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DECLARATION

Site Name and Location
Asbestos Release Site (ARS)
Valley Forge National Historical Park (VENHP)
Montgomery County, Pennsylvania

Statement of Basis and Purpose

This decision document presents the Remedial Action (“Selected Remedy”) for the Asbestos
Release Site (“the Site”), located in the Valley Forge National Historical Park (VFNHP) in
Montgomery County, Pennsylvania. The Selected Remedy was chosen in accordance with the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as
amended, and the National Oil and Hazardous Substances Pollution Contingency Plan (NCP).
The Selected Remedy was chosen by the Department of the Interior, National Park Service
(NPS) pursuant to its CERCLA lead agency status. This decision is based on the Administrative
Record (AR) file for this Site.

The Commonwealth of Pennsylvania has concurred with the Selected Remedy outlined in this
Record of Decision (ROD).

Assessment of the Site

The Selected Remedy presented in this ROD is necessary to protect the public health or welfare
and the environment from actual or threatened releases of hazardous substances into the
environment.

Description of the Selected Remedy

Under the Selected Remedy, shallow soil containing levels of contaminants that pose
unacceptable risk to residents of, and visitors to, the VENHP; or unacceptable risk to the
environment, will be excavated and disposed off-site at appropriately licensed or permitted
facilities. An estimated 52,000 cubic yards (yd®) of soil will be excavated and removed from the
Site. Contaminants will remain deeper in the subsurface that do not present risks to residents,
visitors, or the environment. These subsurface contaminants could pose a risk to maintenance
and/or construction workers who may encounter the contamination during future excavation
activities if these workers are uninformed and unprotected. Therefore, institutional controls are
part of the Selected Remedy to prevent exposure and protect the health of these workers. A more
detailed discussion of the principal components of the Selected Remedy is presented in Section
XI1I of the Decision Summary of this ROD.

Record of Decision — Asbestos Release Site National Park Service
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Statutory Determination
The Selected Remedy is protective of human health and the environment, complies with Federal

_and State requirements that are applicable or relevant and appropriate, is cost-effective, and

utilizes permanent solutions and alternative treatment (or resource recovery) technologies to the
maximum extent practicable. Although the Selected Remedy may not satisfy the statutory

- preference for treatment that permanently and significantly reduces the volume, toxicity, or

mobility of hazardous substances as a principal element, this is appropriate because no
potentially viable alternative exists for on-site treatment of the predominant contaminant type

(asbestos) that will effectively reduce its volume, mobility, and toxicity. The Selected Remedy,

by excavating contaminated soil and disposing it at an appropriate off-site facility, effectively
reduces the volume of hazardous substances present at the VFNHP, and reduces its toxicity and
mobility by eliminating the exposure potential and isolating it from potential migration pathways
(e.g., water and wind erosion).

Because the Selected Remedy will result in hazardous substances, pollutants, or contaminants
remaining in subsurface soil above levels that allow for unrestricted use, a statutory review will
be conducted within 5 years after initiation of remedial action, and every 5 years thereafter, to
ensure that the remedy is, or will be, protective of human health and the environment.

Data Certification Checklist

- The following information is included in the Decision Summary of this ROD. Additional

information can be found in the Administrative Record file for this Site.

+  Chemicals of concern and their respective concentrations (see pages 8-9, page 13, pages

15-18, and Appendix A, Tables A-1 through A-4)

. Baseline risk represented by the chemicals of concern (see pages 13- 18)

. Cleanup levels established for chemicals of concern and the basis for these levels (see
pages 19-22)

. Current and reasonably anticipated future land use assumptions (see pages 11-13)

. Estimated capital, annual operation and maintenance (O&M), and total present worth
costs, discount rate, and the number of years over which the remedy cost estimates are
projected (see page 34)

. Key factor(s) that led to selecting the remedy (see page 31)

Authorizing Signature

i/\%/07 gn—n\-a-vuw_\\&

I' Date Assistant Secretary, Policy, Management and Budget
Department of the Interior '
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DECISION SUMMARY
I. SITE NAME, LOCATION AND DESCRIPTION

The Asbestos Release Site (“ARS” or “the Site”) is located within the Valley Forge National
Historical Park (VFNHP) in Montgomery County, Pennsylvania (see Figure 1). The Site is
managed by the National Park Service (NPS). VFENHP has an area of approximately 3,600 acres
and is maintained as an active historical park and recreation area. VFNHP is comprised of
rolling hills, open fields, wooded areas, and former limestone quarry areas.

The Site is located in the central section of the eastern side of VFNHP and has an area of
approximately 112 acres (see Figure 2). Surface drainage is generally towards the Schuylkill
River, the northern boundary of the Site. The Site is divided into two operable units (OUs): the
Keene OU and the Former State Lands OU. The Keene OU is approximately 42 acres and is
bounded on two sides by the Former State Lands OU (approximately 70 acres). These OUs
include 15 Areas of Concern (AOCs) which are shown on Figure 2. Only 9 of these AOCs
require active remediation as determined in the Feasibility Study (FS), and these AOCs are
indicated on Figure 2. Much of the Site is found along and surrounding County Line Road.

1I. SITE HISTORY AND ENFORCEMENT ACTIVITIES

In the early 1800s, the limestone industry developed with the quarrying of limestone and
construction of kilns in portions of the VFNHP to produce limestone for use in agriculture.
From the early 1890s to the 1970s, Ehret Magnesia Company (‘“Ehret”) and its successor, Keene
Corporation (“Keene”), manufactured asbestos insulation at a plant located within the Site. The
pipe insulation was manufactured by pouring a slurry mix of asbestos fibers and magnesium
carbonate (from the readily available dolostone present within the local limestone deposits) into
molds. Ehret disposed of waste asbestos slurry by either pumping it through pipelines into the
former limestone quarries, in what was then a state park, or by directing the slurry waste to a
waste channel constructed in a natural drainage swale that parallels a former railbed and
ultimately discharges to the Schuylkill River. The waste slurry deposits in the abandoned
quarries were subsequently covered with soil.

In the 1960s, Ehret sold the plant and property to Keene. Keene continued to manufacture
asbestos products until the plant was closed in the early 1970s. On October 13, 1976, NPS
purchased the Keene property. On November 24, 1982, following official transfer of title for the
state park land to NPS, the Secretary of the Interior issued official notice establishing the Valley
Forge National Historical Park as a unit of the National Park System.

The asbestos contamination at VFNHP was identified in January 1997 during the excavation of a
trench for a fiber optic cable through the Amphitheater Quarry AOC. In certain soil samples,
asbestos was detected at concentrations as high as 70 percent.

Record of Decision — Asbestos Release Site National Park Service
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The presence of high concentrations of asbestos caused the U.S. Environmental Protection
Agency (USEPA) and NPS to conduct response activities that included: removal of asbestos
contamination in some areas; covering other areas with clean soil or a cement-like soil binding
agent and revegetating; and installing warning fencing and signs to control public access to
contaminated areas.

Following implementation of these response activities, a Remedial Investigation (TtFWI, 2005a)
and Feasibility Study (NPS, 2006) were conducted to determine the nature and extent of
contamination at the Site and to evaluate alternatives for responding to contamination at the Site.
NPS issued the Remedial Investigation (RI) and Feasibility Study (FS) Reports in February 2005
and August 2006, respectively. The RI/FS reports are contained in the Administrative Record
file for this Site.

In 2002, Reinhold Industries, the corporate successor to Keene, agreed to pay NPS $500,000 to
settle all NPS CERCLA claims against Keene at the Site.

III. COMMUNITY PARTICIPATION

The RI/FS and Proposed Plan for the Site were made available to the public September 22, 2006..
These documents were placed in the Administrative Record file at the Valley Forge National
Historical Park Welcome Center Desk and the NPS Environmental Management Program office
in Boulder, Colorado. The Proposed Plan was also made available on the NPS website from:
http://parkplanning.nps.gov by selecting “Valley Forge NHP”, then “Clean-up of the Asbestos
Release Site....”, then “Document List”, then “Proposed Plan...”. The public was invited to use
this website to submit comments. Additional information about the Site is available on the
VFNHP website: www.nps.gov/vafo/. The Notice of Availability of these documents was
published in the Philadelphia Inquirer and the Pottstown Mercury on September 17, 2006. A
public comment period was held from September 22, 2006 to November 6, 2006. In addition, a
public meeting was held on September 28, 2006, at the Education Center at VFNHP to present
the Proposed Plan. NPS representatives explained the Preferred Alternative and other
alternatives that were considered and answered questions from the public. Oral comments and
questions were received at the meeting. The National Park Service’s responses to comments
received during the comment period are presented in the Responsiveness Summary, which is
included at the end of this ROD (see page RS-1).

IV.  SCOPE AND ROLE OF THE REMEDIAL ACTION

The overall Site Remedial Action strategy is to clean up the Site to achieve formulated
remediation goals (RGs) so that the Site will not present unacceptable risk to recreational
visitors, workers, residents, or relevant ecological receptors. The Selected Remedy includes
excavation of all shallow soil that contains contaminants exceeding RGs; characterization of all
excavated material for off-site disposal; and disposal of the material at an appropriately
permitted facility (either an off-site landfill or a Resource Conservation and Recovery Act
(RCRA) hazardous waste disposal facility, as appropriate). The entire disturbed area will be

Record of Decision — Asbestos Release Site National Park Service
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backfilled with clean soil, graded, and re-vegetated to minimize erosion and return the area to a
natural state. In addition, institutional controls will be put in place to manage and control
potential future exposure by Park maintenance and/or construction workers to deep
contamination that will remain in place. A more detailed discussion of the principal components
of the Selected Remedy is provided in Section XII.

V. SITE CHARACTERISTICS

Site Overview

As noted above, the Site covers approximately 112 acres (see Figure 2). Topographic relief in
the Site is generally low to moderate with elevations ranging from 80 to 200 feet above mean sea
level. More moderate relief is associated with karst terrain and quarry areas. Natural surface
features in the Site include rolling hills, caves and sinkholes, open fields and wooded areas.
Anthropogenic features include former quarry areas, roads, parking lots, and Park buildings.

The general flow pattern within the Site watershed is from southwest to northeast. The Waste
Channel, which receives stormwater runoff from the Site, starts approximately mid-site near the
location of the Former Keene Plant and discharges to the Unnamed Tributary that discharges to
the Schuylkill River west of the Route 422 Bridge. The Waste Channel is intermittent and the
Unnamed Tributary to the Schuylkill is perennial. Together they form the main conduit for
surface runoff for the area associated with the Site. Locally, quarries, caves, and sinkholes
control some drainage.

Floodplain
Mapped floodplains in the Site vicinity are associated solely with the Schuylkill River. Most of

the Site is located within an area determined by FEMA to be outside the 500-year floodplain.
Fourteen of the 15 AOC:s are entirely outside of the 500-year floodplain and only a small portion
of the Waste Channel and Railbed AOC is within designated flood zones. The extreme northern
portion of the Waste Channel and Railbed AOC near the Schuylkill River is subject to 100-year
and 500-year flooding. The 100-year flood elevation for this region of the Schuylkill River is
approximately 82 feet above mean sea level, which incorporates most of the outlet area of the
Unnamed Tributary north of the active east/west Norfolk-Southern rail line crossing,.

Wetlands
Two wetland habitat types were identified in the RI within the Site’s AOCs: palustrine forested
broad-leaved deciduous wetlands (PFO1) and palustrine emergent wetlands (PEM).

The forested wetland extends approximately 300 feet along the Unnamed Tributary in the Waste
Channel and Railbed AOC from the Schuylkill River southward. Palustrine emergent wetlands
were identified in the Quarry and Impoundment portions of the Former Keene Plant AOC.
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Archeologically Sensitive Areas
The Rl identified five archeologically sensitive areas within the Site:
e The Northern Building Area within the Former Keene Plant AOC;
e The Miscellaneous Area within the Former Keene Plant AOC;
e The Historic Bridge AOC;
e The Maintenance Area Ruins AOC; and
e Portions of the Waste Channel and Railbed AOC.

Additional archeological surveys will be needed for those archeologically sensitive areas that
will be disturbed as a result of the Selected Remedy to properly identify historic and cultural
resources. These resources will need to be avoided or impacts on them mitigated during
excavation.

Results of Remedial Investigation
Field investigations to support the RI were conducted from June 2002 through December 2002
and June 2004 through July 2004. These investigations included:
e Geophysical surveys;
e Surface and subsurface soil sampling and analysis;
e Background soil sampling and analysis;
e Monitoring well installation;
Groundwater sampling and analysis;
Surface water sampling and analysis;
Sediment sampling and analysis;
Surveying and mapping of sample locations and other important features;
Ecological survey; and
e Human population survey.

The results of these investigations are summarized below.

Soil

During the RI, over 1,600 surface and subsurface soil samples were collected from the Site and
analyzed for asbestos, and over 200 samples were analyzed for other contaminants (volatile
organic compounds (VOCs), semi-volatile organic compounds (SVOCs), metals, pesticides, and
polychlorinated biphenyls (PCBs)).

Within AOCs, asbestos was detected in surface soil samples collected between 0.5 feet and 1.5
feet below ground surface with concentrations ranging from 1% to greater than 10%. The most
concentrated areas of asbestos detections were in the Waste Channel and Railbed AOC.

Although VOC:s, pesticides, and PCBs were detected in soil samples from a few locations,
concentrations of these substances were too low to be a concern (i.e., they do not exceed RGs
and do not pose unacceptable health or ecological risks).
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A subset of the SVOC:s, called polycyclic aromatic hydrocarbons (PAHs), and three metals (lead,
mercury, and arsenic) were measured in some soil samples at levels that may cause unacceptable
risks to humans and/or ecological receptors (see the risk discussion below).

Groundwater
A total of eight groundwater monitoring wells were installed and sampled several times during
the RI. No contaminants at levels of concern were detected.

Sediment and Surface Water

Analytical results from sediment samples taken at the Site indicate the presence of asbestos,
VOCs, SVOCs, pesticides, and PCBs in the sediments of the Schuylkill River and the Unnamed
Tributary, the primary surface water drainage outlet from the Site. The data indicate that
upstream sources are larger contributors to sediment contamination in the Schuylkill River than
discharges from the Unnamed Tributary. Results of sediment macroinvertebrate community
analyses performed during the RI indicated no significant adverse effects to the
macroinvertebrate community from contaminants in the sediments. Contaminated sediments in
the Unnamed Tributary, however, were found to be a potential source of human health risk.

No contaminants at levels of concern were detected in surface water samples from the Schuykill
River or the Unnamed Tributary.

Conceptual Site Model
Conceptual site and pathway analysis models were developed to evaluate exposure of potential
Park users and ecological receptors to Site contaminants in the human health and ecological risk
assessments (see Section VII). The human health risk assessment identified four types of current
or future Park users:

e Adult on-site Park worker;

o Adult construction worker;

e Adult and child recreational users; and

e Adult and child residents.

The exposure points and media evaluated were: surface soil, subsurface soil, sediment, and
surface water; and exposure routes were: inhalation, dermal absorption, and incidental ingestion.
Complete exposure pathways were evaluated for human health risk. The conceptual site model
for human exposure to site contaminants is presented in Figure 3.

The ecological risk assessment identified terrestrial and aquatic receptor groups and constructed
a simplified food chain model. The terrestrial receptors evaluated as representative were:

e Plants;

¢ Soil invertebrates;

e Insectivorous small mammal (short-tailed shrew);

o Insectivorous bird (American robin);,

e Omnivorous bird (mallard duck);

e Piscivorous mammal (mink);
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e Carnivorous mammal (red fox);

e Carnivorous bird (red-tailed hawk);

e Herbivorous small mammal (eastern cottontail); and
¢ Herbivorous large mammal (white-tailed deer);

The following aquatic receptor groups were evaluated:
e Plankton;
e Freshwater fish; and
e Benthic macroinvertebrates.

The exposure pathways evaluated were: direct contact with soil or sediment, inhalation, dietary
ingestion of contaminated prey, and incidental ingestion of soil or sediment. The conceptual site
exposure model for ecological receptors is presented in Figure 4.

VI. CURRENT AND FUTURE SITE AND RESOURCE USES

Current On-Site Land Uses

AOCs within the Site currently are fenced and posted to discourage use of the contaminated
areas, thereby preventing exposure. If this were not the case, the Site would be used fully for all
appropriate park uses, including public use and enjoyment. The AOCs within the Site have not
been improved, for example, for historic interpretation or recreational facilities such as trails or
picnic areas due to the current presence of contamination. The Waste Channel and Railbed AOC
provides drainage for precipitation. The AOCs provide habitat for terrestrial plants and animals.

Current Land Use of Surrounding Properties

The Site is within and surrounded by VFNHP-managed property. County Line Road passes
through the Site (see Figure 2). The surrounding uses within VFNHP include the Park
Headquarters, Park Maintenance facilities, and residences that are occupied by NPS employees.
Thus, recreation, park maintenance, residences, and transportation are land uses on surrounding
VFNHP property.

VENHP is immediately surrounded by residences to the southeast, southwest, and west; Route
422 and King of Prussia (population 18,511) to the east; fields, woodlands, a railroad line and the
Schuylkill River to the north; and fields and woodlands to the west and southwest. Other cities
and towns within a five mile radius of VFNHP include Norristown (31,282) to the northeast;
Audubon (6,549) to the North; Phoenixville (14,788) to the northwest; Devon-Berwyn (5,067) to
the south; and Paoli (5,425) to the southwest. To the east is Upper Merion Township, population
approximately 26,863, which includes King of Prussia and is a major center for economic
activity. Upper Merion Township includes office and retail developments that employ more
people than any other municipality in Montgomery County. Tredyffrin Township is located to
the south of VFNHP and has a population of approximately 29,062. This township is mainly
agricultural with some residential and industrial areas. Schuylkill Township, located to the west
of VFNHP in Chester County, has a population of approximately 6,960 and is more rural than
the other surrounding townships. To the north of VENHP is Lower Providence Township,
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population approximately 22,390, which includes residential, commercial, industrial, and open
space land uses. Sections of Lower Providence Township include the communities of Trooper,
Eagleville, Evansburg, and Audubon. To the northeast of VFNHP is West Norristown Township
with a population of approximately 14,901. Areas within West Norristown Township, which is
mainly residential with light industrial and recreational areas, include the communities of
Jeffersonville, Trooper, and Port Indian.

Future On-Site Land Uses

The future on-site land uses will include recreation and historic preservation because the Site is
within the VFNHP. The development of additional recreational facilities and historic
interpretive areas are likely future land uses. Also, some areas may remain undeveloped and
thus provide wildlife habitat in an otherwise urban area. The NPS Organic Act, which governs
uses of Park Service lands, requires the conservation of the Park and its resources for the
unimpaired enjoyment of future generations, so future use as parkland is assured.

Future Use of Surrounding Properties

The VFNHP property surrounding the Site will continue in park use as described above. In
addition to the public areas, the maintenance area and residences for Park employees are likely
future uses. The Organic Act controls use of this property as described above.

The surrounding areas outside the park will likely remain in commercial and residential use as
they are currently; with the likelihood that population will increase in the region over time.

Current and Future Natural Resource Uses

Natural resources at the Site include groundwater and woodland. The groundwater is not used
for water supply. The woodland is maintained for ecological health and Park use and enjoyment.
Future use of the resources is expected to remain the same as current use.

VII. SUMMARY OF SITE RISKS

Summary of Human Health Risk

The baseline human health risk assessment (HHRA) (TtFWI, 2005b) estimates what risks the
Site poses if no action were taken. It provides the basis for taking action and identifies the
contaminants and exposure pathways that need to be addressed by the Remedial Action. This
section of the ROD summarizes the results of the HHRA for the Site.

The Contaminants of Concern (COCs) at the Site are asbestos, PAHs, lead, and arsenic in soil
and sediment. The risk characterization process quantitatively examined potential exposures to
the COCs along specific pathways and routes of exposure as described in the conceptual site
model discussed above. Exposure scenarios based on current and future use were developed for
complete exposure pathways, and quantitative risk assessment was performed for those
scenarios. Receptor groups evaluated were child and adult Park visitors, child and adult Park
residents, Park maintenance workers, and construction workers.
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AOCs were identified during the Remedial Investigation (RI) based on former on-site activities,
known waste disposal practices, and topographic boundaries (see Figure 2). Human health risk
was evaluated for all AOCs. Residential exposure was only evaluated for the Waste Channel and
Railbed-North AOC, the AOC nearest park residences.

Residential exposure was based on concentrations of contaminants in surface soil and sediment
(0-2 ft below ground surface) and surface water in the Waste Channel and Railbed-North AOC.
For all other receptor groups, exposure to COCs in surface soil and sediments was evaluated in
all AOCs. Exposure to sub-surface soil was also evaluated for the construction worker scenario.
The exposure point concentration was based on the Reasonable Maximum Exposure (RME)
concentration in surface soil and sediments (and in subsurface soil for the construction worker
exposure scenario). The routes of exposure evaluated for all receptor groups were incidental
ingestion, dermal absorption, and inhalation of particulates.

Risk from carcinogenic COCs was described in terms of excess lifetime cancer risk. The HHRA
was based on exposure in each AOC proportional to the surface area of the AOC to the total area
of the Site, an assumption representing equal visitation to all areas of the Site. However, the
exposure assumption for a construction worker also included an assumed 6-month duration
exposure within single AOCs to represent a construction project scenario. For non-carcinogenic
COCs, except lead, risk was described in terms of a Hazard Index (HI) expressed as the sum of
quotients of the exposure dose divided by the reference dose for adverse effects. Lead risk
evaluation was based on predicted lead levels in blood using the adult and child models approved
by USEPA.

Tables 1 and 2 summarize the findings of the HHRA for all receptor groups and for construction
workers, respectively.

TABLE 1
SUMMARY OF HUMAN HEALTH BASELINE RISK ASSESSMENT
Excess Lifetime Cancer | Hazard Index (HI)
Receptor Group Risk (ELCR)!
RME RMFE

Recreational User — Adult 1.4x10° 1.5x 107
Recreational User — Child 22x10° 13x107
Resident — Adult 74x10° 8.1x 107
Resident — Child 8.3x10” 7.2x 10"
Park Maintenance Worker 43x107 49x 107
Construction Worker 59x10° 3.8x 107
"'Based on exposure in each AOC proportional to surface area of AOC to total surface
Area of Site. Excess risk determined from exposure to asbestos, arsenic and PAHs
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TABLE 2
EXCESS LIFETIME CANCER RISK TO CONSTRUCTION WORKERS

Location . Excess Lifetime Cancer Risk (RME)
Sitewide exposure proportional to area of AOCs 59x10°

Exposure During 6 Months Within a Single AOC

Amphitheater Quarry AOC 29x10%

Waste Channel and Railbed South AOC : 1.4x10*

Former Keene Plant — Upper Quarry AOC 1.7 x 10

The assumptions used in the HHRA process were conservative so that the final results tended to
overestimate rather than underestimate risk from exposure to COCs. The assumed levels of
activity in the AOCs that were used to develop the exposure scenarios were higher than what
occurs at the present time or would likely occur in the future. According to the NCP, the lifetime
excess cancer risk should fall within or below the range of one excess cancer case in 10,000
individuals (1 x 104) to one excess cancer case in 1,000,000 individuals (1 x 10'6). Only the
construction worker scenarios within individual AOCs (see Table 2) resulted in excess risk
greater than one in 10,000. The other exposures were between one in 10,000 and one in
1,000,000 excess risk. All of the HIs were less than one, indicating that non-carcinogenic risk
was unlikely. Modeled blood lead levels for the child and adult resident and the construction
worker, however, were found to exceed USEPA recommended levels. Based on these results,
the NPS has determined that further response action is necessary and that the Selected Remedy
will reduce risk from carcinogens and lead to acceptable levels.

Summary of Ecological Risk

The Screening Level Ecological Risk Assessment identified the following Contaminants of
Potential Ecological Concern (CPECs): asbestos, metals, pesticides, PCBs, PAHs, other SVOCs,
and a limited number of VOCs. These contaminants were evaluated in the Baseline Ecological
Risk Assessment (BERA) (TtFWI, 2005¢) to determine if they were Contaminants of Ecological
Concern (CECs). Aquatic and terrestrial communities were evaluated as shown in the
conceptual site model discussed above. The results of the BERA are summarized in Table 3.
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Table 3

Summary of the Ecological Risk Assessment

Receptor Group - Area of Concern (AOC) Contaniinants of | Principle Exposure Route | Toxicological
Ecological Identified Endpoint
Concern (CECs)
Benthic Community - - -- -
Pelagic Aquatic -- - - -
Community
Terrestrial Plants -~ -- - -
Soil Invertebrates and Amphitheater Quarry & Asbestos NA Moisture
Microbial Process Historic Bridge Reduction
Insectivorous Mammals | Maintenance Area Ruins, Mercury Ingestion of Terrestrial Mortality +
Pennsylvania Department of Invertebrates weight loss
Transportation Quarry &
‘Waste Channel and Railbed
Insectivorous Birds Waste Channel and Railbed Lead Ingestion of Terrestrial Reproductive
& Small Additional Quarry Invertebrates Impairment
Maintenance Quarry 3 44-DDT Ingestion of Terrestrial Reproductive
Invertebrates Impairment
Maintenance Area Ruins 4,4-DDE Ingestion of Terrestrial Reproductive
Invertebrates Impairment
Omnivorous Birds - -- - --
Piscivorous Mammals -- -- - -
Carnivorous Mammals -- Asbestos Incidental Ingestion of Gastrointestinal
Surface Soil Inflammation’
Carnivorous Birds -- - - -
Small Herbivorous Amphitheater Quarry & Asbestos Incidental Ingestion of Gastrointestinal
Mammals Historic Bridge Surface Soil Inflammation’
Large Herbivorous - -- -~ -
Mammals
Notes:

NA: Not Applicable

-- No COCs identified in any of the AOCs
! End point not a population level effect

The aquatic communities were evaluated by direct methods: a direct community assessment in
the case of benthic macroinvertebrates; and aquatic toxicity tests for the pelagic community. The
BERA determined that there were no significant risks for the aquatic communities.

The terrestrial plant community was evaluated based on a comparison of surface soil
contaminant data to screening level benchmarks for phytotoxicity and direct observations of
vegetation. While soil concentrations of some metals greater than benchmark values were found
in some AOCs, the lime-rich soil reduces the bioavailability of metals, and no observations of
stressed vegetation or areas devoid of vegetative cover were noted. The BERA determined that
there were no significant risks for the terrestrial plant communities.
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The terrestrial soil invertebrate and microbial process assessment endpoint relied upon two lines
of evidence: 1) comparison of analytical data to screening level benchmarks deemed protective
of soil invertebrates and microbial processes; and, 2) comparison of analytical data to
background concentrations. Results of the evaluation indicated that soil invertebrates (i.e.,
earthworms) may be at risk of moisture reduction from exposure to asbestos in the Amphitheater
Quarry and Historic Bridge AOCs, and therefore asbestos was retained as a CEC.

For insectivorous small mammals (short-tailed shrew), exposure to CECs in surface soil in the
Maintenance Area Ruins, Pennsylvania Department of Transportation Quarry, and Waste
Channel and Railbed AOCs was identified as posing potential risk from mercury and vanadium
in soil. Evaluation of these risks indicated that exposure was comparable to background
exposure dosages for both metals; however, mercury was retained as a CEC due to its high
potential for bioaccumulation.

For insectivorous small birds (American robin), exposure to one CPEC, lead, in surface soil
indicated potential risk of reproductive impairment. Lead was therefore retained as a CEC (and
is also a COC for human receptors). Potential risks of reproductive impairment were determined
for 4,4'-DDT concentrations in Maintenance Quarry 3 AOC surface soil and 4,4'-DDE
concentrations in the Maintenance Area Ruins AOC due to exceedence of the no observed
adverse effects level (NOAEL), although the calculated effects levels from Site data did not
exceed the lowest observed adverse effects level (LOAEL). These pesticides were retained as
CECs due to their high potential for bioaccumulation.

For omnivorous birds (mallard duck), a low risk from magnesium exposure was identified from
the near-shore Schuylkill River and Unnamed Tributary. However, comparison to the
background concentration of magnesium revealed similar concentrations, and magnesium was
not retained as a CEC. No other CECs were identified for omnivorous birds.

For piscivorous mammals (mink), the risk assessment and background evaluations did not
identify significant risk from exposure to heavy metals, PCBs, pesticides, SVOCs, and VOCs for
the near-shore Schuylkill River and Unnamed Tributary. Therefore, no CECs were identified for
piscivorous mammals.

Carnivorous mammals (red fox) were found to be exposed to asbestos fibers via incidental
ingestion of soil on a site-wide basis, based on evaluation of exposure pathways and modeling
results. The toxicological endpoint for this exposure was potential risk of minor gastrointestinal
inflammation. This endpoint did not produce a population level effect. A finding of low/no risk
associated with exposure to heavy metals, PCBs, pesticides, SVOCs, or VOCs was determined
for carnivorous mammals. Therefore, no CECs were identified for carnivorous mammals.

No risks from exposure to heavy metals, PCBs, pesticides, SVOCs, and VOCs were identified
for carnivorous birds (red-tailed hawk) utilizing the habitats of the Site. Therefore, no CECs
were identified for carnivorous birds.
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Potential risk of reduced growth from exposure to magnesium was identified for small
herbivorous mammals (eastern cottontail) in some AOCs. However, because magnesium is an
essential nutrient, it was not considered a CEC. No other CECs were identified for herbivorous
mammals.

No risks from exposure to heavy metals, PCBs, pesticides, SVOCs, and VOCs were identified
for large herbivorous mammals (white-tailed deer) utilizing the habitats of the VFNHP ARS,
therefore no CECs were identified for herbivorous mammals.

In summary, the Baseline Ecological Risk Assessment identified the following CECs for the
Site: asbestos, lead, mercury, 4,4'-DDE, and 4,4'-DDT as summarized in Table 3. During risk
management, it was determined that further action to reduce risk from 4,4'-DDE and 4,4'-DDT
was not warranted because exposure point concentrations based on the RME concentrations were
between the NOAEL and LOAEL for the American robin, uncertainties in the food chain model
assumptions overestimated the effect, and the BERA did not result in an HI >1 for other potential
receptors. Therefore, the need for Remedial Action to address risks to ecological receptors was
based on the other CECs: asbestos, lead, and mercury.

Basis for Taking Action

Based on the findings of the human health and ecological risk assessments, which identified
asbestos, arsenic, lead and PAHs as presenting unacceptable human health risks, and asbestos,
mercury and lead as presenting unacceptable ecological risks, the Remedial Action selected in
this Record of Decision is necessary to protect the public health or welfare or the environment
from actual or threatened releases of hazardous substances into the environment.

VIII. REMEDIAL ACTION OBJECTIVES

The following Remedial Action Objectives (RAOs) were formulated to guide the development of
remedial alternatives for the Site:
o Prevent direct contact (i.e., incidental ingestion, inhalation, and dermal absorption) by
human and ecological receptors with contaminated soil above acceptable risk levels;

o Eliminate or minimize contaminant-related constraints to the full utilization of Park
resources for all appropriate purposes consistent with NPS mandates; and

o Attain federal and state ARARs.

The following is a description of the development of Site-specific human health and ecological
risk-based RGs for the Site. If the calculated human health or ecological-based RGs were less
than Site-specific background concentrations, the Site-specific background concentrations were
used as the RGs. All three metals identified as COCs or CECs are naturally-occurring and
present in Site background soil samples. Site-specific background concentrations are presented
in Table 4.
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TABLE 4
BACKGROUND CONCENTRATIONS AS REMEDIATION GOALS
COC or CEC Surface Soil (mg/kg) Subsurface Seoil (mg/kg)
Arsenic 12.8 124
Lead 64.7 38.6
Mercury 0.15 0.17

Human Health Risk-Based Remediation Goals

Selection of Human Health Target Risk Levels

USEPA'’s Role of the Baseline Risk Assessment in Superfund Remedy Selection Decisions
(USEPA, 1991) indicates that response action is generally warranted at a site when the
cumulative excess cancer risk is greater than 10 or the HI exceeds 1.0 based on RME
assumptions. It is generally appropriate to develop risk-based RGs for media where RGs are not
clearly defined by ARARs. Generally, risk-based RGs are not needed for any chemicals in a
medium with a cumulative excess cancer risk of less than 1 in 10" and/or a HI less than or equal
to 1.0, or where the RGs are clearly defined by ARARs.

Two primary factors have been considered for the Site in setting carcinogenic risk management-
based RGs within the NCP-prescribed range of 1x10™ to 1 x 10°;
o Key uncertainties identified in the HHRA process tended to over-estimate site risks; and
e The Site is located within a unit of the National Park System.

Assumptions introduced into the HHRA process were conservative in nature such that the final
risk and hazard results tended to overestimate, rather than underestimate, the potential impacts of
exposure to Site COCs. Therefore, a target risk level of 1 x 10 is considered protective and has
been selected for the Site as the basis for the RGs. Consequently, risk-based RGs were
calculated for combinations of AOC, media, receptors, and COCs where risks greater than 107
or Hls greater than 1.0 were determined to be present. Attainment of these risk-based RGs
assumes that there will be no permanent or long-term impairment of the use and enjoyment of
the resources at the Site, as required by the NPS Organic Act.

Development of Human Health Remediation Goals
As discussed above, COCs presenting human health risks greater than the target risk level of 107
are asbestos, arsenic, and potentially carcinogenic PAHs.

Because of the very limited number of locations where lead was identified as a COC, Site-
specific cleanup goals were not developed. Instead, the USEPA-recommended screening values
were used as risk-based RGs. USEPA recommends 400 mg/kg as a lead screening level for
surface soil and 1,000 mg/kg as a lead screening level for subsurface soil under residential land
use (USEPA, 1994). For commercial/industrial sites the lead screening level is 710 mg/kg
(USEPA, 2001).
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Risk-based RGs for asbestos, arsenic, and PAHs were conservatively calculated by assuming that
the entire duration of exposure is spent within a single AOC (rather than proportionate to the
surface area of the AOC to the total surface area of all AOCs as was assumed in the HHRA).
This assumption is particularly conservative for recreational visitors to the Park as it is unlikely
that a Park visitor would spend significant amounts of time within a single AOC (an hour a day,
3 days a week, 50 weeks a year for 30 years was the assumed exposure duration). Furthermore,
it is the NPS’ intent that all AOCs will be readily accessible to park visitors consistent with the
requirements of the Organic Act. It is conceivable, however, that a significant portion of a
construction worker’s time could be spent within a single AOC for the duration of a particular
construction project. Under these circumstances, and based on the results of the HHRA, risks
may exceed 10™ for a construction worker in the Upper Quarry portion of the Former Keene
Plant AOC, the southern portion of the Waste Channel and Railbed AOC, and the Amphitheater
Quarry AOC (see Table 2). These construction worker risk estimates and corresponding RGs are
conservative in that they do not take into account the use of dust suppressants or personal
protective equipment that would likely be used by construction workers to reduce exposure to
asbestos during road or other construction.

The Human Health-based RGs are summarized in Table 5.

TABLE §

SITE-SPECIFIC HUMAN HEALTH REMEDIATION GOALS FOR
CONTAMINANTS OF CONCERN (COCs)

COoC Units Resident Construction Park Maintenance Site Visitor
Remediation Goal Worker Worker Remediation Goal
Remediation Remediation
Goal' Goal'
Target Risk level | Target Risk level | Target Risk level | Target Risk level
10° 10° 10° 10°
Asbestos % 0.7 TEM 0.4 TEM 1.9 TEM 49 TEM
2.7PILM 1.5PLM 7.6 PLM 190 PLM
Arsenic mg/kg 12.8° 232 17.7 16.7
Benzo(a)anthracene mg/kg 6.5 435 244 234
Benzo(a)pyrene mg/kg 0.6 41.0 2.3 2.2
Benzo(b)fluoranthene mg/kg 6.5 429 24.4 23.4
Dibenzo(a,h)anthracene | mg/kg 0.6 41.2 2.3 2.2
Indeno(1,2,3-cd)pyrene mg/kg 6.5 NA 24.4 23.4
Lead mg/kg 400° 710° 710° NA

' Worker exposure to surface soil only, calculated carcinogenic risk for subsurface soil exposure was less than 1x10°
? Site-specific background
* Based on USEPA recommended risk based screening criteria
TEM = analyzed by Transmission Election Microscopy
PLM = analyzed by Polarized Light Microscopy

NA = Not Available
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Ecological Risk-Based Remediation Goals

Selection of Target Risk Levels for Ecological Receptors

USEPA’s Role of the Baseline Risk Assessment in Superfund Remedy Selection Decisions (USEPA, 1991)
indicates that, in assessing the potential for unacceptable risk to ecological receptors, a critical question to
be answered is “At what level of ecological organization should risk be evaluated?” or “What is
ecologically significant?” The National Park System, including the ecological systems within the Park
System, is considered to be among the most highly valued of all public land resources. As a result, a
conservative approach is appropriate in evaluating if identified risks in units of the National Park System
are ecologically significant and should therefore be remediated. Given the degree of assessment
uncertainty at the Site and the sensitivity of estimating risk to ecological resources within a unit of the
National Park System, the ecological RGs are based on contaminant concentrations that would yield HQ
values of 1. These RGs are shown in Table 6 below. In some cases contaminant concentrations would
have to be reduced to below background to achieve an HQ of 1. For these situations, background (for
naturally-occurring analytes) is identified as the remediation goal.

The following AOCs were identified as presenting a risk based on the ecological assessment
endpoints in the BERA:
* Waste Channel and Railbed AOC: Lead bioaccumulation within the food chain resulting
in the excess risk of reproductive impairment in insectivorous birds (American robin).

* Maintenance Area Ruins, Pennsylvania Department of Transportation Quarry, and Waste
Channel and Railbed AOCs: Mercury bioaccumulation within the food chain resulting in
the excess risk of premature mortality and weight loss in insectivorous small mammals.

*  Amphitheater Quarry and Historic Bridge AOCs: Excess risk from moisture loss due to
direct contact with asbestos in soil to soil invertebrates (earthworm).

Ecological risk is managed to protect populations, not individuals, unless threatened or
endangered species are involved. The BERA did not identify any threatened or endangered
species potentially impacted by Site contaminants.

The ecological risk-based RGs for CECs are presented in Table 6.

TABLE 6
RISK MANAGEMENT-BASED REMEDIATION GOALS FOR
CONTAMINANTS OF ECOLOGICAL CONCERN (CECs)

Insectivorous
CEC Units Soil Invertebrates Mammal Insectivorous Bird
(Earthworm) (Short-tailed (American Robin)
Shrew)
Asbestos % 0.45" HQ<1* NA®
Mercury mg/kg 0.15* 0.15* 0.15*
Lead mg/kg 500" HQ<1? 64.7"

! Benchmark value (Efroymson, ef al., 1997)

2HQ<1 Calculated hazard quotient was less than 1 indicating insignificant risk
*NA = Not a CEC for the receptor group
* Site Specific Background

National Park Service
December 2006
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Remediation Goal Verification
Consistent with the requirements in Appendix F to this ROD, a remediation goal verification
program will be adopted that provides assurance that when determinations are made under the
verification program that the Site remediation goals are met, such determinations are correct.
The number of verification samples taken will be sufficient to provide assurance that the relevant
human and ecological receptors can safely use the Site, consistent with the analyses provided in
the Site human health and ecological risk assessments.

Summary

The overall risk management-based remediation goals (human health and ecological risk) for the
Site are presented in Table 7.

TABLE 7
RISK MANAGEMENT-BASED REMEDIATION GOALS - SUMMARY
“Waste Channel Railbed —-North AOC All other AOCs
COC/CEC Units Remediation Basis Remediation Basis
Goal Goal
Asbestos o 0.4 TEM Construction Worker 0.4 TEM Construction Worker
’ 1.5 PLM Risk 107 1.5 PLM Risk 10°
. Site-Specific Site-Specific
Arsenic me/kg 12.8 Background' 12.8 Backgroundl
Benzo(a)anthracene mg/kg 6.5 RCSId%tSE};Jég/AdUIt 23.4 S;{?SZIIS(I;?I’
Benzo(a)pyrene mg/kg 0.6 RCSId%SE};Iéi/Aduu 2.2 S;{iesgllsg?r
Resident Child/Adult Site Visitor
Benzo(b)fluoranthene mg/kg 6.5 Risk 107 23.4 Risk 10°
Dibenzo(a,h)anthracene mg/kg 0.6 RCSId(E.tsglilég/Aduu 2.2 Site V‘IS(‘;?I Risk
Indeno(1,2,3-cd)pyrene mg/kg 6.5 Remd%il;lé%/Adult 234 S geis}(/lls g.?r
s Site-Specific Site-Specific
Lead — Surface 0-0.5 mg/kg 64.7 Backeroun s 64.7 Backeroun &
Lead — Sub-surface USEPA Screening USEPA Screening
>0.5° me/kg 400 Criteria Residential 710 Criteria Worker
Site-Specific Site-Specific
Mercury me/kg 0.15 Background® 0.15 Background3

" Calculated human health risk-based exposure point concentration at 1 x 10 risk level was less than site-specific
background concentration, so site specific background concentration was set as the RG.

? Calculated ecological exposure point concentration for lead that resulted in an HQ>1 for insectivorous bird was less than
the site specific background concentration. Therefore, the RG was set at the site-specific background concentration.

? Calculated ecological exposure point concentration for mercury that resulted in an HQ>1 for insectivorous small mammal
was less than the site-specific background concentration. Therefore, the RG was set at the site-specific background

concentration.

TEM = analyzed by Transmission Election Microscopy
PLM = analyzed by Polarized Light Microscopy
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IX. DESCRIPTION OF ALTERNATIVES
The following comprehensive remedial alternatives were developed and evaluated in the FS:

FS Alternative 1: No Action

FS Alternative 2: Capping with Limited Excavation and Off-site Disposal

FS Alternative 3a:  Soil Stabilization with Limited Capping and Excavation

FS Alternative 3b:  Soil Stabilization with Limited Excavation

FS Alternative 4: Shallow Excavation with Off-Site Disposal

FS Alternative 5: Complete Excavation with Off-site Disposal

FS Alternative 4 is the Selected Remedy. Each of the alternatives is further described below.

Overview of Alternatives Considered

FS Alternative 1: No Action

The No Action alternative provides a baseline for evaluation of the alternatives and is required
for inclusion in the FS by the NCP. Under this alternative, no cleanup or containment measures
regarding Site contamination would be taken.

FS Alternative 2: Capping with Limited Excavation and Off-site Disposal

The Capping alternative involves containment/isolation of contaminated soil through placement
of a 1.5 foot thick soil cap covered with 0.5 feet of topsoil. Following cap construction, the area
would be planted similar to surrounding areas.

Capping would not be feasible in portions of the Waste Channel and Railbed AOC due to the
presence of wetlands, the need to maintain flow capacity of the existing drainage channel, and
being in a floodplain; therefore, in those areas excavation of the contaminated soil (and
replacement with clean soil) and disposal at a permitted off-site facility was assumed.

FS Alternative 3a: Soil Stabilization with Limited Capping and Excavation

Soil stabilization involves injection and mixing of reagents in the contaminated soil to create a
stable, cement-like matrix in which the contaminants are bound and become immobilized. The
stabilized soil is then covered with 0.5 feet of topsoil and revegetated.

Stabilization is not feasible where steep slopes are present in portions of the Former Keene Plant
and Amphitheatre Quarry AOCs due to implementation difficulties. It is also not appropriate
where there are numerous mature trees, such as in portions of the Waste Channel and Railbed
and Historic Bridge AOCs, since much of the contaminated soil to be stabilized would come out
with the stumps of the trees that must be removed prior to stabilization. Capping, however,
would be feasible in these areas and is assumed there under this alternative instead of
stabilization.

As with capping, stabilization is not feasible in portions of the Waste Channel and Railbed AOC
due to wetlands and floodplain issues, and the need to maintain the flow capacity of the channel
(the soil volume increases when the soil is stabilized). Therefore, excavation of the
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contaminated soil in the drainage channel, wetlands, and floodplain portions of this AOC (and
off-site disposal at a permitted facility) is assumed instead of stabilization.

FS Alternative 3b: Soil Stabilization with Limited Excavation

As with FS Alternative 3a, this alternative relies on soil stabilization in most AOCs to bind and
immobilize the contaminants. However, in all AOCs where stabilization is not feasible (as
described under Alternative 3a above), excavation with off-site disposal is assumed rather than
utilizing capping in selected areas as in Alternative 3a.

ES Alternative 4: Shallow Excavation with Off-Site Disposal (the Selected Remedy)

Shallow excavation with off-site disposal involves excavation of between 1.5 and 3 feet of soil
where clean-up standards are exceeded (only the shallow soil, i.e., between 0 and 24 inches,
poses unacceptable risks to visitors and residents). Excavated soil will be transported and
disposed in an appropriately permitted landfill. Clean soil covered with topsoil will be used as
backfill, and disturbed surfaces will be restored through seeding and replacement of shrubs and
trees, replacement of pavement, etc.

The variability of the proposed depths of excavation under this alternative (i.e., 1.5 to 3 feet as
described in the FS) is due to the differences in the depths of contamination among the AOCs as
measured during the RI. In some areas, the proposed excavation depths will remove all of the
contaminated soil in those locations since the RI data indicate that contaminants are only present
in the shallow soil there. For example, where contaminants were only detected in the top 6
inches, excavation up to a depth of 1.5 feet will be implemented (an additional 12 inches of
excavation depth (over-excavation) was added in the FS to be conservative), which will result in
the removal of all of the contaminated soil at that location. Similarly, in areas where
contaminants were detected up to a depth of 24 inches, a 30 to 36 inch depth of excavation will
be implemented to confidently remove all the contaminants. The allowance for over-excavation
may be reduced during final design (e.g., to 6 inches) from the 12 inches assumed in the FS if a
higher degree of confidence in contaminant distribution is achieved through pre-design sampling.

In other locations, contaminants were detected at depths greater than 24 inches. For example, in
the Amphitheater AOC asbestos was detected at depths up to 35 feet as a result of historical
dumping of waste materials that were subsequently covered with clean soil. The RI
demonstrated that the contamination at these depths is not leaching or migrating and does not
pose a risk unless excavated. In such locations, the excavation depth will be 24 inches. Because
this alternative will leave in place deep contamination, institutional controls will be implemented
to ensure the protection of Park maintenance and construction workers if temporary construction
or utility-related excavations in this soil are required in the future. To alert construction or
maintenance workers to the presence of contaminated soil at depth, a warning layer will be
installed at the lowest point of remedial excavation to serve as an indicator of potential
contamination beneath that layer for future construction or utility activities. Such activities will
conform to Site Institutional Controls.
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FS Alternative 5: Complete Excavation with Off-site Disposal

FS Alternative 5 includes removal of all contaminated material and disposal at a permitted off-
site facility and represents the opposite end of the spectrum from No Action. It includes
excavation of all detected contaminants (i.e., metals, VOCs, SVOCs, pesticides, PCBs, and/or
asbestos) regardless of concentration. This alternative involves excavation in more areas of the
Park and in many places to much greater depths than in FS Alternative 4 (Shallow Excavation).

Common Elements and Distinguishing Features of Each Alternative

With the exception of FS Alternative 1 (No Action), all of the alternatives would involve
excavation of contaminated soil/sediment in wetlands and flood plains and replacement with
clean soil/sediments to achieve compliance with ARARs specific to those areas. In addition, FS
Alternatives 2 (Capping) and 3a/3b (Stabilization) would include excavation of a portion of the
Waste Channel to maintain its function as a storm water conveyance channel. FS Alternatives
3a/3b (stabilization) are not feasible in areas of mature trees and steep slopes. In those areas, the
contaminated soil would be excavated or capped (FS Alternative 3a) or excavated with off-site
disposal (FS Alternative 3b).

In FS Alternative 2, all soil that presents unacceptable risk would be capped except in flood
plains, wetlands, and a portion of the Waste Channel (to maintain a flow channel).
Approximately 37,500 yd3 of contaminated soil would be capped over discrete remediation areas
totaling approximately 10.2 acres, and approximately 14,200 yd® of soil would be excavated over
a total area of 3.7 acres in the Waste Channel and Railbed AOC.

In FS Alternative 3a, soil in most areas to be remediated would be stabilized. However,
remediation areas with mature trees and/or steep slopes would be capped and the soil in flood
plains, wetlands and a portion of the Waste Channel would be excavated and disposed off-site.
Approximately 14,600 yd3 of soil would be stabilized over discrete remediation areas totaling
approximately 5.4 acres, approximately 22,900 yd* of soil would be capped over approximately
4.7 acres, and approximately 14,200 yd® of soil would be excavated over a total area of 3.7 acres
in the Waste Channel and Railbed AOC.

As with FS Alternative 3a, soil in most areas to be remediated would be stabilized in FS
Alternative 3b. However, remediation areas with mature trees and/or steep slopes and the soil in
flood plains, wetlands and a portion of the Waste Channel and Railbed AOC would be excavated
and disposed off-site. Approximately 14,600 yd® of soil would be stabilized over discrete
remediation areas totaling approximately 5.4 acres, and approximately 37,100 yd3 of soil would
be excavated over a total area of 8.5 acres.

In FS Alternative 4 (the Selected Remedy), all shallow soil that presents unacceptable risk would
be excavated to a depth of up to 3 feet (which includes up to 12 inches over-excavation to
account for uncertainty) and disposed off-site. Approximately 51,700 yd*> would be excavated
from 29 discrete remediation areas totaling approximately 13.9 acres.
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In FS Alternative 5, all soil containing any detected contaminants would be excavated, resulting
in approximately 2,150,000 yd* being excavated from 48 discrete remediation areas totaling
approximately 56 acres. Implementation of Alternative 5 would meet all ARARs and obviate the
need for Institutional Controls and 5-year reviews. Nevertheless, this alternative is considered
cost prohibitive, with an estimated cost nearly 30 times that of the Selected Remedy. Complete
Excavation also would require more than 10 years to implement, as compared to an estimated 3
to 4 years for the Selected Remedy. Such a lengthy construction period increases the short and
medium-term disruption of Park operations, visitor access, and local traffic patterns, as well as
increasing the risk of accident or injury associated with prolonged construction activity.

In FS Alternatives 2 and 3a/3b, contaminated soil would be left in place and contained via
capping or stabilization. In FS Alternative 4, some contaminated soil below the depth of
excavation will be left in place in certain AOCs. Because all four of these alternatives (2, 3a, 3b,
and 4) would leave some contaminated soil on-site, Section 121(c) of CERCLA requires that
five-year reviews be performed to evaluate the effectiveness of the remedial action over time. In
addition, because of the deep contamination being left in place, institutional controls would be
required to control and manage potential risks associated with future excavation activities
performed by Park maintenance or construction workers.

In FS Alternative 5, no contaminated soil would be left in-place and no institutional controls
would be needed. Therefore, five-year reviews of the effectiveness of the remedial action would
not be required.

FS Alternative 2 is estimated to require two to three years to implement. FS Alternatives 3a/3b
and 4 are estimated to require a slightly longer time frame to implement (three to four years).
FS Alternative 5 is estimated to require over 10 years for implementation.

Expected Outcomes of Each Alternative
ES Alternative 1 (No Action): the long-term risk to human health and environment would not be
reduced and much of the Site would continue to be unavailable for desired Park uses.

ES Alternatives 2 and 3a/3b (capping and soil stabilization): the risks associated with the
contaminants remaining at the Site under these alternatives would not be eliminated, but the
containment barrier (cap) or stabilized soil (soil stabilization) would effectively break the
exposure pathway between the contamination and potential receptors thereby managing the risk
appropriately. While access to the Site would not be restricted under FS Alternatives 2 and
3a/3b, maintenance of the cap or stabilized soil would need to be performed over time to
maintain the integrity of these remedies. FS Alternatives 2 and 3a/3b would limit potential Park
development and certain uses in the remediation areas to ensure that the integrity of the cap or
stabilized soil matrix is not compromised. Placement of the cap and soil stabilization would
also result in increases in the ground surface elevation altering the topography of the remediation
areas from the surrounding areas. Revegetation of stabilized areas (FS Alternatives 3a/3b) with
shrubs and trees may not be possible due to the solid soil matrix immediately beneath the topsoil
cover.
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F'S Alternative 4 (shallow excavation and off-site disposal): all soil in the zone of potential
exposure (top 24 inches) containing levels of contaminants that pose unacceptable risk to
humans and the environment would be excavated, essentially eliminating the risk posed. With
the exception of institutional controls to limit exposure to contaminated soil greater than two feet
in depth, Park use of the remediation areas would not be restricted. Following excavation of the
contaminated soil, the remediation areas would be backfilled to the original ground surface and
revegetated with grasses, shrubs and trees.

F'S Alternative 5 (complete excavation and off-site disposal): since all soil, regardless of
contaminant concentration or depth, would be removed under this alternative, there would be no
restrictions on future access or use of the Site. Following excavation of the contaminated soil the
remediation areas would be backfilled to the original ground surface and revegetated.

X. COMPARATIVE ANALYSIS OF ALTERNATIVES

The NCP prescribes the use of nine criteria to evaluate remedial alternatives in order to identify a
preferred alternative. The nine criteria are summarized in Table 8. The first two criteria, Overall
Protection of Human Health and the Environment, and Compliance with ARARs, are considered
“threshold criteria.” An alternative must satisfy these threshold criteria in order to be eligible for
selection.

A summary of the comparative analysis of alternatives using the nine NCP criteria that was
presented in the FS is provided below. A summary table presenting the results of this
comparative analysis is provided in Appendix B. FS Alternatives 1 and 5 are not included in the
Appendix B summary table, or in the summary of the comparative analysis below, for the
following reasons. FS Alternative 1, No Action, did not satisfy the threshold criteria and
therefore cannot be considered for the Selected Remedy. FS Alternative 5, although meeting the
threshold criteria, was not considered cost effective and greatly prolongs the construction period,
thereby increasing disturbance to Park activities, local traffic patterns, and risks related to
construction traffic.

TABLE 8
NINE EVALUATION CRITERIA FOR SUPERFUND REMEDIAL ALTERNATIVES

1. Overall Protection of Human Health and the Environment evaluates whether the alternative adequately protects
human health and the environment from unacceptable risks posed by hazardous substances.

2. Compliance with Applicable or Relevant and Appropriate Requirements (ARARSs) evaluates whether the
alternative meets Federal, and more stringent State, environmental statutes, regulations, and other requirements
identified for the Site, or whether a waiver of such requirements is justified.

3. Long-Term Effectiveness and Permanence assesses the alternative in terms of the magnitude of residual risk
remaining at the conclusion of remedial action and the reliability of long-term controls to permanently protect
human health and the environment.

4. Reduction of Contaminant Toxicity, Mobility, or Volume through Treatment evaluates the alternative’s
effectiveness in the reduction of the harmful effects of principal contaminants, their ability to move in the
environment, and the amount of contamination present. :
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TABLE 8 (continued) ,
NINE EVALUATION CRITERIA FOR SUPERFUND REMEDIAL ALTERNATIVES

5. Short-Term Effectiveness considers the length of time needed to implement the alternative and the risks the
alternative poses to workers, residents, and the environment during implementation.

6. Implementability considers the technical and administrative feasibility of implementing the alternative,
including factors such as the relative availability of goods and services.

7. Cost includes estimated capital and annual operations and maintenance costs, as well as present worth cost.
Present worth cost is the total cost of an alternative over time in terms of today’s dollar value. Cost estimates
are expected to be accurate within a range of +50 to -30 percent.

8. State Acceptance assesses the State’s position and key concerns related to the preferred alternative and other
alternatives including comments on ARARs and the proposed use of ARAR waivers.

9. Community Acceptance assesses which components of the alternatives received support, reservations, or
opposition from members of the community. Comments received on the Proposed Plan are an important
indicator of community acceptance.

Overall Protection of Human Health and the Environment
FS Alternatives 2, 3a & 3b, and 4 would all provide a high degree of overall protectiveness of
human health and the environment.

Compliance with Applicable or Relevant and Appropriate Requirements
FS Alternatives 2, 3a & 3b, and 4 are all expected to meet all identified ARARs.

Long-term Effectiveness and Permanence

Capping and Soil Stabilization (FS Alternatives 2 and 3a/3b) rely on maintenance and
institutional controls to ensure long-term integrity and effectiveness of the remedy, while
shallow excavation (FS Alternative 4) does not. Additionally, shallow excavation with off-site
disposal permanently removes contaminated shallow soil that poses unacceptable risk to human
or ecological receptors. Consequently, FS Alternative 4 is ranked higher than the other
alternatives under this criterion.

Reduction of Toxicity, Mobility, or Volume through Treatment

Shallow Excavation with Off-Site Disposal (FS Alternative 4) would remove the contaminants in
the top several feet of the remediation areas, thereby achieving reduction of volume of the waste
present at the VFNHP. Capping (FS Alternative 2) would indirectly reduce toxicity by
eliminating the exposure pathway. Soil Stabilization (FS Alternatives 3a & 3b) immobilizes the
contaminants (making them less bioavailable), thereby reducing the toxicity of the contaminants.
Since each alternative satisfies this criterion in different ways, they are ranked equally.
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Short-term Effectiveness

Short-term impacts associated with Capping, Soil Stabilization, or Shallow Excavation could be
readily controlled and/or restored in a reasonable period of time. Therefore, FS Alternatives 2,
3a, 3b, & 4 are ranked equally under this criterion.

Implementability

There are no implementability issues associated with Shallow Excavation or Capping. Soil
Stabilization requires some specialized mixing equipment and will require bench/pilot testing to
determine the effectiveness of stabilization, the best additives, and the optimum doses.
Therefore, FS Alternatives 3a/3b (stabilization) are ranked lower than the other alternatives
under this criterion.

Cost

The estimated present worth for each of the FS Alternatives evaluated is presented in Table 9.
Capping (FS Alternative 2) has the lowest cost (of which about 35% is associated with long-term
Operation and Maintenance (O&M), shallow excavation (FS Alternative 4) is in the middle of
the cost range (with most of its cost (96%) being capital costs for construction), and stabilization
(FS Alternatives 3a/3b) has the highest cost (with the O&M portion ranging from 33% for FS
Alternative 3a to 17% for FS Alternative 3b). However, within the limits of the accuracy of FS-
level cost estimating (+50%/-30% per the USEPA FS Guidance) these alternatives are all
relatively similar in cost.

A 30-year O&M performance period was used in the present worth analysis in the FS as
recommended by EPA guidance. As the effectiveness of the remedies in FS Alternatives 2 and
3a/3b is dependent on the long-term integrity of the cap or stabilized soil, O&M costs beyond the
30-year period would almost certainly be incurred. Therefore, if one were to extend the O&M
beyond 30 years, the estimated present worth for these two alternatives would be higher than
these presented in Table 9.

State Agency Acceptance

The Commonwealth of Pennsylvania has concurred with the Selected Remedy for reasons
including protectiveness of human health and the environment, implementability, cost
effectiveness, and consistency with NPS long-term management goals for the Site.

Community Acceptance

In general, the Selected Remedy received significant support from the community. There was no
opposition to the Selected Remedy expressed during the Proposed Plan public meeting. Among
the written comments, two supported the Selected Remedy, one preferred total removal
(Alternative 5), and one preferred no action (Alternative 1). Specific responses by NPS to public
comments are found in the Responsiveness Summary provided at the end of this ROD (page RS-

).

Record of Decision — Asbestos Release Site National Park Service
Valley Forge National Historical Park 29 December 2006



900¢ 1equisos(g
90TAISG MIBJ [EUOTIEN

0¢

aeJ [eou0ISIH [euoneN 2310, AS[[eA
2)IG 95BI[OY SOIS2QSY — UOISIOA(T JO P19y

Tr6°0r$ = WO [BNUUE SPIM-D)IS ¢ SANBWIIY S,
6SL081$ = W0 [EUUUE SPIM-)IS ¢ SANBWRIY S .
7£9°81€$ = WO [ENUUR 9PIM-JIS BE SANBWRYY S ,

96L°8LT$ = W¥O [ENUUE SPLM-3IIS T SAHBURNY S |

1S00 290 OU PUB NOSE$ JO 1500 [eitdeo e sey ‘[esodsip o)s-JJo YIIm UOLBAROXD 30[dWIO)) ‘G ANRWIONY S

‘(%L ‘sIeaK ) 060°FZ1$ JO YMom juasald B Ul SUNNSAI SMIIAL JBIA-G 10] 1500 AP0 [ENUUE Q00 1$ PUB 1500 [e11deo OU SBY ‘UOTOY ON ‘[ SANBWINY S

"(000°¢LZ$) Hoddns [eoruyoa)/[eSa[

PUE SMIIADI TBIA-OAT] UM PIBIDOSSE §1S00 JO YLom 1uasaxd sy pue ‘(000°‘LS$) Aouadunuod ¢,z snjd SoNUoo [BUOHMIISUL YHM PIIBIOOSSE SIS0 [E11dBO Sapn[oul $1500) SPIA, 2US RI0N

*2]81 JUNOJSIP 9%,/ B PUB SIB3A ()¢ UO Paseq om Juasaid = M d

TOI'ILO'TTS ,ES0°80SS | PST'GLSTIS [ OISPISOIS | ,7SOEPT'TS | 898°LSOETS | LIVLIT'8S | LOETOOYS | $TL'6TITIS | TLVTOI9S (£65°6SP°ES | SO0°T9S°6S | APIA AUS
65T°€16$ 6ST°061§ | SISEOI'TS 17L66€$ LOO'SFTS 8TL'LY9$ 17L°66£$ L00'8¥T$ 8TL'LY9$ 1¥Z°0€1$ 819°191$ 658°167$ 0ad
SIIILS 0% SITILS P9°0C1$ 860°18$ TOL°TITS #r9°0€1$ 850°18$ T0L°112T$ LY0°69% LIL'08$ Y9L'SH1S ovs
$87°59T$ 0$ $87°597$ 055°9Z¢$ 609770T$ 651°6ZS$ 055°92¢$ 609°70$ 651°675$ 69T°LETS LEEOLTS 909°L0£$ 0AD
S8S°LLS 0$ S8S°LLS 638°0V1$ 8E1°16$ LTO'8ETS 6388°9%1% 8¢I°16$ LT0°8ETS 956°19% 788°9LS 8€8°8€1$ dIs
L68°L6S 0% L68°L6S L6S°L6S 0% L63L6S $96°LLS SHL'96$ 60LPLIS Y96°LLS SPL96% 60L VLIS OV
69LTITS 0$ 69L°TITS 69L°TITS 0% 69LTITS$ SSISZIS 90€°SST$ 19¥°08Z$ SS1°6TIS 90£°5S1$ 19%°087$ dIH
676'859°c$ 0$ 676°859°¢$ 676'859c$ | 0% 676'859°c$ | I81°TSH'IS | ST8TS6$ 900°50¥'2$ | 181°TSHIS $78T56$ 900°S0¥T$ SUOM
998°€LS S 0$ 998°€LS €S 998°¢LScS | 0% 998°¢LS€S | 0¥6°00T°¢S | 266°S0S$ 7€6'90L€$ | 0v6°00Z°¢S 766°505$ 7£690L°€$ NADOM
TI908L°1$ 96L 7% 801°SZ8°1$ 96S°TSLTS | T101°€90°1$ | L69°SI8°TS | 0T¥'TsL'T$ | SSYITII$ | S06°€98°CS | 8ST919$ 9ILVILS ¥L6°08E° 1S R E
$8L7T9ES 0$ $8L7T9ES SS6°LSTS ARZIA) S60°TPLS SS6°LSHS OPI¥8T$ S60°TPLS €OV SLIS SSHITTS 816°66€$ AVIN
TVIIAVD | Md RO | MdI#0L | TVIIVD | MdIWP0 | MdE©OL | TVIIAVD | MdW®0 | MdIe0L TVIIAVD | MdINP0O | Md 8oL 20V

“[esodsi( Ns<pO pue :ouﬂéuum— MoqIeys

b FANEWINY S

UOHUABIX PAJIIY [PIA UOBZI[IQEIS
q€ AANBUINY S

Smdde) payury [IM UoNEZIIqe)S
BE JANBUWIAIY SA

:oﬁ«.>3xm~ panmry ynm Smdde)
/AN SH

AAVIAINAS TLVIILSH LSOD STALLVNIALTV TVIGINTA

6 A TdVL




XI. PRINCIPAL THREAT WASTE

The NCP establishes an expectation that treatment to address principal threats posed by a site
will be considered and used where practicable (NCP § 300.430(a)(1)(iii)(A)). In general,
principal threat wastes are those source materials considered to be highly toxic or highly mobile
and which generally cannot be reliably contained or would present significant risk to human
health or the environment should exposure occur. NPS has determined that the Site does not
contain principal threat wastes.

XIl. SELECTED REMEDY

Summary of the Rationale for the Selected Remedy
The following are the principal factors upon which the selection of FS Alternative 4 as the
Selected Remedy is based:

o FS Alternative 4 provides a high degree of overall protectiveness to human health and the
environment and maximizes long-term protectiveness

o FS Alternative 4 complies with all ARARs

o On-Site risk to Park visitors and residents is permanently eliminated by FS Alternative 4
by removing all contaminated soil containing levels of contaminants that pose
unacceptable risk to humans and the environment

o FS Alternative 4 can be readily implemented with existing technologies that can be
provided by a large number of vendors

o FS Alternative 4 is cost effective when compared to the other alternatives

o FS Alternative 4 is the most consistent with the management and goals of a unit of the
National Park System.

o The Commonwealth of Pennsylvania agrees with the selection of FS Alternative 4 as the
Selected Remedy

o The public did not express any reservations regarding the choice of FS Alternative 4 as
the Selected Remedy

Detailed Description of the Selected Remedy

Active Remediation

The Selected Remedy includes excavation of shallow contaminated soil posing an unacceptable
risk to human health and/or the environment and disposal at a permitted off-site facility. Only
contaminants in the top two feet of soil pose a risk to park visitors or residents or ecological
receptors. Therefore, the Selected Remedy only requires excavation of shallow soil, with an
over-excavation of up to one foot as a measure of added protectiveness. Excavated contaminated
soil will be characterized for off-site disposal to determine if the soil/waste being excavated is
considered Subtitle C Hazardous Waste under RCRA which will require disposal at a landfill
permitted for such waste. Soil determined not to be Subtitle C waste will be sent off-site for
disposal at a permitted solid waste landfill. Once excavation activities have been completed,
clean soil will be used as backfill to achieve pre-remediation grades, and the remediated areas
will be restored to their original conditions through seeding and replacement of shrubs, trees,
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pavement, and any other disturbed surfaces, and installation of erosion protection. All active
remediation components shall be completed in accordance with Performance Standards
developed during final design, which shall be developed in accordance with the basis for
Performance Standards presented in Appendix C.

The imported backfill, common fill and topsoil, must comply with the NPS Clean Fill Criteria
and the Commonwealth’s Management of Fill policy (as further described in Appendix C), and
must also meet the RGs for COCs/CECs. Compliance with these requirements will assure that
no contaminated soil will be used as backfill.

The areas delineated in the FS for remediation under FS Alternative 4, and the associated
estimated volumes of soil to be excavated from each remedial area, are provided in Appendix D.
The areas and depths of soil to be excavated will be refined based on pre-design testing done
prior to finalization of the Remedial Design.

Excavation in wetlands and flood-plain areas will be restored to pre-remediation topography and
hydrology and be designed to provide the original wetlands functions, therefore will be
compliant with wetlands and floodplains ARARs. Wetland restoration plans will be developed
for the implementation of the Selected Remedy in wetland areas. Additionally, remedial design
plans will include appropriate measures to protect nesting habitat of the red-bellied turtle
(Pseudemys rubriventris), a Pennsylvania-listed threatened species known to exist along the
shoreline of the Schuylkill River.

During excavation and truck loading activities, control methods and monitoring will be used to
address potential risks of exposure to construction workers and the public due to contact and
inhalation of contaminants. Other potential safety concerns include physical hazards related to
construction. There will also be an increase in truck traffic and associated noise, and a potential
increase in dust levels during construction. During construction, dust suppression techniques
will be used and appropriate containers/covers utilized during transportation to minimize fugitive
dust emissions. Appropriate personal protective equipment (PPE) will be utilized to protect site
workers from direct contact and inhalation risks, and adherence to OSHA construction safety
refuirements will protect site workers from construction hazards.

Public access to construction areas will be restricted with appropriate site controls (e.g.
construction fencing, road barricades, etc.), and on-going air monitoring performed to ensure that
workers and the public are not exposed to unacceptable contaminant levels during remediation.
Upon confirmation that the Selected Remedy has been completely and effectively implemented
such that no Site COCs or CECs remain in surface soil or sediment above RGs, all Site-specific
warning signs and fencing will be removed.

Potential adverse environmental impacts during construction will be addressed by erosion
control measures to minimize soil transport during precipitation events. Additional measures to
protect surface water quality, such as bypassing the perennial stream in the Unnamed Tributary
during construction in that area, will be developed during Remedial Design. Construction
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activities may result in the temporary displacement of resident species. Following restoration of
the area, however, displaced species are expected to return in a relatively short period of time
(i.e., a year or two).

Coordination with Park officials will be necessary during the planning and implementation of the
Selected Remedy regarding construction staging, phasing, hours and routes of truck traffic,
management of existing Park traffic, and access control. Coordination with the PADOT may be
necessary to integrate the Selected Remedy with the Betzwood Bridge project in their common
areas. Coordination with the Norfolk-Southern Railroad will also need to occur for activities
adjacent to the Norfolk-Southern tracks.

Remedial Action is proposed in the following four of the five archeologically sensitive areas
within the Site identified in the RI:

e The Northern Building Area within the Former Keene Plant AOC;

e The Historic Bridge AOC;

¢ The Maintenance Area Ruins AOC; and

o Portions of the Waste Channel Railbed AOC.

To propetly identify historic and cultural resources, additional archeological surveys will be
required prior to remedial construction in those archeologically sensitive areas that may be
disturbed during construction. Final Remedial Design will identify methods to be utilized to
avoid (or otherwise mitigate) impacts to these sensitive resources during construction.

Institutional Controls

The Selected Remedy leaves contaminated soil at depths greater than 3 feet (2 feet of excavation
to remove contaminated shallow soils, plus up to one foot of over-excavation as a measure of
added protectiveness) in several of the AOCs. In some of these areas an extensive amount of
historic waste has been placed and subsequently covered with clean fill and, therefore, this waste
is present at substantial depths below the existing ground surface. This subsurface
contamination poses no human health risks for Park visitors or residents or ecological exposure
risks if left undisturbed. However, this waste potentially poses a risk to construction workers
who may encounter this material during future construction projects or to Park maintenance
workers during future maintenance of subsurface utilities. Therefore, institutional controls are
included in the Selected Remedy to manage these potential future risks. The form of the
institutional controls will be determined during the design and implementation of the Selected
Remedy.

Institutional controls may include development and implementation of Park policies that set forth
procedures for characterization and management of potential risks associated with excavation
and other intrusive activities in the Site or limit future use of these areas.
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Summary of the Estimated Remedy Costs
The estimated costs of the Selected Remedy as developed in the FS are summarized in Table 10
and are presented in more detail in Appendix E to this ROD. The cost analysis is based on U.S.

USEPA guidance documents that define the accuracy for an FS-level cost estimate as +50
percent to -30 percent. Present worth cost analysis was used in the FS to provide a common
basis from which to compare the different alternatives that have expenditures that occur over
different time periods. For the present worth analysis, a period of performance of 30 years and a

discount rate of 7 percent were assumed.

The information in Table 10 (and in the more detailed cost summary provided in Appendix E to
this ROD) is based on the best available information regarding the anticipated scope of the
Selected Remedy. Changes in the estimated costs are likely to occur as a result of new
information and data collected during the pre-design and design phases for the Selected Remedy.

TABLE 10
Estimated Costs for the Selected Remedy
Item J Estimated Cost
Predesign, Design and Oversight
Pre-Design Sampling and Design $756,000
Oversight, Air monitoring, and Confirmatory sampling $413,000
Legal and Technical Support Related to IC Development $48,000
Total Indirect Capital Costs $1,217,000
Construction
Excavation — mob/demob, clearing and grubbing, excavation $453,000
Clean fill, Topsoil, Compaction and Vegetation $1,244,000
Waste characterization and Off-site Disposal $6,312,000
Total Direct Capital Cost $8,009,000
Total Capital Costs $9,226,000
Contingency
20 % of Total Construction Costs $1,845,000
Total Capital Costs plus Contingency $11,071,000
Operation and Maintenance
Annual Operation and Maintenance Cost $41,000
Present Worth (30 years, 7%) of O&M Cost $508,000
TOTAL PRESENT WORTH $11, 579,000

Expected Outcome of the Selected Remedy

Upon completion of the Selected Remedy, the NPS will immediately be able to allow
unrestricted access by Park visitors and residents to areas of the Site that are currently restricted
due to the potential for exposure to unacceptable levels of contaminants. In addition, ecological
receptors currently at risk at the Site may populate and occupy the Site without harm. The
Selected Remedy will allow the entire Site, excepting those areas developed to accommodate
Park visitor, resident, maintenance and operation activities, to succeed to its ultimate habitat
potential which is upland forest. This full succession is expected to take 50 to 80 years.
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The purpose of the Selected Remedy is to control risks posed by direct contact, inhalation and
ingestion of contaminated soil by receptors. The results of the HHRA indicate that existing
conditions at the Site pose an unacceptable human health excess lifetime cancer risk of up to 2.9
x 10™* from exposure to contaminated soil and sediment. In addition, the results of the BERA
indicate that existing conditions at the Site pose an unacceptable risk to ecological receptors
based on HQs greater than 1. The Selected Remedy will address all soil contaminated with
COCs and CECs that exceed the remediation goals identified in Table 7. These soil cleanup
levels are protective of human health at the aggregate 1 x 10 excess cancer risk level defined as
the Site remediation goal, and at the Site human health-based remediation goals for lead. These
soil cleanup levels are also protective of ecological receptors at the Site based on ecological risk-
based remediation goals for all CECs except in instances where an ecological risk-based
remediation goal is below background concentrations. For these situations, background is
identified as the remediation goal because CERCLA does not provide for cleanup to
concentrations below background for naturally-occurring analytes. Following remediation,
verification sampling as specified in Appendix F to this ROD will be performed to ensure that
the identified remediation goals are achieved.

XIII. STATUTORY DETERMINATIONS

Under CERCLA §121, a remedial action must: be protective of human health and the
environment (one of the two threshold criteria); comply with ARARSs unless a statutory waiver is
justified (the second of the two threshold criteria); be cost-effective; and utilize permanent
solutions and alternative treatment technologies or resource recovery technologies to the
maximum extent practicable. In addition, CERCLA §121 includes a preference for remedial
actions that employ treatment that permanently and significantly reduces the volume, toxicity, or
mobility of hazardous substances as a principal element. This section discusses how the Selected
Remedy meets these statutory requirements and preference.

Protection of Human Health and the Environment

The Selected Remedy will maximize long-term protection of human health and the environment
on-site by removing all soil that contains contaminants exceeding remediation goals and which
are accessible by Park visitors and residents and ecological receptors (the top 24 inches), and
disposing those materials off-site. The Selected Remedy will also control the risks of exposure
to contaminated soil greater than two feet through the use of institutional controls. The Selected
Remedy will allow the entire Site to be fully utilized for all appropriate Park purposes, consistent
with the management and goals of a National Park.

Compliance with Applicable or Relevant and Appropriate Requirements
The Selected Remedy will comply with all ARARSs (see Appendix G to this ROD).

Cost Effectiveness

The Selected Remedy is cost-effective and represents a reasonable value for the money to be
spent. Under the NCP, a remedy is considered cost-effective “if its costs are proportional to its
overall effectiveness.” 40 CFR § 300.430(f)(1)(ii)(D). This NCP provision also states that
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overall effectiveness is evaluated by assessing three of the five balancing criteria (long-term
effectiveness and permanence; reduction in toxicity, mobility, and volume through treatment;
and short-term effectiveness). Overall effectiveness is then compared to costs to determine cost-
effectiveness.

The relationship of the overall effectiveness of the Selected Remedy was determined to be
proportional to its costs. The Selected Remedy will provide a degree of protectiveness of human
health and the environment equal to FS Alternative 5 but at a much lower cost, and will provide
a higher degree of protectiveness of human health and the environment than FS Alternatives 2,
3a and 3b at a comparable cost. The Selected Remedy provides a significantly higher degree of
protectiveness of human health and the environment than FS Alternative 1 (No Action) although
the Selected Remedy is much more costly. However, FS Alternative 1 does not satisfy the
threshold criteria; therefore it cannot be selected as the remedy for the Site.

Utilization of Permanent Solutions and Alternative Treatment Technologies (or Resource
Recovery Technologies) to the Maximum Extent Practicable

The Selected Remedy represents the maximum extent to which permanent solutions and
alternative treatment technologies can be utilized in a practicable manner at the Site as discussed
below.

The Selected Remedy partially satisfies the requirement for utilization of permanent solutions by
permanently removing from Park lands the soil that contains contaminants exceeding
remediation goals and which are accessible by Park visitors and residents and ecological
receptors (the top 24 inches).

Deeper contaminated soil that may be accessed by Park maintenance or construction workers
cannot be practically removed permanently without potentially creating unacceptable short-term
risks to Park visitors, residents, maintenance and construction workers, and ecological receptors;
and without creating construction hazards and safety concerns, and significant disruptions to
Park operations during the many years of construction that would be required. Therefore,
permanent removal of the deeper contaminated soil is not considered practicable.

There are no known alternative treatment or resource recovery technologies for the primary
contaminant at the site (asbestos). The screening of technology types and process options during
the FS process determined that asbestos fibers cannot be effectively treated or recovered using
any known treatment process including thermal, physical/chemical, volatilization, or biological
treatment. Asbestos fibers do not migrate in the subsurface, so disposal at a controlled, licensed
off-site solid or hazardous waste facility (included in the Selected Remedy) is the most practical
method of managing this type of waste. The only potentially effective alternative in-situ
technologies available for the contaminants at this site, capping and stabilization, were evaluated
in FS Alternatives 2 and 3a/3b, respectively. These alternatives were found to be less protective
of human health and the environment and less permanent than the Selected Remedy.
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Preference for Treatment as a Principal Element to Permanently and Significantly Reduce
the Volume, Toxicity, or Mobility of Hazardous Substances

As described above, the screening of technology types and process options performed during the
FS did not identify treatment technologies or process options that could effectively remediate the
site hazardous substances, either ex-situ or in-situ.

Under the Selected Remedy, no treatment would be performed. However, all soil containing
contaminants exceeding remediation goals and which are accessible by Park visitors and
residents and ecological receptors (the top 24 inches) would be excavated for disposal at an
appropriately permitted off-site landfill. By removal of this soil from the Park lands the Selected
Remedy significantly reduces the volume of hazardous substances in the Park. Further, once
capped in the landfill the contaminants would be permanently rendered immobile (i.e., there
would no longer be any erosion or air borne transport potential), and made inaccessible to
receptors (indirectly eliminating toxicity), thus reducing the toxicity and mobility of hazardous
substances. Although FS Alternative 2 (capping) also reduces mobility and toxicity (indirectly
by isolation), it does not reduce the volume of hazardous substances in the Park. Similarly, FS
Alternative 3 (soil stabilization) reduces mobility and toxicity (but not the volume) of hazardous
substances, but its permanence is questionable since it depends on the long-term integrity of the
stabilized soil matrix.

The Selected Remedy therefore significantly reduces the volume, toxicity, and mobility of
hazardous substances, and does so more effectively than the other alternatives.

Five-Year Review Requirements

Because some contamination will remain at the Site in the subsurface, CERCLA requires five-
year reviews. These reviews will assess the on-going effectiveness of the Selected Remedy, the
physical condition of the remediated areas, the adequacy of the revegetation, and the
effectiveness of the institutional controls at preventing unacceptable exposure to the deep
contamination.

XIV. DOCUMENTATION OF SIGNIFICANT CHANGES

The Proposed Plan for the ARS was released for public comment in September 2006. The
Proposed Plan identified FS Alternative 4, Shallow Excavation and Off-site Disposal, as the
Preferred Alternative for remediation of the Site. Four written comments were received during
the public comment period. After careful analysis of these comments, NPS has determined that
no significant changes to the remedy as originally identified in the Proposed Plan are necessary
or appropriate.
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RESPONSIVENESS SUMMARY
Overview of Public Comment Process

In accordance with Section 117 of CERCLA and section 300.430(f) of the NCP, NPS published
a notice of availability and opportunity to comment on the Proposed Plan on September 17,
2006. The formal comment period began on September 22, 2006 and, at the request of the
Commonwealth of Pennsylvania, was extended to November 6, 2006.

On September 28, 2006, NPS held a public meeting at VFNHP to solicit oral comments on the
Proposed Plan from interested parties. Twenty six people attended the public meeting, including
eight representatives of contracting or consulting firms, five citizens, four representatives of the
Pennsylvania Department of Environmental Protection, one local government representative, one
representative of a non-profit organization, and seven representatives of NPS. During the public
meeting, NPS received comments from eight individuals. In addition, by the close of the formal
comment period, NPS received four written comments.

The oral and written comments submitted by the public on the Proposed Plan, and NPS’ response
to each, are summarized below.

Comments Received/NPS Responses
Written Comments

NPS received written comments from two citizens who reside near the Park. One resident
supported FS Alternative 5 (Complete Excavation with Off-Site Disposal). The other resident
supported FS Alternative 1 (No Action).

The National Parks Conservation Association (NPCA) submitted a letter, on behalf of its
325,000 members nationwide, offering its full support for NPS’ efforts to clean up contaminated
soils at the Site. In the letter, NPCA expressed its position that the Preferred Alternative
“appears to be the best method for cleaning up this site ... Excavating and removing
contaminated soil is preferred to capping as it allows the park to adhere to the Organic Act of
1916...”

The Commonwealth of Pennsylvania, through its Department of Environmental Protection,
submitted a letter stating, in part, “(s)ubject to the comments set forth in this letter, the
Department concurs with the NPS Preferred Alternative as set forth in the Proposed Plan.” The
Commonwealth also advised NPS that it had collected information to analyze potential cost
savings that might be realized from consolidating waste materials for disposal within the
boundaries of the Park in lieu of off-site disposal:
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Based upon this information, the Department no longer submits that the
consolidation remedy will provide for a more cost effective response within the
meaning of Section 121 of CERCLA, and therefore the Department endorses the
Preferred Alternative. However, the Department submits that extraordinary
attention must be paid to addressing any potential adverse affects (sic) on the
public health and the environment from excavation with off-site disposal and its
consequential increase in truck traffic.

Response:

NPS respects and appreciates the concurrence and support of the Commonwealth and NPCA on
the Selected Remedy. NPS agrees that potential adverse effects arising from truck traffic
associated with off-site disposal of contaminated material must be addressed to protect public
health and safety.

With respect to FS Alternative 5, NPS has determined that complete excavation would not be
cost effective and would entail undue disruption of Park activities over the long time period
(estimated at more than ten years) required for implementation. The estimated $355 million cost
of implementing FS Alternative 5 did not provide commensurate risk reduction in comparison to
the Selected Remedy’s estimated $11.6 million cost and substantially similar risk reduction.

With respect to FS Alternative 1, NPS rejected the no action alternative because it did not satisfy
the two threshold remedy selection criteria. Specifically, NPS found that the no action
alternative would not protect human health and the environment from unacceptable risks and
would not attain ARARSs.

Comments from the Public Meeting

1. Implementation Issues
Depth of excavation:

One commenter requested clarification regarding how NPS would determine the depth of
excavation that would be necessary in different areas. The commenter questioned whether
testing would be performed or if all areas of contamination would be excavated to a depth of
three feet in a “‘one-size fits all” approach.

Response:

The Selected Remedy requires excavation of contaminated soil posing an unacceptable risk to
human health and/or the environment and disposal at a permitted off-site facility. The RI
determined that contaminants in the top two feet of soil may pose a risk to Park visitors or
residents or ecological receptors based on the potential for exposure to contaminants.
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In areas where contaminants were detected no deeper than 24 inches, a maximum 30-36 inch
depth of excavation will be implemented to ensure complete removal of the contaminants that
pose arisk to Park visitors, residents, or ecological receptors (the extra 6-12 inches of excavation
will be included to be conservative — the final determination of the over-excavation amount will
depend upon the level of confidence achieved regarding contaminant distribution once pre-
design testing is completed). In other areas where contaminants are limited to shallower soils,
excavation depths will be shallower. For example, where contaminants were only detected in the
top 6 inches, excavation to a depth of 12-18 inches will be implemented which will result in the
removal of all of the contaminated soil at that location. In other areas where contaminants are
known to be present deeper than 24 inches, the excavation will stop at 24 inches and the
remaining deeper contamination will be left in place. In those areas, a synthetic warning layer
will be placed at the bottom of the excavation prior to backfilling and institutional controls
implemented (see a more detailed description in response to the next comment below). The
variability of the depths of excavation will be based on the differences in the depths of
contamination among the AOCs as measured during the RI and additionally measured during
pre-design testing.

The areas delineated in the FS for excavation, and the associated estimated volumes of soil to be
excavated from each remedial area, are provided in Appendix D. The areas and depths of soil to
be excavated will be refined based on pre-design testing done prior to finalization of the
Remedial Design.

Verification that Remediation Goals (RGs) will be achieved:

One commenter asked for information concerning how NPS will verify that RGs and other
cleanup objectives are achieved and that the remedy has succeeded.

Response:

Appendix F of the ROD establishes detailed RG verification procedures. Initially, contaminated
soils will be excavated at the locations and to the depths as specified in the ROD or at revised
locations and depths determined during Remedial Design. A pre-design sampling plan will be
developed and implemented to confirm that excavating at the locations and to the depths
established in the FS will achieve the RGs, or provide the basis for a revised excavation plan to
achieve the RGs.

In areas where pre-design sampling data indicate that contaminated soils exceeding RGs are
present at depths greater than two feet (determined during the pre-design testing), excavation will
be completed to two feet and a suitable synthetic warning layer will be installed at the bottom of
the excavation prior to backfilling to alert future construction and utility workers to the presence
of contamination beneath the warning layer, and institutional controls will be established to
control and manage exposure to Site contamination by Park maintenance and/or construction
workers.

Record of Decision — Asbestos Release Site National Park Service
Valley Forge National Historical Park RS-3 December 2006



For all areas where pre-design data indicate that RG exceedances are limited to the top two feet,
post-excavation verification sampling will be performed to verify that soils remaining within two
feet of the ground surface meet the RGs set forth in Table 7 of this ROD.

Vertical verification samples will be collected from the top six inches of the base of the
excavation in each 2500 square foot area (but in no case less than three locations within a
discrete remediation area), except in areas where RG exceedances are known to exist deeper than
24 inches in which case a warning layer will be installed without additional vertical verification
sampling, and the area backfilled with clean soil and institutional controls implemented (see
response to prior comment above). In addition, regardless of the excavation depth, horizontal
verification samples will be collected around the perimeter of the excavation sidewalls from 0-6
inches and 12—18 inches below the original ground surface. Horizontal verification samples will
be collected approximately every 200 lineal feet around the excavation perimeter at no fewer
than three approximately equally spaced locations (six samples) per remediation area.

In addition to these prescribed vertical and horizontal sampling locations, additional
representative samples will be taken for asbestos analysis from any area of the excavation bottom
or sidewall that visually has the appearance indicating the potential presence of asbestos fibers.
All post-excavation sampling will be fully documented and the locations determined in the field
with a GPS and mapped for future reference.

If the results of post-excavation verification sampling reveal that a base or perimeter sidewall
sample exceeds the RGs, those areas will be subject to additional characterization and/or further
excavation.

In the case where a vertical verification sample from the base of the excavation exceeds the RGs,
the excavation will be extended to a minimum depth of 24 inches (if not already at that depth),
and a warning layer installed and institutional controls implemented if the previous or an
additional round of verification data indicate RG exceedances at or beneath the 24 inch deep
excavation.

In the case where a horizontal verification sample from the sidewall of the excavation exceeds
the RGs, additional sampling will be performed to delineate the horizontal extent of the RG
exceedance in that area. Additional samples will be collected at the same density as the vertical
verification sampling of a minimum of one location per 2500 square feet from 0-6 and 12-18
inches below the original ground surface until sample results are reported below the RGs, which
will be used to define the new horizontal limits of excavation. The depths of excavation within
the expanded area of excavation will be dependent upon the results of the individual depth
samples. In some instances anthropogenic features, such as County Line Road and quarry walls,
may be utilized to define the horizontal limit of additional excavation.

Finally, in accordance with Section 121(c) of CERCLA, because some contamination will
remain at the Site in the subsurface, NPS will review the effectiveness of the Selected Remedy
no less often than every five years. These reviews will assess the on-going effectiveness of the
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Selected Remedy, the physical condition of the remediated areas, the adequacy of the
revegetation, and the effectiveness of the institutional controls at preventing unacceptable
exposure to the deep contamination.

Timeline for implementation of the Selected Remedy:

One commenter asked what the projected timeline was for designing and implementing the
- Selected Remedy.

Response:

NPS expects that remedial design activities will take between one and two years and that
implementation of the Remedial Action will take an additional year or two.

2. Potential Off-site Sources or Migration

Two commenters asked whether the results of the RI, other investigations, or any other
information available to NPS suggested either (1) that disposal of waste material from the Keene
facility occurred in quarries or other locations beyond the boundaries of VFNHP or (2) that
sources other than the Keene facility may have contributed to releases of hazardous substances at
the Site.

Response:

The Commonwealth of Pennsylvania, Department of Environmental Protection, conducted the
RI subject to NPS oversight. The RI included an investigation into the historic waste disposal
practices of Ehret and Keene as well as a comprehensive field investigation that revealed
remnants of the mechanisms by which Ehret and Keene disposed of wastes.

Based on these investigations, the Commonwealth concluded, and NPS concurs, that Ehret and
Keene utilized disposal locations (e.g., quarries) and methods (e.g., slurrying waste down the
Waste Channel and Railbed) that were the most readily available. Readily available quarries
were those located within Valley Forge State Park, which Ehret and Keene were authorized by
the Commonwealth to use for disposal, and the Keene Quarry located on the Ehret/Keene
property. NPS has also concluded that the results of the RI demonstrate that the full
geographical distribution of contamination emanating from the Ehret/Keene facility has been
established.

In addition, based upon the commingling of asbestos waste with other hazardous substances
detected at the Site, along with the fact that only Ehret and Keene were authorized to dispose of
wastes within the Site, NPS has concluded that it is likely that all of these substances originated
from the operations of Ehret and Keene.
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3. Other Technical Issues

One commenter questioned the rationale for shallow soil excavation called for by the Selected
Remedy instead of just stabilizing or capping contaminated soils in place as contemplated by FS
Alternatives 2, 3a, and 3b.

Response:

Under the Selected Remedy, contaminants in the top two feet that pose unacceptable risks will be
excavated, essentially eliminating risks associated with those materials. Under the capping and
soil stabilization alternatives, risks posed by contaminants in the top two feet would not be
eliminated even though the containment barrier (cap) or stabilized soil would effectively break
the exposure pathway between the contamination and potential receptors thereby managing the
risk appropriately. However, maintenance of the cap or stabilized soil would need to be
performed over time to maintain the integrity of these remedies. The possibility that the integrity
of the cap or stabilized soil could be compromised in the future would remain. Consequently,
the Selected Remedy will achieve a higher level of long term effectiveness and permanence than
the capping and soil stabilization alternatives.

FS Alternatives 2, 3a, and 3b would limit potential Park development and certain uses in the
remediated areas as necessary to ensure that the integrity of the cap or stabilized soil matrix was
not compromised. Under the Selected Remedy, with the exception of institutional controls to
limit exposure to contaminated soil greater than two feet in depth, Park use of the remediated
areas will not be restricted. In addition, capping and soil stabilization alternatives would result in
increases in the ground surface elevation altering the topography of the remediated areas from
the surrounding areas. Successful revegetation of stabilized areas (Alternatives 3a/3b) with
shrubs and trees might not be possible due to the solid soil matrix immediately beneath the
topsoil. For these reasons, the Selected Remedy is more consistent with the management and
goals of a unit of the National Park System.

Finally, within the limits of the accuracy of FS-level cost estimating (+50%/-30%), FS
Alternatives 2, 3a, 3b, and the Selected Remedy are all relatively similar in cost. Moreover, as
the effectiveness of the remedies in FS Alternatives 2 and 3a/3b is dependent on the long-term
integrity of the cap or stabilized soil, O&M costs beyond the 30-year period included in the FS
cost estimate would almost certainly be incurred. Extending the O&M costs beyond 30 years
would increase the estimated present worth for FS Alternatives 2, 3a, and 3b above that
presented in the FS.

4. Liability Issues
Three commenters raised issues regarding whether, and how many, potentially responsible

parties (PRPs) have been identified by NPS. In written comments submitted to NPS, the
Commonwealth of Pennsylvania reiterated the comment made by one of its representatives on
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this topic at the public meeting. In addition, one commenter inquired why the Commonwealth of
Pennsylvania is a PRP at the Site.

Response:

NPS has conducted a comprehensive investigation to identify PRPs and to pursue the recovery of
response costs from responsible parties. Because the number and identify of PRPs at the Site is
not relevant to the evaluation of remedial alternatives and the selection of the Selected Remedy,
NPS has determined that it is inappropriate to address these comments in this Responsiveness
Summary.

K:\3-0700-2\Valley Forge - 123\ROD\Draft ROD NPS red-line accepted 120106.doc
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Appendix A
Contaminants of Concern and Concentration Ranges
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Appendix B
Summary of FS Alternatives Evaluation
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Basis for Performance Standards for the Selected Remedy



Basis for Performance Standards for the Selected Remedy

I. Remedy Overall

The Selected Remedy shall be designed, constructed, monitored, and maintained in compliance
with all statutes and regulations identified in Appendix G of this ROD, and shall achieve the
Performance Standards established in final design for the individual components of the remedy.
The basis for the development of the individual Performance Standards for this Site is presented
in the following sections.

I1. Contaminated Soil Removal

All soil or sediment within the top 24 inches in the Site that exceeds the Remediation Goals
(RGs) summarized in Table 7 of this ROD shall be excavated and disposed in an appropriate off-
site licensed facility. A complete vertical and horizontal delineation of the soils or sediments
that must be excavated will be established during final design based on the previously collected
data (i.e., during the RI) and any pre-design data that may be collected as necessary to fill data
gaps. Verification that the full extent of contaminated soils and sediments that exceed the RGs
have been removed shall be performed following excavation in each area and prior to backfilling
with clean soil. Verification procedures to be followed shall be as described in Appendix F of
this ROD as further specified in the final design. Prior to disposal, a determination will be made
regarding what type of disposal facility is appropriate for the excavated material (e.g., RCRA
Subtitle C or Subtitle D waste disposal facilities), relying on RI and pre-design data and/or
through post-excavation material characterization testing.

I1I. Clean Backfill

Demonstration of compliance with the NPS Clean Fill Criteria and the Commonwealth’s
Management of Fill policy will be required for all imported soil material, common backfill, and
topsoil. Imported soil will also be required to meet the chemical concentration RGs for all
COCs and CECs as summarized in Table 7 of the ROD. The Contractor will be required to
completely decontaminate all tools and equipment that come into contact with the contaminated
soils during excavation, transport and disposal prior to handling any imported clean soil.

Common fill shall have the structural and physical characteristics necessary to support the
expected overlying land uses or habitats (e.g., wetlands, forested uplands, parking, structures,
etc.). Topsoil shall be fertile, natural soil, typical of the locality; substantially free of stones,
roots, sticks greater than 2 inches in diameter or length, clay, peat, weeds and sod; and obtained
from upland areas or be treated to be free of exotic plant seeds. Topsoil shall contain organic
matter content appropriate for the intended and desired revegetation and restoration scenario
(e.g., wetlands, grasslands, forest, etc.). Detailed specifications for both common fill and topsoil
for the different land use/restoration areas shall be specified in the final design.

IV. Site Restoration/Revegetation

A diverse, effective, and permanent vegetation cover of plants native to the Park region shall be
established over all natural areas disturbed during the implementation of the Remedial Action.
Seeding and planting of the disturbed areas will stabilize the soil surface to prevent erosion but
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also provide a base level of desirable vegetation that can succeed to the ultimate desired habitat.
A Planting and Restoration Plan to restore the landscape at the VFNHP will be part of the final
design and will form the basis for the revegetation performance standard. The Planting and
Restoration Plan shall contain soil amendment requirements, seed mix specifications (including
seed types and the specific required mix, placement locations, application rates, and germination
requirements), tree and shrub specifications (including species, numbers and locations of
plantings, planting requirements, etc.), specific survival requirements, and monitoring and
maintenance requirements. Restoration will be required in both wetland and upland areas and
will include the replacement of trees and shrubs and reseeding. In wetland areas, a wetland seed
mix and wetland shrubs appropriate to the wetland type and local flora will be used. In order to
limit the spread of invasive species such as Phragmites australis, the final design or Remedial
Action Work Plan shall include specific requirements such as washing construction equipment
before it is brought on site, providing certification of Phragmites-free top soil, etc.

Details for the revegetation performance standards shall be specified in the Planting and
Restoration Plan and shall include minimum allowed percent vegetation coverage for grasses,
and percent survival for shrubs and trees as measured one year from the date of completion of
the plantings. The final design or Remedial Action Work Plan shall specify responsibilities for
maintaining plantings during the first year including watering and irrigation, protection from
deer browsing, etc, and may also include requirements (if appropriate) regarding plantings
survival after year one. Methods for quantifying percent coverage and survival shall be included
in the Planting and Restoration Plan.

During the first year evaluation period, the revegetated areas will be visually inspected on a
quarterly basis to detect the establishment of any erosion gullies. If any erosion gullies deeper
than 4” are found, these gullies will be filled with the approved topsoil, the gully areas will be
regraded, and the areas will be re-treated with seed and mulch.

A full inspection of the plantings will be conducted one full year after the restoration in a given
AOC is complete. If any areas are determined to fail the revegetation performance standards at
the one-year evaluation, the area shall be reseeded with the approved seed mix and dead,
damaged, or diseased plants shall be replaced. A second evaluation of these areas will be
conducted after one full additional growing season. If this second one-year evaluation period is
required, erosion inspections and necessary repairs will continue as described for year one.

At the conclusion of the second one-year evaluation period, the revegetation of all areas failing
to meet the revegetation performance standards will be deemed unacceptable, and such areas will
be replanted in a manner determined by NPS. The revegetation obligations will continue until
the revegetation performance standards are met.
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Maintenance Area Ruins (MAR) MAR-A 0.67 1.5 1621
MAR-B 0.13 1.5 315
Former Keene Plant Area (FKP) FKP-A 0.07 1.5 169
FKP-B 0.90 1.5 2178
FKP-C 0.79 1.5 1,912
FKP-D 0.45 1.5 1,089
FKP-E 0.08 1.5 194
FKP-F 0.02 2.5 81
FKP-G 0.06 2.5 242
FKP-H 0.04 1.5 97
FKP-I 0.01 25 40
FKP-J 0.35 2.5 1,412
FKP-K 0.02 3.0 97
FKP-L 0.24 2.0 774
FKP-M 0.39 1.5 944
Waste Channel and Railbed - North (WCRN) WCRN-A 0.09 1.5 218
WCRN-B 0.29 3.0 1,404
WCRN-C 3.04 2.5 12,261
Waste Channel and Railbed - South (WCRS) WCRS-A 45 3.0 21,780
Historic Bridge (HIB) HIB-A 0.16 1.5 387
HIB-B 0.02 1.5 48
HIB-C 0.24 1.5 581
Amphitheater Quarry (AMQ) AMQ-A None 0 0
AMQ-B 0.08 2.0 258
AMQ-C 0.02 1.5 48
AMQ-D None 0 0
Silicate Bank (SIB) SIB-A 0.08 1.5 194
PADOT Quarry (PDQ) PDQ-A 0.59 2.0 1,904
Cave Quarry (CVQ) CVQ-A 0.10 1.5 242
CVQ-B 0.46 1.5 1,113
Small Additional Quarry (SAQ) SAQ 0.03 25 121
TOTAL 13.92 1.5-3.0 51,723
Notes:
! Depth corresponds to 1' deeper than deepest exceedance of RGs except PDQ and FKP-L where only the top 2 feet of RG
exceedance is remediated (the RG exceedances deeper than 2 feet at PDQ and FKP-L are below the exposure zone for the
target receptors).
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Appendix E
Detailed Cost Estimate Spreadsheets for the Selected Remedy



$8L°T9ES zo, mas0:g TRIOL
0% (%L “Ta£-0g) WPO Yo p 1uaso1g
03 1500 WO [BI0L
lopim-ons (JeaA J1ad yoes sinoy op) Hoddng [eauyos | eba
fopLs-a31s o3} MOLAYY 183 X-2AL]
€8L°79¢8 is00) [ende) fesol
Y9¥098 %01 Te fousunuo)
1ZE20£3 (DOAL) $150D) UOHITLSUOD 1031 [EI0L
03 05 0££3 = 0
3897091 885°091S 8 o 9E6'T
008'ES 00378 0563 Sa1dues v
79198 75195 8513 SoTAWIES 6¢
00C°LS 00T°ES 000°%5 SI0E 80 00073 0007 | voms dum] T 03 05 skep 3 (SEAIE PaISaI0y) UOHEIRTIN
03 03 0LETS SI5e 0 0§ 0% s dumny T 0 03 SKEp 0 (SEAIE p335a10)-oN) UOLEIRB3 A
8933 09615 09618 | wms dum[ T 6063 (B SAED T
66CV1S [ 613 5 01L 8198 8195 Tms dom] T 76185 7618 SAEp T
891HC3 00E12S S13 s oTr'T 09613 096°1§ | wums dum[ T 6065 [EE 5%Ep T
08 <3 791§ SY9° 1S | wams dump T 659°ES 0TT 1S SKZp B
09863 091°5§ 091°¢S | ums dum] T 00LPS 00L%S skep T
05 0§ 03 Wms dumy T 05 0% S%Ep 0
07918 0rp°cs [ Sa[dues 9¢1 00¥S 00v$ WmS dun[ T 083°018 0%9% SAep 1
000°52S 03 000°52S 000°5z3 | ums dump T
UONDADIXTH]
0STTS I 0sZ'1§ T 0szIS [ umsdumy 1 SU[QUES UGisap-a1d|
000°528 [ | [ | 000Sc8 | el | swmoy | 00¢ | FULeaul5 ]
uB152(7|
150D PDU4 U suun moﬁﬁﬁmﬁo 150D eRlir i) S mu_h.n—:mdo 380D AU U sjun mvtﬁnﬁso
S1807) 0oL " " * ParewIusg ) * : paeuInsg : b " pereulInsy wialf aury
LW Judwmambzyy {oquy

9SEQRIEp SURSJY SUIST PAUIULISNAP S)S00 Ioqe] pue juswidimby .

SAV dHNHA 943 103 M3LAY T83 X -3AL] ST [[oA S8 S[ONUOD [eUonnINSUL pUe sourusjuleul ded LM PIJeLDosse $1500 Sui05-uo pue S3dLAIds Suginsuod Spajoul sisod Wp0 «
Aep/sa1oe |-p SHLUMSSE el uoponpord (parssloy) uoneadaa 4

215¥/5390 O PUB 921/001§ UO PISEq 3503 [ELIjeW (P3jSalIO)) UoneeSap »

A®p/sawe 3] saumsse ayes uononpord (PJSII0)-UOLr) UoNTIITIA 4

XIuI paas paytoads 55104 AS([EA S1B JO BI0B/Q] CTT PUR 1/96°01§ UO Paseq 3509 [eLIaewt (P2IS310J-Uou) UoHRaBap «

Aep 1od sapdures g saummsse SULIOIUOW Iy 4

aseq Js pogLed odues | ~ ssumsse Surjdures Alojpunguoy)

VNE dTO.L PUB “SIEHRIOA dIOL *SPRSad dIDL ST § VIOW dIDL 103 stskjeue pue £ pogtad sjdures | soumsse Suyjdures UOURZLAIOBIRYD NSEM &

paumsse st Aep/A0 008 JO s1ex uoysedmo))

pauImsse st £ep/A2 008 JO el [ ULA[D) «

paumsse s1 A2p/A0 000°T 3O avet 1rosdo], 4

Paumsse sI Aep/A9 07/ JO 938 UOLBABIYF 4

ATessadau SULIaTeMSP 10 SULIOYS OU s A[uo juswidmba [2UCNUAATOD SIUINSSe UOHBABIXY 4

paumsse s1 Aep Jod sa10® ¢'Z Jo 9yl Suiqqnis pue SuLrea]D) 4

SOIOR §°() 1940 A2 GE6 T SUI[[RI0) PITRARDYS 2 [[IM SEAIR UOHBIPIUI [[Y 4

$1500 uF1SIp 9 JO %4,§ 9q 03 pawmsse si Supfdures uSisop-ard

J®S VD PUR ‘[9A3] 10U5S [3A3] Iotun( 10] 3381 PIPUI[ © SI 3JRI - SUOPEABIXS () JO UBISSP JOf SMOY U} SPN[SUL 5)500 FuLsomBug ,

UOLRIOISAI 3118 Pire ‘[2S0dSIP 311S-130 ‘UORTARIXS {(SUONSLISAI Pasp pue ureiSord ssausresme oyqnd -o°7) sponuod [euonmnsur o uoneuswadur apnyour sisod [ede)
SISEq JOV-AG-D0V UR U0 PAISPISUOD JIB §1500 JALRUIN[E [BSOdSLJ 91IS-HO YIIA UOHBABONT 4

TSEONAWNSSy SUNCUNST VA 7TV

1esodsI(] 9)S-JJO PUE UONBABIXY MO[[BYS } IANBWINY S




80t'TS°TS

a0 Juasasg resox z3

96Lv+S (%1 “TeR&-0E) NP0 YHOM JudsaLy
019°€S §1500 WFO [B10L
019°¢$ (50D Teade) v401) wueusUER de)
op1as-a31s (1204 Jad yoea sinoy pp) poddng |ealuyss] /efs '
opLn-1S ﬂomuv MATASY Tea X -9Al
660°9€S 2407 snyd s1507) uoysNUsUOL) WAL del) [e0L
£80°0€5 51507 uononsuoy) walqg de) ey
TI9'0BLTS 1500 [EadeE)) [EI0L
69963 40T 18 fousBunuo)
£78°E8Y 1S (ODQL) $H500) UOKONISUOY) 30311 [BIOL
SA0QE Papnjoul (SeaIe pa3salo]) UONEI0BaA |
9A0qE papnoul (SE3IE PajSSI0J-UOU) HOURJATIA|
167713 0S5 7885 7388 wms dumy T 60FS 6075 sAep T UORoRd0)
067+5 LV0bS 615 = €1C €31 <313 s dumy T 355 85 s&ep T 105 901
918015 RS <15 % 659 7388 7883 Wms dumy T 6073 6073 sAep T L)
95973 91t 0E0S | 999 oIwnbs ¥S01 000°18 000°T§ | wans dum[ T 0053 0058 S&ep T ToRe ] SUILIEAL|
08 2A0QE PIpA[OUL (p3158107) SUIGIID PUE FULES[
03 3A0QE papnjoul {pa}5010j-UOU) SUIQQTUL) PUE BuLEa[) |
066£3 03715 07S SO[WES [ 0518 0513 WIS dump T 095T8 | ov9s | SAep | ¥ WEISI8A0) % SUDONUO 1TV
000°¢S 000°SS | 000°Ss | wms dumy | [ UOPEZIIqOUB{ / UOUEZHIGOIN
(T-230d) Badan)|
0Ty'esTs 0€€S A0 VLL
789 10LS 789°10L8 €85 3 Y<y'8
050°81% 050818 0568 So[duTEs 61 TUOEZLIA}ORILY) ISE M|
098F7ES 098°F£3 0125 So]dwEs 991 (SOISSqSE % "PE9] ‘SHV ) SPI0UIES ATOreuiguc)|
TLT91S 076 €5 000°F5 aIE 360 000°SS 000°SS__ | wans dumy T S7L SAEp o1 (SESTE PaISalo}) UOHRIREoA
63173 SPEES 0LE1§ ae YT 0053 0053 Ums dmy 1 TLVS skep T {SeeTe PaISalo) o) UOHEIREaA |
$80°E13 3£6'85 8E6'8S | wms dwmy T T9¥3 SAep 5 e
<S89S HEGT 613 = TeRT SSYTS SSyeg | uums dump T v<L3 sAep € 1108 40
GECOTIS SST'L6% 1§ s ] 86'85 8€6'89 | 1uns dam| T T9%$ SKep 6 )
LS9°E13 YYELS PPELg | wms dum] [ IvvS SKep €1 UOHEABOXE
6L0T1S 12595 TCE95 | ums dumy T 8SL'SS SKep T (pa3s310]) BUIGIUD) PUE SULES])
S0STIS L0593 70§ | wms dom[ T 66073 SAEp T (pa15910}-uo) SMQQNID PUE SULE)
[ 089°51S o¥S sa]dues 76% 00118 0077 | wims durmy 1 0%9% —SAEp [ JYBIEIPAQ % SULCIUOW IV
000°523 03 000°¢2S 000°€Z§ | wums dum] T UONEZI[IQOWa(] / WOTEZIIGOA]
UONDAVIXT |
05798 I I I I | T I ] __05c95 | oscos | wmsaump | T BUIALLES US[Sap-ald]
000°5Z18 [ [ | I | | | | ooo'szis | szig | smoy T 0007 SULE3UST
wErq
800 oud U s spnmnd 1500 oud siun sanguendy 1500 2oud jun siun snuEny
S1s0) 1oL T ) Pajewinsy T o PITWIDSY Hha i Parewpsy waly aury
oL dinbg {0qUT

9SBQEJED SUBAIAl SUIST PIUMILIZIAP §}509 Joqe] pue jusadmby ,

SV JHNHA I 10] MIIAY Jed 1 -IAT ST [[9A ST S[OU0D [PUONTYLSAT PUE sourusjutent deo yjLm PIJBDOSSE 51500 SUI05-UO pue S301A13S SUBMSUOS SPNIAUL H500 INFO «
Kep/sa1e |-( soumsse ajel uononpord (Pa1saLo)) UoneIssaA 4

SI0B/S331 () PUE 331/001§ UO PISEQ 3500 JELIAYRL (PIISIIO)) UONEITIA 4

Kep/saioe g’ soumsse ajer uononpoid (pasaroj-uou) uopelssaa

XIuI pass patj10ads 98105 A9][EA SU JO 3108/q] STT PUE GJ/96°01§ UO PISE] 3500 [BLISIPIU (PIISIULOJ-UOU) UOPEIFIA 4

Aep 1ad sajdwes g soumsse SULIOIUOW 1Ty

(samsas gD, 1edonue 0] SUOHERIUSOUOD [210] SUIST UOPEIINSS YSNOL) SHUL| gYJ) SOWY (7 SUOHRHUIIUOS JURUILIEIUOD U PISE] SNOPIEZEY 3Q OF PAISPISUOD ST -3 WOy sk JuQ 4

aseq Js Opead ojdures 1 ~ soumsse Surjdures Krojeunguoy) ,

VNE d'TOL PUe SI[UEIOA dIDL, ‘SpIoUsed dIDL ‘STBdIN § VDY d'1D.L 10 StsA[eue pue £ 0g 1od a]diures | soumsse Fui[dures UONPZLIIIRLYD STM
pawnsse st £ep/£5 00§ JO Syez uonoeduIo))

PaUmSSE St A2p/A0 008 JO AFRL |G WEI[D «

paumsse s1 Azp/Ao 901 JO atel [10sdo], 4

paumsse st Aep/A9 07, JO SIBI UOLRARIXY ,

Aressoosu Sulrsiemap 10 Suioys ou s A[uo juaudmbs [BUOHUSATOD SSUMSSE UOHRARIXT

paumsse st Aep 1od $310€ ¢ JO Sjer FuiqquiF pwe Fures|)

SOIOB 74§ 490 D 8776 SUI[L103 PIILALIXS 3 [[IAL SBOYE UORBIPIWA [[V 4

51502 USSP SR JO %S 3q 0} poumsse st Surjdures uFISIp-aid

JFBIS IV PUB “[9A3] IOMUSS [9A3] Jotun( 10§ 3B PIPUA[] € ST SJEl - SUOPBABOXS 3Y) JO USISIP JOJ SINOY Y3 SPNYOUL 5509 FULLIUITUY 4

UOLPI03Sax A1}S Pue ‘[eSOdSIp 9)iS-JJO ‘UONEAEIXS {(SUOTILISa1 PIsp pue wreaFold ssausrese oxjqnd -9°7) S|0RQU0S [euonmnsul Jo uopeiuswa[diur spnjour Hsos [eyded ,
sIseq HOV-AQ-HOV UB UO PIIIPISUOD SIE §)S00 IANEWS)[E [esodSIq AS-PO [PL UOHRARIXY 4




998°£L5'€S UHo M Juasalg [el0y,
08 (%L “TPA-0€) WO YHOM 10asa1g
03 S150D WO [B0L
PpLa-agts (1e34 Jad yoes sinoy o) woddng [earuyos 1 jebo]
PPLA-311S Yora) MILAIY Ied X -9ALY
998°€LS°ES 1500 rende) mor
¥r9°c658 %07 1e AouaBunue)
272°8L6'TS (02a1) 1503 voponysuo) 1wanq [EI0L,
0.6°88€TS 0L6'88€'1$ 0££S AD 60T'Y (Zey) [esodsIq SUS-BO;
Th6 208 862088 €35 S ¥.9'6 (zey-uou] [esodsLq MS-HO
0097928 009923 0568 Sa[AuIES [ UOHRZHARTRY) ASEM
9LT 6ES 9L176€S 9¢78 So[dues 991 (S0353q5e %9 'S AIOJRLLLIUOT)
T69°SHS 0ZT 1S 000 S 3108 8LT 000718 000°¢1§ [ mS dump T TLE0LS <ELS skep 8T (Sea1e Pajsaloy) UONEIREIA]
SLETS LL8S 018 a1e ¥9°0 0528 0578 ums dumy T B5 8YZS SAep T (SEATE PajSal0)-uou) TONEIS53 4
61L VTS 188918 188915 | ums dumy T TE8'LS 6845 sKep Bl TORoEduo)y)
<01° 198 9¥9°LES 613 A5 FEO'E 079'Z$ 0¥9°Cg | wans dum 1 6188 5028 sAep ¥ TIOS oL
¥LT 8028 CSCERIS ST1S A LETTL 188915 188'9T§ | wms dumy T TE8'LS 68¥3 SAEp Bl TILY TR
1eries 108°T1S T08T1§ | wms damy T 12965 18%S SAep 0T UOHEARIXH|
¥9T 7S 1567115 TEE'LI§ | wms damy 1 €E€9IS 991°88 S4Ep T (po35010y) SUIqQIIH) P SULE3])
S0T°CS 0ET'1S 0FIT§_ | vums dump 1 SLO'TS SL0TTS skep 1 (P3152105-UOH) SUIqqTID) Pue SULe3]
087985 091828 0vS Ssojdues YOL 00078 000§ | wms dam| 1 0Z£95S 0%98 skep 38 VTIEIERAQ % SUIGNOIA 11V
000'STS 0$ 000628 000°€TS wms dum| 1 UOWEZI[IQOLUS(T / UOREZIIQON
uoOPADIXY|
000018 | T | | | | ] T ] 00001S__ | 000015 | wnsdwmp | [ |
00070023 0000023 [ SOy 0091 FupssuiEuy|
| [ _ 1 I | I [ I i I I I | —
saunuend) sannuend) sagpuwend)
J— 50D 7 oude | s - 150D oudimn | s S 1800 7 PHEA | SEA paremsa worp oury
Ly dinbg doq07

2SEQRIEp SUESIN SUISh PIUILLS)IP SIS0 Joge] pue juswdmby ,

SUV dHNAA 9 10] MIIAY Ted X-9AL] SE [[9M Se S[ORUOD [BUOHMISUI Pue 3oueuurew deo yiLs pareroosse §3509 Suro5-uo pue sa014195 SUNMSUOD IPNIOUI $IS00 WHO
Aep/sa1oe 170 sswmsse et uononpoid (Pajsaro)) uoneIafap 4

2108/5331) Ot PUE 92.13/00§ UO Paseq 150D [ELIaYewl (P3ISAI0)) UOnRIAEIA «

Aep/sa10e $g°1 soumsse ajer uoponpoid (Ps1salo)-uou) UONRISSIA 4

XIWL Paas payioads 95104 A9[e A 94 JO 2108/q] $Z1 PUE [/96°01S UO Paseq 1500 [eLaeul (P3ISaI0)-Uou) UONERSIA 4

Aep 1ad sejdures g SSUMSSE SULIOHUOU ITY

{symsar 4701, sredonue 0} SUOHRIUOUOD [2107 SUISH UOREWSS YTFNox) syrur] JTDL SoWy (7 SUCHenU3IU0d JUBUIUIRIUOD U0 PIseq SNOPIEZEY 3q 0} PAIIPISUO SI J-NYDM JO Suontod pue W-NIIM WOL 315em A[UQ 4
aseq Js 0o6tad sdures | ~ ssumsse Sujjdures Kioyeuuguod 4

VNS TOL PUE ‘S3[URIOA dIDL ‘S9PRBsad dTOL SR 8 VDY dTOL 10 stsA[pe pue £ pgiad sjdures | sawmsse Supjdures UOUEZUIAORIEYD SISEA 4

PaumSSE st £Bp/AD 008 JO 9781 uonoedwo)) 4

paumsse st £2P/Ad 008 JO S1RI [[U TeS[D) 4

paumsse st Azp/A2 000°T JO 2381 [10SdOT 4

Patunsse st ABP/AD 07/ JO 1B UOURARIXT »

Aressaosu Suseasp 10 SULoys o Y Ao Justdinba [PUONUIAUCD SIUMSSE UOHBARIXT 4

pawnsse st Aep 12d sa1oe ¢7 Jo aper Surqqnid pue SuLms]D) 4

S319® 74°¢ 1940 AD £88 €T SUI[[EIO]L ‘PajeAroXa 3q [[L4 SEAXe UOHRIPSLUSL [[V 4

51500 USSP 941 JO %< 34 0} patunsse st Surjdures uSisop-a1d

RIS VD PUB {9A3] JOTUIS ‘[3A3] JOMM{ IO} 3121 PIPUSIQ E SI 3321 - SUOHRARIXA 3y} JO USISIP 10y SINOY 343 Spnjour 53503 Sunasursuy ,

UONEIO}SAL SIS PUe ‘TesodsIp 931510 ‘UoneARoXa (SuonOLsal paap pue ureifoud ssauarese oyqnd *3°1) SJORUO [eUORMILSUL Jo uoneruswsdulr spn[out 5500 [EIde))
$158Q DO V-AG-DQV UE UO PAIIPISUOD I8 §)S0 IAUBWIN{E [BSOASLT SUS-JJO WLt UONBARIXT 4




676°859°€S [UHO A JU9sald [eIOL
03 (%L “1294-0€) NP0 YHOM WsaIg
03 §1500 WO 8oL
fspLas-o31s (JeaA Jad yoea sinoy o) Hoddng |eoluL9 1 /eBaT
lopIm-a)1s Yoea) MAIATY 189X -0A1]
626°859°¢S 1500 [Ende) [eo L
128°609$ V40 18 fousunuo)
L01°6¥0°¢$ (00d1) 51500 wogonusuoY) 1031 [FIOL
0EY'L8TS 0£Y'L8T8 0££8 A2 1.8
LYy SEL TS LYY SELTS €8S A 6060C
008'1+§ 008°T+S 0568 Sa]dures 22
057518 09T 1S 0LS Sa[duzes 31T (50353Qse 3 "ATOIAW Ped]) S3[dieS A0jpunyuo)
6V LES 02163 0007 SI5E 87¢ 005118 00§°11§ [ vms dumy T TL8918 ¥ELS SA=p 3 (Se3Te PajSa10}) UOLEIOE3A]
¥8EFS 820°€S OLETS ne 12T 005§ 0053 Twms dumy T LSS 8THS SKep T (SeaTe Pa3S2103-LIOL) WOLEISBIA |
625 0tS (S TSS'LTS | ums dumy 1 8LLTLS TISS SAZp €T UoRsedIo))
611085 198°SLS 618 5 £66'€ PLYES PLYES | Lums dum] T 8L0'1S 0178 S&ep ¥ Tog do)
$08'6£€5 SLY'66T8 <18 = 59661 255°LT8 256278 | wms dump i 8LLTIS 1155 Skep ST [FEEe)
L09°¢ES €IS°81S €IS'81§ | wms dum[ 1 $60'515 18V SXep T€ UONEATDXT
101828 90LP1S S0Lb13 | wms dammy [ C6E €IS S6EElS skep T (paysa10}) FUIqQMID pue SuLrea)
€19°LS 106°€S T06'€3 | vums doany i €TLES €1L°ES SZZp T (P15210}-u0u) FUIGGAID) PUE FULES[)
0266018 0r8'5€8 05 o] dures 968 00¥°Z$ 00¥T3 | wms dum| [ 089'1LS 0v9% S&Zp [ JBISISAQG 77 SUHONUOI HV|
000528 03 000528 000°$2§ | ums damy T UOLeZIIGONIS(T / UOLEZIIqOJA]
UOIDADIXT |
0052IS | | [ I [ [ ]| 00sZIS | ooscig | vmsdamp | 1 BUdUIES UsTsop-ald|
0000528 | | ] | [ [ | oo0'oszs | seIs | smoy [ 0007 BupesufELg]
uBiseq|
sannuend) sanpuend) sannwend)
[ 150D 2oL Jrupy S1rup), S— 1500 Ealirgiiiig} sy poreunsd 150D Ealisgiudgl sy S— —
TOLZIP wawmdinbg +£0qUY

(symsaz gD Sredionue 03 SUOHRRUIOUOO [103 Tulsn uonewyss ginal) sy J1JL SIUL 07 SUODRAUIIU0D

9SBQEIEP SUBIA] FulsT POUINLIAISP 3500 10qe] pue juswdmby ,

SAV JHNIA 3 10J MITAY Ied X -2AL] SE [[3A SB SONUOO [PUOIDLSM Pue dueuajurenr ded [im PAeIoosse 51500 Surof-uo pue sa01a1as Sunmsuod spnpur 51500 WHO &

Aep/Same 1°Q SOUMSSE 9)el uononpold (PaIsaloy) uoneafap 4

2108/5301 (f PUE 931/00]§ UO PAseq 3500 [EUajew (PaISaI0y) UOReInfa

Aep/sale pg° sewmsse 9yel wononpoid (pajsaloj-uou) uonedfap 4

Xt pass payoads 28104 A3[[eA 9 JO 2De/q[ ST PUR q[/96"01§ UO Paseq 3500 [ELIajew (P3)Salo)-uou) uoneados 4

Aep 1od sapdures § soUMSSE TULIONUOW ITY 4
SLAZFVHEOM JO Aot ay) wog ises AU 4

9 UO Paseq SOp

aseq Js o6red oydures | ~ sswmsse Surdures L0}PUnYUOY) 4

YNE dTOL PUB ‘S[URIOA JTOL ‘SPRNSSd dTOL ‘SIERIA 8 VDY d'10L 10§ SisAfeue pue £5 0pciad ajdures y soumsse Surjdures UONEZUANOEIRYD ASEM

POWMSSE S1 ABP/JS 0009 JO TRl uoRoedwo) 4
PawInSSe St Aep/4AD 008 JO I [T UE3[D) 4
paumsse st Aep/A> 000°T 3O 2321 10sdOL 4

paumsse st Aep/Ad (77 JO 378X UOUBABIXY 4

Aressaosu SuLraremap 10 SULIOYS ou YiLs A[uo Juswdinba [2TORUIAUCO SIUMSSE UONBARIXT 4

paumsse st Azp Iad saoe £ Jo ajer Surqqruf pue Supes])

SBIOB ¢ I9AO AD (08217 SUI[[LI0) ‘PAIBABIND 3q [{IA SEANe UOREIPIUDI [V 4

1509 USISap 3 JO %6 3q 03 paumsse st Furjdures uSsap-01d

IEIs QYD PUR 1945] Jotuss “[9A9] 1omunf 10§ 9781 PIPUS[Q B SE I3RX - SUONEARIXS 3Y} J0 USISap 10 SIMOY 91y Spn[oml §1500 Fuusswiduy 4
UOQRIOISAI AIS PuE ‘[esodSIp 931S-1JO ‘UONRABOXS {(SUONSINSAX Pasp pue ureiford ssouareae orjqnd 27T SOQUCO feUONTYNSUL JO woyeuswajdur apnjour s)505 [errde]) 5

SISEq DO V-AG-D0V U UO PAISPISUOD SI8 51500 dARRWI[E [2s0dSI ST YILs UOHBABOXT 4




69L°T1TS o, Jusserq [mo],
03 (%4 “Te34-0€) PO YHOM, Juasald
03 $150) RO [210],
PLA-3)IS (1ea4 1ad yoee sinoy ov) Hoddng |Boluy2s 1/1ebaq
fopLm-on1s ora) MSIASY Jed X -3AL]
69LT1TS 150D Tepde)) [ejo),
T9¥7°CES 60T & AouaBunuo)
80E°LLIS (00@L) 950D woponysuo) 1 [F0)
0% 03 0€€S S 0
87€V83 STEVBS £3S Ao 910°L
058°CS 0588 0563 S3]dUTes 3
31713 8118 8<% Sejdures [ (SCIS3qE 9
Yor'rS 07013 00073 SI0E 970 00515 00§‘1§ | Tams dumy T ¥26°1S 159§ sXep 3 {SEAIE D1Sa10) UOLERTAN
B 6123 0LETS 3158 910 0523 0523 wms dumy T 298 798 skep T (Seale P2}5910)-U0U) UOTERE3 A
S05 13 3T0°TS 370°1§ | wms dwiy 1 LLYS LLVS Skep T UORSEdo))|
TISLS [80°Z3 615 o £LE <TES STES Tms domy 1 101§ 013 A% T 105 903
089213 SLTTIS 1§ S ShL 37018 32015 | wms dumy [ LLVS LLYS skep T TIET W3]
$0S 13 7588 7988 TS dumy [ 0b9% 0TES SRep T TOBEAESKH|
S07°€3 119718 L1913 | wams dumy T 32513 32613 skep T (P315310}) BUIQQTLD) PUE SULES|))
155§ 7828 7878 s dam] T 695 6975 SAEp [ (Po15910}-U0U) SUIGQAID) PUE SULEd])|
096013 075€3 or§ Sajdires 38 00¥$ 00t$ LIRS Aoy T 0b0°LS 0793 sKep 1T TEISIBAQ % SUNGIUOI IV
000°523 03 000°5CS 000°€Z§ | ums damy T UCTEZI[IGOWSQ / UOHEZIIqO]
UORDADIXT |
000'1S | I I [ I [ 0007S | 0007TS | wmsdomp | T BUl s UBIsep-ald
000078 | | i | [ | ooo'oes | szig | smoy 091 SULISIUTSUg|
LB1so(|
sapuuend) sapnuend) sepuuend)
JE— 150D 2ug nun s powussE 150D oud ) Rl powamsy 150D %ug I s pomunsy S
Y7 Jupwdinbgy 10qu7

9sBqRIEp SuBay SUISN PAUNILISISP §)S0D 10qe] pue Juswdmby ,

SUV JHNJA U 10] M4y JBL-9ALT SE [[344 SB S[OQLOD [PUOHMKSUL PUe 3oueLUsiue ded YILm PIJRIIOSSE S)500 SUI0F-U0 pue SI0IAISS SUDMSUOD SPMIdUL 500 PO &

Aepysauoe 1-0 soumsse ajel uononpoid (paiso]) UONEIRTIA «

210B/5390 (OF PUE 930/001§ UO PISeq 1500 [BLEAIRU (P33SaI0]) uonesafiaa

ABD/S3I0® $8°] Sawnsse ajer uononpald (pajsalo]-uou) TONBIASIA «

X[ paas pagioads 910,17 A3f[eA 9Y1 JO 3W/q] $TT PUR q[/96°01$ UO PISE] 1500 [BLS)elt (P3iSalo)-uoL) uoneloSaA

Aep 1ad sojdures § SOUMSSe FULIOIIUOW 11y 4

(snsa1 gD Sredioyue 0} SUOHRNUSOUOD 210} SuIsn UOHPUINSS YBNOI) SIIUL] JTD L SWH 07 SUOHRILIOU0D JUBUNIIEIUCD UO PISEq SROPIRZRY 3¢ O} PRI3PISUCD St gIH WOL 3JSeM ON 4

a5eq 35 006iod ardures j ~ sewmsse Jurjdures L1ojeunguoy)

VNE dID], PU® ‘SIURIOA dTOL “SIPBSIT ITDL ‘ST § VO d'IDL 103 sisA[eue pue £ gogtad afdures | soumsse Suydures uoyezuaIoereyd SSEM %

paumsse st A2p/A 008 JO are1 uopdseduio) 4
PaWnSSE St A2p/AD 008 JO BT ([ VLI 4
patunsse st Aep/A> 000°T Jo et Jrosdo]

patunsse st Aep/Ad (7, JO 1B1 UOHBABOXH 4

ATessaosu Sumayemap 10 Supoys ou PIm AJuo justidmbs [PUONUSAUCD SILNSSE UOHBABOXY

paumsse st Aep Jad $319% ¢'Z JO 9yel Fuiqquis pue Supes]) 4

SA10E 7470 1940 £D 910 SUI[[R)O} ‘PaIRABIX3 3q [[LM STAIR LONRIPSUI [[V 4

1500 USIS3P SR JO 94 2q 03 paumsse st Surjdures uSisap-aid

1Je3s QWD DU ‘{9A3] I0TUAS ‘[949] JOTUN] JOJ 9381 PIPUI[Q © SI 3J2l - SUOWRABIXD 3T} JO USISIP JO] SINOY 3U SPN[OUI 51500 FunssurSuy 4
UOLRIO}SAI 31)S PUE [eS0dSIp 2)IS-JJO ‘UOLEABOXS (SUONILOSAI PAap pue urrSold ssousrese o1qnd *3°1) S[OQUOS [enonmysar Jo noneyusws[dul spnjour 51500 [@ide)) .
sI5eq DOV-AG-D0V UE O PAIaPISUOD oIk §)509 2ANRLIMN[E [esodsi 31S-BO PIA UONBARDXY 4

SUoDAUIMSSy SUNTUHSH GIH b 3V



168°L6% 404 3US3LJ [BIOL,
03 (%L “Te94-0€) WO YHOM IUdSAI]
08 $150D WO 1501
opia-ous (JeaA 13d yoes sinoy op) Hoddng 1esuyss ) efisT
opLa-oys [OBa) MILATY JB3X-9ALL
168°L68 1507 yende) yer0L
91€°918 40T & LousSupuod
085188 (00AL) s1500 uononNSEOY) 30011 [FIOL
[ [ 0€€S AS 0 (Zey) [2sodsIq SHS B[O
18%'STS 187°€75 £83 LS LO€ {zey-uou) [gsodsIq SNS-JO
0568 0568 0563 so1dures 1 TOTEZLI}0RIZY ) ISEAN |
067§ 0678 85% SaTduTEs 5 {s0153qs€ %9 S AIOJEULGUO,)|
3TLS 08S 000'%$ S8 200 005§ 00<§ ms gum| T SY1S [t SAED [ (Seare pajSaloy) UOREIRTIA)|
T6ES 011§ OLETS 15T 300 0S73 0523 wms dura T €S TEg SKEp T (SeaTe pajsaloy-Uod) UOHEIosa A
86YS ThEs TPES ums dun| 1 951§ 9518 SKZp 1 U6T0EdIo)
T6LTS 16918 613 o 68 LLS LLS Ums gum| 1 ¥Ts ¥2S sAep T 110§ doJ,
31778 0ZL'ES <1S A5 8YT ThES THES wms G| 1 9518 9513 skep T TIEg 23D
ySbS 1925 1928 Ums qum| [ €615 €615 skep T UOHEARDXT|
L¥T3 6215 6215 WIS dom] T 81135 81135 skep 1 (pa)53107 ) BUGGTUD) PUe SULEDL)
9178 %18 1418 wms dum[ T PELS vELS Skep T (P335310J-UOL) BUIGTIE) PUE TULIEI]D
0E1'8% 09578 S So[dures ¥9 0S¥ 05tS Wms dum] T 0TI'sS 0498 skep 3 WFISI9A0 % FULOHIOI 1TV
000°€Z8 0§ 000523 000°Sc§ | wns dum| T TOHEZIIGOWA(] / UOREZI[IGOI
UORDADOXT |
5295 T ] [ | T T T | €298 [ ceo§ [ wmsdmmp | 1 | Sutjdioes T91ssp-31d]|
005C1S [ I [ i [ | | | 00sTIS | <ais | swog | o0l | FUIoaNE |
uB152(]|
00 sougHun swn RmEng 1503 0L 3MU[) siun SoBRUED 1500 2oL 3N simn sepuuend
Si80D) jo10L T o pajewtysy N ) patewtysy A i paewIysy wiolf dury
P1BIT Juaudinbg 10907

0SEQEIED SUESJN SUIST PAUTLIASP §3500 10qe] puB jusurdmby ,

SUY dHNIA 9P 10] MY 123 X -3AL] SE [[9/4 SE S[OLNUOD [RUOHIISUI PUB 30UBURULew dEd (ILM PIJRIDOSSE $1S00 SUI0S-UO PUR SIIAIFS SUNINSUOD SPNIIUL SISCO WHO «
Kep/sa10® 1°Q SSWmsse oyel1 uononpold (psjsaio)) uouelaso

210%/5901) O PUE 331/001$ UO PISE] 1509 |ELISIEUL (P2ISII0]) UOLELISTIA 4

Aep/samoe $g°[ ssumsse ojel uogonpold (Pa)seIoj-uou) UONEIITIA 4

Xru pass paiyoads 95104 £3[[EA 21 JO 2108/q] SZT PUE qI/96°01$ UO PISE] 1509 [RL3)BUI (PIISIL0J-UOU) UOHEITIA 4

Aep 1ad sa[dires g SOWMSSE SULIOJUOW ITY

(smsar g 701 9veddnue 03 UOYERUIONOO S[elo) Fulsn uonewyss ySnor) sy JYDT SIWY 07 SUONRHUIOUOD JUBURIIEIUOD UO PISEq STOPIEZEY 3q 0} PAISPISUOD S1 DY WO 9)Ser ON 4
aseq Js goerod opduures | ~ saumsse Surjdures Krojeunyuoy) ,

YNE dTOL PUB ‘SO[HE[OA d'IOL ‘S9pnsad dIDL ‘STESIN 8 VEOH d'ID.L 0] sisA[eue pue A0 (0giad sjdues | saumsse Supdures UONPZUISIORIRYD ST, 4

paumsse st kep;/A> 00g JO el uopoeduo)

PoumSse s} Aep/A3 008 JO el [[Y W[

Poumsse st Aep/AD 000*T JO S¥e1 [10sdO] 4

Pawnsse 51 ABP/AD Q7L JO S1BI UOUBARINT

Aepss390U FULINEAOP 10 SULIOYS OU (P4 Afuo Juswdmba [PUOHUIAUOD SIWMSSE UONBARIXY 4

paumsse S1 Azp 1ad Sa108 ¢°7 JO aje1 SwqqnIE pue Fulmes[) ,

SOIO 1°0 1940 4D £0€ SUL[{BI0) PIILARIXS 3q [[La SPATE UOUBIPIWISL [1Y 4

51509 USLSIP Y3 JO %, 3q 0} paumsse st Surjdures uSisop-au

@IS Qv PUR ‘[oA3] IOTUSS ‘[9A3] JOIUN 10] 3JBI POPUSIQ E SI JBI - SUOLEABOXS 31 JO USISIP 10J SINOY Y2 SPNoU} §1S09 Sunaomduy ,

UOLRIO}SII 3315 PR [BSOASIP 9)IS-JJO “UOPELABOXS “(SUOLOLYSII Paap puB wexsord sssuarese orjqnd "3°T) S|ORUCO [BUOHTILSUI JO uoneIuasfdulr spnjout 53500 fende)) 4
SISEq DOV-AQ-D(QV UE UO PAIIPISUCD SIB SIS0 JALBWI}[E [eSOdSI(T SHUS-HO [PLM UONRARIXY 4

SIORAUNSSY SUNEHSE OV ¥ 31V




L3

S8E°LLS (00 Judsa1g [RIOL
03 (%L “TEA-0£) PO YHOM Juasaig
03 51500 WO [B10L
bpu-ans {3eaA 1ad yoes sinoy o) Hoddng (eojuyss ebay
JopLas-a1Is YO'3) MIIARY T X-9ATT
$86°LLS 1500 andes) [moL
1€6°218 40T 18 LousSunuo)y
7€9'79% (ODAL) s1500) uopoNYSHOY 3L [BOL
03 0§ 0£ES 1S 0
701918 701913 £8% x5 V61
0565 0563 0568 Sajdures 1
0913 0918 075 So]dures ¥
0§ 0 0003 = 0 03 03 TS dom] T 03 03 SAEp 0
T6€5 011§ OLE'TS ST 80°0 0528 0578 TS dom[ 1 [ €S skep T
1878 9613 9615 RS duwmn| T 168 163 sKep T
0EF1S 6¥E 1S 615 S 1L 293 293 WS Q| T 613 615 SAZp T
LIPS 0€1°CS IS o Th1 9613 9613 s dammy T 163 163 SAep T
1325 S91§ 91 WS dim| T [44H3 (4453 SAEp 1
03 03 05 wms damy T 0% 03 SAED 0
oLT3 71§ 715 RS dum] T VELS PELS SAep T
0EC S 0vZs [ SojdiTEs 9 051§ 0S1S ns dum] T 0¥8°ES 0795 skep 9
000°5C3 [H 000°52S 000°52§ | voms dum] T
5295 | T I I I | €293 €795 | umsdum | T I 1 1
005213 | | | | | ooczis | ceis | smey | ool | FUNSeuEuT
NM.NHNQ
sappuend saypuend sapRuend)
51500 WiOL 10 udaun Rt parEwnSy 1500 PN S parewnsyg 00 P s PaewInSy way aury
LI Ut .:-eh JSfoquT

(9nsa1 1D AedpBUR 0 UOLRLUASUCO S[EI0} SUISH UOHRLUNS? YSNOL) Sjuy| DI SIUY OF SUOH

958qEIEp SUBSTA SUISN PIURILINSP SIS00 10qE] pue juawdmby

SUV JHNAA S 10§ M40y Te3 X-2AL] S [[94s S8 S[OIUOD [BUOLMIYSUL pue aoweuajureu ded [is PIIeroosse 1500 SU0S-uo pue 53014195 SUNNSUOD IPNIUI 81500 PO

Kep/ssaoe 1°( sawmsse ajer uononpoid (paiss1oy) uoneleSo «

2158/5991 Op PUB 291/0( 1 § UO PISEq }500 [eLISteUl (P3ISaI0]) UOREIATIA 4

ABD/SOI08 $g°] Saumsse 3jer uoyonpold (paIsaIo]-uol) UoneIaTaA 4

Xpul paas pat1oads 35104 Ad][eA Y JO 3152/q] ST DR Gf/96°01§ UO PISE] 300 [BLISIEW (PO)SII0J-UOT) UOBRISSIA «
Aep 10d sadures g Sownsse SULIOHUOW 1Y 4

> U0 Paseq Snof Y 99 0 PAIAPISUOD SI ]S WIOL JSeAs ON 4
aseq 3s opstod apdures 1 ~ sswmsse Surjdires L10RULRUOY) 4
VNE 101 PUE ‘SI[HROA JTDL S9P0USIT ITDL SIEIRI 8 VN J DL 10§ SisAreue pue £ gog1ad sjdues | soumsse Supjdures uonezIRoereyd AISEA 4
paumsse st Azp/A2 Qg JO yer uogoeduwio))

paumsse st Aep/A> 08 JO 938l [{5 UB3[D) 4

paumsse st Aep/£5 0p0°1 Jo e1 Jrosdo]

powmnsse s1 ABp/Ad (7L JO 9)RI UOLURARIXY 4

ATessaoau Suriazesap 10 SULOYS ou Yy A[uo justudmbs [BUOBUIAUCD SILUNSSE UOUBABIXY

pawmsse st Aep Iad same ¢-g Jo syer Suiqqrus pue Sures]d)

S2I8 §(°() I9AC A 6| SUI[EI0) ‘PIIBATOXS 3q [[IM SBITE UOLEBIPAWSN [[V 4

1500 UBISIP 3y} JO %< 9q 03 paumsse st Fuydes uFIsap-o1d

BEIS TV PUR [943] 101US “[9AS] 101un{ 10} 3781 PIPUI[Q © S} 9JBI - SUOLBAEIXS 1} JO USISIP 10] TMOY S apnjout $3500 Sunsaurfug 4

UOLEI0)S3L IS PuR ‘[esodsp 931s-JJ0 ‘UOHRABOXS (STOYOLNSAI Paap pue weiSold ssouareme orgnd -2°1) SpoLuod [euOUMUSW JO uonruswaldur spnpur 53500 render) 4
SISEq DHOV-AG-DQV UB UO PIISPISUOD AUV SISOD IAUBLIN]E [BSOdSI(T AIS-JJO YIM TOTRABIXT 4




€87°¢9TS (GO JURSaLg [230L
03 (4L “Tea£-0€) PO YHOM JwasaId
[ 150D WO [BIOL
bpLa-ayis (JesA sad yoes sinoy op) Hoddng Jealuyds LebsT
op1a-ans YOBI) MITASY 189 X-9A1]
$8T°¢9TS 1500 [exde) EoL
PITHHS 407 18 AousBunuo)
1.0°1228 (DDQL) 8350 UONONISUOY) 211 [RI0],
0§ 0§ 0£€S = 0
oY TIIS SOPTITS €8S LS SCET (Zey-uou) [esodsiq AMSHO
058°CS 05878 0568 Sa]duIes € UODeZLROEIRYD) S|
0Z11S 0z11S 0%S Sa]dcuEs 8T
YOryS 070'1S 000F7S = 970 00518 0051 | wams dwm] 1 ¥2618 1498 skep € (Sea3e p2)S310]} UONEISEIA|
LLLS T1%S 0LE1S 3158 €0 058 0528 Tms dum] T ST1S ST SAep [ (SEaTE PAJSaIO)-Uou) UOHER5a
80028 TLELS ZLETS | vans dumy i 9¢95 81ES SAep T Tonoedmo])
010013 £v7635 618 x5 16% TEVS TEPS RS G| [ PETS VELS SATp T o5 doJ)
816915 016713 B = v66 TLETS TLETS | wms dum T 9€9% 8IES SKEp T )
1602 5118 7STTS | ums dumy 1 6£65 0LpS SAep z UOREAROXH
SOT'ES LL9°TS LL9°TS wns dum| 1 8TETS 8ZS'IS sKep 1 (P315910}) SULQGILD PUE SULES]D
$E0TS 0€5% 0£CS wns dum 1 $0<S %053 SAEp T (P2}5010J-UOW) SUGYFID) pue Fue3[))
088CIS 091°%S 0% SajduTes $01 00%$ 007S IS duon] 1 0Z¢8S 0%98 skep €1 SISI9AQ % SULOHUOIN TV
000528 0% 000°528 000578 | wms dum[ 1 UOHEZI{1QOWa(Y / UONEZI[IGOI]
UOHDADIXT |
0TS | | I | | [ | ] ]| 0sTIS | 0scI§ | wmsdumy | 1 | Sy dies UBIS3p-a1g]
00052 | | | | | | | | oooszs [ geis | smog | 002 | BULSUIEg|
uB159(7|
1500 20ug Uy sy soppuend 150D 20ud 51 _ soppuEng) 1800 2014 MUy s sappuEnd)
S1500) UI0L e B pajewinsg U ) Pajewunsy T - igisiatye wiaif 2ury
LI uawdinbzg 10q0T

25eqEjEp SUEIJN SUISn PaUrLIAAP §)S00 Joqe] pue juswdmby ,

SUY dHNUA 20 J0] ML} Jea A -2A1L,] SE [[9.4 SE S[ONUOO [PUOHTJHISUE Pe saueusiurew ded (Lm PIJRIDOSSE 51500 Suro5-uo pue $3014138 SUBNSUOD IPNIOUL 5500 WP «
Aep/sae [°( soumsse ajel uononpoId (paIsaLoy) uoneIasan 4

2132/5900 (f PUE 330/00 1 § UO Paseq 3503 [BLjRl (P3)SaI0)) UoneIsfap «

A®p/5a10® {g°[ Soumsse 9321 uononpold (PajseIof-uou) UOHRIAZIA 4

X1 paas pagoads a8I10,] A3[[eA Y3 JO 3138/q] ST] PUB G[/96°0TS UO PasLq 1509 [La)ew (PAISSI0)-UOU) UOHRIOSIA «

Aep 1ad sojdures g soumsse SuLIOIUOW 1Y 4

(nsa1 gD siedionue 0 SUONEDUISUED [303 Sulsn UOREWILSS YSnar) syl JYDL SAWUB OF SUOHRHUSOUOD JUBUIUIEIUOD UO PIseq SNOPIEZEY 3G O} PAIPISIOD SL OAD WO} 9ISBM ON] 4
aseq Js goelad ojdues | ~ soumsse Surjdires AIOJRULIGUOD) 4

YNE dIDL PUE ‘SIUROA dTDL ‘S3PNSad ITDL SR 8 VY d'IDL 103 sisdJeue pue £5 00 giad opdures | soumsse Sujdures wonezLAOLeYd AEM «

paumsse St Aep/Aa (08 Jo el uondeduo)) ,

pawmsse st Aep/4a 008 JO 238l [[ UeaD) 4

Paumsse St A2p/Ad 00Q°T JO el [osdo] 4

PAUMSSE St ABP/AD (7L JO A1BL UOLRARON 4

Aresseosu Fupajenap 1o Sultoys ou Yim AJuo yuswudmba [PEORUIAUC) SIWNSSE UOBRAROXY 4

paumsse st Aep 1ad 310 ¢°Z Jo yer Suiqqnis pue Sutres])) ,

$2198 9<°() 1340 £ ¢S SUj[RIO) PAIRAROXD 9q [[I SLIIE UOHEBIPAWSI [[V 4

3500 UBISIP Y3 JO %S 2q 01 paumsse St Surjdures uSisop-a1d 4

LEIS VD PUR “[2A3] JOIUS “[oA3] JOIM( 10} 3121 PIPUS|Q € ST 9JEI - SUOHRAEOX3 U JO USSP JOJ SINOY 1 IPpN[OUL 5500 SunssuiSug

UOPR10}SAI IS PUB [eSodSIp 211S-[JO ‘UONEAROXS ‘(SUOHOLSaI p3dp pue uresford ssousreme d1yqnd -3°1) SJONU0O [RUOHMYSUL JO Uoyeiuawa[dull Ipn[oUL §IS00 [e3ide)) 4
SISEQ HOV-£G-DOQY UE UO PAISPISUOD IIE SIS0 JANBUIN[E [eSOSI(F 1S-HO YILA UOLBARIXT 4

TSUONAWNSSY SINTWRSE OAD ¥ AV



SITILS 110 4 Jueserg TeI0L, N
0S (%L “1e0A-0€) NFO YHOM USsaId
03 1500 WFO [BI0L
epLs-ous {1eak sad yoea sunoy op) Hoddng [eoluyoa | efa
opLA-931S JU_NOV MIUATY Jes L -4l
STUILS 1s0p) rende) reoL
7S811S 040¢ 3¢ fouaBupuo)
797658 (00@L) $1500 UoBIRBSUOY W8I [BOL
08 08 0£€$ A 0 (Zey) [es0dsiq NS-PO|
£0°01$ £70°0TS £8% & Al (zev-uou) [esodsiq S1S-HO
0569 0563 0563 sajdures 1 UOKE2LI00LIRYD) SIS
¥T8 +28 [353 sopdures T (se) sajdure§ Asofeuuguc))
w88 0Z1§ 000°%$ R £0°0 00¢8 00€§ ums dumny 1 (4453 (4443 skep )i (seare palsalo)) uogeldEaA
[ 0% 0LETS ame oS 08 ums dumy 1 0% 0S sAEp 0 (SPaIE Pa1SaI0]-Uou) UonEIaBEoA
¥1Z§ 9r1§ 9r18 ums dum| 1 895 895 skep 1 uopoEdiuio)
Ppss £1¢$ 613 & LT £78 £78 wns damy 1 LS L8 skep 1 pog dog,
031§ 065°18 S18 £ 901 Ea oF1S ums dum| 1 898 899 skep 1 (1] W3[0
L3818 £01§ £018 ums dun] 1 £5 €5 SAep 1 uogeAROXy
0LES ¥61S ¥613 ums dum| 1 9L1S 9LTS shep T (Pa1sa101) BUIGqID PUE SULEI[)
08 0% [y ums dum| 1 0§ 0$ sAep 0 (Pe15210J-Uol) FUIqqIID) PUE FULES]D)|
091°98 0Z6°1$ o3 sojdures 8y 00+S 00t$ ums dum| 1 OV8‘ES 0¥9% skep 9 WBISIAQ % SULOIUO 11V
000°52$ 08 000°578 000°62§ | wms dum| T UONEZYIQOUI3(] / UOLRZIGOI
UONDADIXT |
79§ | | | [ | I [ [ | $79% [ seog | wamsdumy ] 1 | Suy|dures uS1sop-a1d|
00518 | | | | | [ | | ooczis | cz1s | smoy [ o0l | Suueawsug
uB153(y|
SannuUEn, Sannuen sapnuen
150D 99H4 N s E.:_E.Ew 1500 90Kg M) 7 s _ E.MEEW 3500 _ aoug yun 7 s _ E_wweumw
§1s6) oL 1BrRIO pwidinby 10q0°7 waly aury

2SEqEIEP SUEAY SUIST PoUIULIR}ep $1509 J0qe] pue uouwrdmby ,

SV JHNHA 911 IO MI[ATY JES X-9AL] SE {[9 ST S|ONUOI [PUOHMISW Pue ddueusjureur ded [ PIIRIDOSSE S1500 SUIOF-UO PUE SI01AIS SUNNSUOD SPT[OUL SJS00 WHO 4

Aep/SaIoe 1 seumsse oyel uononpoxd (Paisalof) UOHEIITIA 4

2132/5990 O PUR 9313/00T§ UO P3SeQ 3509 [RLIDIEW (P3)SII0Y) UOREIITIA 4

A®D/S2108 @' SSWMSSE el uononpoad (Pa)saIoj-uol) uonessaA

XIuI peas payioeds 9510 4 A3[[e A 913 JO 210B/q[ §ZT PUB q[/96°01S UO Paseq 3500 [PLINEW (PI)SIIOJ-UOU) UONEIRTIA 4
Aep 1ad sapduues g sowmsse SULIO)IUOUT Ny

(samsar g 701 2redopie 0) SUOHEOUIOUCD [0} SUIST UONBWNS? YBNO0I) SIUY[ JTDL SSWN 07 SUOHENUIOUOD JUBUIIEIUOD U0 PASEq SNOPIEZey 3q 0} PAIAPISUOD St Q'S WL} 93STA ON 4

aseq s ooerad ajdures | ~ soumsse Surjdures £107eWUIIUOY) 4

¥NE dTOL PUE “SI[UB[OA JTOL ‘SPPIOBSAd JTOL ‘SIERIN § VIO dTOL 10§ StsA[eue pue £ gogred djdures | sowmsse urjdures UONPZLANORIEYD IS 4
paumsse st Kep/£o 008 Jo 1 uonordwo))

paumsse st Aep/Ad 00§ JO SYEL [ WL 4

pawmsse ST A2p/A2 000°T JO el [1osdo]

PIUMSSE ST ABP/AD 07/ JO Y81 UONRABINY ,

A1eS5900U SULINIEMAP IO SULIOYS OU A Afuo Juswrdmbs [EUOQUIAUOD SIUNSSE UOHBABIXY

paumsse s1 Aep 12d sa1oe ¢7 Jo 21rL SurqqniS pue SuLes]) .

SR £0°0 1940 D 7T SUI[[RI0) PAIRAROXS 3q [[LM SEATE UOLRIPSIUA [[Y 4

51500 US153p 9y JO %< aq 01 pawmsse st Suipdues uS1sop-a1g ,

JBIS QYD PUB [2A9] JOTUSS ‘[9A3] JOTUN[ JOJ 9)el PIPUR]q © St 3321 - SUORABIX? 13 JO USISIP 0] SMOY Y3 IPNIOUL 53500 SULISUIBUY 4

UOEIOISSL 2115 PUB Tesodsp IS0 ‘UOPLABINS (SUORILASAI PIP pue wresFoxd ssousrese oyqnd -2°1) S|ORUOS [EUOHTANSUL JO UoREIUALAdWL 2PN[OUL $1500 [eNdRD) 4
s158q DO V-A4-D0V Ue U0 PRIOPISUOD B 51500 dANPISI[E [2S0dSK(T SUS-TO YA UORBABIXY 4




oL3

8IS°E0T'1S UHOAN JUSSAI] (10,
65T°061S (%L 4m24-0¢) NP0 YO TUas21d
TEE'SIS S1S00 WO 1101
rinas {JeoA Jod yaea sunoy gp) Hoddng {eojuyos /iebat
bpn-anis Yo's) MAIATY TBI X -0AL]
TEECTS (4500 TeyideD) v,01) souruaurEyy dey
€7E°6STS 2407 Snd 5150 uoponnsuoy) a1 de)) [e10],
QWFHFN~ w SIS0D) EQEUngQU g D.MU B0l
6ST°E16S 1500 [eatde)) [eIoL
0172518 40T ¥2 AdusBunuoy
6¥0°T9LS (00AL) 51500 uononIsuG)) 211 [OL
07¢'8798 GTE'8TIS 0£€S A3 Y061 (ze1) [esodsiq 3S-PO)
03 0% £8S A [} (Zey-ton) [esodsiq A1S-[O]
008°€S 008°€S 056S Sojdures 2 UOLEZUSIORIED) IISEAL]
091°1S 091°18 [IS So[dures 6T
01L°6S [ 0£°03 339 aXenbs 00L°ST 000°18 000°1S s Guimy 1 000°18 00€$ SKep T 13ART SUILIE AN |
03 03 000'7$ e 0 0% 03 TS GIm] 1 0% 0% skep 0 (SBare p3)$3103) UOLEIREIA
L8T1S 8088 OLE'TS Q1e 65°0 0528 0578 Wms dum] 1 6778 67CS Skep 1 {SRAIe pajSaI0}-Uot} UOREIASIA
6LTPS 8918 8918 ms dam] 1 11078 S00°18 SKep 4 UOLOBAWOT)
£€€°018 95668 618 A s ESE 951§ ums dimn] 1 [i25] 17is sKep 1 TI0§ doJ]
YrLLTS 595°€TS SIS A TLET 891°78 891°C$ WIS o] 1 110°C8 S00°'TS Skep [4 11t we)d)
81918 819718 819°1S wns [ 1 0% 00T'1§ SKEp 0 UOLEABOXH|
03 0S 03 wms dum] 1 03 03 Skep 0 (p33s2107) SUIQQTU) PUB SULTS])
££0°7S 190'1S T$0°1S wmns I 1 1663 166% SAEP 1 (Pa1$310§-U0U) FUIGATLS) PUe SULIES[D)
0LT°9% 09€8 0FS SdUIES 6 0513 0€13 ums dum] 1 09L°6S 0198 SKep 6 JYBISIBAQ 7P SULOIMUOI 1Y/
0007523 0S 000623 000°ST$ TS dom] 1 UOHeZL{IqOWA(] / UOHEZL[IQO]
LOPDADIXT|
<I8TS | T T T T T T [ Sig1§ | ci815 [ wmsdump | T T UdLIes US1S3p-21d
00SZES | [ [ | [ [ | | I A s T T | FURauEIY
uB1sa(|
1500 oud U] sun SURUEND) 150D 3o 3] sun sengeend 150D oud ) spup) soupuEng)
51500 1oL e ) pajelnsy T ) pajenunsyg T ) pajeuinsg wagr U7
LI wdwmdinbg +£0qUT

9SequIEp SUESJN SUISn PIUIULISISP $1500 Joqe] pue Jusudmby 4

SIV dHNHA 3 I0] MI1ANY TE2X -3A1] ST [[24 SE S[OQUOD [EUONTINSUI PUE JoURUSIUTEWL dBd (PIM PIJRIOOSSE §1500 SUI0S-UO pue $I01AISS SUnnSuoa apnidul §1s0d PO «

Kep/sa1oe 1 sawmsse 9jel uononpaid (pajsalo)) UOLEFIA 4

9152/5391 (f PUE 393/001§ UO PIseq 1509 [eLaeuL (P2ISILON) UOPEIdTIA «

Aep/sexoe pg'] sowmsse el uononpold (paysolof-uou) UoLEGTIA 4

XIUW P23s Pagdads 2810 £3][eA S1B JO 108/q] 67T PUB GI/96°01S O PIsEq 1500 [eLIayew (P3)SaIo]-Luou) uoueiddop
Aep 1ad sapduues g soumsse SuLiojuow My

(synsa1 gD, 2edopue 0] UOUEIUSOUCD S[E)0) SWISR UOYEUINSa YSNOI) Sjury] JTDL S OF SUOHENUAIUCD JUPLIIEIUOD UO PISEq SIOPIRZeY 5q 03 PAUSPISEOD ST D WO ISeA [[V

258q J5 00612d afdures | ~ sawmsse Suyjdures KioypuLguo) ,

VNE dTOL PUe “SS[UE[OA JTOL ‘SpRBSad d'TOL SR § VYOY d'TOL 10F sisdeue pue A0 p0grod adures | sawmsse Suijdures UOYEZLISRID ST «
‘paunsse st Aep/A5 00 JO 97l nonoRdIo))

paumsse st £2p/A9 008 JO 2381 [ URAD

paumsse st Aep/Ad 000°T JO 978l [10sdo], «

pawmnsse st £&2p/Ad (7, JO 1Bl UOHBABIXY 4

Aressaoau Suureresap J0 SuLIoys ou s AJuo juatudmba [PUONULAUOD SIUINSSE UOHBAEIXT

pawmsse s Aep 1ad sa1e ¢'7 Jo 9jer Surqqrus pue Suued]) 4

SAI0 65°0 1940 A3 $06°T SUL[el0) ‘PRIRAROXS 3q [[LM SEIIR UOURIPSWRL [[Y 4

51500 u§1Sap 9 JO 9,¢ aq 0} paumsse s7 Furpdies uSreap-2I1d 4

T®s QYD) Pub ‘[2A3] JOFUIS [2A3] JoIuM[ 10] 336l POPUAIQ © ST JL1 - SUOLLABIXD 343 JO USSP 10] SINOY A1) IpNOUI 53500 Supsduiuy

UOLBIO}SAI 2JIS PUe ‘TesodSIp 2ISJO “UONEARIX? (SUOUDLISAI PI3p pue weiford ssauarese oiqnd *9°T) S[OQUOD [eUOnmysuI 3o uonejuata[dun spnpout sisod ende)) ,
siseq DOV-49-DQV UP UO PAIIPISUOD 21V 51SO dAQEUId[e [esodsI ST UM UONBABINT 4

TSHoRdUInSsy BUNeWnSE OQd ¥ TV




PST'6LSTIS g0 A JuSsSId [RI0L
£50°305$ (%L “Tea&-0€) O oM JU3saId
Tr6°0vS S1500 WO 18101
TH6'8IS Oad pue -4y e 2oueudurewt de)
000°Z1$ Te3A 12d 1yoes sInoy o) Hoddng [eowuyps ] /(85T
000018 S5IeaK ¢ 1940 000"0SS) MITadY 8 X-9ALT
TOT1L0°T1S 1500 pende)) [er0]
£81°CH8°IS 1407 18 AousSuguoy)
L16°CTT'6S (DDAL) 51500 UOLINYSUOY) J031L( [BIOL
005°LYS woddng [earuype ) /[e5e ]
816°T1€98 [esodSIp 9}15-JJO PUE UOLEZLINORIRYD JSEA|
8ETYHTIS uopeissaa ‘nondsedwos ‘osdo; g ues|D)
OTEEIHS Surjdures IojeULIgUO?) PUE ‘SULICHUOW Iy “WSISISAQ)
1S6°C5HS UOHRABIXS ‘FUIqQNIF pue FULLI]O ‘qOUIIP/QOL - UORBARIXE
000°95L$ i 1sap-aad pue Supaauisuy - uSIsaq
AAVIAINAS LSOO QALVIILST TVIOL - ¥ FAILVNYALTY 4
PST6LETTS 10 Ay JU9S91 [BIOL,
£50°8055 (%L “Te94-0€) W90 YHOM Ju9sdid
¥6°0vS 500 WO [8°0L
6818 DAd Pue -3 3 soueusuren: deyy
000°CIS (xeak 1od yoes smotj op) poddng eotuyde /feSe]
000°01% SIeak ¢ I9A0 )00 0SS) MITATY Tea X-9A1Y
101°1£0°T1S 1507 [exdeD rel0L
£81°5v8°1$ 107 e Aousfunuo)
L16°STT°68 (DDALL) $1500) TOKINISUOY) 19211( [BIOL
005Z1S | [ | | | | [ | ooz | e [ smog | ool Hoddng eI,
000°5€S | [ | | | | | | ooooo'ces | ooseis [ smoy | ooz noddng 5]
S]OGU0] [THOUTIASU]
50 20ug 1y sanguend 3 OLLY T T sappuEnd) - sapnwEny
150D udiun | S poreuzsy 380D soudamn s pajemnsg 150D Puguun | s pareupsy
550D [BI0L, TeusE Juawdmbyg 10qe] way] 2ur]

SOV IA0QE [[e 10J [eSOdSTD MIS-IQ [PIM UONBAROXT SIUNSSY 4

SuONJILSAI pIsp pue 0Id SSouAIRME JI[QNd 9T} S[ONUOY [euonninsul JO uoL
1oL pasp Pue wresford nqnd 2°p) sy [eUODMISH JO U0 i
SUV dHNAA 910 10] MITAY e X-9AL] SE [[2A\ SE S[ONUCO [EUOHMILSII YjLa PAABIIOSSE 5301495 SUNINSU0O 9pNJoUl §IS09 WHO &

:suopduinssy SuneuInsy opIAL-aNS [esodsiq 9115130 pue moneAvIXy Mof[eys p IV

P 10] sunoy apnjout poddns [EOTmYo9) pue [e5] 4

pue




Appendix F
Remediation Goal Verification Procedures for the Selected Remedy



Remediation Goal Verification Procedures for the Selected Remedy

To verify that the remediation goals defined for the Site have been achieved by the Remedial
Action, the following procedures shall be followed as further specified in the Remedial Design
based on pre-design testing results or other considerations.

Step 1. Initially, contaminated soils will be excavated at the locations and to the depths as
specified for Alternative 4 in the FS or at revised locations and depths determined during
Remedial Design and depending on the results of pre-design testing. A pre-design sampling plan
will be developed and implemented to: 1) verify that excavating at the locations and to the depths
established in the FS will achieve the Remediation Goals (RGs); or 2) provide the basis for a
revised excavation plan to achieve the RGs. The pre-design sampling will fill data gaps in the RI
data set as necessary to provide confidence that the remedial design areal and vertical extent of
excavation will achieve the RGs. For example, where portions of the horizontal limits of
excavation established during the FS were estimated due to limited data in that particular area,
additional sampling and analysis will be done inside and outside of the previously estimated
boundary, and the boundary modified based on the results of this additional testing. Similarly,
where the vertical limits of excavation in certain areas as developed in the FS were based only on
a single shallow sample result, additional deeper samples will be collected in that area and
analyzed to confirm the vertical limits of excavation necessary to achieve the RGs. The pre-
design samples will be analyzed for the contaminants present above RGs in the specific remedial
action areas as previously identified in the RI/FS.

The zone of potential exposure to contaminants for the identified receptors at the Park is O to 24
inches below the ground surface. To be conservative, and recognizing the inherent tolerances
associated with construction excavations, the vertical design depth of excavation is expected to
be a minimum of six inches and a maximum of twelve inches deeper than the shallowest sample
exhibiting an RG exceedance (depending on the confidence in the knowledge of contaminant
distribution gained through pre-design testing). The maximum design excavation depth will
therefore be between 30 and 36 inches. For cost estimating purposes the maximum depth of
excavation was assumed to be 36 inches. Where only shallow data currently exist, vertical pre-
design sampling may be extended beneath the maximum excavation depth to determine the areas
where contamination exceeding RGs would remain beneath the exposure zone after excavation.
In areas where data show RG exceedances below 24 inches, excavation will only extend to a
depth of 24 inches and a suitable synthetic warning layer will be installed at the bottom of the
excavation prior to backfilling, and institutional controls will be established to control and
manage exposure to this deeper site contamination by Park maintenance and/or construction
workers. Other evidence that may be used to determine the need for a warning layer and
institutional controls include prior deep sampling laboratory results (e.g., from the RI), prior
deep soil boring information (e.g., visual evidence of fibers in soil cores), and/or historical or
anecdotal information related to past waste disposal practices.

The pre-design sampling program will also include the establishment of horizontal survey
control points at each remedial action area to allow accurate layout of the excavation areas
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preceding construction, and to enable field verification and documentation that the horizontal
and vertical design limits of the excavation have been achieved.

Step 2. For all areas where pre-design data indicate that RG exceedances are limited to the top
two feet, post-excavation verification sampling will be performed to verify that soils remaining
within two feet of the ground surface meet the RGs set forth in Table 7 of this ROD. Vertical
verification samples will be collected from the top six inches of the base of the excavation in
each 2500 square foot area (but in no case less than three locations within a discrete remediation
area), except in areas where RG exceedances are known to exist deeper than 24 inches, in which
case a warning layer will be installed without additional vertical verification sampling, and the
area backfilled with clean soil and institutional controls implemented (as described above). In
addition, regardless of the excavation depth, horizontal verification samples will be collected
around the perimeter of the excavation sidewalls from 0-6 inches and 12—18 inches below the
original ground surface. Horizontal verification samples will be collected approximately every
200 lineal feet around the excavation perimeter at no fewer than three approximately equally
spaced locations (six samples) per remediation area.

In addition to these prescribed vertical and horizontal sampling locations, additional
representative samples will be taken for asbestos analysis from any area of the excavation bottom
or sidewall that visually has the appearance indicating the potential presence of asbestos fibers.
All post-excavation sampling will be fully documented and the locations determined in the field
with a GPS and mapped for future reference.

The verification samples will be analyzed for the contaminants present above RGs in the specific
remedial action areas as previously identified in the RI/FS.

Step 3. Ifthe results of post-excavation verification sampling described in Step 2 reveal that a
base or perimeter sidewall sample exceeds the RGs, those areas will be subject to additional
characterization and/or further excavation described as follows.

Vertical Verification Sampling

In the case where a vertical verification sample from the base of the excavation exceeds the RGs,
the excavation will be extended to a minimum depth of 24 inches (if not already at that depth),
and a warning layer installed and institutional controls implemented if the previous or an
additional round of verification data indicate RG exceedances at or beneath the 24 inch-deep
excavation. These vertical verification procedures are illustrated in the following figure.
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RI and Pre-design Data

RG Exceedances limited RG Exceedances

to 24" or shallower deeper than 24"

Excavation depth = Excavation Depth =

lowest RG exceedance 24" with warning layer

plus over-excavation and Institutional controls

allowance (no vertical verification
sampling)

Post-excavation
vertical sampling

verification
RGs not exceeded RGs exceeded
Backfill and restore Additional excavation to a minimum

depth of 24" and install warning
layer and institutional controls if RG
exceedances still exist beneath
excavation

Institutional controls, where necessary as described above, will specify that precautions need to
be taken when future excavations are proposed in those areas.

Horizontal Verification Sampling

In the case where a horizontal verification sample from the sidewall of the excavation exceeds
the RGs, additional sampling will be performed to delineate the horizontal extent of the RG
exceedance in that area. Additional samples will be collected at the same density as the vertical
verification sampling of one location per 2500 square feet from 0-6 and 12-18 inches below the
original ground surface until sample results are reported below the RGs, which will be used to
define the new horizontal limits of excavation. The depths of excavation within the expanded
area of excavation will be dependent upon the results of the individual depth samples. In some
instances anthropogenic features, such as County Line Road and quarry walls, may be utilized to
define the horizontal limit of additional excavation.
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Appendix G
List and Summary of ARARs for the Selected Remedy
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ATTACHMENT 1

Materials Specifications

1. Topsoil

Topsoil shall be fertile, natural soil, typical of the locality, substantially free of stones, roots, sticks
greater than 2 inches in diameter or length, clay, peat, weeds and sod, and obtained from

upland areas or be treated to be free of exotic plant seeds. It shall contain between 2 % and 10%
organic matter as determined in accordance with AASHTO-194.

The Contractor must identify the topsoil source and certify the topsoil contains no CERCLA hazardous
substances and meets the requirements of “clean fill” in accordance with the State of Pennsylvania
Clean Fill Policy. The Pennsylvania Department of Transportation Form EDD-VI and the Pennsylvania
Department of Environmental Protection Form FP-001 shall be completed and submitted by the
Contractor to document that the topsoil meets the requirements for classification of clean fill.

The Contractor also will be required to collect one composite sample from a representative number of
locations within the topsoil source and submit the sample to an approved analytical laboratory for the
following analysis:

Volatile Compounds: EPA 8260B

Semi-Volatile Compounds: EPA §270C

Pesticides/PCBs: EPA 608; EPA 8081A; EPA 8082

13 Priority Pollutant List Metals plus total cyanide and phenolics: methods as appropriate.

The Contractor must submit the topsoil sample analytical results to the NPS for approval prior to use.
A topsoil mixture, enriched or blended with organic compost, may be acceptable provided it meets the
above defined specifications and it can be certified not to contain any waste materials (e.g., non-clean

fill, sewage or other sludge).

2. Soil Amendments and Seed

Lime
Lime shall be pulverized agricultural limestone applied at a rate of 800 pounds per 1,000 square yard
(SY).

Fertilizer
Fertilizer shall be complete commercial fertilizer, 10-20-20 grade, applied at a rate of 140 pounds per
1,000 SY.

Seed
Seed shall comply with the “VFNHP Meadow Mix” grass seed mixture, the specifications for which are
provided in Table A below.
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TABLE: A: Specifications for VFNHP Meadow Mix
Meadow Mix % by Minimum % Max, % Seeding Rate
species Weight Purity | Germination Weed Ibs. per 1,000 SY
Seed
Little Bluestem 30 98 85 0.15 6.75
Indian Grass 30 98 85 0.15 6.75
Switch Grass 20 98 85 0.15 4.5
Annual Ryegrass 20 98 85 0.15 4.5
Total 22.5

Grass seed of the specified mixtures shall be furnished in fully labeled, standard, sealed containers.

Percentage and germination of each seed type on the mixture, purity, and weed seed content of the
mixture shall be clearly stated on the label.

G-10




alley Forge

National Historical Park
Pennsylvania






