized material is also typically tested to ensure it is suitable as structural
backfill. If the stabilized soil does not pass the TCLP test, the soil could be reprocessed.

The alternative does nothing to preclude additional remedial action for soil if it is later
determined that this is required to protect groundwater.

Alternative 3 does not present any unusual regulatory requirements that would compromise the
administrative feasibility of the remedial approach. OEPA would have to approve the disposal
facility used for any waste materials managed off site.

4.4.8 Cost

The detailed cost evaluations for the implementation of Alternative 3 for TNTA and TNTC are
presented in Tables 4-3 and 4-4. The estimated capital cost for Alternative 3 is $4.7 million for
TNTA and $3.1 million for TNTC.
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The total capital cost to implement Alternative 3 at both TNTA and TNTC during one
remediation event is $7.1 million. A detailed cost evaluation for the two sites combined is
presented in Table 4-10. This combined cost is less than the sum of the individual costs for
TNTA and TNTC because it accounts for the economies of scale in completing both projects at
one time.

Appendix B provides supporting calculations used to estimate remedial costs. A contingency of
30 percent has been added to the cost estimates for both sites to account for uncertainty in the
estimated volume of soil requiring remediation and to provide an allowance for cost elements
that are not identifiable at the present time. Due to the relatively short time frame over which the
remedial alternative would be completed, all costs associated with its implementation are
classified as capital costs. Accordingly, there are no O&M costs for this alternative, and the
present value cost is equivalent to the capital cost.

4.4.9 Slate Acceptance
This criterion will be evaluated in the action memorandum for the removal action, after a public
meeting has been conducted and the public comment period has concluded.

4.4.10 Community Acceptance

The RAB for PBOW holds periodic meetings at which the USACE and NASA provide updates
on the progress of environmental restoration and solicit questions and comments from the public.
During several of these meetings, potential remedial options for cleanup of TNT-contaminated
soil at TNTA, TNTB, and TNTC at PBOW have been presented and discussed. It should be
noted that some members of the RAB have expressed a clear preference for windrow composting
over chemical stabilization for the treatment of nitroaromatic contaminants in soil. RAB
members have also expressed a concern about remedial alternatives that involved a significant
degree of off-site management of waste materials, particularly at local landfills.

This criterion will be evaluated in more detail in the action memorandum for the removal action,
after a public meeting has been conducted and the public comment period has concluded.

4.5 Alternative 4 — Excavation and Off-Site Treatment/Disposal

4.5.1 Description

Alternative 4 combines excavation and off-site treatment and disposal in order to achieve the
RAO:s for soil at TNTA and TNTC. No on-site treatment will be performed under Alternative 4.
The proposed approach is to excavate all the areas in which the concentrations of the COCs in
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soil exceed the RGOs defined in Chapter 2.0. The total estimated volume of contaminated soil
and sediment from TNTA and TNTC is 25,533 cubic yards. Once this soil is excavated, the total
volume of unconsolidated material is estimated to be 33,193 cubic yards (30 percent swell).

Due to some uncertainty in the extent of contaminated soil at the sites within TNTA and TNTC,
it is proposed that a pre-excavation soil investigation be conducted to more definitively target
remediation areas and provide a more complete characterization of all COC (e.g., lead, PAHs,
and PCBs). In addition to better defining the total volume of soil to be treated, the additional
sampling and analysis will also better delineate areas where lead concentrations are sufficiently
high that the soil should be segregated for off-site metals treatment. After this work is
completed, soil within the remediation areas will be excavated and screened to remove oversize
material. The excavated soil will be trucked to the staging area for screening. The screened soil
will be stockpiled at the staging area for subsequent off-site disposal. Soil adhering to the
oversize material will be removed so that the oversize material can be returned to the excavation.
Any oversize material not appropriate for use as backfill will be disposed off site along with the
rest of the contaminated soil.

Following excavation of the contaminated soil, representative soil samples from each area would
be analyzed using the TCLP test. Based on existing soil data from TNTA and TNTC, the
unconsolidated volume of excavated soil that may be classified as a characteristic hazardous
waste due to 2,4-DNT and lead concentrations is estimated at 6,180 cubic yards. Another 119
cubic yards of unconsolidated soil from Building 139 at TNTA may be classified as a PCB
remediation waste because PCBs have been detected at concentrations greater than 50 mg/kg.
The combined volume of RCRA hazardous and PCB remediation waste is estimated to be 25

percent of the total excavated soil.

Section 2.5.1 summarizes the applicable regulations used to determine if the excavated soil is a
hazardous waste. Soil that passes the TCLP tests can be disposed in a nonhazardous landfill.
Therefore, it is estimated that, of the 25,533 cubic yards of soil and sediment that would be
excavated under this approach, 19,234 cubic yards could be shipped for disposal at a Subtitle D
industrial (nonhazardous) waste landfill. The remaining 6,180 cubic yards would be manifested
and shipped for disposal at an off-site Subtitle C TSDF. The TSDF would treat any waste
material that does not comply with the LDR treatment standards prior to disposal. For cost
estimating purposes, it is assumed that all nonhazardous waste will be disposed of at the Erie
County Landfill. It is assumed that hazardous waste or PCB remediation waste will be disposed
of at an EQ Environmental, Inc. TSDF in Belleville, Michigan.
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4.5.2 Overall Protection of Human Health and the Environment

Alternative 3 would protect human health by excavating contaminated soil with concentrations
of COCs above the RGOs. Ecological receptors may also benefit, in that removal of the most
contaminated soil will result in lowering the EHQs calculated for various receptors in the
ecological risk assessment. Although the soil removal would mitigate the migration of soil
contaminants to groundwater, it is unclear at the present time whether the current soil RGOs will
provide adequate protection for groundwater. This evaluation cannot be performed until the
future area-specific and downgradient groundwater investigations are completed. As a result,
additional remedial actions for soil may be required in the future.

The alternative provides adequate protection against the potential hazards of contaminants in
excavated soil by disposing of the contaminated soil in a disposal facility designed, constructed,
and maintained to permanently manage such waste materials. Once the contaminated soil is
excavated, soil classified as hazardous based on TCLP testing will be disposed of in a RCRA
Subtitle C TSDF. Nonhazardous soil would be disposed of in a Subtitle D landfill approved by
OEPA to accept industrial waste. Contaminated soil classified as a PCB remediation waste
would be disposed of at a TSCA-approved TSDF.

4.5.3 Compliance with ARARs

This alternative would comply with the chemical-specific ARAR for total PCBs in soil. The
location- and action-specific ARARs that were considered for Alternative 4 are presented in
Appendix A. None of the location-specific ARARs (Table A-1) were identified as applicable for
this alternative. The remedial alternative would comply with all the action-specific ARARs
(Table A-2), in particular the regulations that deal with the identification, storage, and disposal of
hazardous waste.

4.5.4 Long-Term Effectiveness

The long-term effectiveness of Alternative 4 is achieved through the removal of contaminated
soil with COCs at concentrations above RGOs. As previously discussed, the alternative would
be effective in protecting potential receptors from direct exposure to COCs in soil. The removal
of the most highly contaminated soil would also reduce the mass transport of soil contaminants
to groundwater, although the ultimate effectiveness of the alternative in protecting groundwater
cannot be adequately evaluated at this time. This issue will be addressed after additional data
one collected during the future area-specific and downgradient groundwater investigations.

The alternative would not require the maintenance of any long-term controls at the site to
manage residual risk from direct exposure to soil.
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4.5.5 Reduction of Toxicity, Mobility, or Volume

Although Alternative 4 would reduce the mass and volume of contaminated media remaining at
the site, no net reductions in contaminant mass would be achieved unless a process such as
incineration is performed at the TSDF, because COCs are transferred from one location to
another. As a result, Alternative 4 would not comply with 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. However,
transferring waste material from an uncontrolled disposal site to a managed disposal facility that
is designed and constructed to prevent the release of contaminants to the environment would
restrict the mobility of COC in excavated soil.

4.5.6 Shori-Term Effectiveness

The implementation of Alternative 4 would not present any significant health threats to the
community. The excavation of contaminated soils would be performed within the confines of
PBOW at a sufficient distance from the property boundaries that the nearby community should
not be affected. Proper decontamination and waste transportation practices would be followed to
prevent the spread of contamination when equipment or waste materials leave the site.

Alternative 4 does not present site workers with any unusual health or safety concerns for a
remediation project. A hazard evaluation will be performed prior to the commencement of the
removal action, and a health and safety plan will be followed during site activities to ensure that
risks to workers are minimized. Remediation workers would be supplied with any protective
gear required to conduct operations in a safe manner.

Environmental impacts during remediation would be mitigated primarily through measures
designed to ensure that contamination is not spread during remedial activities. This includes
measures such as dust controls during excavation, decontamination procedures for equipment
and personnel, and storm water run-off and run-on controls. Storm water controls would include
actions such as covering piles of contaminated soil to prevent run-off, berming the staging areas
to control run-on and run-off, construction of a contact water basin to collect storm water, and
providing wastewater treatment equipment to treat storm water if required to comply with
discharge criteria.

It is estimated that 16 to 22 months would be required to complete remedial activities under
Alternative 4 in one field event, from the initiation of work plans to disposal of contaminated soil
and backfilling excavated areas. If the two sites were remediated in two separate field events,
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the estimated remedial duration would be 12 to 18 months for TNTA and 10 to 16 months for
TNTC. The combined time period for both sites is less than the sum of the individual time
intervals for each site because the combined time period accounts for efficiencies in executing
remedial tasks concurrently. Tables 4-5, 4-6, and 4-11 provide additional detail on the individual
work elements involved in the execution of this alternative.

4.5.7 Implementability
This alternative is technically and administratively implementable.

Compliance sampling of the sidewall and bottom areas of the excavation and analysis of the soil
samples for COCs can be used to monitor the effectiveness of excavation in removing soil
contaminated above RGOs.

The alternative does nothing to preclude additional remedial action for soil if it is later
determined that this is required to protect groundwater.

Alternative 4 does not present any unusual regulatory requirements that would compromise the
administrative feasibility of the remedial approach. OEPA would have to approve the disposal
facility used for any waste materials managed off site.

4.5.8 Cost

The detailed cost evaluations associated with the implementation of Alternative 4 for TNTA and
TNTC are presented in Tables 4-5 and 4-6. The estimated capital cost for Alternative 4 is $4.9
million for TNTA and $3.1 million for TNTC. The total capital cost to implement Alternative 4
at both TNTA and TNTC during one remediation event is $7.7 million. A detailed cost
evaluation for the two sites combined is presented in Table 4-11. This combined cost is less than
the sum of the individual costs for TNTA and TNTC because it accounts for the economies of
scale in completing both projects at one time. The contingency capital cost allowance for
Alternative 4 is 30 percent. This contingency accounts for the uncertainty in the estimated
volume of soil requiring remediation and an allowance for unidentified cost elements not
incorporated in the estimate. There are no long-term O&M costs associated with this alternative.
Therefore, the present value of this alternative is the same as its capital cost.

4.5.9 State Acceptance
This criterion will be evaluated in the action memorandum for the removal action, after a public

meeting has been conducted and the public comment period has concluded.
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4.5.10 Community Acceptance

The RAB for PBOW holds periodic meetings at which the USACE and NASA provide updates
on the progress of environmental restoration and solicit questions and comments from the public.
During several of these meetings, potential remedial options for cleanup of TNT-contaminated
soil at TNTA, TNTB, and TNTC at PBOW have been presented and discussed. It should be
noted that some members of the RAB have expressed a clear preference for windrow composting
over other technologies that do not permanently reduce the mass of nitroaromatic contaminants
in soil. RAB members have expressed a concern about remedial alternatives that involved a
significant degree of off-site management of waste materials, particularly at local landfills.

This criterion will be evaluated in more detail in the action memorandum for the removal action,
after a public meeting has been conducted and the public comment period has concluded.

4.6 Alternative 5 — Excavation, Windrow Composting, Chemical Stabilization,
and On-Site/Off-Site Disposal

4.6.1 Description

This alternative involves the excavation of contaminated soil within proposed remediation areas,
windrow composting of soil contaminated with nitroaromatic compounds and PAHs at
concentrations above RGOs, chemical stabilization of soil contaminated with lead above the
RGO, off-site disposal of PCB-contaminated soil (=50 mg/kg total PCBs) in a TSCA-approved
TSDF, off-site disposal of lead-stabilized soil as a nonhazardous waste in a Subtitle D landfill,
and surface placement of treated compost back on-site. This alternative is similar to Alternative
2, with the exception that lead-contaminated soil under Alternative 2 would be disposed of off
site as a hazardous waste in a RCRA Subtitle C TSDF. Lead-contaminated soil under
Alternative 5 would be chemically stabilized and disposed of as a nonhazardous waste. For cost
estimating purposes, it is assumed that all nonhazardous waste (lead-stabilized and nonhazardous
soil) will be disposed of at the Erie County Landfill. It is assumed that PCB remediation waste
will be disposed of at an EQ Environmental, Inc. TSDF in Belleville, Michigan.

Detailed descriptions of windrow composting and chemical stabilization technologies are
presented under the description of Alternatives 2 and 3 in Sections 4.3.1 and 4.4.1, respectively.

4.6.2 Overall Protection of Human Health and the Environment

Alternative 5 would protect human health by excavating contaminated soil with concentrations
of COCs above the RGOs. Ecological receptors may also benefit, in that removal of the most
contaminated soil would result in lowering the EHQs calculated for various receptors in the
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ecological risk assessment. Although the soil removal will mitigate the migration of soil
contaminants to groundwater, it is unclear at the present time whether the current soil RGOs will
provide adequate protection for groundwater. This evaluation cannot be performed until the
future area-specific and downgradient groundwater investigations are completed. As a result,
additional remedial actions for soil may be required in the future.

The alternative provides adequate protection against the potential hazards of contaminants in
excavated soil through the combination of treatment and waste management technologies. Once
the contaminated soil is excavated, the soil contaminated with elevated levels of nitroaromatic
compounds and PAHs is biologically treated via windrow composting to reduce the
concentrations of nitroaromatic compounds to levels acceptable for placement back on site
(RGOs). Soil with lead concentrations above RGOs would be chemically stabilized and
disposed of off site as a nonhazardous waste in a Subtitle D landfill. Soil with PCB
concentrations at 50 mg/kg or greater would be disposed of offsite as a PCB remediation waste
in a TSCA-approved TSDF.

4.6.3 Compliance with ARARs

The alternative would comply with the chemical-specific ARAR for total PCBs in soil. The
location- and action-specific ARARSs that were considered for Alternative 5 are presented in
Appendix A. None of the location-specific ARARs were identified as applicable for this
remedial alternative. The alternative would comply with all action-specific ARARs, in particular
the regulations that deal with the identification, storage, and disposal of hazardous waste.

4.6.4 Long-Term Effectiveness

The long-term effectiveness of Alternative 5 is achieved through the removal and treatment of
soil contaminated with COCs at concentrations above the RGOs. As previously discussed, the
alternative would be effective in protecting potential receptors from direct exposure to COCs in
soil. The ultimate effectiveness of the alternative in preventing indirect exposures that may be
caused by the migration of soil contaminants to groundwater cannot be adequately evaluated at
this time. This issue will be addressed after the future area-specific and downgradient
groundwater investigations are completed.

The alternative would not require the maintenance of any long-term controls at the site to
manage residual risk from direct exposure to soil.
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4.6.5 Reduction of Toxicity, Mobility, or Volume

Alternative 5 would comply with 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. The treatment of contaminated
soils by windrow composting would reduce the toxicity and mobility of nitroaromatic
compounds and PAHs in soil through a combination of biological degradation and
immobilization via covalent binding with humic substances in the compost. Treatment of lead-
contaminated soil using chemical stabilization reduces the mobility of lead in the treated soil.

Under this alternative, 24,797 cubic yards of nitroaromatic- and PAH-contaminated soil would
be treated and placed back on site; 617 cubic yards of lead-contaminated soil would be treated
and disposed of in a Subtitle D landfill; and 119 cubic yards of PCB-contaminated soil would be
disposed of off site in a TSCA-approved TSDF.

4.6.6 Short-Term Effectiveness

The implementation of Alternative 5 would not present any significant health threats to the
community. The excavation and treatment of contaminated soils would be performed within the
confines of PBOW at a sufficient distance from the property boundaries that the nearby
community should not be affected. The composting and stabilization processes would be
managed to minimize the generation of dust or nuisance odors during remediation. Proper
decontamination and waste transportation practices will be followed to prevent the spread of
contamination when equipment or waste materials leave the site.

Alternative 5 does not present site workers with any unusual health or safety concerns. A hazard
evaluation will be performed prior to the commencement of the removal action, and a health and
safety plan will be followed during site activities to ensure that risks to workers are minimized.
Remediation workers would be supplied with any protective gear required to conduct operations
in a safe manner. The temporary enclosure under which composting operations are performed
would be designed to ensure that adequate airflow exists to provide a safe environment for
remediation workers.

Environmental impacts during remediation will be mitigated primarily through measures
designed to ensure that contamination is not spread during remedial activities. This includes
measures such as dust controls during excavation and treatment, decontamination procedures for
equipment and personnel, and storm water run-off and run-on controls. Storm water controls
would include actions such as erection of an enclosure over the windrows area, covering piles of
contaminated soil and amendments to prevent run-off, berming the treatment and staging areas to
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control run-on and run-off, construction of a contact water basin to collect and reuse storm water,
and providing wastewater treatment equipment to treat storm water that cannot be reused in the
treatment process, if required to comply with discharge criteria.

It is estimated that 42 to 48 months would be required to complete remedial activities under
Alternative 5 in one field event, from the initiation of work plans to backfilling excavated areas
and disposal of treatment residuals. If the two sites were remediated in two separate field events,
the estimated remedial duration would be 12 to 18 months for TNTA and 10 to 16 months for
TNTC. The combined time period for both sites is less than the sum of the individual time
intervals for each site because the combined time period accounts for efficiencies in executing
remedial tasks concurrently. Tables 4-7, 4-8, and 4-12 provide additional detail on the individual
work elements involved in the execution of this alternative.

4.6.7 Implementability

A composting treatability/optimization study would be completed prior to the initiation of site
activities. This study would evaluate the cost and availability of various amendments that could
be obtained locally for use in the treatment process and, based on this evaluation, determine the
most cost-effective compost mixture to treat the soil. A bench-scale stabilization
treatability/optimization study is recommended prior to full-scale implementation to determine
the appropriate ratio of stabilization chemicals to soil over the range of lead concentrations
anticipated.

Windrow composting is a reliable technology, as it has been implemented at a number of
remediation sites to treat soil contaminated with nitroaromatic explosives, PAHs, and other
chemicals, such as pesticides. Composting technology has also been widely used in the
treatment of agricultural wastes and the management of treatment residuals from municipal
wastewater treatment plants. Chemical stabilization has been used at numerous sites to
immobilize lead in soil both as an in situ and ex situ technology. As a result, a number of
contractors are experienced in implementing these technologies, and equipment is readily
available. Composting amendments should be readily available in the surrounding agricultural
areas.

Treatment equipment may be either leased or purchased, depending upon the relative economics
of each option. It is recommended that the composting equipment be purchased, as it would be
required on site for a period of time that may make it economically advantageous to purchase
rather than lease. The composting equipment could also be used on other projects that involve
treatment of soil contaminated with nitroaromatic explosives, PAHs, or pesticides, thus
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spreading these costs across multiple projects. Additionally, it is recommended that the USACE
purchase (rather than lease) a fabric enclosure to cover the windrows during treatment. This type
of structure can be disassembled and reused at other sites. The economics of purchasing
stabilization equipment are not as attractive due to the shorter duration the equipment will be
needed on site, unless its purchase can be justified through use on multiple projects.

Compliance sampling of the sidewall and bottom areas of the excavation and analysis of the soil
samples for COCs can be used to monitor the effectiveness of excavation in removing soil
contaminated above RGOs.

The effectiveness of the composting process is easily monitored by periodic sampling and
analysis of the compost during and after the treatment process. Immunoassay or colorimetric
analytical methods may be utilized during precompliance testing to lower analytical costs,
although field test kits may not be available for all the nitroaromatic COCs. Standard fixed-base
laboratory analyses would be used for final compliance sampling after treatment is complete for
each batch of compost. The composting treatment process could be extended for any composted
material that fails compliance testing. Alternatively, the compost could be chemically stabilized
and/or disposed of off site at an approved TSDF if the compliance results of the treated compost
are significantly elevated above the RGOs such that further biological treatment would not be
cost-effective.

The stabilization process is monitored after treatment is complete by TCLP testing to
demonstrate that the leachable concentrations of lead in samples of the stabilized matrix are
below the maximum levels permissible in the land disposal restrictions. The compressive
strength of the stabilized material is also typically tested to ensure it is suitable as structural
backfill. If the stabilized soil does not pass the TCLP test, the soil could be reprocessed.

The alternative does nothing to preclude additional remedial action for soil if it is later
determined that this is required to protect groundwater.

Alternative 5 does not present any unusual regulatory requirements that would compromise the

administrative feasibility of the remedial approach. OEPA would have to approve the disposal
facility used for any waste materials managed off site.
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4.6.8 Cost
The detailed cost evaluations for the implementation of Alternative 5 for TNTA and TNTC are

presented in Tables 4-7 and 4-8. The estimated capital cost for Alternative 5 is $7.8 million for
TNTA and $5.5 million for TNTC.

The total capital cost to implement Alternative 5 at both TNTA and TNTC during one
remediation event is $11.1 million. A detailed cost evaluation for the two sites combined is
presented in Table 4-12. This combined cost is less than the sum of the individual costs for
TNTA and TNTC because it accounts for the economies of scale in completing both projects at
one time. In order for the cost estimate for each area to be complete and independent, the
estimate must account for the purchase of all structures and equipment. Therefore, the sum of
the individual alternatives for TNTA and TNTC would double count these costs.

Appendix B provides supporting calculations used to estimate remedial costs. A contingency of
20 percent has been added to the cost estimates for both sites to account for uncertainty in the
estimated volume of soil requiring remediation and to provide an allowance for cost elements
that are not identifiable at the present time. Due to the relatively short time frame over which the
remedial alternative would be completed, all costs associated with its implementation are
classified as capital costs. Accordingly, there are no O&M costs for this alternative, and the
present value cost is equivalent to the capital cost.

4.6.9 State Acceptance
This criterion will be evaluated in the action memorandum for the removal action, after a public
meeting has been conducted and the public comment period has concluded.

4.6.10 Community Acceptance

The RAB for PBOW holds periodic meetings at which the USACE and NASA provide updates
on the progress of environmental restoration and solicit questions and comments from the public.
During several of these meetings, potential remedial options for cleanup of TNT-contaminated
soil at TNTA, TNTB, and TNTC at PBOW have been presented and discussed. It should be
noted that some members of the RAB have expressed a clear preference for windrow composting
over chemical stabilization for the treatment. of nitroaromatic contaminants in soil.

This criterion will be evaluated in more detail in the action memorandum for the removal action,
after a public meeting has been conducted and the public comment period has concluded.
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5.0 Comparative Analysis of Remedial Alternatives

This chapter provides a comparative analysis of all five alternatives developed in Chapter 4.0.
The comparison will be based on the evaluation criteria and the overall feasibility of the
alternatives in achieving RAOs for contaminated soil at TNTA and TNTC. A summary of this
comparative analysis is presented in Table 5-1 for TNTA and Table 5-2 for TNTC.

5.1 Protection of Human Health and the Environment

All of the alternatives, with the exception of Alternative 1, would permanently treat/remove
contaminated soil, thereby reducing cancer and noncancer human health risks to within the
respective OEPA risk management ranges. Alternatives 2 through 5 may also benefit ecological
receptors by significantly reducing the EHQs associated with soil contamination at the sites.
Alternatives 2 through 5 may provide a corollary benefit to long-term groundwater and surface
water quality by removing or mitigating the most significant source areas that contribute to
contamination in these media. Alternative 1 does not employ removal, containment, or treatment
response actions that would mitigate the impact of source areas on receptors or other
environmental media.

5.2 Compliance with ARARs

All of the alternatives, with the exception of Alternative 1, would comply with the chemical-,
location-, and action-specific ARARs. Alternative 1 would not comply with the chemical-
specific ARAR for total PCBs in soil. Location- and action-specific ARARSs are not applicable
for Alternative 1 because no action would be taken.

5.3 Long-Term Effectiveness and Permanence

All of the alternatives, with the exception of Alternative 1, would reduce the magnitude of
residual risk at the sites to levels within the risk management range. No long-term controls
would be required at the sites for Alternatives 2 though 5.

5.4 Reduction of the Toxicity, Mobility, or Volume of Contamination

Alternatives 2 and 5 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. Alternatives 5 and 2 would treat
the vast majority of the contaminated soil excavated at TNTA and TNTC (99.5 and 97.1 percent,
respectively). In contrast, Alternative 3 would treat only 24 percent of the contaminated soil
excavated from TNTA and TNTC. Alternative 4 would not employ any on-site treatment,
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although off-site treatment of some contaminated soil would be required to comply with LDR
requirements prior to disposal.

The composting component of Alternatives 2 and S provides essentially irreversible treatment by
coupling biodegradation and transformation processes to reduce the toxicity and mobility of soil
contaminants. Alternative 3 employs chemical stabilization to reduce the mobility of
contaminants. While chemical stabilization is not an irreversible process, the combination of
stabilization and off-site disposal at an industrial landfill should prevent the contaminants in the
treated soil from leaching back into the environment. Although Alternative 4 would remove
contamination from the site, it would not result in any reduction of contaminant mass. The
disposal of excavated soil in an appropriate TSDF would minimize the potential for
contaminants to leach into the environment. Alternative 1 would have no effect on the toxicity,
volume, or mobility of soil contamination.

5.5 Short-Term Effectiveness

Alternatives 2 through 5 would all provide adequate safeguards for site workers and the
community during remediation. Only small volumes of contaminated soil excavated under
Alternatives 2 and 5 would require off-site management. All the contaminated soil excavated
under Alternatives 3 and 4 would require off-site management. Short-term effectiveness is not
relevant to Alternative 1 because no action would be taken. No threatened or endangered animal
or plant species will be significantly affected or destroyed by remedial actions at TNTA and
TNTC. In the event threatened and/or endangered plant species are later discovered in the
proposed remediation areas, care will be taken to minimize disturbance. There will be short-term
disturbances to ecological habitat as a result of the proposed remediation; however, the re-
establishment of vegetative cover following the action will allow displaced species to recolonize
these disturbed areas.

Remedial durations for TNTA and TNTC are presented in Tables 5-1 and 5-2. These remedial
time frames do not reflect the efficiencies realized when conducting remedial action for TNTA
and TNTC in one event. A complete analysis of the remedial duration of each alternative, for
each individual site and for both sites combined, is presented in Table 5-3. The following time '
frames presented in this paragraph are for TNTA and TNTC combined. Alternative 4 would be
completed within the shortest period of time, requiring approximately 16 to 22 months.
Alternative 3 would take 20 to 26 months to complete. Alternative 2 would require 41 to 47
months to complete, and Alternative 5 would require the longest period of time to complete, at
42 to 48 months.
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5.6 Implementability

All of the technologies in these alternatives are well developed and have been implemented on a
full-scale basis on numerous projects. Equipment, technical specialists, and materials are
available for all the alternatives. The effectiveness of the alternatives can be monitored by
sampling and analysis. All of the alternatives would require the approval of OEPA for disposal
of material off site. None of the alternatives would preclude additional actions if the
technologies are not completely effective.

5.7 Cost

Alternative 1 is the lowest cost alternative. Alternative 3 has the lowest cost of the alternatives
that employ some sort of remedial action. Chemical stabilization of the hazardous fraction of the
excavated soil allows all soil (expect PCB-remediation waste) to be disposed off site as a
nonhazardous waste. The cost to stabilize the soil is less than the differential between hazardous
and nonhazardous waste disposal costs. Alternative 4 is the second lowest cost alternative.
Alternatives 2 and 5 are the two highest cost alternatives. Alternative 2 is slightly lower in cost
than Alternative 5 because there is not enough lead-contaminated soil at concentrations high
enough for the increased costs of chemical stabilization to offset the cost for disposal as a
hazardous waste.

Remedial costs for TNTA and TNTC are presented in Tables 5-1 and 5-2. These costs do not
reflect the economies of scale realized when conducting remedial action for TNTA and TNTC in
one event. Table 5-4 compares the individual costs for remedial action at TNTA and TNTC with
the combined cost for executing these actions together. The table shows that significant cost
savings can be realized with Alternatives 2 and 5 when remediation is conducted concurrently.

5.8 State Acceptance
This criterion will be evaluated in an action memorandum for TNTA and TNTC after receiving
regulatory review comments on this FFS.

5.9 Community Acceptance

This criterion will be evaluated in an action memorandum for TNTA and TNTC after a public
meeting is held. Preliminary comments from some members of the RAB indicate a preference
for alternatives that include windrow composting as a component of the remedy. RAB members
have also expressed a concern about remedial alternatives that involved a significant degree of
off-site management of waste materials (particularly at local landfills), as would occur under
Alternatives 3 and 4.
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5.10 Recommendations

The comparative analyses presented in Tables 5-1 and 5-2 indicate that Alternative 2:
Excavation, Windrow Composting, On-Site and Off-Site Disposal should be selected as the
recommended remedial alternative for both TNTA and TNTC. The alternative meets the
threshold criteria of protection of human health and the environment and complies with ARARSs.

Alternative 2 is selected over Alternatives 3 and 4 because it utilizes on-site treatment to a high
degree, satisfying the statutory preference for alternatives that reduce the toxicity, mobility, or
volume of contamination through treatment. The composting technology used in Alternative 2
results in an irreversible humification of the nitroaromatic and PAH contaminants in soil, while
chemical stabilization does not destroy the contaminants and the process may be reversible under
the right conditions. Soil with very elevated concentrations of nitroaromatic compounds may be
difficult to successfully stabilize. Additionally, preliminary comments from some members of
the RAB indicate a strong preference for composting over other technologies discussed.

Alternative 2 is selected over Alternative 5 because it is more cost effective to chemically
stabilize the small volume of lead-contaminated soil at an off-site TSDF than at an on-site batch
treatment plant. This approach also precludes the disposal of contaminated soil at local
municipal landfills, because the soil shipped off site must be treated to meet LDR requirements
prior to disposal.
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Table 1-1

Summary of Total Hazard and Total Cancer Risk by Source Medium
TNT Area A, Former Plum Brook Ordnance Works

Sandusky, Ohio

Construction Child Venison
Groundskeeper | Indoor Worker Worker On-Site Resideny Adult Hunter Consumer
Total Total Total Total Total Total
ource Medium HI HI HI Hi HI HI
urface Soil 6.45E-01 2.76E-01 NA NA 3.30E-02 NA
Total Soil NA NA 6.04E+01 2.19E+02 NA NA
urface Water NA NA 5.93E-02 2.93E-02 NA NA ,
ediment NA NA NA NA NA NA
I[ Total across all media 6.45E-01 2.76E-01 6.05E+01 2.19E+02 3.30E-02 NA
f Construction Child Venison
Groundskeeper | Indoor Worker Worker On-Site Resident Adult Hunter Consumer
Total Total Total Adult Child Total Total Total
Source Medium ILCR ILCR ILCR ILCR ILCR ILCR ILCR ILCR
Surface Soll 6.08E-06 2.71E-06 NA NA NA NA 4.46E-07 2.34E-08
otal Soil NA NA 3.51E-04 1.06E-02 1.53E-02 2.59E-02 NA NA
Surface Water NA NA 5.13E-09 6.76E-08 3.04E-08 9.79E-08 NA NA
ediment NA _NA 6.46E-08 2.38E-07 4.63E-10 2.38E-07 NA NA
i Total across all media 6.08E-06 2.71E-06 3.51E-04 1.06E-02 1.53E-02 2.59E-02 4.46E-07 2.34E-08
HI - Hazard index.

ILCR - Incremental lifetime cancer risk.

NA - Not applicable.
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Table 1-2

Summary by Building Area of Total Cancer Risk and Noncancer Hazard®
TNT Area A, Former Plum Brook Ordnance Works

Sandusky, Ohio
Total Soil Receptors -
On-Site Resident
Former Building Construction Worker ILCR
Number Hi ILCR HI Adult Child Total

111° 2.85E-02 2.04E-08 5.94E-07 8.94E-07 1.49E-06
5.34E-01 9.32E-08 2.62E-06 4.10E-06 6.72E-06

6.98E-04 1.36E-08 4.72E-07 5.60E-07

1.96E-06 5.84E-05 8.54E-05 |

2.65E-07 8.98E-06  1.10E-05 2.00E-05
2.39E-09 6.35E-08 1.06E-07 1.69E-07

4.34E-07 1.32E-05  1.89E-05

3.26E-08 1.17E-06 1.31E-06

1.88E-01 3.89E-06 6.52E-01 1.04E-04 1.73E-04

7.75E-01 1.69E-07 5.22E-06 7.30E-06
1.57E-07 1.24E+00 4.30E-06 6.92E-06 1.12E-05
8.39E-08 2.32E-01 2.93E-06 3.43E-06 6.36E-06
5.03E-07 1.73E-05  2.08E-05 3.81E-05
7.70E-02 2.40E-08 2.67E-01 6.85E-07 1.06E-06 1.74E-06

7.00E-02 5.02E-07 1.52E-05  2.19E-05

1.68E-03 1.02E-08 3.10E-07  4.44E-07

93E-05 1.80E-03  2.59E-03

1.05E-02 1.51E-02

®Based on the results of the BHHRA (IT Corporation, 2001b). Note that only confirmation samples were

evaluated in the BHHRA.

® At least one remedial goal option was exceeded in at least one screening sample, and noncancer

or cancer risk associated with that sample exceeded OEPA risk management criteria. Therefore, the area

is proposed for remediation.

°Additionally, area proposed for remediation of lead.

Shading indicates areas with noncancer or cancer risks greater than OEPA risk management

criteria (i.e., HI > 1 and/or ILCR > 1E-5).

BHHRA - Baseline human health risk assessment.

H! - Hazard Index.

ILCR - Incremental Lifetime Cancer Risk.

NA - Not applicable.

OEPA = Ohio Environmental Protection Agency.
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Table 1-3

Summary of Total Hazard and Total Cancer Risk from Chemicals of Concern
TNT Area C, Former Plum Brook Ordnance Works

Sandusky, Ohio
Child
Indoor Construction On-Site Adult Venison
Groundskeeper Worker Worker Resident Hunter Consumer
Total Total Total Total Total Total
||Source Medium HI Hi HI HI HI Hi
urface Soil 9.54E+01 4.08E+01 NA NA 4.88E+00 NA
otal Soil NA NA 3.60E+02 1.24E+03 NA NA
Surface Water NA NA 1.59E-01 7.84E-02 NA NA
adiment NA NA 1.37E+01 5.60E+00 NA NA
|| Total across all media 9.54E+01 4.08E+01 3.74E+02 1.25E+03 4.88E+00 NA
Indoor Construction Child Venison
Groundskeeper Worker Worker On-Site Resident Adult Hunter Consumer
Total Total Total Adult Child Total Total Total
fiISource Medium ILCR ILCR ILCR ILCR ILCR ILCR ILCR ILCR
Surface Soil 5.43E-04 2.32E-04 NA NA NA NA 3.39E-05 2.09E-07
otal Soil NA NA 5.01E-05 1.57E-03 1.91E-03 3.48E-03 NA NA
urface Water NA NA 1.77E-08 2.33E-07 1.05E-07 3.38E-07 NA NA
Sediment NA NA 1.36E-06 5.51E-06 6.65E-06 1.22E-05 NA NA
Total across all media 5.43E-04 2.32E-04 5.15E-05 1.57E-03 1.92E-03 3.49E-03 3.39E-05 2.09E-07

HI - Hazard index

ILCR - Incrementa lifetime cancer risk

NA - Not applicable
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Table 1-4

Summary by Building Area of Total Cancer Risk and Noncancer Hazard®
TNT Area C, Former Plum Brook Ordnance Works

Sandusky, Ohio
Total Soil Receptors
On-Site Resident
Former Building Construction Worker ILCR
Number HI ILCR HI Adult Child
602° 4.56E-02 2.10E-08 1.71E-01 5.64E-07 9.32E-07
9.77E-01 2.92E-07 8.94E-06 1.27E-05

8.45E-01 2.29E-08 7.56E-07 9.54E-07
NA 1.20E-09 3.19E-08 5.32E-08
2.22E-06 7.64E-05 9.18E-05
2.64E-08 8.56E-01 8.81E-07 1.09E-06
1.39E-04 2.00E-04
4.90E-06 5.69E-06
8.62E-07 1.16E-06 2.02E-06
1.33E-03 1.59E-03

1.78E-04 2.53E-04

2.48E-01
1.10E+00 4.59E-06

NA 1.40E-07
6.96E-02 2.71E-08

5.82E-06

7.02E-06 2.44E-04 2.89E-04
1.39E-06 4.87E-05 5.67E-05
1.15E-06 3.84E-05 4.84E-05
3.23E-01 1.11E-08 1.12E+00 3.61E-07 4.69E-07 8.30E-07

7.91E-06 1.33E-04 1.53E-04

“Based on the results of the BHHRA for TNT A&C (IT Corporation, 2001b). Note that only confirmation samples
were evaluated in the BHHRA.

°At least one RGO was exceeded in at least one screening sample, and noncancer or cancer risks associated
with that sample exceeded OEPA risk management criteria. Therefore, the area is proposed for remediation.

“Marginal exceedance of RGO in a confirmation sample. Estimated risks are less than OEPA risk management
criteria. Area is proposed for remediation, but a specific risk management decision is recommended before
remediation activities at TNT C are commenced.

YAdditionally, area proposed for remediation of lead.

°Marginal exceedance of RGO for polynuclear aromatic hydrocarbons. Area is proposed for remediation.

fMarginal exceedance of RGO in confirmation and screening samples. Estimated risks are less than OEPA risk
management criteria. Area is proposed for remediation, but a specific risk management decision is
recommended before remediation activities at TNT C are commenced.

Shading indicates areas with noncancer or cancer risks greater than OEPA risk management

criteria (i.e., HI > 1 and/or ILCR > 1E-5).

BHHRA - Baseline human health risk assessment.

HI - Hazard Index

ILCR - Incremental Lifetime Cancer Risk

NA - Not applicable

OEPA - Ohio Environmental Protection Agency.

RGO - Remedial goal objective.
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Table 2-1

Proposed RGOs for TNTA Total Soil COCs
Former Plum Brook Ordnance Works, Sandusky, Ohio

Proposed
RGO

cOC (mﬂg Basis HQ ILCR
2-Amino-4,6-Dinitrotoluene 1.3 RBRC 0.3 NA
4-Amino-2,6-Dinitrotoluene 1.7 RBRC 0.4 NA
2,4 6-Trinitrotoluene 8.0 RBRC 0.2 6E-7°
2-Nitrotoluene 31 RBRC 0.04 NA
4-Nitrotoluene 9 RBRC 0.01 NA
2 4-Dinitrotoluene 6.0 RBRC 0.04° 8E-6
2,6-Dinitrotoluene 1.5 RBRC 0.02° 2E-6
Aroclor 1260 1.0 ARAR°® NA 3E-6 (5E-8)°
Lead 400 TBC® NA NA
Total HI/ILCR 1.0 1.0E-5 (1.3E-5)'

? RGO derived on the basis of noncancer effects; cancer risk is de minimis (<1E-6).

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

°40 CFR 761.3

9 Value shown in parentheses is the ILCR for the highest detected concentration among the areas not
proposed for remediation based on the nitroaromatic RGOs; this value is de minimis (i.e., <1E-6).

® EPA Soil screening value for average lead concentration,

"value outside of parentheses is for nitroaromatics and the maximum detected concentration among the
remaining samples for residual PCBs; value shown in parentheses is the total ILCR assuming the combined
Aroclor 1254 and 1260 concentration is equal to the RGO.

ARAR - Applicable or reasonable and appropriate requirement.

COC - Chemical of concern.

HQ - Hazard quotient.

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

NA - Not applicable.

RBRC - Risk-based remediation concentration.
RGO - Remedial goal option.
TBC - To be considered criterion.
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Table 2-2

Proposed RGOs for TNTC Total Soil COCs
Former Plum Brook Ordnance Works, Sandusky, Ohio

Proposed RGO

cocC (mg/kg) Basis HQ ILCR
2-Amino-4,6-Dinitrotoluene 1.7 RBRC 0.4 NA
4-Amino-2,6-Dinitrotoluene 1.3 RBRC 0.3 NA
2,4,6-Trinitrotoluene 8.0 RBRC 0.2 6E-7°
2,4-Dinitrotoluene 6.5 RBRC 0.04° 9E-6
2,6-Dinitrotoluene 1.0 RBRC 0.01° 1E-6
Aroclor 1260° 1.0 ARAR® NA 3E-6 (5E-7)°
Aroclor 1254° 1.0 ARAR® 0.6 (0.1)' 3E-6 (6E-7)°
PAHs 1.0 TBC" NA NA'
Lead 400 TBC NA NA
Total HI/ILCR 1.0¢ 1.0E-5 (1.3E-5)

2 RGO derived on the basis of noncancer effects; cancer risk is de minimis (<1E-6).
® RGO derived on the basis of carcinogenicity; noncancer effects are de minimis (HQ<0.1).
€ ARAR value of 1.0 mg/kg is for combined Aroclor 1254 and 1260 concentrations.
440 CFR761.3
¢ Value shown in parentheses is the ILCR for the highest detected concentration (0.15 mg/kg) among the
areas not proposed for remediation based on the nitroaromatic RGOs; this value is de minimis (i.e., <1E-6).
"HQ value shown in parentheses is for the highest detected concentration (0.176 mg/kg) among the areas
not proposed for remediation based on the nitroaromatic RGOs.
9 ILCR value shown in parentheses is for the highest detected concentration (0.176 mg/kg) among the areas
not proposed for remediation based on the nitroaromatic RGOs; this value is de minimis (i.e., <1E-6).
" OEPA policy for combined carcinogenic PAHs.
' Although carcinogenic, the ILCR would be based on the specific combination of PAHs present in a given
sample.
JEPA Soil screening value for average lead concentration.
¥ Total HI reflects the additive effects of the nitroaromatics. The effects of Aroclor 1254 are not regarded as
additive with those of the nitoraromatics, so its HQ is not added into the HI for nitroaromatic effects.
''Value outside of parentheses is for nitroaromatics and the maximum detected concentration among the
remaining samples for residual PCBs; value shown in parentheses is the total ILCR assuming the combined
Aroclor 1254 and 1260 concentration is equal to the RGO.

ARAR - Applicable or reasonable and appropriate requirement.

COC - Chemical of concern.

HQ - Hazard quotient.

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

NA - Not applicable.

PAH - Polynuclear aromatic hydrocarbon.

RBRC - Risk-based remediation concentration.
RGO - Remedial goal option.
TBC - To be considered criterion.
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Table 2-3

Proposed RGOs for TNTC Sediment COCs

Former Plum Brook Ordnance Works, Sandusky, Ohio

RBRC RBRC Based on
Based on Construction Proposed HQ of ILCR of
Resident Worker RGO Proposed | Proposed
coC (mg/kg) (mg/kg) (mg/kg) RGO*® RGO*

2-Amino-4,6-Dinitrotoluene 12.1 5.0 5.0 0.3 NA
4-Amino-2,6-Dinitrotoluene 12.1 5.0 5.0 0.3 NA
2,4,6-Trinitrotoluene 101 41 41 0.3 9E-7°
Total H/ILCR 1.0 9E-7

 Based on the construction worker scenario.
P RGO derived on the basis of noncancer effects; cancer risk is de minimis (<1E-6).

COC - Chemical of concern.

HQ - Hazard quotient.

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

NA - Not applicable.

RBRC - Risk-based remediation concentration.
RGO - Remedial goal option.
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Table 2-4

Ecological implications of Human Health Soil RGOs on Surface Soil Receptors

Feasibility Study
TNT Area A, Former Plum Brook Ordnance Works
Sandusky, Ohio
Scaled ®
Critical EPC for Ecological Lowest
Human Expected Ecological Critical 4 NOAEL Hazard Estimated Reported
Heaith Residual NOAEL Hazard Ecological Quotient Using Reduction Detection
RGO Conc.” Quotient Receptor Expected in Ecological Limit °
mg/ki (mg/kg) (and receptor) © (mg/kg) Residual Conc. Hazard ' (mg/kg) |
8 0.05 134 rabbit 152 0.04 3040 0.1
1 0.014 873 wren 2.48 5 177 0.08
NA 14,500 109 wren 125,000 13 9 NA
400 69.5 338 wren 564 42 8 NA
Scaled °
Critical EPC for Ecological Estimated Lowest
Human Expected Ecological Critical ¢ LOEAL Hazard Ecological Reported
Health Residual LOAEL Hazard Ecological Quotient Using Hazard Detection
RGO Conc.” Quotient Receptor Expected Reduction Limit ¢
(mg/kg) (mg/kg) (and receptor) (mg/kg) Residual Conc. Factor ' (mg/kg) |
8 0.05 27 rabbit 152 0.009 3040 0.1
1 0.014 87 wren 2.48 0.5 177 0.08
NA 14,500 22  wren 125,000 3 9 NA
400 69.5 34 wren 564 4 8 NA

# Chemicals shown are those having the highest ecological HQ values in the Remedial Investigation Report Ecological Risk
Assessment (ERA) (iT, 2001¢). Human health COC are bolded.

® Residual concentrations in surface soil were estimated by removing the soil samples from the ecological data base that
were within the proposed excavation footprint and recalculating the exposure point concentration following

the methodology used in the ERA. Value shown for each chemical except 2,4,6-trinitrotoluene (TNT) is the remaining
maximum detected concentration; value shown for TNT is 0.5 X the maximum reporting limit. Ditution from clean backfill
was not considered in estimating the residual concentrations.

¢Value and corresponding receptor shown are for the highest HQ value among receptors evaluated in the ERA.
Value shown is from the ERA.
® Estimated using the following scaling relationship:

Scaled HQ = Residual Conc. x (pre-remediation HQ/pre-remediation EPC).
Note that calculations were performed using unrounded HQ values, but that the resultant scaled quotients are rounded to
one significant figure.
'Estimated by dividing pre-remediation EPC by expected residual concentration (note that HQs are linear with concentration).
Ecological hazard reduction factors are rounded to the nearest whole number.

Notes:

COC = chemical of concern

Conc. = Concentration

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

HQ = ecological hazard quotient from ERA.
LOAEL = lowest-observed-adverse-effect level
mg/kg = milligram per kilogram

NA = not applicable

NOAEL = no-observed-adverse-effect level
RGO = remedial goal option.

TNT = 2,4,6-trinitrotoluene
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Table 2-5

Ecological Implications of Human Health Soil RGOs on Total Soil Receptors

Feasibility Study
TNT Area A, Former Plum Brook Ordnance Works
Sandusky, Ohio
Scaled °
Critical EPC for Ecological Lowest
Human | Expected Ecological Critical° | NOAEL Hazard | Estimated |Reported
Health | Residual NOAEL Hazard Ecological | Quotient Using| Reduction {Detection
RGO Conc.” Quotient Receptor Expected in Ecological| Limit d
Chemical® (mg/kg)| (mg/kg) {and receptor) © (mg/kg) | Residual Conc.| Hazard ! (mg/kg) |
2,4,6-trinitrotoluene 8 0.05 45 shrew 530 0.004 10600 0.1
Aroclor 1260 1 0.0768 743 shrew 0.132 432 2 0.08
Calcium NA 31,000 25 shrew 40,000 19 1 NA
Lead 400 69.5 32 shrew 624 3.6 9 NA
Scaled ®
Critical EPC for Ecological Lowest
Human | Expected Ecological Critical * | NOAEL Hazard | Estimated |Reported
Health | Residual NOAEL Hazard Ecological | Quotient Using| Reduction |Detection
RGO Conc.” Quotient Receptor Expected in Ecological{ Limit¢
Chemical® (mg/kg)| (mg/kg) (and receptor) ° (mg/kg) | Residual Conc.| Hazard f (mg/kg)
2,4,6-trinitrotoluene 8 0.05 9 shrew 530 0.0008 10600 0.1
Aroclor 1260 1 0.0768 74 shrew 0.132 43 2 0.08
Calcium NA 31,000 5 shrew 40,000 4 1 NA
Lead 400 69.5 3 shrew 624 0.3 9 NA

& Chemicals shown are those having the highest ecological HQ values in the Remedial Investigation Report Ecological Risk
Assessment (ERA) (IT, 2001¢). Human health COC are bolded.

® Residual concentrations in total soil were estimated by removing the soil samples from the ecological data base that

were within the proposed excavation footprint and recalculating the exposure point concentration following

the methodology used in the ERA. Value shown for each chemical except 2,4,6-trinitrotoluene (TNT) is the remaining
maximum detected concentration; value shown for TNT is 0.5 X the maximum reporting limit. Dilution from clean backfill
was not considered in estimating the residual concentrations.
¢Value and corresponding receptor shown are for the highest HQ value among receptors evaluated in the ERA.
4Value shown is from the ERA.

¢ Estimated using the following scaling relationship:
Scaled HQ = Residual Conc. x (pre-remediation HQ/pre-remediation EPC).
Note that calculations were performed using unrounded HQ values, but that the resultant scaled quotients are rounded to
one significant figure.
' Estimated by dividing pre-remediation EPC by expected residual concentration (note that HQs are linear with concentration).
Ecological hazard reduction factors are rounded to the nearest whole number.

Notes:

COC = chemical of concem

Conc. = Concentration

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

HQ = ecological hazard quotient from ERA.
LOAEL = lowest-observed-adverse-effect level
mg/kg = milligram per kilogram

NA = not applicable

NOAEL = no-observed-adverse-effect level
RGO = remedial goal option.
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Table 2-6

Ecological Implications of Human Health Soil RGOs on Total Soil Receptors
Feasibility Study
TNT Area C, Former Plum Brook Ordnance Works
Sandusky, Ohio

Scaled ®
Critical EPC for Ecological Lowest
Human | Expected Ecological Critical ¢ NOAEL Hazard | Estimated |Reported
Health | Residual NOAEL Hazard Ecological | Quotient Using| Reduction |Detection
RGO | cConc’ Quotient Receptor Expected |in Ecologicat| Limit?
(mg/kg)| (mg/kg) (and receptor) © (mg/kg) | Residual Conc.[ Hazard ! (mg/kg)
8 1.41 4,120 shrew 41,300 0.1 29291 0.1
1 0.15 1,420 shrew 1.71 125 11 0.08
400 134 45 shrew 578 10 4 NA
Scaled °
Critical EPC for Ecological Lowest
Human | Expected Ecological Critical® | NOAEL Hazard | Estimated |Reported
Health | Residual NOAEL Hazard Ecological | Quotient Using| Reduction |Detection
RGO Conc.” Quotient Receptor Expected in Ecological| Limit*®
Chemical® mg/kg)| (m (and receptor) © (mg/kg) _| Residual Conc.| Hazard " | m
2,4,6-trinitrotoluene 8 1.41 823 shrew 41,300 0.03 29291 0.1
Aroclor 1260 1 0.15 142  shrew 1.7 12 11 0.08
Lead 400 134 5 shrew 578 i 4 NA

2 Chemicals shown are those having the highest ecological HQ values in the Remedial Investigation Report Ecological Risk
Assessment (ERA) (IT, 2001¢). All chemicals shown are human health COC.

® Residual concentrations in total soil were estimated by removing the soil samples from the ecological data base that

were within the proposed excavation footprint and recalculating the exposure point concentration following

the methodology used in the ERA. Value shown for each chemical except 2,4,6-trinitrotoluene (TNT) is the remaining
maximum detected concentration; value shown for TNT is 0.5 X the maximum reporting limit. Dilution from clean backfill
was not considered in estimating the residual concentrations.

®Value and corresponding receptor shown are for the highest HQ value among receptors evaluated in the ERA.
“Value shown is from the ERA.

¢ Estimated using the following scaling relationship:

Scaled HQ = Residual Conc. x (pre-remediation HQ/pre-remediation EPC).

Note that calculations were performed using unrounded HQ values, but that the resultant scaled quotients are rounded to

one significant figure.

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

Notes:
COC = chemical of concemn
Conc. = Concentration

EPC = exposure point concentration (original EPC used in ERA for surface soil exposure)

ERA = Ecological Risk Assessment
HQ = ecological hazard quotient from ERA.

LOAEL = lowest-observed-adverse-effect level
mg/kg = milligram per kilogram

NA = not applicable

NOAEL = no-observed-adverse-effect level

RGO = remedial goal option.

WP3\PBOW\TNTARC\FS\Final\2-4 thru 2-7(Table 2-6)\9/30/2003(2:10 PM)



Table 2-7

Ecological Implications of Human Health Sediment RGOs on Sediment Receptors

Feasibility Study
TNT Area C, Former Plum Brook Ordnance Works
Sandusky, Ohio
Scaled ®
Critical EPC for Ecological Lowest
Human{ Expected Ecological Critical ¢ NOAEL Hazard | Estimated |Reported
Health | Residual NOAEL Hazard Ecological | Quotient Using| Reduction |[Detection
RGO Conc.” Quotient Receptor Expected in Ecological| Limit d
Iighemit':ala (mg/kg)| (mg/k (and receptor) © (m Residual Conc.| Hazard ' (mg/kg)
2-amino-4,6-dinitrotoluene 3.6 3.25 42 mallard 12.8 11 4 0.0833
4-amino-2,6-dinitrotoluene 3.6 2.79 37 maliard 11.2 9 4 0.0833
2,4,6-trinitrotoluene 30 2.9 2,240 mallard 1,500 4 517 0.0833
[Aroclor 1260 NA 0.71 67 raccoon 0.77 62 1 0.084
Selenium NA 1.84 119 raccoon 1.77 124 1 1.19
Aluminum NA 11,000 82 raccoon 11,000 82 1 NA
Scaled °
Critical EPC for Ecological Lowest
Human | Expected Ecological Critical ¢ NOAEL Hazard | Estimated |Reported
Health | Residual NOAEL Hazard Ecological | Quotient Using| Reduction |Detection
RGO Conc.’ Quotient Receptor Expected in Ecological| Limit®
Chemical® (mg/kg)| (mg/kg) (and receptor) ° (mg/kg) Residual Conc.| Hazard ' (mg/kg) |
2-amino-4,6-dinitrotoluene 3.6 3.25 2 mallard 12.8 0.4 4 0.0833
4-amino-2,6-dinitrotoluene 3.6 2.79 2 mallard 11.2 0.4 4 0.0833
2,4,6-trinitrotoluene 30 29 169 raccoon 1,500 0.3 517 0.0833
Aroclor 1260 NA 0.71 7 raccoon 0.77 6 1 0.084
Selenium NA 1.84 79 raccoon 1.77 82 1 1.19
Aluminum NA 11,000 8 raccoon 11,000 8 1 NA

2 Chemicals shown are those having the highest ecological HQ values in the Remedial Investigation Report Ecological Risk
Assessment (ERA) (IT, 2001¢). Human health COC are bolded.
® Residual concentrations in sediment were estimated by removing the sediment samples from the ecological data base that
were within the proposed excavation footprint and recalculating the exposure point concentration following
the methodology used in the ERA. Value shown for each chemical except 2,4,6-trinitrotoluene (TNT) is the remaining
maximum detected concentration; value shown for TNT is 0.5 X the maximum reporting limit. Dilution from clean backfill
was not considered in estimating the residual concentrations.

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

4Value shown is from the ERA.

® Estimated using the following scaling relationship:

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

one significant figure.

! Estimated by dividing pre-remediation EPC by expected residual concentration (note that HQs are linear with concentration).

Ecological hazard reduction factors are rounded to the nearest whole number.

Notes:
COC = chemical of concern
Conc. = Concentration

EPC = exposure point concentration (original EPC used in ERA for surface soil exposure)
ERA = Ecological Risk Assessment
HQ = ecological hazard quotient from ERA.

LOAEL = lowest-observed-adverse-effect level

mg/kg = milligram per kilogram
NA = not applicable
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Table 2-8

Area and Volume of Contaminated Soil Requiring Remediation

Feasibility Study

TNT Area A, Former Plum Brook Ordnance Works

Estimated volume of soil that cannot be effectively composted to attain RGOs

olume of soil with conc. of 2,4-DNT > 2.4 mg/kg (20X TCLP limit) .
® Volume of soil with conc. of lead > 200 mg/kg (150 mg/kg x 1.33 blending factor for composting). Factor of 1.33 is used because soil is projected to be

approximately 75 weight percent of compost mixture. Therefore, lead in soil up to 200 mg/kg would be below the LDR limit after composting.
¢ Volume of soil with total PCBs > 50 mg/kg is classified as a bulk PCB remediation waste.

WP3\PBOWA\TNTABC\FS\Finah2-8.xis(2-8)\10/1/2003(11:43 AM)

Sandusky, Ohio
Volume Volume Total
Hazardous | Hazardous Volume Volume
Waste Waste Hazardous PCB
Building Building Area Area Perimeter | Depth Volume 2,4-DNT" Lead® Waste Waste® | Figure
No. Name No. (ft) (feet) (feet) (yd’) {yd’) (yd’) (yd) {yd”) No.
112 Bi-Tri House | 4444 268 9.5 1564 30 15 45 0 1-7
116 Wash House-Line 1 | 400 80 15 222 0 0 0 1-8
118 Acid & Fume Recovery | 5376 374 9 1792 1792 1792 Q
] 1854 231 4 275 0 0 0
Total 7230 605 2067 1792 1792 0 1-9
126 Wash House-Line 2 | 3600 240 11 1467 0 0 0
1] 4505 347 8 1335 0 0 0
Total 8105 587 2802 0 0 0 10
129 Acid & Fume Recovery | 400 80 7 104 52 52 0 11
131 Mono House | 3600 240 13 1733 578 578 0 12
133 Fortifier House | 400 80 6 89 0 0 0
139°  |Acid & Fume Recovery I 400 0 8 119 119 119 18
i 2835 316 4 420 0 0 0
Total 3235 316 539 119 119 119 -14
141 Mono House | 515 90 4 76 38 76 0 -15
142 Bi-Tri House | 1740 149 4 258 30 30 4]
Il 547 79 2 41 0 0 0 0
Total 2287 228 299 30 30 30 0 1-16
143 Fortifier House | 266 64 4 39 0 0 0 0 1-17
146 Wash House-Line 4 | 7744 360 15 4302 143 0 143 [s] 1-18
148 Nailing House | 296 60 7 77 0 0 0 0 1-19
182 GraininMse | 3600 240 7 933 533 0 533 0 1-3
192 |DNT Sweating/Graining House ] 3102 214 4 460 460 0 460 0 1-4
195 DNT Nitrating | 3600 240 7 933 117 0 117 0 1-5
11 Mono House | 400 80 6 89 30 15 45 0 1-6
Total 49624 3832 16328 3922




Table 2-9

Area and Volume of Contaminated Soil and Sediment Requiring Remediation

Feasibility Study
TNT Area C, Former Plum Brook Ordnance Works
Sandusky, Ohio
Volume Volume Total
Hazardous Hazardous Volume Volume
Total Waste Waste Hazardous PCB
Building Building Area Area Perimeter | Depth Volume 2,4-DNT* Lead® Waste Waste® | Figure

No. Name No. () (feet) (feet) (yd®) (yd®) (yd®) (yd’) (yd’) No.
602 Bi-Tri House | 400 80 6 89 0 0 0 0 1-27
603 Fortifier House | 400 80 8 119 45 0 45 0 1-28
606 Wash House-Line 10 | 400 80 7 104 0 0 0 1-29
616 Wash House-Line 11 | 1619 200 8 480 0 59 0 1-30
626 Wash House-Line 12 | 400 80 8 119 0 0 0 1-31
629 Acid & Fume Recovery | 3600 240 10 1333 667 667 0 1-32
657 Wastewater Settling Basins I 400 80 7 104 0 0 0 1-33

682 Bi-Tri House | 3644 280 4 540 270 270 0

11 763 232 5 141 71 0 71 0

1 2885 316 8 855 0 0 0 0
Total 7292 828 1536 341 59 341 0 1-20
683 Fortifier House | 3600 240 9 1200 720 0 720 0 1-21
686 Wash House-Line 8 | 8277 455 4 1226 0 59 0 1-22
689 Acid & Fume Recovery | 400 80 8 119 119 119 0 1-23
692 Bi-Tri House | 2851 254 8 845 211 211 0 1-24
693 Fortifier House | 567 96 7 147 0 0 0 0 1-25

696  |Wash House-Line 9 | 3301 392 12 1467 0 - 89 0

1l 1476 90 5 273 0 0 0 0
Total 4777 482 1740 0 89 89 0 1-26
NA Drainage Ditch north of Bld 616 | 600 140 2 44 0 0 0 0 1-34

Total 35583 3415 9205 2103 400 2310 0

. = Estimated volume of soil that cannot be effectively composted to attain RGOs
Volume of soil with conc. of 2,4-DNT > 2.4 mg/kg (20X TCLP limit) .

® Volume of soil with conc. of Pb > 200 mg/kg (150 mg/kg x 1.33 blending factor for composting). Factor of 1.33 is used because soil is projected
approximately 75 weight percent of compost mixture. Therefore, lead in soil up to 200 mg/kg would be below the LDR limit after composting.
© Volume of soil with total PCBs > 50 mg/kg is classified as a bulk PCB remediation waste.
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Table 2-10

Comparison of Alternate Treatment Standards for Soil to Maximum Detected Concentrations
TNT Area A, Former Plum Brook Ordnance Works

Sandusky, Ohio
. o MDC ¢ [Does MDC exceed 10}f
| Chemical uTs ATS (mg/kg) 20 x ATS (m x UTS 2°
[[Inorganics .
[iLead 0.75  mglL 7.5 150 11900 Yes
Nitroaromatics
2-Amino-4,6-dinitrotoluene NA NA NA 33.6 NA
4-Amino-2,6-dinitrotoluene NA NA NA 16 NA
2-Nitrotoluene NA NA NA 582 NA
4-Nitrotoluene NA NA NA 484 NA
2,4,6-Trinitrotoluene NA NA NA 530 NA
2,4-Dinitrotoluene 140 mg/kg 1400 NA 8910 Yes
2,6-Dintrotoluene 28 mg/kg 280 NA 10274 Yes
[PCBs
[lArocior-1260 © 10 mglkg 100 NA 69.8 No
lIsemivolatile Organic Compounds
[iBenzo(a)pyrene 3.4 mgkg 34 NA 0.218 No

COC - Chemicals of Concern

MDC - Maximum detected concentration
NA - Not Applicable (No UTS established)
PCBs - Polychlorinated Biphenyls

UTS - Universal Treatment Standard

ATS - Alternate Treatment Standard for contaminated soil = 10 times the UTS

Notes:

# Chemicals selected for screening are the COC in addition to inorganic constituents detected at elevated

concentrations with respect to background concentrations.

P The universal treatment standards are defined in 40 CFR 268.48 Table UTS.

¢ The maximum detected concentration is the greater of the highest detected concentration for surface
and subsurface soil values shown on Tables 2-13 and 2-14 of BHHRA (IT, 2001b).

4 If the MDC in contaminated soil (classified as a hazardous waste) exceeds the UTS, a 90% reduction in
total concentration capped by 10 x UTS is required to prior to land disposal (40 CFR 268.48).

® The UTS is for total PCBs.
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Table 2-11

Comparison of Alternate Treatment Standards for Soil to Maximum Detected

Concentrations
TNT Area C, Former Plum Brook Ordnance Works
Sandusky, Ohio
ATS 20 x ATS MDC ° MDC exceed
Chemicals ? uTrs”® mg/k mg/k (mg/kg) | 20 x ATS?*

Ilnorganics
lichromium 06 mgl 6.0 120 202 Yes
lE;ad 0.75 mglL 7.5 150 934 Yes
Nitroaromatics
li2-Amino-4,6-dinitrotoluene NA 38 NA
4-Amino-2,6-dinitrotoluene NA 14.6 NA
2,4,6-Trinitrotoluene NA 41621 NA
2,4-Dinitrotoluene 140  mg/kg 1400 275 No
2,6-Dinitrotoluene 28 mg/kg 280 65.5 No
[iPCBs
lAroclor 1254 10 mgkg| 100 0.97 No
[lArocior 1260 10 mghkg| 100 4.9 No
[[Semivolatile Organic Compounds
[[Benzo(a)anthracene 3.4 mgkg 34 111 No
[IBenzo(a)pyrene 3.4 mgkg 34 8.2 No
[Benzo(b)fluoranthene 6.8 mg/kg 68 10.2 No
[Dibenz(a,h)anthracene 8.2 mgkg 82 1.4 No
lindeno(1,2,3-cd)pyrene 3.4 mgk 34 3.6 No

COC - Chemicals of Concern
MDC - Maximum detected concentration

NA - Not Applicable (No UTS established)

PCBs - Polychlorinated Biphenyls
UTS - Universal Treatment Standard

ATS - Alternate Ttreatment Standard for contaminated soil = 10 times the UTS

Notes:

# Chemicals selected for screening are the COC in addition to inorganic constituents detected at elevated
concentrations with respect to background concentrations.

® The universal treatment standards are defined in 40 CFR 268.48 Table UTS.

° The maximum detected concentration is the greater of the highest detected concentration for surface
and subsurface soil values shown on Tables 2-13 and 2-14 of BHHRA (IT, 2001b).

4 |f the MDC in contaminated soil (classified as a hazardous waste) exceeds the UTS, a 90% reduction

in total concentration capped by 10 x UTS is required to prior to land disposal (40 CFR 268.48).

® The UTS is for total PCBs
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Table 4-1
Alternative 2 - Excavation, Windrow Composting, On-Site and Off-Site Disposal Cost Estimate
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 11)

Alternative 2
Excavation/Composting/Off-Site and On-Site Disposal

Cost Estimate

Scope:

1. Perform bench-scale treatability study, prepare compaosting work plan, H&S plan, materials

list, and procurement.

2. Mobilize equipment and personnel.

3. Conduct pre-remediation soil sampling to better delineate the lateral and vertical extent of contamination.
4. Prepare site for remedial activity.

5. Excavate contaminated soil and perform confirmatory sampling.

6. Treatment of soil contaminated with nitroaromatic compounds via windrow composting.

7. Off-site disposal of lead- and PCB-contaminated soil that cannot be effectively treated via composting.
8. Backfill excavation with clean soil and spread treated compost across site.

9. Demobilize equipment and personnel.

1.0 Bench-Scale Study, Work Plan, Health and Safety Plan. Materials List, and Procurement

Includes:

1. Perform bench-scale treatability study to define most cost-effective compost mix formula.
Results will be used to generate the design work plan.

2. Labor to generate RA work plan, engineering specifications, and Health and Safety Plan
3. Procure equipment and materials

Service/Materials Unit Unit Cost Subtotal
Bench-Scale Study 1 $20,000.00 /ea $20,000.00
Contractor Labor:
Senior Engineer (E-12) 40 $97.00 /hr. $3,880.00
Task Manager (E-8) 80 $62.00 /hr. $4,960.00
Geologist (E-8) 40 $62.00 /hr. $2,480.00
Project Engineer (E-6) 160 $50.00 /hr. $8,000.00
Health and Safety (E-8) 40 $62.00 /hr. $2,480.00
Procurement Specialist {E-6) 80 $56.00 /hr. $4,480.00
Drafting (E-6) 40 $50.00 /hr. $2,000.00
Document Repro (Draft and Final) 2 $1,000.00 /ea $2,000.00
Subtotal $50,280.00
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Alternative 2 - Excavation, Windrow Composting, On-Site and Off-Site Disposal Cost Estimate

TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 11)

2.0 Mobilization/Demobilization of Equipment and Personnel

Includes:
1. Mobilize equipment and personnel

2. Contractor field crew consists of a site superintendent, geolgist, and field technician.
3. Four 2-day trips for 2 contractor personnel for pre-remediation coordination.

Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 24 $60.00 /hr $1,440.00
QA (Sampling) Coordinator 24 $40.00 /hr $960.00
H&S Coordinator 16 $50.00 /hr $800.00
Geologist 2 $480.00 /day $960.00
Subcontractor Labor:
Excavator Operator 2 $340.91 /day $681.83
Equipment Operator 2 $326.98 /day $653.95
Dozer Operator 2 $326.98 /day $653.95
Loader Operator 2 $312.00 /day $624.00
Loader Operator 2 $312.00 /day $624.00
Laborers 2 $288.00 /day $576.00
Truck Drivers 12 $262.00 /day $3,144.00
Equipment:
Excavator 2 $704.00 /day $1,408.00
1 cy Front Wheel Loader 2 $280.86 /day $561.72
3 cy Front Wheel Loader 2 $485.22 /day $970.44
Windrow Turner 2 $1,000.00 /mob $2,000.00
D-6H Dozer 2 $630.70 /day $1,261.40
Dump Trucks 12 $428.00 /day $5,136.00
Travel for contractor crew:
Perdiem 40 $38.00 /day $1,520.00
Lodging 40 $80.00 /day $3,200.00
Rental Car 18 $40.00 /day $720.00
Airfare 24 $600.00 /ea $14,400.00
Subtotal $42,295.00
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Includes:
1. Hydropunch soil sampling
2. Analysis of soil samples for chemicals of concern.
Assumptions:
1. Perimeter of proposed remediation area (ft) = 3832
2. Distance between boring locations = 40
3. No. of borings = 96
4. Average depth of boring {ft) = 10
5. No. of samples collected per boring = 3
6. Total no. of samples collected = 288
7. No. of borings advanced per day = 10
Service/Materials Unit Unit Cost Subtotal
Contractor:
Field Geologist 10 $480.00 /day $4,800.00
Subcontractor:
Mob/Demob 1 $2,000.00 /ea $2,000.00
Hydropunch Borings 960 $15.00 /ft $14,400.00
Eguipment Decon 96 $90.00 /ea $8,640.00
Materials:
Field Supplies 96 $20.00 /bor. $1,920.00
Field Instruments 2 $400.00 /wk $800.00
Analytical:
NACs (8330) 288 $158.00 /ea $45,504.00
Lead 288 $24.00 /ea $6,912.00
PAHs (8270C) 288 $160.00 /ea $46,080.00
PCBs 288 $83.00 /ea $23,904.00
Shipping 77 $40.00 /ea $3,072.00
Equipment:
P/U Truck 10 $52.00 /day $520.00
Travel for Contractor Crew:
Perdiem 10 $38.00 /day $380.00
Lodging 10 $80.00 /day $800.00
Subtotal $159,732.00
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Includes:
1. Clear remedial areas and treatment area = 5 acres
2. Construct 12" soil berm around treatment areas (400 ft x 500 ft area = 1800 ft ).
3. Excavate soil for contact water retension pond.
4. Construct 6-inch reinforced concrete siab for treatment area.
Assumptions:
1. Volume of soil removed for contact water retention pond = 3,288
2. Excavator: hydraulic backhoe, 1 cy bucket
3. Excavator output (cy/day) = 600
4. Days to excavate soil = 7
5. Volume of containment berm (cy) = 133
6. No. of contractor field crew = 2
7. Area of concrete treatment slab (160 ft x 420 ft) (sf) = 67200
Service/Materials Unit Unit Cost Subtotal
Contractor:
Site Superintendent 320 $60.00 /hr $19,200.00
QA Coordinator 320 $40.00 /hr $12,800.00
Subcontractor:
Surveying 1 $24,000.00 /site $24,000.00
Site Clearing 7 $2,300.00 /acre $16,100.00
Excavator Operator 7 $258.80 /day $1,811.60
Concrete Slab 67200 $4.39 /sf $295,008.00
Equipment:
Excavator 7 $704.00 /day $4,928.00
Materials:
Earthen containment berm 133 $6.00 /cy $798.00
Travel for Field Crew:
Per Diem 112 $38.00 /day $4,256.00
Lodging 112 $80.00 /day $8,960.00
Rental Car 56 $40.00 /day $2,240.00
Subtotal $390,102.00
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Includes:
1. Excavation of soit with contaminants exceeding RGOs
2. Screen oversize material
3. Collect confirmatory samples to determine extent of excavation
4, Staging and characterizing waste stream
Assumptions and Calculations:
1. Cubic yards of consolidated soil excavated = 16328
2. Swell factor for soil upon excavation = 1.3
3. Cubic yards of unconsolidated soil = 21226
4. Density of unconsolidated soil (tons/cy) = 1.1
5. Mass of unconsolidated soil (tons) = 23349
6. Capacity of screening plant (tons/hr) = 100
7. Excavator: hydraulic backhoe, 1 cy bucket
8. Excavator output (cy/day) = 600
9. Days to excavate soil = 43
10. Dump truck capacity (cy) = 12
11. Dump truck haul distance (mi.) = 0.5
12. Dump truck output (cy/day) = 250
13. No. of required dump trucks per day = 2
14. Soil sample collected for waste characterization / cy = 150
15. No. of soil samples collected for waste characterization = 142
16. Number of contractor field crew = 3
17. Number of subcontractor excavation crew = 4
18. Number of subcontractor screening crew = 3
19. Airfare included under mobitization
20. Lineal foot of excavation per confirmation sample = 20
21. Resampling factor for confirmation sampling = 11
22. No.of confirmatory samples from excavated area = 347
23. Subcontractor markup on equipment = 1.25
24. Subcontractor markup on labor = 1.31
25. Excavation area (ft’) = 49624
26. Cost multiplier for 1-week turnaround on analytical data = 1.25
27. Fraction of excavation work performed in Level C PPE = 0.10
28. Labor productivity factor for Level C work = 0.67
29. Days excavation crew in Level C = 5
30. Days screening crew in Level C = 4
31. Perimeter of excavation area (ft) = 3832
32. Excavation area (sf) = 49624
33. Volume of pit water requiring POTW disposal ( gal) = 20000
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 344 $60.00 /hr $20,640.00
QA (Sampling) Coordinator 344 $40.00 /hr $13,760.00
H&S Coordinator 344 $50.00 /hr $17,200.00
Chemist (home office) 86 $51.00 /hr $4,386.00
Subcontractor:
Excavator Operator 43 $340.91 /day $14,659.32
Equipment Operator 35 $326.98 /day $11,444.16
Loader Operator 35 $312.00 /day $10,920.00
Laborers 78 $288.00 /day $22,464.00
Truck Drivers 129 $262.00 /day $33,798.00
Road Repair 1 $50,000.00 /site $50,000.00
PBOW Security 43 $120.00 /day $5,160.00
Equipment:
Excavator 43 $704.00 /day $30,272.00
100-ton/hr Screening Plant 7 $1,800.00 /wk $12,600.00
Radial Stacking Conveyor 7 $1,222.00 /wk $8,554.00
1 cy Front Wheel Loader 35 $280.86 /day $9,830.10
Dump Truck 86 $428.00 /day $36,808.00
3000 gal. Water Truck 43 $402.00 /day $17,286.00
150 gpm Pump 2 $2,439.00 /ea. $4,878.00
300 gpm Pump 2 $3,7438.00 /ea. $7,498.00
7-ft Diameter Sand Filter 1 $22,310.00 /ea. $22,310.00
200-gpm GAC Adsorber (6000#-disp.} 1 $14,217.00 /ea. $14,217.00
20000 gal Steel Water Tank 1 $14,618.00 /ea. $14,618.00
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Analytical:

TCLP Extraction 142 $12.88 /ea $1,828.25
SVOCs (8270C) 489 $300.00 /ea $146,700.00
NACs (8330) 489 $197.50 /ea $96,577.50
Lead 489 $30.00 /fea $14,670.00
PCBs 489 $103.75 /ea $50,733.75
NAC field analyses 347 $40.00 /ea $13,880.00
Lead field analyses 2 $4,200.00 /mo. $8,400.00
Shipping 130 $40.00 /ea $5,216.00

Materials & Services:
Office Trailer 4 $500.00 /mo. $2,000.00
Level DPPE 245 $10.00 /day $2,450.00
Level C PPE 32 $35.00 /day $1,120.00
PiD rental 2 $974.00 /mo. $1,948.00
CGl rental 2 $380.00 /mo. $760.00
Pit Water Disposal 20 $1.62 /kgal $32.40

Travel for Field Crew:
Perdiem 568 $38.00 /day $21,584.00
Lodging 568 $80.00 /day $45,440.00
Rental Car 230 $40.00 /day $9,200.00

Subtotal $805,842.00
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6.0 Windrow Composting of Contaminated of Soil

Includes:

1. Purchase and erection of treatment building

2. Purchase of composting equipment

3. Procurement and installation of contact water treatment equipment

4. Purchase of stockpile & amendment storage liners and covers

5. Procurement & stockpiling of composting amendments

6. Mix and compost soil and amendments

7. Pre-compliance testing: after compost formation & at end of treatment.
8. Pre-compliance testing using definitive field analysis for NAC

9. Compliance sampling for NAC, metals, PAHs, PCBs

Assumptions:
1. Volume of consolidated soil to be treated (cy) = 15992
2. Volume of unconsolidated soil to be treated {cy) = 20790
3. Compost treatment duration (months) = 14
4. Capacity of windrow turner (tons/hr) = 3,200
5. Operating life of flails (hrs) = 25
6. No. of flails on windrow turner = 172
7. Volume of compost in treatment building (cy) = 4,448
8. Bulk density of compost (tons/cy) = 0.379
9. Bermed work area (sf) = 200,000
10. Contaminated soil stockpile area (sf) = 62,370
11. Treated soil stockpile area (sf) = 6,672
12. Height of stockpiles (ft) = 9
13. Manure storage area (sf) = 192
14. Capacity of contact water treatment system (gpm) = 200
15. Loading rate of multimedia filter (gpm/sf) = 5
16. Diameter of multimedia filter (ft) = 7
17. Volume of bulking amendment (cy) = 59947
18. Volume of agricultural waste amendment (cy) = 2425
19. Total volume of compost (cy) = 83133
20. Shrinkage tactor for compost = 0.60
21. Compost volume per pre-compliance sample collected (cy) = 50
22. Compost volume per compliance sample collected (cy) = 150
23. Markup on materials = 1.1
24. Subcontractor markup on equipment = 1.25
25. Subcontractor markup on labor = 1.31
26. Cost muitiplier for 1-week turnaround on analytical costs = 1.25
27. Salvage factor for major equipment at end of project = 0.50
28. Number of contractor field crew = 2
29. Number of subcontractor field crew = 3
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent 308 $480.00 /day $147,840.00
QA (Sampling) Coordinator 308 $320.00 /day $98,560.00
Subcontractor Labor:
Equipment Operator 308 $326.98 /day $100,708.61
Equipment Operator 308 $326.98 /day $100,708.61
Equipment Operator 308 $326.98 /day $100,708.61
PBOW Security 56 $120.00 /day $6,720.00
Equipment:
Windrow Turner (7' x 20') 1 $156,250.00 /ea $156,250.00 less salvage
75 cy/hr Tub Grinder 1 $26,225.00 /ea $26,225.00 less salvage
Bobcat 1 $16,000.00 /ea $16,000.00 less salvage
P/U Truck 1 $20,000.00 /ea $20,000.00
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Materials:
Office Trailer 28 $500.00 /mo. $14,000.00
Erect Treatment Building 2 $35,080.00 /ea $70,160.00
Building Foundation & Accessories 2 $14,132.00 /ea $28,264.00
Treatment Building 2 $130,866.00 /ea $261,732.00
Treatment Building Lighting 2 $10,460.00 /ea $20,920.00
Dismantle Treatment Building 2 $33,500.00 /ea $67,000.00
Repl. Flails for Windrow Turner 3096 $9.50 /ea $29,412.00
40-mil Liner for Stockpiles 72494 $1.58 /sf $114,830.65
10-mil Cover for Stockpiles 69795 $0.83 /sf $57,580.88
40-mil Liner for Manure 202 $1.58 /sf $319.33
10-mil Cover for Manure 606 $0.83 /sf $499.95
Straw 59947 $13.56 /ey $812,611.56
Manure 2425 $14.97 /ey $36,309.53
Water 1775 $9.40 /kgal $16,682.67
Level D PPE 924 $10.00 /day $9,240.00
PID rental 14 $974.00 /mo. $13,636.00
CGl rental 14 $380.00 /mo. $5,320.00
Analytical:
Pre-Compliance Sampling:
NAC field analyses 3325 $40.00 /ea $133,012.80
Compliance Testing:
SVOCs (8270C) 333 $300.00 /ea $99,759.60
NACs (8330) 333 $197.50 /ea $65,675.07
Lead 333 $30.00 /ea $9,975.96
PCBs 333 $103.75 Jea $34,500.20
Travel for Field Crew:
Per Diem 2156 $38.00 /day $81,928.00
Lodging 2156 $30.00 /day $64,680.00 long-term stay
Rental Car 431 $40.00 /day $17,240.00
Subtotal $2,839,011.00
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Includes:

1. Dispose of stabilized soil and non-hazardous soil (not stabilized) at a nonhazardous waste
2. Dispose of PCB waste at a TSCA approved landfill

Assumptions and Calculations:

1. Consolidated volume of D008 soil for haz disposal (cy) = 217
2. Consolidated volume of D030 soil for haz disposal (cy) = 0
3. Consolidated volume of PCB soil for haz disposal (cy) = 119
4. Consolidated valume of soil for non-haz disposal (cy) = 0
5. Non-haz waste transportation cost ($/ton) = 6
6. Non-haz waste disposal costs ($/ton) = 31 Erie County Landfill
7. Non-haz waste regulatory fees ($/ton) = 0 included in disposal
8. Haz waste transportation cost ($/ton) = 35
9. D008 Haz waste disposal cost ($/ton) = 75 EO Environmental
10. D030 Haz waste disposal cost ($/ton) = 150 EO Environmental
11. PCB Haz waste disposal cost ($/ton) = 75 EO Environmental
12. Haz waste regulatory fees ($/ton) = 10
13. No. of contractor field crew = 2
14. No. of subcontractor field crew = 2
14. Output of front-end loader (cy/day) = 550
15. No. of field days = 1
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 8 $60.00 /hr $480.00
QA Coordinator 8 $40.00 /fhr $320.00
Subcontractor Labor:
Front End Loader Operator 1 $346.00 /day $346.00
Oiler 1 $293.00 /day $293.00
PBOW Security 1 $120.00 /day $120.00
Materials:
Level D PPE 2 $10.00 /day $20.00
Equipment:
1 ¢y Frent Wheel Loader 1 $280.86 /day $280.86
Disposal Costs:
Transportation (Non-Haz Waste) 0 $6.00 fton $0.00
Disposal Cost (Non-Haz waste) 0 $31.00 fton $0.00
Transportation (Haz Waste) 480 $35.00 /ton $16,799.54
Disposal Cost (D008 haz waste) 310 $85.00 fton $26,334.44
Disposal Cost (D030 haz waste) 0 $160.00 /ton $0.00
Disposal Cost (PCB haz waste) 170 $85.00 /ton $14,464.45
Travel for field crew:
Lodging 4 $80.00 /day $320.00
Perdiem 4 $38.00 /day $152.00
Rental Car 2 $40.00 /day $80.00
Subtotal $60,010.00

KNI\PBOWATNTALC\FS\FINAL\Table 4-1.xis(Alt 2 Area A)\9/30/2003(6:38 PM)



Table 4-1
Alternative 2 - Excavation, Windrow Composting, On-Site and Off-Site Disposal Cost Estimate
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 10 of 11)

8.0 On-Site Compost Disposal / Backfill Excavation with Clean Soil

Includes:

1. Backfill excavated areas with clean backfill.

2. Load treated compost, truck to site, spread compost across site with dozer
3. Confirmation testing under contaminated soil stockpiles.

4. Prepare site close-out report.

Assumptions and Calculations:

Service/Materials Unit
Contractor Labor:
Site Superintendent 560
QA Coordinator 560

Site Close-Out Report 1

Subcontractor Labor:
Front End Loader Operator 34
Front End Loader Operator 48
Dump Truck Drivers
Dozer Operator 70
Laborer/Qiler 70
PBOW Security 34

Equipment:
1 cy Front End Loader 34
3 cy Front End Loader 48
Dump Trucks
D-6H Dozer 70

Material:
Backfii 18777
PID rental 7
CGl rental 7
Level D PPE 510
Analytical:
RCRA Metals 2
NACs (8330) 158
SVOCs 2
Lead 156
PAHs (8270C) 156
PCBs 156
Shipping 42

Unit Cost

$60.00
$40.00
$20,000.00

$312.00
$312.00
$262.00
$326.98
$279.29
$120.00

fhr
/hr
/ea

/day
/day
/day
/day
/day
/day

$280.86 /day
$485.22 /day
$428.00 /day
$630.70 /day

$12.00 /oy
$974.00 /mo.
$380.00 /mo.
$10.00 /day

fea
lea
lea
fea
lea
lea
lea

$105.00
$158.00
$230.00
$24.00
$160.00
$83.00
$40.00

1. Volume of consolidated soil excavated (cy) = 16328
2. Compaction factor = 1.15
3. Volume of soil required for backfill (cy) = 18777
4. Cost of clean backfill soil delivered to site ($/cy) = 12

6. Field days required to backfill soil = 34

7. No. of contractor field crew = 2

8. No. of subcontractor backfill field crew = 1

9. No. of compost loading field crew = 7

10. No. of compost spreading field crew = 2

8. No. of confirmatory samples from clean backfill = 2

9. Total volume of compost before treatment (cy) = 83133
10. Shrinkage factor for treated compost = 0.60
11. Volume of compost after treatment (cy) = 49880
12. Loader output (cy/day) = 1575
13. Days to load treated compost = 48

14, Dump truck capacity (cy) = 12

15. Dump truck haul distance (mi.) = 0.5
16. Dump truck output (cy/day) = 250
17. No. of dump trucks per day = 6

18. Dozer (D-6H) capacity (cy/hr) = 20

19. Days to spread treated compost = 70

20. Subcontractor markup on equipment = 1.25
21. Subcontractor markup on labor = 1.31
22. Area of contaminated soil stockpile (sf} = 62370
23. Area per confirmation sample (sf) = 400
24. No. of confirmation samples under soil stockpile = 156

Subtotal

$33,600.00
$22,400.00
$20,000.00

$10,608.00
$14,976.00
$75,456.00
$22,888.32
$19,550.44

$4,080.00

$9,549.24
$23,290.56
$123,264.00
$44,149.00

$225,326.40
$6,818.00
$2,660.00
$5,100.00

$210.00
$24,964.00
$460.00
$3,744.00
$24,960.00
$12,948.00
$1,680.00

delivered to site
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8.0 On-Site Compost Disposal / Backfill Excavation with Clean Soil (continued)

Travel for field crew:

Lodging 910 $80.00 /day $72,800.00
Perdiem 910 $38.00 /day $34,580.00
Rental Car 311 $40.00 /day $12,440.00
Subcontract:
Reseeding 218 $56.84 /msf $12,391.00

Subtotal

9.0 Qverall Cost

Total Capital Cost $5,212,165.00

Contingency (30%) $1,563,650.00

PM Multiplier (7.5%) $390,912.00
Fee/Profit (10%) $521,217.00
- Total Cost $7,688,000.00

*This is an order-of-magnitude engineering cost estimate that is expected to be within +50 to -30 percent of the actual
project cost.
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Alternative 2
Excavation/Composting/Off-Site and On-Site Disposal

Cost Estimate Date: 9/11/2003

Scope:

1. Perform bench-scale treatability study, prepare composting work plan, H&S plan, materials list,

and procurement.

2. Mobilize equipment and personnel.

3. Conduct pre-remediation soil sampling to better delineate the lateral and vertical extent of contamination.
4. Prepare site for remedial activity.

5. Excavate contaminated soil and perform confirmatory sampling.

6. Treatment of soil contaminated with nitroaromatic compounds via windrow composting.

7. Oft-site disposal of lead- and PCB-contaminated soil that cannot be effectively treated via composting.
8. Backfill excavation with clean soil and spread treated compost across site.

9. Demobilize equipment and personnel.

1.0 Bench-Scale Study. Work Plan, Health and Safety Plan, Materials List, and Procurement

Includes:

1. Perform bench-scale treatability study to define most cost-effective compost mix formula.
Results will be used to generate the design work plan.

2. Labor to generate work plan, engineering specifications, and Health and Safety Plan

3. Procure equipment and materials

Service/Materials Unit Unit Cost Subtotal
Bench-Scale Study 1 $20,000.00 /ea $20,000.00
Contractor Labor:
Senior Engineer (E-12) 40 $97.00 /hr. $3,880.00
Task Manager (E-8) 80 $62.00 /hr. $4,960.00
Geologist (E-8) 40 $62.00 /hr. $2,480.00
Project Engineer (E-6) 160 $50.00 /hr. $8,000.00
Health and Safety (E-8) 40 $62.00 /hr. $2,480.00
Procurement Specialist (E-6) 80 $56.00 /hr. $4,480.00
Drafting (E-6) 40 $50.00 /hr. $2,000.00
Document Repro (Draft and Final) 2 $1,000.00 /ea $2,000.00
Subtotal $50,280.00
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2.0 Mobilization/Demobilization of Equipment and Personnel

Includes:
1. Mobilize equipment and personnel
2. Contractor field crew consists of a site superintendent, geolgist, and field technician.
3. Four 2-day trips for 2 contractor personnel for pre-remediation coordination.
Service/Materials Unit Unit Cost Subtotal
Labor:
Site Superintendent (E-8) 24 $60.00 /hr $1,440.00
QA (Sampling) Coordinator 24 $40.00 /hr $960.00
H&S Coordinator 16 $50.00 /hr $800.00
Geologist 2 $480.00 /day $960.00
Subcontractor Labor:
Excavator Operator 2 $340.91 /day $681.83
Equipment Operator 2 $326.98 /day $653.95
Dozer Operator 2 $326.98 /day $653.95
Loader Operator 2 $312.00 /day $624.00
Loader Operator 2 $312.00 /day $624.00
Laborers 2 $288.00 /day $576.00
Truck Drivers 12 $262.00 /day $3,144.00
Equipment:
Excavator 2 $704.00 /day $1,408.00
1 cy Front Wheel Loader 2 $280.86 /day $561.72
3 cy Front Wheel Loader 2 $485.22 /day $970.44
Windrow Turner 2 $1,000.00 /mob $2,000.00
D-6H Dozer 2 $630.70 /day $1,261.40
Dump Trucks 12 $428.00 /day $5,136.00
Travel for contractor crew:
Perdiem 40 $38.00 /day $1,520.00
Lodging 40 $80.00 /day $3,200.00
Rental Car 18 $40.00 /day $720.00
Airfare 24 $600.00 /ea $14,400.00
Subtotal $42,295.00
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Includes:
1. Hydropunch soil sampling
2. Analysis of soit samples for chemicals of concern.
Assumptions:
1. Perimeter of proposed remediation area (ft) = 3415
2. Distance between boring locations = 40
3. No. of borings = 85
4. Average depth of boring (ft) = 10
5. No. of samples collected per boring = 3
6. Total no. of samples collected = 255
7. No. of borings advanced per day = 10
Service/Materials Unit Unit Cost Subtotal
Contractor:
Field Geologist 9 $480.00 /day $4,320.00
Subcontractor:
Mob/Demob 1 $2,000.00 /ea $2,000.00
Hydropunch Borings 850 $15.00 /ft $12,750.00
Equipment Decon 85 $90.00 /ea $7,650.00
Materials:
Field Supplies 85 $20.00 /bor. $1,700.00
Field Instruments 2 $400.00 /wk $800.00
Analytical:
NACs (8330) 255 $158.00 /ea $40,290.00
Lead 255 $24.00 /ea $6,120.00
PAHs (8270C) 255 $160.00 /ea $40,800.00
PCBs 255 $83.00 /ea $21,165.00
Shipping 68 $40.00 /ea $2,720.00
Equipment:
P/U Truck 9 $52.00 /day $468.00
Travel for Contractor Crew:
Perdiem 9 $38.00 /day $342.00
Lodging 9 $80.00 /day $720.00
Subtotal $141,845.00
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4.0 Site Preparation

Includes:
1. Clear remedial areas and treatment area = 5 acres
2. Construct 12" soit berm around treatment areas (400 ft x 500 ft area = 1800 ft ).
3. Excavate soil for contact water retension pond.
4. Construct 6-inch reinforced concrete slab for treatment area.
Assumptions:
1. Volume of soil removed for contact water retention pond = 3,288
2. Excavator: hydraulic backhoe, 1 cy bucket
3. Excavator output (cy/day) = 600
4. Days to excavate soil = 7
5. Volume of containment berm (cy) = 133
6. No. of contractorfield crew = 2
7. Area of concrete treatment slab (160 ft x 420 ft) (sf) = 67200
Service/Materials Unit Unit Cost Subtotal
Contractor:
Site Superintendent 320 $60.00 /hr $19,200.00
QA Coordinator 320 $40.00 /hr $12,800.00
Subcontractor:
Surveying 1 $24,000.00 /site $24,000.00
Site Clearing 7 $2,300.00 /acre $16,100.00
Excavator Operator 7 $258.80 /day $1,811.60
Concrete Slab 67200 $4.39 /st $295,008.00
Equipment:
Excavator 7 $704.00 /day $4,928.00
Materials:
Earthen containment berm 133 $6.00 /cy $798.00
Travel for Field Crew:
Per Diem 112 $38.00 /day $4,256.00
Lodging 112 $80.00 /day $8,960.00
Rental Car 56 $40.00 /day $2,240.00
Subtotal $390,102.00
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5.0 Excavation of Caontaminated Soil

Includes:

1. Excavation of soil with contaminants exceeding RGOs

2. Screen oversize material

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

Assumptions and Calculations:

1. Cubic yards of consolidated soil excavated = 9205
2. Swell factor for soil upon excavation = 1.3

3. Cubic yards of unconsolidated soil = 11967
4. Density of unconsolidated soil (tons/cy) = 1.1

5. Mass of unconsolidated soil (tons) = 13163
6. Capacity of screening plant (tons/hr) = 100

7. Excavator: hydraulic backhoe, 1 cy bucket

8. Excavator output (cy/day) = 600
9. Days to excavate soil = 24

10. Dump truck capacity (cy) = 12

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

14. Soil sample collected for waste characterization / cy = 150
15. No. of soil samples collected for waste characterization = 80

16. Number of contractor field crew = 3

17. Number of subcontractor excavation crew = 4

18. Number of subcontractor screening crew = 3

19. Airfare included under mobilization

20. Lineal foot of excavation per confirmation sample = 20
21. Resampling factor for confirmation sampling = 1.1
22. No.of confirmatory samples from excavated area = 286
23. Subcontractor markup on equipment = 1.25
24. Subcontractor markup on labor = 1.31
25. Excavation area (ft’) = 35583
26. Cost muttiplier for 1-week turnaround on analytical data = 1.25
27. Fraction of excavation work performed in Level C PPE = 0.10
28. Labor productivity factor for Level C work = 0.67
29. Days excavation crew in Level C = 3
30. Days screening crew in Level C = 2
31. Perimeter of excavation area (ft) = 3415
32. Excavation area (sf) = 35583
33. Volume of pit water requiring POTW disposal ( gal) = 20000
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 192 $60.00 /hr $11,520.00
QA (Sampling) Coordinator 192 $40.00 /hr $7,680.00
H&S Coordinator 192 $50.00 /hr $9,600.00
Chemist (home office) 48 $51.00 /hr $2,448.00
Subcontractor:
Excavator Operator 24 $340.91 /day $8,181.95
Equipment Operator 20 $326.98 /day $6,539.52
Loader Operator 20 $312.00 /day $6,240.00
Laborers 44 $288.00 /day $12,672.00
Truck Drivers 72 $262.00 /day $18,864.00
Road Repair 1 $50,000.00 /site $50,000.00
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5.0 Excavation of Contaminated Soil (continued)

Equipment:
Excavator 24 $704.00 /day $16,896.00
100-ton/hr Screening Plant 4 $1,800.00 /wk $7,200.00
Radial Stacking Conveyor 4 $1,222.00 /wk $4,888.00
1 cy Front Wheel Loader 20 $280.86 /day $5,617.20
Dump Truck 48 $428.00 /day $20,544.00
3000 gal. Water Truck 24 $402.00 /day $9,648.00
150 gpm Pump 2 $2,439.00 /ea. $4,878.00
300 gpm Pump 2 $3,749.00 /ea. $7,498.00
7-{t Diameter Sand Filter 1 $22,310.00 /ea. $22,310.00
200-gpm GAC Adsorber (6000#-disp.) 1 $14,217.00 /ea. $14,217.00
20000 gal Steel Water Tank 1 $14,618.00 /ea. $14,618.00
Analytical:
TCLP Extraction 80 $12.88 /ea $1,030.00
SVOCs (8270C) 366 $300.00 /ea $109,800.00
NACs (8330) 366 $187.50 /ea $72,285.00
Lead 366 $30.00 /ea $10,980.00
PCBs 366 $103.75 /ea $37,972.50
NAC field analyses 286 $40.00 /ea $11,440.00
Lead field analyses 2 $4,200.00 /mo. $8,400.00
Shipping 98 $40.00 /ea $3,904.00
Materials & Services:
Office Trailer 4 $500.00 /mo. $2,000.00
LeveiDPPE 138 $10.00 /day $1,380.00
Level C PPE 18 $35.00 /day $630.00
PID rental 2 $974.00 /mo. $1,948.00
CGl rental 2 $380.00 /mo. $760.00
Pit Water Disposal 20 $1.62 /kgal $32.40
Travel for Contractor Crew:
Perdiem 319 $38.00 /day $12,122.00
Lodging 319 $80.00 /day $25,520.00
Rental Car 129 $40.00 /day $5,160.00
Subtotal $567,424.00

KN3\PBOWATNTAKC\FS\FINAL\Table 4-2.xIs(Alt 2 Area A)\9/30/2003(6:03 PM)



Table 4-2
Alternative 2 - Excavation, Windrow Composting, On-Site and Off-Site Disposal Cost Estimate
TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 7 of 11)

6.0 Windrow Composting of Contaminated of Soil

Includes:

1. Purchase and erection of treatment building
2. Purchase of composting equipment
3. Procurement and installation of contact water treatment equipment
4. Purchase of stockpile & amendment storage liners and covers
5. Procurement & stockpiling of composting amendments
6. Mix and compost soil and amendments
7. Pre-compliance testing: after compost formation & at end of treatment.
8. Pre-compliance testing using definitive field analysis for NAC
9. Compliance sampling for NAC, metals, PAHs, PCBs
Assumptions:
1. Volume of consolidated soil to be treated (cy) = 8805
2. Volume of unconsolidated soil to be treated (cy) = 11446
3. Compost treatment duration (months) = 8
4. Capacity of windrow turner (tons/hr) = 3,200
5. Operating life of flails (hrs) = 25
6. No. of flails on windrow turner = 172
7. Volume of compost in treatment building (cy) = 4,448
8. Bulk density of compost (tons/cy) = 0.379
9. Bermed work area (sf) = 200,000
10. Contaminated soil stockpile area (sf) = 34,338
11. Treated soil stockpile area (sf) = 6,672
12. Height of stockpiles (ft) = 9
13. Manure storage area (sf) = 192
14. Capacity of contact water treatment system (gpm) = 200
15. Loading rate of multimedia filter (gpm/sf) = 5
16. Diameter of multimedia filter (ft) = 7
17. Volume of bulking amendment (cy) = 33003
18. Volume of agricultural waste amendment (cy) = 1335
19. Total volume of compost before treatment (cy) = 45773
20. Shrinkage factor for compost = 0.60
21. Compost volume per pre-compliance sample collected (cy) = 50
22. Compost volume per compliance sample collected (cy) = 150
23. Markup on materials = 1.1
24, Subcontractor markup on equipment = 1.25
25. Subcontractor markup on labor = 1.31
26. Cost multiplier for 1-week turnaround on analytical data = 1.25
27. Factor for salvage value of major capital equipment = 0.50
28. Number of contractor field crew = 2
29. Number of subcontractor field crew = 3
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent 176 $480.00 /day $84,480.00
QA (Sampling) Coordinator 176 $320.00 /day $56,320.00
Subcontractor Labor:
Equipment Operator 176 $326.98 /day $57,547.78
Equipment Operator 176 $326.98 /day $57,547.78
Equipment Operator 176 $326.98 /day $57,547.78
PBOW Security 32 $120.00 /day $3,840.00
Equipment:
Windrow Turner (7' x 20" 1 $156,250.00 /ea. $156,250.00 less salvage
75 cy/hr Tub Grinder 1 $26,225.00 /ea. $26,225.00 less salvage
Bobcat 1 $16,000.00 /ea. $16,000.00 less salvage
P/U Truck 1 $20,000.00 /ea. $20,000.00
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6.0 Windrow Composting of Contaminated of Soil (continued)

Materials:
Office Trailer 16 $500.00 /mo. $8,000.00
Erect Treatment Building 2 $35,080.00 fea $70,160.00
Building Foundation & Accessories 2 $14,132.00 /ea $28,264.00
Treatment Buiiding 2 $130,866.00 /ea $261,732.00
Treatment Building Lighting 2 $10,460.00 /ea $20,920.00
Dismantle Treatment Building 2 $33,500.00 /ea $67,000.00
Repl. Flails for Windrow Turner 1892 $9.50 /ea $17,974.00
40-mil Liner for Stockpiles 43061 $1.58 /sf $68,207.83
10-mil Cover for Stockpiles 41763 $0.83 /sf $34,454.48
40-mii Liner for Manure 202 $1.58 /st $319.33
10-mil Cover for Manure 606 $0.83 /sf $499.95
Straw 33003 $13.56 /ey $447,372.17
Manure 1335 $14.97 /ey $19,988.96
Water 1027 $9.40 /kgal $9,658.39
Level DPPE 528 $10.00 /day $5,280.00
PID rental 8 $974.00 /mo. $7,792.00
CGl rental 8 $380.00 /mo. $3,040.00
Analytical:
Pre-Compliance Sampling:
NAC field analyses 1831 $40.00 /ea $73,236.80
Compliance Sampling:
SVOCs (8270C) 183 $300.00 /ea $54,927.60
NACs (8330) 183 $197.50 /ea $36,160.67
Lead 183 $30.00 /ea $5,492.76
PCBs 183 $103.75 /ea $18,995.80
Travel for Field Crew:
Per Diem 1232 $38.00 /day $46,816.00
Lodging 1232 $30.00 /day $36,960.00 long-term stay
Rental Car 246 $40.00 /day $9,840.00
Subtotal $1,888,851.00
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7.0 Off-Site Disposal

Includes:
1. Dispose of stabilized soil and non-hazardous soil (not stabilized) at a nonhazardous waste
2. Dispose of PCB waste at a TSCA approved landfill
Assumptions and Calculations:
1. Consolidated volume of D008 soil for haz disposal (cy) = 400
2. Consolidated volume of DO30 soil for haz disposal (cy) = 0
3. Consolidated volume ot PCB soil for haz disposal {(cy) = 0
4. Consolidated volume of soil for non-haz disposat (cy) = ]
5. Non-haz waste transportation cost ($/ton) = 6
6. Non-haz waste disposal costs ($/ton) = 31 Erie County Landfill
7. Non-haz waste regulatory fees ($/ton) = 0 included in disposal
8. Haz waste transporiation cost {$/ton) = 35
9. D008 Haz waste disposal cost ($/ton) = 75 EO Environmental
10. D030 Haz waste disposal cost ($/ton) = 150 EO Environmentai
11. PCB Haz waste disposal cost ($/ton) = 75 EO Environmental
12. Haz waste regulatory fees ($/ton) = 10
13. No. of contractor field crew = 2
14. No. of subcontractor field crew = 2
14. Output of front-end loader (cy/day) = 550
15. No. of field days = 1
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 8 $60.00 /hr $480.00
QA Coordinator 8 $40.00 /nr $320.00
Subcontractor Labor:
Front End Loader Operator 1 $346.00 /day $346.00
Qiler 1 $293.00 /day $293.00
PBOW Security 1 $120.00 /day $120.00
Materials:
Level D PPE 2 $10.00 /day $20.00
Equipment:
1 cy Front Wheel Loader 1 $280.86 /day $280.86
Disposal Costs:
Transportation (Non-Haz Waste) 0 $6.00 fton $0.00
Disposal Cost (Non-Haz waste) 0 $31.00 /ton $0.00
Transportation (Haz Waste) 572 $35.00 /ton $20,020.46
Disposal Cost (D008 haz waste) 572 $85.00 /ton $48,621.11
Disposal Cost (D030 haz waste) 0 $160.00 fton $0.00
Disposal Cost (PCB haz waste) 0 $85.00 /ton $0.00
Travel for field crew:
Lodging 4 $80.00 /day $320.00
Perdiem 4 $38.00 /day $152.00
Rental Car 2 $40.00 /day $80.00
Subtotal $71,053.00
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8.0 On-Site Compost Disposal / Backfill Excavation with Clean Soil

Includes:

1. Backfill excavated areas with clean backfill.

2. Load treated compost, truck to site, spread compost across site with dozer
3. Confirmation testing under contaminated soil stockpites.

4. Prepare site close-out report.

Assumptions and Calculations:

1. Volume of consolidated soil excavated (cy) = 9205
2. Compaction factor = 1.15
3. Volume of soil required for backfill (cy) = 10586
4. Cost of clean backfill soil delivered to site ($/cy) = 12
6. Field days required to backfill soil = 19
7. No. of contractor field crew = 2
8. No. of subcontractor backfill field crew = 1
9. No. of compost loading field crew = 7
10. No. of compost spreading field crew = 2
8. No. of confirmatory samples from clean backfill = 2
9. Total volume of compost before treatment (cy) = 45773
10. Shrinkage factor for treated compost = 0.60
11. Volume of compost after treatment (cy) = 27464
12. Loader output (cy/day) = 1575
13. Days to load treated compost = 26
14. Dump truck capacity (cy) = 12
15. Dump truck haul distance (mi.) = 0.5
16. Dump truck output (cy/day) = 250
17. No. of dump trucks per day = 6
18. Dozer (D-6H) capacity (cy/hr) = 90
19. Days to spread treated compost = 39
20. Subcontractor markup on equipment = 1.25
21. Subcontractor markup on labor = 1.31
22. Area of contaminated soit stockpile (sf) = 34338
23. Area per confirmation sample (sf) = 400
24. No. of confirmation samples under soil stockpile = 86
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent 312 $60.00 /hr $18,720.00
QA Coordinator 312 $40.00 /hr $12,480.00
Site Close-Out Report 1 $20,000.00 /ea $20,000.00
Subcontractor Labor:
Front End Loader Operator 19 $312.00 /day $5,928.00
Front End Loader Operator 26 $312.00 /day $8,112.00
Dump Truck Drivers 156 $262.00 /day $40,872.00
Dozer Operator 39 $326.98 /day $12,752.06
Laborer/Qiler 39 $279.29 /day $10,892.39
PBOW Security 19 $120.00 /day $2,280.00
Equipment:
1 cy Front End Loader 19 $280.86 /day $5,336.42
3 cy Front End Loader 26 $485.22 /day $12,615.82
Dump Trucks 156 $428.00 /day $66,768.00
D-6H Dozer 39 $630.70 /day $24,597.30
Material:
Backfil 10586 $12.00 /ey $127,029.00 delivered to site
PID rental 4 $974.00 /mo. $3,896.00
CGl rentat 4 $380.00 /mo. $1,520.00
Level D PPE 279 $10.00 /day $2,790.00
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8.0 On-Site Compost Disposal / Backfili Excavation with Clean Soil

Analytical:
RCRA Metals 2 $105.00 /ea $210.00
NACs (8330) 88 $158.00 /ea $13,904.00
SVOCs 2 $230.00 /ea $460.00
Lead 86 $24.00 /ea $2,064.00
PAHs (8270C) 86 $160.00 /ea $13,760.00
PCBs 86 $83.00 /ea $7,138.00
Shipping 23 $40.00 /ea $920.00
Travel for field crew:
Lodging 500 $80.00 /day $40,000.00
Perdiem 500 $38.00 /day $19,000.00
Rental Car 172 $40.00 /day $6,880.00
Subcontract:
Reseeding 218 $56.84 /msf $12,391.00
Subtotal $493,316.00

9.0 Overall Cost
Total Capital Cost $3,645,166.00

Contingency (30%) $1,093,550.00

PM Multiplier (7.5%) $273,387.00
Fee/Profit (10%) $364,517.00
Total Cost $5,377,000.00

*This is an order-of-magnitude engineering cost estimate that is expected to be within +50 to -30 percent of the actual
project cost.
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Alternative 3
Excavation/Stabilization/Ofi-Site Disposal Cost Estimate

Date: 9/11/2003

Scope:

1. Perform bench-scale treatability study, prepare stabilization work plan, H&S pian, materials list,
and procurement

2. Mobilize equipment and personnel

3. Conduct pre-remediation soil sampling to better delineate the lateral and vertical extent of contamination.
4. Prepare site for remedial activity.

5. Excavate contaminated soil and perform confirmatory sampling

6. Chemically stabilize soil ciassified as a hazardous waste based on TCLP testing.

7. Dispose of stabilized soil and untreated non-hazardous soil in a Subtitle D landfill. Dispose of
PCB remediation waste in a TSCA landfill.

8. Backfill excavated areas

9. Demobilize equipment and personnel

1.0 Bench-Scale Study, Work Plan, Health and Safety Plan, Materials List, and Procurement

Includes:

1. Perform bench-scale treatability study to test the effectiveness of stabilizing the nitroaromatics
and determine stabilization amendments. Results will be used to generate the design work plan.
2. Labor to generate work plan, engineering specifications, and Health and Safety Plan

3. Procure equipment and materials

Service/Materials Unit Unit Cost Subtotal
Bench-Scale Study 1 $15,000.00 /ea $15,000.00
Contractor Labor:
Senior Engineer (E-12) 40 $97.00 /hr. $3,880.00
Task Manager (E-8) 80 $62.00 /hr. $4,960.00
Geologist (E-8) 40 $62.00 /hr. $2,480.00
Project Engineer (E-6) 160 $50.00 /hr. $8,000.00
Health and Safety (E-8) 40 $62.00 /hr. $2,480.00
Procurement Specialist (E-6) 80 $56.00 /hr. $4,480.00
Drafting (E-6) 40 $50.00 /hr. $2,000.00
Document Repro (Draft and Final) 2 $1,000.00 /ea $2,000.00
Subtotal $45,280.00
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2.0 Mobilization/Demobilization of Equipment and Personnel

Includes:

1. Mobilize equipment and personnel

2. Contractor field crew consists of a site superintendent, geologist, and a field technician.
3. Four 2-day trips for 2 contractor personnel for pre-remediation coordination.

Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 24 $60.00 /hr $1,440.00
QA (Sampling) Coordinator 24 $40.00 /hr $960.00
H&S Coordinator 16 $50.00 /hr $800.00
Field Geologist 2 $480.00 /day $960.00
Subcontractor Labor:
Excavator Operator 2 $340.91 /day $681.83
Equipment Operator 2 $326.98 /day $653.95
Equipment Operator 2 $326.98 /day $653.95
Loader Operator 2 $312.00 /day $624.00
Loader Operator 2 $312.00 /day $624.00
Laborers 2 $288.00 /day $576.00
Truck Drivers 6 $262.00 /day $1,572.00
Equipment:
Excavator 2 $704.00 /day $1,408.00
1 cy Front Whesl Loader 2 $280.86 /day $561.72
10-cy Mixing System 2 $975.00 /ea $1,950.00
Screening Plant 2 $1,000.00 /ea $2,000.00
Radial Conveyor 2 $500.00 /ea $1,000.00
Dump Truck 6 $428.00 /day $2,568.00
Travel for contractor crew:
Perdiem 34 $38.00 /day $1,292.00
Lodging 34 $80.00 /day $2,720.00
Rental Car 18 $40.00 /day $720.00
Airfare 21 $600.00 /ea $12,600.00
Subtotal $36,365.45
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Includes:
1. Hydropunch soil sampling
2. Analysis of soit samples for chemicals of concern.
Assumptions:
1. Perimeter of proposed remediation area (ft) = 3832
2. Distance between boring locations = 40
3. No. of borings = 96
4. Average depth of boring (ft) = 10
5. No. of samples collected per boring = 3
6. Total no. of samples collected = 288
7. No. of borings advanced per day = 10
Service/Materials Unit Unit Cost Subtotal
Contractor:
Field Geologist 10 $480.00 /day $4,800.00
Subcontractor:
Mob/Demob 1 $2,000.00 /ea $2,000.00
Hydropunch Borings 960 $15.00 /it $14,400.00
Equipment Decon 96 $90.00 /ea $8,640.00
Materials:
Field Supplies 96 $20.00 /bor. $1,920.00
Field Instruments 2 $400.00 /wk $800.00
Analytical:
NACs (8330) 288 $158.00 /ea $45,504.00
Lead 288 $24.00 /ea $6,912.00
PAHs (8270C) 288 $160.00 /ea $46,080.00
PCBs 288 $83.00 /ea $23,904.00
Shipping 77 $40.00 /ea $3,080.00
Equipment:
P/U Truck 10 $52.00 /day $520.00
Travel for Contractor Crew:
Perdiem 10 $38.00 /day $380.00
Lodging 10 $80.00 /day $800.00
Subtotal $159,740.00
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Includes:
1. Clear remedial areas and treatment area = 5 acres
2. Construct 12" soil berm around treatment areas (500 ft x 300 ft area = 1600 ft ).
3. Excavate soil for contact water retension pond.
4. Construct 6-inch reinforced concrete slab for treatment area.
Assumptions:
1. Volume of soil removed for contact water retention pond = 2,923
2. Excavator: hydraulic backhoe, 1 cy bucket
3. Excavator output (cy/day) = 600
4. Days to excavate soil = 6
5. Volume of containment berm (cy) = 74
6. No. of contractor field crew = 2
7. Area of concrete treatment slab (150 ft x 150 ft) (sf) = 22500
Service/Materials Unit Unit Cost Subtotal
Contractor:
Site Superintendent 240 $60.00 /hr $14,400.00
QA Coordinator 240 $40.00 /hr $9,600.00
Subcontractor:
Surveying 1 $24,000.00 /site $24,000.00
Site Clearing 5 $2,300.00 /acre $11,500.00
Excavator Operator 6 $340.91 /day $2,045.49
Concrete Slab 22500 $4.39 /sf $98,775.00
Equipment:
Excavator 6 $704.00 /day $4,224.00
Materials:
Earthen containment berm 74 $6.00 /cy $444.00
Travel for Field Crew:
Per Diem 84 $38.00 /day $3,192.00
Lodging 84 $80.00 /day $6,720.00
Rental Car 42 $40.00 /day $1,680.00
Subtotal $176,580.00
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5.0 Excavation of Contaminated Soil

Includes:
1. Excavation of soil with contaminants exceeding RGOs
2. Screen oversize material
3. Collect confirmatory sampling to determine extent of excavation
4. Staging and characterizing waste stream
Assumptions and Calculations:
1. Cubic yards of consolidated soil excavated = 16328
2. Swell factor for soil upon excavation = 1.3
3. Cubic yards of unconsolidated soif = 21226
4. Density of unconsolidated soit (tons/cy) = 1.1
5. Mass of unconsolidated soil (tons) = 23349
6. Capacity of screening plant (tons/hr) = 100
7. Excavator: hydraulic backhoe, 1 cy bucket ($/day) = $704
8. Excavator output (cy/day) = 600
9. Days to excavate soil = 43
10. Dump truck capacity (cy) = 12
11. Dump truck haul distance (mi.) = 0.5
12. Dump truck output (cy/day) = 250
13. No. of required dump trucks per day = 2
14. Soil sample collected for waste characterization / cy = 150
15. No. of soil samples collected for waste characterization = 142
16. Number of contractor field crew = 3
17. Number of subcontractor excavation crew = 4
18. Number of subcontractor screening crew = 3
19. Airfare included under mobilization
20. Lineal foot of excavation per confirmation sample = 20
21. Resampling factor for confirmation sampling = 1.1
22. No.of confirmatory samples from excavated area = 347
23. Subcontractor markup on equipment = 1.25
24. Subcontractor markup on labor = 1.31
25, Excavation area (ft’) = 49624
26. Cost multiplier for 1-week turnaround on analytical data = 1.25
27. Fraction of excavation work performed in Level C PPE = 0.10
28. Labor productivity factor for Level C work = 0.67
29. Days excavation crew in Level C = 5
30. Days screening crew in Level C = 4
31. Perimeter of excavation area (ft) = 3832
32. Excavation area (sf) = 49624
33. Volume of pit water requiring POTW disposal ( gal) = 20000
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 344 $60.00 /hr $20,640.00
QA (Sampling) Coordinator 344 $40.00 /hr $13,760.00
H&S Coordinator 344 $50.00 /hr $17,200.00
Chemist (home office) 86 $51.00 /hr $4,386.00
Subcontractor:
Excavator Operator 43 $340.91 /day $14,659.32
Equipment Operator 35 $326.98 /day $11,444.16
Loader Operator 35 $312.00 /day $10,920.00
Laborers 78 $288.00 /day $22,464.00
Truck Drivers 129 $262.00 /day $33,798.00
Road Repair 1 $50,000.00 /site $50,000.00
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Equipment:
Excavator 43 $704.00 /day $30,272.00
100-ton/hr Screening Plant 7 $1,800.00 /wk $12,600.00
Radial Stacking Conveyor 7 $1,222.00 /wk $8,554.00
1 cy Front Wheel Loader 35 $280.86 /day $9,830.10
12-cy Dump Truck 86 $428.00 /day $36,808.00
3000 gal. Water Truck 43 $402.00 /day $17,286.00
150 gpm Pump 2 $2,439.00 /ea. $4,878.00
300 gpm Pump 2 $3,749.00 /ea. $7,498.00
7-ft Diameter Sand Filter 1 $22,310.00 /ea. $22,310.00
200-gpm GAC Adsorber (6000#-disp.) 1 $14,217.00 /ea. $14,217.00
20000 gal Steel Water Tank 1 $14,618.00 /ea. $14,618.00
Analytical:
TCLP Extraction 142 $12.88 Jea $1,828.25
Lead 489 $300.00 /ea $146,700.00
SVOCs (8270C) 489 $197.50 /ea $96,577.50
NACs (8330) 489 $30.00 /ea $14,670.00
PCBs 489 $103.75 /ea $50,733.75
NAC field analyses 347 $40.00 /ea $13,880.00
Lead field analyses 2 $4,200.00 /mo. $8,400.00
Shipping 130 $40.00 /ea $5,216.00
Materials & Services:
Office Trailer 6 $500.00 /mo. $3,000.00
Level D PPE 245 $10.00 /day $2,450.00
Level C PPE 32 $35.00 /day $1,120.00
PID renta} 3 $974.00 /mo. $2,922.00
CGl rental 3 $380.00 /mo. $1,140.00
Pit Water Disposal 20 $1.62 /kgal $32.40
Travel for Contractor Crew:
Perdiem 568 $38.00 /day $21,584.00
Lodging 568 $80.00 /day $45,440.00
Rental Car 230 $40.00 /day $9,200.00
Subtotal $803,036.00
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6.0 Chemical Stabilization of Hazardous Soil

Includes:
1. Stabilization of hazardous soil using cement and activated carbon
Assumptions and Calculations:

1. Volume of consolidated haz. soit to be stabilized = 3871
2. Swaell factor for soil upon excavation = 1.3
3. Cubic yards of unconsolidated soit = 5032
4. Density of soit (ton/cy) = 1.1
5. Tons of hazardous soil that needs to be stabilized = 5535
6. Mass ratio of carbon to soil = 0.02
7. Mass ratio of portiand cement to soil = 0.08
8. Carbon cost ($/ton)= 2000
9. Cement cost ($/ton)= 105
10. Carbon required for stabilization (tons) = 111
11. Cement required for stabilization (tons) = 443
12. No. of contractor field crew = 2

13. Stabilization batch cycle time (min) = 15
14. Time required to stabilize soil (days) = 18
15. Swell upon stabilization = 1.132
16. Volume of stabilized soil (cy) = 5696
17. Soil sample collected for waste characterization / cy = 150

18. No. of soil samples collected = 38

19. Subcontractor markup on labor = 1.72
20. Contractor markup on fabor = 1.60
21. Subcontractor markup on equipment = 1.25
22. Subcontractor markup on labor = 1.31
23. Contaminated soil stockpile area (sf) = 15096
24. Treated soil stockpile area (sf) = 900
25. Height of stockpiles (ft) = 9.0
26. Width of soil stockpiles (ft) = 60
27. No. of subcontractor field crew = 4
28. Equipment setup/teardown {days) = 10
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent 28 $480.00 /day $13,440.00

QA (Sampling) Coordinator 28 $320,00 /day $8,960.00
Subcontractor Labor:

Wheel Loader Operator 28 $312.00 /day $8,736.00
Process Equipment Operator 28 $314.40 /day $8,803.20
Process Equipment Operator 28 $314.40 /day $8,803.20

Laborer 28 $270.00 /day $7,560.00
PBOW Security 28 $120.00 /day $3,360.00

Equipment:
1 cy Front Wheel Loader 28 $280.86 /day $7,864.08
10-cy Mixing System 2 $6,250.00 /mo $12,500.00
Belt Feeder for Mixing Stystem 2 $728.00 /mo $1,456.00
Stabilization Ancilliary Equipment 2 $557.00 /mo $1,114.00
Dust Collecton System 2 $530.00 /mo $1,060.00
Radial Stacking Conveyor 2 $3,605.00 /mo $7,210.00

Materials:

Office Trailer 4 $500.00 /mo. $2,000.00
Carbon 111 $2,000.00 /ton $222,000.00
Cement 443 $105.00 /ton $46,515.00
40-mil Liner for Soit Stockpiles 15996 $1.58 /sf $25,338.00
10-mil Cover for Soil Stockpiles 22955 $0.83 /sf $18,938.00
Water 46 $9.40 /kgpd $435.00
Level D PPE 112 $10.00 /day $1,120.00
PID rental 2 $974.00 /mo. $1,948.00
CGl rental 2 $380.00 /mo. $760.00
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Analytical:

TCLP Extraction 38 $10.30 /ea $391.00
Lead 38 $24.00 /ea $912.00
SVOCs (8270C) 38 $240.00 /ea $9,120.00
NACs (8330) 38 $158.00 /ea $6,004.00
PCBs 38 $83.00 /ea $3,154.00
Unconfined Compresive Strength 38 $130.00 /ea $4,940.00
Shipping 5 $40.00 /ea $203.00

Travel tor contractor crew:
Lodging 549 $80.00 /day $43,920.00
Perdiem 549 $38.00 /day $20,862.00
Rental Car 78 $40.00 /day $3,120.00

Subtotal $502,546.00
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Includes:

1. Dispose of stabilized soil and non-hazardous soil (not stabilized) at a nonhazardous waste
2. Dispose of PCB waste at a TSCA approved landfill

Assumptions and Calculations:

1. Cubic yards of soil not requiring stabilization = 16040
2. Tons of soil not requiring stabilization = 17644
3. Tons of stabilized soil = 6642
4. Tons of soil for non-haz waste landfill disposal = 24286
5. Unconsolidated volume of PCB waste for disposal (cy) = 155
6. Tons of sail for haz waste landfill disposal = 170
7. Non-haz waste transportation cost ($/ton) = 6
8. Non-haz waste disposal costs ($/ton) = 3 Erie County Landfill
9. Non-haz waste regulatory fees ($/ton) = 0 included in disposal
10. Haz waste transportation cost ($/ton) = 35
11. D008 Haz waste disposal cost ($/ton) = 75 EO Environmental
12. D030 Haz waste disposal cost ($/ton) = 150 EQ Environmental
13. PCB Haz waste disposal cost ($/ton) = 75 EO Environmental
14. Haz waste regulatory fees ($/ton) = 10
15. No. of contractor field crew = 2
14. No. of subcontractor field crew = 2
16. Output of front-end loader (cy/day) = 550
17. No. of field days = 37
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 296 $60.00 /hr $17,760.00
QA Coordinator 296 $40.00 /hr $11,840.00
Subcontractor Labor:
Front End Loader Operator 37 $312.00 /day $11,544.00
Laborer 37 $293.00 /day $10,841.00
PBOW Security 37 $120.00 /day $4,440.00
Materials:
Level D PPE 74 $10.00 /day $740.00
Equipment:
1 cy Front End Loader 37 $280.86 /day $10,391.82
Disposal Costs:
Transportation (Non-Haz Waste) 24286 $6.00 /ton $145,716.12
Disposal Cost (Non-Haz waste) 24286 $31.00 /ton $752,866.60
Transportation (Haz Waste) 170 $35.00 /ton $5,955.95
Disposal Cost (D008 haz waste) 0 $85.00 fton $0.00
Disposal Cost (D030 haz waste) 0 $160.00 /ton $0.00
Disposal Cost (PCB haz waste) 170 $85.00 /ton $14,464.45
Travel for field crew:
Lodging 207 $80.00 /day $16,560.00
Perdiem 207 $38.00 /day $7,866.00
Rental Car 104 $40.00 /day $4,160.00
Subtotal $1,015,146.00

KNI\PBOW\TNTAKC\FS\FINAL\Table 4-3.xIs(Alt 3 Area ANS/30/2003(6:04 PM)



Table 4-3
Alternative 3 - Excavation, Ex-Situ Stabilization, and Off-Site Disposal Cost Estimate
TNT Area A
Pium Brook Ordnance Works, Sandusky, Ohio

(Page 10 of 10)

8.0 Backfill Excavation with Clean Soil

Includes:

1. Backfill excavated areas with clean backfill (confirm soil is clean by sampling)
2. Confirmation testing under contaminated soil stockpiles.

3. Prepare site close-out report.

Assumptions and Caiculations:

9.0 Overall Cost

1. Volume of consolidated soil excavated (cy) = 16328
2. Compaction factor = 1.15
3. Volume of soil required for backfill (cy) = 18777
4. Cost of clean backfill soil delivered to site ($/cy) = 12
5. Field days required to backfill soil = 34
6. No. of contractor field crew = 2
8. No. of subcontractor backfill field crew = 2
7. No. of confirmatory samples from backfill = 2
8. Subcontractor markup on equipment = 1.25
9. Subcontractor markup on labor = 1.31
10. Area of contaminated soil stockpile (sf) = 62370
11. Area per confirmation sample (sf) = 400
12. No. of confirmation samples under soil stockpile = 156
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 272 $60.00 /hr $16,320.00
QA Coordinator 272 $40.00 /hr $10,880.00
Site Close-Out Report 1 $20,000.00 /ea $20,000.00
Subcontractor Labor:
Front End Loader Operator 34 $312.00 /day $10,608.00
Laborer/Oiler 34 $279.29 /day $9,495.93
PBOW Security 34 $120.00 /day $4,080.00
Equipment:
1 cy Front End Loader 34 $280.86 /day $9,549.24
Material: .
Backfit 18777 $12.00 /cy $225,326.40 delivered to site
PID rental 2 $974.00 /mo. $1,948.00
CGH rental 2 $380.00 /mo. $760.00
Level D PPE 68 $10.00 /day $680.00
Analytical:
RCRA Metals 2 $105.00 /ea $210.00
NACs (8330) 158 $158.00 /ea $24,964.00
SVOCs 2 $230.00 /ea $460.00
Lead 156 $24.00 /ea $3,744.00
PAHs (8270C) 156 $160.00 /ea $24,960.00
PCBs 156 $83.00 /ea $12,948.00
Shipping 42 $40.00 /ea $1,680.00
Travel for field crew:
Lodging 190 $80.00 /day $15,200.00
Perdiem 190 $38.00 /day $7,220.00
Rental Car 95 $40.00 /day $3,800.00
Subcontract:
Reseeding 218 $56.84 /msf $12,391.00

Subtotal $417,225.00

Total Capital Cost $3,155,918.45
Contingency (30%) $946,776.00
PM Multiplier (7.5%) $236,694.00
Fee/Profit (10%) $315,592.00
Total Cost $4,655,000.00

*This is an order-of-magnitude engineering cost estimate that is expected to be within +50 to -30 percent of the actual
project cost.
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Alternative 3
Excavation/Stabilization/Off-Site Disposal Cost Estimate

Date: 9/11/2003

Scope:

1. Perform bench-scale treatability study, prepare stabilization work plan, H&S plan, materials
list, and procurement

2. Mobilize equipment and personnel

3. Conduct pre-remediation soil sampling to better delineate the lateral and vertical extent of contamination.
4. Prepare site for remedial activity.

5. Excavate contaminated soil and perform confirmatory sampling

6. Chemically stabilize soil classified as a hazardous waste based on TCLP testing.

7. Dispose of stabilized soit and untreated non-hazardous soil in a Subtitle D fandfill. Dispose of
PCB remediation waste in a TSCA landfill.

8. Backfill excavated areas

9. Demobilize equipment and personnel

1.0 Bench-Scale Study, Work Plan, Health and Safety Plan, Materials List, and Procurement

Includes:

1. Perform bench-scale treatability study to test the effectiveness of stabilizing the nitroaromatics
and determine stabilization amendments. Results will be used to generate the design work plan.
2. Labor to generate work plan, engineering specifications, and Health and Safety Plan

3. Procure equipment and materials

Service/Materials Unit Unit Cost Subtotal
Bench-Scale Study 1 $15,000.00 /ea $15,000.00
Contractor Labor:
Senior Engineer (E-12) 40 $97.00 /hr. $3,880.00
Task Manager (E-8) 80 $62.00 /hr. $4,960.00
Geologist (E-8) 40 $62.00 /hr. $2,480.00
Project Engineer (E-6) 160 $50.00 /hr. $8,000.00
Health and Safety (E-8) 40 $62.00 /hr. $2,480.00
Procurement Specialist (E-6) 80 $56.00 /hr. $4,480.00
Drafting (E-6) 40 $50.00 /hr. $2,000.00
Document Repro (Draft and Final) 2 $1,000.00 /ea $2,000.00
Subtotal $45,280.00
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2.0 Mobilization/Demobilization of Equipment and Personnel

Includes:

1. Mobilize equipment and personnel

2. Contractor field crew consists of a site superintendent, geologist, and a fieid technician.
3. Four 2-day trips for 2 contractor personnel for pre-remediation coordination.

Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 24 $60.00 /hr $1,440.00
QA (Sampling) Coordinator 24 $40.00 /hr $960.00
H&S Coordinator 16 $50.00 /hr $800.00
Field Geologist 2 $480.00 /day $960.00

Subcontractor Labor:

Excavator Operator 2 $340.91 /day $681.83
Equipment Operator 2 $326.98 /day $653.95
Equipment Operator 2 $326.98 /day $653.95
Loader Operator 2 $312.00 /day $624.00
Loader Operator 2 $312.00 /day $624.00
Laborers 2 $288.00 /day $576.00
Truck Drivers 6 $262.00 /day $1,572.00
Equipment:
Excavator 2 $704.00 /day $1,408.00
1 cy Front Wheel Loader 2 $280.86 /day $561.72
10-cy Mixing System 2 $975.00 /ea $1,950.00
Screening Plant 2 $1,000.00 /ea $2,000.00
Radial Conveyor 2 $500.00 /ea $1,000.00
Dump Truck 6 $428.00 /day $2,568.00
Travel for contractor crew:
Perdiem 34 $38.00 /day $1,292.00
Lodging 34 $80.00 /day $2,720.00
Rental Car 18 $40.00 /day $720.00
Airfare 21 $600.00 /ea $12,600.00
Subtotal $36,365.45
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3.0 Pre-Remediation Soil Sampling

Includes:
1. Hydropunch soil sampling
2. Analysis of soil samples for chemicals of concern.
Assumptions:
1. Perimeter of proposed remediation area (ft) = 3415
2. Distance between boring iocations = 40
3. No. of borings = 86
4. Average depth of boring (ft) = 10
5. No. of samples collected per boring = 3
6. Total no. of samples collected = 258
7. No. of borings advanced per day = 10
Service/Materials Unit Unit Cost Subtotal
Contractor:
Field Geologist 9 $480.00 /day $4,320.00
Subcontractor:
Mob/Demob 1 $2,000.00 /ea $2,000.00
Hydropunch Borings 860 $15.00 /it $12,900.00
Equipment Decon 86 $90.00 /ea $7,740.00
Materials:
Field Supplies 86 $20.00 /bor. $1,720.00
Field Instruments 2 $400.00 /wk $800.00
Analyticat:
NACs (8330) 258 $158.00 /ea $40,764.00
Lead 258 $24.00 /ea $6,192.00
PAHs (8270C) 258 $160.00 /ea $41,280.00
PCBs 258 $83.00 /ea $21,414.00
Shipping 69 $40.00 /ea $2,760.00
Equipment:
P/U Truck 9 $52.00 /day $468.00
Travel for Contractor Crew:
Perdiem 9 $38.00 /day $342.00
Lodging 9 $80.00 /day $720.00
Subtotal $143,420.00
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4.0 Site Preparation

Includes:
1. Clear remedial areas and treatment area = 5 acres
2. Construct 12" soil berm around treatment areas (500 ft x 300 ft area = 1600 {t ).
3. Excavate soil for contact water retension pond.
4. Construct 6-inch reinforced concrete slab for treatment area.
Assumptions:
1. Volume of soil removed for contact water retention pond = 2,923
2. Excavator: hydraulic backhoe, 1 cy bucket
3. Excavator output (cy/day) = 600
4. Days to excavate soil = 6
5. Volume of containment berm (cy) = 74
6. No. of contractor field crew = 2
7. Area of concrete treatment slab (150 ft x 150 ft) (sf) = 22500
Service/Materials Unit Unit Cost Subtotal
Contractor:
Site Superintendent 240 $60.00 /hr $14,400.00
QA Coordinator 240 $40.00 /hr $9,600.00
Subcontractor:
Surveying 1 $24,000.00 /site $24,000.00
Site Clearing 5 $2,300.00 /acre $11,500.00
Excavator Operator ] $340.91 /day $2,045.49
Concrete Slab 22500 $4.39 /sf $98,775.00
Equipment:
Excavator 6 $704.00 /day $4,224.00
Materials:
Earthen containment berm 74 $6.00 /cy $444.00
Travel for Field Crew:
Per Diem 84 $38.00 /day $3,192.00
Lodging 84 $80.00 /day $6,720.00
Rental Car 42 $40.00 /day $1,680.00
Subtotal $176,580.00
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5.0 Excavation of Contaminated Soil

Includes:
1. Excavation of soil with contaminants exceeding RGOs
2. Screen oversize material
3. Collect confirmatory sampling to determine extent of excavation
4. Staging and characterizing waste stream
Assumptions and Calculations:
1. Cubic yards of consolidated soil excavated = 9205
2. Swell factor for soil upon excavation = 1.3
3. Cubic yards of unconsolidated soil = 11967
4. Density of unconsolidated soil (tons/cy) = 1.1
5. Mass of unconsolidated soil (tons) = 13163
6. Capacity of screening plant (tons/hr) = 100
7. Excavator: hydraulic backhoe, 1 cy bucket ($/day) = $704
8. Excavator output (cy/day) = 600
9. Days to excavate soil = 24
10. Dump truck capacity (cy) = 12
11. Dump truck haul distance (mi.) = 0.5
12. Dump truck output (cy/day) = 250
13. No. of required dump trucks per day = 2
14. Soil sample collected for waste characterization / cy = 150
15. No. of soil samples collected for waste characterization = 80
16. Number of contractor field crew = 3
17. Number of subcontractor excavation crew = 4
18. Number of subcontractor screening crew = 3
19. Airfare included under mobilization
20. Lineal foot of excavation per confirmation sample = 20
21. Resampling factor for confirmation sampling = 1.1
22. No.of confirmatory samples from excavated area = 286
23. Subcontractor markup on equipment = 1.25
24. Subcontractor markup on labor = 1.31
25. Excavation area (1) = 35583
26. Cost muitiplier for 1-week turnaround on analytical data = 1.25
27. Fraction of excavation work performed in Level C PPE = 0.10
28. Labor productivity factor for Level C work = 0.67
29. Days excavation crew in Level C = 3
30. Days screening crew in Level C = 2
31. Perimeter of excavation area (ft) = 3415
32. Excavation area (sf) = 35583
33. Volume of pit water requiring POTW disposal ( gal) = 20000
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 192 $60.00 /hr $11,520.00
QA (Sampling) Coordinator 192 $40.00 /hr $7,680.00
H&S Coordinator 192 $50.00 /hr $9,600.00
Chemist (home office) 48 $51.00 /hr $2,448.00
Subcontractor:
Excavator Operator 24 $340.91 /day $8,181.95
Equipment Operator 20 $326.98 /day $6,539.52
Loader Operator 20 $312.00 /day $6,240.00
Laborers 44 $288.00 /day $12,672.00
Truck Drivers 72 $262.00 /day $18,864.00
Road Repair 1 $50,000.00 /site $50,000.00
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Table 4-4
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TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio
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5.0 Excavation of Contaminated Soil (continued)

Equipment:
Excavator 24 $704.00 /day $16,896.00
100-ton/hr Screening Plant 4 $1,800.00 /wk $7,200.00
Radial Stacking Conveyor 4 $1,222.00 /wk $4,888.00
1 cy Front Wheel Loader 20 $280.86 /day $5,617.20
12-cy Dump Truck 48 $428.00 /day $20,544.00
3000 gal. Water Truck 24 $402.00 /day $9,648.00
150 gpm Pump 2 $2,439.00 /ea. $4,878.00
300 gpm Pump 2 $3,749.00 /ea. $7,498.00
7-ft Diameter Sand Filter 1 $22,310.00 /ea. $22,310.00
200-gpm GAC Adsorber (6000#-disp.) 1 $14,217.00 /fea. $14,217.00
20000 gal Steel Water Tank 1 $14,618.00 /ea. $14,618.00
Analytical:
TCLP Extraction 80 $12.88 /ea $1,030.00
Lead 366 $300.00 /ea $109,800.00
SVOCs (8270C) 366 $197.50 /ea $72,285.00
NACs (8330) 366 $30.00 /ea $10,980.00
PCBs 366 $103.75 /ea $37,972.50
NAC field analyses 286 $40.00 /ea $11,440.00
Lead field analyses 2 $4,200.00 /mo. $8,400.00
Shipping 98 $40.00 /ea $3,904.00
Materials & Services:
Office Trailer 4 $500.00 /mo. $2,000.00
Level D PPE 138 $10.00 /day $1,380.00
Level C PPE 18 $35.00 /day $630.00
PiD rental 2 $974.00 /mo. $1,948.00
CGil rental 2 $380.00 /mo. $760.00
Pit Water Disposal 20 $1.62 /kgal $32.40
Travel for Contractor Crew:
Perdiem 319 $38.00 /day $12,122.00
Lodging 319 $80.00 /day $25,520.00
Rental Car 129 $40.00 /day $5,160.00
Subtotal $567,424.00
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6.0 Chemical Stabilization of Hazardous Soil

includes:
1. Stabilization of hazardous soil using cement and activated carbon
Assumptions and Calculations:

1. Volume of consolidated haz. soil to be stabilized = 2310
2. Swell factor for soil upon excavation = 1.3
3. Cubic yards of unconsolidated soil = 3003
4. Density of soil (ton/cy) = 1.1
5. Tons of hazardous soil that needs to be stabilized = 3303
6. Mass ratio of carbon to soil = 0.02
7. Mass ratio of portland cement to soil = 0.08
8. Carbon cost ($/ton)= 2000
9. Cement cost ($/ton)= 105
10. Carbon required for stabilization (tons) = 66
11. Cement required for stabilization (tons) = 264
12. No. of contractor field crew = 2
13. Stabilization batch cycie time (min) = 15
14. Time required to stabilize soil (days) = 11
15. Swell upon stabilization = 1.132
16. Volume of stabilized soil (cy) = 3399
17. Soil sample collected for waste characterization / cy = 150
18. Subcontractor profit = 0.12
19. Subcontractor markup on labor = 1.72
20. Contractor markup on labor = 1.60
21. Subcontractor markup on equipment = 1.25
22. Subcontractor markup on labor = 1.31
23. Contaminated soil stockpile area (sf) = 9009
24, Treated soil stockpile area (sf) = 900
25, Height of stockpiles (ft) = 2.0
26. Width of soil stockpiles (ft) = 60
27. No. of subcontractor field crew = 4
28. Equipment setup/teardown (days) = 10
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent 21 $480.00 /day $10,080.00
QA (Sampling) Coordinator 21 $320.00 /day $6,720.00
Subcontractor Labor:

Wheel Loader Operator 21 $312.00 /day $6,552.00
Process Equipment Operator 21 $314.40 /day $6,602.40
Process Equipment Operator 21 $314.40 /day $6,602.40

Laborer 21 $270.00 /day $5,670.00
PBOW Security 21 $120.00 /day $2,520.00

Equipment:
1 cy Front Wheel Loader 21 $280.86 /day $5,898.06
10-cy Mixing System 1 $6,250.00 /mo $6,250.00
Belt Feeder for Mixing Stystem 1 $728.00 /mo $728.00
Stabilization Ancilliary Equipment 1 $557.00 /mo $557.00
Dust Collecton System 1 $530.00 /mo $530.00
Radial Stacking Conveyor 1 $3,605.00 /mo $3,605.00

Materials:

Office Trailer 2 $500.00 /mo. $1,000.00
Carbon 66 $2,000.00 /ton $132,000.00
Cement 264 $105.00 /ton $27,720.00
40-mil Liner for Soil Stockpiles 9909 $1.58 /sf $15,695.86
10-mil Cover for Soil Stockpiles 15042 $0.83 /sf $12,409.65
Water 28 $9.40 /kgpd $260.10
Level D PPE 84 $10.00 /day $840.00
PID rental 1 $974.00 /mo. $974.00
CGl rental 1 $380.00 /mo. $380.00
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6.0 Chemical Stabilization of Hazardous Soil {continued)

Analytical:

TCLP Extraction 23 $10.30 /ea $237.00
Lead 23 $24.00 /ea $552.00
SVOCs (8270C) 23 $240.00 /ea $5,520.00
NACs (8330) 23 $158.00 fea $3,634.00
PCBs 23 $83.00 /ea $1,909.00
Unconfined Compresive Strength 23 $130.00 /ea $2,990.00
Shipping 3 $40.00 /ea $123.00

Travel for field crew:
Lodging 412 $80.00 /day $32,960.00
Perdiem 412 $38.00 /day $15,656.00
Rental Car 59 $40.00 /day $2,360.00

Subtotal $319,535.00
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7.0 Off-Site Disposal

Includes:
1. Dispose of stabilized soil and non-hazardous soil (not stabilized) at a nonhazardous waste
2. Dispose of PCB waste at a TSCA approved landfill

Assumptions and Calculations:

1. Cubic yards of soil not requiring stabilization = 8964
2. Tons of soil not requiring stabilization = 9860
3. Tons of stabilized soil = 3964
4. Tons of soil for non-haz waste landfill disposal = 13824
5. Unconsolidated volume of PCB waste for disposal (cy) = 0
6. Tons of soil for haz waste landfill disposal = 0
7. Non-haz waste transportation cost ($/ton) = 6
8. Non-haz waste disposal costs ($/ton) = 31 Erie County Landfill
9. Non-haz waste regulatory fees ($/ton) = 0 inciuded in disposal
10. Haz waste transportation cost ($/ton) = 35
11. D008 Haz waste disposal cost ($/ton) = 75 EO Environmentai
12. D030 Haz waste disposal cost ($/ton) = 150 EO Environmental
13. PCB Haz waste disposal cost {$/ton) = 75 EO Environmental
14. Haz waste regulatory fees ($/ton) = 10
15. No. of contractor field crew = 2
14. No. of subcontractor field crew = 2
16. Output of front-end loader (cy/day) = 550
17. No. of field days = 21
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 168 $60.00 /hr $10,080.00
QA Coordinator 168 $40.00 /hr $6,720.00
Subcontractor Labor:
Front End Loader Operator 21 $312.00 /day $6,552.00
Laborer 21 $293.00 /day $6,153.00
PBOW Security 21 $120.00 /day $2,520.00
Materials:
Level D PPE 42 $10.00 /day $420.00
Equipment:
1 cy Front End Loader 21 $280.86 /day $5,898.06
Disposal Costs:
Transportation (Non-Haz Waste) 13824 $6.00 /ton $82,944.85
Disposal Cost (Non-Haz waste) 13824 $31.00 /ton $428,548.40
Transportation (Haz Waste) 0 $35.00 /ton $0.00
Disposal Cost (D008 haz waste) 0 $85.00 /ton $0.00
Disposal Cost (D030 haz waste) 0 $160.00 /ton $0.00
Disposal Cost (PCB haz waste) 0 $85.00 /ton $0.00
Travel for field crew:
Lodging 118 $80.00 /day $9,440.00
Perdiem 118 $38.00 /day $4,484.00
Rental Car 59 $40.00 /day $2,360.00
Subtotal $566,120.00
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Alternative 3 - Excavation, Ex-Situ Stabilization, and Off-Site Disposal Cost Estimate

TNT Area C

Plum Brook Ordnance Works, Sandusky, Ohio

(Page 10 of 10)

2. Confirmation testing under contaminated soil stockpiles.
3. Prepare site close-out report.

Assumptions and Calculations:

. Volume of consolidated soil excavated (cy) =
. Compaction factor =

. Volume of soil required for backfill (cy) =

. Cost of clean backfill soil delivered to site ($/cy) =
. Field days required to backfill soil =

No. of contractor field crew =

No. of subcontractor backfill field crew =

. No. of confirmatory samples from backfili =

. Subcontractor markup on equipment =

. Subcontractor markup on labor =

10. Area of contaminated soil stockpile (sf) =
11. Area per confirmation sample (sf) =

CONPOUN A WN =

12. No. of confirmation samples under soil stockpile =
Service/Materials Unit Unit Cost
Contractor Labor:
Site Superintendent (E-8) 152 $60.00 /hr
QA Coordinator 152 $40.00 /hr

Site Close-Out Report 1 $20,000.00 /ea

Subcontractor Labor:
Front End Loader Operator 19
Laborer/Qiler 19
PBOW Security 19

$312.00 /day
$279.29 /day
$120.00 /day

Equipment:
1 ¢y Front End Loader 19 $280.86 /day
Material:
Backfill 10586 $12.00 /cy
PID rental 1 $974.00 /mo.
CGl rental 1 $380.00 /mo.
Level D PPE 38 $10.00 /day
Analytical:
RCRA Metals 2 $105.00 /ea
NACs (8330) 88 $158.00 /ea
SVQOCs 2 $230.00 fea
Lead 86 $24.00 /ea
PAHs (8270C) 86 $160.00 /ea
PCBs 86 $83.00 Jea
Shipping 23 $40.00 /ea
Travel for field crew:
Lodging 106 $80.00 /day
Perdiem 106 $38.00 /day
- Rental Car 53 $40.00 /day
Subcontract:
Reseeding 218 $56.84 /msf

9.0 Overall Cost

9205
1.15
10586
12

19

1.256
1.31
34338

86

8.0 Backfill Excavation with Clean Soil
includes:

1. Backfill excavated areas with clean backfill (confirm soil is clean by sampling)

Subtotal

$9,120.00
$6,080.00
$20,000.00

$5,928.00
$5,306.55
$2,280.00

$5,336.34

$127,029.00
$974.00
$380.00
$380.00

$210.00
$13,904.00
$460.00
$2,064.00
$13,760.00
$7,138.00
$920.00

$8,480.00
$4,028.00
$2,120.00

$12,391.00
Subtotal

Total Capital Cost

Contingency (30%)
PM Multiplier (7.5%)

Fee/Profit (10%)

Total Cost

delivered to site

$248,289.00
$2,103,013.45

$630,904.00
$157,726.00
$210,301.00

$3,102,000.00

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

project cost.
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Table 4-5
Alternative 4 - Excavation and Off-Site Disposal Cost Estimate
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 7)

Alternative 4
Excavation/Off-Site Disposal Cost Estimate

Scope:

1. Perform bench-scale treatability study, prepare stabilization work plan, H&S pian, materials list,
and procurement

2. Mobilize equipment and personnel

3. Conduct pre-remediation soil sampling to better delineate the iateral and vertical extent of contamination.
4. Prepare site for remedial activity.

5. Excavate contaminated soil and perform confirmatory sampling

6. Dispose of untreated non-hazardous soil in a Subtitle D landfill. Dispose of untreated
hazardous soil in a Subtitie C landfill. Dispose of PCB remediation waste in a TSCA landfill.

7. Backfill excavated areas

8. Demobilize equipment and personnel

1.0 Work Pian, Health and Safety Plan. Materials List, and Procurement

Includes:
1. Labor to generate work plan, engineering specifications, and Health and Safety Plan
2. Procure equipment and materials

Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Senior Engineer (E-12) 40 $97.00 /hr. $3,880.00
Task Manager (E-8) 80 $62.00 /hr. $4,960.00
Geologist (E-8) 40 $62.00 /hr. $2,480.00
Project Engineer (E-6) 160 $50.00 /hr. $8,000.00
Health and Safety (E-8) 40 $62.00 /hr. $2,480.00
Procurement Specialist (E-6) 80 $56.00 /hr. $4,480.00
Drafting (E-6) 40 $50.00 /hr. $2,000.00
Document Repro (Draft and Final) 2 $1,000.00 /ea $2,000.00
Subtotal $30,280.00

2.0 Mobilization of Equipment and Personnel
Includes:

1. Mobilize equipment and personnel
2. Contractor field crew consists of a site superintendent, geologist, and a field technician.
3. Four 2-day trips for 2 contractor personnel for pre-remediation coordination.

Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 24 $60.00 /hr $1,440.00
QA (Sampling) Coordinator 24 $40.00 /hr $960.00
H&S Coordinator 16 $50.00 /hr $800.00
Field Geologist 2 $480.00 /day $960.00
Subcontractor Labor:
Excavator Operator 2 $340.91 /day $681.83
Equipment Operator 2 $326.98 /day $653.95
Loader Operator 2 $312.00 /day $624.00
Laborers 2 $288.00 /day $576.00
Truck Drivers 6 $262.00 /day $1,572.00
Equipment:
Excavator 2 $704.00 /day $1,408.00
1 cy Front Wheel Loader 2 $280.86 /day $561.72
Screening Plant 2 $1,000.00 /ea $2,000.00
Radial Conveyor 2 $500.00 /ea $1,000.00
Dump Truck 6 $428.00 /day $2,568.00
Travel for contractor crew:
Perdiem 30 $38.00 /day $1,140.00
Lodging 30 $80.00 /day $2,400.00
Rental Car 16 $40.00 /day $640.00
Airfare 19 $600.00 /ea $11,400.00
Subtotal $31,385.50
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Table 4-5
Alternative 4 - Excavation and Off-Site Disposal Cost Estimate
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 7)
3.0 Pre-Remediation Soil Sampling
Includes:
1. Hydropunch soil sampling
2. Analysis of soil samples for chemicals of concern.
Assumptions:
1. Perimeter of proposed remediation area (ft) = 3832
2. Distance between boring locations = 40
3. No. of borings = 96
4. Average depth of boring (it) = 10
5. No. of samples coilected per boring = 3
6. Total no. of samples collected = 288
7. No. of borings advanced per day = 10
Service/Materials Unit Unit Cost Subtotal
Contractor:
Field Geologist 10 $480.00 /day $4,800.00
Subcontractor:
Mob/Demob 1 $2,000.00 /ea $2,000.00
Hydropunch Borings 960 $15.00 /t $14,400.00
Equipment Decon 96 $90.00 /ea $8,640.00
Materials:
Field Supplies 96 $20.00 /bor. $1,920.00
Field Instruments 2 $400.00 /wk $800.00
Analytical:
NACs (8330) 288 $158.00 /ea $45,504.00
Lead 288 $24.00 /ea $6,912.00
PAHs (8270C) 288 $160.00 /ea $46,080.00
PCBs 288 $83.00 /ea $23,904.00
Shipping 77 $40.00 /ea $3,080.00
Equipment:
P/U Truck 10 $52.00 /day $520.00
Travel for Contractor Crew:
Perdiem 10 $38.00 /day $380.00
Lodging 10 $80.00 /day $800.00
Subtotal $159,740.00
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Alternative 4 - Excavation and Off-Site Disposal Cost Estimate
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 30of 7)
Includes:
1. Clear remedial areas and treatment area = 5 acres
2. Construct 12" soil berm around staging areas (200 ft x 250 ft area = 900 ft ).
3. Excavate soil for contact water retension pond.
Assumptions:
1. Volume of soil removed for contact water retention pond = 1,644
2. Excavator: hydraulic backhoe, 1 cy bucket
3. Excavator output (cy/day) = 600
4. Days to excavate soil = 4
5. Volume of containment berm (cy) = 74
6. No. of contractor field crew = 2
Service/Materials Unit Unit Cost Subtotal
Contractor:
Site Superintendent 80 $60.00 /hr $4,800.00
QA Coordinator 80 $40.00 /hr $3,200.00
Subcontractor:
Surveying 1 $24,000.00 /site $24,000.00
Site Clearing 4 $2,300.00 /acre $9,200.00
Excavator Operator 4 $340.91 /day $1,363.66
Equipment:
Excavator 4 $704.00 /day $2,816.00
Materials:
Earthen containment berm 74 $6.00 /cy $444.00
Travel for Field Crew:
Per Diem 28 $38.00 /day $1,064.00
Lodging 28 $80.00 /day $2,240.00
Rental Car 14 $40.00 /day $560.00
Subtotal $49,688.00
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Alternative 4 - Excavation and Off-Site Disposal Cost Estimate
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 4 of 7)
Includes:
1. Excavation of soil with contaminants exceeding RGOs
2. Screen oversize material
3. Collect confirmatory sampling to determine extent of excavation
4. Staging and characterizing waste stream
Assumptions and Calculations:
1. Cubic yards of consolidated soil excavated = 16328
2. Swell factor for soil upon excavation = 1.3
3. Cubic yards of unconsolidated soil = 21226
4. Density of unconsolidated soil (tons/cy) = 1.1
5. Mass of unconsolidated soil (tons) = 23349
6. Capacity of screening plant (tons/hr) = 100
7. Excavator: hydraulic backhoe, 1 cy bucket ($/day) = $704
8. Excavator output (cy/day) = 600
9. Days to excavate soil = 43
10. Dump truck capacity (cy) = 12
11. Dump truck haul distance (mi.) = 0.5
12. Dump truck output (cy/day) = 250
13. No. of required dump trucks per day = 2
14. Soil sample collected for waste characterization / cy = 150
15. No. of soil samples collected for waste characterization = 142
16. Number of contractor field crew = 3
17. Number of subcontractor excavation crew = 4
18. Number of subcontractor screening crew = 3
19. Airfare included under mobilization
20. Lineal foot of excavation per confirmation sample = 20
21. Resampling factor for confirmation sampling = 1.1
22. No.of confirmatory sampies from excavated area = 347
23. Subcontractor markup on equipment = 1.25
24. Subcontractor markup on labor = 1.31
25, Excavation area (f’) = 49624
26. Cost multiplier for 1-week turnaround on analytical data = 1.25
27. Fraction of excavation work performed in Level C PPE = 0.10
28. Labor productivity factor for Level C work = 0.67
29. Days excavation crew in Level C = 5
30. Days screening crew in Level C = 4
31. Perimeter of excavation area (ft) = 3832
32. Excavation area (sf) = 49624
33. Volume of pit water requiring POTW disposal ( gal) = 20000
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 344 $60.00 /hr $20,640.00
QA (Sampling) Coordinator 344 $40.00 /hr $13,760.00
H&S Coordinator 344 $50.00 /hr $17,200.00
Chemist (home office) 86 $51.00 /hr $4,386.00
Subcontractor:
Excavator Operator 43 $340.91 /day $14,659.32
Equipment Operator 35 $326.98 /day $11,444.16
Loader Operator 35 $312.00 /day $10,920.00
Laborers 78 $288.00 /day $22,464.00
Truck Drivers 129 $262.00 /day $33,798.00
Road Repair 1 $50,000.00 /site $50,000.00
Equipment:
Excavator 43 $704.00 /day $30,272.00
100-ton/hr Screening Plant 7 $1.800.00 /wk $12,600.00
Radiat Stacking Conveyor 7 $1,222.00 /wk $8,554.00
1 ¢y Front Wheel Loader 35 $280.86 /day $9,830.10
12-cy Dump Truck 86 $428.00 /day $36,808.00
3000 gal. Water Truck 43 $402.00 /day $17,286.00
150 gpm Pump 2 $2,439.00 /ea. $4,878.00
300 gpm Pump 2 $3,749.00 /ea. $7,498.00
7-ft Diameter Sand Filter 1 $22,310.00 /ea. $22,310.00
200-gpm GAC Adsorber (60004-disp.) 1 $14,217.00 /ea. $14,217.00
20000 gal Steel Water Tank 1 $14,618.00 /ea. $14,618.00
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Alternative 4 - Excavation and Off-Site Disposal Cost Estimate
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 5 of 7)
Analytical:
TCLP Extraction 142 $12.88 /ea $1,828.25
Lead 489 $300.00 /ea $146,700.00
SVOCs (8270C) 489 $197.50 /ea $96,577.50
NACs (8330) 488 $30.00 /ea $14,670.00
PCBs 489 $103.75 /ea $50,733.75
NAC field analyses 347 $40.00 /ea $13,880.00
Lead field analyses 2 $4,200.00 /mo. $8,400.00
Shipping 130 $40.00 /ea $5,216.00
Materials & Services:
Oftice Trailer 6 $500.00 /mo. $3,000.00
Level D PPE 245 $10.00 /day $2,450.00
Level C PPE 32 $35.00 /day $1,120.00
P1D rental 3 $974.00 /mo. $2,922.00
CGl rental 3 $380.00 /mo. $1,140.00
Pit Water Disposal 20 $1.62 /kgal $32.40
Travel for Contractor Crew:
Perdiem 568 $38.00 /day $21,584.00
Lodging 568 $80.00 /day $45,440.00
Rental Car 230 $40.00 /day $9,200.00
Subtotal $803,036.00
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(Page 6 of 7)
Includes:
1. Dispose of non-hazardous soil at a nonhazardous waste landfill.
2. Dispose of hazardous soil at a RCRA Subtitle C TSDF.

3. Dispose of PCB waste at a TSCA approved iandfill.
Assumptions and Calculations:

1. Volume of consolidated, non-hazardous soil (cy) = 12338
2. Volume of unconsolidated, non-hazardous soil {cy) = 16040
3. Tons of non-hazardous soil for disposal = 17644
4. Consolidated volume of D008 soil for haz disposal (cy) = 68 no D030 waste comingled
5. Consolidated volume of D030 soit for haz disposal (cy) = 3803
6. Consolidated volume of PCB soil for haz disposal (cy) = 119
7. Total volume of unconsolidated hazardous soii (cy) = 5186
8. Non-haz waste transportation cost ($/ton) = 6
9. Non-haz waste disposal costs ($/ton) = 31 Erie County Landfill
10. Non-haz waste regulatory fees ($/ton) = 0 included in disposal
11. Haz waste transportation cost ($/ton) = 35
12. D008 Haz waste disposal cost ($/ton) = 75
13. D030 Haz waste disposal cost ($/ton) = 150
14. PCB Haz waste disposal cost ($/ton) = 75
15. Haz waste regulatory fees ($/ton) = 10
16. No. of contractor field crew = 2
14. No. of subcontractor field crew = 2
17. Output of front-end loader (cy/day) = 550
18. No. of field days = 39
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent {(E-8) 312 $60.00 /nr $18,720.00
QA Coordinator 312 $40.00 /hr $12,480.00
Subcontractor Labor:
Front End Loader Operator 39 $312.00 /day $12,168.00
Laborer 39 $293.00 /day $11,427.00
PBOW Security 39 $120.00 /day $4,680.00
Materials:
Level D PPE 78 $10.00 /day $780.00
Equipment:
1 cy Front End Loader 39 $280.86 /day $10,953.54
Disposal Costs:
Transportation (Non-Haz Waste) 17644 $6.00 /ton $105,864.12
Disposal Cost (Non-Haz waste) 17644 $31.00 /ton $546,964.60
Transportation (Haz Waste) 5705 $35.00 /ton $199,675.00
Disposal Cost (D008 haz waste) 97 $85.00 /ton $8,245.00
Disposal Cost (D030 haz waste) 5438 $160.00 /ton $870,080.00
Disposal Cost (PCB haz waste) 170 $85.00 fton $14,450.00
Travel for field crew:
Lodging 218 $80.00 /day $17,440.00
Perdiem 218 $38.00 /day $8,284.00
Rental Car 109 $40.00 /day $4,360.00
Subtotal $1,846,571.00
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TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 7 of 7)
7.0 Backfill Excavation with Clean Soil

Includes:

1. Backfill excavated areas with clean backfill (confirm soil is clean by sampling)
2. Confirmation testing under contaminated soil stockpiles.

3. Prepare site close-out report.

Assumptions and Calculations:

1. Volume of consolidated soil excavated (cy) = 16328
2. Compaction factor = 1.15
3. Volume of soil required for backfill (cy) = 18777
4. Cost of clean backfill soil delivered to site ($/cy) = 12
5. Field days required to backfill soil = 34
6. No. of contractor field crew = 2
8. No. of subcontractor backfill field crew = 2
7. No. of confirmatory samples from backfill = 2
8. Subcontractor markup on equipment = 1.25
9. Subcontractor markup on labor = 1.3
10. Area of contaminated soil stockpile (sf) = 62370
11. Area per confirmation sample (sf) = 400
12. No. of confirmation samples under soil stockpile = 156
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 272 $60.00 /hr $16,320.00
QA Coordinator 272 $40.00 /hr $10,880.00
Site Close-Out Report 1 $20,000.00 /ea $20,000.00
Subcontractor Labor:
Front End Loader Operator 34 $312.00 /day $10,608.00
Laborer/Oiler 34 $279.29 /day $9,495.93
PBOW Security 34 $120.00 /day $4,080.00
Equipment:
1 cy Front End Loader 34 $280.86 /day $9,549.24
Material:
Backfill 18777 $12.00 /cy $225,326.40 delivered to site
PID rental 2 $974.00 /mo. $1,948.00
CGl rental 2 $380.00 /mo. $760.00
Level D PPE 68 $10.00 /day $680.00
Analytical:
RCRA Metals 2 $105.00 /ea $210.00
NACs (8330) 158 $158.00 /ea $24,964.00
SVOCs 2 $230.00 /ea $460.00
Lead 156 $24.00 /ea $3,744.00
PAHSs (8270C) 156 $160.00 /ea $24,960.00
PCBs 156 $83.00 /ea $12,948.00
Shipping 42 $40.00 /ea $1,680.00
Travel for field crew:
Lodging 190 $80.00 /day $15,200.00
Perdiem 190 $38.00 /day $7,220.00
Rental Car 85 $40.00 /day $3,800.00
Subcontract:
Reseeding 218 $56.84 /msf $12,391.00
Subtotal $417,225.00
8.0 Overall Cost
Total Capital Cost $3,337,925.50
Contingency (30%) $1,001,378.00
PM Multiplier (7.5%) $250,344.00
Fee/Profit (10%) $333,793.00
Total Cost $4,923,000.00

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

project cost.
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Alternative 4
Excavation/Off-Site Disposal Cost Estimate

Scope:

1. Perform bench-scale treatability study, prepare stabilization work plan, H&S plan, materials
list, and procurement

2. Mobilize equipment and personnel

3. Conduct pre-remediation soil sampling to better delineate the lateral and vertical extent of contamination.
4. Prepare site for remedial activity.

5. Excavate contaminated soil and perform confirmatory sampling

6. Dispose of untreated non-hazardous soil in a Subtitle D landfill. Dispose of untreated
hazardous soil in a Subtitle C landfill. Dispose of PCB remediation waste in a TSCA landfill.
7. Backfill excavated areas

8. Demobilize equipment and personnel

1.0 Work Plan, Health and Safety Plan. Materials List. and Procurement

Includes:
1. Labor to generate work plan, engineering specifications, and Health and Safety Plan
2. Procure equipment and materials

Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Senior Engineer (E-12) 40 $97.00 /hr. $3,880.00
Task Manager (E-8) 80 $62.00 /hr. $4,960.00
Geologist (E-8) 40 $62.00 /hr. $2,480.00
Project Engineer (E-6) 160 $50.00 /hr. $8,000.00
Health and Safety (E-8) 40 $62.00 /hr. $2,480.00
Procurement Specialist (E-6) 80 $56.00 /hr. $4,480.00
Drafting (E-6) 40 $50.00 /hr. $2,000.00
Document Repro (Draft and Final) 2 $1,000.00 /ea $2,000.00
Subtotal $30,280.00
Includes:

1. Mobilize equipment and personne!
2. Contractor field crew consists of a site superintendent, geologist, and a field technician.
3. Four 2-day trips for 2 contractor personnel for pre-remediation coordination.

Service/Materials Unit Unit Cost Subtotal
Labor:
Site Superintendent (E-8) 24 $60.00 /hr $1,440.00
QA (Sampling) Coordinator 24 $40.00 /hr $960.00
H&S Coordinator 16 $50.00 /hr $800.00
Field Geologist 2 $480.00 /day $960.00

Subcontractor Labor:

Excavator Operator 2 $340.91 /day $681.83
Equipment Operator 2 $326.98 /day $653.95
Loader Operator 2 $312.00 /day $624.00
Laborers 2 $288.00 /day $576.00
Truck Drivers 6 $262.00 /day $1,572.00
Equipment:

Excavator 2 $704.00 /day $1,408.00
1 cy Front Wheel Loader 2 $280.86 /day $561.72
Screening Plant 2 $1,000.00 /ea $2,000.00
Radial Conveyor 2 $500.00 /ea $1,000.00
Dump Truck 6 $428.00 /day $2,568.00

Travel for contractor crew:
Perdiem 30 $38.00 /day $1,140.00
Lodging 30 $80.00 /day $2,400.00
Rental Car 16 $40.00 /day $640.00
Airfare 19 $600.00 /ea $11,400.00

Subtotal $31,385.50
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Alternative 4 - Excavation and Off-Site Disposal Cost Estimate
TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio
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Includes:
1. Hydropunch soil sampling
2. Analysis of soil samples for chemicals of concern.
Assumptions:
1. Perimeter of proposed remediation area (ft) = 3415
2. Distance between boring locations = 40
3. No. of borings = 86
4. Average depth of boring (ft) = 10
5. No. of samples collected per boring = 3
6. Total no. of samples collected = 258
7. No. of borings advanced per day = 10
Service/Materials Unit Unit Cost Subtotal
Contractor:
Field Geologist 9 $480.00 /day $4,320.00
Subcontractor:
Mob/Demob 1 $2,000.00 /ea $2,000.00
Hydropunch Borings 860 $15.00 /it $12,900.00
Equipment Decon 86 $90.00 /ea $7,740.00
Materials:
Field Supplies 86 $20.00 /bor. $1,720.00
Field Instruments 2 $400.00 /wk $800.00
Analytical:
NACs (8330) 258 $158.00 /ea $40,764.00
Lead 258 $24.00 /ea $6,192.00
PAHs (8270C) 258 $160.00 /ea $41,280.00
PCBs 258 $83.00 /ea $21,414.00
Shipping 69 $40.00 /ea $2,760.00
Equipment:
P/U Truck 9 $52.00 /day $468.00
Travel for Contractor Crew:
Perdiem 9 $38.00 /day $342.00
Lodging 9 $80.00 /day $720.00
Subtotal $143,420.00
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Alternative 4 - Excavation and Off-Site Disposal Cost Estimate
TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio
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4.0 Site Preparation
Includes:
1. Clear remedial areas and treatment area = 5 acres
2. Construct 12" soil berm around staging areas (200 ft x 250 ft area = 900 ft ).
3. Excavate soil for contact water retension pond.
Assumptions:
1. Volume of soil removed for contact water retention pond = 1,644
2. Excavator: hydraulic backhoe, 1 cy bucket
3. Excavator output (cy/day) = 600
4. Days to excavate soil = 4
5. Volume of containment berm (cy) = 74
6. No. of contractor field crew = 2
Service/Materials Unit Unit Cost Subtotal
Contractor:
Site Superintendent 80 $60.00 /hr $4,800.00
QA Coordinator 80 $40.00 /hr $3,200.00
Subcontractor:
Surveying 1 $24,000.00 /site $24,000.00
Site Clearing 4 $2,300.00 /acre $9,200.00
Excavator Operator 4 $340.91 /day $1,363.66
Equipment:
Excavator 4 $704.00 /day $2,816.00
Materials:
Earthen containment berm 74 $6.00 /cy $444.00
Travel for Field Crew:
Per Diem 28 $38.00 /day $1,064.00
Lodging 28 $80.00 /day $2,240.00
Rental Car 14 $40.00 /day $560.00
Subtotal $49,688.00
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Alternative 4 - Excavation and Off-Site Disposal Cost Estimate
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Plum Brook Ordnance Works, Sandusky, Ohio
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Includes:
1. Excavation of soil with contaminants exceeding RGOs
2. Screen oversize material
3. Collect confirmatory sampling to determine extent of excavation
4. Staging and characterizing waste stream
Assumptions and Calculations:
1. Cubic yards of consolidated soil excavated = 9205
2. Swell factor for soil upon excavation = 1.3
3. Cubic yards of unconsolidated soil = 11967
4. Density of unconsolidated soil (tons/cy) = 1.1
5. Mass of unconsolidated soil (tons) = 13163
6. Capacity of screening plant (tons/hr) = 100
7. Excavator: hydraulic backhoe, 1 cy bucket ($/day) = $704
8. Excavator output (cy/day) = 600
9. Days to excavate soil = 24
10. Dump truck capacity (cy) = 12
11. Dump truck haul distance (mi.) = 0.5
12. Dump truck output (cy/day) = 250
13. No. of required dump trucks per day = 2
14. Soil sample collected for waste characterization / cy = 150
15. No. of soil samples collected for waste characterization = 80
16. Number of contractor field crew = 3
17. Number of subcontractor excavation crew = 4
18. Number of subcontractor screening crew = 3
19. Airfare included under mobilization
20. Lineal foot of excavation per confirmation sample = 20
21. Resampling factor for confirmation sampling = 1.1
22. No.of confirmatory samples from excavated area = 286
23. Subcontractor markup on equipment = 1.25
24, Subcontractor markup on labor = 1.31
25. Excavation area (ft’) = 35583
26. Cost multiplier for 1-week turnaround on analytical data = 1.25
27. Fraction of excavation work performed in Leve! C PPE = 0.10
28. Labor productivity factor for Level C work = 0.67
29. Days excavation crew in Level C = 3
30. Days screening crew in Level C = 2
31. Perimeter of excavation area (ft) = 3415
32. Excavation area (sf) = 35583
33. Volume of pit water requiring POTW disposal ( gal) = 20000
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 192 $60.00 /hr $11,520.00
QA (Sampling) Coordinator 192 $40.00 /hr $7,680.00
H&S Coordinator 192 $50.00 /hr $9,600.00
Chemist (home office) 48 $51.00 /hr $2,448.00
Subcontractor:
Excavator Operator 24 $340.91 /day $8,181.95
Equipment Operator 20 $326.98 /day $6,539.52
Loader Operator 20 $312.00 /day $6,240.00
Laborers 44 $288.00 /day $12,672.00
Truck Drivers 72 $262.00 /day $18,864.00
Road Repair 1 $50,000.00 /site $50,000.00
Equipment:
Excavator 24 $704.00 /day $16,896.00
100-ton/hr Screening Plant 4 $1,800.00 /wk $7,200.00
Radial Stacking Conveyor 4 $1,222.00 /wk $4,888.00
1 cy Front Wheel Loader 20 $280.86 /day $5,617.20
12-cy Dump Truck 48 $428.00 /day $20,544.00
3000 gal. Water Truck 24 $402.00 /day $9,648.00
150 gpm Pump 2 $2,439.00 /ea. $4,878.00
300 gpm Pump 2 $3,749.00 /ea. $7,498.00
7-ft Diameter Sand Filter 1 $22,310.00 /ea. $22,310.00
200-gpm GAC Adsorber (6000#-disp.) 1 $14,217.00 /ea. $14,217.00
20000 gal Steel Water Tank 1 $14,618.00 /ea. $14,618.00
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Analytical:
TCLP Extraction 80 $12.88 /ea $1,030.00
Lead 366 $300.00 /ea $109,800.00
SVOCs (8270C) 366 $197.50 /ea $72,285.00
NACs (8330) 366 $30.00 /ea $10,980.00
PCBs 366 $103.75 /ea $37,972.50
NAC field analyses 286 $40.00 /ea $11,440.00
Lead 1iela analyses 2 $4,200.00 /mo. $8,400.00
Shipping 98 $40.00 fea $3,904.00

Materials:
Office Trailer 4 $500.00 /mo. $2,000.00
LevelDPPE 138 $10.00 /day $1,380.00
Level C PPE 18 $35.00 /day $630.00
PiD rental 2 $974.00 /mo. $1,948.00
CLil rental P $38U.00 /Mo, $/60.0U
Pit Water Disposal 20 $1.62 /kgal $32.40

Travel for Contractor Crew:
Perdiem 319 $38.00 /day $12,122.00
Lodging 319 $80.00 /day $25,520.00
Rental Car 129 $40.00 /day $5,160.00
Subtotal $567,424.00
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Includes:
1. Dispose of non-hazardous soil at a nonhazardous waste landfill.
2. Dispose of hazardous soil at a RCRA Subtitle C TSDF.
3. Dispose of PCB waste at a TSCA approved landfill.
Assumptions and Calculations:
1. Volume of consolidated, non-hazardous soil (cy) = 6895
2. Volume of unconsolidated, non-hazardous soil {cy) = 8964
3. Tons of non-hazardous soil for disposal = 9860
4. Consolidated volume of D008 soil for haz disposal (cy) = 207
5. Consolidated volume of D030 soil for haz disposal (cy) = 2103
6. Consolidated volume of PCB soil for haz disposal (cy) = 4]
7. Total volume of unconsolidated hazardous soil (cy) = 3003
8. Non-haz waste transportation cost ($/ton) = 6
9. Non-haz waste disposal costs ($/ton) = 31 Erie County Landfill
10. Non-haz waste reguiatory fees ($/ton) = 0 included in disposal
11. Haz waste transportation cost ($/ton) = 35
12. D008 Haz waste disposal cost ($/ton) = 75 EO Environmental
13. D030 Haz waste disposal cost ($/ton) = 150 EO Environmental
14. PCB Haz waste disposal cost ($/ton) = 75 EO Environmental
15. Haz waste regulatory fees ($/ton) = 10
16. No. of contractor field crew = 2
14. No. of subcontractor field crew = 2
1/. LUIpUL O TroNt-enda loaaer (cy/aay) = 550
18. No. of field days = 22
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintenaent (E-8) 1/6 $oU.LL /nr $10,560.00
QA Coordinator 176 $40.00 /hr $7,040.00
Subcontractor Labor:
Front End Loader Operator 22 $312.00 /day $6,864.00
Laborer 22 $293.0U /aay $6,446,0U
PBOW Security 22 $120.00 /day $2,640.00
matenais:
Level D PPE 44 $10.00 /day $440.00
Equipment:
1 cy Front End Loader 22 $280.86 /day $6,178.92
Disposal Costs:
Transportation (Non-Haz Waste) 9860 $6.00 /ton $59,160.85
Disposal Cost {(Non-Haz waste) 9860 $31.00 /fton $305,664.40
Transportation (Haz Waste) 3303 $35.00 fton $115,605.00
Disposal Cost (D008 haz waste) 296 $85.00 /ton $25,160.00
Lisposail Lost (DUSU haz waste)  3uu/ $16U.0V0 /1o $481,120.00
Disposal Cost (PCB haz waste) 4] $85.00 fton $0.00
Travel for field crew:
Lodging 123 $80.00 /day $9,840.00
Perdiem 123 $38.00 /day $4,674.00
Rental Car 62 $40.00 /day $2,480.00
Subtotal $1,043,873.00
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7.0 Backfill Excavation with Clean Soil

Includes:

2. Lontirmation testing under contaminatea Soi Stockpiles.
3. Prepare site close-out report.

Assumptions and Calculations:

1. Backfill excavated areas with clean backfill (confirm soil is clean by sampling)

$127,029.00 delivered to site

1. Volume of consolidated soil excavated (cy) = 9205
2. Compaction factor = 1.15
3. Volume of soil required for backill (cy) = 10586
4. Cost of clean backfill soil delivered to site ($/cy) = 12
5. Field days required to backfill soil = 19
6. No. of contractor field crew = 2
8. No. of subcontractor backfill field crew = 2
7. No. of confirmatory samples from backfill = 2
8. Subcontractor markup on equipment = 1.25
9. Subcontractor markup on labor = 1.31
10. Area of contaminated soil stockpile (sf) = 34338
11. Area per conrirmaton sampie {sf) = W
12. No. of confirmation samples under soil stockpile = 86
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 152 $60.00 /hr $9,120.00
WA Coorainator 152 $40.00 /nr $6,080.00
Site Close-Out Report 1 $20,000.00 /ea $20,000.00
Subcontractor Labor:
Front End Loader Operator 19 $312.00 /day $5,928.00
Laborer/uier 1Y $2/9.29 /qay $5,3U6.55
PBOW Security 19 $120.00 /day $2,280.00
Equipment:
1 cy Front End Loader 19 $280.86 /day $5,336.34
Material:
Backfill 10586 $12.00 /cy
PID rental 1 $974.00 /mo. $974.00
Cul rental 1 $380.00 /mo. $3BL.VU
Level D PPE 38 $10.00 /day $380.00
Analytical:
RCRA Metals 2 $105.00 /ea $210.00
NACs (8330) 88 $158.00 /ea $13,904.00
SVOCs 2 $230.00 /ea $460.00
Lead 86 $24.00 /ea $2,064.00
PAHs (8270C) 86 $160.00 /ea $13,760.00
ruBs b P30V /ea $7,188.00
Shipping 23 $40.00 /ea $920.00
Travel for field crew:
Lodging 106 $80.00 /day $8,480.00
rerdiem 6 $38.0U /aay $4,028.00
Rental Car 53 $40.00 /day $2,120.00
Subcontract:
Reseeding 218 $56.84 /msf $12,391.00
Subtotal

$248,289.00

Total Capital Cost $2,114,359.50

Contingency (30%) $634,308.00
M MuItIptier (7.57%) 1908,5/1.0u
Fee/Profit (10%) $211,436.00
Total Cost $3,119,000.00

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

project cost.
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Alternative 5 - Excavation, Windrow Composting, Ex-Situ Stabilization, On-Site and Off-Site Disposal Cost Estimate
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 12)
Alternative 5
Excavation/Composting/Stabilization/Off-Site and On-Site

Disposal Cost Estimate Date: 9/11/2003

Scope:

1. Perform bench-scale treatability studies to test the effectiveness of windrow composting and

chemical stabilization for treating chemical of concern in soil, prepare remedial work plan, H&S

plan, materials list, and procurement.

2. Mobilize equipment and personnel

3. Conduct pre-remediation soil sampling to better delineate the lateral and vertical extent of contamination.
4. Prepare site for remedial activity.

5. Excavate contaminated soil and perform confirmatory sampling.

8. Treatment of soil contaminated with nitroaromatic compounds via windrow composting.

7. Chemically stabilize Pb-contaminated soil that cannot be effectively treated using windrow composting..
8. Off-site disposal of stabilized soil and PCB remediation waste..

9. Backfill excavation with clean soil and spread treated compost across site.

10. Demobilize equipment and personnel.

1.0 Bench-Scale Study, Work Plan, Health and Safety Plan, Materials List, and Procurement

includes:

1. Perform bench-scale treatability study to (1) define most cost-effective compost mix formula and
(2) determine the optimum chemical additives and mix ratio for chemical stabilization. Results will
be used to generate the design work plan.

2. Labor to generate work plan, engineering specifications, and Health and Safety Plan

3. Procure equipment and materials

Service/Materials Unit Unit Cost Subtotal
Composting Treatability Study 1 $20,000.00 /ea $20,000.00
Stabilization Treatability Study 1 $15,000.00 /ea $15,000.00

Contractor Labor:

Senior Engineer (E-12) 80 $97.00 /hr. $7,760.00

Task Manager (E-8) 160 $62.00 /hr. $9,920.00

Geologist (E-8) 40 $62.00 /hr. $2,480.00

Project Engineer (E-6) 320 $50.00 /hr. $16,000.00

Health and Safety (E-8) 80 $62.00 /hr. $4,960.00

Procurement Specialist (E-6) 160 $56.00 /hr. $8,960.00

Drafting (E-6) 80 $50.00 /hr. $4,000.00

Document Repro (Draft and Final) 2 $1,000.00 /ea $2,000.00
Subtotal $91,080.00
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Includes:
1. Mobilize equipment and personnel
2. Contractor field crew consists of site superintendent, geologist, and a field technicians
3. Four 2-day trips for 2 contractor personnel for pre-remediation coordination.
Service/Materials Unit Unit Cost Subtotal
Labor:
Site Superintendent (E-8) 24 $60.00 /hr $1,440.00
QA (Sampling) Coordinator 24 $40.00 /hr $960.00
H&S Coordinator 16 $50.00 /hr $800.00
Field Geologist 2 $480.00 /day $960.00
Subcontractor Labor:
Excavator Operator 2 $340.91 /day $681.83
Equipment Operator 2 $326.98 /day $653.95
Equipment Operator 2 $326.98 /day $653.95
Dozer Operator 2 $326.98 /day $653.95
Loader Operator 2 $312.00 /day $624.00
Loader Operator 2 $312.00 /day $624.00
Laborers 2 $288.00 /day $576.00
Ttuck Drivers 12 $262.00 /day $3,144.00
Equipment:
Excavator 2 $704.00 /day $1,408.00
1 ¢y Front Wheel Loader 2 $280.86 /day $561.72
3 cy Front Wheel Loader 2 $485.22 /day $970.44
Windrow Turner 2 $1,000.00 /mob $2,000.00
10-cy Mixing System 2 $975.00 /ea $1,950.00
Screening Plant 2 $1,000.00 /ea $2,000.00
Radial Conveyor 2 $500.00 /ea $1,000.00
D-6H Dozer 2 $630.70 /day $1,261.40
Dump Trucks 12 $428.00 /day $5,136.00
Travel for contractor crew:
Perdiem 42 $38.00 /day $1,596.00
Lodging 42 $80.00 /day $3,360.00
Rental Car 20 $40.00 /day $800.00
Airfare 25 $600.00 /ea $15,000.00
Subtotal $48,815.00
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Table 4-7
Alternative 5 - Excavation, Windrow Composting, Ex-Situ Stabilization, On-Site and Off-Site Disposal Cost Estimate
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio
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Includes:
1. Hydropunch soil sampling
2. Analysis of soil samples for chemicals of concern.
Assumptions:
1. Perimeter of proposed remediation area (ft) = 3832
2. Distance between boring locations = 40
3. No. of borings = 96
4. Average depth of boring (ft) = 10
5. No. of samples collected per boring = 3
6. Totat no. of samples collected = 288
7. No. of borings advanced per day = 10
Service/Materials Unit Unit Cost Subtotal
Contractor:
Field Geologist 10 $480.00 /day $4,800.00
Subcontractor:
Mob/Demob 1 $2,000.00 /ea $2,000.00
Hydropunch Borings 960 $15.00 /ft $14,400.00
Equipment Decon 96 $90.00 /ea $8,640.00
Materials:
Field Supplies 96 $20.00 /bor. $1,920.00
Field instruments 2 $400.00 /wk $800.00
Analyticatl:
NACs (8330) 288 $158.00 /ea $45,504.00
Lead 288 $24.00 /ea $6,912.00
PAHSs (8270C) 288 $160.00 /ea $46,080.00
PCBs 288 $83.00 /ea $23,904.00
Shipping 77 $40.00 /ea $3,072.00
Equipment:
P/U Truck 10 $52.00 /day $520.00
Travel for Contractor Crew:
Perdiem 10 $38.00 /day $380.00
Lodging 10 $80.00 /day $800.00
Subtotal $159,732.00
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Table 4-7
Alternative 5 - Excavation, Windrow Composting, Ex-Situ Stabilization, On-Site and Off-Site Disposal Cost Estimate
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio
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4.0 Site Preparation
Includes:
1. Clear remedial areas and treatment area = 5 acres
2. Construct 12" soil berm around treatment areas (400 ft x 500 ft area = 1800 ft ).
3. Excavate soil for contact water retension pond.
4. Construct 6-inch reinforced concrete slab for treatment area.
Assumptions:
1. Volume of soil removed for contact water retention pond = 3,288
2. Excavator: hydraulic backhoe, 1 ¢y bucket
3. Excavator output (cy/day) = 600
4. Days to excavate soil = 7
5. Volume of containment berm (cy) = 106
6. No. of contractor field crew = 2
7. Area of concrete treatment slab (160 ft x 420 ft) (sf) = 67200
Service/Materials Unit Unit Cost Subtotal
Contractor:
Site Superintendent 320 $60.00 /hr $19,200.00
QA Coordinator 320 $40.00 /hr $12,800.00
Subcontractor:
Surveying 1 $24,000.00 /site $24,000.00
Site Clearing 7 $2,300.00 /acre $16,100.00
Excavator Operator 7 $258.80 /day $1,811.60
Concrete Slab 67200 $4.39 /sf $295,008.00
Equipment:
Excavator 7 $704.00 /day $4,928.00
Materials:
Earthen containment berm 106 $6.00 /oy $636.00
Travel for Field Crew:
Per Diem 112 $38.00 /day $4,256.00
Lodging 112 $80.00 /day $8,960.00
Rental Car 56 $40.00 /day $2,240.00
Subtotal $389,940.00

KNI\PBOWITNTA&C\FS\FINAL\Table 4-7.xIs{Alt 5 Area ANS/30/2003(6:09 PM)



Table 4-7
Alternative 5 - Excavation, Windrow Composting, Ex-Situ Stabilization, On-Site and Off-Site Disposal Cost Estimate
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio
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Includes:
1. Excavation of soil with contaminants exceeding RGOs
2. Screen oversize material
2. Collect confirmatory samples to determine extent of excavation
3. Staging and characterizing waste stream
Assumptions and Calculations:
1. Cubic yards of consolidated soil excavated = 16328
2. Swell factor for soil upon excavation = 1.3
3. Cubic yards of unconsolidated soil = 21226
4. Density of unconsolidated soit (tons/cy) = 1.1
5. Mass of unconsolidated soil (tons) = 23349
6. Capacity of screening plant (tons/hr) = 100
7. Excavator: hydraulic backhoe, 1 cy bucket ($/day) = 602
8. Excavator output (cy/day) = 600
9. Days to excavate soil = 43
10. Dump truck capacity (cy) = . 12
11. Dump truck haul distance (mi.) = 0.5
12. Dump truck output (cy/day) = 250
13. No. of required dump trucks per day = 2
14. Soil sample collected for waste characterization / cy = 150
15. No. of soil samples collected for waste characterization = 142
16. Number of contractor field crew = 3
17. Number of subcontractor excavation crew = 4
18. Number of subcontractor screening crew = 3
19. Airfare included under mobilization
20. Lineal foot of excavation per confirmation sample = 20
21. Resampling factor for confirmation sampling = 11
22. No.of confirmatory samples from excavated area = 347
23. Subcontractor markup on equipment = 1.25
24. Subcontractor markup on labor = 1.3t
25, Excavation area (ft’) = 49624
26. Cost multiplier for 1-week turnaround on analytical data = 1.25
27. Fraction of excavation work performed in Level C PPE = 0.10
28. Labor productivity factor for Level C work = 0.67
29. Days excavation crew in Level C = 5
30. Days screening crew in Level C = 4
31. Perimeter of excavation area (ft) = 3832
32. Excavation area (sf) = 49624
33. Volume of pit water requiring POTW disposal ( gal) = 20000
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 344 $60.00 /hr $20,640.00
QA (Sampling) Coordinator 344 $40.00 /hr $13,760.00
H&S Coordinator 344 $50.00 /hr $17,200.00
Chemist (home office) 86 $51.00 /hr $4,386.00
Subcontractor:
Excavator Operator 43 $340.91 /day $14,659.32
Equipment Operator 35 $326.98 /day $11,444.16
Loader Operator 35 $312.00 /day $10,920.00
Laborers 78 $288.00 /day $22,464.00
Truck Drivers 129 $262.00 /day $33,798.00
Road Repair 1 $50,000.00 /site $50,000.00
Equipment:
Excavator 43 $704.00 /day $30,272.00
100-ton/hr Screening Plant 7 $1,800.00 /wk $12,600.00
Radial Stacking Conveyor 7 $1,222.00 Ak $8,554.00
1 cy Front Wheel Loader 35 $280.86 /day $9,830.10
Dump Truck 86 $428.00 /day $36,808.00
3000 gal. Water Truck 43 $402.00 /day $17,286.00
150 gpm Pump 2 $2,439.00 /ea. $4,878.00
300 gpm Pump 2 $3,749.00 /ea. $7,498.00
7-ft Diameter Sand Filter 1 $22,310.00 /ea. $22,310.00
200-gpm GAC Adsorber (6000#-disp.) 1 $14,217.00 /ea. $14,217.00
20000 gal Steel Water Tank 1 $14,618.00 /ea. $14,618.00
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Table 4-7
Alternative 5 - Excavation, Windrow Composting, Ex-Situ Stabilization, On-Site and Off-Site Disposal Cost Estimate
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio
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Analytical:
TCLP Extraction 142 $12.88 Jea $1,828.25
SVOCs (8270C) 489 $300.00 /ea $146,700.00
NACs (8330) 489 $197.50 /ea $96,577.50
lead 489 $30.00 /ea $14,670.00
PCBs 489 $103.75 /ea $50,733.75
NAC field analyses 347 $40.00 /ea $13,880.00
Lead neia analyses P4 $4,200.00 /mo. $8,4U00.00
Shipping 130 $40.00 /ea $5,216.00
Materials & Services:
Office Trailer 6 $500.00 /mo. $3,000.00
Level DPPE 245 $10.00 /day $2,450.00
Level C PPE 32 $35.00 /day $1,120.00
PID rental 3 $974.00 /mo. $2,922.00
Pit Water Disposal 20 $1.62 /kgal $32.40
Travel for Contractor Crew:
Perdiem 568 $38.00 /day $21,584.00
Lodging 568 $80.00 /day $45,440.00
Rental Car 230 $40.00 /day $9,200.00
Subtotal $801,896.00
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Alternative 5 - Excavation, Windrow Composting, Ex-Situ Stabilization, On-Site and Off-Site Disposal Cost Estimate
TNT Area A
Plum Brook Ordnance Works, Sandusky, Ohio
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Includes:
1. Purchase and erection of treatment building
2. Purchase composting equipment
3. Procurement and installation of contact water treatment equipment
4. Purchase of stockpile & amendment storage liners and covers
5. Procurement & stockpiling of composting amendments
6. Mix and compost soil and amendments
7. Pre-compliance testing: after compost formation & at end of treatment.
8. Compliance sampling for NAC, metals, PAHs, PCBs
Assumptions:
1. Volume of consolidated soil to be treated (cy) = 15992
2. Volume of unconsalidated soil to be treated (cy) = 20790
3. Compost treatment duration (months) = 14
4. Capacity of windrow turner (tons/hr) = 3,200
5. Operating life of flails (hrs) = 25
6. No. of flails on windrow turner = 172
7. Volume of compost in treatment building (cy) = 4,448
8. Bulk density of compost (tons/cy} = 0.379
9. Bermed work area (sf) = 200,000
10. Contaminated soil stockpile area (sf) = 62,370
11. Treated soil stockpile area (sf) = 6,672
12. Height of stockpiles (ft) = 9
13. Manure storage area (sf) = 192
14. Capacity of contact water treatment system (gpm) = 200
15. Loading rate of multimedia filter (gpm/sf) = 5
16. Diameter of multimedia filter (ft) = 7
17. Volume of bulking amendment (cy) = 59947
18. Volume of agricultural waste amendment (cy) = 2425
19. Total volume of compost before treatment (cy) = 83133
20. Shrinkage factor for compost = 0.60
21. Compost volume per pre-compliance sample collected (cy) = 50
22. Compost volume per compliance sample collected (cy) = 150
23. Markup on materials = 1.10
24. Subcontractor markup on equipment = 1.25
25, Subcontractor markup on labor = 1.31
26. Cost multiplier for 1-week turnaround on analytical data = 1.25
27. Salvage factor for major equipment at end of project = 0.50
28. Number of contractor field crew = 2
29. Number of subcontractor field crew = 3

Service/Materials Unit Unit Cost Subtotal

Contractor Labor:

Site Superintendent 308 $480.00 /day $147,840.00
QA (Sampling) Coordinator 308 $320.00 /day $98,560.00
Subcontractor Labor:
Equipment Operator 308 $326.98 /day $100,708.61
Equipment Operator 308 $326.98 /day $100,708.61
Equipment Operator 308 $326.98 /day $100,708.61
PBOW Security 56 $120.00 /day $6,720.00
Equipment:
Windrow Turner (7' x 20") 1 $156,250.00 /ea. $156,250.00 less salvage
75 cy/hr Tub Grinder 1 $26,225.00 /ea $26,225.00 less salvage
Bobcat 1 $16,000.00 /ea. $16,000.00 less salvage
P/U Truck 1 $20,000.00 /ea. $20,000.00
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Materials:
Office Trailer 28 $500.00 /mo. $14,000.00
Erect Treatment Building 2 $35,080.00 /ea $70,160.00
Building Foundation & Accessories 2 $14,132.00 /ea $28,264.00
Treatment Building 2 $130,866.00 /ea $261,732.00
Treatment Building Lighting 2 $10,460.00 /ea $20,920.00
Dismantle Treatment Building 2 $33,500.00 /ea $67,000.00
Repl. Flails for Windrow Turner 3096 $9.50 /ea $29,412.00
40-mil Liner for Soil Stockpiles 72494 $1.58 /sf $114,830.65
10-mil Cover for Soil Stockpiles 69795 $0.83 /sf $57,580.88
40-mil Liner for Manure 202 $1.58 /st $319.33
10-mil Cover for Manure 606 $0.83 /sf $499.95
Straw 59947 $13.56 /cy $812,611.56
Manure 2425 $14.97 /oy $36,309.53
water 1//5 $9.4U /Kgal $16,682.6/
LevelDPPE 924 $10.00 /day $9,240.00
PID rental 14 $974.00 /mo. $13,636.00
CGl rental 14 $380.00 /mo. $5,320.00
Analytical:
Pre-Compliance Sampling:
NAC field analyses 3325 $40.00 /ea $133,012.80
Compliance Sampling:
SVUCs (B2/U0) 833 $3UO.UU /ea $9Y,/59.6V0
NACs (8330) 333 $197.50 /ea $65,675.07
Lead 333 $30.00 /ea $9,975.96
PCBs 333 $103.75 Jea $34,500.20
1ravet TOr Flela Lrew:
Per Diem 2156 $38.00 /day $81,928.00
Lodging 2156 $30.00 /day $64,680.00 long-term stay
Rental Car 431 $40.00 /day $17,240.00
Subtotal $2,839,011.00
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Includes:
1. Stabilization of hazardous soil using cement and activated carbon
Assumptions and Calculations:
1. Volume of consolidated haz. soil to be stabilized = 217
2. Swell factor for soil upon excavation = 1.3
3. Cubic yards of unconsolidated soil = 282
4. Density of soil (ton/cy) = 141
5. Tons of hazardous soil that needs to be stabilized = 310
6. Bulk density of portland cement (tons/cy) = 1.27
7. Bulk density of activated carbon (tons/cy) = 1.31
8. Mix ratio of carbon to soil = 0.02
9. Mix ratio of portland cement to soil = 0.08
10. Carbon cost ($/ton)= 2000
11. Cement cost ($/ton)= 105
12. Carbon required for stabilization (tons) = 6
13. Cement required for stabilization (tons) = 25
14. No. of contractor field crew = 2
15. Stabilization batch cycle time (min) = 15
16. Field days required to stabilize soil = 1
17. Swell upon stabilization = 1.132
18. Soil sample collected for waste characterization / cy = 150
19. No. of soil samples collected = 2
20. Tons of stabilized soil = 372
21. Volume of stabilized soil (cy) = 319
22. Subcontractor markup on equipment = 1.25
23. Subcontractor markup on labor = 1.31
24. Number of subcontractor field crew = 4
25. Equipment setup/teardown (days) = 10
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent 11 $480.00 /day $5,280.00
QA (Sampling) Coordinator 11 $320.00 /day $3,520.00
Subcontractor Labor:

Wheel Loader Operator 11 $238.00 /day $2,618.00
Process tquipment uperator 1 $240.0U /aay $2,640.00
Process Equipment Operator 11 $240.00 /day $2,640.00

Laborer 11 $270.00 /day $2,970.00
PBOW Security 11 $120.00 /day $1,320.00
Equipment:
1 cy Front Wheel Loader 11 $280.86 /day $3,089.46
10-cy Mixing System 1 $6,250.00 /mo $6,250.00
Belt Feeder for Mixing Stystem 1 $728.00 /mo $728.00
Stabilization Ancilliary Equipment 1 $557.00 /mo $557.00
Dust Collecton System 1 $530.00 /mo $530.00
Radial Stacking Conveyor 1 $3,605.00 /mo $3,605.00
Materials:
Office Trailer 2 $500.00 /mo. $1,000.00
Carbon 6 $2,000.00 /ton $12,000.00
Cement 25 $105.00 /ton $2,625.00
Water 3 $9.40 /kgpd $24.68
Level D PPE 44 $10.00 /day $440.00
PID rental 1 $974.00 /mo. $974.00
CGl rental 1 $380.00 /mo. $380.00
Analytical:
TCLP Extraction 2 $10.30 /ea $21.00
Lead 2 $24.00 /ea $48.00
SVOCs (8270C) 2 $240.00 /ea $480.00
NACs (8330) 2 $158.00 /ea $316.00
PCBs 2 $83.00 /ea $166.00
Unconfined Compresive Strength 2 $130.00 /ea $260.00
Shipping 1 $40.00 /ea $40.00
Travel for field crew:
Lodging 92 $80.00 /day $7,360.00
Perdiem 92 $38.00 /day $3,496.00
Rental Car 31 $40.00 /day $1,240.00
Subtotal $66,618.00
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8.0 Off-Site Disposal

Includes:
1. Dispose of stabilized soil at a nonhazardous waste landfill
2. Dispose of PCB waste at a TSCA approved landfill
Assumptions and Calculations:
1. Tons of stabilized soil = 372
2. Tons of soil for non-haz waste landfill disposal = 372
3. Volume of consolidated soil for haz waste disposal (cy) = 119
4. Volume of unconsolidated soil for haz waste disposal (cy) = 155
5. Tons of soil for haz waste landfill disposal = 171
6. Non-haz waste transportation cost ($/ton) = 6
7. Non-haz waste disposal costs ($/ton) = 31 Erie County Landfill
8. Non-haz waste regulatory fees ($/ton) = 0 included in disposal
9. Haz waste transportation cost ($/ton) = 35
10. D008 Haz waste disposal cost ($/ton) = 75 EO Environmental
11. D030 Haz waste disposal cost ($/ton) = 150 EO Environmental
12. PCB Haz waste disposal cost ($/ton) = 75 EO Environmental
13. Haz waste regulatory fees ($/ton) = 10
14. No. of contractor field crew = 2
14. No. of subcontractor field crew = 2
15. Output of front-end loader (cy/day) = 550
16. No. of field days = 1
17. Subcontractor markup on equipment = 1.25
18. Subcontractor markup on labor = 1.31
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 8 $60.00 /hr $480.00
QA Coordinator 8 $40.00 /hr $320.00
subcontractor Lanor:
Front End Loader Operator 1 $312.00 /day $312.00
Laborer/Qiler 1 $279.29 /day $279.29
PBOW Security 1 $120.00 /day $120.00
Materials:
Level U PPE 4 $10.0V /aay $20.00
Equipment:
1 cy Front Wheel Loader 1 $280.86 /day $280.86
Disposal Costs:
Transportation (Non-Haz Waste) 372 $6.00 /ton $2,232.00
Disposal Cost (Non-Haz waste) 372 $31.00 /ton $11,532.00
Transportation (Haz Waste) 171 $35.00 /ton $5,967.50
Disposal Cost (D008 haz waste) o] $85.00 fton $0.00
Disposal Cost (D030 haz waste) 0 $160.00 /ton $0.00
Disposal Cost (PCB haz waste} 171 $85.00 /ton $14,492.50
Travel for field crew:
Lodging 4 $80.00 /day $320.00
Perdiem 4 $38.00 /day $152.00
Rental Car 2 $40.00 /day $80.00
Subtotal $36,588.00
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9.0 On-Site Compost Disposal / Backfill Excavation with Clean Soil

Includes:
1. Backfill excavated areas with clean backfill.
2. Load treated compost, truck to site, spread compost with dozer
3. Confirmation testing under contaminated soil stockpiles.
4. Prepare site close-out report.
Assumptions and Calculations:
1. Volume of consolidated soil excavated (cy) = 16328
2. Compaction factor = 1.15
3. Volume of soil required for backfill (cy) = 18777
4. Cost of clean backfill soil delivered to site ($/cy) = 12
6. Field days required to backfill soil = 34
7. No. of contractor field crew = 2
8. No. of subcontractor backfill field crew = 1
9. No. of compost loading field crew = 7
10. No. of compost spreading field crew = 2
8. No. of confirmatory samples from clean backfill = 2
9. Total volume of compost before treatment (cy) = 83133
10. Shrinkage factor for treated compost = 0.60
11. Volume of compost after treatment (cy) = 49880
12. Loader output (cy/day) = 1575
13. Days to load treated compost = 48
14. Dump truck capacity (cy) = 12
15. Dump truck haul distance (mi.) = 05
16. Dump truck output (cy/day) = 250
17. No. of dump trucks per day = 6
18. Dozer (D-6H) capacity (cy/hr) = 90
19. Days to spread treated compost = 70
20. Subcontractor markup on equipment = 1.25
21. Subcontractor markup on labor = 1.31
22. Area of contaminated soil stockpile (sf) = 62370
23. Area per confirmation sample (sf) = 400
24. No. of confirmation samples under soil stockpile = 156
Service/Materials Unit Unit Cost Subtotal
Lontractor Labor:
Site Superintendent 560 $60.00 /hr $33,600.00
QA Coordinator 560 $40.00 /hr $22,400.00
Site Close-Out Report 1 $20,000.00 /ea $20,000.00
Subcontractor Labor:
Front End Loader Operator 34 $312.00 /day $10,608.00
Front End Loader Operator 48 $312.00 /day $14,976.00
vump | ruck brivers 288 $262.00 /aay $/5,456.0U0
Dozer Operator 70 $326.98 /day $22,888.32
Laborer/Qiler 70 $279.29 /day $19,550.44
PBOW Security 34 $120.00 /day $4,080.00
Equipment:
1 ¢y Front End Loader 34 $280.86 /qay $Y,549.24
3 cy Front End Loader 48 $485.22 /day $23,290.56
Dump Trucks 288 $428.00 /day $123,264.00
D-6H Dozer 70 $630.70 /day $44,149.00
Material:
Clean Backnll 1877/ $12.00 fcy $2¢5,326.40 aelivered 10 site
PID rental 7 $974.00 /mo. $6,818.00
CG! rental 7 $380.00 /mo. $2,660.00
Level D PPE 510 $10.00 /day $5,100.00
Analytical:
RCRA Metals 2 $105.00 /ea $210.00
NACs (8330) 158 $158.00 /ea $24,964.00
SVOCs 2 $230.00 /ea $460.00
Lead 156 $24.0U0 /ea $3,/44.00
PAHs (8270C) 156 $160.00 /ea $24,960.00
PCBs 156 $83.00 /ea $12,948.00
Shipping 42 $40.00 /ea $1,680.00
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9.0 On-Site Compost Disposal / Backfill Excavation with Clean Soil

Travel for field crew:

Lodging 910 $80.00 /day $72,800.00
Perdiem 910 $38.00 /day $34,580.00
Rental Car 311 $40.00 /day $12,440.00
Subcontract:
Reseeding 218 $56.84 /msf $12,391.00
Subtotal $864,893.00

Total Capital Cost $5,298,573.00

Contingency (30%) $1,589,572.00

PM Multiplier (7.5%) $397,393.00
Fee/Profit (10%) $529,857.00
Total Cost $7,815,000.00

*This is an order-of-magnitude engineering cost estimate that is expected to be within +50 to -30 percent of the actual
project cost.
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Alternative 5
Excavation/Composting/Stahilization/Off-Site and On-Site

Disposal Cost Estimate Date: 9/11/2003

Scope:

1. Perform bench-scale treatability studies to test the effectiveness of windrow composting and

chemical stabilization for treating chemical of concern in soil, prepare remedial work plan, H&S

plan, materials list, and procurement.

2. Mobilize equipment and personnel

3. Conduct pre-remediation soil sampling to better delineate the lateral and vertical extent of contamination.
4. Prepare site for remedial activity.

5. Excavate contaminated soil and perform confirmatory sampling.

6. Treatment of soil contaminated with nitroaromatic compounds via windrow composting.

7. Chemically stabilize Pb-contaminated soil that cannot be effectively treated using windrow composting..
8. Off-site disposal of stabilized soil and PCB remediation waste..

9. Backfill excavation with clean soil and spread treated compost across site.

10. Demobilize equipment and personnel.

1.0 Bench-Scale Study, Work Plan, Health and Safety Plan, Materials List, and Procurement

Incluaes:

1. Perform bench-scale treatability study to (1) define most cost-effective compost mix formula
and (2) determine the optimum chemical additives and mix ratio for chemical stabilization.
Resuits will be used to generate the design work plan.

2. Labor to generate work plan, engineering specifications, and Health and Safety Plan

3. Procure equipment and materials

Service/Materials Unit Unit Cost Subtotal
Composting Treatability Study 1 $20,000.00 /ea $20,000.00
Stabilization Treatabitity Study 1 $15,000.00 /ea $15,000.00

Contractor Labor:

Senior Engineer (E-12) 80 $97.00 /hr. $7,760.00

Task Manager (E-8) 160 $62.00 /hr. $9,920.00

Geologist (E-8) 40 $62.00 /hr. $2,480.00

Project Engineer (E-6) 320 $50.00 /hr. $16,000.00

Health and Safety (E-8) 80 $62.00 /hr. $4,960.00

Procurement Specialist (E-6) 160 $56.00 /hr. $8,960.00

Drafting (E-6) 80 $50.00 /hr. $4,000.00

Document Repro (Draft and Final) 2 $1,000.00 /ea $2,000.00
Subtotal $91,080.00
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2.0 Mobilization of Equipment and Personnel

Includes:
1. Mobilize equipment and personnel
2. Contractor field crew consists of site superintendent, geologist, and a field technicians
3. Four 2-day trips for 2 contractor personnel for pre-remediation coordination.
Service/Materials Unit Unit Cost Subtotal
Labor:
Site Superintendent (E-8) 24 $60.00 /hr $1,440.00
QA (Sampling) Coordinator 24 $40.00 /hr $960.00
H&S Coordinator 16 $50.00 /hr $800.00
Field Geologist 2 $480.00 /day $960.00
Subcontractor Labor:
Excavator Operator 2 $340.91 /day $681.83
Equipment Operator 2 $326.98 /day $653.95
Equipment Operator 2 $326.98 /day $653.95
Dozer Operator 2 $326.98 /day $653.95
Loader Operator 2 $312.00 /day $624.00
Loader Operator 2 $312.00 /day $624.00
Laborers 2 $288.00 /day $576.00
Truck Drivers 12 $262.00 /day $3,144.00
Equipment:
Excavator 2 $704.00 /day $1,408.00
1 cy Front Wheel Loader 2 $280.86 /day $561.72
3 cy Front Wheel Loader 2 $485.22 /day $970.44
Windrow Turner 2 $1,000.00 /mob $2,000.00
10-cy Mixing System 2 $975.00 fea $1,950.00
Screening Plant 2 $1,000.00 /ea $2,000.00
Radial Conveyor 2 $500.00 /ea $1,000.00
D-6H Dozer 2 $630.70 /day $1,261.40
Dump Trucks 12 $428.00 /day $5,136.00
Travel for contractor crew:
Perdiem 42 $38.00 /day $1,596.00
Lodging 42 $80.00 /day $3,360.00
Rental Car 20 $40.00 /day $800.00
Airfare 25 $600.00 /ea $15,000.00
Subtotal $48,815.00
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3.0 Pre-Remediation Soil Sampling

Includes:
1. Hydropunch soil sampling
2. Analysis of soil sampies for chemicals of concern.
Assumptions:
1. Perimeter of proposed remediation area (ft) = 3415
2. Distance between boring locations = 40
3. No. of borings = 85
4. Average depth of boring (ft) = 10
5. No. of samples collected per boring = 3
6. Total no. of samples collected = 255
7. No. of borings advanced per day = 10
Service/Materials Unit Unit Cost Subtotal
Contractor:
Field Geologist 9 $480.00 /day $4,320.00
Subcontractor:
Mob/Demob 1 $2,000.00 /ea $2,000.00
Hydropunch Borings 850 $15.00 /it $12,750.00
Equipment Decon 85 $90.00 /ea $7,650.00
Materials:
Field Supplies 85 $20.00 /bor. $1,700.00
Field Instruments 2 $400.00 /wk $800.00
Analytical:
NACs (8330) 255 $158.00 /ea $40,290.00
Lead 255 $24.00 /ea $6,120.00
PAHSs (8270C) 255 $160.00 /ea $40,800.00
PCBs 255 $83.00 /ea $21,165.00
Shipping 68 $40.00 /fea $2,720.00
Equipment:
P/U Truck 9 $52.00 /day $468.00
Travel for Contractor Crew:
Perdiem 9 $38.00 /day $342.00
Lodging 9 $80.00 /day $720.00
Subtotal $141,845.00
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4.0 Site Preparation

Includes:
1. Clear remedial areas and treatment area = 5 acres
2. Construct 12" soil berm around treatment areas (400 ft x 500 ft area = 1800 ft ).
3. Excavate soil for contact water retension pond.
4. Construct 6-inch reinforced concrete slab for treatment area.
Assumptions:
1. Volume of soil removed for contact water retention pond = 3,288
2. Excavator: hydraulic backhoe, 1 cy bucket
3. Excavator output (cy/day) = 600
4. Days to excavate soil = 7
5. Volume of containment berm (cy) = 106
6. No. of contractor field crew = 2
7. Area of concrete treatment slab (160 ft x 420 ft) (sf) = 67200
Service/Materials Unit Unit Cost Subtotal
Contractor:
Site Superintendent 320 $60.00 /hr $19,200.00
QA Coordinator 320 $40.00 /hr $12,800.00
Subcontractor:
Surveying 1 $24,000.00 /site $24,000.00
Site Clearing 7 $2,300.00 /acre $16,100.00
Excavator Operator 7 $258.80 /day $1,811.60
Concrete Slab 67200 $4.39 /sf $295,008.00
Equipment:
Excavator 7 $704.00 /day $4,928.00
Materials:
Earthen containment berm 106 $6.00 /cy $636.00
Travel for Field Crew:
Per Diem 112 $38.00 /day $4,256.00
Lodging 112 $80.00 /day $8,960.00
Rental Car 56 $40.00 /day $2,240.00
Subtotal $389,940.00
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5.0 Excavation of Contaminated Soil

Includes:

1. Excavation of soil with contaminants exceeding RGOs

2. Screen oversize material

2. Collect confirmatory samples to determine extent of excavation
3. Staging and characterizing waste stream

Assumptions and Calculations:

1. Cubic yards of consolidated soil excavated = 9205
2. Swell factor for soil upon excavation = 1.3
3. Cubic yards of unconsolidated soil = 11967
4. Density of unconsolidated soil (tons/cy) = 1.1
5. Mass of unconsolidated soil (tons) = 13163
6. Capacity of screening plant (tons/hr) = 100
7. Excavator: hydraulic backhoe, 1 cy bucket
8. Excavator output (cy/day) = 600
9. Days to excavate soil = 24
10. Dump truck capacity (cy) = 12
11. Dump truck haul distance (mi.) = 0.5
12. Dump truck output (cy/day) = 250
13. No. of required dump trucks per day = 2
14. Soil sample collected for waste characterization / cy = 150
15. Soil sample collected for waste characterization / cy = 80
16. Number of contractor field crew = 3
17. Number of subcontractor excavation crew = 4
18. Number of subcontractor screening crew = 3
19. Airfare included under mobilization
20. Lineal foot of excavation per confirmation sample = 20
21. Resampling factor for confirmation sampling = 1.1
22. Collect confirmatory samples from excavated area = 286
23. Subcontractor markup on equipment = 1.25
24, Subcontractor markup on labor = 1.31
25. Excavation area (ft’) = 35583
26. Cost multiplier for 1-week turnaround on analytical data = 1.25
27. Fraction of excavation work performed in Level C PPE = 0.10
28. Labor productivity factor for Level C work = 0.67
29. Days excavation crew in Level C = 3
30. Days screening crew in Level C = 2
31. Perimeter of excavation area (ft) = 3415
32. Excavation area (sf) = 35583
33. Volume of pit water requiring POTW disposal ( gal) = 20000
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 192 $60.00 /hr $11,520.00
QA (Sampling} Coordinator 192 $40.00 /hr $7,680.00
H&S Coordinator 192 $50.00 /hr $9,600.00
Chemist (home office) 48 $51.00 /hr $2,448.00
Subcontractor:
Excavator Operator 24 $340.91 /day $8,181.95
Equipment Operator 20 $326.98 /day $6,539.52
Loader Operator 20 $312.00 /day $6,240.00
Laborers 44 $288.00 /day $12,672.00
Truck Drivers 72 $262.00 /day $18,864.00
Road Repair 1 $50,000.00 /site $50,000.00
Equipment:
Excavator 24 $704.00 /day $16,896.00
100-ton/hr Screening Plant 4 $1,800.00 /wk $7,200.00
Radial Stacking Conveyor 4 $1,222.00 /wk $4,888.00
1 cy Front Wheel Loader 20 $280.86 /day $5,617.20
Dump Truck 48 $428.00 /day $20,544.00
3000 gal. Water Truck 24 $402.00 /day $9,648.00
150 gpm Pump 2 $2,439.00 /ea. $4,878.00
300 gpm Pump 2 $3,749.00 /ea. $7,498.00
7-ft Diameter Sand Filter 1 $22,310.00 /ea. $22,310.00
200-gpm GAC Adsorber (6000#-disp.) 1 $14,217.00 /ea. $14,217.00
20000 gal Steel Water Tank 1 $14,618.00 /ea. $14,618.00
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Analytical:
TCLP Extraction 80 $12.88 /ea $1,030.00
SVOCs (8270C) 366 $300.00 /ea $109,800.00
NACs (8330) 366 $197.50 /ea $72,285.00
Lead 366 $30.00 /ea $10,980.00
PCBs 366 $103.75 /ea $37,972.50
NAC field analyses 286 $40.00 /ea $11,440.00
Leaaq liela analyses P4 $4,200.00 /mo. $8,400.00
Shipping 98 $40.00 /ea $3,904.00
Materials & Services:
Office Trailer 4 $500.00 /mo. $2,000.00
Level D PPE 138 $10.00 /day $1,380.00
Level CPPE 18 $35.00 /day $630.00
PIDrental 2 $974.00 /mo. $1,948.00
GGl rental Z $3BU.UU /Mo. $/60.00
Pit Water Disposal 20 $1.62 /kgal $32.40
Travel for Contractor Crew:
Perdiem 319 $38.00 /day $12,122.00
Lodging 319 $80.00 /day $25,520.00
Rental Car 129 $40.00 /day $5,160.00
Subtotal $567,424.00
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6.0 Winrow Composting of Contaminated of Soil

Includes:

1. Purchase and erection of treatment building
2. Lease/purchase composting equipment
3. Procurement and installation of contact water treatment equipment
4. Purchase of stockpile & amendment storage liners and covers
5. Procurement & stockpiling of composting amendments
6. Mix and compost soil and amendments
7. Pre-compliance testing: after compost formation & at end of treatment.
8. Compliance sampling for NAC, metais, PAHs, PCBs
Assumptions:
1. Volume of consolidated soil to be treated (cy) = 8805
2. Volume of unconsolidated soil to be treated (cy) = 11446
3. Compost treatment duration (months) = 8
4. Capacity of windrow tumer (tons/hr) = 3,200
5. Operating life of flails (hrs) = 25
6. No. of flails on windrow turner = 172
7. Volume of compost in treatment building (cy) = 4,448
8. Bulk density of compost (tons/cy) = 0.379
9. Bermed work area (sf) = 200,000
10. Contaminated soil stockpile area (sf) = 34,338
11. Treated soil stockpile area (sf) = 6,672
12. Height of stockpiles (ft) = 9
13. Manure storage area (sf) = 192
14. Capacity of contact water treatment system (gpm) = 200
15. Loading rate of multimedia filter (gpm/sf) = 5
16. Diameter of multimedia filter (ft) = 7
17. Volume of bulking amendment (cy) = 33003
18. Volume of agricultural waste amendment (cy) = 1335
19. Total volume of compost before treatment (cy) = 45773
20. Shrinkage factor for compost = 0.60
21. Compost volume per pre-compliance sample collected (cy) = 50
22, Compost volume per compliance sample collected (cy) = 150
23. Markup on materials = 1.10
24. Subcontractor markup on equipment = 1.25
25. Subcontractor markup on labor = 1.31
26. Cost multiplier for 1-week turnaround on analytical data = 1.25
27. Salvage factor for major equipment at end of project = 0.50
28. Numper of conractor fleld crew = 2
29. Number of subcontractor field crew = 3
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Supenintengent  1/6 $48U.UL /aay $84,480.00
QA (Sampling) Coordinator 176 $320.00 /day $56,320.00
Subcontractor Labor:
Equipment Operator 176 $326.98 /day $57,547.78
Equipment Operator 176 $326.98 /day $57,547.78
Equipment Operator 176 $326.98 /day $57,547.78
PBOW Security 32 $120.00 /day $3,840.00
Equipment:
Windrow Turner (7' x 20") 1 $156,250.00 /ea. $156,250.00 less salvage
75 cy/hr Tub Grinder 1 $26,225.00 /ea. $26,225.00 less salvage
Bobcat 1 $16,000.00 /ea. $16,000.00 less salvage
P/U Truck 1 $20,000.00 /ea. $20,000.00 less salvage
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6.0 Winrow Composting of Contaminated of Soil (continued)

Materials:
Office Trailer 16 $500.00 /mo. $8,000.00
Erect Treatment Building 2 $35,080.00 /ea $70,160.00
Building Foundation & Accessories 2 $14,132.00 /ea $28,264.00
Treatment Building 2 $130,866.00 /ea $261,732.00
Treatment Building Lighting 2 $10,460.00 /ea $20,920.00
Dismantle Treatment Building 2 $33,500.00 /ea $67,000.00
Repl. Flails for Windrow Tumer 1892 $9.50 /ea $17,974.00
40-mil Liner for Stockpiles 43061 $1.58 /st $68,207.83
10-mil Cover for Stockpiles 41763 $0.83 /sf $34,454.48
40-mil Liner for Manure 202 $1.58 /sf $319.33
10-mil Cover for Manure 606 $0.83 /sf $499.95
Straw 33003 $13.56 /cy $447,372.17
Manure 1335 $14.97 /ey $19,988.96
water 102/ $9.40 /kgal $9,658.3Y
Level D PPE 528 $10.00 /day $5,280.00
PID rental 8 $974.00 /mo. $7,792.00
CGl rental 8 $380.00 /mo. $3,040.00
Analytical:
Pre-Compliance Sampling:
NAC field analyses 1831 $40.00 /ea $73,236.80
Compliance Sampling:
SVUUS (B2/00) 183 $3VL.VL Jea ¥54,92/.6U
NACs (8330) 183 $197.50 /ea $36,160.67
Lead 183 $30.00 /ea $5,492.76
PCBs 183 $103.75 /ea $18,995.80
Travel for Field Crew:
Per Diem 1232 $38.00 /day $46,816.00
Lodging 1232 $30.00 /day $36,960.00 long-term stay
Hental Car 246 $40.0U /aay $9,840.00
Subtotal $1,888,851.00
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7.0 Stabilization of Pb-Contaminated Soil

HVIUUOD,
1. Stabilization of hazardous soil using cement and activated carbon
Assumptions and Calculations:

1. Volume of consolidated haz. soil to be stabilized = 400
2. Swell factor for soil upon excavation = 1.3
3. Cubic yards of unconsolidated soil = 520
4. Density of soil {ton/cy) = 1.1
5. Tons of hazardous soit that needs to be stabilized = 572
6. Bulk density of portland cement (tons/cy) = 1.27
7. Bulk density of activated carbon (tons/cy) = 1.31
8. Mix ratio of carbon to soil = 0.02
9. Mix ratio of porttand cement to soil = 0.08
10. Carbon cost ($/ton)= 2000
11. Cement cost ($/ton)= 105
12. Carbon required for stabilization (tons) = 11
13. Cement required for stabilization (tons) = 46
14. No. of contractor field crew = 2
15. Stabilization batch cycle time (min) = 15
16. Field days required to stabilize soil = 2
17. Swell upon stabilization = 1.132
18. Soil sample collected for waste characterization / cy = 150
19. No. of soil samples collected = 4
20. Tons of stabilized soil = 686
21. Volume of stabilized soil (cy) = 589
22. Subcontractor markup on equipment = 1.25
23. Subcontractor markup on labor = 1.31
24. Number of subcontractor field crew = 4
28. Equipment setup/teardown (days) = 10
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent 12 $480.00 /day $5,760.00 includes setup
QA (Sampling) Coordinator 12 $320.00 /day $3,840.00
Subcontractor Labor:

Wheel Loader Operator 12 $238.00 /day $2,856.00
Process Equipment Operator 12 $240.00 /day $2,880.00
Process Equipment Operator 12 $240.00 /day $2,880.00

Laborer 12 $270.00 /day $3,240.00
PBOW Security 12 $120.00 /day $1,440.00
Equipment:
1 cy Front Wheel Loader 12 $280.86 /day $3,370.32
10-cy Mixing System 1 $6,250.00 /mo $6,250.00
Belt Feeder for Mixing Stystem 1 $728.00 /mo $728.00
Stabilization Ancilliary Equipment 1 $557.00 /mo $557.00
Dust Collecton System 1 $530.00 /mo $530.00
Radial Stacking Conveyor 1 $3,605.00 /mo $3,605.00
Materials:
Carbon 1 $2,000.00 /ton $22,000.00
Cement 46 $105.00 /ton $4,830.00
water 5 $9.40 /kgpa $45.56
Level D PPE 48 $10.00 /day $480.00
PID rental 1 $974.00 /mo. $974.00
CGl rental 1 $380.00 /mo. $380.00
Analytical:
TCLP Extraction 4 $10.30 /ea $41.00
Lead 4 $24.00 /ea $96.00
SVOCs (8270C) 4 $240.00 /ea $960.00
NAUS (833U} 4 $158.0U /ea $632.00
PCBs 4 $83.00 /ea $332.00
Unconfined Compresive Strength 4 $130.00 /ea $520.00
Shipping 1 $40.00 /ea $40.00
Travel for field crew:
Lodging 101 $80.00 /day $8,080.00
rerdiem 01 $38.0U /aay $3,838.0U
Rental Car 34 $40.00 /day $1,360.00
Subtotal $82,545.00
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8.0 Off-Site Disposal

Includes:

1. Dispose of stabilized soit at a nonhazardous waste landfill
2. Dispose of PCB waste at a TSCA approved landfill
Assumptions and Calculations:

1. Tons of stabilized soil = 686
2. Tons of soil for non-haz waste landfill disposal = 686
3. Volume of consolidated soil for haz waste disposal (cy) = 0
4. Volume of unconsolidated soil for haz waste disposal (cy) = Q
5. Tons of soil for haz waste landfill disposal = 0
6. Non-haz waste transportation cost ($/ton) = 6
7. Non-haz waste disposal costs ($/ton) = 31 Erie County Landfill
8. Non-haz waste regulatory fees ($/ton) = 0 included in disposal
9. Haz waste transportation cost ($/ton) = 35
10. D008 Haz waste disposal cost ($/ton) = 75 EO Environmental
11. D030 Haz waste disposal cost ($/ton) = 150 EO Environmental
12. PCB Haz waste disposal cost ($/ton) = 75 EO Environmentai
13. Haz waste regulatory fees ($/ton) = 10
14. No. of contractor field crew = 2
14. No. of subcontractor field crew = 2
15. LUtpUt O Tront-end loader (cy/aay) = LY
16. No. of field days = 1
17. Subcontractor markup on equipment = 1.25
18. Subcontractor markup on labor = 1.31
service/matenals unnt unIt Cost suptortal
Contractor Labor:
Site Superintendent (E-8) 8 $60.00 /hr $480.00
QA Coordinator 8 $40.00 /hr $320.00
subcontractor Lapor:
Front End Loader Operator 1 $312.00 /day $312.00
Laborer/Oiler 1 $279.29 /day $279.29
rBUW Security 1 $120.00 [gay $120.00
Materials:
Level U FPE P $10.0V /aay $20.00
Equipment:
1 cy Front Wheel Loader 1 $280.86 /day $280.86
Disposal Costs:
Transportation (Non-Haz Waste) 686 $6.00 /ton $4,116.00
Disposal Cost (Non-Haz waste) 686 $31.00 fton $21,266.00
I ransponation (Haz vwaste) v $35.00 /0N $U.0U
Disposal Cost (D008 haz waste) 0 $85.00 /ton $0.00
Disposal Cost (D030 haz waste) 0 $160.00 /ton $0.00
Disposal Cost (PCB haz waste) 0 $85.00 /ton $0.00
Travel for field crew:
Lodging 4 $80.00 /day $320.00
reraiem 9 $38.0U /aay $1d2.0U
Rental Car 2 $40.00 /day $80.00
Subtotal $27,746.00
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9.0 On-Site Compost Disposal / Backfill Excavation with Clean Soil

Includes:
1. BaCKTIl excavalea areas with clean packriil.
2. Load treated compost, truck to site, spread compost with dozer
3. Confirmation testing under contaminated soil stockpiles.
4. Prepare site close-out report.
Assumptions and Calculations:
1. Volume of consolidated soil excavated (cy) = 9205
2. Compaction factor = 1.15
3. Volume of soil required for backfili {cy) = 10586
4. Cost of clean backfill soil delivered to site ($/cy) = 12
6. Field days required to backfill soil = 19
7. No. of contractor field crew = 2
8. No. of subcontractor backfill field crew = 1
9. No. of compost loading field crew = 7
10. No. of compost spreading field crew = 2
8. No. of confirmatory samples from clean backfill = 2
9. Total volume of compost before treatment (cy) = 45773
10. Shrinkage factor for treated compost = 0.60
11. Volume of compost after treatment (cy) = 27464
12. Loader output (cy/day) = 1575
13. Days to load treated compost = 26
14. Dump truck capacity (cy) = 12
15. Dump truck haul distance (mi.) = 0.5
16. Dump truck output (cy/day) = 250
17. No. of dump trucks per day = 6
18. Dozer (D-6H) capacity (cy/hr) = 30
19. Days to spread treated compost = 39
20. Subcontractor markup on equipment = 1.25
21. Subcontractor markup on labor = 1.31
22. Area of contaminated soil stockpile (sf) = 34338
23. Area per confirmation sample (sf) = 400
24. No. of confirmation samples under soil stockpile = 86
Service/Materials Unit Unit Cost Subtotal
Lontractor Lapor:
Site Superintendent 312 $60.00 /hr $18,720.00
QA Coordinator 312 $40.00 /hr $12,480.00
Site Close-Out Repont 1 $20,000.00 /ea $20,000.00
Subcontractor Labor:
Front End Loader Operator 19 $312.00 /day $5,928.00
Front End Loader Operator 26 $312.00 /day $8,112.00
pump 1ruck nvers 156 $262.00 /0ay $4U,872.0U0
Dozer Operator 39 $326.98 /day $12,752.06
Laborer/Oiler 39 $279.29 /day $10,892.39
PBOW Security 19 $120.00 /day $2,280.00
Equipment:
1 ¢y rront knd Loader 19 $28U.86 /0ay $5,336.34
3 cy Front End Loader 26 $485.22 /day $12,615.72
Dump Trucks 156 $428.00 /day $66,768.00
D-6H Dozer 39 $630.70 /day $24,597.30
Material:
Clean Backilll  1Ub86 $12.00 ey $12/,U29.0U0 qelvered 10 site
PID rental 4 $974.00 /mo. $3,896.00
CGl rental 4 $380.00 /mo. $1,520.00
Level D PPE 279 $10.00 /day $2,790.00
Analytical:
RCRA Metals 2 $105.00 /fea $210.00
NACs (8330) 88 $158.00 /ea $13,904.00
SVOCs 2 $230.00 /ea $460.00
Lead 86 $24.00 /ea $2,U54.00
PAHs (8270C) 86 $160.00 /ea $13,760.00
PCBs 86 $83.00 /ea $7,138.00
Shipping 23 $40.00 /ea $920.00
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(Page 12 of 12)

9.0 On-Site Compost Disposal / Backfill Excavation with Clean Soil (continued)

Travel for field crew:

Lodging 500 $80.00 /day $40,000.00
Perdiem 500 $38.00 /day $19,000.00
Rental Car 172 $40.00 /day $6,880.00
Subcontract:
Reseeding 218 $56.84 /mst $12,391.00
Subtotal $493,316.00

10.U Uverall Cost

Total Capital Cost $3,731,562.00

Contingency (30%) $1,119,469.00

PM Multiplier (7.5%) $279,867.00
Fee/Profit (10%) $373,156.00
Total Cost $5,504,000.00

*This is an order-of-magnitude engineering cost estimate that is expected to be within +50 to -30 percent of the actual
project cost.
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Table 4-9
Alternative 2 - Excavation, Windrow Composting, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 11)

Alternative 2
Excavation/Composting/Off-Site and On-Site Disposal

R
Cost Estimate Date: 9/11/2003
Scope:
1. Perform bench-scale treatability study, prepare composting work plan, H&S plan, materials list, and
procurement.
2. Mobilize equipment and personnel.
3. Conduct pre-remediation soii sampling to better delineate the lateral and vertical extent of contamination.
4. Prepare site for remedial activity.
5. Excavate contaminated soil and perform confirmatory sampling.
6. Treatment of soil contaminated with nitroaromatic compounds via windrow composting.
7. Off-site disposai of lead- and PCB-contaminated soil that cannot be effectively treated via composting.
8. Backfill excavation with clean soil and spread treated compost across site.
9. Demobilize equipment and personnel.

Bench-Scale Study, Work Plan, Health and Safety Plan, Materials List, and Procurement

Includes:

1. Perform bench-scale treatability study to define most cost-effective compost mix formula. Results will
be used to generate the design work plan.

2. Labor to generate work plan, engineering specifications, and Health and Safety Plan

3. Procure equipment and materials

Service/Materials Unit Unit Cost Subtotal
Bench-Scale Study 1 $20,000.00 /ea $20,000.00
Contractor Labor:
Senior Engineer (E-12) 40 $97.00 /hr. $3,880.00
Task Manager (E-8) 80 $62.00 /hr. $4,960.00
Geologist (E-8) 40 $62.00 /hr. $2,480.00
Project Engineer (E-6) 160 $50.00 /hr. $8,000.00
Health and Safety (E-8) 40 $62.00 /hr. $2,480.00
Procurement Specialist (E-6) 80 $56.00 /hr. $4,480.00
Drafting (E-6) 40 $50.00 /hr. $2,000.00
Document Repro (Draft and Final) 2 $1,000.00 /ea $2,000.00
Subtotal $50,280.00
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Table 4-9
Alternative 2 - Excavation, Windrow Composting, On-Site and Oft-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Pium Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 11)

2.0 Mobilization/Demobilization of Equipment and Personnel

Includes:
1. Mobilize equipment and personnel (2 events for subcontractor).
2. Contractor field crew consists of a site superintendent, geolgist, and field technician.
3. Four 2-day trips for 2 contractor personnel for pre-remediation coordination.
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 24 $60.00 /hr $1,440.00
QA (Sampling) Coordinator 24 $40.00 /hr $960.00
H&S Coordinator 16 $50.00 /hr $800.00
Geologist 2 $480.00 /day $960.00
Subcontractor Labor:
Excavator Operator 2 $340.91 /day $681.83
Equipment Operator 2 $326.98 /day $653.95
Dozer Operator 2 $326.98 /day $653.95
Loader Operator 2 $312.00 /day $624.00
Loader Operator 2 $312.00 /day $624.00
Laborers 2 $288.00 /day $576.00
Truck Drivers 12 $262.00 /day $3,144.00
Equipment:
Excavator 2 $704.00 /day $1,408.00
1 cy Front Wheel Loader 2 $280.86 /day $561.72
3 cy Front Wheel Loader 2 $485.22 /day $970.44
Windrow Turner 2 $1,000.00 /mob $2,000.00
D-6H Dozer 2 $630.70 /day $1,261.40
Dump Trucks 12 $428.00 /day $5,136.00
Travel for contractor crew:
Perdiem 40 $38.00 /day $1,520.00
Lodging 40 $80.00 /day $3,200.00
Rental Car 18 $40.00 /day $720.00
Airfare 24 $600.00 /ea $14,400.00
Subtotal $42,295.00
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Table 4-9
Alternative 2 - Excavation, Windrow Composting, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 3 of 11)

3.0 Pre-Remediation Soil Sampling

Includes:
1. Hydropunch soil sampling
2. Analysis of soil samples for chemicals of concern.
Assumptions:
1. Perimeter of proposed remediation area (ft) = 7247
2. Distance between boring locations = 40
3. No. of borings = 182
4. Average depth of boring (ft) = 10
5. No. of samples collected per boring = 3
6. Total no. of samples collected = 546
7. No. of borings advanced per day = 10
Service/Materials Unit Unit Cost Subtotal
Contractor:
Field Geologist 19 $480.00 /day $9,120.00
Subcontractor:
Mob/Demob 1 $2,000.00 /ea $2,000.00
Hydropunch Borings 1820 $15.00 /it $27,300.00
Equipment Decon 182 $90.00 /ea $16,380.00
Materials:
Field Supplies 182 $20.00 /bor. $3,640.00
Field Instruments 4 $400.00 /wk $1,600.00
Analytical:
NACs (8330) 546 $158.00 /ea $86,268.00
Lead 546 $24.00 /ea $13,104.00
PAHs (8270C) 546 $160.00 /ea $87,360.00
PCBs 546 $83.00 /ea $45,318.00
Shipping 146 $40.00 /ea $5,840.00
Equipment:
P/U Truck 19 $52.00 /day $988.00
Travel for Contractor Crew:
Perdiem 19 $38.00 /day $722.00
Lodging 19 $80.00 /day $1,520.00
Subtotal $301,160.00
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Table 4-9
Alternative 2 - Excavation, Windrow Composting, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 4 of 11)

4.0 Site Preparation

Includes:
1. Clear remedial areas and treatment area = 8 acres
2. Construct 12" soil berm around treatment areas (400 ft x 500 ft area = 1800 {t ).
3. Excavate soil for contact water retension pond.
4. Construct 6-inch reinforced concrete slab for treatment area.
Assumptions:
1. Volume of soil removed for contact water retention pond = 3,288
2. Excavator: hydraulic backhoe, 1 cy bucket
3. Excavator output (cy/day) = 600
4. Days to excavate soil = 7
5. Volume of containment berm (cy) = 133
6. No. of contractor field crew = 2
7. Area of concrete treatment slab (160 ft x 420 ft) (sf) = 67200
Service/Materials Unit Unit Cost Subtotal
Contractor:
Site Superintendent 320 $60.00 /hr $19,200.00
QA Coordinator 320 $40.00 /hr $12,800.00
Subcontractor:
Surveying 2 $24,000.00 /site $48,000.00
Site Clearing 8 $2,300.00 /acre $18,400.00
Excavator Operator 7 $258.80 /day $1,811.60
Concrete Slab 67200 $4.39 /sf $295,008.00
Equipment:
Excavator 7 $704.00 /day $4,928.00
Materials:
Earthen containment berm 133 $6.00 /cy $798.00
Travel for Field Crew:
Per Diem 112 $38.00 /day $4,256.00
Lodging 112 $80.00 /day $8,960.00
Rental Car 56 $40.00 /day $2,240.00
Subtotal $416,402.00
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Table 4-9
Alternative 2 - Excavation, Windrow Composting, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 5 of 11)

5.0 Excavation of Contaminated Soil

includes:
1. Excavation of soil with contaminants exceeding RGOs
2. Screen oversize material
3. Collect confirmatory samples to determine extent of excavation
4. Staging and characterizing waste stream
Assumptions and Calculations:
1. Cubic yards of consolidated soil excavated = 25533
2. Swell factor for soil upon excavation = 1.3
3. Cubic yards of unconsolidated soil = 33193
4. Density of unconsolidated soil (tons/cy) = 1.1
5. Mass of unconsolidated soil (tons) = 36512
8. Capacity of screening plant (tons/hr) = 100
7. Excavator: hydraulic backhoe, 1 cy bucket
8. Excavator output (cy/day) = 600
9. Days to excavate soil = 67
10. Dump truck capacity (cy) = 12
11. Dump truck haul distance (mi.) = 0.5
12. Dump truck output (cy/day) = 250
13. No. of required dump trucks per day = 2
14. Soil sample collected for waste characterization / cy = 150
15. No. of soil samples collected for waste characterization = 221
16. Number of contractor field crew = 3
17. Number of subcontractor excavation crew = 4
18. Number of subcontractor screening crew = 3
19. Airfare included under mobilization
20. Lineal foot of excavation per confirmation sample = 20
21. Resampling factor for confirmation sampling = 1.1
22. No.of confirmatory samples from excavated area = 633
23. Subcontractor markup on equipment = 1.25
24, Subcontractor markup on labor = 1.31
25. Excavation area (ft%) = 85207
26. Cost multiplier for 1-week turnaround on analytical data = 1.25
27. Fraction of excavation work performed in Level C PPE = 0.10
28. Labor productivity factor for Level C work = 0.67
29. Days excavation crew in Level C = 7
30. Days screening crew in Level C = 5
31. Perimeter of excavation area (ft) = 7247
32. Excavation area (sf) = 85207
33. Volume of pit water requiring POTW disposal ( gal) = 40000
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 536 $60.00 /hr $32,160.00
QA (Sampling) Coordinator 536 $40.00 /hr $21,440.00
H&S Coordinator 536 $50.00 /hr $26,800.00
Chemist (home office) 134 $51.00 /hr $6,834.00
Subcontractor:
Excavator Operator 67 $340.91 /day $22,841.26
Equipment Operator 50 $326.98 /day $16,348.80
Loader Operator 50 $312.00 /day $15,600.00
Laborers 117 $288.00 /day $33,696.00
Truck Drivers 201 $262.00 /day $52,662.00
Road Repair 2 $50,000.00 /site $100,000.00
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Table 4-9
Aiternative 2 - Excavation, Windrow Composting, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 6 of 11)

5.0 Excavation of Contaminated Soil (continued)

Equipment:
Excavator 67 $704.00 /day $47,168.00
100-ton/hr Screening Plant 10 $1,800.00 /wk $18,000.00
Radial Stacking Conveyor 10 $1,222.00 /wk $12,220.00
1 cy Front Wheel Loader 50 $280.86 /day $14,043.00
Dump Truck 134 $428.00 /day $57,352.00
3000 gal. Water Truck 67 $402.00 /day $26,934.00
150 gpm Pump 2 $2,439.00 /ea. $4,878.00
300 gpm Pump 2 $3,749.00 /ea. $7,498.00
7-ft Diameter Sand Filter 1 $22,310.00 /ea. $22,310.00
200-gpm GAC Adsorber (6000#-disp.) 2 $14,217.00 /ea. $28,434.00
20000 gal Steel Water Tank 1 $14,618.00 /ea. $14,618.00
Analytical:
TCLP Extraction 221 $12.88 lea $2,845.38
SVOCs (8270C) 854 $300.00 /ea $256,200.00
NACs (8330) 854 $197.50 /ea $168,665.00
Lead 854 $30.00 /ea $25,620.00
PCBs 854 $103.75 /ea $88,602.50
NAC field analyses 633 $40.00 /ea $25,320.00
Lead field analyses 4 $4,200.00 /mo. $16,800.00
Shipping 228 $40.00 /fea $9,109.33
Materials & Services:
Office Trailer 8 $500.00 /mo. $4,000.00
Level D PPE 375 $10.00 /day $3,750.00
Level C PPE 43 $35.00 /day $1,505.00
PID rental 4 $974.00 /mo. $3,896.00
CGl rental 4 $380.00 /mo. $1,520.00
Pit Water Disposal 40 $1.62 /kgal $64.80
Travel for Contractor Crew:
Perdiem 867 $38.00 /day $32,946.00
Lodging 867 $80.00 /day $69,360.00
Rental Car 351 $40.00 /day $14,040.00
Subtotal $1,306,081.00

KN3WPBOW\TNTARC\FS\FINAL\Table 4-9.xIs(Alt 3 Areas A&C)\9/30/2003(6:11 PM)



Table 4-9
Alternative 2 - Excavation, Windrow Composting, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 7 of 11)

6.0 Windrow Composting of Contaminated of Soil

Includes:

1. Purchase and erection of treatment building
2. Purchase of composting equipment
3. Procurement and instaliation of contact water treatment equipment
4. Purchase of stockpile & amendment storage liners and covers
5. Procurement & stockpiling of composting amendments
6. Mix and compost soil and amendments
7. Pre-compliance testing: after compost formation & at end of treatment.
8. Pre-compliance testing using definitive field analysis for NAC
9. Compliance sampling for NAC, metals, PAHs, PCBs
Assumptions:
1. Volume of consolidated soit to be treated (cy) = 24797
2. Volume of unconsolidated soil to be treated (cy) = 32237
3. Compost treatment duration (months) = 21
4. Capacity of windrow turner (tons/hr) = 3,200
5. Operating life of flails (hrs) = 25
6. No. of flails on windrow turner = 172
7. Volume of compost in treatment building (cy) = 4,448
8. Bulk density of compost (tons/cy) = 0.379
9. Bermed work area (sf) = 200,000
10. Contaminated soil stockpile area (sf) = 62,370
11. Treated soil stockpile area (sf) = 6,672
12. Height of stockpiles (ft) = 9
13. Manure storage area (sf) = 192
14. Capacity of contact water treatment system (gpm) = 200
15. Loading rate of multimedia filter (gpm/sf) = 5
16. Diameter of multimedia filter (ft) = 7
17. Volume of bulking amendment (cy) = 92950
18. Volume of agricultural waste amendment (cy) = 3760
19. Total volume of compost (cy) = 128906
20. Shrinkage factor for compost = 0.60
21. Compost volume per pre-compliance sample collected (cy) = 50
22. Compost volume per compliance sample coliected (cy) = 150
23. Markup on materials = 1.1
24, Subcontractor markup on equipment = 1.25
25. Subcontractor markup on labor = 1.31
26. Multiplier for 1-week turnaround on analytical costs = 1.25
27. Salvage factor for major equipment at end of project = 0.50
28. Number of contractor field crew = 2
29. Number of subcontractor field crew = 3
Service/Materials Unit Unit Cost Subtotal

Contractor Labor:

Site Superintendent 462 $480.00 /day $221,760.00

QA (Sampling) Coordinator 462 $320.00 /day $147,840.00
Subcontractor Labor:

Equipment Operator 462 $326.98 /day $151,062.91

Equipment Operator 462 $326.98 /day $151,062.91

Equipment Operator 462 $326.98 /day $151,062.91

PBOW Security 84 $120.00 /day $10,080.00
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Table 4-9
Alternative 2 - Excavation, Windrow Composting, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

{Page 8 of 11)

6.0 Windrow Composting of Contaminated of Sail (continued)

Equipment:
Windrow Tumer (7' x 20" 1 $156,250.00 /ea $156,250.00 less salvage
75 cy/hr Tub Grinder 1 $26,225.00 /ea $26,225.00 less salvage
Bobcat 1 $16,000.00 /ea $16,000.00 less salvage
P/U Truck 1 $20,000.00 /ea $20,000.00
Materials:
Office Traiter 42 $500.00 /mo. $21,000.00
Treatment Building Erection 1 $95,000.00 /ea
Treatment Buiiding (1st 6 mos.) 6 $43,075.00 /mo.
Treatment Building (remaining mos.) 36 $28,296.00 /mo.
Treatment Building Dismantle 1 $76,000.00 /ea
Erect Treatment Building 2 $35,080.00 /ea $70,160.00
Building Foundation & Accessories 2 $14,132.00 /ea $28,264.00
Treatment Building 2 $130,866.00 /ea $261,732.00
Treatment Building Lighting 2 $10,460.00 /ea $20,920.00
Dismantle Treatment Building 2 $33,500.00 /ea $67,000.00
Repl. Flails for Windrow Turner 4644 $9.50 /ea $44,118.00
40-mil Liner for Stockpiles 72494 $1.58 /sf $114,830.65
10-mil Cover for Stockpiles 69795 $0.83 /sf $57,580.88
40-mil Liner for Manure 202 $1.58 /sf $319.33
10-mil Cover for Manure 606 $0.83 /sf $499.95
Straw 92950 $13.56 /cy $1,259,983.73
Manure 3760 $14.97 /oy $56,298.48
Water 2802 $9.40 /kgpd $26,341.06
Level D PPE 1386 $10.00 /day $13,860.00
PID rental 21 $974.00 /mo. $20,454.00
CGl rental 21 $380.00 /mo. $7,980.00
Analytical:
Pre-Compliance Sampling:
NAC field analyses 5156 $40.00 /ea $206,249.60
Compliance Testing:
SVOCs (8270C) 516 $300.00 /ea $154,687.20
NACs (8330) 516 $197.50 /ea $101,835.74
Lead 516 $30.00 /ea $15,468.72
PCBs 516 $103.75 /ea $53,495.99
Travel for Field Crew:
Per Diem 3234 $38.00 /day $122,892.00
Lodging 3234 $30.00 /day $97,020.00 long-term stay
Rental Car 647 $40.00 /day $25,880.00
Subtotal $3,900,215.00
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Table 4-9
Alternative 2 - Excavation, Windrow Composting, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 9 of 11)

7.0 Off-Site Disposal

Includes:
1. Dispose of stabilized soil and non-hazardous soil (not stabilized) at a nonhazardous waste landfill
2. Dispose of PCB waste at a TSCA approved landfill
Assumptions and Calculations:
1. Consolidated volume of D008 soil for haz disposal (cy) = 617
2. Consolidated volume of D030 soil for haz disposal (cy) = 0
3. Consolidated volume of PCB soil for haz disposal (cy) = 119
4. Consolidated volume of soil for non-haz disposal (cy) = 0
5. Non-haz waste transportation cost ($/ton) = 6
6. Non-haz waste disposal costs ($/ton) = 31 Erie County Landfill
7. Non-haz waste regulatory fees ($/ton) = 0 included in disposal
8. Haz waste transportation cost ($/ton) = 35
9. D008 Haz waste disposal cost ($/ton) = 75 EO Environmental
10. D030 Haz waste disposal cost ($/ton) = 150 EO Environmental
11. PCB Haz waste disposal cost ($/ton) = 75 EO Environmental
12. Haz waste regulatory fees ($/ton) = 10
13. No. of contractor field crew = 2
14. No. of subcontractor field crew = 2
14. Output of front-end loader (cy/day) = 550
15. No. of field days = 2
service/materais unnt unit Lost suptotal
Contractor Labor:
Site Superintendent (E-8) 16 $60.00 /hr $960.00
QA Coordinator 16 $40.00 /hr $640.00
Subcontractor Labor:
Front End Loader Operator 2 $346.00 /day $692.00
Oiler 2 $293.00 /day $586.00
PBOW Security 2 $120.00 /day $240.00
Materials:
Level D PPE 4 $10.00 /day $40.00
Equipment:
1 cy Front Wheel Loader 2 $280.86 /day $561.72
Disposal Costs:
Transportation (Non-Haz Waste) 0 $6.00 /ton $0.00
Disposal Cost (Non-Haz waste) 0 $31.00 /ton $0.00
Transportation (Haz Waste) 1132 $35.00 /ton $39,625.82
Disposal Cost (D008 haz waste) 962 $85.00 /ton $81,769.68
Disposal Cost (D030 haz waste) 0 $160.00 /ton $0.00
Disposal Cost (PCB haz waste) 170 $85.00 /ton $14,464.45
Travel for contractor crew:
Lodging 8 $80.00 /day $640.00
Perdiem 8 $38.00 /day $304.00
Rental Car 4 $40.00 /day $160.00
Subtotal $140,684.00
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Table 4-9
Alternative 2 - Excavation, Windrow Composting, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio
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8.0 On-Site Compost Disposal / Backfill Excavation with Clean Soil

Includes:

1. Backfill excavated areas with clean backfill.

2. Load treated compost, truck to site, spread compost across site with dozer
3. Confirmation testing under contaminated soil stockpiles.

4. Prepare site close-out report.

Assumptions and Calculations:

1. Volume of consolidated soil excavated (cy) = 25533
2. Compaction factor = 1.15
3. Volume of soil required for backfill (cy) = 29363
4. Cost of clean backfill soil delivered to site ($/cy) = 12
6. Field days required to backfiil soil = 53
7. No. of contractor field crew = 2
8. No. of subcontractor backfill field crew = 1
9. No. of compost loading field crew = 7
10. No. of compost spreading field crew = 2
8. No. of confirmatory samples from clean backfill = 2
9. Total volume of compost before treatment (cy) = 128906
10. Shrinkage factor for treated compost = 0.60
11. Volume of compost after treatment (cy) = 77344
12. Loader output (cy/day) = 1575
13. Days to load treated compost = 74
14. Dump truck capacity (cy) = 12
15. Dump truck haul distance (mi.) = 0.5
16. Dump truck output (cy/day) = 250
17. No. of dump trucks per day = 6
18. Dozer (D-6H) capacity (cy/hr) = 20
19. Days to spread treated compost = 108
20. Subcontractor markup on equipment = 1.25
21. Subcontractor markup on labor = 1.31
22, Area of contaminated soil stockpile (sf) = 62370
23. Area per confirmation sample (sf) = 400
24. No. of confirmation samples under soil stockpile = 156
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent 864 $60.00 /hr $51,840.00
QA Coordinator 864 $40.00 /hr $34,560.00
Site Close-Out Report 1 $20,000.00 /ea $20,000.00
Subcontractor Labor:
Front End Loader Operator 53 $312.00 /day $16,536.00
Front End Loader Operator 74 $312.00 /day $23,088.00
Dump Truck Drivers 444 $262.00 /day $116,328.00
Dozer Operator 108 $326.98 /day $35,313.41
Laborer/Oiler 108 $279.29 /day $30,163.54
PBOW Security 53 $120.00 /day $6,360.00
Equipment:
1 cy Front End Loader 53 $280.86 /day $14,885.58
3 cy Front End Loader 74 $485.22 /day $35,906.28
Dump Trucks 444 $428.00 /day $190,032.00
D-6H Dozer 108 $630.70 /day $68,115.60
Material:
Backfill 29363 $12.00 /oy $352,355.40 delivered to site
PID rental 11 $974,00 /mo. $10,714.00
CGl rental 11 $380.00 /mo. $4,180.00
Level D PPE 787 $10.00 /day $7,870.00
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Table 4-9
Alternative 2 - Excavation, Windrow Composting, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 11 of 11)

8.0 On-Site Compost Disposal / Backfill Excavation with Clean Soil (continued)

Analytical:
RCRA Metals 2 $105.00 /ea $210.00
NACs (8330) 158 $158.00 /ea $24,964.00
SVOCs 2 $230.00 /ea $460.00
Lead 156 $24.00 /ea $3,744.00
PAHs (8270C) 156 $160.00 /ea $24,960.00
PCBs 156 $83.00 /ea $12,948.00
Shipping 42 $40.00 /ea $1,680.00
Travel for field crew:
Lodging 1404 $80.00 /day $112,320.00
Perdiem 1404 $38.00 /day $53,352.00
Rentat Car 480 $40.00 /day $19,200.00
Subcontract:
Reseeding 348 $56.84 /msf $19,780.00
Subtotal $1,291,866.00
Y.u Uverali Cost
Total Capital Cost $7,448,983.00
Contingency (30%) $2,234,695.00
PM Multiplier (7.5%) $558,674.00
Fee/Profit (10%) $744,898.00
Total Cost $10,987,000.00

*This is an order-of-magnitude engineering cost estimate that is expected to be within +50 to -30 percent of the actual
project cost.
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Table 4-10
Alternative 3 - Excavation, Ex-Situ Stabilization, and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 9)

Alternative 3
Excavation/Stabilization/Off-Site Disposal Cost Estimate

Date: 9/11/2003

Scope:

1. Perform bench-scale treatability study, prepare stabilization work plan, H&S plan, materials list,
and procurement

2. Mobilize equipment and personnel

3. Conduct pre-remediation soil sampling to better delineate the lateral and vertical extent of contamination.
4. Prepare site for remedial activity.

5. Excavate contaminated soil and perform confirmatory sampling

6. Chemically stabilize soil classified as a hazardous waste based on TCLP testing.

7. Dispose of stabilized soil and untreated non-hazardous soil in a Subtitie D landfill. Dispose of
PCB remediation waste in a TSCA landfill.

8. Backfili excavated areas

9. Demobilize equipment and personnel

1.0 Bench-Scale Study. Work Plan, Health and Safety Plan, Materials List, and Procurement

Includes:

1. Perform bench-scale treatability study to test the effectiveness of stabilizing the nitroaromatics
and destermine stabilization amendments. Results will be used to generate the design work plan.
2. Labor to generate work plan, engineering specifications, and Health and Safety Plan

3. Procure equipment and materials

Service/Materials Unit Unit Cost Subtotal
Bench-Scale Study 1 $15,000.00 /ea $15,000.00
Contractor Labor:
Senior Engineer (E-12) 40 $97.00 /hr. $3,880.00
Task Manager (E-8) 80 $62.00 /hr. $4,960.00
Geologist (E-8) 40 $62.00 /hr. $2,480.00
Project Engineer (E-6) 160 $50.00 /hr. $8,000.00
Health and Safety (E-8) 40 $62.00 /hr. $2,480.00
Procurement Specialist (E-6) 80 $56.00 /hr. $4,480.00
Drafting (E-6) 40 $50.00 /hr. $2,000.00
Document Repro (Draft and Final) 2 $1,000.00 /ea $2,000.00
Subtotal $45,280.00
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Includes:
1. Mobilize equipment and personnel
2. Contractor field crew consists of a site superintendent, geologist, and a field technician.
3. Four 2-day trips for 2 contractor personnel for pre-remediation coordination.
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent 24 $60.00 /hr $1,440.00
QA (Sampling) Coordinator 24 $40.00 /hr $960.00
H&S Coordinator 16 $50.00 /hr $800.00
Field Geologist 2 $480.00 /day $960.00
Subcontractor Labor:
Excavator Operator 2 $340.91 /day $681.83
Equipment Operator 2 $326.98 /day $653.95
Equipment Operator 2 $326.98 /day $653.95
Loader Operator 2 $312.00 /day $624.00
Loader Operator 2 $312.00 /day $624.00
Laborers 2 $288.00 /day $576.00
Truck Drivers 6 $262.00 /day $1,572.00
Equipment:
Excavator 2 $704.00 /day $1,408.00
1 cy Front Wheel Loader 2 $280.86 /day $561.72
10-cy Mixing System 2 $975.00 /ea $1,950.00
Screening Plant 2 $1,000.00 /ea $2,000.00
Radial Conveyor 2 $500.00 /ea $1,000.00
Dump Truck 6 $428.00 /day $2,568.00
Travel for contractor crew:
Perdiem 34 $38.00 /day $1,292.00
Lodging 34 $80.00 /day $2,720.00
Rental Car 18 $40.00 /day $720.00
Airfare 21 $600.00 /ea $12,600.00
Subtotal $36,365.45
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Includes:
1. Hydropunch soil sampling
2. Analysis of soil samples for chemicals of concern.
Assumptions:
1. Perimeter of proposed remediation area (ft) = 7247
2. Distance between boring locations = 40
3. No. of borings = 182
4, Average depth of boring (ft) = 10
5. No. of samples collected per boring = 3
6. Total no. of samples collected = 546
7. No. of borings advanced per day = 10
Service/Materiais Unit Unit Cost Subtotal
Contractor:
Field Geologist 19 $480.00 /day $9,120.00
Subcontractor:
Mob/Demob 1 $2,000.00 /ea $2,000.00
Hydropunch Borings 1820 $15.00 /it $27,300.00
Equipment Decon 182 $90.00 /ea $16,380.00
Materials:
Field Supplies 182 $20.00 /bor. $3,640.00
Field Instruments 4 $400.00 /wk $1,600.00
Analytical:
NACs (8330) 546 $158.00 /ea $86,268.00
Lead 546 $24.00 /ea $13,104.00
PAHs (8270C) 546 $160.00 /ea $87,360.00
PCBs 546 $83.00 /ea $45,318.00
Shipping 146 $40.00 /ea $5,840.00
Equipment:
P/U Truck 19 $52.00 /day $988.00
Travel for Contractor Crew:
Perdiem 19 $38.00 /day $722.00
Lodging 19 $80.00 /day $1,520.00
Subtotal $301,160.00
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includes:
1. Clear remedial areas and treatment area = 8 acres
2. Construct 12" soil berm around treatment areas (500 ft x 300 ft area = 1600 ft ).
3. Excavate soil for contact water retension pond.
4. Construct 6-inch reinforced concrete slab for treatment area.
Assumptions:
1. Volume of soil removed for contact water retention pond = 2,923
2. Excavator: hydraulic backhoe, 1 cy bucket
3. Excavator output (cy/day) = 600
4. Days to excavate soil = 6
5. Volume of containment berm (cy) = 74
6. No. of contractor field crew = 2
7. Area of concrete treatment slab (150 ft x 150 ft) (sf) = 22500
Service/Materials Unit Unit Cost Subtotal
Contractor:
Site Superintendent 240 $60.00 /hr $14,400.00
QA Coordinator 240 $40.00 /hr $9,600.00
Subcontractor:
Surveying 2 $24,000.00 /site $48,000.00
Site Clearing 8 $2,300.00 /acre $18,400.00
Excavator Operator 6 $340.91 /day $2,045.49
Concrete Slab 22500 $4.39 /sf $98,775.00
Equipment:
Excavator 6 $704.00 /day $4,224.00
Materials:
Earthen containment berm 74 $6.00 /cy $444.00
Travel for Field Crew:
Per Diem 84 $38.00 /day $3,192.00
Lodging 84 $80.00 /day $6,720.00
Rental Car 42 $40.00 /day $1,680.00
Subtotal $207,480.00
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Includes:
1. Excavation of soil with contaminants exceeding RGOs
2. Screen oversize material
3. Collect confirmatory sampling to determine extent of excavation
4. Staging and characterizing waste stream
Assumptions and Calculations:
1. Cubic yards of consolidated soil excavated = 25533
2. Swell factor for soil upon excavation = 1.3
3. Cubic yards of unconsolidated soil = 33193
4. Density of unconsolidated soil (tons/cy) = 1.1
5. Mass of unconsolidated soil (tons) = 36512
6. Capacity of screening plant (tons/hr) = 100
7. Excavator: hydraulic backhoe, 1 cy bucket ($/day) = $704
8. Excavator output (cy/day) = 600
9. Days to excavate soil = 67
10. Dump truck capacity {(cy) = 12
11. Dump truck haul distance (mi.) = 0.5
12. Dump truck output (cy/day) = 250
13. No. of required dump trucks per day = 2
14. Soil sample collected for waste characterization / cy = 150
15. No. of soil samples collected for waste characterization = 221
16. Number of contractor field crew = 3
17. Number of subcontractor excavation crew = 4
18. Number of subcontractor screening crew = 3
19. Airfare included under mobilization
20. Lineal foot of excavation per confirmation sample = 20
21. Resampling factor for confirmation sampling = 1.1
22. No.of confirmatory samples from excavated area = 633
23. Subcontractor markup on equipment = 1.25
24. Subcontractor markup on fabor = 1.31
25. Excavation area (ft%) = 85207
26. Cost multiplier for 1-week turnaround on analytical data = 1.25
27. Fraction of excavation work performed in Level C PPE = 0.10
28. Labor productivity factor for Level C work = 0.67
29. Days excavation crew in Level C = 7
30. Days screening crew in Level C = 5
31. Perimeter of excavation area (ft) = 7247
32. Excavation area (sf) = 85207
33. Volume of pit water requiring POTW disposal ( gal) = 40000
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent 536 $60.00 /hr $32,160.00
QA (Sampling) Coordinator 536 $40.00 /hr $21,440.00
H&S Coordinator 536 $50.00 /hr $26,800.00
Chemist (home office) 134 $51.00 /hr $6,834.00
Subcontractor:
Excavator Operator 67 $340.91 /day $22,841.26
Equipment Operator 50 $326.98 /day $16,348.80
Loader Operator 50 $312.00 /day $15,600.00
Laborers 117 $288.00 /day $33,696.00
Truck Drivers 201 $262.00 /day $52,662.00
Road Repair 2 $50,000.00 /site $100,000.00
Equipment:
Excavator 67 $704.00 /day $47,168.00
100-ton/hr Screening Plant 10 $1,800.00 /wk $18,000.00
Radial Stacking Conveyor 10 $1,222.00 /wk $12,220.00
1 cy Front Wheel Loader 50 $280.86 /day $14,043.00
12-cy Dump Truck 134 $428.00 /day $57,352.00
3000 gal. Water Truck 67 $402.00 /day $26,934.00
150 gpm Pump 2 $2,439.00 /ea. $4,878.00
300 gpm Pump 2 $3,749.00 /ea. $7,498.00
7-ft Diameter Sand Filter 1 $22,310.00 /ea. $22,310.00
200-gpm GAC Adsorber (6000#-disp.) 2 $14,217.00 /ea. $28,434.00
20000 gal Steel Water Tank 1 $14,618.00 /ea. $14,618.00
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Analytical:
TCLP Extraction 221 $12.88 /ea $2,845.38
Lead 854 $30.00 /ea $25,620.00
SVOCs (8270C) 854 $300.00 /ea $256,200.00
NACs (8330) 854 $197.50 /ea $168,665.00
PCBs 854 $103.75 /ea $88,602.50
NAC field analyses 633 $40.00 /ea $25,320.00
Lead field analyses 4 $4,200.00 /mo. $16,800.00
Shipping 228 $40.00 /ea $9,109.33
Materials & Services:
Office Trailer 8 $500.00 /mo. $4,000.00
Level D PPE 375 $10.00 /day $3,750.00
Level C PPE 43 $35.00 /day $1,505.00
PID rental 4 $974.00 /mo. $3,896.00
CGl rental 4 $380.00 /mo. $1,520.00
Pit Water Disposal 40 $1.62 /kgal $64.80
Travel for Contractor Crew:
Perdiem 867 $38.00 /day $32,946.00
Lodging 867 $80.00 /day $69,360.00
Rental Car 351 $40.00 /day $14,040.00
Subtotal $1,306,081.00
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6.0 Chemical Stabilization of Hazardous Soil

Includes:
1. Stabilization of hazardous soil using cement and activated carbon
Assumptions and Calculations:

1. Volume of consolidated haz. soil to be stabitized = 6180
2. Swell factor for soil upon excavation = 1.3
3. Cubic yards of unconsolidated soil to be stabilized = 8034
4. Density of soil (ton/cy) = 1.1
5. Tons of hazardous soil that needs to be stabilized = 8838
6. Mass ratio of carbon to soil = 0.02
7. Mass ratio of portland cement to soil = 0.08
8. Carbon cost ($/ton)= 2000
9. Cement cost ($/ton)= 105
10. Carbon required for stabilization (tons) = 177
11. Cement required for stabilization (tons) = 707
12. No. of contractor field crew = 2
13. Stabilization batch cycle time (min) = 15
14. Time required to stabilize soil (days) = 29
15. Swell upon stabilization = 1.132
16. Volume of stabilized soil (cy) = 9095
17. Soil sample collected for waste characterization / cy = 150
18. Subcontractor profit = 0.12
19. Subcontractor markup on labor = 1.72
20. Contractor markup on labor = 1.60
21. Subcontractor markup on equipment = 1.25
22. Subcontractor markup on labor = 1.31
23. Contaminated soil stockpite area (sf) = 15096
24, Treated soil stockpile area (sf) = 900
25. Height of stockpiles (ft) = 9.0
26. Width of soil stockpiles (ft) = 60
27. No. of subcontractor field crew = 4
28. Equipment setup/teardown (days) = 10
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent 39 $480.00 /day $18,720.00
QA (Sampling) Coordinator 39 $320.00 /day $12,480.00
Subcontractor Labor:

Wheel Loader Operator 39 $312.00 /day $12,168.00
Process Equipment Operator 39 $314.40 /day $12,261.60
Process Equipment Operator 39 $314.40 /day $12,261.60

Laborer 39 $270.00 /day $10,530.00
PBOW Security 39 $120.00 /day $4,680.00

Equipment:
1 cy Front Wheel Loader 39 $280.86 /day $10,953.54
10-cy Mixing System 2 $6,250.00 /mo $12,500.00
Belt Feeder for Mixing Stystem 2 $728.00 /mo $1,456.00
Stabilization Ancilliary Equipment 2 $557.00 /mo $1,114.00
Dust Collecton System 2 $530.00 /mo $1,060.00
Radial Stacking Conveyor 2 $3,605.00 /mo $7,210.00

Materials:

Office Trailer 4 $500.00 /mo. $2,000.00
Regen Carbon 177 $2,000.00 /ton $354,000.00
Cement 707 $105.00 /ton $74,235.00
40-mil Liner for Soil Stockpiles 15996 $1.58 /st $25,337.66
10-mil Cover for Soil Stockpiles 22955 $0.83 /sf $18,937.88
Water 74 $9.40 /kgpd $694.87
Level DPPE 156 $10.00 /day $1,560.00
PID rental 2 $974.00 /mo. $1,948.00
CGl rental 2 $380.00 /mo. $760.00
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6.0 Chemical Stabilization of Hazardous Soil (continued)
Analytical:
TCLP Extraction 61 $10.30 /ea $628.00
Lead 61 $24.00 /ea $1,464.00
SVOCs (8270C) 61 $240.00 /ea $14,640.00
NACs (8330) 61 $158.00 /ea $9,638.00
PCBs 61 $83.00 /ea $5,063.00
Unconfined Compresive Strength 61 $130.00 /ea $7,930.00
Shipping 8 $40.00 /ea $325.00
Travel for contractor crew:
Lodging 764 $80.00 /day $61,120.00
Perdiem 764 $38.00 /day $29,032.00
Rental Car 109 $40.00 /day $4,360.00
Subtotal $731,068.00

7.0 Off-Site Disposal

Includes:

1. Dispose of stabilized soil and non-hazardous soil (not stabilized) at a nonhazardous waste landfili
2. Dispose of PCB waste at a TSCA approved landfill

Assumptions and Calculations:

1. Cubic yards of soil not requiring stabilization = 25004
2. Tons of soil not requiring stabilization = 27504
3. Tons of stabilized soil = 10606
4. Tons of soil for non-haz waste landfill disposal = 38110
5. Unconsolidated volume of PCB waste for disposal (cy) = 155
6. Tons of soil for haz waste landfill disposal = 170
7. Non-haz waste transportation cost ($/ton) = 6
8. Non-haz waste disposal costs ($/ton) = 31 Erie County Landfilt
9. Non-haz waste regulatory fees ($/ton) = 0 included in disposal
10. Haz waste transportation cost ($/ton) = 35
11. D008 Haz waste disposal cost ($/ton) = 75 EO Environmental
12. D030 Haz waste disposal cost ($/ton) = 150 EO Environmental
13. PCB Haz waste disposal cost ($/ton) = 75 EO Environmental
14. Haz waste regulatory fees ($/ton) = 10
15. No. of contractor field crew = 2
14. No. of subcontractor field crew = 2
16. Output of front-end loader (cy/day) = 550
17. No. of field days = 58
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent 464 $60.00 /hr $27,840.00
QA Coordinator 464 $40.00 /hr $18,560.00
Subcontractor Labor:
Front End Loader Operator 58 $312.00 /day $18,096.00
Laborer 58 $293.00 /day $16,994.00
PBOW Security 58 $120.00 /day $6,960.00
Materials:
Level D PPE 116 $10.00 /day $1,160.00
Equipment:
1 cy Front End Loader 58 $280.86 /day $16,289.88
Disposal Costs:
Transportation (Non-Haz Waste) 38110 $6.00 /ton $228,660.97
Disposal Cost (Non-Haz waste) 38110 $31.00 /ton $1,181,415.00
Transportation (Haz Waste) 170 $35.00 /ton $5,955.95
Disposal Cost (D008 haz waste} 0 $85.00 /ton $0.00
Disposal Cost (D030 haz waste) 0 $160.00 /ton $0.00
Disposal Cost (PCB hazwaste) 170 $85.00 /ton $14,464.45
Travel for field crew:
Lodging 325 $80.00 /day $26,000.00
Perdiem 325 $38.00 /day $12,350.00
Rental Car 162 $40.00 /day $6,480.00
Subtotal $1,581,226.00
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8.0 Backfill Excavation with Clean Soil

Includes:

1. Backfill excavated areas with clean backfill (confirm soil is clean by sampling)
2. Confirmation testing under contaminated soil stockpiles.

3. Prepare site close-out report.

Assumptions and Calculations:

1. Volume of consolidated soil excavated (cy) = 25533
2. Compaction factor = 1.15
3. Volume of soil required for backfill (cy) = 29363
4. Cost of clean backfilt soil delivered 1o site ($/cy) = 12
5. Field days required to backfill soil = 53
6. No. of contractor field crew = 2
8. No. of subcontractor backfill field crew = 2
7. No. of confirmatory samples from backfill = 2
8. Subcontractor markup on equipment = 1.25
9. Subcontractor markup on labor = 1.31
10. Area of contaminated soil stockpile (sf) = 62370
11. Area per confirmation sample (sf) = 400
12. No. of confirmation samples under soil stockpile = 156
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent 424 $60.00 /hr $25,440.00
QA Coordinator 424 $40.00 /hr $16,960.00
Site Close-Out Report 1 $20,000.00 /ea $20,000.00
Subcontractor Labor:
Front End Loader Operator 53 $312.00 /day $16,536.00
Laborer/Oiler 53 $279.29 /day $14,802.48
PBOW Security 53 $120.00 /day $6,360.00
Equipment:
1 cy Front End Loader 53 $280.86 /day $14,885.58
Material:
Backfill 29363 $12.00 /cy $352,355.40 delivered to site
PID rental 3 $974.00 /mo. $2,922.00
CGl rental 3 $380.00 /mo. $1,140.00
Level D PPE 106 $10.00 /day $1,060.00
Analytical:
RCRA Metals 2 $105.00 /ea $210.00
NACs (8330) 158 $158.00 /ea $24,964.00
SVOCs 2 $230.00 /ea $460.00
Lead 156 $24.00 /ea $3,744.00
PAHs (8270C) 156 $160.00 /ea $24,960.00
PCBs 156 $83.00 /ea $12,948.00
Shipping 42 $40.00 /ea $1,680.00
Travel for field crew:
Lodging 297 $80.00 /day $23,760.00
Perdiem 297 $38.00 /day $11,286.00
Rental Car 148 $40.00 /day $5,920.00
Subcontract:
Reseeding 348 $56.84 /mst $19,780.00
Subtotal $602,173.00
9.0 Overall Cost
Total Capital Cost $4,810,833.45

Contingency (30%) $1,443,250.00
PM Multtiplier (7.5%) $360,813.00
Fee/Profit (10%) $481,083.00
Total Cost $7,096,000.00

*This is an order-of-magnitude engineering cost estimate that is expected to be within +50 to -30 percent of the actual
project cost.
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Alternative 4
Excavation/Off-Site Disposal Cost Estimate

Date: 9/11/2003

Scope:

1. Perform bench-scale treatability study, prepare stabilization work plan, H&S plan, materials list,
and procurement

2. Mobilize equipment and personnel

3. Conduct pre-remediation soil sampling to better delineate the lateral and vertical extent of contamination.
4. Prepare site for remedial activity.

5. Excavate contaminated soil and perform confirmatory sampling

6. Dispose of untreated non-hazardous soil in a Subtitle D landfill. Dispose of untreated hazardous
soil in a Subtitle C landfill. Dispose of PCB remediation waste in a TSCA landfill.

7. Backfill excavated areas

8. Demobilize equipment and personnel

1.0 Work Plan, Health and Safety Plan, Materials List, and Procurement

Includes:
1. Labor to generate work plan, engineering specifications, and Health and Safety Plan
2. Procure equipment and materials

Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Senior Engineer (E-12) 40 $97.00 /hr. $3,880.00
Task Manager (E-8) 80 $62.00 /hr. $4,960.00
Geologist (E-8) 40 $62.00 /hr. $2,480.00
Project Engineer (E-6) 160 $50.00 /br. $8,000.00
Health and Safety (E-8) 40 $62.00 /hr. $2,480.00
Procurement Specialist (E-6) 80 $56.00 /hr. $4,480.00
Drafting (E-6) 40 $50.00 /r. $2,000.00
Document Repro (Draft and Final) 2 $1,000.00 /ea $2,000.00
Subtotal $30,280.00

2.0 Mobilization/Demobilization of Equipment and Personnel

Includes:

1. Mobilize equipment and personnei

2. Contractor field crew consists of a site superintendent, geologist, and a field technician.
3. Four 2-day trips for 2 contractor personnel for pre-remediation coordination.

Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 24 $60.00 /hr $1,440.00
QA (Sampling) Coordinator 24 $40.00 /hr $960.00
H&S Coordinator 16 $50.00 /hr $800.00
Field Geologist 2 $480.00 /day $960.00

Subcontractor Labor:

Excavator Operator 2 $340.91 /day $681.83
Equipment Operator 2 $326.98 /day $653.95
Loader Operator 2 $312.00 /day $624.00
Laborers 2 $288.00 /day $576.00
Truck Drivers 6 $262.00 /day $1,572.00
Equipment:

Excavator 2 $704.00 /day $1,408.00
1 cy Front Wheel Loader 2 $280.86 /day $561.72
Screening Plant 2 $1,000.00 /ea $2,000.00
Radial Conveyor 2 $500.00 /ea $1,000.00
Dump Truck 6 $428.00 /day $2,568.00

Travel for contractor crew:
Perdiem 30 $38.00 /day $1,140.00
Lodging 30 $80.00 /day $2,400.00
Rental Car 16 $40.00 /day $640.00
Airfare 19 $600.00 /ea $11,400.00

Subtotal $31,385.50
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3.0 Pre-Remediation Soil Sampling

Includes:
1. Hydropunch soil sampling
2. Analysis of soil samples for chemicals of concemn.

Assumptions:
1. Perimeter of proposed remediation area (ft) =
2. Distance between boring locations =
3. No. of borings =
4. Average depth of boring (ft) =
5. No. of samples collected per boring =
6. Total no. of samples coliected =
7. No. of borings advanced per day =
Service/Materials Unit Unit Cost
Contractor:
Field Geologist 19 $480.00 /day
Subcontractor:
Mob/Demob 1 $2,000.00 /ea
Hydropunch Borings 1820 $15.00 /it
Equipment Decon 182 $90.00 /ea
Materials:
Field Suppties 182 $20.00 /bor.
Field Instruments 4 $400.00 /wk
Analytical:
NACs (8330) 546 $158.00 /ea
Lead 546 $24.00 /ea
PAHs (8270C) 546 $160.00 /ea
PCBs 546 $83.00 /ea
Shipping 146 $40.00 /ea
Equipment:
P/U Truck 19 $52.00 /day
Travel for Contractor Crew:
Perdiem 19 $38.00 /day
Lodging 19 $80.00 /day

7247
40
182
10

546
10

Subtotal

$9,120.00

$2,000.00
$27,300.00
$16,380.00

$3,640.00
$1,600.00

$86,268.00
$13,104.00
$87,360.00
$45,318.00

$5,840.00

$988.00

$722.00

$1,520.00
Subtotal

$301,160.00
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Table 4-11
Alternative 4 - Excavation and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 30f7)
4.0 Site Preparation
Includes:
1. Clear remedial areas and treatment area = 8 acres
2. Construct 12" soil berm around staging areas (200 ft x 250 ft area = 900 ft ).
3. Excavate soil for contact water retension pond.
Assumptions:
1. Volume of soil removed for contact water retention pond = 1,644
2. Excavator: hydraulic backhoe, 1 cy bucket
3. Excavator output (cy/day) = 600
4. Days to excavate soil = 4
5. Volume of containment berm (cy) = 74
6. No. of field crew = 2
Service/Materials Unit Unit Cost Subtotal
Contractor:
Site Superintendent 80 $60.00 /hr $4,800.00
QA Coordinator 80 $40.00 /hr $3,200.00
Subcontractor:
Surveying 2 $24,000.00 /site $48,000.00
Site Clearing 8 $2,300.00 /acre $18,400.00
Excavator Operator 4 $340.91 /day $1,363.66
Equipment:
Excavator 4 $704.00 /day $2,816.00
Materials:
Earthen containment berm 74 $6.00 /cy $444.00
Travel for Field Crew:
Per Diem 28 $38.00 /day $1,064.00
Lodging 28 $80.00 /day $2,240.00
Rental Car 14 $40.00 /day $560.00
Subtotal $82,888.00
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Table 4-11
Alternative 4 - Excavation and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 4 of 7)
Includes:
1. Excavation of soil with contaminants exceeding RGOs
2. Screen oversize material
3. Collect confirmatory sampling to determine extent of excavation
4. Staging and characterizing waste stream
Assumptions and Calculations:
1. Cubic yards of consolidated soil excavated = 25533
2. Swell factor for soil upon excavation = 1.3
3. Cubic yards of unconsolidated soil = 33193
4. Density of unconsolidated soil (tons/cy) = 1.1
5. Mass of unconsolidated soil {tons) = 36512
6. Capacity of screening plant (tons/hr) = 100
7. Excavator: hydraulic backhoe, 1 cy bucket ($/day) = $704
8. Excavator output (cy/day) = 600
9. Days to excavate soil = 67
10. Dump truck capacity (cy) = 12
11. Dump truck haul distance (mi.) = 0.5
12. Dump truck output (cy/day) = 250
13. No. of required dump trucks per day = 2
14. Soil sample coliected for waste characterization / cy = 150
15. No. of soil samples collected for waste characterization = 221
16. Number of contractor fieid crew = 3
17. Number of subcontractor excavation crew = 4
18. Number of subcontractor screening crew = 3
19. Airfare included under mobilization
20. Lineal foot of excavation per confirmation sample = 20
21. Resampling factor for confirmation sampling = 1.1
22. No.of confirmatory samples from excavated area = 633
23. Subcontractor markup on equipment = 1.25
24. Subcontractor markup on labor = 1.31
25. Excavation area (ft) = 85207
26. Cost multiplier for 1-week turnaround on analytical data = 1.25
27. Fraction of excavation work performed in Level C PPE = 0.10
28. Labor productivity factor for Level C work = 0.67
29. Days excavation crew in Level C = 7
30. Days screening crew in Level C = 5
31. Perimeter of excavation area (ft) = 7247
32. Excavation area (sf) = 85207
33. Volume of pit water requiring POTW disposal ( gal) = 40000
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 536 $60.00 /hr $32,160.00
QA (Sampling) Coordinator 536 $40.00 /hr $21,440.00
H&S Coordinator 536 $50.00 /hr $26,800.00
Chemist (home office) 134 $51.00 /hr $6,834.00
Subcontractor:
Excavator Operator 67 $340.91 /day $22,841.26
Equipment Operator 50 $326.98 /day $16,348.80
Loader Operator 50 $312.00 /day $15,600.00
Laborers 117 $288.00 /day $33,696.00
Truck Drivers 201 $262.00 /day $52,662.00
Road Repair 2 $50,000.00 /site $100,000.00
Equipment:
Excavator 67 $704.00 /day $47,168.00
100-ton/hr Screening Plant 10 $1,800.00 /wk $18,000.00
Radial Stacking Conveyor 10 $1,222.00 /wk $12,220.00
1 ¢y Front Wheel Loader 50 $280.86 /day $14,043.00
12-cy Dump Truck 134 $428.00 /day $57,352.00
3000 gal. Water Truck 67 $402.00 /day $26,934.00
150 gpm Pump 2 $2,439.00 /ea. $4,878.00
300 gpm Pump 2 $3,749.00 /ea. $7,498.00
7-ft Diameter Sand Filter 1 $22,310.00 /ea. $22,310.00
200-gpm GAC Adsorber (6000#-disp.) 2 $14,217.00 /ea. $28,434.00
20000 gal Steel Water Tank 1 $14,618.00 /ea. $14,618.00
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Table 4-11
Alternative 4 - Excavation and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 5 of 7)
Analytical:
TCLP Extraction 221 $12.88 /ea $2,845.38
Lead 854 $300.00 /ea $256,200.00
SVOCs (8270C) 854 $197.50 /ea $168,665.00
NACs (8330) 854 $30.00 /ea $25,620.00
PCBs 854 $103.75 /ea $88,602.50
NAC field analyses 633 $40.00 /ea $25,320.00
Lead field analyses 4 $4,200.00 /mo. $16,800.00
Shipping 228 $40.00 /ea $9,109.33
Materials & Services:
Office Trailer 8 $500.00 /mo. $4,000.00
Level DPPE 375 $10.00 /day $3,750.00
Level C PPE 43 $35.00 /day $1,505.00
PID rental 4 $974.00 /mo. $3,896.00
CGl rental 4 $380.00 /mo. $1,520.00
Pit Water Disposal 40 $1.62 /kgal $64.80
Travel for Contractor Crew:
Perdiem 867 $38.00 /day $32,946.00
Lodging 867 $80.00 /day $69,360.00
Rental Car 351 $40.00 /day $14,040.00
Subtotal $1,306,081.00
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Table 4-11
Alternative 4 - Excavation and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 6 of 7)
Includes:
1. Dispose of non-hazardous soil at a nonhazardous waste landfill.
2. Dispose of hazardous soil at a RCRA Subtitie C TSDF.
3. Dispose of PCB waste at a TSCA approved landfill.
Assumptions and Calculations:
1. Volume of consolidated, non-hazardous soil (cy) = 19234
2. Volume of unconsolidated, non-hazardous soil (cy) = 25004
3. Tons of non-hazardous soil for disposal = 27504
4. Consolidated volume of D008 soil for haz disposal {cy) = 275 no D030 waste comingled
5. Consolidated volume of D030 soil for haz disposal (cy) = 5905
6. Consolidated volume of PCB soil for haz disposal (cy) = 119
7. Total volume of unconsolidated hazardous soil (cy) = 8189
8. Non-haz waste transportation cost ($/ton) = 6
9. Non-haz waste disposal costs ($/ton) = 31 Erie County Landfill
10. Non-haz waste regulatory fees ($/ton) = 0 included in disposal
11. Haz waste transportation cost ($/ton) = 35
12. D008 Haz waste disposal cost ($/ton) = 75
13. D030 Haz waste disposal cost ($/ton) = 150
14. PCB Haz waste disposal cost ($/ton) = 75
15. Haz waste regulatory fees ($/ton) = 10
16. No. of contractor field crew = 2
14. No. of subcontractor field crew = 2
17. Output of front-end loader (cy/day) = 550
18. No. of field days = 61
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 488 $60.00 /hr $29,280.00
QA Coordinator 488 $40.00 /hr $19,520.00
Subcontractor Labor:
Front End Loader Operator 61 $312.00 /day $19,032.00
Laborer 61 $293.00 /day $17,873.00
PBOW Security 61 $120.00 /day $7,320.00
Materials:
Level D PPE 122 $10.00 /day $1,220.00
Equipment:
1 cy Front End Loader 61 $280.86 /day $17,132.46
Disposal Costs:
Transportation (Non-Haz Waste) 27504 $6.00 /ton $165,024.97
Disposal Cost (Non-Haz waste) 27504 $31.00 /ton $852,629.00
Transportation (Haz Waste) 9008 $35.00 /ton $315,280.00
Disposal Cost (D008 haz waste) 393 $85.00 /ton $33,405.00
Disposal Cost (D030 haz waste) 8445 $160.00 /ton $1,351,200.00
Disposal Cost (PCB haz waste) 170 $85.00 /ton $14,450.00
Travel for fieid crew:
Lodging 342 $80.00 /day $27,360.00
Perdiem 342 $38.00 /day $12,996.00
Rental Car 171 $40.00 /day $6,840.00
Subtotal $2,890,562.00
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Table 4-11

Alternative 4 - Excavation and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 7 of 7)

Includes:

1. Backfill excavated areas with clean backfill (confirm soil is clean by sampling)

2. Confirmation testing under contaminated soil stockpiles.
3. Prepare site close-out report.

Assumptions and Calculations:

8.0 Backfill Excavation with Clean Soil

1. Volume of consolidated soil excavated (cy) = 25533
2. Compaction factor = 1.15
3. Volume of soil required for backfill (cy) = 29363
4. Cost of clean backfill soil delivered to site ($/cy) = 12
5. Field days required to backfill soil = 53
6. No. of contractor field crew = 2
8. No. of subcontractor backfill field crew = 2
7. No. of confirmatory sampies from backfill = 2
8. Subcontractor markup on equipment = 1.25
9. Subcontractor markup on labor = 1.31
10. Area of contaminated soil stockpile (sf) = 62370
11. Area per confirmation sample (sf) = 400
12. No. of confirmation samples under soil stockpile = 156
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 424 $60.00 /hr $25,440.00
QA Coordinator 424 $40.00 /hr $16,960.00
Site Close-Out Report 1 $20,000.00 /fea $20,000.00
Subcontractor Labor:
Front End Loader Operator 53 $312.00 /day $16,536.00
Laborer/Qiler 53 $279.29 /day $14,802.48
PBOW Security 53 $120.00 /day $6,360.00
Equipment:
1 cy Front End Loader 53 $280.86 /day $14,885.58
Material:
Backfill 29363 $12.00 /cy $352,355.40 delivered to site
PID rental 3 $974.00 /mo. $2,922.00
CGl rental 3 $380.00 /mo. $1,140.00
Level D PPE 106 $10.00 /day $1,060.00
Analytical:
RCRA Metals 2 $105.00 /ea $210.00
NACs (8330) 158 $158.00 /ea $24,964.00
SVOCs 2 $230.00 /ea $460.00
Lead 156 $24.00 /ea $3,744.00
PAHSs (8270C) 156 $160.00 /ea $24,960.00
PCBs 156 $83.00 /ea $12,948.00
Shipping 42 $40.00 /ea $1,680.00
Travel for field crew:
Lodging 297 $80.00 /day $23,760.00
Perdiem 297 $38.00 /day $11,286.00
Rental Car 148 $40.00 /day $5,920.00
Subcontract:
Reseeding 348 $56.84 /msf $19,780.00
Subtotal $602,173.00
Total Capital Cost $5,244,529.50
Contingency (30%) $1,573,359.00
PM Multiplier (7.5%) $393,340.00
Fee/Profit (10%) $524,453.00
Total Cost $7,736,000.00

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

project cost.
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Table 4-12
Alternative 5 - Excavation, Windrow Composting, Ex-Situ Stabilization, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 13)

Alternative 5
ExcavationfComposting/Stabilization/Off-Site and On-Site

Disposal Cost Estimate

Scope:

1. Perform bench-scale treatability studies to test the effectiveness of windrow composting and

chemical stabilization for treating chemical of concern in soil, prepare remedial work ptan, H&S

plan, materials list, and procurement.

2. Mobilize equipment and personnel

3. Conduct pre-remediation soil sampling to better delineate the lateral and vertical extent of contamination.
4. Prepare site for remedial activity.

5. Excavate contaminated soil and perform confirmatory sampling.

6. Treatment of soil contaminated with nitroaromatic compounds via windrow composting.

7. Chemically stabilize Pb-contaminated soil that cannot be effectively treated using windrow composting..
8. Off-site disposal of stabilized soil and PCB remediation waste..

9. Backfill excavation with clean soit and spread treated compost across site.

10. Demobilize equipment and personnel.

1.0 Bench-Scale Study, Work Plan, Health and Safety Plan, Materials List, and Procurement

Includes:

1. Perform bench-scale treatability study to (1) define most cost-effective compost mix formula and
{2) determine the optimum chemical additives and mix ratio for chemical stabilization. Results will
be used to generate the design work plan.

2. Labor to generate work plan, engineering specifications, and Health and Safety Plan

3. Procure equipment and materials

Service/Materials Unit Unit Cost Subtotal
Composting Treatability Study 1 $20,000.00 /ea $20,000.00
Stabilization Treatability Study 1 $15,000.00 /ea $15,000.00

Contractor Labor:

Senior Engineer (E-12) 80 $97.00 /hr. $7,760.00

Task Manager (E-8) 160 $62.00 /hr. $9,920.00

Geologist (E-8) 40 $62.00 /hr. $2,480.00

Project Engineer (E-6) 320 $50.00 tr. $16,000.00

Health and Safety (E-8) 80 $62.00 tr. $4,960.00

Procurement Specialist (E-6) 160 $56.00 /hr. $8,960.00

Drafting (E-6) 80 $50.00 /hr. "~ $4,000.00

Document Repro (Draft and Final) 2 $1,000.00 /ea $2,000.00
Subtotal $91,080.00

KNI\PBOWATNTALC\FS\FINAL\Table 4-12.xIs(Alt 5 Area A&C)\9/30/2003(6:35 PM)



Table 4-12
Alternative 5 - Excavation, Windrow Composting, Ex-Situ Stabilization, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 2 of 13)
Includes:
1. Mobilize equipment and personnel (2 events for excavation & backfill subcontractor)
2. Contractor field crew consists of site superintendent, geologist, and a fieid technicians
3. Four 2-day trips for 2 contractor personnel for pre-remediation coordination.
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 24 $60.00 /hr $1,440.00
QA (Sampling) Coordinator 24 $40.00 /hr $960.00
H&S Coordinator 16 $50.00 /hr $800.00
Field Geologist 2 $480.00 /day $960.00
Subcontractor Labor:
Excavator Operator 2 $340.91 /day $681.83
Equipment Operator 2 $326.98 /day $653.95
Equipment Operator 2 $326.98 /day $653.95
Dozer Operator 2 $326.98 /day $653.95
Loader Operator 2 $312.00 /day $624.00
Loader Operator 2 $312.00 /day $624.00
Laborers 2 $288.00 /day $576.00
Truck Drivers 12 $262.00 /day $3,144.00
Equipment:
Excavator 2 $704.00 /day $1,408.00
1 cy Front Wheel Loader 2 $280.86 /day $561.72
3 cy Front Wheel Loader 2 $485.22 /day $970.44
Windrow Tumer 2 $1,000.00 /mob $2,000.00
10-cy Mixing System 2 $975.00 /ea $1,950.00
Screening Plant 2 $1,000.00 /ea $2,000.00
Radial Conveyor 2 $500.00 /ea $1,000.00
D-6H Dozer 2 $630.70 /day $1,261.40
Dump Trucks 12 $428.00 /day $5,136.00
Travel for contractor crew:
Perdiem 42 $38.00 /day $1,596.00
Lodging 42 $80.00 /day $3,360.00
Rental Car 20 $40.00 /day $800.00
Airfare 25 $600.00 /ea $15,000.00
Subtotal $48,815.00
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Table 4-12
Alternative 5 - Excavation, Windrow Composting, Ex-Situ Stabilization, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 3 of 13)

3.0 Pre-Remediation Soil Sampling

Includes:
1. Hydropunch soil sampling
2. Analysis of soit samples for chemicals of concern.
Assumptions:
1. Perimeter of proposed remediation area (ft) = 7247
2. Distance between boring locations = 40
3. No. of borings = 182
4. Average depth of boring (ft) = 10
5. No. of samples collected per boring = 3
6. Total no. of samples collected = 546
7. No. of borings advanced per day = 10
Service/Materials Unit Unit Cost Subtotal
Contractor:
Field Geologist 19 $480.00 /day $9,120.00
Subcontractor:
Mob/Demob 1 $2,000.00 /ea $2,000.00
Hydropunch Borings 1820 $15.00 /it $27,300.00
Equipment Decon 182 $90.00 /ea $16,380.00
Materials:
Field Supplies 182 $20.00 /bor. $3,640.00
Field !nstruments 4 $400.00 /wk $1,600.00
Analytical:
NACs (8330) 546 $158.00 /ea $86,268.00
Lead 546 $24.00 /ea $13,104.00
PAHs (8270C) 546 $160.00 /ea $87,360.00
PCBs 546 $83.00 /ea $45,318.00
Shipping 146 $40.00 /ea $5,840.00
Equipment:
P/U Truck 19 $52.00 /day $988.00
Travel for Contractor Crew:
Perdiem 19 $38.00 /day $722.00
Lodging 19 $80.00 /day $1,520.00
Subtotal $301,160.00
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Alternative 5 - Excavation, Windrow Composting, Ex-Situ Stabilization, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 4 of 13)

4.0 Site Preparation

Includes:
1. Clear remedial areas and treatment area = 8 acres
2. Construct 12" soil berm around treatment areas (400 ft x 500 ft area = 1800 ft ).
3. Excavate soil for contact water retension pond.
4. Construct 6-inch reinforced concrete slab for treatment area.
Assumptions:
1. Volume of soil removed for contact water retention pond = 3,288
2. Excavator: hydraulic backhoe, 1 cy bucket
3. Excavator output (cy/day) = 600
4. Days to excavate soil = 7
5. Volume of containment berm (cy) = 106
6. No. of contractor field crew = 2
7. Area of concrete treatment slab (160 ft x 420 ft) (sf) = 67200
Service/Materials Unit Unit Cost Subtotal
Contractor:
Site Superintendent 320 $60.00 /hr $19,200.00
QA Coordinator 320 $40.00 /hr $12,800.00
Subcontractor:
Surveying 2 $24,000.00 /site $48,000.00
Site Clearing 8 $2,300.00 /acre $18,400.00
Excavator Operator 7 $258.80 /day $1,811.60
Concrete Slab 67200 $4.39 /st $295,008.00
Equipment:
Excavator 7 $704.00 /day $4,928.00
Materials:
Earthen containment berm 106 $6.00 /cy $636.00
Travel for Field Crew:
Per Diem 112 $38.00 /day $4,256.00
Lodging 112 $80.00 /day $8,960.00
Rental Car 56 $40.00 /day $2,240.00
Subtotai $416,240.00
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Alternative 5 - Excavation, Windrow Composting, Ex-Situ Stabilization, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 5 of 13)

5.0 Excavation of Contaminated Soil

Includes:
1. Excavation of soil with contaminants exceeding RGOs
2. Screen oversize material
2. Collect confirmatory samples to determine extent of excavation
3. Staging and characterizing waste stream
Assumptions and Calculations:
1. Cubic yards of consolidated soil excavated = 25533
2. Swell factor for soil upon excavation = 1.3
3. Cubic yards ot unconsolidated soil = 33193
4. Density of unconsolidated soil (tons/cy) = 1.1
5. Mass of unconsolidated soil (fons) = 36512
6. Capacity of screening plant (tons/hr) = 100
7. Excavator: hydraulic backhose, 1 cy bucket ($/day) = 602
8. Excavator output (cy/day) = 600
9. Days to excavate soil = 67
10. Dump truck capacity (cy) = 12
11. Dump truck haul distance (mi.) = 0.5
12. Dump truck output (cy/day) = 250
13. No. of required dump trucks per day = 2
14. Soil sample collected for waste characterization / cy = 150
15. No. of soil samples collected for waste characterization = 221
16. Number of contractor field crew = 3
17. Number of subcontractor excavation crew = 4
18. Number of subcontractor screening crew = 3
19. Airfare included under mobilization
20. Lineal foot of excavation per confirmation sample = 20
21. Resampling factor for confirmation sampling = 1.1
22. No.ot confirmatory samples from excavated area = 633
23. Subcontractor markup on equipment = 1.25
24. Subcontractor markup on labor = 1.31
25. Excavation area (ft) = 85207
26. Cost multiplier for 1-week turnaround on analytical data = 1.25
27. Fraction of excavation work performed in Level C PPE = 0.10
28. Labor productivity factor for Level C work = 0.67
29. Days excavation crew in Level C = 7
30. Days screening crew in Level C = 5
31. Perimeter of excavation area (ft) = 7247
32. Excavation area (sf) = 85207
33. Volume of pit water requiring POTW disposal ( gal) = 40000
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 536 $60.00 /hr $32,160.00
QA (Sampling) Coordinator 536 $40.00 /hr $21,440.00
H&S Coordinator 536 $50.00 /hr $26,800.00
Chemist (home office) 134 $51.00 /hr $6,834.00
Subcontractor:
Excavator Operator 67 $340.91 /day $22,841.26
Equipment Operator 50 $326.98 /day $16,348.80
Loader Operator 50 $312.00 /day $15,600.00
Laborers 117 $288.00 /day $33,696.00
Truck Drivers 201 $262.00 /day $52,662.00
Road Repair 2 $50,000.00 /site $100,000.00
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Table 4-12
Alternative 5 - Excavation, Windrow Composting, Ex-Situ Stabilization, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 6 of 13}

5.0 Excavation of Contaminated Soil (continued)

Equipment:
Excavator 67 $704.00 /day $47,168.00
100-ton/hr Screening Plant 10 $1,800.00 /wk $18,000.00
Radial Stacking Conveyor 10 $1,222.00 /wk $12,220.00
1 ¢y Front Wheel Loader 50 $280.86 /day $14,043.00
Dump Truck 134 $428.00 /day $57,352.00
3000 gal. Water Truck 67 $402.00 /day $26,934.00
150 gpm Pump 2 $2,439.00 /ea. $4,878.00
300 gpm Pump 2 $3,749.00 /ea. $7,498.00
7-ft Diameter Sand Fiiter 1 $22,310.00 fea. $22,310.00
200-gpm GAC Adsorber (6000#-disp.) 2 $14,217.00 /ea. $28,434.00
20000 gal Steel Water Tank 1 $14,618.00 /ea. $14,618.00
Analytical:
TCLP Extraction 221 $12.88 Jea $2,845.38
SVOCs (8270C) 854 $300.00 /ea $256,200.00
NACs (8330) 854 $197.50 /ea $168,665.00
Lead 854 $30.00 /ea $25,620.00
PCBs 854 $103.75 /ea $88,602.50
NAC field analyses 633 $40.00 /ea $25,320.00
Lead field analyses 4 $4,200.00 /mo. $16,800.00
Shipping 228 $40.00 /ea $9,109.33
Materials & Services:
Office Trailer 8 $500.00 /mo. $4,000.00
Level D PPE 375 $10.00 /day $3,750.00
Level C PPE 43 $35.00 /day $1,505.00
PID rental 4 $974.00 /mo. $3,896.00
CGil rental 4 $380.00 /mo. $1,520.00
Pit Water Disposal 40 $1.62 /kgal $64.80
Travel for Contractor Crew:
Perdiem 867 $38.00 /day $32,946.00
Lodging 867 $80.00 /day $69,360.00
Rental Car 351 $40.00 /day $14,040.00
Subtotat $1,306,081.00
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Table 4-12
Alternative 5 - Excavation, Windrow Composting, Ex-Situ Stabilization, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 7 of 13)

6.0 Winrow Composting of Contaminated of Soil
Includes:

1. Purchase and erection of treatment building

2. Lease/purchase composting equipment

3. Procurement and installation of contact water treatment equipment

4. Purchase of stockpile & amendment storage liners and covers

5. Procurement & stockpiling of composting amendments

6. Mix and compost soil and amendments

7. Pre-compliance testing: after compost formation & at end of treatment.
8. Compliance sampling for NAC, metals, PAHs, PCBs

Assumptions:
1. Volume of consolidated soil to be treated (cy) = 24797
2. Volume of unconsolidated soil to be treated (cy) = 32237
3. Compost treatment duration (months) = 21
4. Capacity of windrow turner (tons/hr) = 3,200
5. Operating life of flails (hrs) = 25
6. No. of flails on windrow turner = 172
7. Volume of compost in treatment building (cy) = 4,448
8. Bulk density of compost (tons/cy) = 0.379
9. Bermed work area (sf) = 200,000
10. Contaminated soil stockpile area (sf) = 62,370
11. Treated soil stockpile area (sf) = 6,672
12. Height of stockpiles (ft) = 9
13. Manure storage area (sf) = 192
14, Capacity of contact water treatment system (gpm) = 200
15. Loading rate of multimedia filter (gpm/sf) = 5
16. Diameter of multimedia filter (ft) = 7
17. Volume of bulking amendment (cy) = 92950
18. Volume of agricultural waste amendment (cy) = 3760
19. Total volume of compost before treatment (cy) = 128906
20. Shrinkage factor for compost = 0.60
21. Compost volume per pre-compliance sample collected (cy) = 50
22, Compost volume per compliance sample collected (cy) = 150
23. Markup on materials = 1.10
24. Subcontractor markup on equipment = 1.25
25. Subcontractor markup on labor = 1.31
26. Cost multiplier for 1-week turnaround on analytical data = 1.25
27. Salvage factor for major equipment at end of project = 0.50
28. Number of contractor field crew = 2
29. Number of subcontractor field crew = 3
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent 462 $480.00 /day $221,760.00
QA (Sampling) Coordinator 462 $320.00 /day $147,840.00
Subcontractor Labor:
Equipment Operator 462 $326.98 /day $151,062.91
Equipment Operator 462 $326.98 /day $151,062.91
Equipment Operator 462 $326.98 /day $151,062.91
PBOW Security 84 $120.00 /day $10,080.00
Equipment:
Windrow Turner (7* x 20") 1 $156,250.00 /ea. $156,250.00 less salvage
75 cy/hr Tub Grinder 1 $26,225.00 /ea. $26,225.00 less salvage
Bobcat 1 $16,000.00 /ea. $16,000.00 less salvage
P/U Truck 1 $20,000.00 /ea. $20,000.00
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Table 4-12

TNT Area A and TNT Area C

Plum Brook Ordnance Works, Sandusky, Ohio

6.0 Winrow Composting of Contaminated of Soil (continued)

Materials:
Office Trailer
Erect Treatment Building
Building Foundation & Accessories
Treatment Building
Treatment Building Lighting
Dismantie Treatment Building
Repl. Flails for Windrow Turner
40-mil Liner for Soil Stockpiles
10-mil Cover for Soil Stockpiles
40-mil Liner for Manure
10-mil Cover for Manure
Straw
Manure
Water
Level D PPE
PID rental
CGl rental

Analytical:
Pre-Compliance Sampling:
NAC field analyses

Compliance Sampling:
SVOCs (8270C)
NACs (8330)
Lead
PCBs

Travel for Field Crew:
Per Diem
Lodging
Rental Car

(Page 8 of 13)

42 $500.00 /mo.
2 $35,080.00 /ea
2 $14,132.00 /ea
2 $130,866.00 /ea
2 $10,460.00 /ea
2 $33,500.00 /ea
4644 $9.50 /ea
72494 $1.58 /sf
69795 $0.83 /sf
202 $1.58 /st
606 $0.83 /sf
92950 $13.56 /cy
3760 $14.97 /ey
2802 $9.40 /kgal
1386 $10.00 /day
21 $974.00 /mo.
21 $380.00 /mo.
5156 $40.00 /ea
516 $300.00 /ea
516 $197.50 /ea
516 $30.00 /ea
516 $103.75 Jea
3234 $38.00 /day
3234 $30.00 /day
647 $40.00 /day

$21,000.00
$70,160.00
$28,264.00
$261,732.00
$20,920.00
$67,000.00
$44,118.00
$114,830.65
$57,580.88
$319.33
$499.95
$1,259,983.73
$56,298.48
$26,341.06
$13,860.00
$20,454.00
$7,980.00

$206,249.60

$154,687.20
$101,835.74
$15,468.72
$53,495.99

$122,892.00
$97,020.00
$25,880.00

Subtotal

Alternative 5 - Excavation, Windrow Composting, Ex-Situ Stabilization, On-Site and Off-Site Disposal Cost Estimate

long-term stay

$3,900,215.00
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Table 4-12
Alternative 5 - Excavation, Windrow Composting, Ex-Situ Stabilization, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 9 of 13)

7.0 Stabilization of Pb-Contaminated Soil

Includes:
1. Stabilization of hazardous soil using cement and activated carbon
Assumptions and Calculations:

1. Volume of consolidated haz. soil to be stabilized = 617
2. Swell factor for soil upon excavation = 1.3
3. Cubic yards of unconsolidated soil = 802
4, Density of sail (ton/cy) = 1.1
5. Tons of hazardous soil that needs to be stabilized = 882
6. Bulk density of portland cement (tons/cy) = 1.27
7. Bulk density of activated carbon (tons/cy) = 1.31
8. Mix ratio of carbon to soil = 0.02
9. Mix ratio of portiand cement to soil = 0.08
10. Carbon cost ($/ton)= 2000
11. Cement cost ($/ton)= 105
12. Carbon required for stabilization (tons) = 18
13. Cement required for stabilization (tons) = 71
14. No. of contractor field crew = 2
15. Stabilization batch cycle time (min) = 15
16. Field days required to stabilize soil = 3
17. Swell upon stabilization = 1.132
18. Soil sample coliected for waste characterization / cy = 150
19. No. of soil samples collected = 6
20. Tons of stabilized soil = 1058
21. Volume of stabilized soil (cy) = 907
22. Subcontractor markup on equipment = 1.25
23. Subcontractor markup on labor = 1.31
24. Cost multiplier for 1-week turnaround on analytical data = 1.25
24. Number of subcontractor field crew = 4
25. Equipment setup/teardown (days) = 10
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent 13 $480.00 /day $6,240.00
QA (Sampling) Coordinator 13 $320.00 /day $4,160.00
Subcontractor Labor:

Wheel Loader Operator 13 $238.00 /day $3,094.00
Process Equipment Operator 13 $240.00 /day $3,120.00
Process Equipment Operator 13 $240.00 /day $3,120.00

Laborer 13 $270.00 /day $3,510.00
PBOW Security 13 $120.00 /day $1,560.00
Equipment:
1 cy Front Wheel Loader 13 $280.86 /day $3,651.18
10-cy Mixing System 1 $6,250.00 /mo $6,250.00
Belt Feeder for Mixing Stystem 1 $728.00 /mo $728.00
Stabilization Ancilliary Equipment 1 $557.00 /mo $657.00
Dust Collecton System 1 $530.00 /mo $530.00
Radial Stacking Conveyor 1 $3,605.00 /mo $3,605.00
Materials:
Carbon 18 $2,000.00 /ton $36,000.00
Cement 71 $105.00 /ton $7.455.00
Water 7 $9.40 /kgpd $70.25
Level D PPE 52 $10.00 /day $520.00
PID rental 1 $974.00 /mo. $974.00
CGl rental 1 $380.00 /mo. $380.00

KNSPBOWITNTARC\FS\FINAL\Table 4-12.xis(Alt 5 Area A&C)\9/30/2003(6:35 PM)



Table 4-12
Alternative 5 - Excavation, Windrow Composting, Ex-Situ Stabilization, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

{Page 10 of 13)
Analytical:

TCLP Extraction 6 $12.88 /ea $77.00
Lead 6 $30.00 /ea $180.00
SVOCs (8270C) 6 $300.00 /ea $1,800.00
NACs (8330) 6 $197.50 /ea $1,185.00
PCBs 6 $103.75 /ea $622.50
Unconfined Compresive Strength 6 $162.50 /ea $975.00
Shipping 1 $40.00 /ea $40.00

Travel for field crew:
Lodging 109 $80.00 /day $8,720.00
Perdiem 109 $38.00 /day $4,142.00
Rental Car 36 $40.00 /day $1,440.00

Subtotal $104,706.00
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Table 4-12
Alternative 5 - Excavation, Windrow Composting, Ex-Situ Stabilization, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C

Plum Brook Ordnance Works, Sandusky, Ohio

(Page 11 of 13)

Includes:

1. Dispose of stabilized soil at a nonhazardous waste landfill
2. Dispose of PCB waste at a TSCA approved landfill
Assumptions and Calculations:

8.0 Off-Site Disposal

1. Tons of stabilized soil = 1058
2. Tons of soil for non-haz waste landfill disposal = 1058
3. Volume of consolidated soil for haz waste disposal (cy) = 119
4. Volume of unconsolidated soil for haz waste disposal (cy) = 155
5. Tons of soit for haz waste landfili disposal = 171
6. Non-haz waste transportation cost ($/ton) = 6
7. Non-haz waste disposal costs ($/ton) = 31 Erie County Landfill
8. Non-haz waste regulatory fees ($/ton) = 0 included in disposali
9. Haz waste transportation cost ($/ton) = 35
10. D008 Haz waste disposat cost ($/ton) = 75 EO Environmental
11. D030 Haz waste disposal cost ($/ton) = 150 EQ Environmental
12. PCB Haz waste disposal cost ($/ton) = 75 EO Environmental
13. Haz waste regulatory fees ($/ton) = 10
14. No. of contractor field crew = 2
14. No. of subcontractor field crew = 2
15. Output of front-end loader (cy/day) = 550
16. No. of field days = 2
17. Subcontractor markup on equipment = 1.25
18. Subcontractor markup on labor = 1.31
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent (E-8) 16 $60.00 /hr $960.00
QA Coordinator 16 $40.00 /hr $640.00
Subcontractor Labor:
Front End Loader Operator 2 $312.00 /day $624.00
Laborer/Oiler 2 $279.29 /day $558.58
PBOW Security 2 $120.00 /day $240.00
Materials:
Level D PPE 4 $10.00 /day $40.00
Equipment:
1 cy Front Wheet Loader 2 $280.86 /day $561.72
Disposal Costs:
Transportation (Non-Haz Waste) 1058 $6.00 fton $6,348.00
Disposal Cost (Non-Haz waste) 1058 $31.00 fton $32,798.00
Transportation (Haz Waste) 171 $35.00 /ton $5,967.50
Disposal Cost (D008 haz waste) 0 $85.00 fton $0.00
Disposal Cost (D030 haz waste) 0 $160.00 /ton $0.00
Disposal Cost (PCB haz waste) 171 $85.00 /ton $14,492.50
Travel for field crew:
Lodging 8 $80.00 /day $640.00
Perdiem 8 $38.00 /day $304.00
Rental Car 4 $40.00 /day $160.00
Subtotal $64,334.00
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Table 4-12
Alternative 5 - Excavation, Windrow Composting, Ex-Situ Stabilization, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio

(Page 12 of 13)

9.0 On-Site Compost Disposal / Backfill Excavation with Clean Soil

Includes:

1. Backfill excavated areas with clean backfill.

2. Load treated compost, truck to site, spread compost with dozer
3. Confirmation testing under contaminated soil stockpiles.

4. Prepare site close-out report.

Assumptions and Caiculations:

1. Volume of consolidated soil excavated (cy) = 25533
2. Compaction factor = 1.15
3. Volume of soil required for backfill (cy) = 29363
4. Cost of clean backlill soil delivered to site ($/cy) = 12
6. Field days required to backfill soil = 53
7. No. of contractor field crew = 2
8. No. of subcontractor backfill field crew = 1
9. No. of compost loading field crew = 7
10. No. of compost spreading field crew = 2
8. No. of confirmatory samples from clean backfill = 2
9. Total volume of compost before treatment (cy) = 128906
10. Shrinkage factor for treated compost = 0.60
11. Volume of compost after treatment (cy) = 77344
12. Loader output (cy/day) = 1575
13. Days to load treated compost = 74
14. Dump truck capacity (cy) = 12
15. Dump truck haul distance (mi.) = 0.5
16. Dump truck output (cy/day) = 250
17. No. of dump trucks per day = 6
18. Dozer (D-6H) capacity (cy/hr) = 90
19. Days to spread treated compost = 108
20. Subcontractor markup on equipment = 1.25
21. Subcontractor markup on labor = 1.31
22. Area of contaminated soil stockpile (sf) = 62370
23. Area per confirmation sample (sf) = 400
24. No. of confirmation samples under soil stockpile = 156
Service/Materials Unit Unit Cost Subtotal
Contractor Labor:
Site Superintendent 864 $60.00 /hr $51,840.00
QA Coordinator 864 $40.00 /hr $34,560.00
Site Close-Out Report 1 $20,000.00 /ea $20,000.00
Subcontractor Labor:
Front End Loader Operator 53 $312.00 /day $16,536.00
Front End Loader Operator 74 $312.00 /day $23,088.00
Dump Truck Drivers 444 $262.00 /day $116,328.00
Dozer Operator 108 $326.98 /day $35,313.41
Laborer/Oiler 108 $279.29 /day $30,163.54
PBOW Security 53 $120.00 /day $6,360.00
Equipment:
1 cy Front End Loader 53 $280.86 /day $14,885.58
3 cy Front End Loader 74 $485.22 /day $35,906.28
Dump Trucks 444 $428.00 /day $190,032.00
D-6H Dozer 108 $630.70 /day $68,115.60
Material:
Clean Backfill 29363 $12.00 /cy $352,355.40 delivered to site
PID rental 11 $974.00 /mo. $10,714.00
CGl rental 11 $380.00 /mo. $4,180.00
Level D PPE 787 $10.00 /day $7,870.00
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Table 4-12
Alternative 5 - Excavation, Windrow Composting, Ex-Situ Stabilization, On-Site and Off-Site Disposal Cost Estimate
TNT Area A and TNT Area C
Plum Brook Ordnance Works, Sandusky, Ohio
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9.0 On-Site Compost Disposal / Backfill Excavation with Clean Soil (continued)

Analytical:
RCRA Metals 2 $105.00 /ea $210.00
NACs (8330) 158 $158.00 /ea $24,964.00
SVOCs 2 $230.00 /ea $460.00
Lead 156 $24.00 /ea $3,744.00
PAHs (8270C) 156 $160.00 /ea $24,960.00
PCBs 156 $83.00 /ea $12,948.00
Shipping 42 $40.00 /ea $1,680.00
Travel for field crew:
Lodging 1404 $80.00 /day $112,320.00
Perdiem 1404 $38.00 /day $53,352.00
Rental Car 480 $40.00 /day $19,200.00
Subcontract:
Reseeding 348 $56.84 /msf $19,780.00
Subtotal $1,291,866.00

10.0 Overall Cost
Total Capital Cost $7,524,497.00

Contingency (30%) $2,257,349.00

PM Multiplier (7.5%) $564,337.00
Fee/Profit (10%) $752,450.00
Total Cost $11,099,000.00

*This is an order-of-magnitude engineering cost estimate that is expected to be within +50 to -30 percent of the actual
project cost.
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Table 5-1

Comparative Analysis of Remedial Alternatives

TNT Area A

Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 6)

Alternative 5:

Alternative 2: Alternative 3: Excavation, Windrow
Excavation, Windrow Excavation, Ex-Situ Alternative 4: Composting, Ex-Situ
Alternative 1: Composting, and On- Stabilization, and Off-Site Excavation and Off-Site | Stabilization, and On-Site/Off-
Criteria No Action Site/Off-Site Disposal Disposal Disposal Site Disposal

Overall Protectiveness

Human Health

No reduction in risk.

Reduces the

Reduces the concentration

Reduces the concentration

Reduces the concentration of

receptors, and lowers
the likelihood of
contaminant spread to
other media.

and lowers the likelihood of
contaminant spread to
other media.

and lowers the likelihood of
contaminant spread to
other media.

Protection concentration of COCs | of COCs to levels below of COCs to levels below COCs to levels below RGOs.
to levels below RGOs. [ RGOs. RGOs.

Environmental No reduction in risk. Significantly reduces the | Significantly reduces the Significantly reduces the Significantly reduces the

Protection hazard quotients hazard quotients calculated | hazard quotients calculated | hazard quotients calculated for
calculated for ecological |for ecological receptors, for ecological receptors, ecological receptors, and

lowers the likelihood of
contaminant spread to other
media.

Compliance with ARA

Chemical-Specific
ARARs

Does not comply with
the chemical-specific
ARAR for PCBs.

Complies with the
chemical-specific ARAR
for PCBs.

Complies with the
chemical-specific ARAR for
PCBs.

Complies with the
chemical-specific ARAR for
PCBs.

Complies with the chemical-
specific ARAR for PCBs.

Location-Specific
ARARs

No location-specific
ARARs.

Complies with all
location-specific ARARs
identified in Table A-1.

Compilies with all location-
specific ARARSs identified in
Table A-1.

Complies with all location-
specific ARARs identified in
Table A-1.

Complies with all location-
specific ARARs identified in
Table A-1.

Action-Specific
ARARs

No action-specific
ARARs.

Complies with all action-
specific ARARs
identified in Table A-2.

Complies with all action-
specific ARARs identified in
Table A-2.

Complies with all action-
specific ARARs identified in
Table A-2.

Complies with all action-
specific ARARs identified in
Table A-2.

Other Criteria and
Guidance

Permits exposures to
soil exceeding the
USEPA 400 mg/kg
screening level for
lead in soil.

Prevents exposures to
soil exceeding the
USEPA 400 mg/kg
screening level for lead
in soil.

Prevents exposures to soil
exceeding the USEPA 400
mg/kg screening level for
lead in soil.

Prevents exposures to soil
exceeding the USEPA 400
mg/kg screening level for
lead in soil.

Prevents exposures to soil
exceeding the USEPA 400
mg/kg screening level for lead
in soil.

KN3\PBOWATNTA&C\FS\Final\5-119/30/03(2:39 PM)




Table 5-1

Comparative Analysis of Remedial Alternatives

TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio
(Page 2 of 6)
Alternative 5:
Alternative 2: Alternative 3: Excavation, Windrow

Excavation, Windrow Excavation, Ex-Situ Alternative 4: Composting, Ex-Situ
Alternative 1: Composting, and On- | Stabilization, and Off-Site Excavation and Off-Site | Stabilization, and On-Site/Off-
Criteria No Action Site/Off-Site Disposal Disposal Disposal Site Disposal

Long-Term Effectiveness and Permanence

Reliability of Controls

remaining
contamination. No
reliability.

required at site.

required at site.

required at site.

Magnitude of Existing risk will Residual risk will be Residual risk will be within | Residual risk will be within | Residual risk will be within the

Residual Risk remain. within the risk the risk management the risk management risk management range.
management range. range. range.

Adequacy and No controls over No long-term controls No long-term controls No long-term controls No long-term controls required

at site.

Reduction of Toxicity, Mobility, or Volume through Treatment

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

placement of stabilized
waste in an engineered
disposal cell minimizes the
possibility that conditions
conducive to feaching will
be created.

Treatment Process None Biological treatment of | Ex-situ stabilization of No on-site treatment. Biological treatment of

Used nitroaromatic nitroaromatic compounds, nitroaromatic compounds and
compounds and PAHs | PAHs, and lead with PAHSs using windrow
using windrow granular activated carbon composting. Ex-situ
composting. and cement. stabilization of lead.

Amount Destroyed or | None 97% of contaminated 24% of contaminated soil No on-site treatment . 99% of contaminated soil

Treated soil treated on-site.. treated on-site. treated on-site.

irreversible None. Research has Stabilization is not an No on-site treatment. Research has demonstrated

Treatment demonstrated that a irreversible process, but that a high percentage (>80%)

of TNT-carbon is irreversibly
bound to the soil through
covalent binding with humic
substances. Stabilization is
not an irreversible process, but
placement of stabilized waste
in an engineered disposal cell
minimizes the possibility that
conditions conducive to
leaching will be created.
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Table 5-1

Comparative Analysis of Remedial Alternatives

Alternative 1:

TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio
(Page 3 of 6)
Alternative 5:
Alternative 2: Alternative 3: Excavation, Windrow

Excavation, Windrow
Composting, and On-

Excavation, Ex-Situ
Stabilization, and Off-Site

Alternative 4:
Excavation and Off-Site

Composting, Ex-Situ
Stabilization, and On-Site/Off-

potentially hazardous
lead- and PCB-
contaminated soil for off-
site treatment and/or
disposal.

disposal. 170 tons of PCB-
contaminated soil for offsite
disposal.

potentially hazardous soil
for offsite treatment and/or
disposal.

Criteria No Action Site/Off-Site Disposal Disposal Disposal Site Disposal
Type and Quantity of | Contaminated soil 49,880 cy of treated 24,286 tons of non- 17,644 tons of non- 49,880 cy of treated compost
Residuals Remaining | remains. compost for on-site hazardous soil (including hazardous soil for off-site | for on-site disposal. 372 tons
after Treatment disposal. 480 tons of stabilized soil) for offsite disposal. 5,705 tons of of non-hazardous stabilized

soil for off-site disposal. 170
tons of PCB-contaminated soil
for offsite disposal.

Short-Term Effectiveness

Community
Protection

May present future
risk to community.

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

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

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

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

Worker Protection

No risk to workers

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

Dust released during
excavation, screening, and
stabilization may require
controls.

Dust released during
excavation and screening
may require controls.

Safeguards would be required
to protect workers from
chemical exposures. Dust
released during excavation,
screening, amendment mixing,
windrow turning, and
stabilization may require
controls.
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Table 5-1

Comparative Analysis of Remedial Alternatives

TNT Area A

(Page 4 of 6)

Former Plum Brook Ordnance Works, Sandusky, Ohio

Alternative 1:

Alternative 2:
Excavation, Windrow
Composting, and On-

Alternative 3:
Excavation, Ex-Situ
Stabilization, and Off-Site

Alternative 4:
Excavation and Off-Site

Alternative 5:
Excavation, Windrow
Composting, Ex-Situ

Stabilization, and On-Site/Off-

amendments) would
require safeguards to
prevent migration of
contaminants.
Treatment area would
be bermed and a
contact water retention
and treatment system
provided to control

stormwater run-on and

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

to prevent migration of
contaminants.

Criteria No Action Site/Off-Site Disposal Disposal Disposal Site Disposal
Environmental Continued impact from | Design of staging piles | Design of staging piles Design of staging piles Design of staging piles
Impacts existing conditions. (contaminated soil and | would require safeguards to | would require safeguards | (contaminated soil and

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

and Operate

operation.

developed and
implemented on a full-
scale basis at numerous
sites..

and implemented on a full-
scale basis at numerous
sites.

run-off.
Time Until Actionis | Not applicable 30 to 36 months 16 to 22 months 12 to 18 months 31 to 37 months
Complete
Implementability
Ability to Construct No construction or Technology well Technology well developed | No significant issues. Technologies well developed

and implemented on a full-
scale basis at numerous sites.
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Table 5-1

Comparative Analysis of Remedial Alternatives

TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio
(Page 5 of 6)

Alternative 5:
Alternative 2: Alternative 3: Excavation, Windrow
Excavation, Windrow Excavation, Ex-Situ Alternative 4: Composting, Ex-Situ

AHlternative 1: Composting, and On- Stabilization, and Off-Site Excavation and Off-Site | Stabilization, and On-Site/Off-
Criteria No Action Site/Off-Site Disposal Disposal Disposal Site Disposal
Ease of Doing More | May require ROD Composted soil that Stabilized soil that does not | Alternative does not Composted soil that does not

Action if Needed

amendment if future
problems arise.

does not meet
requirements for
placement on site may
be landfilled at an
approved TSDF.

meet waste acceptance
criteria could be sent offsite
to a RCRA hazardous
waste TSDF for additional
treatment.

preclude additional action.

meet requirements for
placement on site may be
chemically stabilized on-site
and/or landfilled at an
approved TSDF. Stabilized
soil that does not meet waste
acceptance criteria could be
sent offsite to a RCRA
hazardous waste TSDF for
additional treatment.

Ability to Monitor
Effectiveness

No monitoring
required.

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

Effectiveness of excavation
is evaluated by
confirmatory soil sampling
and analysis. Effectiveness
of stabilization process
evaluated through leaching
tests.

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

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

Ability to Obtain
Approvals and

Coordinate with
Other Agencies

None required

OEPA approvai of
disposal facility would
be required.

Regulatory approval of
stabilized material
acceptance testing would
be required. OEPA
approval of disposal facility
would be required.

OEPA approval of disposal
tacility would be required.

OEPA approval of disposal
facility would be required.
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Table 5-1

Comparative Analysis of Remedial Alternatives

TNT Area A
Former Plum Brook Ordnance Works, Sandusky, Ohio
(Page 6 of 6)
Alternative 5:
Alternative 2: Alternative 3: Excavation, Windrow

Excavation, Windrow Excavation, Ex-Situ Alternative 4: Composting, Ex-Situ
Alternative 1: Composting, and On- Stabilization, and Off-Site Excavation and Off-Site | Stabilization, and On-Site/Off-
Criteria No Action Site/Off-Site Disposal Disposal Disposal Site Disposal
Availability of None required Equipment, technical Equipment, technical Equipment, technical Equipment, technical
Equipment, specialists, and - | specialists, and materials specialists, and materials | specialists, and materials
Specialists, and materials readily readily available readily available readily available
Materials available.
Availability of None required Available Available Available Available
Technologies
Cost
Capital Cost None $7,688,000 $4,655,000 $4,923,000 $7,815,000
Annual O&M Cost None None None None None
Present Worth Cost [ None $7,688,000 $4,655,000 $4,923,000 $7,815,000

To be determined

To be determined

State Acceptance Not acceptable To be determined To be determined

Community Not acceptable To be determined To be determined To be determined To be determined
Acceptance A

ARAR - Applicable or relevant and appropriate requirement. PCB - Polychlorinated biphenyl.

coC - Contaminant of concem. RCRA - Resource Conservation and Recovery Act.

cy - Cubic yard. RGO - Remedial goal option.

mg/kg - Milligrams per kilogram. ROD - Record of decision.

O&M - Operation and maintenance. TNT - Trinitrotoluene.

OEPA - Ohio Environmental Protection Agency. TSDF - Treatment, storage, and disposal facility.

PAH - Polynuclear aromatic hydrocarbon. USEPA - U.S. Environmental Protection Agency.
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Table 5-2

Comparative Analysis of Remedial Alternatives

TNT Area C

Former Plum Brook Ordnance Works, Sandusky, Ohio

(Page 1 of 6)

Alternative 2;

Alternative 3:

Alternative 5:
Excavation, Windrow

Excavation, Windrow Excavation, Ex-Situ Alternative 4: Composting, Ex-Situ
Alternative 1: Composting, and On- Stabilization, and Off-Site Excavation and Off-Site | Stabilization, and On-Site/Off-
Criteria No Action Site/Off-Site Disposal Disposal Disposal Site Disposal

Overall Protectiveness

Human Health
Protection

No reduction in risk.

Reduces the
concentration of COCs
to levels below RGOs.

Reduces the concentration
of COCs to levels below
RGOs.

Reduces the concentration
of COCs to levels below
RGOs.

Reduces the concentration of
COCs to levels below RGOs.

Environmental

No reduction in risk.

Significantly reduces the

Significantly reduces the

Significantly reduces the

Significantly reduces the

Protection hazard quotients hazard quotients calculated | hazard quotients calculated | hazard quotients calculated for
calculated for ecological | for ecologicai receptors, for ecological receptors, ecological receptors, and
receptors, and lowers and lowers the likelihood of | and lowers the likelihood of | lowers the likelihood of
the likelihood of contaminant spread to contaminant spread to contaminant spread to other
contaminant spread to | other media. other media. media.
other media.

Compliance with ARARs

Chemical-Specific
ARARs

Does not comply with
the chemical-specific
ARAR for PCBs.

Complies with the
chemical-specific ARAR
for PCBs.

Complies with the
chemical-specific ARAR for
PCBs.

Complies with the
chemical-specific ARAR for
PCBs.

Complies with the chemical-
specific ARAR for PCBs.

Location-Specific
ARARs

No location-specific
ARARs.

Complies with all
location-specific ARARs
identified in Table A-1.

Complies with all location-
specific ARARs identified in
Table A-1.

Complies with all location-
specific ARARs identified in
Table A-1.

Complies with all location-
specific ARARs identified in
Table A-1.

Action-Specific

No action-specific

Complies with all action-

Complies with all action-

Complies with all action-

Complies with all action-

screening level for
lead in soil.

screening level for lead
in soil.

lead in soil.

lead in soil.

ARARs ARARs. specific ARARs specific ARARs identified in | specific ARARs identified in | specific ARARs identified in
identified in Table A-2. | Table A-2. Table A-2. Table A-2.
Other Criteria and Permits exposures to | Prevents exposures to | Prevents exposures to soil | Prevents exposures to soil | Prevents exposures to soil
Guidance soil exceeding the soil exceeding the exceeding the USEPA 400 | exceeding the USEPA 400 | exceeding the USEPA 400
USEPA 400 mg/kg USEPA 400 mg/kg mg/kg screening level for mg/kg screening level for | mg/kg screening level for lead

in soil.
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Table 5-2

Comparative Analysis of Remedial Alternatives

TNT Area C
Former Plum Brook Ordnance Works, Sandusky, Ohio
(Page 2 of 6)

Alternative 5:
Alternative 2: Alternative 3: Excavation, Windrow
Excavation, Windrow Excavation, Ex-Situ Alternative 4: Composting, Ex-Situ

Alternative 1: Composting, and On- Stabilization, and Off-Site Excavation and Off-Site | Stabilization, and On-Site/Off-
Criteria No Action Site/Off-Site Disposal Disposal Disposal Site Disposal

Long-Term Effectiveness and Permanence

Reliability of Controls | remaining
contamination. No

reliability.

required at site.

required at site.

required at site.

Magnitude of Existing risk will Residual risk will be Residual risk will be within | Residual risk will be within | Residual risk will be within the

Residual Risk remain. within the risk the risk management the risk management risk management range.
management range. range. range.

Adequacy and No controls over No long-term controls No long-term controls No long-term controls No long-term controls required

at site.

Reduction of Toxicity, Mobility, or Volume through Treatment

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

placement of stabilized
waste in an engineered
disposal cell minimizes the
possibility that conditions
conducive to leaching will
be created.

Treatment Process None Biological treatment of | Ex-situ stabilization of No on-site treatment. Biological treatment of

Used nitroaromatic nitroaromatic compounds nitroaromatic compounds and
compounds and PAHs | and metals with granular PAHSs using windrow
using windrow activated carbon and composting. Ex-situ
composting. cement. stabilization of lead.

Amount Destroyed or | None 97% of contaminated 24% of contaminated soil No on-site treat